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10/378,956 

Examiner 

SAHARJAVANMARD 

Applicant(s) 

ZAWOROTKO ET AL. 

Art Unit 

1617 
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earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )12:1 Responsive to communication(s) filed on 21 January 2009. 

2a)0 This action is FINAL. 2b)l2J This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)12:l Claim(s) 25.27.28.37 and 38 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)12:l Claim(s) 25. 27. 28. 37, and 38 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 
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1) l2J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 
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Paper No(s)/Mail Date 1121/09. 

U.S. Patent and Trademark Office 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Dale. __ . 

5) 0 Notice of Informal Patent Application 
6) 0 Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20090831 
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DETAILED ACTION 

Status of the Application 

This Office Action is in response to Applicant's arguments filed on January 21, 

2009. Claim(s) 25, 27, 28, 37, and 38 are pending and examined herein. 

Response to Arguments 

In view of Applicant's arguments and/or amendments, all the rejections of the 

previous office action have been fully considered and are withdrawn. The following new 

rejections are set forth in the office action below. 

Claim Rejections - 35 USC§ 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as 
set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious 
at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention 
was made. 

This application currently names joint inventors. In considering patentability of 

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 

the various claims was commonly owned at the time any inventions covered therein 

were made absent any evidence to the contrary. Applicant is advised of the obligation 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
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not commonly owned at the time a later invention was made in order for the examiner to 

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 

prior art under 35 U.S.C. 103(a). 

Claims 25, 27, 28, and 38 rejected under 35 U.S.C. 102(b) as being 103(a) as 

being unpatentable over Homeyer et al. (US 2,665,277). 

Homeyer describes a method of making morphine phosphate hemihydrate. The 

said crystal contains a salt of an active agent (morphine phosphate) and a guest 

(water). The method (column 2 line 50 - column 3, line 7) described in Homeyer 

involves: selecting a salt of an active agent (morphine phosphate), selecting a guest 

(water), preparing a solution (morphine phosphate is mixed with water), performing 

crystallization (the mixture is cooled), forming a crystal (column 3, lines 6-7). 

Homeyer does not specifically teach the concept of identifying and evaluating the 

structures for their chemical functionalities. 

It would have been obvious to one of ordinary skill in the art at the time of the 

invention to have known that based on the teachings of Homeyer that one would 

necessarily identify and evaluate the structures in order to access whether or not said 

components are have the capability of forming supramolecular synthons. 

Thus is in view of the foregoing arguments, the instant claims are deemed 

unpatentable over Homeyer. 
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Claims 25, 27, 37, and 38 rejected under 35 U.S.C. 103(a) as being unpatentable 

over Ammar (Egypt J. Pharmacol. Sci., 1994) in view of Desiraju (Angew. Int. Ed. Engl., 

1995) of record. 

Ammar teaches the water solubility of carbamazepine in the presence of 

nicotinamide (page 210, last sentence of first paragraph and figure 1 ). It is taught that 

there are spectral changes occurring between the interaction which may give an 

indication of a molecular interaction between carbamazepine and the compounds 

tested, including nicotinamide, which forms a complex-formation between 

carbamazepine and the compounds. Ammar teaches that carbamazepine forms a 2:1 

complex with nicotinamide (page 217, first paragraph). 

Ammar does not specifically recite Applicant's steps as set forth in claim 25. 

Desiraju teaches that hydrogen bonding, the master key for molecular 

recognition, is the most reliable directional interaction in supramolecular construction, 

and its significance in crystal engineering can scarcely be underestimated. 

It would have been obvious to one of ordinary skill in the art at the time of the 

invention to have employed the teachings of Ammar wherein the active pharmaceutical 

ingredient (carbamazepine) is evaluated and determined to have the capability of 

forming supramolecular synthons with itself, and that the chemical functionalities (i.e. H­

bonding) are present in order to non-covalently bond to a second supramolecular 

synthon (nicotinamide). Furthermore, as taught by Desiraju, teaches that in fact that 
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pharmaceutical molecules are all capable of hydrogen bonding and would therefore 

obviously be capable of forming these supramolecular synthons. Thus, one in the art 

would expect, with a reasonable degree of certainty, that it would be possible to form 

co-crystals of the instant pharmaceutical agents as they possess all the prerequisites 

(ie, hydrogen bonding), in the absence of unexpected results. 

Thus is in view of the foregoing arguments, the instant claims are deemed 

unpatentable over Ammar in view of Desiraju. 

Conclusion 

Claims 25, 27, 28, 37, and 38 are not allowed. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SAHAR JAVANMARD whose telephone number is (571) 

270-3280. The examiner can normally be reached on 8 AM-5 PM MON-FRI (EST). 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sreeni Padmanabhan can be reached on (571) 272-0629. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

IS. J./ 

Examiner, Art Unit 1617 

/SREENI PADMANABHAN/ 

Supervisory Patent Examiner, Art Unit 1617 
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17 Egypt. J. Pfwrm. Sd. 35, No. 1-6, pp. 209-223 (1994) 

Effect of Aromatic Hydrotropes on the 
Solubility of Carbamazepine. Part II: Effect 
of Nicotinamide, Sodium Salts of Benzoic, 
Naphthoic and Nicotinic Acids 

B. 0. Ammar and S. M. 0 mar 

Department of Pharmaceutic.al Sciences, National 
Research Centre-;-.Dokki, Cairo, Egypt. 

THE EFFECT of oicotinamide and sodium benzoate, naph-

thoate and nicotinate on the solubility of carbamazepine in water 

was studied. The investigated hydrotropes were found lo increase 

the solubility of carbamazepine. The solubilizing power of 1hese 

hydrotropes was shown to be highly d.:pendcnt on !heir chemical 

structure. The repiaccmenl of benzene ring by a naphthalene or py­

ridine ring enhances solubilization. Moh:cular interaction of car­

bamazepine with the investigated solubilizers were depicted via 

differential ultraviolet spectrophotometric measurements. 

Applying the continuous variation m.:thod revealed formation of 

1:1 compkx wi1h sodium nicotinale, 2:1 complex with nicotina­

mide and sodium naphthoaie and a mixture of 2:.J. and 1:2 com­

plexes with sodium benzoate. An appim:nt correlation sei::ms IO ex­

ist bi::1ween the solubilizing power of !hese hydrotropic agents and 

the stability C'Jnstanl of their respective complexes. Calculating 

!he amount of drug solubilized in free as well as complexed forms 

revealed that complex-formation as well as the decrease in activity 

coefficient of the drug are the two faciors governing the hydrotrop­

ic behaviour of these compounds towards carbamazepine. 

In the preceding communication, sodium salts of hydroxy and amino 
derivatives of benzoic acid have been shown to exhibit solubilizing prop­
erties towards carbamazepinc which have been attributed to both com­
plex-formation as well as to the decrease in the activity coefficient of the 

Material may be protected by copyright law (Title 17, U.S. Code) 
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~-------... liiiliiliiii~liiiliiliiii-------------------~-~,--------~ 

210 H. 0. AM!vLu.R A"D S. :Vt OMAR 

drug. This r:rntivated i:west;gating the influence of other hydrotropes to­

\Vards the solubility of carbarr.azepine in water. Thus, the present contri• 
bution de,ds with evarwning and elucidating both the so!ubilizing bthavi­
our as weil as the mechasdsm of soiubiliza;ion of nicotinamide, sodium 
salts of benzok, naphthoic anJ nicotinic acids towards carbamazepine. 

Experimental 

lvluterials 

Carbamazepine (Egypdan Ir.ternatior;al Pharmaceutical Industries 

Co.). Pharmaceutical grade of benzoic acid, n.aphthoic acid, nicotlnic 

acid, nicotinamide ar.d sodium biocarbonate. 

Sof1,bility A!easuremerzts 

Solubility measurements were carried Oi.lt according to the me'.hod of 

Higuchi and Zuck 0) as previously described (2). 

Results and Discussion 

Figures 1-3 reveal that the apparent water solubility of carbarnazepine 
is increased in presence of sodium be:.zoate, naphthoate, nicotinate and 
nicotinamide as a function of their concentrations. A linear relationship 

exists between the maxim~rn1 adci;,ive concentration of the dr:.ig and sodi­

um nicotinate concentration. 

The solubilizing power of these hydrotropic agents towards carbamaz­

epine calculated as mole drug solubilized by -one mole of hydrotrope 

seems to be highly dependent on their concentration, with the exceptir '.l 

of sodium nicotinate, whereby its solubiliz:ng power is more or !e s 

independent of its concentration (Table 1). On the other hand, ti e 

solubi!izing power of sodium benzoate, naphthoate or nicotinamide in­
creases with increasing their concentration. It is also evident from the 

table that the solubilizing power of :sodium naphthoate is higher than that 
of sodium benzoate. Thus, expansion of ring system from benzenoid to 

the naphthoate structure leads to augmenting the solubilizing efficiency. 
This result agrees with the resuits previously reported regarding the high­
er solubilizing power of sodium naphthoate towards chlorothiazide, 
hydrochloro!hiazide and a!lopurinol compared to sodium benzoate (3A)_ 

Egypt. J. Phann. Sci. 35, No. 1-6 (1994) 

Material may be protected by copyright law (Title 17, U.S. Code) 
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Fig. 1: Effect of sodium benzoate and nicotinamide on the water­
solubility of carbamazepine at 25° 
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Fi&. 4: Differential ultraviolet absorption spectrum of carbamazepine 
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TABLE 1. Effect of n:cotinarnide and sodium benzoate, naphthoate and 
nicotinate on the solubility of carbamazepine in water at 
25 °. 

Concn Solubilizing 

Hydrotrope (mole/ 1) power 

Nicotinamide 0 'j ... 0.0036 

0.4 0.0044 

0.6 0.0044 
0.8 0.0058 

LO 0.0060 

Sodium ':lenzoaie 0.2 0.001 i. 

0.4 0.0010 

0.6 0.0014 

0.8 0.0015 

1.0 0.0025 

Sodium naphthoa:c 0.005 0.0134 

0.010 0.0388 

0.015 0.0613 

0.020 0.1051 

0.025 0.3200 

Sodium nicotinate 0.04 
0.08 0.0014 

0.12 0.0017 

0.16 0.0018 

0.20 0.0018 

-========================= 
The possibi,ity of an ir:teraction taking p;ace between carbamazepine 

ar;d these hydrotropes was studied spectrophotometrically. The differen­
tial ctitravio!e: absorp~ion spectrum cf carbamazepine solution (2 x 10-5 

mo!e/1.) in water and in presence of differem concentrations of sodium 
benzoate, sodbm naphthoate, sodium nicot:nate and nicotinar:;ide was 
determined (Fig. 4-7). The absorbance-value of the drug incrseases in 
presence of sodium benzoate or nicotinamide with increasing hydrotrope 
concentration, while the extinction of carbamazepine decreases in pres­
ence of sodium nicotinate. There is siight bathochrom1c shift in the 
wavelength of maxirm:m absorbance of the drug in presence of nicotina­
rnide from 285 to 286 nm. On the other hand, the ultraviolet absorption 
spectrum of the drag in presence of different concentrations of sodium 
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TABLE 2. Stabilitv constant (K) of carbamazepine-hydrotrupe 
complexes· at 25° . 

Stoichiometric 
Hydrotrope ratio of K (mole" 1) 

complex 

Nicotinamide 2: 1 1.225 
Sodium benzoate 2: 1 0.454 

1· ? 1.143 
Sodium naphthoate 2: 1 42.364 

Sodium nicotinate 1 : 1 1.549 

0 

o.ro 

o.osl--

1 
llll 321 

Fig. 7: Differential ultraviolet absorption spectrum of carbamazepine 
in presence of nkotinamide (m mole/I) 1:0.0, 2:0.4, 3:0-.5 
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ratio of carbamazepine-

EFFECT OF AROMATIC HYDROTROPES ON THE SOLUBILITY 

naphthoate exhibits two isosbestic points at wavelengths of 280 and 288 

nm (Fig. 5). The spectral changes taking place in presence of al! the 
:nvestigated hydrotropes may give an indication of a sort of molecular 

interaction taking place between carbamazepine and these compounds. 
Also, the existence of isosbestic po:r:ts in the spectrum of the dn.:g in 
presence of sodium naphthoate □ight indicate the formation of a single 

species of complexes in this system. These imerac1.ions were fur:her 

investigated thro~gh other spec:ra! measurements uti'.izing ~he continum1s 

variation method. Tne absorb,rnce of solutions containing different mcile 
fractions of the d,ug and each of the investigated hydrotropes was 

measured at 285 nQ. The lota: concentration of CBZ and hydrotropes :n 

each :mlution was fixed at a concentra:ion of 0.06 mmole/l. The absor­

bance-values of ail the investigated solutions were found to diffef from 
the sumrnatlon of the absorbance-values of their corresponding ccmpo~ 
nents. Thls gives evidence for corr:plex-formadon between CBZ and 

these compounds. The measured absorba::tce-values were subtracted 
frum the calculated vabes and the resulting absorbance differences were 
piottecl against moie fraction of each system. An illustration of such 

plots is shown in Fig. 8-11. Since for a constant total concentra,icn c;f 

!wo species of a complex, the complex is at its greatest concentration at 
the point where the two species are combined in a ratio they occur in 

complex. It can be concbded that CBZ forms 1:1 complex w[th sodium 
nicotinate, 2:1 complex with nicotinamide and sodium naphthoate ar.d a 
mixt~ire of 2:1 and 1:2 complexes wl:h sodium benzoate. 

The stability constant of the formed complexes was determined 

spectrophotometrically. The values of the stabiiity constant of CBZ com­

plexes with the investigated hydrotropes are compiled in Table 2. It is 

evident from the table that the stability constant of CBZ-sodium naph­

thoate complex is higher than that of CBZ complexes with sodium ben­

zoate, sodium nicotinate and nicotinamide, This result seems to run par­

allel to a great extent with their solubilizing power (Table 1). 

The amount of drug solubiiized in the form of complex (AB) as well 

as in the free form (A) in the investigated systems was calculated accord­

ing to the equation of Benesi and Hildebrand (5) (Table 3). It can be 

seen from the tabie that the percentage concentration of complex formed 
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TABLE J. The calculated amounts of complexed aml tree forms of 
carbamazepine in solubilized systems. 

Solubilizer Conn S (AB) (A) (AB) 
(M) (~f :ic 103) (M x 103) (M x 103) A/So % 

Water 
Nicotinamide 

Sodium 
benzcate 

Sodium 
naphthoate 

Sodium 

nicotimate 

So = 
0.2 

0.4 
0.6 
0.8 
l.0 

0.2 

0.4 

0.6 
0.8 

1.0 

0.005 
0.01 

0.015 

0.02 
0.025 
0.04 

0.08 
0.12 
0.16 

0.2 

0.694 
1.42 

2.45 
3.33 
5.30\ 

6.65 
0.907 

1.09 

1.32 
1.87 
3.19 

0.761 
l.082 
l.614 

2.795 

8.73 
0.68 

0.806 

0.898 
0.985 

l.044 

0.348 1.072 1.54 24.51 
0.806 1.644 2.37 32.90 
1.411 1.919 2.76 42.37 
2.623 2.677 3.86 49.49 
3.661 2.989 4.31 55.05 
0.169 0.738 1.06 18.63 
0.342 0.748 1.08 31.38 
0.537 0.783 l.13 40.68 
0.893 0.977 1.41 47. 75 
1.701 1.489 2.15 53.32 
0.133 0.628 0.90 17.48 
0.322 0.76 1.09 29.76 
0.627 0.987 1.42 38.85 
1.282 1.513 2.18 45.87 
4.49 4.24 6.11 51.43 
0.04 0.640 0 {j'°l .;.., 5.88 

0.089 0.717 1.03 11.04 
0.141 0.757 1.09 iS.70 
0.196 0.789 L14 19.90 
0.247 0.797 1.15 23.66 

in the solubilized systems increases with increasing the s< lubiJizer con­
centration and consequently the percentage concentration of CBZ in the 
free form decreases. The graphical representation of the percentage 
concentration of CBZ solubilized in free and complexed forms as a func­
tion of hydrotrope concentration reveals that equimolar concentration of 

CBZ in free and complexed forms are solubiiized at concentration of 
0.88, 0.024 and 0.83 M for sodium benzoate, sodium naphthoate and 
nicotinamide, respectively (Fig. 12-15). The data presented in Table 3 
show that the increased solubility of CBZ by sodium nicotinate is more 
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or less entirely due to complex-formation between the drug and the hy­
drotrope, since the rario of (A)/S0 is about unity. On the other hand, 

there seems to exist another factor beside complex-formation promoting 

solubilization of the drug in presence of the other hydrotropes, since the 
ratio of the drug solubilized in free form to the solubility of the drug in 
water in these systems is higher than unity. This factor is most probably 

related to the decrease in the activity coefficient of the c!rug in presence 

of these hydrotropes (6). On the other hand, the data presented in Table 

3 may ex;:,lain to a great extent the lower solubilizing power of sodium 

nicotinate towards the drug relative to tne other investigated compounds, 

since its soiubiiizing effect is only due to complex-formation. 
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!L2 !20 !US-2711411-$.DID.ORUS-!US-PGPUB; !OR !OFF !2009/09/28 I 
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! ! 14368197-$.DID. OR us- !USOCR; EPO; ! I ! I 
! ! 14994604-$. DID. OR us- !JPO ! I ! I 
! ! 15177262-$.DID. OR us- ! ! I ! I 
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I I !5412094-$.DID. OR us- ! ! I I I 
I I !5523090-$. DID. OR us- ! ! I I I 
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I I !01 D. OR US-3916899-$. ! ! I I I 
I I 101 D. OR US-4008719-$. I I I I I 
! ! 101 D. OR US-4267179-$. ! ! I I i 
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i i I IUSPAT- I I !14·28 I 
! I I I USOCR· FPRS· ! I I . I 
! I I IEPO· JPO,. , ! I ! I 

•' ' ' • ' \ ' I 

I I I !DERWENT I I I I 
: ' .................................................... ' .................................................................. ., ~ ............................................................................................................................................................................................. ., ~ ................................................................................................................... ~""-''-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"'-''-"-' ~""-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"-"'-' : ...................................................................................................................... \ 

!S4 11 lalmarrson IUS-PGPUB; !NEAR !OFF 12008/09/12 I 
i I I lusPAT· I I !14-29 I 
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! ! I lusocR· FPRS· ! I ! · I 
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: i \ ~ 1 ~ 1 : \ 
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I I I IDERWENT I I I I 
• , • ' ' ~ ) 1 I 
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! I ! IEPO· JPO,. , ! I ! I 
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js16 i5 js13S14 jus-PG~UB; jw1TH ioFF j20?8/09/12 i 
, , , ,USPAT, , 1 .15.00 , 
! I I lusocR· FPRS· ! I ! I 

I I I IEPO; JR); , I I I I 
! I I I DERWENT ! I I i 

: , ~~~~~~~~~~~~~~~~, , ~~~~~~~~~~~~~~~~~~~~~y \~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~y . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) ~~~~~~~~~~~~~~~~~~~~~ : ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, I 

1S17 12200 !active pharmaceutical IUS-PGPUB; !ADJ !OFF !2008/09/12 I 
I I !ingredient IUSPAT; ! I !15:02 I 
i i I 1usocR· FPRS· I I i i : ! ! ~ : ' ' ~ i : I 

I I I I~~~~+ I I I I 
!S18 119 1S13 S17 IUS-PGPUB; !AND !OFF !2008/09/12 I 
! I I lusPAT· ! I !15-02 I 
! I I I USOCR· FPRS· ! I ! . I 
! I I IEPO· JR)· , ! I ! I 
I I I !DERWENT I I I I 

: i , ~ 1 ~ I : \ 
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1s19 12 !heterosynthon !US-PGPUB; IADJ loFF 12008/09/12 I 
i i I ILJSPAT· I I '15·04 i 
! ! I ! USOCR· FPRS· ! I ! . I 
! I I !EPO· JR)· , ! I ! I 
I I I !DERWENT I I I I 

: i , ~ 1 ~ I : \ 

!S20 !47880 !aspirin ibuprofen !US-PGPUB; !OR !OFF !2008/09/30 I 
I I ltlurbiprofen iuSPAT; I I lo8:31 I 
! I icarbamazepine phenytoin !USOCR; FPRS; ! I ! I 
! I lacetominophen !EPO; JPO; ! I ! I 
I I I !DERWENT I I i I 
!S21 11329 !co crystal !US-PGPUB; !ADJ !OFF !2008/09/30 I 
i i I ILJSPAT" I I io8·31 I 

: l : ~ : ' ~ l : . I 

i I I lusocR· FPRS· ! I i I 
H ! ~ l . ' . ' ~ l I ! 
I I I I~~~~+ I I I I 
.[S22 ...... f 126 ............... is20 .. S21 .............................................. i us-PGPUB; ............. iAND ........................... loFF ........... i2008109130 .............. I 
! ! I lusPAT" ! I !o8·31 I 
! ! ! !usocR· FPRS· ! I I · I 
! ! ! !EPO· JR)· , ! I I i 
I I I !DERWENT I I I I 
1S23 j18 js20 S21 jus-PG~UB; jsAME joFF j20?8109;30 I 
1 1 , ,USPAT, , , ,08.31 1 

! ! I lusocR· FPRS· ! I ! ! 
I I I IEPO; JR); , I I I I 
! I I !DERWENT ! I i I 
!S24 !2 !S22 and @pd< "20020301" !US-PGPUB; !AND !OFF 12008/09/30 I 
i I I ILJSPAT" I I 108"45 i 
I I I lusocR· FPRS· I I I · I 
H I ~ l . ' . ' ~ l 1 i 

I I I I~~~~+ I I I I 
IS25 1283 !cocrystal !US-PGPUB; !NEAR !OFF !2008/09/30 i 
i I I IUSPAT" I I i08"48 I 
I ! ! !usocR· FPRS· ! I I · I 
! ! ! !EPO· JPO,. , ! I ! ! 

•' ' ' • ' \ ' I 

I I I !DERWENT I I I I 
iS26 i18 js20 S25 jus-PG~UB; iAND ioFF i20?8/09/30 i 
1 1 , ,USPAT, , 1 ,08.48 1 
i I I 1usocR· FPRS· I I ! I 

: l : ~ : ' ' ~ l ' I 

_____ t ____ J ___________________ )~~~+ ____ ! ---------- ! ____ J i 
!S27 157 !co crystal.ti. IUS-PGPUB; !ADJ IOFF !2008/09/30 i 
I I I ILJSPAT· I I 109-39 I 
! ! ! !usocR· FPRS· ! I I · i 

I I I I~~~~+ , I I I I 
!S28 !14 is21 drug !US-PGPUB; iAND !OFF i2008/09/30 I 
! i I lusPAT" ! I !09-39 i 
! ! I !usocR· FPRS· ! I ! · I 
! ! I !EPO· JR)· , ! I ! I 
I I I !DERWENT I I I I 

: ' ' ~ ~ ~ ) : \ 
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!S29 !458 !Pharmaceutical co adj !US-PGPUB; !AND !OFF !2008/09/30 I 
! I !crystal compositions drugs !USPAT; ! I !09:55 i 
! ! I lusocR· FPRS· ! I ! i 
H I ~ l . ' . ' ~ l 1 i 
I I I I~~~~+ I I I I 

: 1 : ~ 1 ~ 1 : \ 

IS30 1543 !Pharmaceutical co adj !US-PGPUB; !AND !OFF !2008/09/30 i 
! ! !crystal composition drug IUSPAT; ! I !09:55 I 
i i I ILJSOCR· FPRS· I I ! I 
! I I IEPO· JPO,. , ! I ! I 

•' ' ' • ' \ ' I 

I I I !DERWENT I I I I 
!S31 _______ .. !543 .............. iPharmaceutical ·( co ·adj ............ ius-PGPUB; ............ ~ND ........................... foFF .......... i2008/09/30 .. __________ I 
! I !crystal) composition drug IUSPAT; ! I !09:56 I 
i I I 1usocR· FPRS· I I ! I 

: l : ~ : ' ' ~ l ' I 

II ______ I ________ I _____________________ I~~~~+ ____ I ___________ J ______ I ______________ ! 
!S32 !29 !Pharmaceutical (co adj !US-PGPUB; !SAME !OFF !2008/09/30 I 
! I !crystal) composition drug !USPAT; ! I !09:56 I 
i i I lusocR· FPRS· I I i I 
I I I IEPO; JR); , I I I I 
! I I I DERWENT ! I ! I 
!S33 i47 iS31 and @pd< "20030303" !US-PGPUB; iAND !OFF i2008/09/30 I 
! I I lusPAT" ! I 109·56 I 
! I I I USOCR· FPRS· ! I ! . I 
! I I IEPO· JR)· , ! I ! I 
I I I !DERWENT I I I I 

: ' ' ~ ~ ~ ) : \ 

!S34 1119 !crystal engineering !US-PGPUB; !ADJ !OFF !2008/09/30 I 
i I I IUSPAT" ! I 110·03 i 
H I ~ l '. . ~ l 1 . i 
i I I 1USOCR, FPRS, I I ! I 
! I I IEPO; JPO; ! I ! I 
! ! I !DERWENT ! I i I 
!S35 132 !S34 and @pd< "20030303" !US-PGPUB; !AND !OFF !2008/09/30 I 
i I I ILJSPAT" I I 110·03 I 

: l : ~ : ' ~ l : . I 

i I I lusocR· FPRS· ! I i I 
I I I IEPO; JR); , I I I I 
! I I I DERWENT ! I ! I 
!S36 ........ i29 ................. iS34 ·drug ........................................... !US-PGPUB; ............ iAND .......................... foFF ........... i2008/09/30 ........... I 
! I I lusPAT" ! I !10·04 I 
! I I lusocR· FPRS· ! I ! · I 
! I I IEPO· JR)· , ! I ! i 
I I I !DERWENT I I I I 
!S37 !4 iS36 and @pd< "20030303" ius-PGPUB; !AND !OFF i2008/09/30 I 
i I I IUSPAT" ! I i1o·04 I : ! l ~ : ' ~ i : · i 
i I I IUSOCR; FPRS; I I i I 
I I I IEPO; JPO; I I I I 
! ! I !DERWENT ! I ! I 
!S38 1228231 !crystallization !US-PGPUB; !AND !OFF !2008/09/30 I 
i I I ILJSPAT" I I 110·26 i 
! I I lusocFi· FPRS· ! I ! · I 

I I I I~~~~+ , I I I I 
: i : ~ 1 ~ 1 : \ 
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!S39 !7179 1S20 S38 IUS-PGPUB; !AND !OFF !2008/09/30 I 
! I I lusPAT" ! I 110·26 I 
! ! I I USOCR· FPRS· ! I ! . I 

I I I l~~w~+ , I I I I 
: i \ ~ 1 ~ 1 : \ 

1S4o 1200 1s20 S38 1us-PG~UB; !SAME IOFF 12o?s109;30 I 
i i I 1USPAT, I I !10.26 I 

I I I l~~~f~PRS; I I I I 
I I I !DERWENT I I I I 
!S4( ...... i1•32 .............. iS4o·and.@pd<."20030303" ... !US-PGPUB; ............. iAND ........................... foFF ........... i200S/09/30 ........... I 
i I I ILJSPAT" I I 110·26 I 
I I I I USOCR; FPRS; I I I . I 
! I I IEPO; JPO; I I i I 
I I I !DERWENT I I I I 
!S42 1106 1S20 S38 IUS-PGPUB; !WITH !OFF 12008/09/30 I 
! I I lusPAT" ! I !10·26 ! 
! I I I USOCR· FPRS· ! I I . i 
! I I IEPO· JR)· , ! I I i 
I I I !DERWENT I I I I 
!S43 !64 iS42 and @pd< "20030303" !US-PGPUB; iAND !OFF i2008/09/30 I 
i I I 1uSPAT· I I !10-27 I : : : ~ : ' ~ \ ' . \ 

! I I lusocR· FPRS· ! I ! I 
I I I IEPO; JR); , I I I I 
! I I !DERWENT I I ! I 
!S44 1472 !cocrystallization IUS-PGPUB; !AND !OFF !2008/09/30 I 
I I I ILJSPAT" I I 110·28 i 
I I I I USOCR; FPRS; I I I . I 
I I I l~~w~+ I I I I 
!S45 141 !S20 S44 IUS-PGPUB; !AND !OFF !2008/09/30 I 
! I I lusPAT" ! I !10·2s i 
I I ! I USOCR· FPRS· I I I . I 
! I ! IEPO· JPO,. , ! I ! I 

•' ' ' • ' \ ' I 

I I I !DERWENT I I I I 
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To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
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23557 7590 10/01/2009 

SALIW ANCHIK LLOYD & SALIW ANCHIK 
A PROFESSIONAL ASSOCIATION 
PO Box 142950 
GAINESVILLE, FL 32614 

FIRST NAMED INVENTOR 

Michael J. Zaworotko 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

USF-106XCI 4742 

EXAMINER 

JA V ANMARD, SAHAR 

ARTUNIT PAPER NUMBER 

1617 

NOTIFICATION DATE DELIVERY MODE 

10/01/2009 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 
euspto@slspatents.com 
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PATENT IN REEXAMINATION 
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ART UNIT I PAPER 

1617 20090830 

DATE MAILED: 

Please find below and/or attached an Office communication concerning this application or 
proceeding. 

Commissioner for Patents 

This is a decision on the PETITION FOR ACCPTANCE OF COLOR DRAWINGS UNDER 37CFRi .83(a)(2). The petition was filed 
January 21, 2009. Entry ofcolor drawings requires: 1) three sets of the color drawings, 2) a proper amendment to the specification 
indicating color photographs or drawings are present in the file, and 3) the required fee under 37 CFR l.17(h). 

A review of the application record indicates that the petition meets all of the requirements for acceptance of color drawings. This 
should not be construed that all of the drawings are accepted, only that the color drawings are acceptable. 

The petition is GRANTED. 

Should there be any questions with respect to this decision, please contact Sreeni Padmanbhan, by telephone at 571-272-0629. 

SreeniPadmanabhan 
Supervisory Patent Examiner, Art Unit 1617 

/SREENI PADMANABHAN/ IS. J.I 
Supervisory Patent Examiner, Art Unit 1617 Examiner, Art Unit 1617 
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Commissioner for Patents 
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January 2 l, 2009. Entry of color drawings requires: 1) three sets of the color drawings, 2) a proper amendment to the specification 
indicating color photographs or drawings are present in the file, and 3) the required fee under 3 7 CFR l. l 7(h). 

A review of the application record indicates that the petition meets all of the requirements for acceptance of color drawings. This 
should not be construed that all of the drawings are accepted, only that the color drawings are acceptable. 

The petition is GRANTED. 

Should there be any questions with respect to this decision, please contact Sreeni Padmanbhan, by telephone at 571-272-0629. 

SreeniPadmanabhan 
Supervisory Patent Examiner, Art Unit 1617 
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Dear PAIR Customer: 

SALIWANCHIK LLOYD & SALIWANCHIK 
A PROFESSIONAL ASSOCIATION 
PO Box 142950 
GAINESVILLE, FL 32614 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 23557, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
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;ij,;-tl!:W!%'llt., ~i\'li'FITtF!ir·fe:-!ti:tlat4 2~~2-JJi~1-=-!FZt5~JflE1= J:. ') tit~ L.,t:: 'tJ O)tf" 
JfHlk.l::: ;v.,t::-:, tl:t. ¥f!S~~'llf /: t.;: i; t.;c ,J:. -5 +:,J-1:: ;:::;:t,,;. < t::: ~ c'. 

CHHJ?IN" (39'4;!} 
Ber.: N 14,21 
GeL: N 13-,93 

J.)3. 1-(N-Phu.ylo.7tidfnt1)p;yrtu:olidfn•hydn,i&did (3t) 

A\l.$b!ure~ l2%. Far'blose '.Na.deln. Sclimb, !S:S-187..S .. C Ul·C,H,Ofil VV 
1CH,OH,omQg•)J:_).,,,., - =(4,"4).IRIXllr,cm-'):v = JJ8Q,l2SfJ,3130,l630 
[C•N), 15IIO (Nli11240 (C-N). 'H-NMR[DMSO-D.,ppm): i -2,!0 !t<, 
2H, -CH,-);2,92 (dl,2H, -CH,-); J.,48 (t,2H. -CH,--); 7,17-7,44 (m, 5H, 
Ar-H); 7,S4 [<, 4B, NH). 
C 1..,H 1.:,IN,1, (~LS,.2) 
Ber.: N 17,6! 
CM.: N 16,54 

JJ.4. J-{N-/4,Mu1hylph,eyl)•m;d1e«)pyrn,"1Wn-/rydn,iodid (3f) 

A.usbeute~ 47%, Farbkise Nadeln. Sclimb. 152-154 "C Jn•C:iH70H}. UV 
!CH,OH,m,.(lg•)J:i._.. - 231 (4,ll).IR(K.l>r,am- 1},v - :;rn,,3!00,2970,11120 
fC=N), 15&~ (NH).1'70, l2.30 {C-Ni 'H-NMR(DMSO-D.,wm),o • l.10 
it~ ;IB:, ···CH,·-); 2,29 (s, 3E, --CR,): 2,l!9 (di, 2H, -CH,-); l,43 (<, 21-1. 
-CH,-): 7,05 (d, 2H. A.r-H/: 7:;!J (d, 21!, Ar-H); 7,41 (r., •H. NH). 
C11 H.i,IN.t (Jl2.2f 
Dor.: N 16.B1 

. Gef.: N 17.32 

J.J.S. J-JN-(4-Chlorph,ny/).,.i,Ji,u,Jpy,ororuJin•hj,drolodW (3tz) 

Aw;l:;,,c.me: 45'%, F"arbloz:e Kris.lane. 'Scllmb. Hi9-17l,:S •c (o--C,1:1-,0H}. 
·IJV[CH,OH,..,,.(lg tj):;._ - 223 (4.,37).245 (sh 4,17~ !R.(K.Br,=· '):v = 3420, 
3310, J!OO, 1640 /C•N1 1595 (NH), 1S<ll, 1490, 12:m [C-N]. 'H-NMR• 
(DM'..5O-Dicb ppm):·6 • 2,07 (t~ 2:B, ~CEJ:-): 2,88 fdt, 2H:, -011-); J,41 
(~23. -CH,-):"l,!S (d, ZH,Ar-H): 1,<Z(d, m,Ar-l-1);7,55{<,4H,NH:). 
Ci:oHt,CllN,. (~51.6) 
Be!.: N ·l:S.S.9 
Gel.: N 16,04 

3.3.6. 1-{N•/•-Ilmntp/,~nyljamldir.ojpyraza/ltit,,.l,ytlroiodld fsb) 

Aool>out,;; ,1¼. l'arblc>e K.dst<Ue. Schmb, 179-182,S"C (CH,OH). UV 
[CH,OH, nm(lg,)j: l.,,... -2'3 (~.51), 294 (oh ~85). lR[!CBr, =-'): • - 3390, 
3180, lfi30(C-N, uas (NH), 1550,1470, i= (C-N;. 'H-NMR(DMSO-D., 
ppm):& -1,11 (tl,2H, -Cl-1,-);2,91 (d~2H, -C::-i,-!;'.l,45(t,2B'.-CH,-l: 
7,JS (d, 2B, Ar-H); 7,56 {d, 2H, Ar-H): 7,70 I•, 411, NH', 
C 10HJ"'IBrrN4 (397,.1} 
Bor.: N 14,!l 
G,f.: N 14,24 

3.3 ,7. J~ ( NmNa,7Jit/l-l-yfamid;,1o)P.,'IFrttr.olfdin~lrydroiodid (Ji). 

Aw:bemc: 48%, Far'olQSC Kdswlle.. S,i;;hrnb, 2.19-:223 ..,~ (o-C)-t 10HJ, UV. 
[CEl,OH, ""1Qr <)): ),.,. = 273 {oh J,1,7), 233 ("l,~5), 194 (<h.l,87). lR[l<.Br. fTl'i'. '): 
v = 3>~0. 3300, 3l00, l610 (C=NJ, 156'! (l"B). 1180, /25l) {C-N). 
'H-NMR(DMSO-D0 , ppn:,): t = 2,16 (tt, 2H, -CH,-); 2.93 (dt, 2H, 
-CH,-):l.5llt,!H, -CH,-);1.)()("4!-!,NHl; 7.'.)S-l!,.02{m, m,Ar-H} 
Cu.H 1-,IN..: (:.168,2.} 
J!:or.: N .15,21 
O.f.: N l~,23 

Wlr dankcx H.erm T. Nagel, Be:rlin-<....'1lcmic-, fur dis: UnteslitUtznnt bci de:r 
Aufuahme- UJi~ Di.::klUS..io:r. de:r 111-NMR-Spclc.tren... 

LitL"filtwl' 

l ·MorBJ=Mtc.tD.1 O,; Richter, f'. H.; K]em.;:i,un., A,~ Pha.rmaz.ie 46 418 {1.991); 
L Ji.,ri.uoUun,g 

2 Buh.le, f... L; Moore, AM.; Wi:se,oglc, P. Y.: J. Am. Chc.m. S~c. ~S, %4) (1943) 
3 K.ul"l'.ec, F.; Gndicc,r, LE. A.! A.ngcw. Cbrem. 75. 1157_ {19-63) 

Eingegimgen am 2:5. Juli t990 Dr. 0. Morgells.te.m 
Friedrich-Lu.dwig..Jab.n-Su'. I7 
o.:µoo· Groiliwald 

Ar:zne!mittelwerk Dresden GmbH, Geschiiftsb.,relch Forschung und Entwicklung 

Untersuchungen uber Additionsverbindungen von Carbamazepin 
~ ;' ~ . .,, 

'H. WUNDERLICH; L. ZENKER; H. USBECK, A. s:rA.RK'., D .. LQHMANN und W. THIEL 

Es w.-..roffll Adrlitlonsverbin.dcngen von Carbamazepin 
mit Ammonlumchlorid, Ammoniumbromid und Forma­
mid dargostellt und cha.rakterisiert (IR-Spel::tren, Ver• 
halten gegeniiber W11.sser, Loslichkeit}. 

Derivatives or'carbem11zepinewith ammonium !111.Jogooi:des 
and formamide 

The reaction of cannamazepine with ammonium 
chloride, ammonium brootlde, and formamidc ls descri­
bed, The product• were characterized b)' means of IR. 
$ped:ra, the rea"----tion with watc:x- and their $Olubility. 

l, Einleitung 

Das Antiepileptikum Carbamaziepin (Finlepsin® · A WD; l] 
bildet Additiomverbindungen, die in der Lit.eratur sc::hon 
mehrfach Erwabnung fanden. So beschrlcben N,hlmann et al 
[1] die A,.,l,agerung von Wasser unt<>r :Bildung von Carbrunaze.. 
picdibydrat. Von japanische:n Antoren wurde iiber cir. 
Monoareton-Addukl <1usffihrlich berichtet [2]. In einer DDR­
Patentsch.rift [3] sind Additionsverbi:ndungen am 1 und 
anorganischcn oder organiscben Sauren mit,geteilt worden. 
Im Rahmen \lllserer Arbeiten zi1r t~nischen Herstellung und 
Reinigung von l konnten wir r.,,..'5tellen, daG dieses auch mil 
Aturuonimulmlugcniden und Forn:ia.mid Addukte bildet. 

Pharmazie 46 (1991), fl.. 7 

2.. Untersuclnmgen nnd Ergelmisse 

2,1. Additionsverbindungen a.us Carbama2:epin und 
Amm_oniumhalogcni,kn 

i.1.1, ffemellung 
Bei der Re.aktion · von 5-Cbl cm,arbonyJ.5H-dibem[b, l]azepin 
(.4, X=CI) mit gasrormigern Arnrnoniak in siedendcm Chloro­
form .wird ein farbloses, in Chloroform schwer losUch.,. 
Krist.a.llisat erhalten, desscn Schm<>lvte-.chaltcm von dem d.,. l 
ve:rsclticdcn ist. In glei.clacr Wci>c, verlauft die Rcaktioa in 
Alkobolen, J3utyl.acet!lt, Benzen oder Toluen. Aus d"1'. 
Elementru-ana!yse folgt, daf. rue Substan~ st&:hio,netdsch au.s 1 
und Ammoniumchlorid im V erhaltnis 1: l zw:ammengesetzt ist, 
Geht man von 1 a us, so )assen sich in geeigneten organi.scben 
Lii-sungsmitteln durcll Zusatz von Arnmoniumb.a!ogenidcn 
eben.falls die hislang iJichl beka:mterr Addukte isoliernn (vgl. 
3.1.). i)ie.Bildungsweiseder A~dukteistimSchema 1 dargenellt. 

Scbem.111 

' I 
2 
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j 

*•••~-~~~~-~~••42A■ ~,•,!~~&~~q••~~~m~~­
lil1i'!:ci= ;lt.>t::: -o t l;t. ~fl::¥.i:~i!. ct;; S t.il \,t:? +'.½'1-- ~ ;:t . .,, < t::. c'< l \, 

Die Additions-verbindungen 2 und 3 sins! an der Luft stabil und cblorid mlt einem :iusatz -;,on 25 ml dasti!lie,rtem Wasser 
lasscn sich in niederen Alkoholen un.zersetzt umkr1st"11isforen. untersucht. 
Um die neuen Ve.rbindungen gemmer zu chara.lm,risforen, Nach de, in Tabelle 2 angegebenen Zeit wurden Proben de, 
wurden .nebcn "pektroskopischen llild Loslichkeitsunte,:su- klaren wli.6ri,ge11 Losung genommen und ibr Gehait an 
chungen auch umfassende elekt.ro~hernische und rontgens-truk- Carbamazepin UV-spektroskopiscll l>estfmmt. Die Ergebnisse 
turanalytisclie Untersuclrnngen eingeleitet, iiber deren Et- sind in Tabelle 3 zu.sammen.;este,llt. 
gei>nis-se gesonciert berichtet wird_ [4, 5]. 

2.1.2. IR-Spek.mm 

Die IR-Spektren (in Kllr) der bei.den Addul::te Z und 3 sind 
einandor sebr ahnlich (Tabe!le 1). Unterschiede gegeniiber 1 
zejgen sfch an ciner doppelt auftretenden Carb-onylbaudo bei 
1650 11.t1d 1660 cm- 1 , an dee verschobenen Band~.ngruppe iur 
vNH-S:chwingungen und an der b-,eiu,r~ intensl'llen Ba:nde bei 
1435 =- 1, die wir eine.r vencb.obe.m,n 6NH-Schwingung 
:zuordnen. Daraus !allt sich ein starkerer Ein.ilnll des ionischen 
PiUtm,.s im Kristallgieter auf die Carbamoylgrup_;>e ablciten. 
Das NH,i ~Kation in 2 und 3 ze.igt eine se/.1r intensive, bL"dte 
Bande ooi 2960 =- '. 
Talohlle 1 J:R-Al>sorptionsi,udeo !cm- '1 de, Amrnoniua,bakigeoid­
Addu'.kte im V.er,:lt:icb zu rtqJriis:cn.t.ati.-en Krj:stdlrnodifikationen des 
Carbn••""f'l"" (l.., l,J 

~ , ,, Sdi'lolir,8\lfli: 

770 765 ]50 ,,CH (ont-of-pion•) 

1435 1435 137$ 1385 oNH 

14-SO . 1480 1400 vC=C 
1575 1575 ,585 {o.ro-
l59S 1.S~S 1595 mahsch) 

lo50 1650 !665 16SS } vC=-0 1660 1650 

324:i 3250 .3270 } .33l0 33-15 3335 vKH 
3400 3395 3460 3475 

Dk IR-Spelctren berechtigen zu der Atlllabme, daB cs sich um 
dclini.,rto, Additionsverbindungen und niclit our um Geniische 
bandelt. 

2.1.3. Verhalum gegeniiber Wasser 

Die Zerlegung der 1-NH.X-Addukte in W=r lauft vor al.lem 
bei nieh! ausreichender Wa.ssermcnge unvollstandig ah.. Ein 
bloBes Auswasc.hen des Reaktionsprodulcte.s mit Wasser iunrt 
nlcht zu rein= 1. Olfenb!U" war Schindler [6J be.i de:r 
Erstbesoh.re.ibung der Synthese von 1 a.us 5-Chl<>r<aarbor,yl-,SH­
dibenz[b, 1]azopin und Ammoniak di••= Irrtum unlcrlegen, 
als er .oac:h wiederholtem Umkristallisicren den Schmb. mit 
204-206 'C a.nstatt mit dem zutrclfendcn von 190-192 ·c 
angab, 
Die Herstcllung von 1-NH4X-Addulden ist nach Schema 1 in 
organiscben Losungm:nittcln auch in Gegenwart von begrenzten 
Meogen Wasser moglfob und gestattet z. B. di• Anwendung 
von koru::. Ammoniakliisung; So liefert die Real;:tion :.c:wischen 
4 [)(=Cl) und 25% wa.Briger Ammonia.1:losung in Buty!acetat 
als Finalpro-dukt du 1-NH4 Cl-Addukt in guter Ansi>eute [7]. 
Dies ist bei der techmschcn Hersto!lMg von 1 und ftir die 
weiterer, Reinigungsoporationen vim lkdeutung, denn 10-
Bromc.arbam.azepin oder 10,11-Dihydrocarbemazepin bilclen 
mit Ammon.iumcbJorid. unter verg!eichbaren Bedingungen 
kcine Acldukte. 
Zm Ermittlung der Loslichkeit wurden 20,ng Substanz 
(Variaate A) bzw. 100 mg Substanz (VarianteB) mit einem 
Zu.,;atz von 25,0 ml Wasser· im verschlossenen Erlenmeyer­
Kalbe11 mittels Thermovibrator be.i 25 •c geschuttelt. Zum 
Vergleioh wurde cine o.quimo!are Mischung von 23,6 mg 
Carbam&7.epin-j3-modifikation (Ip) und .5,3 mg Ammonium-

Tobelle 2 L&Jicltkci<e• (mg 1/lOO ml L&ung) "'" Z, 3, 1, und ewerm 
liquimofuron G<miticll 1, + NH,Cl b<i 2S •c 
Z,,Jt , , ,, .1,+NH,..Cl 
lhl A • A A • 

14,6 29,3 ll,8 14.3 14,4 14,1 
3 14,1 27,9 12,1 !l,4 IJ,2 
7 13,9 23,8 12,2 12,<J !2,9 13,0 

24- 15,2 17,2 13,6 12,8 12,E 12.;l 
4g lS,6 14,6 12.,6 11,3 

Unter "6rgleichbaren Bedingungen zdgen alle Substanzen 
libruiche Loslichl::ci.tswerte. Geringffigige. Untenc:hiede la.sen 
sicii durch Abweichungen in den Kocngro.f.lon- Und J>l-,asenver­
fej]ungen erkli.iren. D"r Ei:lilut;l des anwesend.en Ammomum­
ha.logenids auf clie Loslichkeit mt unerbeblich., • 
Eme no.eh l h zw,li.ttlich vorgr::nouwnme argentom.etrische 
Chloridbestimmung in de:r wiUlrigen Ll\sung der Probe :z. (B) 
ergab here.its den a.uf die .Binwaage l>orechncten vollen 
Chloridwert. Diese Ergebowe· zeigen, da.B nach. 1 h our nocb 
1 (het,:rogen) neben freiem A=oniumehlorid in homogener 
Usung vorllegt. Die betrachtlicb e.rMhte. Anfangslosliclikcit 
bestatigt da.. Vor!iegen e.ines Addul::thabitru. J:.1,,r •clmell 
fortschreitende tbergang in einen andoren Ha.hims ist begleltet 
von eitter Ob<,.rsattigung der wii.&igen Phase, die sich Jangsam 
2nm normalen Loslich.kdtsgleieb.gewicht vou 1 . hin abbam 
(Tabelle 2., Spalte 2). Die IR-Spektren der luftgctrockneten 
Adduktriickstiinde und von 1, aus den :Ansatzen der 

· Loslichkeitsbestimm.Ullgen enthalten die char.akteristischen 
Bandcn des Eiru:at7.stolies nicht mel:u'. Es liegen Mischphase'n 
vcn I.. und 1 · 2 H 1 0 ·vor. 
Das Losllchkcitsverhalten deutet auf eine nur iockere Bindung 
des Ammoniumchlorids im Kristallge.fiige. 

22. Addi!ionsverbindung ·,u.1s Carbamazepin und 
Forrnamid 

Verwendet man zur Besc:hleunigung der Reaktion von 4 (X = Cl) 
m.it ko::u;. wiUlrigam Amm.oniak a.ls zusatzliehe Losungskom­
ponente Form .. mid, s.o erbalt nia.n Uberraschen&rweise anstelle 
von l -em lm v•rwendetcn Losuugsm.iiiclgcmisch scltwer los­
liches Addukt aus 1 und Formam.id. Die Bildung diCS!l& 
Adduk.tcs 5 ist in Chloroform ebenfalls direkt au;; 1 und 
Formamid moglich (Scl!ema 2). 

Schema 2 

~ 
CO-NH2 • K2N·CKO 

ll 

Die elcmentaranalytiscbe Untersuchung ergab mr S wiederum 
eino Zusan:unense-tzung im Molverl:tiiltni5 1: 1. Dureh Wasser 
unct w:illrige a.!ka[iiohe Losungen wJrd e~ in seine Komponenten 
zerlegt. 

Pharmazie 46 (19-91), H- 7 

3 
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5 ist aw; wasseri'rejcn Allwholen (Methanol, Etilanol) in 
Gegenwart von 1 bis 5% Formam:id Un7.crlegt umkrlstallisler• 
bar. Bel Anwendung von wiillrigen Alkofa,len erfolgt eine 
voll,di.ndi$e Zeriegung des Adduktes. Aus der wanneo 
Mutterl.auge kristallisiert reine< l aus, da, bei Rau,ntemperatur 
vo!lig klar in Chloroform loslich ist. Das Addukt ist i.m. 
tlnrenchied dazu in Chlprofonn schwer liillich. 
Formamid v"rdrangt offcnba.r auf Grund. seiner stii.rkeren 
Al!initii.t .zu 1 Ammoniumchlorid. Bci Anwendung von 
Methyl- oder Dimethylformarnid anstclle \ton Fo,:mamid ist 
dies nJcht der Fall, -vielmehr wird hiorbei 2 isoliert. 

3. Experlmenteller Teil 

Dlc. JJt-Sp:kt:e.n wurdea tru, ~-m::m. S:pc,ktra.lpb.trton:u;:m ~pcco.rd 75 IR. (Car} 
~iS!li JENA) aufgen~ die Schmb. wordcn mh ainem Heiz.tu:ehger&t naclt 
~ soirie: dcm "l"he.rmosy,tcm FPS \Mettler) bdtimrnt, wobci Uberein-
51UJlUlu11s erzielt _wurde, 

3.l, S-C:11-rbamo_yl--.$.H~dlbettzfti<.[J.a.:z;~pi111 (IJ-NH 4 Cl-Adrlukt {2) 

J.J~l. 47.2 t (0.2 mW) 1 wer-dl!n WJ'ter Erwlirm.e>I i.11t 500 ml 96% 

-C~,O.H g,cl&t. 0atui. W.i.rd cii.no !iJtrierta: LD!m1:1g v~.11 10,1 g (0,ZJOQl) l'•Ui111CJ in 
.:5 ml H:lO ;&ug.~tzt. Man erwa.Imt die Misd:mug 1:S mln '--UID s.icdM-, ku:hlt ate 
:a>Jr 15 •c nod sai.igt di:11 c,;nuttwukwm Nlcd=rschlag n,a<.:it 24 h ab. Dk:icr wird 
ml.t wt:ni;e: ½;H,OH gew:u:aben rond bc:i. 100 '"'C set.rocbet. Na.ch Um.krista.UUie­
liaa aw der 20rAChcn Me.ogtt C.2;B,!"OH erhilt man Ns.d.ein. Schmb. 
!9:5,S-•l99°C. 
-c, ~Ru,ON3 0 (2.tw',8) 

C • i>U 7 H 5,51 N 14,50 G 12.24 

C «l,Q3 H 5,.54- N 14,40 Cl 12,02 
62);1 $,6;; 14.43 12,17 . 

f J.l.2 12,B..s {0,05 m.ol) '5--Chlore:arbooyl-SH-rlUu=nz[b-fJazecpi.o 

r we:rdcD in 4S ml Butyl.a•tat vecriih.rL Man ezwliirmt auf 60 '"C. tropft in rue 
t:nts!dtonde LO.Sung 15 ml einer 2So/,.. wi6rigea ~"H:rL!isuug U.00 nihrt J .b b-~J 

I SO •c. A.n:..clalic.&i;~d wcrden Uber c.i.n.r;n Wurerab.s-chcidcr ca. 10 ml H:,O 
nbdertiU.ie.rL Der Anm.r2. MOO d-a!'lft .Qi.t.1.f J.l -C g.,elrnhlt,. dB$ KrLmi.lli.sat O.&e.t clno 

abw Diescr wird wlt" _B.utylacettu R~iSGil~"l. i!nd bci 100-c-c genodtneL l.}un.'tl 
Utcl::rI,,:u1.Uisation aw C 1.H5;0H cr.h.i.!t man d.&s: ~: 1-Addukt ab futb.lOI!-¾ Yi'.l:rfih::tt 

Na-dclr.i. 
Se:hrob. \19--20! •c. 
C,$H 1~DrN_,_O {334,2) 

C S3t-39 ·M 4,82 

C 52,69 H 4,84 
52,-46 4,86 

3.3. l-Focro•mld-Adduk< (5) 

N Il.~6 

N 12,50 
12,SO 

Br 23.9J 

Br 2!.JO 
2!,11 

2.:::,66 (0,! mi;;il} 1 ,V#'r'da;;n. b'lU R.ou:mtompr.ra;µr in 100.wl CHa, unt&r R.WU.·Q.ll 
_gel&:t In di@ 'i:::J1rr~ L&ung w~rden uot~ Rilh.ren S.,6 g (0,125 mot} NH:r: -CHO 
z..i:~bCSl.. Dk:: LC'Sun& t;,cginnt &ici:l eln:zuu!ilbe;n und !n weuigen mm orfolgt Ol.111 
Kri.ru:.msWon. N:.clt 2-J h Kiibie..1 im IJjoSotld.en W~~ad w.rrd ht K.ri:.ta.tl1si,,1 
abg~:gl. und mh ge:kiihltem CHO:i. cl.as 1 ¼ NH1.-CHO enthlilt, zewasebm 
Der farhlose FiU.erk.uchen wi:rd im "frockcnschrank btica. 70 °C gotrockaeL Mnn 
-cr.biilt 2J ,g {Si,?%) s. Sdunb. JES:-192 ""C {b::i 142-14$ &c effoig( dne Oeudioo.i,, 
Kristan,;mwandlu1:1g:).. 
C 16~ 15N30 1 (281.3) 

N 14,94 

N 15,10 

j.4. lli;.s:drtimu:ng cier l..b.sUeJ:d:.esit •on l, 2 und 3 

Sut.sbnzeinw1.2een von en, 20 mg und 2S tn! di:tL H1 0 {A} bffl. 100 mg uad 
2$ ml dost. H,O (!I) w=i= m J• <in= 100 ml-Sc.bJ!lf,!',Jcnmcyo, gegebeo. Die 
ve:nc:hlos:8•11::»en Kolben wet:den bci 2.S "C 125 ro•K=1"~...nd+m Schiit1elbt:i'Pi'8Q.UDP je 
min au$a;~tzt. Das 1'..larliUrf!!t ei.!J.~~ ?!e-b-im!hm!l! wi:-d ! r 10 n-Jt dc:Jt lt2 0 
\IE:rdiin.Jjt 'Wld die UV.Absorption ie einea: 10- mm ieii..wne be.i 2:86 mn gepi d,;,r;t, 
H 1 0 ~-g. FUr <Uc a.nalog aunufuhro.ndo ~ werdcn ca. Jl: mg 
Binwu~ l iii. 100 ml da-t. H:,:0 chtrch leiehles Ermi[.'ffiffi und ggf. mH U'ltra!ehall 
k~rge!orl. . 

1 POhlmAnn, H-; Gulde, Ch..; Jahn, R.; .Pi'"e.itiu, S.: Phtrnurzie 30, iM (l'97S",l 
2 KanWwa, N..i Yii!!imaguchf. T.; Wa1ari,. N.~ Oa·uka,;M.; Ya..k;upku :ZD-:tShi 104 

2, 11!4 (!984) . 
) Arzn.r.:im..i.Hdwcrl;,. Dresdea: PD 133 053 (&. 9. 77,,.. 29. ll~ 78..} 
4 Dilnnbicr, U_; Jugdt, W.: Pbar,.,,..;, 46. 5tl (JWI) 
S Rook, O.; Tmel, W.: ibld. 411, 50& (J991) 
6 Ocigy, Ag.: DAS l 136 707 (19. 2. 511, 20. !i. 62) 
7 A=dmittelwa~ Dre,den. :OD 260 696 {25. 5. 81. 5, 10. ~8.) l 

Filtcraurs~h-= abgc.i:augt und :t"Neima! m.itje 10 ml »~ty.lac:etat ~uebcn. Es M,;d 
bei 100 "C gclrncknm und a .. 90¾ wollrig.., l-C,H.OH mnkrislallisien. 

),2. 1-NH,B,-Aadukt (3) 

? 

Ei~;aagrn am 1'1. Joli 19:>0 
ri7.2g (0..2 moO 1 wcrdf!t'I. ~ .!tli:tdeud.e11 W.use:.rbnd in. 200 ml Dut.yla.::&11t ,gc.lO'l>l. 
Man 1:r(J;:,(l ciue- L&iw:J.g..VOn 2.0 g (0,.224 mol) NH.Bl" in 10ml H,;0 7.U, erlutz.t 
O.!i .h,. kil:hlc -die Misclm112. ~mJ 15 11C und filt:riert d~ au.sg:efall~c-.n N'~i;:r.K;hlag 

Dr. H. Wt1nderliah 
Willull.m-?.iecl.:~Str, 3S~ 
Radebcul l. 
O-lil22 

I 
~ 

\ 
.i 

Analytisches Zentrnm Berlin-Adlershof' und Arz:neimittelwelk Dresden GtrobH 2 

Kris"tallstrukturen der Addukte Carbamazepin-Ammoniumchlorid 
und Carbamazepin-Ammoniumbromid sowie deren Umvvandlung 
in Carbamazepin-Dihydrat · 

'/G . .R.E.OC' und 'w. THIE:_.' 

Die Addnkte Carhamaz:epin-A=oruumcluorid und 
O>rbamazepi.n-Ammoniumbrnruid h.aben .isomorphe. 
Kri~tall,trukturen. In: ilu,en giht es stabile Schiohten, in 
tlcnen die Wirksto!fmolekiile, Ammonium- und Cblorid­
bzw. Bromidionen uber 6 symmetrieunabhangige Was­
serstol!briicl:;en miLei.nander verki:lup.ft &ind In Wasser 
werden die Addukte du.rch cine topotalctische Realctirm 
vollstandi.g in Carb-amazcpin-Dihydrat umgewaodelL 

Crysta.I_ !ITTUCture,; of the addDc!s /.larbllma""l'ine-ammo­
nium chloride and earba.mazepine-amm-onium bromide and 
t!ieir tr:ansformation in carllamll'Zepine di.hydrate. 

The adducts' carbama.:epine ammonium chloride and 
carbamazcpm ammonium bromide have isorr.orphous 

Ph,;!lllazi~ 46 (19911 R 7 

crystal structures. Drug molecules, ammonium, and 
chloride (bromide) ions are connected by 6 symmeLry 
independent hydrogen bonds forming stable Jaye,$ in the 
crystal. In water the addut;iHtro transformed completely 
to carbamazepine dihydrate by a topolactic reaction. 

1. Einleitung 

Dec antiepileptische Wirlcstoff 5H-Dibem:[h, !]-aze_pin-5-car­
boxarni.d (Carba.mazepin, 1.) bildetmit Ammoniumchlorid beim 
Umkrist.allisieren in Ethanol em Addak.t (2), das uber 200 •c 
schmllzt und damit cine wescntlich bohere Sclnnelztempera.tur 
als der ,eine Wirk~toff {189-193 •q besitzt, Dru; IR-Spek.trum 
zeigt eine deutliche Verii.nde.nmg einige: &nden [1]. 

4/E 
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Abb. 7 Darstellung des reziproken Flusse, gegen die l\-fembranstarke for 
das Model] Kaliumchlorid/Wasser 

tionswiderstands erfolgte aus den reziprokcn Diffusions-
11iissen fur die Schichtdicke x = 0 (Abb. 7). 
Die errechneten Permeationsgrol3en sind in Tabelle 2 
aufgelistet. 

Tabelle 2: Permeationswerte fiir die ungeriihrten Schichten im 
KCI-Modell 

Temperatur u p R 
('C) 110 --: cm 2 ~/mo!J (10- 8 mol/cm 2 s] (10 4 

Cl11/S) (s/cm) 

10 ],49 6.71 6.71 1490 
20 us 7,40 7,40 1350 
30 us 8,69 8,69 1150 
40 0,965 JOJ6 10.36 965 

Der Anteil der ungeriihrtcn Schichten am Gesamtpermea­
tions,viderstand bei den Untersuchungen mit den amphi­
philen Netzwerken lag je nach Temperatur. Membran­
dicke und Permeabilitat zwischen OJ% und 3%. 

3. Diskussion 

Die vorgestellte Diffusionszelle hat sich in der Praxis 
bewahrt. Dies beruht auf der einfachcn Variation von 
einzelnen Faktoren wie bcispielsweise Akzeptor/Dona­
torvolumina, Riihrbedingungen, Einsatz verschiedener 
Mcdien und Membranmaterialien sowie an dem relativ 
geringen apparativen Aufwand. 
Untersuchungen mit unterschiedlichen Medien haben 
gezeigt daf3 der Anteil dcr ungerLihrten Schichten am 
Gesamtwiderstand bei der verwendeten Apparatur erheb-

liche AusmaBe (bis zu 15°10.je nach Versuchsbedingungen) 
annehmen kann. Aufgrund der Abhiingigkeit des Permea­
tionswiderstandes dieser ,,Bereiche ohne Konvektion" von 
der Ternperatur, vom Medium, vom untersuchtcn Stoff, 
von den Riihrbedingungen und von dcr Geometric der 
Diffusionszelle konnen Abschii.tzungcn nicht zu befriedi­
genden Ergebnissen fiihren. Es mu13 daher grundsiitzlich 
die Bestimmung des Widerstandes der ungeriihrten 
Schichten im Rahmen von Diffusionsexperimenten emp­
fohlen wcrdcn. 

4. Experimenteller Tei! 

Die Riihrgeschwindigkeiten fiir alle Diffusionsmodelle und Versuche warei: 
gleich und wurden konstant gehalten i !00 U/mmJ. Es wurden Jeweils 
Riihrstabe der gleichen Gri:ille und Geometrie eingesetzt 

4.1. Be,·timmung der unge,·iihrten Schichten 

Fur die Bestimmung wurde Dialysierschlauch mit Schichtdicken von 
0,1 mm, 0,2 mm und 0,3 mm verwendet. Es wurden Messungen be1 vie, 
untcrschiedlichen Temperaturen 1_10 °C 20 ''C, 30 ''C, 40 'C) durchgefohrt. 
Der D1ffusionst1uJ3 wurde iiber einen Zcitraum von mindestens 3 h ge­
messen. Jede Messung wurdc mmdestens dreimal wiederholt. 

4.2. Fla110n-Modell 

Die Mclldaucr fur einen Temperaturwert betrug 3 h. 
Akzcptor: 100 ml Paraffin. Donawr: ca. 5 ml Paraffin. Donatorkon­
zentration: 0.l mmol/1 Flavon. 
Die iormittlung der Konzentration crfolgtc diskontinmerlich im Abs1aEd 
von etwa 20 min lJV-spcktromctrisch bei ,. "' 252 nm. 

4.3. KCl-1lfodell 

Die Volumina betrugen 600 ml fur den Akzcptor und ca. o ml fur ,kn 
Donator. Die einge.setzte Donator-Konzentration war 0.1 h KCL D,c 
Bestimmung des Diffusionsf1usses erfolgte <lurch kontinuierliche Mcssung 
der Leitfahigkeitsandcrung 1m Donalorkomparliment Dazu wurde eine 
WTW LT A-100-Leitfiihigkeitsme13zelle eingesetzt. Die M clldauer fi.ir einell 
Temperaturwert betrug mindestens 3 h. 

Literntur 

l Barry, P.H., Diamond. J.M.' PhysioL Rev. 64,763 (1984) 
2 Ginzburg, B. Z.: Katachalsky. A.: J. Gen. Physic>!. 47,403 0963) 
3 Trautmann, H.: Diss. Univ. Freiburg 1990 
4 Hermes, R.; Bauer K H.· Pharmazie 50,481 (1995J 
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Physico-chemical characteristics of carbamazepine-~-cyclodextrin 
inclusion compounds and carbamazepine-PEG solid dispersions 

S.A EL-NAHHAS 

Carbamazepine (CBZ) was found to form an inclusion complex with /1-cyclodextrin (f3-CD). The solubility of CBZ 
increased on addition of ~1-CD displaying a linear relationship, A stability constant of 404 mol - 1 was calculated. Tbe 
complex obtained had a stoichiometry of l: 1. A comparison of the complex was carried out with polyethylene glycol 
6000 solid dispersion prepared by either the comelting or coevaporate method using JR speclrophotometry and differential 
thPrm'11 cin:ah:,i, ni,,n1ntinn nrnfilr,, in n 1 N HCl m,·dinm nf CB7-come1L coevonorate and inclusion complex 
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Physikochemische Charakteristiken von ~-Cyclodextrin-EinschluBverbindungen und festen Polyethylenglycol-Dispersionen 
des Carbamazepins 

Carbamazepin (CBZ) bildet einen 1: 1-EinschluBkomplex mit P-Cyclodextrin (~)-CD). Die Uislichkeit von CBZ wachst 
linear mit der Zugabe von ~-CD. Fiir den Komplex wurde eine Stahilitatskonstante von 404 mol 1 ermittelt. Die IR­
und DTA-Befunde des Komplexes wurden mit denen von CBZ-Polyethylenglycol(PEG)-6000-Dispersionen, hergestellt 
durch Schmelz- oder Coevaporationsverfahrcn, vcrglichcn. Die Dissolution 111 OJ HCl verlauft beim ~-CD-Komplex 
schneller als bei den PEG- Dispersioncn. 

1. Introduction 

Since the first description of a solid dispersion in order to 
increase the dissolution and oral absorption of poorly 
water soluble drugs by Sekiguchi ct al. [1], the tremendous 
amount of research carried out in this field led only to a 
very limited range of patented products on the world 
market. More recently, complexation with cyclodextrin has 
been extensively applied to improve the solubility, stability 
and bioavailability of various drugs [2 4]. 
The objective of the present study was to investigate the 
potentiality of interaction of carbamazepinc (CBZ), a 
practically insoluble drug with P-cyclodextrin (P-CD) and 
to assess the implication of such an interaction on improv­
ing certain pharmaceutical properties of the drug. On the 
other hand, comparing the results with those achieved via 
dispersing the drug with polyethylene glycol (PECi 6000) 
in the form of a cornelt or a coevaporate was a major 
objective. 

2. Investigations, results and discussion 

2.1. Potentiality of interaction of carhamazepine with fJ­
cyclodextrin 

A differential UV absorption spectrum of CBZ solution 
was monitored in presence of different concentrations of 
B-CD. The extinction of the drug is remarkably increased 
as a function of the P-CD concentration. Also, there is a 
bathochromic shift in the /,max of the drug in p·resence of 
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Fig. 1: Elucidation of the stoichiometric ratio of carbarr1azep1ne-P-cy-

B-CD frnm 285 to 288 nm. These spectral changes most 
probably reflect a sort of molecular interaction between 
the drug and P-CD. 
The absorbance of a solution of a fixed total concentration 
(fJ.03 mmol/1) and different mole fractions of CBZ and 
B-CD was measured at 285 nm. The difference between the 
measured absorbance values and those expected if no 
complexation takes place, as a function of the mole fraction 
is illustrated in Fig. l. Since for a constant total concentra­
tions of the two species of a complex, the complex is at its 
high concentration at the point which they occur in the 
complex, it can be concluded that CBZ forms an l : 1 
complex with B-CD. 

2.2. Phase .solubility 

The graphical representation of the amount of CBZ 
dissolved as a function of ~1-CD concentration reveals 
enhancement of water-solubility of the drug in presence of 
B-CD (Fig. 2). The solubility increased with an increasing 
(l-CD concentration, whereby a linear relationship exists 
between the maximum additive concentration of the drug 
and B-CD concentration. The stability constant of the 
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Fig. 1: Effect of [,-cyclodextrin on the solubility of carbamazepine in water 
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Table: IR specta of the carbamazepine/~-cyclodextrin inclusion complex and the carbamazepine/PEG 6000 coevaporate or comelt 

System II Ill 

CBZ 765 1245 
P-CD 1020 1150 
CBZ/P-CD compiex 1020 1150 
CBZ,/PEG coevaprate 1110 1240 
CBZ/PEG comelt 1105 1240 

CBZ/P-CD complex was determined from the slope of this 
linear relationship according io the equation of Higuchi 
et al. [ 5]. 

K = slope/S0 (] slope) 

where S0 is the solubility of the drug in water. 
The stability constant of CBZ/P-CD complex was found 
to be 404 mo1- 1. 

2.3. Infrared spectra 

The IR spectra of the inclusion complex of the drug in 
~-CD as well as its comelt and coevaporate with PEG 
6000 generally appeared to be the consequence of the 
superposition of those of the pure compounds i.e. CBZ 
and the host molecule. 
In case of the P-CD complex, the major bands of CBZ are 
covered by the host molecule (Table). This is due to the 
inclusion of the drug in the ~-CD cavity. Also, the carbonyl 
stretching at 1690 cm - 1 for the drug is shifted to a lower 
wave number 1670 cm - 1 in the inclusion complex. The 
formation of hydrogen bonds between CBZ and the host 
molecule may account for such shifts. In case of solid 
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Fig. 3: Dissolution profile; of carbamazepine (1). carbamazepine -
PEG 6000 coevaporate (2). carbamazepine -· PEG 6000 comelt 13), 
and carbamazepine -- 13-cvclodextrin conmlex i4) in 0.1 N HCI at 
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dispersions, the drug is also covered with the host and 
there is a clear shift in all main bands of the drug in both 
of the comelt and coevaporate (Table). Also there is a lack 
of some of the characteristic peaks of CBZ. This refers to 
some sort of interaction between CBZ and PEG via 
hydrogen bonding. 

2.4. D~fferential thermal ana(vsis 

The differential thermal analysis displays one endothermal 
CEZ peak at 222 'C. PEG shows a single peak at 349 °C. 
The two endothermic peaks at approximately 220 °C and 
350 "C represent the two solid dispersions, i.e. comelt and 
coevaporate, since its height corresponds to about half 
that of PEG or CBZ peak for an amount of 200 mg of 
each sample. These results suggest that the CBZ peak is 
decreased to its half height in presence of PEG solid 
dispersion. 
The thermograms of CBZ and ~-CD show that ~-CD has 
two endothermic peaks at 65 °C and 276 "C. The thermo­
gram of the inclusion complex shows the complete di­
sappearance of the endothermic peak of CBZ al 222 °C. 
The appearance of two peaks at 60 °C and 292 °C are due 
to the presence of P-CD. This result confirms that an 
inclusion complex has been formed [ 6]. 

2.5. Dissolution 

The dissolution profiles presented in Fig. 3 confirm that 
incorporation of CBZ in a water-soluble carrier signifi­
cantly enhances the dissolution rate of the drug compared 
to the free drug. Thus, it can be seen that the dissolution 
rate of the CBZ/~-CD complex is higher than that of the 
comelt or coevaporate of the drug with PEG 6000. This 
is very evident by comparing the amount of drug dissolved 
from the complex with that from the comelt or coevaporate 
during the initial 5 min of the dissolution run. The former 
is about twice that of the latter. On the other hand, 
considering the values of the dissolution efficiency of the 
drug, complex, comelt and coevaporate (31, 71, 61 and 
41 %, respectively), it can be seen that the dissolution rate 
of the drug from its comelt with PEG 6000 is higher than 
that of the corresponding coevaporate. The dissolution 
rate of the drug from its inclusion complex with ~-CD is 
higher than from its solid dispersions with PEG 6000. 
In conclusion, inclusion complexation of CBZ in f'\-CD 
results in a very pronounced enhancement in the dissolu­
tion properties of the drug compared to the approach of 
solid dispersing the drug with water-soluble polymers. This 
result which runs parallel with more or less similar findings 
reported for tolbutamide [7], suggests the use of ~-CD to 
improve ihe biological performance of CEZ. 

3. Experimental 

3.1. ll4aterials 

Carhamazepine iC:BZ) (Aldrich, Milwaukee WI 53201 USA). Polyethylene 
2lvcol 6000. B-cvclodextrin (l\1erck. Darmstadt. OermanvL All other 
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3.2. A1ethods 

3.2.1. D/fferentia/ spectrum 

Differential UV absorpiion spectrum of 0.02 mol/1 of CBZ solution in 
presence of different concentrations of fl-CD (5, 15, 20 mmol/1) was 
determined using a LKB spectrophotometer at the wave length range from 
240 to 320 nm. 

3.2.2. Continuous variation method 

The continuous variation method described by Job [8] was used to determine 
the stoichiometric ratio of CBZ/~-CD complex by spectrophotometric 
measurements at 285 n1n. 

3.23. Phase so/ubi/iry studies 

Phase solubility studies were performed according to the method reported 
by Higuchi et al. [5]. CBZ 20 mg was weighed out into 25 ml stoppered 
flasks. A constant volume of 5 ml distilled water was added to each 
container. then successively increasing portions of ~-CD (0 002 -0.0025 M) 
were added to these vessels which were closed and brought to a solubility 
equilibrium. The rnntents of the flasks were filtered through a Millipore 
membrane (HA 0.45 µm). The CBZ concentration in the filtered solurion 
was determined spectrophotometrically at 285 nm. 

3.2.4. Sample preparation 

3 .2.4.1. Preparation of the CBZ rnmelt 

CBZ and PEG 6000 { l · I) were melted together by first heating the 
PEG 6000 in an aluminum dish over an oil hath at 80 °C. The clrug was 
then dissolved in the molten carrier and stirred to obtain a homogenous 
dispersion. Flash cooling of the dispersion by immersion in a hath of dry 
ice and acetone was employed. Indeed, it has been shown that rapid cooling 
give rise to faster dispersion rates. The dispersion was then dried under 
vacuum at room temperature for 24 h. 

3.2.4.2. Preparation of the CBZ coevaporate 

A mixture of CBZ and PEG 6000 (I : l) was dissolved in a sufficient volume 
of absolute ethanol and evaporation was carried out in vacuo at 25 °C 
The hardened mass was removed from the container and dried under 
vacuum al room temperamre for 24 h. 

32.4.3. Preparation of the solid complex 

The CBZ/P-CD complex was prepared according to the kneading method. 
In this method, least amount of water was used. CD was kneaded like a 
paste with a sma1l amount of water to which CBZ has been added without 
a solvent. The paste made of CD and CBZ was ground in a mortar, then 
dried under vacuum in presence of phosphorous pentoxide as drying agent 
at room temperature. 

Each sample of comelt, coevaporate and solid complex, was - after drying 
-- passed through a 250 µm mesh. These samples were retained for the 
dissolution study as well as JR spectrophotometry and differential scanning 
calorimetry investigation. 

3.2.5.4. JR spectrophotometry 

The JR were measured as KBr disc using a Shimadzu 435 µ - 04 IR 
spectrophotometer. 

3.2.6. Thermal measurPments 

The thermal behavior of the investigated samples were traced hy differential 
thermal analysis (DTA). The DTA scans were carried out using a 
computerized Perkin Elmer DTA/TGA series under a dynamic N 2 purging 
gas atmosphere lat a constant rate of 50 cm 3/min) and a heating rate of 
5 "C/min. 

3.2.7. Dissolution studies 

Drug dissolution tests were performed according to the USP XXI method 
with the apparatus 2. For each sample, 900 ml of 0 l \I hydrochloric acid 
were stirred at 50 r.p.m. and maintained at 37 ± 0.5 'C. An amount of each 
sample equivalent to 25 mg CBZ was added to the medium after the 
equilibrium temperature was reached. Samples (5 ml) were withdrawn at 
various time intervals and filtered through a 0.22 µm filter. The volume in 
the vessel was replaced with pure 0.1 N HC! after each sampling. The 
concentration of CBZ dissolved in the medium was determined spectro­
photometrically at 285 nm. 
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Stability and compatibility studies of cefazoline, ceftriaxone, cefotaxime 
and latamoxef with PVC infusion bags 

M. A. FAOUZI 1 , F. KHALFI 1 , T. DINE 1 , 8. GRESSIER 1 , J. KABLAN 1 , M. LUYCKX 1 , L. BALLESTER 1 , F. GOUDALIEZ 2 , C. BRUNET 
1

, 

M. CAZJN 1 and J.C. CAZIN 1 

A rapid isocratic technique for the analysis of four cephalosporins, cefazoline, cefotaxime, ceftriaxone and latamoxef, in 
parenteral solutions by HPLC with UV detection and a C 18 column was developed. The stability and compatibility of 
drugs from solutions infused via plastic infusion bags through plastic administration sets have been examined. No signi­
ficant drugs loss was observed during the simulated infusion (n = 4) for 1 h. No significant difference was found between 
infusion solutions (5% glucose or 0.9% sodium chloride). The stability of drugs was also studied in solution in PVC 
bags after storage at room temperature without protection from light and at + 4 cc with protection from light. The 
results show the stability of drugs after 24 hat room temperature and 48 h storage at - 4 "C to be satisfactory, irrespective 
of the infusion solution (5% glucose or 0.9'% sodium chloride), except for the ceftriaxone solution that should not be 
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1610 Preparations 

Furo-Puren (Klinge-Nauennmm, Ger,). 

Frusemide. 
Oedema,- hypertenswn. 

Furorese i lfrxa/ Ger) 

Frusemide sodium, 
hypertension, 

Furorese (Hexal, Ger., 

Tablets.' Frusemide. 
Oedema; hypertension. 

Furosemide Injection (US.P. XXIJ). 
Frusemide. 
Prepared with the aid of sodium hydroxide. 

Furoscmide Tablets (USP. XX!l) 
Frusemide. 

Furospir (Mepha, Switz.). 

Sphonolactone; frusemide. 
Oedema. 

Furotricina (Biomedica. ltai.). 
Tyrothricin; nitrofurazone. 
Gynaecological 1r.fections. 

:Furoxone (.NorvviC'h Earon, Austral.). 
Furazolidone. 
Infective diarrhoea. 

Furoxone i'Fonnemi, !ta!.! 
Furazolitlone. 
Intesrinal infections. 

Furoxone (SmithK/inr Beecham, S,Afr.J 
Furazolidone. 
Gasiro• intestinal inftcrions. 

Furoxone (Procter & Gamble, [/SA). 

Furazolidone. 

Furunkulosin (Dwbctylin, Ger) 

Faex me.dicinalis. 
Skin dfaorders. 

Fusaloyos (Sei·i,!f-1; \nai'n). 

Fusafungine. 
Upper-respiratmy-!ract inflammation. 

.Fusid (iVinthrop, Ger.). 

Frusemide. 
Oedema; hypatension. 

Fusid i/CN. Neth). 

Frusemidc., 
Oedem.a,· hypertenswn 

Fusidic Acid Oral Suspension { B. P 
l 988 J Fusidic Acid Mixture. 

Futraful (Taiho, Jp.e; 
Tegafur. 
Malignant neoplasms. 

Futura 1Farrr,1.;cofogilo Milanese. Jraf.). 

Aspartrune. 
Sugar substitute. 

Fybogel (Rcckm & Culmun, Austral.). 

Isuaghu1a husk. 
Dietary fibre supplement 

Fybogel rReckicr, Eire; 
lspaghula husk. 
Divt'.rticular disease; spastic and irriwhle 
colon; constipation. 

Fybogel (Reckitt & Colman, SAfr ;, 

Ispaghula husk. 
Bowel disorders. 

Fyhogel (Reckilt & Colmal'! Phor>nareuticals, 
UK) 

Ispaghula husk. 
Constipation. 

Fyhranta (NorKin,. /,'K) 

Bran. 
Constipation. 

:F:,1nnun Calcium Aspirin (SmithKline Bee­

cham, UK!. 
A~pirjn: calcium carbonate. 
Pain; fe1'er. 

Fysioquens fNawypharma, .IVeth.) 

7 Tablets, ellnnyloestrndiol; 15 tablets, ethi­
nylocstradiol; lynoestrc.noL 
Biphasic oral contrareptive; d_Hmenorrhoea. 

(;-1 fHauck., US,~) 

Paracetamol; butalbital: caffeine. 

G Tril (Vinas. Spaini 

Febnrbamate. 
Agitation: tremor; insomnia; alcohol with~ 
drawa{. 

Gabacet (Cat:Lm, Fr,) 
Piracetam. 
Cerebral vascular disorders. 

Gabakalm (Canta,sium Co , UK). 

Gamma aminobutyrk aci4 vitamins; miner­
als. 

Gabbrora] {Curio Erf;a, !ta{.) 

Paromomvcin :-.ulphate, 
Bacteria[ ·infc-ctio~s. 

Gabomadet {Knoll, Spain). 
Aminohydroxybutyric acid. 
Emotional disorders; behaviour disorders; 
convulsions. 

Gaboril Complex (Si~ma-Taa, Spaini, 

Phenytoin; phenoburbitone; aminohydroxy­
butvric acid. 
Epilepsy. 

Gahoril Sedativot (S1gma-'/au, Spain!. 

Crataegus: aminohydroxybutyric acid; pas­
sion flower; matricaria; valerian. 
Anxiety.: sleep disorders. 

Gabrene (S_yntheiabo, F1:). 
Progabidc. 
Epilepsy. 

Gabroral iFarrniralia. Spam). 

Paromomydn sulphate. 
GastnJ-intestinal hacterial infections; gas­
tro-intestinal amoebiasis; tapeworm infec­
tions. 

Gadional (Cirifo, Spain). 
Phosphoric acid; cod-liver oil; minerals; cal­
cium pantothcnate; gentian; fenugreek. 
Tonic. 

Gatir (Bwtekfarma, Ira!). 

~iperotidG7e hydrochloride. 
Gustro-intestinol disorders. 

Galarsol (Chanreaud, Fr.; 
Methylarsinic arid; guaiacol; aconile root; 
codeine; tolu balsam. 
Coughs 

Galactogil (Elg,, F,·.). 

Galega; tricalcium diphosphate: malt extract. 
Insufficient milk producllon in lactatzng 
mothers. 

Galactumin (Cm+ & Gare. UK), 
Food for speciai diets. 
LacIOse, giucose, or galactose intolerance. 

Galactoinin-17 r.Medtfc,ud•Trufocd, Ital), 

Food for special diets. 
Lactose inrolerance. 

(~alactoquin (Mund1pharma, GPr.) 

Quinidine po1ygalacturonate. 
Arrhythmias. 

Galake (Galen. UK;. 
Dihydrocodeine tartrale; paracetamol. 

Galantase (Tok}•o Tanabe' Jpn) 

Tilactase. 
Lactose intolerance. 

Galantase (1\"oristan, S.Afr 1'­

Tilactase. 
Lactose intolerance. 

Gakodine /Galen, UK) 
Codeine phosphate. 
Dry coughs. 

Galenmnet (Galen, UK; 

Cimetidine. 

Galenarnox (Gaien, UK). 

Amoxycillin trihydrate. 
Bacteriai injections. 

Galenavowen .. Nt (Vagd & ¼,£ber, Ger.) 

Tablers: Cort. syLyg1i jamb.: fel tauri: foL 
boldo; frnct. ammi visn.; ftuct cardui mari­
ae; herb. cynarae; herb. hyperici: rhiz. cur­
cumac. 
Gastro-intestina! disorders. 

Galenavowen-N (WC'ber & Vh·he1; Ger.J 

Oral drops: Ammi visna~a; bo~do; curc.:~ma 

Galinic (Galemc. Fr.) 

Ruscus aculeatus: dextran sulphate; melilot. 
Peripheral vascular disorders. 

Galenphol tGalen, UK;. 

Pholcodine. 
Coughs. 
Fom1erly known as Galphol. 

Galfer (Galen, UK). 

Ferrous fumarate. 
lron-deft,cirmcy anaemia. 

Galfer F.A. !Galen, UKJ. 

Ferrous fumarate: folic acid. 
Iron and Jolzc acid deficiency rn pregnancy. 

Galfer-Vit !Galen UK;. 
Ferrous fumarate; vitamin B and C sub­
stances. 
Eron deficiency, 

Galfloxin (Galen. UKt 

Flucloxacillm. 

Galirene (Merck-Cievenot, Fr), 

Calcium bromide: calcium lactate pentahy­
drate. 
Insomnia; nervous disorders, 

Galiu1n Complex (Blackmores, Austral.) 

Galium aparine; echinacea a.rigustifolia; ca1-
endula officinalis; bapti.sia tinctoria; ascorbic 
acid; calcium pantothenate; pyridoxine hy­
drochloritle; zinc amino acid chelate. 
Tonic. 

Gallamine Injection (B. P. 1988). 
Gallamine triethiodide. 

Gallamine Triethiodide Injection 
(USP XXIJ). 

Gallcusan (Rowo-29) (Pharmakon, Ger.I. 

Cbolesterimun; terebinthina chios; berberis; 
anagal1i s arvensis; cnrduus maria.nus; china; 
aesculus; leptanJra; podophyllum; chelido­
nium; nux vomica; be1ladonna. 
Hornoeopathl!.· preparation. 

Gaileb !Hover. Ge,-;. 
Tinct. herb, chelidonii; tinct rhiz. curcumae 
xanth.; tinct. rad. rubiae tinct.; tincL sem. 
cardui mariae; tinct. fol. menthae pip.; tinct 
rad. 1araxaci c. herb.; tinct rad. echinaceae 
purpur,; tinct. cort. frangu1ae. 
Biliary disorders; posr-hepatitis symirome. 

Galleb fortej' (}!ayer, Gei,1 

Herb. che1idonii: rad. rubiae tinct.: rhiz. cur­
t:urnac xanih.: herb. virgaureae; f1uct. am­
meos visnagae; rad. taraxaci c. herb.; rad. 
ec-hinacene purpur.; fol. menlhae p.ip.: fruct. 
cardui mariae: cort, fra.ngulae; aescm. 
Biliary disorders. 

G-aUemolan N {Redei, Ger) 

Herb. chelidon.; herb. absinih.; fuL boldo: 
rad. taraxaci c. herba: rhiz. rhei; fl.or. charn­
omillae; feJ tauri 
Biliary disorders; gall stones; liver disor­
das 

Gallen-Leber-Tee Stada :StaJa, Uer.1. 

Mor. calenduJae: flor. calcatrippae; rad. gen­
tianae; fruc.t. foeniculi; fruct. carvi; flor. 
cbamorniHae; rad. ononidis; cort. frangulne; 
herb. chelidonii; fol. menth. pip.; rad. larax­
ac. c. herb.; ol. carvi. 
Herbcd tea 

Gallensteinkapseln /£1-ers. Gei:/. 

Herb. hederae terrestr. 
Gall stones. 

Gallexier (Sa{ushaus, Ger.). 

Tablets: Rhiz. curcumac xanthor.; fol. cy· 
narae scolym.; fruct. cardm mariae; rad. 
taraxaci c. herh.; flor. chamorni1lae; fol. 
menthae pip. 
Biliary disorders. 

Gallexier (Saiushcrn.s, Ger.). 

Tea: Fol. cynarae scolym.; herb. taraxaci; 
rhiz. cun:umae xanth.: fruct. c.ardui mariae; 
herb. cardui benedicti: fol. trifolii fibrini: 
herb. millefolii; rad. genthmae; herb. absin~ 
thii; rhiZ. ca}ami; flor. chamomillae; fruct. 
f'oeniculi; fructose. 
Herbal tea. 

Galliagene T.C.M. (Gallia, F•./ 
..- ,_ -~ .(." __ ,J. ,, __ .-1 ,:_ .. ........... ,.;.,1 ,---1;,-.t-, 

Gallialite (Galiia. F,· > 

Glucose; potassium citrate: sodium bicarbo­
nate: sodium chloride: potassium ch1or1de· 
magnesium sulphate: caicrnm chloride, - ' 
Diarrhoea; oral rehydration 

Gallieva (Ga/ha, F>:! 
Infant feed; food for special diets. 
Milk-protein i°ntolerance. 

Gallitophen ,'Reinecke, Ger.). 

Herb. burs. past.; cort. franguL; 
nae an gust.; fol. betul.: herb. 
herb. equiset.; herb. card. bened.: 
card. mar.; flor. chamomill.: herb. nasturt, 
rad. et herb. taraxac.; herb. eschs-choltziae 
calif.; fe1 tauri; berberis; card. mar.: oL 
menth. pip. 
Biliary disorders; liver disorders 

Gallium Citrate Ga 67 Injection 
(U.S.P. XX!!) 
Gallium-67 in the fom of gallium citrate 

Gallium(67Ga) Citrate Injection /B.P. 
1988). 
Gallium-67 in the form of gallium citrate. 

gallo sanol N (Sano!, Ger.). 

Fel tauri; cort. frangulae; aloes. 
Billary disorders; post-hepatitis convales­
cence. 

Gallolingual !Fohl Ge,·.J 

Ethaverine hydrochlmidc: glyceryl trinitrale. 
Smooth musde spasms. 

Gallo-:1-1erz N (Merz Ger./. 

Dimethkone: rhiz, curcumae. 
Gastro-intestinal disorde/'s 

Gallo-Merz Spasmolyticum 1· r.1>1e,·z 
Ger). 

Ethaverine hydrochioride; dehydrochoh-.: 
acid: pancreatin; cellulase; dimethiconr: 
rhiz. curcuITL:1.e. 
Biliary disorders, gastro~iniestinal spasm 

Gallopas /Pascoe, Gsr), 

Chelidonium majus. 
Gastro-intestinal and biliary-tract disorders 

Galloselect ( Dreluso, Ger.). 

Chamomilla; i.:arduus marianus; lycopodium, 
menth. pip.; che1i<lonium; belladonna: narn -
um sulfuricum; taraxacum. 
Homoeopathic preparation. 

GaHoselect N (Dreiuso, Ger). 

Herb. chelidunii; herba et rad. tarnxau; 
fruct. cardui mariae; rhei; fol. cynarae; fi.01 
chamomillae: oL menthae pip.; ol. carvi. 
Biliary disorders; adjunct in chronic ln'Er 
inflammation. 

Galloway's Cough Syrup (LRC 

UK). 

Ipccacuanha liquid extract; squill \"inet,ar: 
acetic acid; chloroform; ether. 
Coughs. 

Galpseud /Gale•. UK! 

Pseudoephedrinc hydrochloride. 
Nasal congestion. 

Galpseud Plus (Galen, UK). 

Pseudoephedrine hydrochloride; chlorphe 
niramine maleate. 
Allergic rhinitis. 

Galus.an (Almira!!, Spoi11). 

Pipemidic acid. 
[Jrinary-tract iltfections. 

Gamadiabett (Sa/vat, Spain). 

Acetohexamide. 
Diabetes mel!itus. 

Gan1alate B6 rNovag. Spain). 
Aminobutyric acid; aminohydroxybulFH 
acid; magnesium glutamate hydrobrorrnde 
pyridoxine. 
1\1.ental function impairment; senilir} 

Gamanil IE. Mm·k, UK) 
Lofepra1ninc hydrochloride. 
Depresswn. 

Gatnastan (CuttC'I~ Canad; 

A normal imrn.unoglobulin. 
Passive immunisation . 
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Gambex (Continemal Ethicals SAfi'_). 

Lindane, 
Ptdicu.losis 

Gambrolys {Gambro, s·wed.). 

S1Kiium chloride; potassium chloride-; ar1hy­
drous magnesium chloride; anhydrous calci­
um chloride, 
t{{1emodia!ysis solution. 

( ;arnbrosol lGambro, Swed,). 

Anhydrous glucose: sodium chloride~ mag­
ne:-,imn chloride hexahydrate; calcium chlo­
ride di hydrate. 
Ptritoneal dialysis .solution. 

tia1neval (Aiter, Spwn) 

C1x:arboxylase; coenzyme A; flavine ade­
nine dinucleotide; nadide; nadide phosphate; 
duoctic acid; guanosine diphosphate. 
T1mic. 

Gamibetal (SIT, Jral,J, 
A1ninohydroxybutyric acid. 
l:piiepsy 

Gamibetal Complex !SIT, Jrai), 

Aminohydroxybutyric acid; phenobarbitonc: 
phenytoin sodium, 
l:f'depsy, 

t,amibetal Plus (SIT, ilal.J, 
Arninohy<lroxybutyric add; diazepam. 
Epilepsy. 

(;amimune N (Cutter, Canad.). 

.,.\ normal immunogJobulin. 
Passive immunisation; idiopathic thrombo-
1 ·,v:openic purputa. 

Gamimune N (Cutter, UK) 

A normal immunoglobulin. 
Agammaglohulinaemia; hypogarnmaglobuli­
nt1rmia,- idiopathic thromhocytopenic purpu­
ra. 

Gamimune N /Cutter, USA) 

A nonnal immunoglobulin. 
Primary humoral irnmwwdeficiency; idio~ 
parhic rhrombocytopenic purpura. 

Gamma 16 (Merieux, Fr,) 

A normal immunog]ohulin. 
Passive immunisation. 

Gamma 16 (Rhone-Poule,u, Neth , Mei·ieux, 
,\'i,th.) 

A normal immunogiobulin. 
Pussivr. immunisation. 

Garnma Citorminat (Em, Spain), 

B1oestimulinas; a normal imrnunoglobulin; 
hgnocaine hydrochloride, 
Passive immunisation; hypogamnwgiobuli­
rwemia, 

Gamma Coq (Assollation ."Aiationale, Fi:), 

A pertussis immunoglobulin. 
Passive immunisation. 

Gamma EPA 'Quest, UK) 

Concentrated fish oil: vitamin K 

Gamma Glob Antiper Hubb /Hubba, 
Spam). 

A pertusois immunog1obnlin. 
Pa.tsive immunisation. 

Gamma Glob Antirub Hubb !Hubber, 
Sp,,in; 

:\ rubella immunoglobulin. 
Passive immunisation. 

Gamma Glob Antisamp Hubbt (Hub­
hn, Spain). 

A measles immunoglobulin. 
Passive immunisation, 

Gamma Marine /QueSI, UK), 

Evening primrose oil; borage oil; fish oiL 

Gamma Oil (Qu,,,1, UK). 

Evening primrose oil. 

Gamma Oil Premium (Quest, Canad,), 

Evening primrose oil. 
Nutritional supplement. 

Gamma Tetanos (Association Nationaie. h:) 

A tetanus immunogl~bulin, 
Passive imrnunisatlon. 

Gammabion /Sabater, Spain) 

:) no_rmal immunoglobul!n. 

Ga1nn1abuHn (lrtimuno, Ger,). 

A normal immunoglobulin. 
Passive immunisation. 

Ga1nrnabu1in {lmmuno. ltai.} 

A normal lmmunoglobulin. 
Hypogammaglobulinaemia. passive ;mnumi­
sation. 

GarnmabuUn {jmnmnc, Swed). 
A normal immunoglobulin, 
Pm:sive immuni.wtion; hypogammag!obulf­
naemia, 

Gammabulin (lmmun:.i, UK). 

A nonnat immunoglobulin. 
Agammaglobuiinaemia: hypogammaglobuli­
naemia,· passive immunisation. 

Gammabulin A !lramuno, Gei:), 

A hepatitis A immunoglohuHn. 
Passive immunisation. 

Gammabuline (lmmww. Swm.). 

A normal immunoglobulin. 
Hypogamma[?!obulinaemia, passive lmmura­
sation. 

Gammadin (OFf, Ira/.). 

Povidone-iodine. 
Skin and mucous membrane disinfection. 

Gammagard (Bax1er, Ger). 

A normal immunoglobulin. 
Passive immunisation; h)'pogammaf?lobuli­
naemw. 

Gain.magard (Baxter, Swed;. 

A no1mal immunoglobuiin. 
Hypogammaglobulinaemia. 

Gammagard (Hyland, US/1). 

A nonna1 immunog}obulin. 
lmmunodej7.ciencies,· idiopathlc thrombocyto­
penic pwpura. 

Gamma-Globuline (SRK, Swit,), 
A normal. immunoglobulin. 
Passive immunisation. 

Gammalonga Varicela-Zona 1,4/onr,a, 

Spain) 

A varicclla-zoster immunoglobulin. 
Passive immunisation. 

G·amma .. Mt (Behringwe1·ke, Gi!r.) 

Immunoglobulins (lgM and lgG), 
Hypogammaglobulinaemia. 

Gamma .. Men asM, Ital). 
An anH-D immunoglobulin. 
Prevemion of rhesus sensitisation. 

Gammamida Complex /Laproquifar, 

SpCJin}. 

Cyanocobalamin; glutamic acid; pyridoxine; 
1hiamine, 
Vitamin B deJ1ciency; nausea and vomiting 
ln pregnancy; muscular dystrophies; alco­
holism. 

Gamma-OH (Cernep Fr) 

Sodium oxybate, 
General anaesthesia. 

GammaOil Premium (Que,t, UK, 
Evening primrose oil: vitamin E. 

Gammaphenicol !Faure hJ 
Immunog]obulin; chloramphenicol. 
Eye infections. 

Gammaprotect (Biorest, Ger.) 

A hepatitis B immunoglobulin, 
Passive immunisation. 

Gammaprotect Varizellen (Bio1,s1, G,r;. 

A varicella--zoster immunoglobulin. 
Passive immunisation, 

Gammar (Armour, USA). 

A nomml immunoglobulin, 

Gamma-Te! (Behrmg, Ital,), 

A tetanus irnmunoglobulin. 
Pa.~sive immunisation. 

Gamma-Veinine (J-ioechsr, SAfi·.), 

A normal immunoglobulin. 
Passive immunisation. 

Gamma.-Venin (Behnng11,:e,.ke. Ger). 

A no1mal immunuglobulin. 
Passive immunisation. 

Gamma .. ven.in (Behring, Ira!.) 

Gam1na~ Venin (Behdng Spain). 

A normal immunuglohulin. 
Passive immunisation; hypogammaglobuli­
naemia. 

Gammistin ilBP, J:a/,/, 
Brompheniramine maleate. 
H}persensitf1,iry reactions 

GamrnonaHv rKab1, Swed.). 

A normal immunoglobulin. 
HypogammLJglohulina(!mia: idioparhic 
thrombocytopenic purpura. 

Gamonil (E. Merck, Ger.J 

Lofepramine hydrochloride. 
Depression. 

Gamonil (E. Merck Switz.} 

Lofcpramine hydrochloride. 
Depression. 

Gamophen (Su.rgikos, l!K). 

Triclosan, 
Skin cleanser. 

Gamulin Rh (Armow, USA! 
An anti-D immunoglobulin. 

Ganda (Snuth & ]•ieplwn·. Efre). 

Guanethidine monosulphate; adrenaline. 
Glaucoma. 

Ganda (Jnternatia11a/ Vision Care, S.Afr.). 

Guanelh1dine: adrenaline. 
Open-angle glaucoma. 

Ganda (Smith & Nephew Phannaceutir.ais, UK). 

Gua11cthidine monosulphate; adrenaline, 
Primary open angle or secondary glaur:o­
rr1a. 

Ganite (Fuiisal',iQ, USA; 

Gallium nitrate. 
Cancer-related hypercalcaemia. 

Ganor (ThmnM', Ger.). 

Famotidine. 
Gastm-•intestina! disorders. 

Gantanol rlfoche. Canad) 

Sulphamethoxazole. 
Bacterial infections. 

Gantanol (Roche, U5'.4J 

Sulphamethoxazolc. 
Bacterial irifections; adjunct in falciparum 
malaria. 

Gantaprim (Lenza, !ta{.) 

Co-trimoxazole. 
Bacterial infections 

Gantrim rGeymmwt, !u,L. 
Co-trimoxazole, 
Bw,-rerial infections 

Gantrimex {Gepnonat. ital.}. 

Syrup: Oxolamine citrate. 
Respiratory-tract disorders. 

Gantriniex (Geymanar, Ital.; 

Tablets: Oxolamine phosphate, 
Respiratory disorders. 

Gantrisin (Roche. Ausrrn!.). 

Sulphaf urazole. 
Ophthalmic infections. 

G-antrisin (Rnche, USA). 

Eye drops: Sulphafurazole diethanolamine, 
Bacterial eye infections. 

Gantrisint (Roche, u:5AJ 
Eye oi,ument: Sulphafurazole dieth~ 
anolamine. 
Bacterial eye infections. 

Gantrisin (Roche, USA! 

Oral susJ)ension; syrup: Acetyl sulphafura­
zole. 
Bacteria! infections; adjlmct in falciparum 
malaria. 

Gantrisin (Roche. USAJ 

Tablets: Sulphafurnzole, 
Bacterial infecriuns; adjunct in falcfparum 
malaria. 

Gaosucryl (Pharn1inte1; Fr.). 

Saccharin sodium. 
Sugar substiture. 

Garainycin {E~sn, Austral.) 

Preparations 1611 

Garatnydn tSchering, Canad.) 

Gentamicin wlphate, 
Bacterial infec:tions.. 

GaramJdn (Essex, Neth.} 

Gentamicin snlphate. 
Baoe.rial !'nj'ectio,1s. 

Garamycin (Srhe,ag, s Afr.1. 

Cream: Gentamidn. 
Skin and y,.-ound irifections 

Garamydn ;S£herag. S.Af;;J. 

Eye drops: bijection: Gen tam kin sulphate. 
Bacurial i11tf!ct£ons 

Garamydn (Schering-P.1ough, Swed.). 

Gcnta .. 'TI.idn sulphaie. 
Bacterial infections. 

Garamvcin (Essex, Swit:.:.! 
Gentaml~In sulphate. 
Bauerfol infections. 

Garamycin (Srhenrig-Pluugh, UK). 
Gentamicin sulphate. 
Bacterial i1lf~crions ri the ear and eye 

Garamydn rSt'htTing. USA1 
Gentami~.in st1lpbate. 
Bacterial infect-imis. 

Garasone (Sdienng, Canad.!. 

Gentamicin sulphate; hetarnethasone sodium 
phosphate. 
!11/iamed eye infectwns,- otorrhoea. 

Garasone 1Schera5. SA.fi.) 
Gentamicin sulphate; betamethasone phos-­
phate, 
Inflammatory eye fnft:crions 

Garaspirine (IPRAD, Fr;, 
Jnfafll Sl4ppositories: Aspirin; phenobarbi­
tone. 
Fever. 

Garaspirine UPNAD, Fr,) 
I'aedimric supposirories; adult supposiw­
ries, tabiets: Aspirin; phenobarbitone; pa­
paverine t1ydrochloride. 
Fever; pain 

Gardan Pt (Hoechst, Ge1:J 
Paracetamol. 
Pain; fever. 

GardCnal tS~uecia. Fr.) 

Jnju:tion: Phenobarbitone sodium, 
Epileps;; mnie~/-

Gard£nal (Speua, P,.; 
Tablets: Phenobarbitone. 
Epilepsy; anxiezv. 

Gardena! (Muy & Buker S.A.fr} 

Phenobnrbitonc, 
Sedative: epilepsy; hypnotic. 

Garden.al (Rhone, Spaini 

Phenobarbitoni:.. 
Epilepsy; anxiely; febrile convulsions. 

Gardena] Sodium (Ma; & Baker, UK), 

Phenobarbitone sodium. 
Epiiep,y, 

Gardenaie (Farmitalw Carlo Erba, Ital,.! 

Phenobarbitone sodium, 
Insomnia; epilepsy 

Gardrine rSyn:ex. F1:). 

Enprostil. 
Peptic ulcer. 

Garfield /Ayers!, Cai,ad,J 
l'v1uhivitarnin preparatioil. 

GargarU (P:;erto Galiano, Svain) 

Forma1dehyd~; menthol. 
1Yfouth and thmat in.jiarnmation. 

Gargaril Sulfan1ida (I'uetto Gahano. Spain) 

Formaldehyde; sulphanil amjde; menthol. 
Mouth a,;,d throat inflammation. 

Gargilon rvemed1a, Neth.) 

Dequaliniurn chloride. 
Thr:;at pain. 

Gariat (Alfarma, Spain). 

Fluocmonide. 
Skin dfaurders. 

Garlic Breathless Capsules (Vitaplex, 

Aus:rai.). 
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TETRABEDRON 
LETTERS 

Layered Stmctures Formed by Dimtrobenok Adds 
V. R. P~,. .Amq,,lma Jlt.mplllllhtm and Sll'l!di Cirmm;jH 

~•n,,,;,:,'1f-V..U. 
i,.-,,,,, - C...O.,fer ~ ~ ._.. 

h,liJ,r l".O, ~ StiOOU, I..&. 
R.eoeiwxl2:7 ~ l99B; accc,pkd 19'~ 1998 

~ 3,5-diniln>benmie acid. 1 - 3_3-dini~lb<?uoic acid, l; form c.,.. 
"')ISlals wllll 4,4'-bi!lYlidyl llllt ORiy die !illlm foom a layo<,,d -..e. wici1 Cllli 

iru:o,panlc--.., ~ ~ 2 funm a pru.,.,d iy-i,c suua,,.n, with 
- c19911m..,.;,,,s...:..00Ltd.Mlrlgbo,=-rvcd. 

A vlilrieey of ll8tloporoll$ m,:qanic :llnl<:tllfflS arc known.1 Rcccllt!y, thete lUls been !iOll., effort to 
exp!on, whether OTglUtic powm; .-can be designed and ~ by making use of supramoleailm­
oc-ganizaliolL 2 Thus, Yagin et ai.• have reported a micropor,ms metal-organic framewori< MSed on a trimesic 
acid-pyridine-cobalt complex. R=dy, :novel ~ and channel s.irucntres formed by trithiocyanuric ""id 
(TTCA) were reported from tt... laboramey.4 Crys"'1.ll>.a1km ofTTCA!rom ._.,.,., pve a la~"""""""• 
comparable 10 cla:yg, pillamd by acet<me molecule£ while oo-erystallizatl<rn of TTCA from bemenc solution 
gaYC a. novel clumnel stn>cllm: which """1d accommodal,, benzene. Encouraged by these findings, we 
wanted 10 =amine 01hc!- possmlc organic porous struetllres obllrined by nonco•aleut synthesis.' In mis 
eoolieJ<t, ii appca,cd to l>S lloal 3,5-dlnltm~ llCid. 1 ;n,d 3.5-dinitro+fflemylbeuroic acid, 2 wem well 
suited to fmrn Sllc:11 ,tmcmres. This is ~ J is kllown to form a ,lt'Uctul'e with eavities when 
crysta11i.,..i from bc:m:enc solUition, Jbe ca:vltiCIII ~ng molecml..s such .. anthracene.6 m the 
absence of benzene. 1 d<>OS not f<>nn a l")'C<Cd ~- Crystallizat.i011 of 2, from most solvents, yields 
stnu:tures with cavl!ie. ill a two-dimensional ammgc,ment. wllicl, ~1Ul a.:cuwm.odale anth!w;:enc,"" We have 
in'Y<'Otiplt:ld whether the ~ formed by 1 and 2 COlllld be modified by ina,rpor,,ting "" m:asro~c 
donor molecule sm:b l.~ 4,4'-biP)lt'idyl. 3. In addition, we have eumined the possibility of fonruotioo of 
layered ~ by 1 and 2 by co-crystallization with olhe, compow,ds. 

{)-0 

2 4 

Cry~udlwolim• of 1 and 2 in 1be pn,,<ellCC of 3 gave complexes b and la l'C8j)CC'tiveJy with 2: l 
stoiehiome1ry.' m l)oth 111 and 2a. bipyridy! molecules. break up the bydrogen bonds between the cruboxyl 
grol.lpS as shown in Figure I. lntmcstingly. inWartion between the C8Iboxy!ic acid and the bipyridyl 
molecule in these """'!»"""" occur:s tbmugh the fonnarlon of'A s.injlle 0-H .•. N h:y<!rop hood' (sec Figure 
I) unlli:e Ille pair-wise hydrogen l>ot:i<l couplin~ coo!iisting of 0-H ... N and C-H. .. O bood• as llho\lln below, 
obset'ved in olber roll!llttl systems.• Ibe H. •.. N wl!tall.ces in la and :ta are 1.61 1111><1 U~l.65A respectively. 
Fl>rtbemiore, molecules of la me am,ngro in two dimensions to yield planar ~ (Figure 2) wbich in tlltTI 

are sided in 1i>e three-dimensional packing while molecules of 1A adopts a hemogbone packing pattern. 

0040-403!1198/$ • _, ftoo1 matter<> !998 m..,.,;.,.. Sci....,. Ltd. All rights reserved. 
P'IL· S0040-4039(98)(12244-& 

2 

UM00014582 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3318 of 4460



91132 

Alillougb bolll la and 2a do J>O! possess cavities, the two-dimension.al :ammgemenr ill 2a. (Figure I ), 
wllic:h Is SimilaNo th2l of the struclllrc of pore acid. 2"° tl<lCOuraged us to investigate the co-crystallizatioo of 
la and 2a in the i""'="" of anltm,,c,one. la did not yield any co-<:rystals with antbracea,e,, but .:la gave 
cryffill• of a quality snitable for siDgle crystal X-ray diffraction srumes. 

2□ 

Flpff l: IA) Recognition poUom bctW<>IOn acid, 1 and 4,4'-hlpyrldyl in th" molc,a,lar compla, la. Th< 
d&Shod Jines .-.:pn:,se,,t hydrogen boods and unique H ... 0 diSlal>Ce is quoted. 2a) Two-dimeosiooal 
ammgcmenl <If supcnno!ccu.lcs of acid. 2 !Uld 4,4'-bipyridyl in la. Notice 1be formation of a six 
membered ring formed througb hydrogcll bonds. 

The c,;mplex of la with anthracene (designalod as 2b') is stabiilzed b<y d>e formation <>f 0-H ... N and 
C-H ... O hydrogen bonds coupling' (Figure 2), J:IOt found eilhcr in 2a or la. The H ... N and li ... O distances 
bctw.- 2 and 3 in tJ,e anthnwetle adduct, Zb, .m:: 1.68 and 2.57 A respectively. Figure 2 !ihO'WS thlil !be 
supennolewle• are arnmged in two dimensions in a bexagooal mode !brough !he formation of C-H ... o 
hydrogen bonds between anthr:it:ene and !he neighbouring molecules of c:arbo,ylic acid. 2 "1lCb that ,i cavity 
of dimension iO x 12.A. results. n.e anthracene mol"""les are aocommodated in these cav-mes through the 
formation of C-H ... 0 hydrogen. bonds. The H ... O disbln<:eS .rre in the ""'ge of 2.76- 2.93A. A oomparuon 
of the Slrtlcture of 21> (Figure 2) with !he antb=cne adduct formed by the pan;nt =boxylic acid, '1f'" alone; 
indicares that lhe """"l!llition pattern between anthracene and the add 2 is nm perturbed will:! tile presenc<e of 
bipyridyl molecule in 2b. 

Figure 2.: Two--dimffislorlal arrangement of a cavity. formed hy acid 2 and 4,4'-bipyndyl, which is rm~.d by 
molecule, of antllracen,.- in the complex lb. 

3 
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We have invetrugat,,d the formation of pillaoed •true= of 2 whicl> forms layer struc1UreS even in 

!be abs(>llQe of ~ molec11les such "" ben,;ene. · Crystallization of :Z. from acetom, gave a layacd structure 
wilh no pillaring. We. lherefm,. CJ)'Slllllized 2 with oompmmds oonlailling different cypes of l!~-lxmd 
donating awl aca:pting site._ Crystallization of 2 with p)'ridine cartioxylic odd m- nieolirmnide did not yield 
a molecular ~ We then examinod the co-crysa,!s of 1 with thicmieotinamidc, 4, since the prescoce of 
sulfur could change !he reeognmon p,,ttem. I! is known that sulfur-mooiarod hydrogen booda such as N­
H ... s ate illdoe<l different from 0-H ... O, N-H ... o and SIICt. hydrogen boods.4·'

0 Thus. 2 and 4 yield a 
complex 2c upon co-aystallization from methanol. 

F',c,,re 3: Two-dime,,Giooal an-angement of a layer of ~n, 4: Stacking of 1•:l""' m • three-dilnen•ional 
acid, 2 in lhe complex will! tbioolcotinlllll'lide. Tho H ... O arrangement in the oon,ple,:, le. Notice u,., pill..-ing of 
botid$ are shown in dashed Jin.ea .and lllliqpe H ... 0 thionjic:o,tinamidie moJ~nles bet~ the layers. di....,.,,. ""' q,wted fo, C-H ... O hydrogen bond and 
0 ..• 0 distance i• QlXl!Od foc 0--H ... 0 bydroll"" bond. 

Crystal ~ derennination of the 2: I adduct, :Z,,7, formed by 2 with t.hi<>lllcotinamide reveals 
that the a,;ymmetric unit colllllin• two symmetry in~t molecules. Paclcing analysis shows that the co-­
crystals of l and 4 adopt a pillared type structure." Each of the syrnmetzy clepm:lent molecules of 1 
inlerncl:s with neighbouring molecules to funn twO-<!i~ planar sheds (Figure: 3) which in tum stack 

aberrunely in a three-dirnensionlll ammgemenl throu,gh !Mt i=ion, It is clear from Figure 3 1h31 in ea:11 

sheet. molecules an, hel<:I togeiher through forrnaiion of 0-H ... 0 and C-H .• ,O h~ boruk. The H ... a 
distances on, in th~ 2.55 - 3.00A range. The -COOH group• of adjacent molecule~ for,n or,ly a $ingle 0-
H ... O hydmp bond rather than the well l:nown cyclic hydrogen bond,,d system. AS ,:me of the a.:::ids is 
deprolonated. The mutual association of the molecules in e,ich sheet. however, result, in the formatim, of 
cavjlics of 7 x l 2A. The molecuko of 4 arc intt:rcalated in between the sheets-. to yi~ld- a pi!laroo rypc 
sl.ructure, · a:s shown in Figure 4. It ili etjdent from Figure 4 that the molecules of 4 are inclined to the layers 
of acid. 2 unlike anthracene molecules whk:h are coplanar with the shceti observed in the c,y.ieJ structure of 
complel<, 2b (see Figure 2). 

I•) (b) 
Schem., 1 
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It is ndbe,- smprtsing that lbionicotinmni<ie and nicotinamlcl,, show such different behaviour with 

~ lo i~ with 2. It~ that hydrogen bonding pattern shc,wn in Sc:lieme l plays a signlficm! 

role. It is known lhBI molecules with ilntide or tbiOlllllide groups exist as di111el'l; rather tll3ll monomer.. 

However. it i• evident from Figun, 4 that in the complex le, the molecwes of 4 inlacalai,,d in bc:twcea t11e 

acid~ .arc single. It is easier to ob4;a.io $II.ch m:,gle molerular ooits from 4 l1l!ber Imm niootmamicle"" the 

rumen i11 the l'Olmer" are formed lhroogb weak N-H ... S hydrogen bonds (Scheme lo.) wlliomas m,, dim<:n in 

nioot.imuni<lo. rewlt from.the stroIIJ!l N-H ... 0 b:ydrogm bonds (Scheme I b). 
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2(~:C,.JloN,. Ma(,(Jfl.48. triclinioc. .Pl, -.852(1), l,,.11.297(1). c-14.S27(1)A. a-67.72(IJ. 

jl,,-$.77(2), y---64.SS(I)", 2=2, F(000)..(;28. R,aaQ..049 and wlt,=,0.093. CcySlal o...,, for lb: 

Z(CJi.NA.l:(C,.H.,J:(C.,H,N,J. M=7ll6.70. triclinic, Pi. ""'9.121(1). ""'9260(!), ,.,,,I l.199,(1.)A.. cmo73.83(l). 

j3,,,89.58{1). ~1.78(1)°, Z,.l, F(OOO)"""QS. ll!.1--0.055 and wR,=(l.085. Cl)"l'W Do.la for k: 

2{C,J:l.N:z0,J,CJI.N,S,, M"'590.48, 1.-idinic, Pi, iFl2,&40(1), 1=14.270(1), "'"IS.506,:!)A., <>-69.24(1), 

j'!a,,74.1 !l(JJ, ,-82.07( l)°. ;z...4, F(OO!IJ..!216. K,,,O,ll64 and wR2=<l.l 24. 

8) ~ G., Glidewell, C .• McManus, G. :0. and Meehan, P, It., Acl.o Cry.<t. 1998, CS4. 418. 

9) (a} !'edi,;eddi, V. R.,J°""", W., Cimrl!Dll,A. P. an(!!Jocbe,ty, R. Chem. ea,,,...,..,_, l!'5'6, 997. (b) Cllo<le,j..,, S .. 

fb:lin,,Jd;, V. R. "'"' Rao, C. N. It., Ta"""°rm Lnt,,n, 1Sl!t8, S9, 2843. 

10) Allen., F. H .• Bini. C. M.. Rowland, R. S. and Railliby. P. R._ An.a CrJ,•!tt. 1!197, 853. 680. 
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The an:ilic acids, -2,5-dib.ydrnxy-l,4-benzoquinone (la), 2.o-dibromo-3,6-dihydro:x:y-l,4-ben~oquinone 
(bromanilic acid; lb), 2,5-dichloro-3,6-dihydroxy-l,4-benzoquinone (cltloranilic acid; le), and 2,5-
dicyano-S,6-dihydro,::y-l,4-benzoquinone {cyananilic acid; ld), were cocr.YJltallized with rigid organic 
ligands containing two J>yridinc rings, 2,4--bipyridlne (2a), 4,4'-bipyridine (2b); 1,2-bw(2•:pyridyl}­
•thylen" (Sa), 1,.2-bis(4-pyridyl)ethylene (3b), 2,2'-dipyridylacetylene (4a), 3,S'-dipyridylacetyle.ne 
(4b), and 4,4'-dipyridyl.acetylene (4-e). Fourteen complexes 5-lS were obtained ae Bingle crystal.a, 
and their crystal structures were suceessfully detei:-mmed by X-ray analysis, .All complexes except 
those with 2a are 1.:1 at'l<J an, "-":mposed of an infinite linear or ,,;g,:14," tape, structure, the furmati.on 
of which is as-.'"Tibed tlJ intermolecular 0-H···N, N ... -H··•O·, or N'-H···O· hydrogen bonds or a 
combination of these between the aoilic acids and the dipyridyl compounds. In the complexes 5 
and 6, no mfurite·tape structure is obs..:rved cltbo~gh t.he molecular units connected by a similar 
hydrogen-bonding pattern are formed. For the 1:1 complexes, we have found ~wo types of,.tacking 
urang,,rnenta, •egregnted st..cks (7, 9, 12·-15, 18) and alte=ated ones (B; 10, 11, 16, 17). In the 
complexes of 1 c -with the series of dipyridyiacetylenes 4 (14, 15, 17), the neutral, dication, and 
monooactfon states are formed depending oo. the nitrogen positioll.$, which ean be attributed to the 
diffemnt basicity of the pyridyl groups. 

5987 

lntroduotion 

Orgnni;: solid materials bru,ed on hydrogen-bonded 
d,mor and aceeptor molecwe,; have been the objects of 
recent in.tensive studiee1 a:in:1ed at building a new class 
of compounds which are interesting from viewpoints of 
basic science as well as of e,pplientions ,mch as biological 
seru,ors and catalysui.2~• Hydrogl<n bonding is expected 
w regulate el.ectronk properties of solids and work as 
,switching uni.t,, for molecular device<!. Ratiorutl design 

l::as-ed on c;cyatal enginemfug>-• including 5Uprnmolecular 
chemistry" is particularly important for the p.."'Ogress of 
this field. This is considered to be acrompliBhed by 
fundame,::ital studies on weak intennoleeular intaract:ioM 
which govern orient.ntion, :r<'.cngnitioll., and assembly of 
components in the solid stat&. Specific noncovalent 
interactions betwe= diffecrent functionalities seem to 
control smgle and multicomponent cryotal1:ization. 

Our work haa focused on the developmt;>IIt of new 
organfo donor-acceptor (DA) interactions a.a .supramo-

10.102L(jo00174€i CCC: $20.00 © 2001.American Chemic11.l 8ociety 
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lecular .synthons for the preparation of ordered $Olid 
phases.• Our strategy is to inv.,..stigate geometrically and 
.stoichiometrically matched donor and aroept<Jr molecules 
which can be used to propagate oriented pattel:nl! in the 
ctyi;tal, engineering. We are c:on<0erned with the use of 
organic component molecules which can form a variety 
of struetlli'""' nnd mediate electron-proton transfer. 
Employing organic m,:,lecules to form crystalline archi­
tectm:es ooems an attractive idea for a crystal eng:ineermg 
approach, Simple· association of two complementary 
compounds through noncovaient interaclions can be used 
to create organic materials with new remarkahl<> physical 
properties and potential applications in optical and 
electronic de,'ice,,, which are not p08sessed by either of 
the componeILts alone.""-•·" 

Our attempt is to develop a new tool for crystal 
engiu-eering that is aSllociated with a great variety of 
hydrogen-bonded DA-type compounds in whieh donor and 
acceptor molecules CJm be combined within robust hy­
di,og,,n--bonded al'chitectures. Development of new su• 
p;ramolecuiar synt:!ums with specific bonding fearnrr,,e is 
important to design materials with inwresting matures. 
We have cil<>1;en henzoquinone-type molecules with di­
hydrozy groups, anilie acids, which have excellent proton-

. donating propei:ties and can undergo multL<:te.ge depro­
tonatfon and protonation p:rocesses. These acids can be 
associated with a variety of proton acceptora as OOUI1ter­
po.rt to give predictable supramolecular archi:te<.-tures. In 
the wuri,e of this work, we ho:v<> prepared cya:nanille acid 
(ld)' as a poor electron aeceptor moleeule and studied, it 
as a hydrogen-b<>nd!!d count8rlon in condue"'...ng charge- · 
transf•n' complexe,s with ,. variety of organic sulfur. 
contBiriing dr:t.'1ors • .,. The monoanion and dianion of ld 
were assembled into supramolecular structures throng!) 
the one- !',lld two-dimensional hym:oge:n-bonded rn>t­
work.•• In our preliminary communication, we have used 
d!pyndyl-type ·bases as proton acceptors and construct.ed 
a new supremolecular synthon (I) motif.11 We have also 

·prepared throo rigid organic ligands containing pyridine 

HO*X O 
0 OH 

.1 

Zaman at al. 

Scheme l 

in; X ;,i. H., ;:!,lrt#!lYt,lf(»;'l/' 'I ,IH:.lflfizoqulnoM 

1b; X.,. er, 2:,5-<llbromo--S,S·dihytiroxy•"!,4~oqulnone 

1~; X ... Cl, 2,S.-di~h!o,r;.3,S.dlhyd~·1~~oq~ 
1c; X ,,, CN: .2,6-d"1eyttno•8.6-d~-1,4-ben,zoqulnone 

211: Z.4"i!lli:yndm 
ZJ; al,4'-bipyt\dlr,,t 

~a; 1,2-bi,;(2-pyrfct,,l)•lhyl­

»; 1,2-bl!i[4-.P!,'~hyl~na 

4a: 2,2'--d!pyrktylaeetyl.An.a 

.11-h; '!!.S'-d\:lyti~lacetyll:lf)l! 

Iii,::; 4,41'-dlP)'rld)'lal:iffly.ler1:!!1 

Crp1-lllr* Cornplex.e$ 

S;comptex beaiwoiori 1i> al'ldh i2-;~x betwee,-, 1• a.--i '41;, 

G:; complel( bttfwoor, 1,; aoo 211i 

'/";CQfflptM~r, 1--.w-.d 2.b 

II; ~i;imi-,;s;; ~ 1Q ~ 2b 

!t~-compfilil(b8~ 1-c aru::!Sa 

-.o;oonrp11u~1ttllln(;!::3bc 

11;cornplex~n 1i:and,5j;i 

1-$; complax ootw~en lb and .!la 

H; ~x batweec, 1e an!;l 4a 

1!i;compleX-bG-twNlf11t:llt'l(f4b 

is: co!'t'iJ)ie):: 1'etw-oor, 1 b aoo 4c 

17: ~11: bebiroon 'f ~ &nd 4o 

't&: ~ betw-Mm 1C end 4C 

rings separated by an acetylene spacer (4.a-cl that 
formed crystalline complexes Willi a common orgimic ncid 
~le)."' These complexes have iniinite one-<limensional 
tapelike structures that lead to supra:tnolewlar polymeric 
system,;, As a continua.tion of these works, we have 
attempted to_ combine a ~ety of proton donor and 
acceptor molOO'.tlss to obtain novel supramolecular struc­
tures. In thin papar, we wile present the preparation of 
aupramolecular coi:nplexes hy complementary combina­
tion of proton donors (D) (anilic acids, 1) and proton 

_ acceptors (A) (lridentate ni.trogen ligands, 2-4) via hy­
drogen-bonded interactions (Scheme 1). 

Results 

Pn>pnration o-f: Cocry,;tals. Generally, the formation 
of oocrystals of proton dono~• (Pl ao.d acceptors {.A) 
requires the following·conditions: (i) D and A molecule• 
matdied gei.,:roetrically and stoicihlometrically, {ii) facile 
acid-base reactions between D andA mol6CUles, (iii) good 
solubility of the D and A molecules in aolvent.s, ,,:nd (iY) 
precipitation of the formed compl&es from tho solution. 
Considering the above conditions, we have successfully 
obtained .single crystals of comple,xe5 5-lS compos"d of 
anilic acids and dipyridyl co:wpounda. 'The fol~ three 
simple procedu-res were used to obtron the above single 
crystals suitable for X-ray analysis: (i) slow diffusion 
using an H-shaped tub", (ii.) mbring <>f two components 
in hot solutions, aud (iii) slow evaporation teclmique. 
Methanol, ethanol. acetone, acetonitrile, and their mix­
ture in various ratios we.re used as solvents for the 
preparation c,f these coerystals. Details of the synthes:iJs 
are eiq,lalned in the Experimental Section, 

Structural Analyses. The .coc;zystals of anilic acids 
with dipyrl<lyl compounds obtained here take various 
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structure• whieh w,,ro el,,rifi"'1 by X-ray analysis, Tn 
rationally control the st.ructurM; we have 1e.xamined the 
effects of' the spacers and nitrogen positions in the 
dipyridyl compounds and substituent:s (H, Br, Cl, CN) of 
the anilic ecid that influence the solubility, hydrogen• 
bonding ability, ionicity, geometry, and. stacking arrange­
ments of the molecules. The structures of the 14 com­
plexes are di.so.:,ssed below. T:i.e geometry of the intermo• 
looular hydrogen bonds for the oomplexes for which X-ray 
structures are first datar.mined in this paper is sum• 
marized in Table 1. 

Complexes 5 and 6. The <>omplexes a.re isomorphom 
and cryatallize in the monoclinic P21ln space'group, and 
the molecules lb in o and le in 6 are located on the 
inversion center. The complexes have a 1:2 (DIA) sto• 
ichlomet:rk ratio with the transfer of the two aci<lic 
pro!<Jn.s of th" donor• to the nitrogen atoms of the 
accepton, to give a monoprotonated cation. The hydrogen 
atom positions in the:se -cocrysf.ala were identified on 
different Fourier maps and fur'-..her- confirmed by careful 
observation of 0-0 bond lengths ond eone,-xru:d hydrogen­
bonding distances. The nit.Tog-en atomz at the 4.-poejtion 
of the pyridine rings form a. bifurcated intarionic N"'­
H··•O- (l.71 A for 6 and 1.74 Afor6)andN+-:H•··O (2.29 
A fur 5 and 6) hydrogen-bonded network (see Table 1). 
Thus, the robust synthon I generated at the 4--position 
formB molecular A···D···A-type pairs. The viewaofsuch 
crystalline archi.tec-ture and their synthon I are shown 
in Figure 1. There ie no hydrogen-bondinginteract'.on in 
the nitrogell atom at the 2.-position of the pyridine ring, 
and ao a consequence, no inficii;e (D••·Al~ lmkage woo 
observed, in contrast to the structures of l:l complexe,s 
described below. Moreover, the pyridine rings are.twisted 
at the eentra! C-,C bond with a dihedral angle of 16.4" 
for 5 and 15.4" fur 6 between the ring planes. Therefare, 
the nitrogen atom .at the 2-positicn of the pyridine ring 
is diverted much clooer to the acljaceot hydrogen-bondoo. 
A···D···A paini, where the distances between the planes 
or lb,e and 2a wlthi.n the DA pair are 3.42 A for 5 and 
8.40 A for 6. Tho, distances between the planes of the 
2-pyrldine rings (3.43 A for !i and 3.40 .A :for G) suggest 
closer A.Ii,.. interaction,; in the aa,iacen t hydrogen-bonded 
A•••D•••A paira. Thus, a prur of A•••D•"A aggregation "' 
dose-packed in alternated ataeking mTB.'lgements with 
other pairs from the DA- or AA-type oonnectivicy (Figure n . 

Complex 7. The complex crystallizes in the monoclinic 
C2/c spaoe group, and both la and 2b are ]oca.te,d on the. 
ia:ver,,ion renter. The geometry and the C"'"'°, C ·-OH, and 
C-C bond distan""s are consistent with thoM of the 
cypioal neut.ral anilic acids. i< In thia complex, no _proton 
is t.Hln.sferr&d from the acid to the base molecule. · 
However, intermolecular hydrogen-bonded H-0· .. N and 
=O···N distances of2.63 and3,08 A are obse,..,ed(Fignre 
3), which cn:,ac!:.., the robust supramoleeular synthon· J. 
The 10. and 2b units are linked by 0-H•··N hydrogen 
bonds (1.55 A) into a one;dimensional infinite molecular 
tape along the [l D 21 direction.. T!:re .. n.g1e between the 
two pyridine rings in 2b is 29.:2', and two molecules of 

(H)(a) Allde-,,, E. K..Aota Cryst,,Ju,gr. l 116'7, .22, 188. (!,J A.nder­
$<UJ,, F,. K A""'- C,,,tttml.oqr. 19i17, 22, 191. {cl Andersen, E, K. A,«,. 
Cry#«/1,,gr. 11167, JI/?., 196. (d) Benmekroun, R.; Sa-ult. J.-M • .Aola 
Cry,toikgr., s.c,. C 199~. 61, 186'. (el K<mlero, J. A.; Scl=t.n, A.; 
Duloonbexg, A. J. M.; Glowiak, T.; !vWonki, z.; Sobczyk, I,,; Greach, · 
E Aota Cry,,,ol!oe,•·, Sect. C 1991. <17, 2148. (0 '.Zam=, M:. R.; Tamura. 
M.: Ts.mas.bi.ta., Y..; Sayaduz-zaman. M.; Chowdh.uryr A. M. S. Crya­
tEngCD'mrn. 1999, 9~ 

.. 
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Table 1. Geom.etry -of the lntermoleeula:r, Hydrogen 
Bonwi between the Anilie Acids and the Dipyridyl 

Compound., in th<> Co,nplmrao 5-7, 10-13, 16, and 18 

distar.ee" <Al 
angW 
(de;.) 

wruplex D-H .. •A D-H H .. ·A D .. ·A D-H···A 
5, N2-H2A--·02; 0.99(4) 1..7Wf) 2.635(3) l56i3) 

N.2-H2.A .. ·O 1 • o.:.9f4) 2.29[4] 2.951(3) 123{3) 
~ N2-mi-.. 02w 0.il6(3) 1.?4(a) 2,G21(2l 16!(,3) 

N2-H2· .. 02"' 0.136/3) 2.29(3) U,69(3) 12'1(2) 
7 01-Rl--·Nl 1.1&(,S) 1.65(£) 2,641(6) 167(.fi) 

l()' Nl-IU···Ol"' 0.95(8) L71!8) 2.644(4) 167(.8) 
Nl-lH·--Oz'• 0.1J5(6) 2.63(3) S.077(4) 117(6) 

11 N1-Jf1 .. ,01 Lill(6) 1.66(6) 2.641(4) 164.(5) 
Nl~Hl···02 UJ1(6) 2,.49(6) 8.044W 114{4) 

12 01-IH .. ·Nl 1.07(5) 1.70(4) 2.864.(S) l'lG(-1) 
13' 02-H2A···Nl" 1.16(10) 1.69(10) 2.642(9) 14B(.fl) 
16' Nl-!U·.,04'" 1.04.(6) 1.68{6) i.S77!4) 158(.fi) 

Nl-Hl·,.08°' 1.04(6) 2.34(5) 2.S71(5) ll8(4) 
02~H2A•••N:l'u l.21(9) 1.43(9) 2.617(4) 164(7) 

18' Nl-·lU· .. Ol"'" 0 . .86(2) 2.01(6) 2.738(8) 142(6) 
Nl-Hl .. ·02 0.86(2) 2,22(6) 2Jl2'/{9) . 140(6) 

• A hydrogen bond for which the H--·A ,fut,,.- S., below th$ 
rum of the rovale:nt rnili.us of A and 2.0 A.~ listed. . .b A hydrogo 
bood forwbich D-H···Aangl.,is u.oove 110° is list.ed. •Symmetry 
code i: x + 3/s, -y + 3lt~ z - 1-Jfl, i~: -% + 3 /%.. y - 112. -~ + 8/:;i. iii: 
% T 'tJt,s,, -y 7 L/!, Z .- l/11;, ii,; -X -:- 2,. Y + 1/"M ,;_z -t, !.i/'1,. [I: l:, :_y + 1. 
rt - 1, Vi:_ ;k: - 1/a: -y + l/'a,t z- - '-ft" ~ii,~ ~ + 1/1,; -.,, + 1/'k z - l/2,,. 
viii:-:+ l, -y+ l, -z. 

la in the tapes. tilt toward the pytidine :r'.ngs with the 
angles of lS.6" emd 48.6". Each molecule in the tapes 
forms a segregated ataclcing along the [O 1 1] dh-ection. 
{Figure 4). 

Complex 8. The complex erystallizes m· the monoclinic 
P2i/n 15pace i.roup, an.d both le im<i 2b are located.'"" 
the inversion center. In tbis wmplex, both of the hydroxyl 
prot.orut are transferred from le to the nitr-ogen atcims of 
the pyridine ring,s of 2b, and attractive on.e-dhn<lnsional 
iniinite molecular tape structures are formed through the 
re-bust supramolecular synthon I. Details of the crystal­
lino;; architecture am described in our prellminary com­
mt.1nication.11 The C-0 bond distances aro short.er than 
-those round in r.,ther diaci<>n atrUCtures. The ring· C-C 
bond distances are also consistent with those of the 
dianion with an aromatic ring.14 

Cmnplex 9, The eomplex ccystallizes in the triclinic 
Pi: spaoo group, and boi:h le arul. 3a are located on th<> 
inversion cent.or, In the complex 9, the wanio:n of le is 
observed and the dianion has simflar C-0 end C-C bend 
distanceg to those in the complex 8. "•14 TI1e central 
c-c bon.d. length [1..313(5) A) of 3a is a typical value of 
ll double bond; and ·the configuration around the double 
bond is trans. The ci:ystal an:hltec:Lure, staclting arrange­
ment, and hydrogen-bonded linkage lhrough tbe ou­
pr1'llnole-:ular syn.then I are pTeviously described and will 
not be di..s~:nssed again.11 

Comp-lel<e!i 10 and 11, The compl""-"" are isomor•' 
phous and crystallize in the monoclinic P2,lc space group, 
and lb,c and Sb are located o:. the inver•fon center, Both 
of the acids lb~ and 101<.15 are fully deprotona.ted to 
produce the dianiona. These structures also in.,olve 
bifurcated N.,.-H,.•O hydroee:n bonds (2.64 and 3.08 A 
fuT 10, 2.64 and 3.04 A for 11) between the nitrogen 
atoms of Sb and the two oxygen atoma of lb,o, th"" 

(15) (•)B,:,bl.C.Ma.ter. R,,. Bull. 1987.2.2, 1'Ba. lb)Robl, C.; Vf•l&s, 
A. Make, JI,-.._ Bull. 1981,•2£, 497, (c) Aliev, A, G.; l'.-ru-at'ev, S. I.; 
AbmnY>h, L. O.; Karpov. V, V. Bult Acod. .Sci.. USSR 1981, 30, ~~9. 
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2a 1b or 1c 2a 

Figure I. Hydroiren-borul.ed A···D···A j>air of 6 and 6. Dt>!:t<.d lines show the intermolccul..,- N-H···O hydrogen bonds; (il 1.71 
A for ll and 1.74 A for 6; {ii) 2.29 A fur ll and 6. · . 

~~'"·~•-~~ 
~--c--~'l?e-~r ,;...s="'~ 
~ -¢--~~ 

Figure Ji!. Alt.ernaood stacking arrang,,m,mt,, of 6, which oontain pyridine ~-brolnllnilat<> tin~ ond pyridine rinp-pyridine 
ringE overlaps. Dotted lines show the intem>.olecula,; N-E:···O hydropn bonds. 

Figure 8. On....rumensional molecular tape of 7. Dotted lines show th<, intermolecui,u, O-H···N hydrogen bond$ (1.55 A). 

Fien~e 4. S~g,egatad .staclci.ng !U'l'."'.mgemrmts along Ute [0 11] direction of 7. Dotted lines sh.aw the inta:rmolooul..,. O-H···N 
hydrPl[en bends. · · 

creating the robu5t supramoleeu!ar synthou I. l:n both 
10 and 11, one-d:imernsiorntl roolec;i;tlar tape stru.ctures are 
observed toward the two cross diagonal lines within the 
ab- J>iane. The crossed tape structures are shown in 
Fill1'l"8 5. Within the tape strtI.,--tures, the dihedral angles 
between the :planes of lb,e and th<> pyridine rings are 
24.2• and ia.5• for 10 and n, respectively. The molecular 
tapes m 10 and 11 nm m a mild zigzag fusbfon because 
of the tr-ans co~ration of8h. Moreover, the molecules 
1b,e and 3b in 10 a.nd l1 compose alternated stacks 
along the [11 OJ and l-1 1 OJ directions (Figure 6}. The 
DA pail- in the al!Mna.t<'.d stacking involvr,s e.lose oontacts 
between the mljaeenttapes, where the distances between 
the plan.es of lb,e and 3b are 3.55 and 3.53 A for 10 and 
11, r&'.PBctivdy. 

Compiex 12. Tlu; comple,: ccystalliws in the mono­
clinic P2,ln space group, and hotb. la and 4o are located 
on the inversion renter. The bond distanoes and the 
angles· of la in. 12 are similar to those ln the i:,omplex 1. 
'l'w<> molecules, la and 4c, connect with an in:termolecn­
ltu- O--H···N hydrogen bonding (Z.65 !-J, and the chneclral 
angle between the planes of the pyridine ring of 4o and 
la i~ 4.5°. No proton transfer from la to 4.-c is observed. 
.4.n infinite one-dimensional tape structure with an 
interupe dil'ltance of 3 .4, A is formed along the [.2 0 1} 
d:ire,et\on. In addition, ru,ch cmnponent rnole=Je forms a 
segregated stacking along the a axis (Figure 7). 

Comple:,,es 13 and 14. The oomplexes aT1:1 isomor• 
phous and crystallize in the triclinic Pi space grcmp, and 
both 4a and lb,o a:re located on the inversion omtei:-. The 
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Figure 5. Two e:rossed one-dimenaionru molecular ta!""' <>flO. Dotud !in ... obow the intermolecular N-9:···0 hydr,;,gen bonds. 
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Figur<> 11, Alllernat,,d .tacking arrangeJ:l!onto along the [l 1 Ol direction qf 1(). Dotted lin"" •haw the i,,.termolecu1ar N-H···O 
hydr<Jgen bonds. 

molecular structure and stacking arrangements of the 
complex 13 are similar to those of the complex 14, which 
was previo1JSly reported.12 No proton tnmsfer from lb,c 
to 4a is obs.erved. These complexes contain a cig,;ag one• 
dimensional tape structure witJ, an inffoite linkage of 
lb,c and 4a tbrough the Bupramolecular synthon I and 
hAve segregated stackings with DD·. and AA-type pairs. 

Comple>< 15. The complex crystallizes in the triclinic 
Pl S).la.Ce group, and both le and 4b are l,x,11t.ld on.the 
inversion center. Th" eomple.x 15 contains 3.3 molecul~• 
of water. Both of the protons l:.nrn.sfer from !he hydroxyl 
group.5 of le to the nitrogen atoms of 4b. Thus, the two 
molecule&, 1,:, and 4b, connect with interion:ic N"­
g ... a- (2.65 A) and N+-H···O- (2.87 Al hydrogen bonds 
and form the supra.molecular irynthon r. The molecular 
architecture displays a zigzag tape structure, which i,, 
viewed as a square grid-type network along .the c axis 
(Figure S). Within the network, cavitt.,a "1r<! form.-.d, 
which are oceupi<:>d by the water molecule,,. Each eotro• 
ponent mole-cule forms a segregated stacking along the 
c aris. Details oft.his interesting structure ere described 
in. our preliminary communication." 

Com.plc:xes 16 and 17. The comple.:xes are .isomer: 
phow; and m-ystallize in the monoclirric P2y/n space group, 
and both lb,c e.nd 4o are lix;ated = a general position. 
The molecular structure and stacking arrangements of 
the comple,:: 1(1 are similar to those of the complex 17, 
w b.ich w""' p.evi,:,usly repooted. 12 In the crystal struclttre 
of 16, one pyridme ring of 4c is proto:o.ated and combines 
with lb via bifurcated N+-H-··O- (2.58 A) and N+­
H·•·O= (2.97 A:) hydrogen bonds, while th<, other pyridine 
ring is not protonated and forms H-O••·N (2.62 A) and 
=O·•·N (2.98 A) hydrogen-bonding interactions (see Table 

1). Thus, an infinite one-dimensional molecular tape 
structure is observed ..:tong the c rutis (Figure 9). Two 
pyridine rings of 4c in 11! are twisted with dihedral "' 
angles of 78.0•. In this work, 16 and 17 are the only 
=mples of complexes contaming a rlipyridyl compound 
with two p erpendfoulw- pyridine ring,,. The <hl:ted.ral 
angles between the planes af lh and the pyridine rings 
of 4e "-NI 73,5• and 4.5• fur the nonprotonated and 
protona.ted side, ;respectively. The component ::nnlecule 
lb ls partially overlapped with fu.e protonated pyridine 
l"io.g of 4.o and forms an alternated DA.type stacking 
along the. b axis with 4.o. 

Complex 1 S. The complex crystallizes in the tricllnie 
.PI space group, and both Id and 4o are l<>cated• on the 
luvars.ian renter. The geometry of 1d has simila:r C-O 
and C-C band distances to thOBe o:f our previously 
described cmnple:xes of ld. 9•16 The component molecules 
ld and 4c co=ect via the bifuroawd N+-H-··O- and N+­
H···O by,:'.rogen b<;,nds (N••·Odiatances, 2.74and 2.93 }.J 
and form tha robust supramolecul.ar aynthon I. This is 
the first example of the supramolecul(l.r synthon I with 
Id. Tl:n.16, an infinite one-dunensional tape structure 
along the [1 l Ol direction is obsl!l'Ved. The int.ertape 
di.stances, which a.re 3.22 and 3.42 .A. for the distances 
between ld-ld and 4c-4.c planes, respectively, are very· 
close. The dlhedntl angle, between l.be plane of ld ,,nd 
the pyriruue ring of 4c is 59.6•. The 1'110St remarkable 
feature of.the molecular tape in 18 ill its btm.t structure 
with tb.e angle of 121' at IJ:tc hydrogen-lxtnd:lng coupling 
pllrl c,f the w.pa This value is unusual compared to the 

(16) Andor .. lJ., E. K.; And"""•"-• L 0. K. km c,,,_u.,g,., s..,. It 
11!75, 31, 379. 
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Figure '7. Paeking ~ of llt view<>d along the <> =is. 
One-<timensionw mol..,ul.ar tape ls formed along the l:i: o lJ 
dlrectior,,, Dotted lines Eh.ow the intermolecular 0-Ef·"N 
!J.Jrdrogen bonds (2.51510, and the C-O···N lnt<!raction i:s S.04 
K 

other ;nolecular tape structures described m this work 
( the corresponding angles for the tape structures of the 
complexes 7, 10·-1<1, and 18 are 155'-178° with an 
av~ of 170'}. Such feature,, of the tape structure in 
18 are illustrated in Figure 10. Each component molecule 
forms a segregated DD- and AA-type stacking along th• 
C axis {Figure 11). 

Discussion 

We discm;s b.ere the factors determining the crystal 
stn:1etures described above. The structures of these 
complexes are related to the following foetors: (i) the 
po..eition.s of the nitrogen atoma of the dipyridyl com­
pounds, {ii) t~ proton-donating abilities -of the acilie 
acids which are dJat..rmined by the suhstituents, and (iii) 
the geometry af the one-dimensional ·molooular tape 
stn1cture.s. 

The qonor-aroeptor ratios of the complexes 6 a.nd 6 
are 1,2, while the other complexes 7-18 have 1:1 
composition. The 1:2 complexes are obtained from only 
2,4--bipyridine, while the 1:1 complexes are derived from 
the syrumetrical dipyiiqy; compound,,. In the 1:2 ooro­
ple:ices, the hydroge.i bond is formed at the 4-pyridyl ring 
and the nitrogen of the 2-pyridyl ring is not involved in 
the hydrogen bonding. This fact can be explained by the 
difference in the basicity of the pyridine rings depending' 

Zaman et al. 

Figure S. Square grid-tl'Pe network of 15 view<>d o.long tlu. c 
axis. The eavitie,, are occupied by the wab>r molecules. Dot!.ed 
li:ie,, olrnw the intermolecular N--:fl: ... O byw-og,an·oond.s. 

on the nitrogen positions. The PM~ calculationa11 show 
that the net atomic charges of the ·nitrogen atoms of 4-
and 2-pyridyl rings in 2,4-bipyridine are -0.0719 and 
-0.066B, respectively, S1J.ggesting that the basieity is 
higher at the 4-position_than it is at the 2-position. 

In the 1: l complexes, linear and zig.ag molecular tape 
stractures are observed. The linear tape structores are 
·obtained only from the 4,4'-wpy.ridyl derivati .. es. On the 
other hand, the 2,Z'- and 3,3'-i.soroen brL-:tg the zigzag 
tape &truciures. The 3,3'-isomer pa.•·ticularly givru, a 
ucique g:rid-llke structur<a with a void. In tha ea!le of the 
complex 18, the zigzag tape structure is produced de•plte 
the4,4'-isomer 4c in Ht C.ompared withotherzig,:agtape 
struetures, the zigzag tape in 18 oonds at the cmiplmg 
part via int,,..rmt>lP.eular hydrogen bondJJ or at the su­
pramolecular synthon l. Such a conformation of the tape 
causes close packing of the tapes and >,-t;abilizee the 

· c.ry,;tal ..tri.><:tutt. lt i,; noteworthy !.hat the llnear tape 
&tructures appear in the monoclinic crystal system and 
the triclinic <:rystal system e:ffords zigz,,g tapes. 

The pos:itioru; of nitrogen awms of t,he pyridyl groups 
also affect the ionicityof the rompl<;lXeS. To. the complexl!!I 
of le with dipyridylaeetylene 4 (complexes 14, 15, and 
17), the neutral (from the 2,2' --derivative 4a), dica.tion 
(from the 3,3'-deriv,.t;ye -lb), and monocaction (fro,i,. the 
4,4.'-derivative 4c) states sre observed. Although, molec­
ular paclcng and morphology in the solid state may affect 
the proton tra.ruifer to the nitrogen atoms of the pyridyl 
groups, th• major r,;uons for these phenomena can be. 
attributed to the diffei'Bnces in the barocity of tbe pyridyl 
groups depending on the nitrogen positiono.12 This is 

;17)(&) St.wart, J, J. P. J. Cvmput. Ci'r<m. 1965, m, ZOS. (!,) 
St,wa:rt, J • .r. P. J. Cc,1,;wt. Ch,m. 11189'. 10, 271. 
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Fi~ 9. One-dimensional molecular la~ of Hl. Do~ lines show two types of the intennolecukr hydrogan b<inds N"-H···O 
(L58 a) and 0-H•••l'<· (1.43 Al. ' · 

Figure 10. Two one-dimerurion.a[ molecular tape<: of 18. Dotted lines •how the m1:e:nno:eeular N+-H···O hydrng,m bonds (2.01 
~~~- . . 

Fi,;nre 11. Segregated stacldng srrang,,me:nts along the c aris cf 18. Th" interntaclc tlistanoes are 3.22 and 3.42 A for the stacks 
of ld and 4e, respectively. 

supported by the PM3 erueulatiru,.s of the net atomie 
chargs of fue nitrogen atoms of 4 (411, -0.0607; 4b, 
-0.0771; 4c, -0.0742). 

Among th,e four anilic acids used in this work, .La hru; 
the lowest p:roton-dcm.ating propo~, and the crystalline 
complexes 7 and 12 obt.airuid frOJll la an, neutral. Acids 
lb and le with moderate proton-donating ability afforo 
mon.oprotonated or deprotonated complexes with dipy· 
ridyl compounds oontaining nitrogen atoms at the 4- or 
3-position oft:b.8 pyridine rings. Theoo acids form neutral 
complexes 1.8 and 14 w:itli. the weakest prnton-acce.pting 
base 4a containing nitrogen. atoms at the 2-position of 
the pyridine rings. Only fue crystalline complex 1$ 
obtained from the stron~t proton donor ld with 4e ,,. 
fully deprotm:iated and involves relatively short contacts 
between the neighboring donor and acceptor molecules. 
The acid ld rapidly produces cr>lored powders with other 
dipyrldyl compcm:nda 2-4, even ifpolnr solvenl:is are used 
for the preparation of complexea. The rapid comple:mtion 
of ld is attributed to its strong proton-donating ability. 

For the rational .design of supnunolee:ular a~ehitec­
tures, strategies with structural predictability ean be 
used In the c,onstru.etion of one-, two•, or three-dimen­
sionnl patterns. A prima:cy one-dimansional tape motif 
can be designe,d end obtained by using st.ong intermo-

le,cular iuteractfan.s such a.s hydrogen bonding. The 
addition of funct:ional g,,oups or weaker intermolecular 
:interactions to the tapes can expand the one-dimensional 
networks into two-dimen.si.ona1 layers or .moots • .A tb:ree­
dimensiorual supramole,,.-ulnr ruxhitecl11re can be achieved, 
by the same process to connect the two-dimensional 
layers. In this study, we have found three types of 
stacking arrangements, the patterns of' which ·are ii• 
lustratel in Scheme 2. In tb.e complexes IS and 6, the 
l,_..-D ... A units overlap two-dilnensionally to form a cross• 
linlu,d fay,.r network (Sclunne 2a.). For the 1:1 c:omplexes, 
the segreg"ted stacks·(Sclleme 2h) ru-e obtained in 7, 9, 
12-15, and 18 and the alternated onee (Scheme 2c) are 
realfaed in 8, 10, ll, l,6, and 17. Themoleeulartapes in 
the oomplexes which gave the segregated stacks are 
ronghly planar, and the dih,xl±al e.ni,-!es l>etween the 
rings are small. Thus, the favorable ove;rlappin,; of the 
tapes causes tl1e segregated stacks. In contrast, the 
molecular tapes in 8, 10, 11, UI, and 17 have larger 
dihedral angles between the rings such as a chain. Tbi5 
steric effect. and the favorable charge-transfer io.tera<,­
tions between the an:ilie acids and the dipyridyl oom­
ponnd,; might bring the alternated stacks: 

8 
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A-.. O···A _A .•• !) ... A 

A .L.b ... 1 J,.. .. o 
b ... ;. l. .. J ... .A 1 

Seh6me2 

D,,,A,,,IJ, .. A ... o 
J ! I i I 
P···A··•D···A···D 

l) .. ,A-.. IJ .. ,A···D 

A. .. 6,,-A ... J ... }. 
6 ... ). ... 6 .. .l ... 6 I I ! : I 

D···A···D· .. A .. ,D 

(a) 

Conclusions 

In this study, we have shown that the simple coml>ina, 
ti.on of a.nilic a~ and dipyridyl compounds can create 
a variecy of supi-amolecular a.-chitectures by self-as­
sembly. Th~ crystalline architedu.res described he:re are 
oompoeed of an infinite one-d1mensiona.l molecular tape 
stn:reture via the aupramole,cular synthon I with tb.n.e 
!;yp&s of intermolecular hydrogen bonds (N+-H···O--, N 4 -

H···O, and O-H--·N). Strong resemble.nee,; between the 
crystal struetures of the segregau.d stacking type (7, 9, 
12-Hi, ancl 18) or the alternated stacking type (8, 10, 
11, 16, and 17) suggest the robru;tne,,s and reproducing 
ability of the suprmnolecular synthon L Cherg ... as­
sistance e:lfect1• enhances the robustness of t.'ie syntbmi 
I in this system. The positions of the nitrogen atoms of 
the rupyridyl compounds strongly affect the cry,stalllne 
architecture and ionfoity of the component molecules 
which can be determined by proton .transfer. 

Although the anilic acldi, '1l'e well-known to fonn 
comdination bonds with a variety ofmetaJs,1«1.>6o,b.l9 they 
have not bean well exploited for the ·rational design of 
organic solids."" This is the fust .axample in which the 
anili.c add$ were used to -crsate the snpr!lm.ol.eeular 
synthon I foc c.cystal engineering purposes. The oomhin.a­
tion of two-component systems reported here !D11.Y he a 
funda:m.ental example for the de.s;gn offow-<limerudonal 
..tn.ictw:'es, A,; an e>ttension of our re,aults, combination 
of other b:ide:ntate nit;rogen ligands with proton. donors 
would lead to an interesting orysta:line architecture 
thnn1eh a supratnolli!CUla:r synthon:like I. Unusual physi­
cal properties such a.a c:onductivitie.s may arise from 
charge-transfer interacti= between cornponer:.t mol­
ecules. 

Experimental Seetion 
St.:u-th.g M:ate.rirus. Com.pounds ld,n u," 4b," and 4c'-". 

,.....,. prepared o.eoording to ,he literature method,;, Oth,e:r 
c:o:mponnds~ la.-o. 2~ And a.11 wi1,1Jie eomr:nei-cialiy av~lable and 
purified by usual me!ihods. All tho solvents were distilled 
be.fore the use fo:t' the reactions_ 

General Pl-o,,edurca for the Preparation of Single 
C~. Metho,J I. An "<!u.ivalent molar amount (0.03-0.10 
=oO of t.1w =lli,, acid and the dipyridyl «"""-P~und. .-u plu.""'1. 

{b} (c) 

at t.he ootwm of the fl>i,b11ped tu.be, and t.ho tube was filled 
with solvents {10-25 mL). Airer 3-30 days, ccy,,tal,, grew at. 
rooui temperat:ure.. 

Method Il. A soh:itlon of the anilie acid (G.05-0.10 nm,ol} . 
in a freshly distilled hot solvent (5-16 mL) wa• mixed with a 
aolutioi: of the dipyridyl compound (0.0/i-0, 10 m:mol) in a 
distillod hot solvent (5-10 ml.). Within a week, the crystal• 
ouitable for slngle-ccy:,t...l X-ray diffraction appeared in the 
flask. 

Method ID.A solutio,, of the o.nilic acid (0.06-0.10 nm,01) 
;., l 0-20 mL of a dry solvent was added to a solution of the 
dipyridyl eompound (0.05-0.10 mmol) in 10-16 n,.L of a dry 
solveut . .Slow evaporation at n:,om temp.,....turefor 1-8 days 
a:llnrded the colored •vlution. Tha ldngie <rysta.ls suil:able for 
s:i.ngle-c~ X-ray diffracl:ion we:ro grown fro-m this .solU.ti.1;:m. 
by co-m.:plata ~r partial evapor.atit:an of ~.he sohte;nt from. t.'le 
reaclion mi><tu= The crysta.Ls were cl>.ru:acterizecl by lR, 
&lemantal analyails, and X-r,;y cryi,tallographie ansly,;io, 

Compiu 5. lwd prismatic c,:-y,,tale were prepa:,:ed from the 
m:xture of ac.etone-methanol by method I in 95<h yield; mp 
20!-202 •0; :m (K.Br) 2350-2800, i:176 (broad), 1630 (sharp),. 
1517, 1470 cm-•. Anal. Calod !brc,,,H,aN.O,B,. (1:2): C,5Ll7; 
l:i, 2,97; N, 9.18. Found: C, 51.09; H, 8,0Z; N, B.98. . 

Complex 6. Red prlsrno.tic c:ryst.itls "'&e prepared from 
metl,anol and acetone by m1>thod I in 98% yield; mp 214-215 
•c; IR (KB~) 2350--.:?.800, 2176 (broad), 1630 (&harp), 1619, 
1476 cm-•. Aual. Calcd !iJr C,.HuN,O,Cl., (1:2): C, 69.90; H, 
3.48; N, 10.75. Fou.nd: ·C, 59.86; El, 3.43; N, 10.70. 

Com.plex 1. Orange plate <Jr}'atalS w~r• prepared from 
acetone by meth-Od n in 90% yield; mp 164-165 'C; 1R (EBrj 
2360 (!;road), 16ll7, 1601 =-•. Anal Cakd far C:t.:H,.N.04 (1: 
1): C, 64,86; H, '4.08; N, lt.4il. Found! C, 6-1.67; H, 4.17; N, •~- . 

Co:mplex 8. Bmwn needle crysta.Ja were prepru-oo. from 
ac:erone by rnathod I in \18% yield; mp 228 -C de<:; lR. (KBr) 
2400-21WO, 2170 (broad), 1632 {she.Tl)), 1504, 1468 cm-•. 
Elem.en.ml a.n.a!ygis was: prffllint.·utty de~ribed.. u 

Complex 9. Brown p!Am oryatals w~ 1Jreparod · fr.,,,, 
a,::ot<>=-methanol l>y method r in 95% y:iekl; mp 215-218 --C 
dee; .IR (KBr)·UD0-2800, 2124 {bro«d:t, 1640 (sharp),· 1548, 
1512:3 =-•. Elomtmtal ffiajy$:li wao pwviously dee=ibed.ll · 

Compl= 10. Brown rod ozyataJ,, were propa,od from 
acetone-methanol (2:t) by m6tihod I; yield 92%; mp 25l?r2llli 
•c dee; IR (KBl'} 2250-2'1'.DO, 2132 (broad). 1626 (sharp), 1500 
=·'. A.m,J. Coled for C,sH1iN.OJi~ (1:1): C, 4-0.03; H, 2.52: 
N, 5.83. Found: C, 44.9ll; H, :t.54; N, 6.68. 
. Com.pl,,,,; 11. Reddish lrrown prl.on,.atic c;cystals were pre­

pared from 1tc,rtcne:-methllnol (:I.: 1) by rn,,th<,d I! ln 00% Jli<!ld; 
mp 280-282 'C dee; IR (KBr) 2250-2700, 2152 (broad), 1624 
("harp), H.94, ..,.-,. Anal Cakd for C,.H...,'f,0,CI, (1:1): (',,. 
55.26; H, 3.0!J; N, 7,111. Fmm.d: C; 65.18.; H, l!.08; N, 7.05. 

Complex 1.2. Orange rod ccy•tal.s were prepared from 
acetonitrile-eU:umol by method min 84% yi~!d; mp 195-100 
•c; IR {KBr) 2354 (bread), 1648, 1618, 1607 =-'. Anal. Calcd 
far Gu,H12N 2O, (l:l): C, 67.50; H, 3.78; N, S.75. FC>Uhd.: C, 
67.04; H, 3.84; N, 8.68. 

Con.pl= 18. Brown. needle crystal• were prepared from 
acetone by method l in 92% yleli!; mp l00-19.2 •C; IR (KBr) 
2473. (broad), 1660, 1601 cm - 1. Anal. Calro for Ci,H,oN.O.Br, 
(l:1): C, 42.22; H, 2.11; N, 1.\,86. Found: C, 44,96; H, 1.92; N, 
5.77. 

Com.plex 14. Brown needL. czy,,tals ,.,..,.,, :;rc-epe...-,,d from 
methanol-ae-,,tone (1:1) by method [ in 83% yield; mp 194-

9 
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L95 "C; :tR (KBr) 2484 (broad), 1660, 1607 cm~•. Elemental 
,malys;. w ... previously described."' 

CompJsr 1 !>. Brown plate cry"1:als were prepared from 
sre:one by method I in 98% yield; mp 176-178 •C; IB (Kllr) 
2484 (hroad), lt!60, 1607 em·1• Elemental anruysw "'"" previ­
DUSly described." 

Coznplex 16. Brow,, pla.te crystals were prepared from 
,;eetonitrile.:._acotcmo (1:4) hy m<>thod r in 9S% yield; mp 218-
22(1 •c; IR IBBr) 2280-2850. 2164. 2081, 1830, 1601, 1520 
cm-'- Anal. Calcd for C,.H,.oN.O.Br,, (1:1): C. 45,22; H. 2.ll: 
N, 5:!IB, Found: C, 45.ll; H, 2.11; N, 5.42, 

Comple:z: 17. Brown nsedle e,ystals ware p,op,.re<l fu,,n 
aootonitrlle-o.eetori, (1:l) l,y ru .. thod r ic 00% yield; mp 230-
231 •c; rn CKBr) 22so-2e5o, 2156, 2062, 1625, 1500 =-•. 
E}em.anta.1 analysis wa.s pre,.ti..m.1.!!:ly described.12 

Comp!= 18. Yellow noodle erystals were prepared from 
aeotonitrile by method !I in 82%yiel.d; mp >330 •c; rn (RBrl 
2350-2880, 2203 (si:J:1:>ng), 1632, 1543 cm-1• Ar..ru. Calod for 
c..H,uN,O, (1:1): C, 6a.69;li, 2.82; N, 15.64. Found: C, 64.0l; 
H, 2.89; N, 15.42. 

X-""'Y Ccystall,:,graphy. Reflection data werc collected on 
a Riga.Im AFC-7R mffi"actometar using Mo Ko: radiation (I. -
0. 710 69 N and En;raf-Nonius CAD4 diffractometer w;ing Cu 
Kil. ra.diatio:n (,l. = l,64.l 78 A> at 296 K. No absorption 
correction was :applied for all crysit.als P.-11:t:F.pf. the oomple-..xes 
13 m,d 16. Al>,;orption correctian was applied to 13 and 16. 
=ing empi.'1ca.i procedure& based on azimuthal '/J scans of 
sev,,n refloetfons ha.ving an Eu!Arian an.gla, x, n~= 00'. All 
stroctuxeo we.re solved by direct methods and Tefined by full­
mntrix Jec,ot-oqW>ree on F'- with SHELX-97.''' All non-hydrogen 
atoms were rmned acisotropieally . .All hydrog;,n atoms were 
localfaed in the Fourier maps an-d refined i.sotropfoally. 

Crystal data for 5: C..H,.Br,N",Oi• fw = 610.26, 'J'-Ono-­
clinic, space group P2Jn, ct = fl.827(1J A, I,= ll.8S8(ll A, c = 
1L191(1l A.,/3 = 92.62(8)", V= l:1.6S.1{2)A•,z= 2.,D,= l.735 
I! cm...,,, F(OOOJ = 608, ·µ(Ou ls-«) = 4.770 ,,,_,,,_-,, ecystal 
dlmensiDns "' 0.20 x 0.20 >< 0.20 mm•, 2545 reiloetioM 
cclle<:ted, 2891 independent i,Ri,,, = 0.0356), lU = 0.034-9, ..-R2 
- 0.0956 for!> 2c{l), Ell= 0.0389, wR!! = 0.1)990,B =.1.009 
for all data. . · 

Crystal data for 11, c,.,:a:,.Cl,N404, fw = 521.34, mono­
clinic, .-paee ~p P?.,/r., n = 8,6979(5) A, I, = ll.5ll77{6) A, c. 
= 11.2992(6)A,,'i= 91.2'74(-4)", V= llll1!.6U)A•,z= 2,D,"" 
1.51!7 g cm-•, F(OOO) ·- 656, µ{Cu Kn.)"" 2.951! mm·l, crystal 
dimenmoM = 0.25 >< 0,10 ,r 0,10 ,nm>, 24&6 refioctions 
collected, 2302 indapendenl CR;.,= 0.0222), R.1 = 0.0858, wR.2 
= 0.0869 for l > 2o(l), Rl = O.ll701, wR2 = 0.1004, S = D.998 
for oll do.to. . . 

Crystal data for 'I: C,oH,,,N,o., fw = 2.llR2S nwnocllnie, 
spare. grou.p C2/c. a= 20.718(3)A, b = 7.1001(7) X c = 9.151, 
{1) J..., f, = 9&.1!65(7)', V = 1348.5(3) A•, Z = 4, D, - 1.460 g 
cm ... , F(OOO) c 616, µ(Cu Ket) = 0.892 =··•, or-;sW dimrm­
&ians "' 0..25 x 0.10 x 0.02 mm•, 1184 reflections colleci,,li, 
1150 independent CR..,- 0.1124),'Rl - 0.0612, wll.2 = O.lll!i7 
for I > 2<,(1), Rl =z 0.2Lll2, wR2 = 0.1859, S = 0.982 for oll 
data. . 

Ory..W data fur 10: C,.H,.Br,N.0,, fw = 480.12, mono-­
o!i,,;e, .,_ group P2Jc, o:"' 8.8546(5) A, b ~ 8.0001(6) A, c = 

CMl Shekb:id.:, G. M. SHEl,X:-!!7. P~m for w So!ruu:,,. aN.4 <"2 
Refuum.ent of Crystal S~; t.inivm'1ltty otrntt:tinge.n: Gcitting~, 
Germnny, 1997. 

J. Org. C!u,m., Vol. 86, No. 18, 200.1 5995 

13.261(11 A., ti= 104.495(6)', V = 858.1(1) A', Z - 2, D, = l.658 
g. cm-a, F(OOO) - -172, µ(Cu Ka.} = l.858 mm "1, c::-yatal 
d:im..,,._ione = 0.10 x 0.10 x 0.10 mm•, 186.8 TaflMlions 
collected, 1750 independent \Rm,= 0.0202), Rl = 0.0341, wR2 
= 0.(1003 for l "" 2a(i), R1 = 0.0523, wR2•= 0.1034, S = 0.870 
fur ail dat8.. 

C.-ystiol d&ta for ll.: C,.:S:i,C!.iN.O,. fw = 391.20, mono-­
olin.ic, space ll"'"'upP2ii~,.,. = 8.38-1.'.1(6) A, b = 7.8904(6) A, c = 
12.926(3) .A, _s - 105.oim:7)•, v = 825.8(2) A•, z = 2, D, - 1..573 
g =-•, FCDOO) = 400, µ(Cu .Ko:) = 8.794 nmc1, crystal 
dimensions = 0.10 x <UO x 0.02 mm•, 1762 reflection.a 
collected, 1683 independent (14.,. = 0.0-492), RI= 0.0468, wRZ 
'-' 0.1236 fo~ I > 2a(l), Rl = 0.1204, wR2 = 0.1689, S = O.BlS 
for all de.ta. 

Crystal date. for 12.: C1,H,.,~.O,, fw = 320.30, monoclinic; 
•pare gn;up P2Jn., a => 3.815(2) J,,.,,b = 10 .594(2) A, c = 18.393-
(ll A, fi = 95.49(2)', V= 740.0(4) A', Z= 2,D,"' 1.438 gem~•,. 
1"(000) = 33:1., µ(Mo Ka) = 0.104 lllill-1, ocyst-al dimeru;iom, = 
0.20 x 0.10 x o.oa mm3, 1529 refiectiorui collected, 1362 
independent tRi.,"' 0.0255), Rl = 0.0472. wR2 = 0.1088 for I 
> 2'1(1). Rl = 0.1.238, wR2 = 0.1280, S = 0.924 for all data. 

Crystal data for 18: C,.,H,..Br:,N,O•, fw = 478 .. 10, mcliw::, 
•p.am group PI,a = S.9452(2)A,b= 1l.0548{4JA, c"" 11.0525-
(S)A., n= 60.946(2)•, tJ"' 95.49(2)", r= 84.022(8)', v,. 41,l.04-
<:a) A•, Z - 1, D. = 1.8fl5 g cm·•, F(OOO) = 284., µ(Cu KcJ = 
1.896 mm~•, crystal dimensions = 0.115 x 0.10 x 0.02 ·mm•, 
1781 reflections eolleet<>d, 1691 irul.ependmrt (R;., "' 0.0141), 
.in= 0.0320, wR.2 = 0.0869 for l > 2a(n, Rl = 0.0850, wR.2 = 
0.0892, S = 1.015 for all dsta.. 

Crystal data for 16, c,,H,.Br,N•O• fw = 478.10, mon<l-' 
clinic, opace group P2v'n, a = 13.2lI(l) .( b -; 8.8009(8i A, e 
= 18,895{2) A, /J = 95.49(2)', V = 1696.5(8) A•, Z = 4, D, = 
1.872 tr=-•, F(OOO) = 936, µ{Cu KaJ = 6.S16 mm-1, ccy,;tal 
d!meosions - 0.20 " 0.15 x 0.05 min', 0505 Nflections 
ooll&ete.il, 3459 independent (R,.._ = 0.01$8),R.1 = 0,0358, wR2 
= 0.0986 for I> 2o(l"J, Rl = 0.0687. wR2 = 0.1118, S = 0.931 
for an data.. 

Crystal data for 18, C,.1],.,N,O., fw = $70.Sll., triclinic, 
'!Jlac& group Pi; a: = 8.910(7) A. b "" 9.827(14) A, c m 5.3W(6l 
l,., a- 102.7104)•,p= 104.8-8(9)". y = 104..&!3(12)", v- ,m;.o. 
(SJ .A•, Z = 1, D. = l.482 g =-•, F{OOO) "' 190, p(Mo Knj a 
0.107 m:m-1, OI'Y1'tal dii:rumsions = 0.30 >< 0.20 " 0.02 mm•, 
is20 refl.ecao:,s oolloot,,d, 1516 io.dependent (Ri., =.0.11S!'i), 
Rl = 0.0584, wR2,. 0.11&0 for I>- l.lo{l), :Rl = 0.3600, wRll -
0.1880, S -= 0.890 for ..:U data. 
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material is anilable via the Internet o.t http:/fpubs..acs.org. 

J000174GI 

10/E 

UM00014594 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3330 of 4460



English translation of 
Notice of Reasons for Rejection 

Japanese Patent Application No.: 2003-572946 
Your Ref.: USF-106XC1 

Our Ref.: SS-A04I 8 

1/5 

Notice of Reasons for Rejection 

Drafting Date: 

Dispatch Date: 

Sections Applied: 

(Translation) 

September 29, 2009 

October 8, 2009 

29 (1), 29(2), 36, and 37 

This application is rejected for the reasons stated below. If the Applicant has any 

arguments against the reasons, such arguments should be submitted within three months 

from the dispatch date of this Notice of Reasons for Rejection. 

Rejections 

1. This application fails to comply with the requirements under Japanese Patent 

Law Section 37, for the reasons mentioned below. 

2. The inventions claimed in the following claims are not patentable under 
Japanese Patent Law Section 29(1)(iii), because they have already been described in the 
documents listed below, which were distributed in or outside of Japan, or made publicly 
available through electric telecommunication lines, prior to the filing of the present 
application. 

3. The inventions described in the claims indicated below are not patentable under 
Japanese Patent Law Section 29(2), because they could have easily been made by a person 
with ordinary skill in the art to which the invention pertains, prior to the filing of this 

application, on the basis of the inventions described in the documents listed below, which 
were distributed in or outside of Japan, prior to the filing of this application. 

4. The claims of this application fail to comply with the requirements under 

Japanese Patent Law Section 36(6)(i), for the reasons mentioned below. 

5. The claims of this application fail to comply with the requirements under 

Japanese Patent Law Section 36(6)(ii), for the reasons mentioned below. 

Reasons (Regarding the cited documents, see List of Cited Documents) 

[A] 
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Claims: 1-36 

Rejection 1 

Remarks: Based on the relationship between independent and dependent Claims and 

categories of the inventions, the Claims can be divided as follows: 

-Product inventions relating to Claims 1-19 (Invention 1) 

-A product invention relating to Claim 20 (Invention 2) 

-A product invention relating to Claim 21 (Invention 3) 

-A product invention relating to Claim 22 (Invention 4) 

- A product invention relating to Claim 23 (Invention 5) 

- A product invention relating to Claim 24 (Invention 6) 

-Method inventions relating to Claims 25-28 (Invention 7) 

-Method inventions relating to Claims 29-32 (Invention 8) 

-Method inventions relating to Claims 33-36 (Invention 9) 

Even when any one of Inventions 1-6 is the specified invention, Inventions 7-9 are 

neither a method of producing the product of the specified invention, a method of using the 

product of the specified invention, nor a method of dealing with the product of the 

specified invention. Therefore, it is not recognized that those inventions fulfill the 

relationship defined in Japanese Patent Law Section 37 (iii). 

Since the present application fails to comply with Japanese Patent Law Section 37, 
the claims other than claims 1-24 have not been further examined for other requirements, 
except for the requirements under Section 3 7. 

[B] 

Claims: 1-24 

Rejection 4 

Remarks: Claim 1 specifies "a multiple-component phase composition comprising a solid 

phase that is sustained by intermolecular interactions between two or more independent 

molecular entities, wherein at least one of said two or more independent molecular entities 

is a pharmaceutical molecule". 

However, having reviewed the descriptions of the specification, what is 

substantially produced in the Examples is only co-crystals of two kinds of compounds or 

co-crystals of two kinds of compounds and water. 

Therefore, the products encompassed by the above nmltiplc-componcnt phase 
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composition other than co-crystals are not supp01ied sufficiently by the specification. 

Please note that as mentioned above, since the products encompassed by the 

above multiple-component phase composition other than co-crystals are not supported 

sufficiently by the specification, in this Notice, the examination regarding novelty and 

inventive-steps has been conducted assuming that the multiple-component phase 

composition is co-crystal. 

[C] 
Claims: 1-19, 21, 23, and 24 

Rejections 2 and 3 

Cited Documents: 1-9 

Remarks: Cited Document 1 describes a 1: 1 carbamazepine/formamide co-crystal (See 

page 508, right column, Schema 2 and the same column, the fourth-third lines from the 

bottom), which is identical to the co-crystal described in Example 17. 

Cited Document 2 describes an inclusion complex of Carbamazepine with 

(3-cyclodextrin (1: 1) (See page 960, lines 1-3 ). In a broader sense, an inclusion complex 

is a kind of co-crystal. 

Cited Document 3 describes "Caboril Complex" which is recognized as a 

complex of phenyloin, phenobarbitone, and aminohydroxybutiric acid.(See page 1610, 

column 2). 

A complex can be recognized as a kind of co-crystal in a broader sense 

(Regarding "complex", the same applies to the following Cited Documents.). 

Cited Document 4 describes a phenazone/paracetamol (acetaminophene) complex 

compound in a fom1 of a molecular complex compound having a hydrogen bonding 

including phenazone and paracetamol in an almost equivalent molar ratio (Page 1, left 

column, lines 2-9). 

Cited Document 5 describes a 1: 1 molecular complex of mebendazole with 

propionic acid. Cited Document 5 also describes that the complex forms intermolecular 

hydrogen bonding (See page 11, abstract, and page 13, Fig.2 and such). 

Cited Document 6 describes a 1: 1 complex between 5-chlorosalicylic acid and 

theophyJline. Cited Document 6 also describes that the complex forms intermolecular 

hydrogen bonding (See page 710, abstract and such). 

Cited Document 7 describes a 1: 1 molecular complex of thcophylline and 

p-nitoroaniline. Cited Document 7 also describes that the complex forms intermolecular 

hydrogen bonding in the crystal structure (See page 2390, abstract and page 2391, Figure 2 

UM00014597 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3333 of 4460



Japanese Patent Application No.: 2003-572946 
Your Ref.: USF-106XC1 

Our Ref.: SS-A0418 

4/5 

and such). 

Cited Document 8 describes a 1: 1 complex oftheophylline and p-nitrophenol. 

Cited Document 8 also describes that the complex forms intermolecular hydrogen bonding 

(See page 2333, abstracts and such). 

Cited Document 9 describes a 2: 1 molecular complex ofthcophylline and 

5-fluorouracil as the monohydrate. Cited Document 9 also describes that the complex 

forms intermolecular hydrogen bonding (See page 1857, abstract and right column, lines 

9-12 and such). 

Therefore, the inventions of Claims 1-19, 21, 23, and 24 are the inventions 

described in any one of Cited Documents 1-9 or at least, would have been easily achieved 

by one skilled in the art on the basis of the descriptions of any one of Cited Documents 

1-9. 

[D] 

Claims: 1-24 

R~jection 3 

Cited Documents: 1-11 

Remarks: As described in Cited Documents 1-9, producing co-crystals regarding various 

kinds of compounds was frequently conducted from before the priority date of this 

application. 

Furthermore, as described in Cited Documents 10 and 11, it was well known 

before the priority date of this application that when producing co-crystals with compounds 

having rc-electron systems or having groups which can form hydrogen bonds, 

intermolecular interactions such as hydrogen bonding or rc-n interactions occurred (See 

Cited Document 10, Figure 1-4, and page 9833, the second-fifth lines counting from the 

Figure and Cited Document 11, page 5987 abstracts, page 5989 Table 1, and Figure 1-11 

and such.). 

Therefore, producing co-crystals consisting of two kinds of compounds and 

confirming the occurred intermolecular interactions in the obtained co-crystals do not 

present any difficulties for one skilled in the art. 

[E] 

Claim: 11 

Rejection 5 

Remarks: (1) The descriptions using parentheses in Claim 11 make the scope of the 

invention unclear. 
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(2) "Pro fen" recited in Claims 9 and 22 is not a usual name of the chemical 

compound. Therefore, it is unclear what compound this term indicates. (Is this an error of 

either of "ibuprofen" or "flurbiprofen"?) 

(*)When amending, please note that no new matter must be introduced. At the same time, 

it is desirable that the Applicant clearly indicates in a Written Argument support from the 

original specification and such. 

List of Cited Documents 

1. H. Wounderlich et al., Pharmazie, 1991, Vol. 46, No. 7, P. 507-509 

2. S. A. EL=NAHHAS, Pharmazie, 1996, Vol. 51, No. 12, P. 960-963 

3. JAMES E. F. REYNOLDS, Martindale. The extra pharmacopeia, The 

PHARMACEUTICAL PRESS, 1993, P. 1610 

4. Japanese Patent Application Kokoku Publication No. (JP-B) 46-33588 (examined, 

published Japanese patent application) 

5. Mino R. Caira et al., Journal of Chemical Crystallography, 1998, Vol. 28, No. 1, P. 11-15 
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Record of Prior Art Search Results 
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• Prior art references: None 

UM00014599 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3335 of 4460



Notice_of1Roason.sJprJ;<~J~l~tiqp 

=~~:fffl=-~=*~r',--=~--: ____ ~%~~~:I-=''·~%~: 6_6_78_5_4~:?te~--~J] : iJZ )JX;21410 Jl 8 13 1 

* Wt to lfii 0) ;ffl: ~­

fffi¼ 13 

1/?JilfJy~~'R" 
!M=1ff rBDA 1~fll!A 

:ii"ffl*x 

:tf=i *@ ~ !::::f:=I 3-m 9-::-□ a 

*Jffl2003-572946 

:W-1~ 2 11:f. 9 .A 2 9 13 

~~. 4148 4COO 

1fi7J( tJJ~ (j} 1 45) ~ 

m29~ffil~,ffi29*ffi2*,ffi36*,M 
37* 

=. 0) Ui Jffi:W f 'i , iJZ 0) fl!! s,n:::. J: -0 -cJE ~f§ :a- i-~ ~ t) oy·c '"t' o =. tL i = -=> v , --c :@= Jl ii~ 

&> 1J ~ LJ;:. G, ::. OJiffi~=!f0)%~0) f3 :zi:. G 3 :zi:,_)=j .t?lfAH:::.~~~:a-~H::l L-T < tt 
~ v'o 

2 . ::. 0) l::Ll D O) Tt2 OJ lff ::;}v:p: (C ~ -5 % 8Fl r± , -f:- OJ 1±1 mlW ! :: 13 7!s: 00 fAJ X f 'j: 7t- [JiH;:. :to 
v 'T, 7M:tfi" ~ h, f;:_ ·-r12 0) fU 1t!JftJ /:::,le.tit~ tL tc :?ta fY:3 X l'iffl5[iffi1~ @Jmr, ::r iffi C --C -:'.L~ffift 

r.:::. :flJ ffrPJ1m ~ t t>? tc 38 f'Yl--c~ &J -5 iP G , !r!rilf m ffi 2 9 *ffi l :iJti]g 3 --~+::. t~ ~ L, * 
i't 'a::'"st t't 6 ::. ~ iJ~ t' ~ ft v 'o 

3 . ::. J) 1:B!m OJ f 1§c 0)!1PK.t]J:::.{¥ -5 38 l~J'H'i, -t 0) mlffi-~1Hc S 7!s:00 fAJ X f:l::71--00 ,:::. :to 
v, --C 51~7,'fj ~ t1 tc T/%i30)flJ fr!JftJ ~= fe,t\t ~ tL tc 58 fJA X fj: '~~iffi1§ @Ji)@; :a,, iffi C ---C ~$ft{::. 

fij JffPJ §~ t ti: 0 t C ;a fj,EH:: £ V \ --c ' -t: 0) l::Ll Jif~iJ f C -t 0) % 8Fl 0) Jiffl, i" 0 tt ffi 0) ½'-JH:::. :Jo 

1 t -5 iffi 1t 0) 5JJ 'ffi ::r ~ T -5 ~ il~ $ £ (:::. % 8Fl ::r i"" o ::. ~ ti~ --c ~ t.: i> 0) c· &> o tr> G , * 
tti:tim 2 9 *ffi 2 Jl'[O)ffi;E{:::. J: ~ !M=[Lf:a-st(t o ;:_ ~ i)~""(''@" ttv'o 

4 . ::. 0) mm f j:, % ff ~t * 0) fii lffl 0) le~ i.J~ Tie. 0) ,~ t', 1/?Jttm ffi 3 6 * ffi 6 rJ§: ffi 
1 %fCm'.JETo~f4:a:~tc L---Cv\ftv'o 

5 . ::. 0) tU tJn± , * 'ff ~t * 0) ii! lffl 0) ~c ~ ;;J~ Tic 0) ,#: t', teyff rkm 3 G * m 6 :fl m 
2 % f~m'.ZET 0 ~ftj:: :a,,~ t=. L --C v \ tee v 'o 

[A] 

UM00014600 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3336 of 4460



. i~>:/tJ}[ 
• :fJf! 

1 3 6 

1 

2 

~ i''f ii* o) i!i?i tffl 0) !l >:R :IJ!i I :t , Jm v= ffi >:It :IJ!i :flE J7' gf >:It :i:_g 0) 001:¥: & V 3'B ~l'J 0) 77 -r :::1· 

!J ~ f:= J:: I? , YT 0) J:: 5 f=: IR5J- L1~ 0 o 

· l~)},t:IJ!i 1 --- 1 9 f;:{¥:{S~0)313o/J (5eo/J 1) 

· i~)},t:i:JI 2 O t=:.{¥: 0 ~CTJ~o/l (3Bf!Jj 2) 

• ~t*:rJi 2 1 r=:.1:¥:0twJ0)9BJ:!,Ej CJa~ 3) 

· ll*:IJ!i2 2 f;:1:¥:0~0)9BJ:!,EJ (3Bf!Jj 4) 

· i~ )ft JJ.[ 2 3 i=- {,-% 0 twJ 0) :JB i¥J ( % J:!,EJ 5 ) 

· l~*:r:J:2 4 :=:.~,!:J!WJ0)-3£~ CJ£~ 6) 

· ii*Jl: 2 5 2 8f=~01ff*0)3B§j3 (5el¥J 7) 

· i~*:r:][2 9 -3 2 f:=~0Er~O);ef'Yj (313~A 8) 
• !W*:r_I 3 3 --- 3 6 f:=~ 0 jjf*0)5e8FJ (35F!Jj 9) 

t L -C , IJtD 0) ;e 8Fl --C &i 0 ;e- ~]j 1 ----- 6 17) v 'T ;ti_, ,i- .'ff 7\:: 3B 8Fl t L --C ti , !J .'ff 1t 3B o/l 

I c x-t L -C , jJ ¥:ti: 0) 36 ~ 't' &i 0 58 ~ 7 - 9 /j:, -=t O) !Jto ~ ~~ T 0 1J ?'~ O) JVY'L t 17) 

tJto ~~ffl-t· 0 jjy*0)5ei:!,EJ, -=c O)~ ~ J& IJ ~ 5 jjf*O)%~ 0) ~'lif; t tct 0 -ci,,t,tv \tb\ 

G, ~'ifft:tffi 3 7 ~ffi 3 -ij--0)001:¥:~mtc L--Cv\0 ~ fj:1,,,;tfJ::v'o 

J:: 0 , =. 17) tfj llJH;ttl~ Wt~* 3 7 ~ 17) #1 !I: l =:. ii Bz L -c v " i5 0) 't' , !i 3:K r]: 1 - 2 

4 Y :>i- 0) :-k :r:Ji f <::. 1¥: 0 3B 8F:I f =:.---:> v • -C /j: ~ i"f ¥:ti: ffi 3 7 ~ Y :>i- 0) ~ 14= I:= ---:> v , --C 0) lf :]E 

:a:1r 0 -C v' f,t v ' 0 

1-24 

4 

iW 3-K :r:Ji 1 "c' Vi, r 2 f_! Y J:: 17) Jm :s'L L tc 5J- f-~ 1'$: r'"j 0) 5)-:::;- r~j ;.t-1§ Ii 11: ff.l I:: J:: l:J *i ff 
~h0~ffi~~~~M~~-ffi&~~--C~0--C,~2gy~O)~~L~5J-~~~ 
0) 5 ~&tJ:< J::: ti 1 f.i;o~~1rU½-~-cc~0, ~-J5>t~•t§~il=l$t~J ii~.'ffJt~n-c1,,, 
Do 

L 7J' L fJ: b~ G, ;.$::~ l¥J ti\fE* 17) 361§H 0) !¥1f.fB fctiffi. 1:IJ=l :a:~fiT 0 2:'. , ~:MJiffct r:. :t3v, -C 

~ w &0 i =- :®Li~ ~ n --c v , 0 (7) f j: , 2 g 17) 1 ri--&-!j&.J x /j: 2 rm. 0) 1 r:: --&- tw.i & v 7k ~ *§. h- --&-v 
-lr-C~ F-1'1.{l: L f;:_ ~lf.15 ~ ;j~icii\t ~ h --c v, 0 17) J.;. --c c9J i5 o 

L tc ;o~ 0 --C, l~3:K:l:fi 1 - 2 4 m1tO)~mJ~~-t§*§_,sx;emt;: ~~~no !JwO) 5 ~ 
, ;itITTf ~ Y:>i- ~=----:> v \ -c /j:_, 56 ~9 O)gl*fll f,t'/l'5t, ~ r::p I·= +:Stct7 * ~ r- il~ {'ftET 0 2:'. rt 

UM00014601 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3337 of 4460



3 

f c.t :fo, J::: ia! OJ i 5 t::., # fffl si £)31--0J ~~AA~* tfl ,r-Jl./JX: ¥,6 [:::.----:::, v '---C (j:, 3E glj OJ 

¾iITT fct~)!R q::i h:-J-:5ttc.t-v~- t- ti3';{¥1:f-t' 0 t fj:t,, x.fc.tt,,(J) c", 7-$::f=§~~i=:t=lifHJ;D~t::. 

:fov'---Cf'J:, ffw33'<:JJi 1 - 2 4~R~lTJ r~t~.5>t~~ff§~Jlb:\ttgbJ iJ3'; 1#ifflAfJJ c"dbo l) 

(J)tL---C,ffiffitt·~ffett~OJ-~~fi0fco 

[ C] 

· l~#:JJi 1 - 1 9 , 2 1 , 2 3 , 2 4 

• -m11±l 2, 3 

• 5 I HL:tmk~ 1 - 9 

• {f!fPts-

iJlfflXmkl t=V;t, 1JJv/~?i±t:°1/t*;v2>.7:'::: F (1: 1) CTJ#~Afi;63';BC,~6 

:h ---Cv '0 (ffi 5 0 8 'A::fi1ffl1Schema 2&Vln'ltr1'JriP Gm 4 {f- f'-i:):. G ffi 3 fr) 0 

2:2:-c\ jJ;v/~?-t!t:°1/t*;vL7~ F (1: 1) OJ#)'f;tJI.d:t, 7-$:Jffi~:limffLll 

7 f;:: BC,~ ~ h tc b (1) t [R] - c" db 0 o 

5 [ Jfl xmk 2 t:::. fj:, jJ Jv/'\y' i± t:° 1/ t /3 - 1/ !/ P 7' ::'f- ;z }- :) 1/ ( 1 : 1 ) 0)§~ 

~f,$'.i)~jc'.tt~tL--Cv'o (ffi9 6 OJ".fffil 3fJ~) o 

t L- ---c , 1>.1 ~11 f* ~ ::1: , J1; ~ i = 1:t , * ~ fill OJ ----- rm t h t t -tt ;s 0 

s Im xtJ 3 r= i:t, 7 = :::;::_ 1-- -1 ✓, 7 .::c. / /'\JV t:'' 7 - Jv, Y :::: / t: F o ::'f- 1/m®> 
(J)i'{j{;f;: C ~/56 G:ho IC a b O r i 1 C Om p 1 e X J ;o~i2~ ~ h---Cv\ i5 (ffi . 
1 6 1 0 J".f ffi 2 ill) 0 

tL---C, Comp 1 ex (ti{:$'.) f:t, Jl::~t=i:t, ;!:t:)fflAfjOJ-rmc/f.ftitoo ( 

r ~{* J t=-----:) V 't ~±, y T f:: 5 I ffl -9 Q xmk i= :fo V \ ---c b [R] #RC'&_) 0 0 ) 0 

5lm:::t~4 ~=-i'i, ~lst1:::f'.::S*--c&.>-".:)t, **~tr~~To:5t-r-~1!::=tr~OJ%c" 
i~,f~-=t--1v.bl:C1J 7 .::r: --J---/::,,,, 2:: ,,~ =:J-t !7 -=t---1v~--@;-Jv-c1t\ ;s, 7 = --J-';/ 1/ • ,,~:::; t 

,!7-=t--~;v (7t l--7 ~ / 7 = 1/) ~1~-§--~ti::;ir3~~h---Cv'0 (ffi l J".f1-r:.tlffi 2 ---

9 fj) 0 

5 I ffi :::t~ 5 fc f :t, ~ ~ 1/ 7'~ ::,I'~-- ;1,,- t '7? o t:" 7!- 1/ ®' ( 1 : 1 ) C1J 0-=f-~f;f;: i)~ i§c ~ 

~ht:ro t?, :5t-rFF-a,C'7k*ifflEi0~3:. Co 2: 2 bfiD~~h--Cv\g (ffi 1 1 J{~lf\~Tt~ 
' ffi 1 3 ffiffig. 2~) 0 

§lm:::t~Gr:--vi, s--!7Po-vV:r1vffi~c7"':?.t-7---r !J ✓ c1 = 1) (1)ii{2t'.ii:;;ir3 
~ ~ h -c :t3 t) , 5}-1-Ff.,9 c"7k*ff.e1s"irt s==. C- :S 2: c t) 3G~ ~:ht v \ o (ffi 7 1 O J".fAb 

stract~) o 

e!fflJt~ 7 !c~:t, 7" 7!--7 ---r :J 1/ c p :::::. f- o 7:::::. :J 1/ ( 1 : 1) C1J:5t-=f-~{;$:ii! 
'~--::Jat:-l'c--'<-;.,., --;--.:,-_~ If\ :<:c± I='! ±,lis-·& rh ---,;a--.J.,. ~:<:c±A.:;..~ 1-l-- l'' -,- -,,.. 1, .;;_ =:::i~--'<- -VI -r -,, c~ 2 3 
j'\L,JW(, C 4 LI I.. '4v ',/ , ll'ii f:lfcl1f.J-JE T 1..''/J'-* ]jlp p 1..1'> '..::!::_ L,, t'c:) '- C. V pC,~ C 4 v 1.. V \ Q -"1-' 

9 0 iP G CTJAbstract, ffi 2 3 9 1 ~Fig. 2~) o 

UM00014602 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3338 of 4460



~~:ffi:B< 3BJ:5:ffi:·@-: 667854 3Bi5 8 : lf-El»t2l±pl0A 8 f1 4 

5 I ffl Xiit 8 f;:: f'i, :r .:;d--:7 -4' V :1/ t p - ::=. }- o 7 = / ~;v ( 1 : l) 0)~{;$:iJ~gt, 

tit ~ h, -C .to ~ , :½-+ Fia1 c: ;}( * M'f''@i'- 75 ~ :'.±: C 0 =. c b ic ~ 2'. n --c v \ 0 ( ffi 2 3 3 3 'A 
7:F> G, O)Abstract~) o 

i:J I ffl xmk 9 f::::i:L -7J(f1J!1&.J t L- -c 0)7 ;r-7 -1 1J :1/ c!:: 5 -- 7 ;v;.t-o? '7 -s,,, 1v ( 2 

: 1) 0)5)----J-~{*75,,f3t\t2'.n-cto ~, :½'+Fia1-z:11<*~-'§-75,;:'.±: C-0 =- t bft,t\t2'.h­
-Cv\0 (ffi 1 8 5 7 JiAbstract, [P]Ji:tiillffi 9 - 1 2 fr~) o 

J:--:::i -c, :::$:~lr~:1t~Ji 1 ······· 1 9, 2 1, 2 ;3, 2 4 t::::~ 0~§J=J i'i, §I fflxWJ: 1 -

91TJv\f;n,i6,(;:.'/Jctlt~ntc3B§J=J-c'Jb075:., :Pt.t< c 16§1fflX1¥ikl - 9 O)t,\fti,;v, 

'IJ, t:::, ~ *.:{f ti~:&:£ f;::: f.t L-1~t:: b O) c: Jb 0 o 

[DJ 

. l~:;:jtJJ: 
• :f!I! dJ 

• 5 I ffl xiit~ 
• 1Jffi ~ 

1·--24 

3 

1 -1 1 

51 fflxiit 1 - 9 t=~c\ttO) J: 5 1=., ~,It tcefr:-fr~f=-'Jv't, .;tt:tffl~ *.:-~1<.iT 0 =. 
t u: , * ~ iBt s tiJ n, G fr:t_) n -c v , t c ::::_ t -c· cb 0 o 

-l- L- t, 5 I ffl xiit 1 o , 1 1 f c ti:3tt 0) J: 5 t=, n ~ + * ~ ~T 01t·&tw./~7k* 
'± ,,6... ±, ::QY'. ct,-.+-"?' ·'!er ±, ·,?;-.+- _,,, I' ArMn ±_,. -1.L../,d: Ice! 1~ l -t~ -<-SA -.1.., $'£t,A.Q. ±e:i ,:.,-flc:: if.i::i u '<'.!:. 11JJJX. 1 0 as;'<'.!:.-~ ~ 0 ·1 G c:r 13/J 'ct: ;;H;-n,r=i ss c v ,,_.!:ttff a , /J"-~ l!ir=i r::i -,- n: -··- n TP _cL r 

f8 ~ 0) ½-+ Fra'J f§ lift FH ;o~ 1:. C 0 :=. c 16 * lffi ii :5t S mJ 75, G ~ G, :t1 t v \ tc :=_ t c: Jb 0 
(§I ffl Xiit 1 o : Figure 1-4, ffi 9 8 3 3 :g-Fi gure 0) Tffi 2 - 5 :f'T- ; § I ffl >Cmk 1 

1 : ffi 5 9 8 7 ]'f~ffi'tltf~, m 5 9 8 9 ]'{Table 1, Figure 1-11~) o 

L- -c iji'i,Vi, 2 ;fifJJ:O)f~tr~ i?, 6 f#bJ.t ~ :t10 :tt-~ Jl11i:~lli L,, 1~ G :h,tc.;it:ra 

~ i::.---::iv\t. ~ c 0 :B-+Fia~t§lif-1=:ffl ~~wg-t- 0 =-tr±, ~*1n;::: t l? ~.3rJffiWiffJ: 
::::_ C'. C: fj: t.t V \ O 

[E] 

• tt3:ft::i:Ji 1 1 

• ;0! f:B 5 

( 1 ) Wi 3it ::i:Ji l 1 0) t'i55,m;: ~ ~ w!m Lt;: g3 'it t'i, 3B ~ 0) 'i~ lffi ~ :f: f§J'flit !-=. T 0 b 0) 

C:&>0o 

c 2) i~:1trJi 9, 2 2 0) r7 o 7 .::c. ✓ J f'i, -~fJtn::.~ffl 2'.ntv\01~~'¥:~Jt1S 
c' fj: f.t < ' V \ iP fJ: 0 {t::'.¥it&.J~ ~ 7FT 0) iJ:. ~m[c' fJ: \; \ 0 

( 1 -1 f:"fo 7 .:r: :1/.J XVl 17 JvJvt:''7°o 7 .::c. :1/J 0) 2::. ~-Jp.?) 

UM00014603 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3339 of 4460



5 

(*) 1Fl3JE ~ T 0 c1::: ~ l'i, JJr;J;~r~r]i (J) il§1JO c1::: fJ: G fee v, J:: 5 fiif,! ~ :h, tc v 'o 
~ tc -=t:- (J) ~, tm 1E O),t,n!:~ c1::: fJ:. 0 ~UIB-.xJ-J: IZl Iii r{J 0) ~* lli ii::,.Jt'ITififfl ~~ 0 v, --c, ~: 

Ji r{J-C~;,y;: 6 ti, 0 ;:_ c1::: iJ~§g ~ L v 'o 

1 . H. Wunderlich et al., Pharmazie, 1 9 9 19"'·, Vol. 46, No. 7, p. 507-

509 

2. S. A. EL·-NAHHAS, Pharmazie, 1 9 9 6 ~' Vol. 51, No. 12, p. 960-963 

3. JAMES E.F. REYNOLDS, Martindale. The extra pharmacopeia, THE PHARMAC 
EUTICAL PRESS, 1 9 9 3 ~. p. 1610 

4 . %=0BB 4 6 - 3 3 5 8 8 %0~ 

5 . Mino R. Caira et al. , Journal of Chemical Crystal 1 ography, 1 9 9 8 

ff, Vol. 28, No. l, p. 11-15 

6. Eli Shefter, Journal of Pharmaceutical Sciences, 1 9 6 9 '.if-, Vol. 58 

, No. 6, p. 710-714 

7. Shyuichi Zai tu et al., Acta Crystallographica Section C, 1 9 9 5 ~ 

, Vol. 51, p. 2390-2392 

8. Katsuyuki Aoki et al., Acta Crysta11ographica Section B, 1 9 7 8 '.if­
' Vol. 34, p. 2333-2336 

9 . Shyuichi Zai tu et al. , Acta Crystallographica Section C, 1 9 9 5 ~ 

, Vol. 51, p. 1857-1859 

l O. V. R. Pedireddi et al., Tetrahedron Letters, 1 9 9 8 ~' Vol. 39, p 

. 9831-9834 

1 1 . Md. Badruz Zaman et al., Journal of Organic Chemistry, 2 0 0 1 4 
, Vol. 66, p. 5987-5995 

C tt) r:i=:~X t'i~;r,'J~ o-J t!J ~JH~ J:: vJ , ffl:7:r- L fc?!=~i'FX~O)-tf~_xJi~t tJ!:r2s:{-t 

~ h, fJ:. v ,~i5- ;a~ Ji) fJ ~ i-o 

IPC A61K 9/00 

47/00 

3 1 /0 0 

DB~ CAplus (STN) 

UM00014604 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3340 of 4460



!~J:lli:ffi:%: %JE:ffi:~: 667854 56JE S : :s:p.:,b:x,216¥-l0A 8 S 6/E 

::. 0) 9G fr~ f!if x lkIDlil 1HteI * Cl) ifcT, ~ r± :te t~ ~ ~ :t# ,Ei,£: T :;) b 0) ---c f j: &> 1J :t --lt 1v 0 

(*) ::. O)ffi~~!±l ifN%! crJ l:kJln~ OOT-3 :t3 f"'Ej 1,, \if:b-tt-, :it~ tiffi:JJi€0) :::-~~ti'>;::­
~-i,,, :t L tc ~ rlc ;i ---C ;::'Jltim r ~ v 'o 

k7 '§\"Le~-,+;;: - .=:.. ftlt r7i". ,F,#,; '!'J P I fl',:§: _m P µ !ZS 1.?K 

TEL. 03 (3581) 

FAX. 03 (3581) 

1 1 0 1 

1 3 4 2 

UM00014605 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3341 of 4460



Electronic Acknowledgement Receipt 

EFS ID: 6493359 

Application Number: 10378956 

International Application Number: 

Confirmation Number: 4742 

Title of Invention: 
Multiple-component solid phases containing at least one active 
pharmaceutical ingredient 

First Named Inventor/Applicant Name: Michael J. Zaworotko 

Customer Number: 23557 

Filer: Frank Christopher Eisenschenk/Jenny Bedner 

Filer Authorized By: Frank Christopher Eisenschenk 

Attorney Docket Number: USF.106XC1 

Receipt Date: 20-NOV-2009 

Filing Date: 03-MAR-2003 

Time Stamp: 10:54:41 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

455442 

1 IDS-supp6.pdf yes 4 
d48f5ebcb21 dl e2005a26437011 abda720t 

flded 

UM00014606 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3342 of 4460



Multipart Description/PDF files in .zip description 

Document Description Start End 

Transmittal Letter 1 2 

Information Disclosure Statement (IDS) Filed (SB/08) 3 4 

Warnings: 

Information: 

329178 

2 Foreign Reference JP-46-33588.pdf no 3 
976c23a726f5a lfe 7950757fdJ4 7 ceb7a811 

795a 

Warnings: 

Information: 

481775 

3 NPL Documents Wunderlich.pdf no 3 
d8b50945bea2f3683227 3e4992d56e l abfo 

bbe51 

Warnings: 

Information: 

664747 

4 NPL Documents EINahhas.pdf no 4 
531 Sde2bc37 e0424d 1 df997fd67719d22e3 

3e39 

Warnings: 

Information: 

512261 

5 NPL Documents Martindale.pdf no 3 
1 3e080f4889edfd5214885a9c4460fc4790d 

b140 

Warnings: 

Information: 

360900 

6 NPL Documents Pedireddi.pdf no 4 
0e8e9d9b6d0b937f3Sdd8af3Sbe5492b853 

60e1d 

Warnings: 

Information: 

1408428 

7 NPL Documents Zaman.pdf no 9 
13 abc64a37215 23 ab3 658f87 dbece24d 0c8 

761d2 

Warnings: 

Information: 

885502 

8 NPL Documents JP-OfficeAction.PDF no 11 
a3f83728c348f4a218196c2a469b2bc2b2T 

273c 

Warnings: 

Information: 

Total Files Size (in bytes) 5098233 

UM00014607 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3343 of 4460



This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C.111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 

UM00014608 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3344 of 4460



I hereby certify that this correspondence is being 
electronically transmitted to the Un~o;.;tates Patent 
and Tradema,BY- Office on t,/,~ 2P1 u:in4_. 

SUPPLEMENTAL INFORMATION 
DISCLOSURE ST A TEMENT 
Patent Application 

~~Tl, 
Frank C. Eisenschenk, Ph.D., Patent ttomey 

Docket No. USF.106XC1 

Examiner 

Art Unit 

Applicants 

Serial No. 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Sahar Javanmard 

1617 

Michael J. Zaworotko, Brian Moulton, Nair Rodriguez-Hornedo 

10/378,956 

March 3, 2003 

4742 

Filed 

Conf. No. 

For Multiple-Component Solid Phases Containing at Least One Active 
Pharmaceutical Ingredient 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT 
lJNDER 37 C.F.R. §§ 1.97 AND 1.98 

In accordance with 3 7 C.F.R. § 1.56, the references listed on the attached form PTO/SB/08 

are being brought to the attention of the Examiner for consideration in connection ,vith the 

examination of the above-identified patent application. 

Applicants recently received a Notice of Reasons for Rejection that is under examination in 

Japan in a corresponding application. In that Notice, two of the cited references (listed as Rl and Fl 

on the attached Form PTO/SB/08) are in a foreign language. The Notice in the related application 

has been translated by a foreign agent and a copy of the original Japanese language Notice or 
Reasons for Rejection and the translation are provided in this Supplemental Information Disclosure 

Statement along with the references cited in the Notice. It is believed that the English language 

translation of the Japanese Notice of Reasons for Rejection provides a discussion of the foreign 

language documents and the relevant teachings for which the references were cited. Applicants note 

J \llSF\ 106XC1\PTO\IDS.supp6.doo'DNB/jb 

UM00014609 
NOVARTIS EXHIBIT 1517 

Novartis v. Regents, IPR2023-01347 
Page 3345 of 4460



2 Docket No. USF.106XC1 
Serial No. 10/378,956 

that a partial translation is provided for Japanese Patent Application No. JP-B 46-33588, listed as Fl 

on the attached form. 

The undersigned hereby certifies that each item of information contained in this 

Supplemental Information Disclosure Statement was cited in a communication from a foreign patent 

office in a counterpart foreign application not more than three months prior to the filing of this 

Supplemental Information Disclosure Statement. 

It is respectfully requested that the references cited on the attached form PTO/SB/08 be 

considered in the examination of the subject application and that their consideration be made of 

record. 

Applicants respectfully assert that the substantive provisions of 37 C.F.R. §§ 1.97 and 1.98 
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In the Claims 

1-24 ( canceled). 

Docket No. USF.106XC1 
Serial No. 10/378,956 

25 ( currently amended). A method for identifying complementary chemical functionalities in 
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(a) evaluating the structure of an active phannaceutical ingredient; 

(b) determining whether the active pharmaceutical ingredient contains chemical 

functionalities capable of f01ming supramolecular synthons with itself (a first supramolecular 

synthon); 

(c) identifying, from a plurality of chemical functionalities that are known to form a 

supramolecular synthon, at least one functionality that will form a second supramolecular synthon 

with the first supra.molecular synthon formed by the active pharmaceutical ingredient, wherein the 

identified chemical functionality is not capable of disrupting non-covalent bonding within the 

supramolecular synthon formed by the active pharmaceutical ingredient, and wherein the sei£e:r-£,>a 

identified chemical functionality is capable of forming a noncovalent bond to the supramolecular 

synthon formed by the active pharmaceutical ingredient; 

( d) identifying co-crystal formers having at least one functionality identified in step ( c )., 

wherein the identified co-crvstal frwmers are solids at room temperature and under atmospheric 

pressure; and 

(e) preparing a multiple-component solid phase composition, wherein the multiple­

component solid phase composition is a crystal that comprises the active phannaceutical ingredient 

and at least one of the identified co-crystal formers. 

26 ( canceled). 
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27 ( cmTently amended). The method of claim 25, wherein the at least one co-crystal 

former is--setet-1t00-ff~· group oonsis-ting-ef a difforent active phannaceutical ingredient-,-a 

28 (previously presented). The method of claim 25, wherein the multiple-component solid 

phase composition is formed by one or more methods selected from the group consisting of 

crystallization from solution, cooling the melt, sublimation, and grinding. 

29-36 ( canceled). 

37 (previously presented). The method according to claim 25, wherein said active 

pharmaceutical ingredient is selected from aspirin, ibuprofen, flurbiprofen, carbamazepine, 

phenytoin or acetaminophen. 

38 (currently amended). A method for identifying complementary chemical 

functionalities in order to form a desired supramolecular synthon, said method comprising: 

(a) selecting an active phannaceutical ingredient and evaluating the structure of said active 

pharmaceutical ingredient; 

(b) determining whether the active phannaceutical ingredient contains chemical 

functionalities capable of forming supramolecular synthons with itself ( a first supramolecular 

syntbon); 

( c) identifying, from a plurality of chemical functionalities that are known to form a 

supramolecular synthon, at least one functionality that will fonn a second supramolecular synthon 

with the first supramolecular synthon formed by the active pharmaceutical ingredient, wherein the 

identified chemical functionality is not capable of disrupting non-covalent bonding within the 

supramolecular synthon fonned by the active pharmaceutical ingredient, and wherein the se:i:€61tea 

identified chemical functionality is capable of forming a non covalent bond to the supramolecular 

synthon fom1ed by the active pharmaceutical ingredient; 
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( d) identifying co-crystal formers having at least one functionality identified in step ( c) and 

selecting said identified co-crystal formers for the preparation of a multiple component solid phase 

composition. wherein the selected co-crvstal formers are solids at room temperature and under 

atmospheric pressure; and 

(e) preparing a multiple-component solid phase composition, wherein the multiple­

component solid phase composition is a crystal that comprises the active pharmaceutical ingredient 

and at least one of the-i4:mctif'HfJa selected co-crystal fonners. 

39 (New). The method of claim 25, wherein the at least one co-crystal former is a GRAS 

compound. 

40 (New). The method of claim 25, wherein the at least one co-crystal former is a food 

additive. 

41 (New). The method of claim 25, wherein the at least one co-crystal former is a low 

toxicity organic. 

42 (New). The method of claim 25, wherein the at least one co-crystal former is a metal 

organic complex. 

43 (New). The method of claim 25, wherein the at least one co-crystal fonner comprises at 

least two heterocyclic groups. 

44 (New). The method of claim 25, wherein the at least one co-crystal former is bipyridine. 

45 (New). The method of claim 25, wherein the at least one co-crystal former 1s 

bis(pyii dyl )ethene. 
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46 (New). The method of claim 25, wherein said evaluating of (a) comprises determining the 

crystal structure of said active pharmaceutical ingredient. 

47 (New). The method of claim 25, wherein said evaluating of(a) comprises experimentally 

determining the structure of at least one pure solid phase of said active pharmaceutical ingredient. 

48 (New). The method of claim 25, wherein the at least one functionality identified in step (c) 

is an unsaturated N-heterocycle, saturated N-heterocycle, aldehyde, amide, carboxylic acid, nitro, 

ketone, or sulfoxide. 

49 (New). The method of claim 25, wherein the at least one functionality identified in step (c) 

is a carboxylic acid. 
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Remarks 

Docket No. USF .106XC 1 
Serial No. 10/378,956 

Claims 25, 27, 28, 37, and 38 were pending in the subject application. By this Amendment, 

claims 25, 27, and 38 have been amended and new claims 39-49 have been added. The undersigned 

avers that no new matter is introduced by this Amendment. Support for the new claims and 

amendments can be found throughout the subject specification and in the claims as originally filed. 

Entry and consideration of the amendments presented herein is respectfully requested. Accordingly, 

claims 25, 27, 28, and 37-49 are currently before the Examiner for consideration. Favorable 

consideration of the pending claims is respectfully requested. 

By this Amendment, claims 39-49 have been added. Written support for claims 39-42 can be 

found, for example, in claim 27 as originally filed and page 11, paragraph [0042] of the specification. 

Written support for claims 43-47 can be found at pages 4-6, paragraphs [0009] - [0013] of the 

specification. Written support for claims 48 and 49 can be found, for example, at page 4, paragraph 

[0009], the figures, and within the descriptions thereof. 

Claims 25, 27, 28, and 38 arc rejected under 35 USC § l03(a) as obvious over Homeyer et al. 

(U.S. Patent No. 2,665,277). The Office Action indicates that Homeyer et al. teach a method of 

making morphine phosphate hemihydrate, and that it would have been obvious for one of skill in the 

art at the time the invention was made to carry out the claimed methods. Applicants respectfully 

assert that the claimed invention is not obvious over the cited reference and traverse the rejection of 

record. 

As an initial matter, by this Amendment, Applicants have amended independent claim 25 to 

recite that the identified co-crystal former is a solid at room temperature and under atmospheric 

pressure, and amended independent claim 38 to recite that the selected co-crystal former is a solid at 

room temperature and under atmospheric pressure. Support for these amendments can be found, for 

example, at pages 16-33, in Examples 1-19, which describe the production of multiple-component 

solid phase compositions \vith co-crystal formers that are §.Oli.Q at room temperature and atmospheric 

pressure, and multiple-component solid phase compositions with co-crystal formers that are liquid at 

room temperature and under atmospheric pressure. For example, co-crystal fomiers that are liquid at 

room temperature and under atmospheric pressure include acetic acid (Example 12), butyric acid 
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(Example 15), dimethyl sulfoxide (Example 16), and formic acid (Example 18). Co-c1ystal formers 

that are solid at room temperature and atmospheric pressure include bipyridine (Example 1 ), 4,4' -

bipyridine (Examples 3-5), p-phthalaldehyde (Example 7), nicotinamide (Example 8), saccharin 

(Example 9), 2,6-pyridinedicarboxylic acid (Example 10), 5-nitroisophthalic acid (Example 11), and 

adamantanetetracarboxylic acid (Example 13). Applicants have also amended claims 25 and 38 for 

antecedent basis. 

As the Patent Office is aware, all the claim limitations must be taught or suggested by the 

prior art in order to establish the prima facie obviousness of a claimed invention (CFlvfT. Inc. v. 

Yieldup Intern. Corp., 349 F.3d 1333, 1342 (Fed. Cir. 2003) citing In re Royka, 490 F.2d 981,985 

(C.C.P.A. 1974)). Homeyer et al. fail to teach many of the limitations recited in the claims pending 

and as currently amended. Homeyer et al. describe the production of a multiple-component solid 

phase composition based upon morphine phosphate and water, i.e., a hydrate. In contrast, the claims 

of the subject application as currently amended recite the production of a multiple-component solid 

phase composition, wherein the multiple-component solid phase composition is a crystal that 

comprises the active pharmaceutical ingredient and at least one of the identified co-crystal formers, 

and in which the co-crystal former used in the multiple-component solid phase composition is a solid 

at room temperature and under atmospheric pressure. 

Furthermore, as acknowledged by the Examiner at page 3 of the Office Action, the Homeyer 

et al. patent "does not specifically teach the concept of identifying and evaluating the structures for 

their chemical functionalities." Although it is unclear to which specific steps the Examiner is 

referring, Applicants presume that the Examiner is referring to at least steps (b) - ( d) in claims 25 

and 38. 

The key to supporting any rejection under 35 U.S.C. § 103(a) is the clear articulation of the 

reason(s) why the claimed invention would have been obvious. The Supreme Court in KSR 

International Co. v. Teleflex Inc., 82 USPQ2d 1385, 1396 (2007) noted that the analysis supporting a 

rejection under 35 U.S.C. § 103(a) should be made explicit. There must be some articulated 

reasoning with some rational underpinning to suppmi the legal conclusion of obviousness. MPEP 

§2142. 
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The Office Action indicates that Homeyer et al. teach a method of making morphine 

phosphate hemihydrate, and that "it would have been obvious for one of skill in the art at the time 

the invention was made that one would identify and evaluate the structures in order to assess whether 

or not the components have the capability of forming supramolecular synthons." Applicants 

respectfully submit that the foregoing is a conclusory statement, tantamount to a mere statement that 

the claimed invention is within the capabilities of one of ordinary skill in the art, which is not 

sufficient to establishprimajacie obviousness (MPEP §2143.01). There must be some articulated 

reasoning with some rational underpinning to support the legal conclusion of obviousness. For 

example, the Office Action does not articulate why, based on the teaching of the Homeyer et al. 

patent, it would be obvious carry out each of the following steps: 

(b) determining whether the active pharmaceutical ingredient contains chemical 
functionalities capable of forming supramolecular synthons with itself (a first supramolecular 
synthon); 
(c) identifying, from a plurality of chemical functionalities that are known to form a 
supramolecular synthon, at least one functionality that will form a second suprarnolecular 
synthon with the first supramolecular synthon formed by the active pharmaceutical 
ingredient, wherein the identified chemical functionality is not capable of disrupting non­
covalent bonding within the supramolecular synthon formed by the active pharmaceutical 
ingredient, and wherein the selected chemical functionality is capable of forming a 
noncovalent bond to the supramolecular synthon formed by the active pharmaceutical 
ingredient; 
( d) identifying co-crystal formers having at least one fw1ctionality identified in step ( c ). 

There is no discussion of co-crystal formers within the Homeyer et al. patent, and the 

reference fails to teach co-crystal formers that are to be used to construct a crystal comprising an 

active pharmaceutical ingredient and one of the co-crystal formers identified in the method steps. 

The Office Action extends the teaching of a process for preparing mono basic morphine phosphate 

hemihydrate to the deliberate, rational design of multiple component crystal compositions based on 

the identification of appropriate co-crystal fonners. The Office Action does 1101 establish why, in 

view of the teaching of the mono basic morphine phosphate hemihydrate of the Homeyer et al. patent, 

it would be obvious to prepare multiple-component crystal compositions in the manner claimed with 
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a reasonable expectation of success. Obviousness does not require absolute predictability; however, 

at least some degree of predictability is required. MPEP §2143.02. 

Accordingly, reconsideration and withdrawal of the rejection under 35 U.S.C. § 103(a) is 

respectfully requested as the Office Action fails to establish that the claimed invention is primafacie 

obvious. 

Claims 25, 27, 37, and 38 are rejected under 35 USC § 103(a) as obvious over Ammar et al. 

(Egypt J Pharmacol. Sci., 35(1-6):209-223 (1994)) in view of Desiraju (Angew. Chem. Int. Ed. 

Engl., 34:2311-2327 (1995)). Applicants respectfully submit that the claimed invention is not 

obvious over the cited references. 

The Office Action indicates that Ammar et al. teach the water solubility of carbamazepine in 

the presence of nicotinamidc and that "there are spectral changes occurring between the interaction 

which may give an indication of a molecular interaction between carbamazepine and the compounds 

tested, including nicotinamide, which forms a complex-formation bet\veen carbamazepine and the 

compounds" ( emphasis added). Furthennore, the Office Action indicates that it would have been 

obvious to have employed the teachings of Ammar et al. "wherein the active phannaceutical 

ingredient ( carbamazepine) is evaluated and determined to have the capability of forming 

supramolecular synthons with itself, and that the chemical functionalities (i.e., H-bonding) are 

present in order to non-covalently bond to a second supramolecular synthon (nicotinamide)." The 

Examiner concludes that one of skill in the art would expect that it would be possible to form co­

crystals of the instant phannaceutical agents because they possess all of the prerequisites (i.e. 

hydrogen bonding), according to the teachings of Ammar et al. and Desiraju. 

As indicated in Applicants' remarks in response to the rejection based on Homeyer et al., all 

the claim limitations must be taught or suggested by the prior art in order to establish the primafacie 

obviousness of a claimed invention. Ammar et al. fail to teach many of the limitations recited in the 

claims pending and as currently amended. As acknowledged by the Examiner at page 4 of the 

Office Action, the Ammar et al. publication "does not specifically recite Applicants' steps as set 

forth in claim 25," which, as amended, include: 

(a) evaluating the structure of an active pharmaceutical ingredient; 
(b) determining whether the active phannaceutical ingredient contains 
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chemical functionalities capable of forming supramolecular synthons with itself ( a 
first supramolecular synthon); 

( c) identifying, from a plurality of chemical functionalities that are kno¥ln to 
form a supramolecular synthon, at least one functionality that will form a second 
supramolecular synthon with the first supramolecular synthon formed by the active 
pharmaceutical ingredient, wherein the identified chemical functionality is not 
capable of disrupting non-covalent bonding within the supramolecular synthon 
formed by the active pharmaceutical ingredient, and wherein the identified chemical 
functionality is capable of forming a noncovalent bond to the supramolecular 
synthon formed by the active phannaceutical ingredient; 

(d) identifying co-crystal formers having at least one functionality identified 
in step ( c ), wherein the identified co-crystal formers are solids at room temperature 
and under atmospheric pressure; and 

( e) preparing a multiple-component solid phase composition, wherein the 
multiple-component solid phase composition is a crystal that comprises the active 
pharmaceutical ingredient and at least one of the identified co-crystal formers. 

The Ammar et al. publication does not disclose a multiple-component solid phase 

composition, wherein the multiple-component solid phase composition is a crystal that comprises the 

active pharmaceutical ingredient and at least one of the identified co-crystal formers, and in which 

the co-crystal former used in the multiple-component solid phase composition is a solid at room 

temperature and under atmospheric pressure. Rather, Ammar et al. disclose the possible existence of 

"complexes" in solution. Such "complexes" may include solvent, be solvent-dependent, or have 

multiple ratios. 

Applicants respectfully submit that the presence of inherent matter must be grounded on 

more than speculation, it must be a certainty. Ethyl },,folded Product Co. v. Betts Package Inc., 9 

USPQ 2d 1001, 1032-1033 (I.D.KY 1988). The fact1hat a certain result or characteristic may occur 

or be present in the prior art is not sufficient to establish the inherency of that result or characteristic. 

In re Rijckaert, 9 F .3d 1531, 1534, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993); In re Oelrich, 666 F.2d 

578, 581-82, 212 USPQ 323,326 (CCPA 1981); MPEP §2112. Furthermore, when the reference is 

silent as to the asserted inherent characteristic, while such a gap in the reference may be filled with 

recourse to extrinsic evidence, the extrinsic evidence 

must make clear that the missing descriptive matter is necessarily present in the thing 
described in the reference, and that it would be so recognized by persons of ordinary 
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skill in the art. Inhcrency, however, may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of 
circumstances is not sufficient. In re Robertson, 49 USPQ 2d 1949, 1950-1951 (Fed. 
Cir. 1999). 

Furthermore, the existence of a complex in solution does not convey to one of ordinary skill 

in the art that that the complex can be isolated as a crystalline solid ( crystallization is often controlled 

by kinetics), or how it can be isolated. The existence of a complex in solution does not inform one of 

ordinary skill in the art what forces may be holding the complex together (i.e., supramolecular 

synthons, or other forces). The existence of a complex in solution for an individual pair of molecules 

does not impart to persons of ordinary skill in the art a reasonable expectation that they can 

extrapolate that pair into a genus of related compounds, as the subject specification demonstrates. 

Thus, even if a 1 :2 complex of carbamazepine and nicotinamide does exist in the Ammar et al. 

publication, it has little bearing on the existence of groups of multiple-component crystalline 

compositions, nor does it convey a reasonable expectation of success in deliberately and rationally 

producing such multiple-component crystalline compositions in accordance with the methods ofthe 

invention. 

The Desiraju publication does not cure the deficiencies of the Ammar et al. publication. The 

Desiraju publication does not teach supramolecular heterosynthons (supramolecular synthons 

between complementary but different functional groups) that are persistent and therefore amenable to 

use for designing multiple-component crystalline compositions, i.e., they will occur even in the 

presence of other functional groups. The Office Action does not establish that carbamazepine was 

evaluated and determined to have the capability of forming supramolecular synthons with itselt~ and 

that the chemical functionalities are present in order to non-covalently bond to nicotinamide, such 

that one of ordinary skill in the art would then be motivated to look to Desiraju to carry out each step 

of the claimed methods with a reasonable expectation of success. 

The mere fact that references can be combined or modified does not render the resultant 

combination obvious unless the results would have been predictable to one of ordinary skill in the 

aii. MPEP §2143.01. Obviousness does not require absolute predictability, however, at least some 

degree of predictability is required. MPEP §2143.02. Evidence shovving there was no reasonable 
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expectation of success may support a conclusion of nonobviousness. In re Rinehart, 531 F .2d 1048, 

189 USPQ 143 (CCPA 1976). The cited references do not impart persons of ordinary skill in the art 

with a reasonable expectation of success in carrying out the claimed methods for the reasons cited 

above. Accordingly, reconsideration and withdrawal of the rejection under 35 USC § 103( a) is 

respectfully requested. 
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It should be understood that the amendments presented herein have been made sole1v to 

expedite prosecution of the subject application to completion and should not be construed as an 

indication of Applicants' agreement with or acquiescence in the Examiner's position. 

In view of the foregoing remarks and amendments to the claims, Applicants believe that the 

currently pending claims are in condition for allowance, and such action is respectfully requested. 

The Commissioner is hereby authorized to charge any fees under 3 7 CFR § § 1.16 or 1.17 as 

required by this paper to Deposit Account 19-0065 . 
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Applicants invite the Examiner to call the undersigned if clarification is needed on any of 

this response, or if the Examiner believes a telephonic interview would expedite the prosecution of 

the subject application to completion. 

GPL/jnw 
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Respectfully submitted, 

Glenn P. Ladwig 
Patent Attorney 
Registration No. 46,853 
Phone No.: 352-375-8100 
Fax No.: 
Address: 

352-372-5800 
P.O. Box 142950 
Gainesville, FL 32614-2950 
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Office Action Summary 

Application No. 

10/378,956 

Examiner 

SAHARJAVANMARD 

Applicant(s) 

ZAWOROTKO ET AL. 

Art Unit 

1627 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 
- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 

after SIX (6) MONTHS from the mailing date of this communication. 
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)12:l Responsive to communication(s) filed on 05 March 2010. 

2a)l2J This action is FINAL. 2b)D This action is non-final. 

3)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213. 

Disposition of Claims 

4)12:l Claim(s) 25.27.28 and 37-49 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)12:l Claim(s) 25.27.28.37-42 and 46-49 is/are rejected. 

7)12:l Claim(s) 43-45 is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

11 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)D All b)D Some* c)D None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17 .2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) l2J Notice of References Cited (PTO-892) 

2) D Notice of Draftsperson's Patent Drawing Review (PTO-948) 

3) l2J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 11/20/09. 

U.S. Patent and Trademark Office 

4) D Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) D Notice of Informal Patent Application 
6) D Other: __ . 

PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20100618 
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Page 2 

DETAILED ACTION 

Status of the Application 

This Office Action is in response to Applicant's arguments filed on March 5, 2010. 

Claim(s) 25, 27, and 38 have been amended. Claim(s) 39-49 have been newly added. 

Claim(s) 25, 27-28, 37-49 are pending and examined herein. 

Response to Arguments 

In view of Applicant's amendments, the 103(a) rejection of claims 25, 27, 28, and 

38 as being unpatentable over Homeyer et al. (US 2,665,277) is hereby withdrawn. 

In view of Applicant's amendments, the 103(a) rejection of claims 25, 27, 37, and 

38 as being unpatentable over Ammar (Egypt J. Pharmacol. Sci., 1994) in view of 

Desiraju (Angew. Int. Ed. Engl., 1995) of record is hereby withdrawn. 

Claim Rejections - 35 USC§ 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 

form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or 
in public use or on sale in this country, more than one year prior to the date of application for 
patent in the United States. 

Claims 25, 27-28, 38, and 46-49 are rejected under 35 U.S.C. 102(b) as being 

anticipated by Zaworotko (US Patent No. 5,994,365). 
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Zaworotko teaches 1,8-DAA-3,6-(Me)2 (100 mg, 0.48 mmol) and fumaric acid (56 

mg, 0.48 nmol) were ground together with mortar and pestle and dissolved in 50 ml 

acetone. This solution was allowed to reflux for 1 hour and cool for 24 hours with slow 

evaporation. Crystalline material was collected by suction filtration and confirmed to be 

the fumaric acid/1,8-DAA-3,6-(Me)2 hemiacetone 1 :2 cocrystal as confirmed by single 

X-ray crystallography (P-1; a=8.0995(28) b=8.6333(25) c=12.236(2) a=88.498(3) 

~=85.152(4) y=64.360(2) (column 16, example 9), meeting the limitations of the instant 

claims. 

Claims 39-42 are rejected under 35 U .S.C. 102(b) as being anticipated by 

Zaworotko (US Patent No. 5,994,365) as applied to claims 25, 27-28, 38, and 46-49 

above as evidenced by Felthouse (2001 ). 

Zaworotko is discussed above. 

As is well known by the skilled artisan fumaric acid is a food Generally 

Recognized As Safe (GRAS) (see FDA website) and further evidenced by Felthouse, 

fumaric acid is a food additive with low toxicity (page 2), and is capable of forming metal 

organic complexes (page 3), thus the meeting the limitations of the instant claims. 

Claims 39-42 are rejected under 35 U .S.C. 102(b) as being anticipated by Sanzu 

(JP-B-46-33588, employing translation submitted by Applicant 11/20/09) of record. 
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Sanzu teaches a novel method for producing phenazone (antipyrine) 

Page 4 

paracetamol (acetoaminophen) complex compounds. The phenazone paracetamol 

complex compound is obtained is a fine, white crystalline powder and is a molecular 

complex compound with hydrogen bonds that comprises an almost equimolar amount of 

phenazone and paracetamol. The melting point of this complex compound is 

approximately 108-110°C and the compound indicates a discontinuous IR spectrum. 

Thin layer chromatography proves that this complex compound comprises phenazone 

and paracetamol. 

Sanzu teaches the phenazone paracetamol complex compound is produced by 

directly heating and melting an equimolar amount of the two compounds. It is also 

possible to produce the complex compound by dissolving or dispersing the said two 

compounds in water or other solvents and obtain by filtration the complex compound 

that precipitates out of the solvent. The complex compound thus obtained is then dried. 

Furthermore, when organic solvents such as acetone or alcohol are used, evaporation 

of the solvent after precipitation of the complex compound is also possible. To produce 

the complex compound by either direct heating and melting of the starting material 

mixture, or by precipitation from solvent, equimolar amounts of phenazone and 

paracetamol are usually used. Also when water is used as solvent, using equimolar 

amounts is preferred, but excess amounts of either phenazone or paracetamol is also 

acceptable. The two starting material components are added to warm water and the 

complex compound is allowed to crystallize. In this case, when phenazone is in excess, 

this remains in solution whereas when paracetamol is in excess, as this is insoluble in 
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water, it remains in the aqueous solvent as a suspension. 
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The complex compound produced by such methods comprises phenazone and 

paracetamol in a molar ratio of approximately 1 :1 or a weight percentage of phenazone 

approximately 59-53%, paracetamol approximately 41-47% (see translation), meeting 

the limitations of the instant claims. 

Conclusion 

Claims 25, 27-28, 37-42, and 46-49 are not allowed. 

Claims 43-45 are objected to as being dependent upon a rejected base claim, 

but would be allowable if rewritten in independent form including all of the limitations of 

the base claim and any intervening claims. 

Applicant's amendment necessitated the new ground(s) of rejection presented in 

this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP 

§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37 

CFR 1.136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 

MONTHS from the mailing date of this action. In the event a first reply is filed within 

TWO MONTHS of the mailing date of this final action and the advisory action is not 

mailed until after the end of the THREE-MONTH shortened statutory period, then the 

shortened statutory period will expire on the date the advisory action is mailed, and any 

extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of 
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the advisory action. In no event, however, will the statutory period for reply expire later 

than SIX MONTHS from the mailing date of this final action. 

Information regarding the status of an application may be obtained from the 

Patent Application Information Retrieval (PAIR) system. Status information for 

published applications may be obtained from either Private PAIR or Public PAIR. 

Status information for unpublished applications is available through Private PAIR only. 

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 

you have questions on access to the Private PAIR system, contact the Electronic 

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 

USPTO Customer Service Representative or access to the automated information 

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

Any inquiry concerning this communication or earlier communications from the 

examiner should be directed to SAHAR JAVANMARD whose telephone number is (571) 

270-3280. The examiner can normally be reached on 8 AM-5 PM MON-FRI (EST). 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Sreeni Padmanabhan can be reached on (571) 272-0629. The fax phone 

number for the organization where this application or proceeding is assigned is 571-

273-8300. 

IS. J./ 

Examiner, Art Unit 1627 

/SREENI PADMANABHAN/ 
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MALEIC ANHYDRIDE, MALEIC ACID, AND I<'UMARIC ACID 

Maleic anhydride [108-31-6] (1), maleic acid [110-16-7] (2), and fumaric acid [110-17-8] (3) are 

multifunctional chemical intermediates that find applications in nearly every field of industrial chemistry. 

Each molecule contains two acid carbonyl groups and a double bond in the a, p position. 

(1) (2) (3) 

Maleic anhydride and maleic acid are important raw materials used in the manufacture of phthalic-type 

alkyd and unsaturated polyester resins, surface coatings, lubricant additives, plasticizers (qv), copolymers 

(qv), and agricultural chemicals (see ALKYD RESINS: POLYESTERS UNSATURATED; 

LUBRICATION AND LUBRICANTS). Both chemicals derive their common names from naturally 

occurring malic acid [6915-15-7]. Other names for maleic anhydride are 2,5-furandione, dihydro-2,5-

dioxofuran, toxilic anhydride, or cis-butenedioic anhydride. Maleic acid is also called (Z)-2-butenedioic acid, 

toxilic acid, malenic acid, maleinic acid, or cis-1,2-ethylenedicarboxylic acid. 

Fumaric acid occurs naturally in many plants and is named after Fumaria o.tficinalis, a climbing annual 

plant, from which it was first isolated. It is also known as (E)-2-butenedioic acid, allomaleic acid, boletic 

acid, lichenic acid, tumaric acid, or trans-1,2-ethylenedicarboxylic acid. It is used as a food acidulant and as 

a raw material in the manufacture of unsaturated polyester resins, quick-setting inks, furniture lacquers, 

paper sizing chemicals, and aspartic acid [56-84-8]. 

Maleic anhydride and the two di acid isomers were first prepared in the 1830s (1) but commercial 

manufacture did not begin until a century later. In 1933 the National Aniline and Chemical Co., Inc., 

installed a process for maleic anhydride based on benzene oxidation using a vanadium oxide catalyst (2). 

Maleic acid was available commercially in 1928 and fumaric acid production began in 1932 by acid­

catalyzed isomerization of maleic acid. 

Physical Properties 

Physical constants (3-25) for maleic anhydride, maleic acid, and fumaric acid including solid and solution 

properties are given in Tables 1-3. From single crystal x-ray diffraction data (10), maleic anhydride is a 

nearly planar molecule with the ring oxygen atom lying 0.003 nm out of the molecular plane. A twofold 

rotation axis bisects the double bond and passes through the ring oxygen atom. Figure 1 summarizes the 

2 
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bond distance for maleic anhydride (10). Similar bond distances and angles for maleic anhydride were 

obtained using electron diffraction (11) and double resonance modulation microwave spectroscopic (12) 

techniques. Values of the Raman polarizability were reported for single crystals of maleic anhydride (13). 

Density functional theory has been applied to maleic anhydlide to give optimized geometry, hannonic 

vibrational frequencies, and electron affinity (14). 

Placeholder for Figure 1 (figl.cdx) 

Placeholder for Float Table 1. (trf Table I.doc) 

Placeholder for Float Table 2. (trf Table 2.doc 

Placeholder for Float Table 3. (trf Table 3.doc 

Maleic and fumaric acids have physical properties that differ due to the cis and trans configurations about 

the double bond. Aqueous dissociation constants and solubilities of the two acids show variations 

attributable to geometlic isomer effects. X-ray diffraction results for maleic acid (15) reveal an 

intramolecular hydrogen bond that accounts for both the ease of removal of the first carboxyl proton and the 

smaller dissociation constant for maleic acid compared to fumaric acid. Crystals of maleic acid usually form 

as twins due to the presence of lattice pseudosymmetries (16). Two crystal forms are known for fumaric 

acid with the monoclinic form ( often also twinned) obtained by evaporation from solution (17). The triclinic 

form, ~-fumaric acid, is formed through sublimation at 130°C under reduced pressure (18). Both maleic 

and fumaric acids are planer molecules with packing within the lattice into extended chains in which 

carboxyl groups interlink by 0-H ... 0 bonds into cyclic pairs (19). Maleic acid isomerizes to fumaric acid 

with a derived heat of isomelization of -22.7kf/mol (-5.43kcal/mol) (21). The activation energy for the 

conversion of maleic to fumaric acid is 66.lkr/mol (15. 8kcal/mol) (22). 

Chemical Properties 

The General References and two other reviews (20, 26) provide extensive descriptions of the chemistry of 

maleic anhydride and its derivatives. The broad industlial applications for this chemistry delive from the 

reactivity of the double bond in conjugation with the two carbonyl oxygens. 

Acid Chloride Formation. Monoacid chlorides of maleic and fumaric acid are not known. Treatment of 

maleic anhydride or maleic acid with valious reagents such as phosgene [75-44-5] (qv), phthaloyl chloride 

MCI 
0 0 Cl 
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[88-95-9], phosphorus pentachloride [10026-13-8], or thionyl chloride [7719-09-7] gives 5,5-dichloro-

2(5H)furanone [133565-92-1] (4) (27). Similar conditions convert fumaric acid to fumaryl chloride [627-63-

4] (5) (27,28). Noncyclic maleyl chloride [22542-53-6] (6) forms in 11 % yield at 220°C in the reaction of 

one mole of maleic anhydride with six moles of carbon tetrachloride [56-23-5] over an activated carbon 

[7440-44-4] catalyst (29). 

Acylation. In chlorinated solvents, maleic anhydride reacts with aromatic hydrocarbons (ArH) in the presence 

of aluminum chloride [7446-70-0], A1Cl3, to form P-aroylacrylic acids (30). 

?i ff 
(1) + ArH Ar C CH=CH COH 

Under Friedel-Crafts conditions, trans-1,2-dibenzoylethylene [959-28-4] is synthesized by the reaction of 

one mole offumaryl chloride with two moles of benzene (31) (see FRIEDEL-CRAFTS REACTIONS). 

Alkylation. Maleic anhydride reacts with alkene and aromatic substrates having a C-H bond activated by 

a,p-unsaturation or an adjacent aromatic resonance (32,33) to produce the following succinic anhydride 

derivatives. 

Typical reaction conditions are 150 to 300°C and up to 2 MPa pressure. Polyalkenyl succinic anhydrides 

are prepared under these conditions by the reaction of polyalkenes in a nonaqueous dispersion of maleic 

anhydride, mineral oil, and surfactant (34). 

N-Alkylpyrroles react with maleic anhydride to give the electrophilic substitution product (7) and not the 

Diels-Alder addition product found for furan and thiophene compounds (35). However, the course of this 

reaction can be altered by coordination of the pyrrole compound to a metal center. 

(7) 
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Amidation. Reaction of maleic anhydride or its isomeric acids with ammonia [7664-41-7] (qv), primary 

amines (qv), and secondary amines produces mono- or diamides. The monoamide derivative from the 

reaction of ammonia and maleic anhydride is called maleamic acid [557-24-4] (8). Another monoamide 

derivative formed from the reaction of aniline [62-53-3] and maleic anhydride is maleanilic acid [555-59-9] 

(9). 

(8) (9) 

The reactions of primary amines and maleic anhydride yield amic acids that can be dehydrated to imides, 

polyimides (qv), or isoimides depending on the reaction conditions (36-38) . However, these products 

require multistep processes. Pathways with favorable economics are difficult to achieve. Amines and 

pyridines decompose maleic anhydride, often in a violent reaction. Carbon dioxide [124-38-9] is a typical 

end product for this exothermic reaction (39). 

Maleic hydrazide [123-33-1] (10) is one of a number of commercial agricultural chemicals derived from 

maleic anhydride. Maleic hydrazide was first prepared in 1895 (40) but about 60 years elapsed before the 

intermediate products were elucidated (41). 

(10) 

Concerted Nonpolar Reactions. Maleic anhydride exemplifies the model dienophile for cycloaddition with 

dienes such as 1,3-butadiene [106-99-0] (11) (42). Tetrahydrophthalic anhydride [85-43-8] (12) or its 

derivatives are produced in this Diels-Alder reaction. 

gH-iH 

(1) + HC2 CH2 

(11) 

(12) 
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The success of the cycloaddition reaction of maleic anhydride varies greatly depending on which 

heterocyclic diene is used. The cycloaddition of maleic anhydride to furan [110-00-9] occurs in a few 

seconds under ambient conditions (43,44). Although the endo adduct (14) is favored kinetically, the exo 

adduct ( 13) is isolated. 

0 

(1) + 01 - J00 
0 Rp-{ 

H 0 

(13) (14) 

Endo adducts are usually favored by interactions between the double bonds of the diene and the carbonyl 

groups of the dienophile. As was mentioned in the section on alkylation, the reaction of pyrrole compounds 

and maleic anhydride results in a substitution at the 2-position of the pyrrole ring (35,45). Thiophene [l] 0-

02-1] forms a cycloaddition adduct with maleic anhydride but only under severe pressures and around 

100°C ( 46). Addition of electron-withdrawing substituents about the double bond of maleic anhydride 

increases rates of cycloaddition. Both a-(carbomethoxy) maleic anhydride [69327-00-0] and a­

(phenylsulfonyl) maleic anhydride [120789-76-6] react with 1,3-dienes, styrenes, and vinyl ethers much 

faster than tetracyanoethylene [670-54-2] (47). 

Other Diels-Alder Reactions. Since maleic anhyd1ide, its two isomeric acids, and the alkyl-or aryl substituted acid derivations 

readily form Diels-Alder adducts, vegetable oil lipids such as soybean oil react in Diels-Alder fashion with these maleic or fumaric 

compounds to form an important class of emollients used in human skin and hair preparations (48). The preferred adduct in this class 

is maleated soybean oil. It is used for both cleansing and lathering properties as well as mildness and skin conditioning. (49-52). 

Generally, dienophiles such as maleic and fumaric compounds react readily in Diels-Alder type reactions, but use of solid Lewis acid 

catalysts was disclosed recently (53) for reaction of maleic acid and fumaric dienophiles with dienes such as cyclopentadiene, 

acrolein, furan, 4-methoxyisoxazole, and related compounds. Perfumes having a "woody odor" form from the Diels-Alder reaction 

of maleic anhydride with pure isomers of trimethylvinyl cyclopentenes (54). Two further reactions of the Diels-Alder adduct 

involving adduct reduction to the diol followed by dehydrating cyclization of the diol fmm the ll-oxa-tricyclo[7.3.0.a2-6]dodecene 

derivative (15). Compound (15) and four double bond isomers represent a class of woody fragrance compounds in which the 

letraliydrofuran ring adopts a trans configuration. Studies on regio-and slereochemical structural assignments of Diels-Alder adducts 

with maleic anhydride continue to be reported (55). 

For the past 20 years, the reaction between coal and maleic anhydride has been known (56) but identification of the reactive 

functional groups in coal has remained a mystery. Recently, convincing evidence has been presented that suggests diene groups in 

coal react by way of Diels-Alder reactions to form maleic anhydride adducts. Solid-state "C NMR data on the maleic anhdyride­

coal adduct support the Diels-Alder reaction although elemental analysis shows higher maleic anhydride content in the adduct than 
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can be accounted for by solely diene groups in the coal. Nevertheless, all other possible reactions of maleic anhydride with coal 

were excluded including the ene reaction, polymerizations, ester formation from maleic anhydride, radical addition, Michael addition, 

election transfer interaction (charge-transfer complex), and physical entrapment. While this study (57) appears to solve the mystery 

behind the maleic anhydride-coal reaction, it challenges current coal structures and invites further work. 

Metal-Induced Cyclaadditions. The effect of coordination on the metal-induced cycloadditions of maleic 

anhydride and the isostructural heterocycles furan, pyrrole, and thiophene has been investigated (58). Each 

heterocycle is bound to an Os(Il) center in the complex [(NH3) 5Os(2,3-1/-L)f+, where L= furan, pyrrole, 

and thiophene. Although neither the furan nor thiophene complexes react with maleic anhydride over a 

period of 10 days, the pyrrole complex (16) reacts rapidly at room temperature and 101.3 kPa to form a 

mixture of endo (18) and exo (17) complexes. An azomethine ylide intermediate was postulated as the key 

intermediate through which maleic anhydride added to the 2- and 5-positions of the coordinated pynole ring. 

2+2 Cyclaadditians. Cyclobutene adducts are formed from the reaction of acetylenic derivatives and maleic 

H 0 H 
N 

(16) 

Orr _5_m_in-. 

CH 3CN 
(NH 3)50s ~ p-f 

t=8J 
(17) 

+(NH3)5~ J,-
0 

0 

(18) 

anhydride through a 2+2 cycloaddition (59). The reaction is photochemically catalyzed (see 

PHOTOCHEMICAL TECHNOLOGY). 

(1) 

Cyclobutane derivatives are formed after exposing a mixture of allcenes and maleic anhydride to light. 

Photoadducts are formed by reaction ofmaleic anhydride with ethylene [74-85-1] (60) and benzene (61). 

J:l .c,H,-R 
0 0 0 0 0 0 
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A new two-step route to cis-cyclobut-3-ene-1,2-dicarboxylic anhydride (19) has been described that uses 

[2+2] photochemical cycloaddition between (E)-1,2-dichloroethene (20) and maleic anhydride (62). 

0 
Cl Cl Cl'-' 

( 
~✓-

4'✓;. 

hv 
+ (1) - + + 

~~ 
~ ... 

Cl 
Cl Cl~ Cl 

0 0 0 

(20) (21a) (21b) (21c) 

Compound (21) is a mixture of these dichloro isomers (21a = l R *, 2S*, 3R *, 4S*: 21b = IR*, 2S*, 3S*, 

4R*; 21c = IR*, 2S*, 3R*, 4R*) that in ethylacetate solvent are produced in 85% yield in the amounts of 

18% (21a), 44% (21b), and 38% (21c). Reductive chlorine elimination of 21 with activated zinc in acetic 

anhydride/toluene solution gives (19) in 80% yield. 

0 

Zn, (CH3CObO/toluene 
0 ---------;► 

85°C, 48h 

(21 a-c) 0 (19) 0 

Ene Reaction. Maleic anhydride and maleate and fumarate esters participate in thermal ene reactions (63) with 

alkenes having an allylic hydrogen. An ene reaction is the thermal reaction of an alkene having an allylic 

hydrogen (an ene) with a compound containing a double or triple bond to form a new bond with migration 

of the ene double bond and 1,5-hydrogen shift. Alkenylsuccinic anhydrides are produced. 13C-nmr 

spectroscopy has been used to determine regioselectivity, selectivity for endo and exo, and selectivity for cis 

and trans in the reaction (200°C, 16 h) of maleic anhydride with the nine linear decene isomers (64). The 

results show a slight preference for maleic anhydride addition to the least hindered end of the decene 

isomer. Similar reaction conditions were used to form ene adducts with mono- and disubstituted 

oligoisobutylenes (65,66). 

Decomposition and Decarboxylation. Maleic anhydride undergoes anaerobic thermal decomposition in the 

gas phase in a homogeneous unimolecular reaction to give carbon monoxide, carbon dioxide, and acetylene 

[74-86-2] in equimolar amounts. The endothermic (L'lH=+l42kJ/mol (33.9kcal/mol)) decomposition was 

studied in a quartz tube with and without quartz packing in the temperature range of about 370 to 490°C 

(67). The same linear Arrhenius plot was obtained for packed and unpacked reaction vessels. The same 

decomposition products were found during photolysis between 220 and 350 nm (67). Catalysts alter the 

8 

UM00014649 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3385 of 4460



decomposition profile for maleic anhydride. The decomposition of maleic acid in an aqueous solution over a 

bed of Y zeolite, which contains copper and sodium at around 200°C, occurs with 95% conversion. The 

selectivity of the zeolite catalyst to acrylic acid [79-10-7] is 91 %. 

Maleic anhydride is decomposed in the liquid phase by various nitrogen bases. Treatment of maleic 

anhydride in refluxing acetic acid with 2-aminopyridine [504-29-0] gives, after work-up in 4 N H2SO 4 at 

100°C, the decarboxylative dimerization product, 2,3-dimethylmaleic anhydride [766-39-2] (75% yield), 

and CO2 (68). Homopolymers of maleic anhydride form in the liquid phase upon addition of pyridine [110-

86-1] (69,70). At a maleic anhydride/pyridine ratio of 1.64 in acetone solution at 25°C, reproducible 

oligomers having molecular weights of 400 to 700 are formed (70). Exothennic decomposition of maleic 

anhydride can occur with amines and alkali (39,69). Explosions can result from this reaction (39). 

Electrophilic Addition. Electrophilic reagents attack the electron-deficient bond of maleic anhydride (26). 

Typical addition reagents include halogens, hydrohalic acids, and water. 

Esterification. Both mono - and dialkyl maleates and fumarates are obtained on treatment of maleic 

anhydride or its isomeric acids with alcohols or alkoxides (26). An extensive review is available (71). Alkyl 

fumarates (22) often are made from isomerization of the con-esponding maleate (23) (72). 

(1) 

(23) (22) 

Glycols and epoxides react with maleic anhydride to give linear unsaturated polyesters (73,74). Ethylene 

glycol and maleic anhydride combine to form the following repeating unit. This reaction is the first step in 

industrially important polyester resin production (see POLYESTERS, UNSATURATED). 

+cH 2CH 20 wcH=CH wo+,, 
0 0 

Free-Radical Reactions. Free-radical reactions of maleic anhydride are important in polymerizations and 

monomer synthesis. Nucleophilic radicals such as the one from cyclohexane [ 110-82-7] serve as hydrogen 

donors that add to maleic anhydride at the double bond to form cyclohexylsuccinic anhydride [5962-96-9] 

(24) (75). 
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(24) 

Free-radical reaction rates of maleic anhydride and its derivatives depend on polar and steric factors. 

Substituents added to maleic anhydride that decrease planarity of the transition state decrease the reaction 

rate. The reactivity decreases in the order maleic anhydride> fumarate ester> maleate ester. 

Grignard-Type Reactions. Grignard reagents provide nucleophilic addition to the maleyl carbonyl groups but 

yields are often poor (26). Phenyl addition to dimethyl maleate has been demonstrated with a palladium­

based catalyst system (75). A solution of dimethyl maleate, iodobenzene [591-50-4 ], triethylamine [121-44-

8], and palladium diacetate [19807-27-3] (1 mol %) in acetonitrile [75-05-8] after reflux for 5 h gives 39% 

(Z)-dimethyl phenylmaleate [29576-99-6] and 54% (£)-dimethyl phenylmaleate [29394-47-6] without loss 

of unsaturation. 

Halogenation. Halogens add directly to the double bond of maleic anhydride to give dihalosuccinic acids. 

However, different procedures are used for dihalomaleic anhydride derivatives. Fluorinated C4 substrates 

offer access to difluoromaleic anhydride [669-78-3] (76,77). Hexafluoro-2,5-dihydrofuran [24849-02-3] is 

distilled into sulfur trioxide [7446-11-9] at 25°C. Addition of trimethyl borate [121-43-7] initiates a reaction 

which upon heating and distillation leads to a 53% yield of difluoromaleic anhydride. The molecular 

structure of difluoromaleic anhydride has been determined by both gas-phase electron diffraction and 

microwave spectroscopy (78). Structural and theoretical data within the dihalomaleic anhydride series ( 

X=X,F,Cl, or Br) indicate an interplay between steric and electronic effects such that neither effect accounts 

for the observed bond distances and angles (78). Dichloromaleic anhydride [1122-17-4] can be prepared 

with 92% selectivity by oxidation of hexachloro-1,3-butadiene [ 87-68-3] with SO3 in the presence of iodine­

containing molecules (79). Passing vaporized hexachlorobutadiene over a vanadium-phosphorus oxide 

catalyst also gives dichloromaleic anhydride (80). A benzene solution of tetrabromofuran [32460-09-6] can 

be photooxidized to dibromomaleic anhydride [1122-12-9] in 85% yield with uv light (81). Radical chain 

mechanisms are suggested. 

Hydration and Dehydration. Maleic anhydride is hydrolyzed to maleic acid with water at room temperature 

(82). A process has been reported for continuous hydration of maleic anhydride at a constant temperature 

near 65°C in a continuous stirred tank reactor (83). By limiting the aqueous maleic anhydride acid 
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concentration to 40% and the temperature to below 85°C, fumaric acid will not form in higher than 0.1 % be 

weight of the reaction mixture. Catalysts enhance formation of fumaric acid from maleic anhydride 

hydrolysis through maleic acid isomerization. 

Hydration of fumaric acid proceeds at high temperatures and pressures to give DL-malic acid [ 6915-15-7], 

HOOCCH2CHOHCOOH (26). 

Maleic acid can be thermally dehydrated to maleic anhydride (84), dehydrated from aqueous solution (85-

87), or dehydrated through azeotropic distillation. Solvents such as xylenes (88) or dibutyl phthalate [84-74-

2] (89) are preferred but conditions must be carefully adjusted to avoid isomerization to fumaric acid. 

Hydroformylation. Esters of maleate and fumarate are treated with carbon monoxide and hydrogen in the 

presence of appropriate catalysts to give formyl derivatives. Dimethyl fumarate [624-49-7] is 

hydroformylated in 1: l CO/H2 at 100°C and 11.6 MPa pressure with a cobalt [7 440-48-4] catalyst to give 

an 83% yield of dimethyl formylsuccinate [58026-12-3] product (90). 

lsomerization. Production of maleic anhydride readily gives maleic acid by controlled hydrolysis. To avoid 

isomerization of maleic acid to fumaric acid, maleic acid processing must avoid conditions favorable for 

fumaric acid formation. Maleic acid is isomerized to fumaric acid by both thermal treatment and a variety 

of catalytic species. A historical account of geometric isomerism of maleic and fumaric acids is given by 

Ihde (91). Isomerization of maleic acid occurs above the 130 to 140°C melting point range but below a 

temperature of about 230°C, at which point fumaiic acid is dehydrated to maleic anhydride. Derivatives of 

maleic acid such as acid esters can also be isomerized. Kinetic data are available for the isomerization of the 

cis to trans di acids in the absence of a catalyst (92,93), in the presence of thiourea catalyst (94, 95), and in 

the presence of both thiourea catalyst and ultrasound (95). The data suggest that neither carbonium ion nor 

succinate intennediates are involved in the isomerization. Rather, conjugate addition to the double bond 

imparts sufficient single bond character to afford rotation about the central C-C bond of the diacid (96). 

Highly polar solvents such as dimethylformamide (DMF) or dimethylsulfoxide (DMSO) facilitate cis to trans 

isomerization in the presence of 4,4' -bipyridine (97). No isomerization of maleic acid occurs in DMF or 

DMSO in the absence of 4,4' -bypyridine. 

Ligation to Metal Atoms. Maleic anhydride and its diacid isomers coordinate to metal atoms through either the 

double bond or the carboxylate oxygen atoms when the diacid is deprotonated. Generally, low valent (soft) 

metals prefer coordination to the double bond, while high valent (hard) metals coordinate through the 
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carboxylate oxygen atoms of the deprotonated diacids (98). Examples of double-bond coordination in 

maleic anhydride, maleic acid, and fumaric acid include molybdenum bis(maleic anhydride) carbonyl 

complex, Mo(COM2,3-1/-C4H2O3)z(CH 3CN)2 (99), the endo- and exo- (R,R) palladium(L)(2,3-172-

C4H2O3) complexes of maleic anhydride where L is l-diphenylphosphino-2,l '-(1-

dimethylaminopropanediyl)ferrorene (100); the singly deprotonated maleic acid complex of Cu(I), Cu(2,3-

172 -C4~O4)•H2O (10 l); cis-tetracarbonyl (2-3-172 -maleic acid) iron complex, Fe(2,3-172 -C4H4O 4)(CO)4 

(102), and trans-tetracarbonyl (2-3-17 2-fumaric acid) iron complex, Fe(2,3-172-C4H 4O4)(CO)4 (102). These 

structures were determined by single-crystal x-ray diffraction data. In the case of the Mo(0) complex, the 

trans coordinated maleic anhydride molecules are almost mutually 011hogonal (85.2°) to one another. 2,3-17 

2-Maleic anhydride coordinated to Mo(0) has a central C-C bond length of 0.1420 nm (99) compared to a 

C-C double bond length of 0.1303 nm for maleic anhydride (10-12). This increase in the central C-C bond 

length suggests significant n-backbonding interaction (98). The 2,3-172-maleic acid in the Cu (I) hydrogen 

maleate complex (101) shows the same trend with a central C-C bond length of 0.1405 (10) nm. Singly 

deprotonated maleic acid coordinates through symmetrical carboxylate oxygens to Zn(II) in the structure 

zinc maleic acid complex, Zn(O 2CCH=CHCO2H) 2-4H2O(103); through both symmetrical carboxylate 

oxygen atoms and the C = C bond to Cu (I) in Cu (17 2-C4H4O4)•H2O (101); through bridging carboxylate 

oxygen atoms (O-C-O) in the Ag (I) complex, Ag (O2CCH=CO2H) (104); and through only one carboxylate 

oxygen atom in the Sb (V) complex (H5C6) 4Sb-(O C (O)CH=CHCO2H) (105). Hydrogen bonding in 

crystals of maleic and fumaric acid is remarkably similar in the organometallic complexes of (2,3-17 2
-

C4H4O4)Fe(CO)4 (106), where C4H4O4 is either maleic or fumaiic acid (102). The maleate dianion 

coordinates to a single metal center in the Be(II) complex, K2[Be (C4~O4) 2]•H2O (107). In contrast, the 

coordinatively saturated Sb(C6H5) 4 + species affords maleate bonding through only a single carboxylate 

oxygen atom resulting in a bridging maleate dianion between two Sb(V) centers in the compound 

bis(tetraphenylantimonium) maleate (105). 

Nucleophilic Addition. Nucleophilic reagents attack the P-carbon position in the conjugated maleic and 

fumaric frameworks. Basic reaction conditions favor these condensations for the addition of glycolate (25) 

to maleate [142-44-9] (26): 

H"-/02 

II 
H/~02 

(26) 

]2 

La 37
, pH>6 

aqueous, 90'C 

co; 
I 

-O2CCH2OyH 

~H2_ 

CO2 
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This Michael-type addition is catalyzed by lanthanum (3+) [16096-89-2] (108). Ethylene glycol [107-21-1] 

reacts with maleate under similar conditions (109). A wide range of nucleophilic reagents add to the maleate 

and fumarate frameworks including alcohols, ammonia, amines, sulfinic acids, thioureas, Grignard reagents, 

Michael reagents, and alkali cyanides (26). 

Thiols and phosphines add to maleic anhydride to give a-thiosuccinic anhydrides (110) and 

phosphoranylidene-maleic anhydride adducts (111). Triethyl phosphite [122-52-1] reacts with maleic 

anhydride to give the ylide structure (27) (] 12). Hydrolysis of this adduct (27) leads to succinic acid [110-

15-6], maleic acid, triethyl phosphate [78-40-0], and diethyl phosphite [762-04-9]. 

(27) 

Oxidation. Maleic and fumaric acids are oxidized in aqueous solution by ozone [10028-15-6] (qv) (113). 

Products of the reaction include glyoxylic acid [298-12-4], oxalic acid [144-62-7], and formic acid [64-18-

6] . Catalytic oxidation of aqueous maleic acid occurs with hydrogen peroxide [7722-84-1] in the presence 

of sodium tungstate(VJ) [13472-45-2] (114) and sodium molybdate(VJ) [7631-95-0] (115). Both catalyst 

systems avoid formation of tartaric acid [ 133-37-9] and produce cis-epoxysuccinic acid [ 16533-72-5] at pH 

values above 5. The reaction of maleic anhydride and hydrogen peroxide in an inert solvent (methylene 

chloride [75-09-2]) gives permaleic acid [4565-24-6], HOOC-CH=CH-CO3H (116) which is useful in 

Baeyer-Villiger reactions. Both maleate and fumarate [ 142-42-7] are hydroxy lated to tartaric acid using an 

osmium tetroxide [20816-12-0] /iodate [15454-31-6] catalyst system (117). 

Polymerization. Maleic anhydride which contains a double bond and an anhydride group is used in both 

addition and condensation polymerization schemes. Research since the early 1960s has shown that 

homopolymerization occurs using y and uv radiation, free-radical initiators, pyridine bases, and 

electrochemical initiation. Although the polymerization mechanism is unknown, poly(maleic acid) has been 

shown recently using 13C nmr spectroscopy (118) to arise from poly(maleic anhydride) in which racemic 

(maleic anhydride groups oriented in a cis-configuration across the backbone carbon chains) propagation is 

preferred by about a factor of two over mesomeric propagation. Melt functionalization of polypropylene 

has shown homopolymerization of maleic anhydride occurs up to 190°C, about 30°C higher than thought 

possible (119). 
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Copolymers of maleic anhydride and its isomeric acids (or ester derivatives) are formed with a wide variety 

of monomers. Suitable monomers for copolymerization with maleic anhydride include styrene [100-42-5] 

(120-125); vinyl chloride [75-01-4]; vinyl esters; and related vinyl compounds (126,127); acrylonitrile [107-

13-1]; acrylic acid [79-10-7]; acrylic and methacrylic esters; acrylamide [79-06-1]; acrolein [107-02-8]; 

vinylsulfonic acid [1184-84-5]; allyl acetate [591-87-7] and related ally] compounds (128); and alkenes 

(129-131) such as ethylene, vinyl ketones, 3,4-epoxy-l-butene [930-22-3] (132), and carbon monoxide. A 

growing number of nitrogen-containing monomers copolymerize with maleic anhydride including 2,6-

diisopropyl-N-methylenaniline (133); N-(2-hydroxyethyl) ethyleneimine (134); various maleimide derivatives 

(135,136); and maleic acid or its cyclic imide repeat units (137,138). Step-growth polymerization of maleic 

anhydride with 1,2-propylene glycol has been studied (139) and formation of the resulting polyester is 

complex. Copolymers may be assembled in random or alternating additions by grafting maleic anhydride 

onto existing polymers or by condensations. Maleic anhydride grafting onto polyethylene (140-142) and 

polypropylene (143-149) has been extensively studied. Grafting of maleic anhydride onto other polymers 

(142) including poly-(organophosphazenes) (]50) has also been investigated. Polymer mixtures of maleated 

polypropylene, ethylene-propylene rubber, and a polyetheramine (151) or related mixtures (152) have 

yielded thermoplastic polyolefins (TPD's) that are directly paintable. An enormous amount of literature on 

these polymers exists and representative references are given here, e.g., see General References. 

Aqueous ring-opening metathesis polymerization (ROMP) was first described in 1989 (153) and it has been 

applied to maleic anhydride ( 154 ). Furan [ 110-00-9] reacts in a Diels-Alder reaction with maleic anhydride 

to give exo-7-oxabicyclo[2.2.l]hept-5-ene-2,3-dicarboxylate anhydride [6118-51-0] (28). The condensed 

product is treated with a soluble ruthenium(III) [7440-18-8] catalyst in water to give upon acidification the 

polymer (29). Several applications for this new copolymer have been suggested (154). 

◊-M 
0 0 

(28) 

-

aq-ue-ou_s _ =t=cHy0ycH==h 
ROMP _)---\ 

o=c c=o 
\ I 
HO OH 

(29) 

Unsaturated polyester resins prepared by condensation polymerization constitute the largest industrial use 

for maleic anhydride. Typically, maleic anhydride is esterified with ethylene glycol [107-21-1] and a vinyl 

monomer or styrene is added along with an initiator such as a peroxide to produce a three-dimensional 

macromolecule with rigidity, insolubility, and mechanical strength. 
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Reduction. Heterogeneous catalytic reduction processes provide effective routes for the production of maleic 

anhydride derivatives such as succinic anhydride [108-30-5] (30), succinates, y-butyrolactone [96-48-0] 

(31), tetrahydrofuran [109-99-9] (32), and 1,4-butanediol [110-63-4] (33). The technology for production 

of 1,4-butanediol from maleic anhydride has been reviewed (155-159). 

(1) t\ .::o ~ 
o-:1'-o~o a o Q 

(30) (31) (33) (32) 

Several companies have developed hydrogenation technology for conversion of maleic anhydride, maleic 

acid, or dialkyl maleates to 1,4-butanediol or its hydrogenatable precursors y-butyrolactone and 

tetrahydrofuran (160-169). These processes use maleic anhydride (166) or dialkyl maleate (160-162) in the 

vapor phase over heterogeneous copper catalysts in fixed-bed reactors, aqueous maleic acid over 

multimetallic (Pd, Ag, Re) extrudates in trickle bed reactors (163-165), or aqueous maleic acid with slunies 

of bimetallic (Ru, Re) carbon catalysts in sluny reactors (169). Routes to partially reduced products from 

maleic anhydride have been reported for succinic anhydride using a samarium (II) iodide complex with 

hexamethylphosphoric triamide ( 170) or homogeneous rhodium-phosphine catalyst ( 171) and succinic acid 

using an electrochemical route (172). y-Butyrolactone is obtained directly over heterogeneous copper­

containing catalysts (173) by hydrogenation of maleic anhydride in the gas phase. 

Sulfonation. Maleic anhydride is sulfonated to a-sulfomaleic anhydride [40336-85-4] (34) with sulfur 

trioxide [7446-11-9](174,175). Uses for this monomer have not been published. 

(34) 

Manufacture 

Process Technology Evolution. Maleic anhydride was first commercially produced in the early 1930s by the 

vapor-phase oxidation of benzene [71-43-2]. The use of benzene as a feedstock for the production of 

maleic anhydride was dominant in the world market well into the ] 980s. Several processes have been used 

for the production of maleic anhydride from benzene with the most common one from Scientific Design. 

Small amounts of maleic acid are produced as a by-product in production of phthalic anhydride [85-44-9]. 

This can be converted to either maleic anhydride or fumaric acid. Benzene, although easily oxidized to 
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maleic anhydride with high selectivity, is an inherently inefficient feedstock since two excess carbon atoms 

are present in the raw material. Various C4 compounds have been evaluated as raw material substitutes for 

benzene in the production of maleic anhydride. Fixed- and fluid-bed processes for production of maleic 

anhydride from the butenes present in mixed C 4 streams have been practiced commercially. None of these 

processes is currently in operation. 

Rapid increases in the price of benzene and the recognition of benzene as a hazardous material intensified 

the search for alternative process technology in the United States. These factors led to the first commercial 

production of maleic anhydride from butane [106-97-8] at Monsanto's J. F. Queeny plant in 1974. By the 

early 1980s, the conversion of the U.S. maleic anhydride manufacturing capacity from benzene to butane 

feedstock was well under way using catalysts developed by Monsanto, Denka, and Halcon. One factor that 

inhibited the conversion of the installed benzene-based capacity was that early butane-based catalysts were 

not active and selective enough to allow the conversion of benzene-based plant without significant loss of 

nameplate capacity. In 1983, Monsanto started up the world's first butane-to-maleic anhydride plant, 

incorporating an energy efficient solvent-based product collection and refining system. This plant was the 

world's largest maleic anhydride production facility in 1983 at 59,000t/yr capacity, and through rapid 

advances in catalyst technology has been debottlenecked to a current capacity of 105,000t/yr (1999). 

Advances in catalyst technology, increased regulatory pressures, and continuing cost advantages of butane 

over benzene have led to a rapid conversion of benzene- to butane-based plants. By the mid-1980s in the 

United States 100% of maleic anhydride production used butane as the feedstock. 

Coincident with the rapid development of the butane-based fixed-bed process, several companies have 

developed fluidized-bed processes. Two companies, Badger and Denka, collaborated on the development of 

an early fluid-bed reaction system which was developed through the pilot-plant stage but was never 

commercialized. Three fluid-bed, butane-based technologies were commercialized during the latter half of 

the 1980s by Mitsubishi Kasei, Sohio (British Petroleum), and Alusuisse. A second fluidized-bed technology 

for the oxidation of butane to maleic anhydride, known as transport bed, has been developed by Du Pont. A 

world-scale plant in Spain for the production of THF by the hydrogenation of maleic acid using this 

technology began production in 1996 (177). 

Europe has largely converted from benzene-based to butane-based maleic anhydride technology with the 

construction of several new butane based facilities by CONDEA-Huntsman, Pantochim and Lonza. Growth 

in the worldwide maleic anhydride industry is predominantly in the butane-to-maleic anhydride route, often 

at the expense of benzene-based production. Table 4 shows 1993 and 2000 worldwide maleic production 
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capacity broken down in categories of fixed-bed benzene, fixed-bed butane, fluidized-bed butane, and 

phthalic anhydride coproduct. As can be seen from this table, both fixed- and fluidized-bed butane routes 

have grown dramatically with the fixed-bed route adding 336,000t/yr capacity compared to 90,000t/yr for 

the fluid-bed process. Only a few newer benzene-based fixed-bed processes have been built since the early 

1980s and these were built where the availability of butane was limited. The fluidized-bed butane-based 

process is experiencing some growth, but based on growth rates from Table 4 (] 78,179), it does not appear 

destined to challenge fixed-bed technology. The announcement from Huntsman Specialty Chemicals Corp., 

formerly Monsanto, and DWE (180), that they intend to cooperate in the development of catalyst and 

reactor technology to permit operation at 50% higher productivity than the standard nonflammable fixed-bed 

butane process indicates that the largest companies in fixed-bed technology are confident that further 

advances are possible. Three fixed-bed processes, from Huntsman (181), Pantochim (182), and Scientific 

Design (183) and two fluidized-bed processes, from Alusiusse-Lummus (ALMA) (184) and BP Chemicals 

(185) , are cunently offered for license. 

Placeholder for Float Table 4. 

Butane-Based Catalyst Technology. The increased importance of the butane-to-maleic anhydride conversion 

route has resulted in efforts being made to understand and improve this process. Since 1980, over 225 U.S. 

patents have been issued relating to maleic anhydride technology. The predominant area of research 

concerns the catalyst because it is at the heart of this process. The reasons for this statement are twofold. 

First, there is the complexity of this reaction: for maleic anhydride to be produced from butane, eight 

hydrogen atoms must be abstracted, three oxygen atoms inserted, and a ring closure performed. This is a 

14-electron oxidation that occurs exclusively on the surface of the catalyst. The second reason for the 

emphasis placed on the catalyst is that all of the commercial processes use the same catalyst. This catalyst is 

the only commercially viable system that selectively produces maleic anhydride from butane. 

The catalyst used in the production of maleic anhydride from butane is vanadium-phosphorus-oxide 

(VPO). Several routes may be used to prepare the catalyst (186-188), but the route favored by industry 

involves the reaction of vanadium (V) oxide [1314-62-1] and phosphoric acid [7664-38-2] to form vanadyl 

hydrogen phosphate, VOHPO4-0.5H2O. This material is then heated to eliminate water from the structure 

and irreversibly form vanadyl pyrophosphate, (VO) 2P2O7 (186,189). Vanadyl pyrophosphate is believed to 

be the catalytically active phase required for the conversion of butane to maleic anhydride (190,191). 
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The reaction of V2O 5 with H3PO4 to form VOHPO 4·0.5H2O can be carried out in either an aqueous or 

organic medium such as isobutyl alcohol [78-83-1] (88,186). Two possible routes are as follows. 

reducing agent, HCI 

water ""-

reducing agent / 

isobutyl alcohol 

The use of an organic medium yields an increase in the surface area of the VOHPO4·0.5H2O (88,191). This 

increase in surface area is carried over to the resulting vanadyl pyrophosphate phase (186) and is desirable 

because a concmTent increase in activity toward butane oxidation is observed (88, 192). Alternatively, some 

patented technologies purport precursors as intercalation compounds with the formula 

VOHPO4•0.5H2O( {CnH(2n+1J}X)z, where l.5<z<l.9, 0<n<20, and X = oxygen, nitrogen, or sulfur 

containing functional group that forms hydrogen bonds with the VOHPO4 layers (193,194). The use of 

vanadyl phosphite as a precursor is also claimed (195,196). Other routes to effective precursors have 

focused on co-solvents, cluster compounds or heteropolyacids as starting materials (193, 197-201). 

An additional effect of the use of an organic medium in the catalyst preparation is creation of more defects 

in the crystalline lattice when compared to a catalyst made by the aqueous route (186). These defects persist 

in the active phase and are thought to result in creation of strong Lewis acid sites on the surface of the 

catalysts (186,202). These sites are viewed as being responsible for the activation of butane on the catalyst 

surface by means of abstraction of a hydrogen atom, as supported by a recent detailed FrIR spectroscopic 

investigation (203). 

There are two types of patented technologies for the transformation of VOHPO4•0.5H2O into (VO)2P2O7 

(88). In the first procedure, the vanadyl hydrogen phosphate is transformed through heating to 415°C in a 

controlled environment with combinations of nitrogen, air, and steam (204 ). The second procedure is an in 

situ process that transfonns the vanadyl hydrogen phosphate into the active phase while the catalyst is 

placed in the maleic reactor (205). This procedure entails slow heating of the catalyst in air with gradual 

introduction of butane to the gas stream. The use of the in situ activation method requires little capital 

investment. However, the possibility of inhomogenities in the activated catalyst exists due to nonuniformities 

in reactor flow distribution. On the other hand, the controlled environment procedure reduces plant 

downtime and increases the homogeneity of the catalyst in the reactor. 
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Promoters are sometimes added to the vanadium phosphorus oxide (VPO) catalyst during synthesis (205-

211) to increase its overall activity and/or selectivity. Promoters may be added during formation of the 

catalyst precursor (VOHPO4-0.5H2O), or impregnated onto the surface of the precursor before 

transformation into its activated phase. They are thought to play a twofold structural role in the catalyst 

(206). First, promoters facilitate transformation of the catalyst precursor into the desired vanadium 

phosphorus oxide active phase, while decreasing the amount of nonselective VPO phases in the catalyst. For 

example, a molybdenum containing VPO catalyst tends to decrease the amount of certain undesirable by­

products including acrylic acid (212,213). The second role of promoters is to participate in fonnation of a 

solid solution, which controls the activity of the catalyst. 

The bulk structure of the catalytically active phase is not completely known and is under debate in the 

literature (190,214-216). The central point of controversy is whether (VO)2P 2O7 alone or in combination 

with other phases is the most catalytically active for the conversion of butane to maleic anhydride. The heai1 

of this issue concerns the role of structural disorder in the bulk and how it arises in the catalyst 

(190,217,218). Most researchers agree that the catalysts with the highest activity and selectivity are 

composed mainly of (VO)2P 2O7 that exhibits a clustered or dist011ed platelet morphology (190). It is also 

generally acknowledged that during operation of the catalyst, the bulk oxidation state of the vanadium in the 

catalyst remains very close to the +4 valence state (190). 

Only the surface layers of the catalyst solid are generally thought to participate in the reaction (190,216). 

This implies that while the bulk of the catalyst may have an oxidation state of 4+ under reactor conditions, 

the oxidation state of the surface vanadium may be very different. It has been postulated that both v4+ and 

y 5
+ oxidation states exist on the surface of the catalyst, the latter arising from oxygen chemisorption (216). 

Phosphorus enrichment is also observed at the surface of the catalyst (190,191). The exact role of this 

excess surface phosphorus is not well understood, but it may play a role in active site isolation and 

consequently, the oxidation state of the surface vanadium. 

Vanadium phosphorus oxide-based catalysts are unstable in that they tend to lose phosphorus over time at 

reaction temperatures. Hot spots in fixed-bed reactors tend to accelerate this loss of phosphorus. This loss 

of phosphorus also produces a decrease in selectivity (88,219). Many steps have been taken, however, to 

alleviate these problems and create an environment where the catalyst can operate at lower temperatures. 

For example, volatile organophosphorus compounds are fed to the reactor to mitigate the problem of 

phosphorus loss by the catalyst (220). The phosphorus feed also has the effect of controlling catalyst 

activity and thus improving catalyst selectivity in the reactor. The catalyst pack in the reactor may be 
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stratified with an inert material (221-223). Stratification has the effect ofreducing the extent of reaction per 

unit volume and thus reducing the observed hot spots in catalyst temperature (223). Aluminizing the reactor 

wall that is in contact with the catalyst also minimizes undesirable side reactions (224). These measures 

have minimized concerns of heat removal in the reactor and improved catalyst performance. 

Fluidized-bed reactor systems put other unique stresses on the VPO catalyst system. The mixing action 

inside the reactor creates an environment that is too harsh for the mechanical strength of a vanadium 

phosphorus oxide catalyst, and thus requires that the catalyst be attrition resistant (184,225-229). To 

achieve this goal, vanadium phosphorus oxide is usually spray dried with colloidal silica [763 ]-86-9] or 

polysilicic acid [1343-98-2]. Vanadium phosphorus oxide catalysts made with colloidal silica are reported to 

have a loss of selectivity, while no loss in selectivity is reported for catalysts spray dried with polysilicic acid 

(225). Even with the increased mechanical properties, the continuous operation of a fluidized-bed or 

recirculating solids reactor subjects the catalyst to harsh enough conditions such that even the strongest 

catalyst is eventually reduced to extremely fine material which is lost from the reactor. The catalyst 

inventory therefore diminishes and needs to be replenished. To maintain maleic anhydride production 

levels, fresh catalyst needs to be constantly added to the system (230) or some means to regenerate the 

catalyst must be employed (231-233). While a supported VPO catalyst is not yet operated commercially, 

there are efforts to develop such a catalyst (234-236). 

Benzene-Based Catalyst Technology. The catalyst used for the conversion of benzene to maleic anhydride 

consists of supported vanadium oxide [11099-11-9]. The support is an inert oxide such as k:ieselguhr, 

alumina [1344-28-1], or silica, and is of low surface area (237). Supports with higher surface area adversely 

affect conversion of benzene to maleic anhydride. The conversion of benzene to maleic anhydride is a less 

complex oxidation than the conversion of butane, so higher catalyst selectivities are obtained. The vanadium 

oxide on the surface of the support is often modified with molybdenum oxides. There is approximately 70% 

vanadium oxide and 30% molybdenum oxide [11098-99-0] in the active phase for these fixed-bed catalysts 

(238). The molybdenum oxide is thought to form either a solid solution or compound oxide with the 

vanadium oxide and result in a more active catalyst (237). 

Butane-Based Fixed-Bed Process Technology. Maleic anhydride is produced by reaction of butane with 

oxygen using the vanadium phosphorus oxide heterogeneous catalyst discussed earlier. The butane oxidation 

reaction to produce maleic anhydride is very exothennic. The main reaction by-products are carbon 

monoxide and carbon dioxide. Stoichiometries and heats of reaction for the three principal reactions are as 

follows: 
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C4H10 + 3.5 02 ➔ C4H2O3 + 4 H2O 

C4H10 + 6.5 02 ➔ 4 CO2+ 5 H2O 

C4H10 + 4.5 0 2 ➔ 4 CO+ 5 H2O 

11H = -1236 k:J/mol (-295.4 kcal/mol) 

11H = -2656 k:J/mol (-634.8 kcal/mol) 

11H = -1521 kJ/mol (-363.5 kcal/mo!) 

Air is compressed to modest pressures, typically 100 to 200 kPa ( -15-30 psig) with either a centrifugal or 

axial compressor, and mixed with superheated vaporized butane. Static mixers are normally employed to 

ensure good mixing. Butane concentrations are often limited to less than 1.7 mol % to stay below the lower 

flammable limit of butane (239). Operation of the reactor at butane concentrations below the flammable 

limit does not eliminate the requirement for combustion venting, and consequently most processes use 

rupture disks on both the inlet and exit reactor heads. A flow diagram of the Huntsman fixed-bed maleic 

anhydride process is shown in Figure 2. 

Placeholder for Figure 2 (malefelt.a01/f002.eps). 

Fig. 2: Schematic flow diagram of the Huntsman fixed-bed maleic anhydride process. MA=maleic 

anhydride. 

The highly exothermic nature of the butane-to-maleic anhydride reaction and the principal by-product 

reactions require substantial heat removal from the reactor. Thus the reaction is carried out in what is 

effectively a large multitubular heat exchanger which circulates a mixture of 53% potassium nitrate [7757-

79-1], KNO3 ; 40% sodium nitrite [7632-00-0], NaNO2; and 7% sodium nitrate [7631-99-4], NaNO3. 

Reaction tube diameters are kept at a minimum 25-30 mm in outside diameter to facilitate heat removal. 

Reactor tube lengths are between 3 and 6 meters. The exothermic heat of reaction is removed from the salt 

mixture by the production of steam in an external salt cooler. Reactor temperatures are in the range of 390 

to 430°C. Despite the rapid circulation of salt on the shell side of the reactor, catalyst temperatures can be 

40 to 60°C higher than the salt temperature. The butane to maleic anhydride reaction typically reaches its 

maximum efficiency (maximum yield) at about 85% butane conversion. Reported molar yields are typically 

50 to 60%. 

Efficient utilization of waste heat from a maleic anhydride plant is critical to the economic viability of the 

plant. Often site selection is dictated by the presence of an economic use for by-product steam. The steam 

can also be used to drive an air compressor, generate electricity, or both. Alternatively, an energy consuming 

process, such as a butanediol plant, can be closely coupled with the maleic anhydride plant. Several such 
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plants have been announced (240). Design and integration of the heat recovery systems for a maleic 

anhydride plant are very site specific. Heat is removed from the reaction gas through primary and 

sometimes secondary heat exchangers. In addition to the heat recovered from the reactor and process gas 

heat exchangers, additional heat can be recovered from the destruction of umeacted butane, the carbon 

monoxide by-product, and other by-products which cannot be vented directly to the atmosphere. This 

destruction is done typically in a specially designed thermal oxidizer or a modified boiler. 

Reactor operation at 80 to 85% butane conversion to produce maximum yields provides an opportunity for 

recycle processes to recover the umeacted butane in the stream that is sent to the oxidation reactor. Patents 

have been issued on recycle processes (241) both with and without added oxygen. Pantochim has 

announced the commercialization of a partial recycle process (182). Mitsubishi Chemical Corporation has 

announced plans to add butane recovery from the offgas of their fluid bed process through the use of BOC 

Gases' proprietary selective hydrocarbon separation system (PETROX) (242). This technology is 

particularly well suited to use in fluid bed processes where the hydrocarbon to air ratio is relatively high and 

in world areas where butane has a high value relative to its energy content. Operation of the butane to 

maleic anhydride process in a total recycle configuration can produce molar yields that approach the reaction 

selectivity which is typically 65 to 75%, significantly higher than the 50 to 60% molar yields from a single 

pass, high conversion process. The Du Pont transport bed process achieves its high reported yields at least 

partially through implementation of recycle technology. Recovery of the fuel value of the butane in the off­

gas from a single pass configuration plant reduces the economic attractiveness of recycle operation. 

Butane-Based Fluidized-Bed Process Technology. Fluidized-bed processes offer the advantage of excellent 

control of hot spots by rapid catalyst mixing, simplification of safety issues when operating above the 

flammable limit, and a simplified reactor heat-transfer system. Some disadvantages include the effect of 

back mixing on the kinetics in the reactor, product destruction and by-product reactions in the space above 

the fluidized bed, and vulnerability to large-scale catalyst releases from explosion venting. 

A schematic flow diagram for the ALMA fluidized-bed process is shown in Figure 3 (184). Compressed air 

and butane are typically introduced separately into the bottom of the fluidized-bed reactor. Heat from the 

exothermic reaction is removed from the fluidized bed through steam coils in direct contact with the bed of 

fluidized solids. Fluidized-bed reactors exploit the extremely high heat-transfer coefficient between the bed 

of fluidized solids and the steam coils. This high heat-transfer coefficient allows a relatively small heat­

transfer area in the fluid-bed process for the removal of the heat of reaction compared to the fixed-bed 

process. Gas flow patterns in a commercial scale fluid-bed reactor are generally backmixed, which can lead 
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to maleic anhydride destruction. Patents have been issued for mechanical modifications to the reactor 

internals that claim to control backmixing (243 ). Other methods to reduce backmixing include introduction 

of catalyst fines (small particles of catalyst) to decrease bubble size and operation of the reactor in the 

turbulent, fast fluidization regime in an attempt to minimize bubbling (225). Fluidized-bed reactors require a 

significant amount of space above the catalyst level to allow the solids to separate from the gases. This 

exposure of the product to high temperatures at relatively long residence times can lead to side reactions and 

product destruction. Fluidized-bed processes are operated at high butane concentrations (184) but at longer 

gas residence times than fixed-bed processes. 

Placeholder for Figure 3 (malefelt.a01/f003.eps). 

Fig. 3: Schematic flow diagram of the ALMA fluidized-bed process (184). BFW=boiler feed water. 

The product stream contains gases and solids. The solids are removed by using either cyclones, filters, or 

both in combination. Cyclones are devices used to separate solids from fluids using vortex flow. The 

product gas stream must be cooled before being sent to the collection and refining system. The ALMA 

process uses cyclones as a primary separation technique with filters employed as a final separation step after 

the off-gas has been cooled and before it is sent to the collection and refining system (243). As in the fixed­

bed process, the reactor off-gas must be incinerated to destroy unreacted butane and by-products before 

being vented to the atmosphere. 

Fluidized-bed reaction systems are not normally shut down for changing catalyst. Fresh catalyst is 

periodically added to manage catalyst activity and particle size distribution. The ALMA process includes 

facilities for adding back both catalyst fines and fresh catalyst to the reactor. 

Butane-Based Transport-Bed Process Technology. Du Pont announced the commercialization of a moving­

bed recycle-based technology for the oxidation of butane to maleic anhydride (176,244). Although maleic 

anhydride is produced in the reaction section of the process and could be recovered, it is not a direct 

product of the process. Maleic anhydride is recovered as aqueous maleic acid for hydrogenation to 

tetrahydrofuran [109-99-9] (TlIF). 

The reaction technology known as transport bed is a circulating solids technology where the oxygen required 

in the oxidation of butane to maleic anhydride is provided by the VPO catalyst and the catalyst is reoxidized 

in a separate step. The exclusion of gas-phase oxygen from the reaction step is claimed to enhance 

selectivity (225,246). Separation of butane oxidation from catalyst reoxidation allows both steps to be 
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independently optimized. The circulating solids system is similar to catalytic cracking as can be seen from an 

examination of Figure 4. 

Placeholder for Figure 4 (malefelt.a01/f004.eps). 

Fig. 4: Du Pont transport-bed process for making THF from butane (176). 

Fresh butane mixed with recycled gas encounters freshly oxidized catalyst at the bottom of the transport-bed 

reactor and is oxidized to maleic anhydride and COx during its passage up the reactor. Catalyst densities 

(80-160kg/m3
) in the transport-bed reactor are substantially lower than the catalyst density in a typical 

fluidized-bed reactor (480-640kg/ m3
) (176). The gas flow pattern in the riser is nearly plug flow which 

avoids the negative effect of backmixing on reaction selectivity. Reduced catalyst is separated from the 

reaction products by cyclones and is further stripped of products and reactants in a separate stripping vessel. 

The reduced catalyst is reoxidized in a separate fluidized-bed oxidizer where the exothermic heat of reaction 

is removed by steam coils. The rate of reoxidation of the VPO catalyst is slower than the rate of oxidation 

of butane, and consequently residence times are longer in the oxidizer than in the transport-bed reactor. 

Maleic anhydride in the product stream is removed and converted to a maleic acid solution in a water 

scrubbing system. The maleic acid is sent to the hydrogenation to produce THF while the reactor off-gas 

after scrubbing is sent to the recycle compressor. A small purge stream is sent to incineration. 

Benzene-Based Fixed-Bed Process Technology. The benzene fixed-bed process is very similar to the 

butane fixed-bed process and, in fact, the Scientific Design butane process has evolved directly from its 

benzene process. Benzene-based processes are easily converted to butane-based processes. Typically, only 

a catalyst change, installation of butane handling equipment, and minor modifications to the recovery 

process are required. The benzene reaction is a vapor-phase partial oxidation reaction using a fixed-bed 

catalyst of mixed vanadium and molybdenum oxides. The reactors used are the same multitubular reactors 

cooled by circulating a molten mixture of KNO3-NaNO2-NaNO3 salts described in the previous section on 

the butane process. The benzene concentrations used are about 1.5 mol % or just below the lower 

flammable limit of benzene in air. Unlike the butane reaction, the reactor normally operates at conversions 

greater than 95% and molar yields greater than 70%. The benzene oxidation reaction runs a little cooler than 

the butane oxidation reaction with typical reactor temperatures being in the 350 to 400°C range. 

The reactor off-gas is cooled by one or more heat exchangers and sent to the collection and refining section 

of the plant. Unreacted benzene and by-products are incinerated. 
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Recovery and Purification. All processes for the recovery and refining of maleic anhydride must deal with 

the efficient separation of maleic anhydride from the large amount of water produced in the reaction 

process. Recovery systems can be separated into two general categories: aqueous- and nonaqueous-based 

absorption systems. Solvent-based systems have a higher recovery of maleic anhydride and are more energy 

efficient than water-based systems. 

The Huntsman solvent-based collection and refining system will be used as a generic model for solvent­

based recovery systems (see Fig. 2). The reactor exit gas is cooled in two heat exchangers for energy 

recovery. The cooled gas product stream is passed to a solvent absorber where a proprietary solvent is used 

to absorb, almost completely, the maleic anhydride contained in the product stream. The solvent stream, 

corning from the bottom of the absorber with a high concentration of maleic anhydride, known as rich oil, is 

sent to a stripper where the rich oil is heated and maleic anhydride is vacuum stripped from the solvent. The 

vacuum-stripped maleic anhydride is typically greater than 99.8% purity, and is sent to the purification 

section of the plant where it is batch distilled to produce extremely pure maleic anhydride. A small slip 

stream of the solvent which has had the maleic anhydride removed by stripping is sent to the solvent 

purification section of the plant where impurities are removed. 

The Scientific Design water-based collection and refining system is in broad use throughout the world in 

butane-based and benzene-based plants (183,247). The reactor off-gas is cooled from reaction 

temperatures in a gas cooler with generation of steam. The off-gas is then sent to a tempered water-fed 

aftercooler where it is cooled below the dew point of maleic anhydride. The liquid droplets of maleic 

anhydride are separated from the off-gas by a separator. The condensed crude is pumped to a crude tank 

for storage. The maleic anhydride remaining in the gas stream after partial condensation is removed in a 

water scrubber by conversion to maleic acid which accumulates in the acid storage section at the bottom of 

the scrubber. The acid solution is converted to crude maleic anhydride in a dual purpose dehydrator/refiner. 

Xylene [1330-20-1] is used as an azeotropic agent for the conversion of maleic acid to maleic anhydride. 

Water from the dehydration step is recycled to the scrubber. When the conversion of the acid solution to 

crude maleic anhydride is complete, condensed crude maleic anhydride is added to the still pot and a batch 

distillation refining step is conducted. 

The UCB collection and refining technology (owned by BP Chemicals (185,248-250)) also depends on 

partial condensation of maleic anhydride and scrubbing with water to recover the maleic anhydride present 

in the reaction off-gas. The UCB process departs significantly from the Scientific Design process when the 
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maleic acid is dehydrated to maleic anhydride. In the UCB process the water in the maleic acid solution is 

evaporated to concentrate the acid solution. The concentrated acid solution and condensed crude maleic 

anhydride is converted to maleic anhydride by a thermal process in a specially designed reactor. The 

resulting crude maleic anhydride is then purified by distillation. 

Fumaric Acid. Fumaric acid for commerce is derived from maleic acid through catalytic isomerization. 

Purified maleic anhydride is the main source of maleic acid. In addition, crude maleic acid may be used as 

recovered in benzene oxidation or phthalic anhydride manufacture (23). Numerous catalysts exist for maleic 

acid isomerization (92-94) but three types are widely used: mineral acids (251), peroxycompounds with 

bromides (252) and bromates (253), and sulfur-containing compounds such as thiourea [62-56-6] (94) 

and its derivatives (254). Little change in process technology has occurred since the 1970s. Processing is 

simplest with purified maleic anhydride as the raw material. High pmity fumaric acid is produced through 

crystallization of the aqueous mixture, washing, and drying (255). A process for recovery of fumaric acid 

from molten maleic anhydride refining has been described (256). Decolorizing and crystallization techniques 

are used to treat impure maleic solutions (257). 

Shipment 

Molten maleic anhydride is shipped in tank rail cars, tank trucks, and isotanks (for overseas shipments). 

Tank rail cars are typically constructed of lined carbon steel and are insulated and equipped with steam 

coils. Tank rail cars of up to 20k gallons are used. Tank trucks are typically constructed of stainless steel 

[ 12597-68-1], insulated, and equipped with steam coils. Tank trucks of up to 4.5k gallons are used. Isotanks 

are typically constrncted of stainless steel and are insulated and equipped with steam coils. Isotanks of up to 

4.5k gallons are used. 

Solid form maleic anhydride is produced from molten maleic anhydride as briquettes or pastilles weighing 

0.5 to 20 g. Flaked maleic anhydride is used in some areas of the world but is not generally accepted in the 

United States because of the high dust content. Briquettes or pastilles are packed in 50-lb or 25-kg bags and 

supersacks of up to 2500 lbs (1136 kg). Outside the United States, the standard bag weight is 25 kg. Typical 

bag construction is either polyethylene or multi-ply paper with at least one polyethylene layer. Solid form 

maleic anhydride can be stored in bags for several months in a cool, dry location. 

Fumaric acid is shipped in solid form, the particle size varying based upon the specification. The standard 

shipping containers are 50-lb bags (25kg bags outside the United States), supersacks of up to 2500 lbs, and 

occasionally bulk hopper truck. 

26 

UM00014667 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3403 of 4460



Economic Aspects 

Data for the production and sales of maleic anhydride and fumaric acid in the United States between 1986 

and 2000 are shown in Table 5 (258,259). Production of maleic anhydride during this time pe1iod grew 

-3% on average per annum with production downturns reaching a minimum in 1991. Production of 

fumaric acid in the United States has declined during the same period as producers in the United States have 

rationalized and customers have switched to the less costly maleic anhydride in all applications where that is 

possible. Table 6 presents the producers of maleic anhydride in the United States as of 2000 (258). All 

production of maleic anhydride in the United States in 2000 was butane-based using fixed-bed reactor 

technology. Only one producer of fumaric acid remained in the United States in 2000 as shown in Table 6. 

Bartek in Canada does represent a significant factor in the supply of fumaric acid to the United States. The 

Bartek facility has a capacity of 17.3 kt/yr, out of which fumaric acid production is tolled for Huntsman. 

Placeholder for Float Table 5 (KO Table 5.doc) 

Placeholder for Float Table 6 (KO Table 6.doc) 

Capacities of maleic anhydride facilities worldwide are presented in Table 7. The switch of feedstock from 

benzene to butane was completed in the United States in 1985, being driven by the lower unit cost and 

lower usage of butane in addition to the environmental pressures on the use of benzene. Worldwide, the 

switch from benzene to butane is continuing. 

Placeholder for Float Table 7 (KO Table 7.doc) 

Between 1992 and 2000, maleic anhydride capacity increases have been pronounced in Asia. This has 

resulted in a significant oversupply situation in that world area. Western Europe has also experienced a 

pronounced increase in capacity. North America has experienced a relatively modest increase in capacity 

which resulted from the construction of a new plant, debottlenecks of existing plants, and one 

rationalization. 

Specifications 

The general sales specification under which maleic anhydride is sold in the United States specifies a white 

fused mass or briquettes of 99.5% minimum assay and 52.5°C minimum crystallization point. The melt 
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color specification is 20 APHA maximum with a maximum APHA color of 40 after two hours of heating at 

140°C. The solution of 4 grams of maleic anhydride in 10 milliliters of water are to be complete and that 

solution to be colorless. The acidity as maleic acid is a maximum of 0.2%. 

Fumaric acid is sold as resin-grade and food-grade. The general sales specification under which resin-grade 

fumaric acid is sold in the United States specifies white, crystalline granules with a minimum assay of 99 .6% 

and maximum ash content of 0.05%. The moisture specification is 0.3% maximum with <lOppm heavy 

metals. The color of a 5% solution in methanol is to be less than 10 APHA. Food-grade fumaric acid calls 

for somewhat lower impurity levels. Particle size and particle size distribution are important in many 

applications. 

Analytical and Test Methods 

The test methods used by industry to determine if a sample of maleic anhydride is within specifications 

(260) are ASTM methods D2930, D1493, and D3366. These methods describe procedures for the 

determination of maleic acid content, the crystallization point, and the color properties of the maleic 

anhydride sample, respectively. By quantitative determination of these properties, a calculation of the overall 

purity of the maleic anhydride sample can be made. 

The free maleic acid content in maleic anhydride is determined by direct potentiometric titration (261). The 

procedure involves the use of a tertiary amine, N-ethylpiperidine [766-09-6], as a titrant. A tertiary amine is 

chosen as a titrant since it is nonreactive with anhydrides (261,262). The titration is conducted in an 

anhydrous solvent system. Only one of the carboxylic acid groups is titrated by this procedure. The second 

hydrogen's dissociation constant is too weak to titrate (261). This test method is not only used to determine 

the latent acid content in refined maleic anhydride, but also as a measure of the sample exposure to moisture 

during shipping. 

The other two methods used by industry to examine the purity of maleic anhydride are the crystallization 

point (263) and color determination of the sample (264). These tests determine the temperature at the 

point of solidification of the molten sample and the initial color properties of the melt. Furthermore, the 

color test also determines the color of the sample after a two-hour heat treatment at 140°C. The purpose of 

these tests is to determine the deviation in properties of the sample from those of pure maleic anhydride. 

This deviation is taken as an indication of the amount of contaminants in the maleic anhydride sample. Six 

international test standards relating to maleic anhydride have been published (265) that include crystallization 

point determination, color of molten maleic anhydride, free acidity using potentiometric method, maleic 
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anhydride content using a titrimetric method, ash detennination, and detennination of iron content in maleic 

anhydride. 

Other analytical techniques are also available for the determination of maleic anhydride sample pmity. For 

example, maleic anhydride content can be determined by reacting it with a known excess of aniline [62-53-

3] in an alcohol mixture (266). The solution is then titrated with an acid to determine the amount of 

unconsumed aniline. This number is then used to calculate the amount of maleic anhydride reacted and thus 

its concentration. Another method of a similar type has also been reported (267). 

Finally, the techniques of mm, infrared spectroscopy, and thin-layer chromatography also can be used to 

assay maleic anhydride (268). Maleic anhydride has been analyzed by gas chromatography (269,270) and 

a detailed review of this analysis has appeared (271) focusing on the products formed during n-butane 

oxidation. The isomeric acids can be determined by polarography (272), thermal analysis (273), paper and 

thin-layer chromatographies (274), and nonaqueous titrations with an alkali (275), ion-exclusion 

chromatography (276), isotachophoresis (277), and high-pressure liquid chromatography (278,279). Maleic 

and fumaric acids may be separated by both gel filtration (280) and ion-exchange techniques (281). 

Health and Safety Factors (Toxicology) 

Maleic Anhydride. The ACGIH threshold limit value in air for maleic anhydride is 0.25 ppm and the OSHA 

permissible exposure level (PEL) is also 0.25 ppm (282). Maleic anhydride is a corrosive irritant to eyes, 

skin, and mucous membranes. Pulmonary edema (collection of fluid in the lungs) can result from airborne 

exposure. Skin contact should be avoided by the use of rubber gloves. Dust respirators should be used when 

maleic anhydride dust is present. Maleic anhydride is combustible when exposed to heat or flame and can 

react vigorously on contact with oxidizers. The material reacts exothermically with water or steam. Violent 

decompositions of maleic anhydride can be catalyzed at high temperature by strong bases (sodium 

hydroxide, potassium hydroxide, calcium hydroxide, alkali metals, amines, etc.). Precaution should be taken 

during the manufacture and use of maleic anhydride to minimize the presence of basic materials in maleic 

anhydride. 

Maleic Acid. Maleic acid is produced by the hydration of maleic anhydride. The hazards of its use are 

analogous to those of maleic anhydride. It is a skin and severe eye irritant. It is combustible when exposed 

to heat or flame. As discussed above, contamination with bases should be avoided where the material is to 

be handled at high temperature and high concentration because of the potential decomposition hazard. 
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Fumaric Acid. Fumaric acid is used as a beverage acidulant for human consumption as well as many 

industrial uses. Its acidic properties can cause skin and eye irritation. It will combust when exposed to heat 

or flame and can react vigorously with oxidizing agents. 

Table 8 lists toxicological data (282). 

Placeholder for Float Table 8 (KO Table 8.doc) 

Uses 

Maleic anhydride is truly a remarkable molecule in that it possesses two types of chemical functionality 

making it uniquely useful in chemical synthesis and applications. Maleic anhydride itself has few, if any, 

consumer uses but in derivatized form it is extremely versatile in the consumer uses in which it is found. 

The chemical structure of each maleic anhydride derivative of significant commercial interest can be found 

in a more detailed reference (237). 

The distribution of end uses for maleic anhydride is presented in Table 9 for the year 2000 (258). The 

majority of the maleic anhydride produced is used in unsaturated polyester resin (see POLYESTERS, 

UNSATURATED). Unsaturated polyester resin is then used in both glass-reinforced applications and in 

unreinforced applications. The distribution of end uses for unsaturated polyester resin is shown in Table 10 

for the year 2000 (284 ). 

Placeholder for Float Table 10 (KO Table IO.doc) 

There are many unsaturated polyester resin formulations. A typical unsaturated polyester resin fonnulation 

consists of an aromatic dibasic acid ( or anhydride) such as phthalic anhydride, an unsaturated dibasic acid 

(or anhydride) such as maleic anhydride and a glycol such a propylene glycol. The polyester chains are then 

cross-linked through the double bond with vinyl cross linking agents such as styrene. Reinforcement in the 

form of glass fibers or other reinforcement fibers may be added to provide the strength requirements of the 

end product. The exact unsaturated polyester formulation, its cross linking agent, and reinforcement fiber, if 

any, are selected to optimize the performance of the end product. 
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Fumaric acid and malic acid [6915-15-7] are produced from maleic anhydride. The primary use for fumaric 

acid is in the manufacture of paper sizing products (see PAPERMAKING ADDITIVES). Fumaric acid is 

also used as a food acidulant, as is malic acid. Malic acid is a particularly desirable acidulant in certain 

beverage selections, specifically those sweetened with the artificial sweetener aspartame [22839-47-0]. 

Lube oil additives represent another important market segment for maleic anhydride derivatives, the 

molecular structure of importance being adducts of polyalkenyl succinic anhydrides (see LUBRICATION 

AND LUBRICANTS). These materials act as dispersants and corrosion inhibitors (see DISPERSANTS; 

CORROSION AND CORROSION CONTROL). One particularly important polyalkenyl succinic anhydride 

molecule in this market is polyisobutylene succinic anhydride (PIBSA) where the polyisobutylene group has 

a molecular weight of 900 to 1500. Other polyalkenes are also used. Polyalkenyl succinic anhydride is 

further derivatized with various amines to produce both dispersants and corrosion inhibitors. Another type 

of dispersant is a polyester produced from a polyallcenyl succinic anhydride and pentaerythritol [115-77-5]. 

Maleic anhydride is used in a multitude of applications in which a vinyl copolymer is produced by the 

copolymerization of maleic anhydride with other molecules having a vinyl functionality. Typical copolymers 

(and their end uses) are styrene-maleic (engineering thermoplastic, paper treatment chemical, floor polishes, 

emulsifiers, protective colloids, antisoil agents, dispersants, stabilizing agent, adhesives, detergents, 

cosmetics, and toiletries), diisobutylene-maleic (dispersing agent), acrylic acid-maleic (detergent ingredient), 

butadiene-maleic (sizing agent), and C18 alphaolefin-maleic (emulsification agent and paper coating). 

The use of maleic anhydride in the manufacture of agricultural chemicals has declined in the United States 

over the last decade. Malathion [121-75-2] (S-[l,2-dicarbethoxyethyl]O,O-dimethyldithiophosphate) and 

Difolatan [2425-06-1] ( cis-N-[ 1, 1,2,2-tetrachloroethylthio ]-4-cyclohexene-1,2-dicarboximide) are no longer 

produced in the United States and Alar [1596-84-5] (N-dimethylaminosuccinamic acid) volumes have been 

significantly reduced by intense environmental scrutiny. Maleic hydrazide, Captan [133-06-2] (cis-N-

[ trichloromethylthio ]-4-cyclohexene-1,2-dicarboximide ), Endothall [ 145-73-3] (7-oxabicyclo [2,2, 1 ]-heptane-

2,3-dicarboxylic acid , disodium salt), and several other maleic derivatives continue use in a number of 

agricultural functions: plant growth regulation, fungicides, insecticides, and herbicides (see FUNGICIDES, 

AGRICULTURAL; INSECT CONTROL TECHNOLOGY; HERBICIDES). 

There are numerous further applications for which maleic anhydride serves as a raw material. These 

applications prove the versatility of this molecule. The popular artificial sweetener aspartame [22839-47-0] 

is a dipeptide with one amino acid (L-aspartic acid [56-84-8]) which is produced from maleic anhydride as 
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the starting material. Processes have been reported for production of poly(aspartic acid) [26063-13-8] (286-

288) with applications for this biodegradable polymer aimed at detergent builders, water treatment, and 

poly(acrylic acid) [9003-01-4] replacement (286,289,290) (see DETERGENCY). Alkenylsuccinic 

anhydrides made from several linear alpha olefins are used in paper sizing, detergents, and other uses. 

Sulfosuccinic acid esters serve as surface active agents. Alkyd resins (qv) are used as surface coatings. 

Chlorendric anhydride [115-27-5] is used as a flame resistant component (see FLAME RETARDANTS). 

Tetrahydrophthalic acid [88-98-2] and hexahydrophthalic anhydride [85-42-7] have specialty resin 

applications. Gas barrier films made by grafting maleic anhydride to polypropylene [25085-53-4] film are 

used in food packaging (qv). Poly(maleic anhydride) [24937-72-2] is used as a scale preventer and 

corrosion inhibitor (see CORROSION AND CORROSION CONTROL). Maleic anhydride forms 

copolymers with mono-O-methyl-oligoethylene glycol vinyl ethers that are partially esterified for biomedical 

and pharmaceutical uses (291) (see PHARMACEUTICALS). 

An important developing use for maleic anhydride is the production of products in the 1,4-butanediol-y­

butyrolactone-tetrahydrofuran family. Kvaerner Process Technology licenses a process (155) for producing 

1,4-butanediol from maleic anhydride. This technology can be used to produce the product mix of the three 

molecules as needed by the producer. Two plants were in operation in 1998 using the Kvaerner technology, 

having a combined capacity of 50 kt/yr 1,4-butanediol. Several other plants using the Kvaerner technology 

are under construction or have been announced. SISAS produces 1,4-butanediol from maleic anhydride in 

their facility in Feluy, Belgium. DuPont produces tetrahydrofuran in Spain from maleic anhydride. The 

DuPont technology oxidizes butane to maleic anhydride, which is recovered as maleic acid and then reduced 

to tetrahydrofuran. BP Amoco have announced a facility in Lima, OH to produce 1,4-butanediol from 

maleic anhydride using their own technology. 
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Table 1. Physical Properties of Maleic Anhydride, Maleic Acid, and Furnaric Acid 

Maleic Maleic Fumaric 
Property Anhydride Acid Acid Ref. 

formula C4H2O3 C4H4O4 C41-LiO4 
formula weight 98.06 116.07 116.07 
mp, °C 52.85 l38-139a 287 3,4 

130-130.5b 
144 (air) 282 (air) 5 

bp, °C 202 ca 138 (dee) 290 4 
sp gr, at 20/20°C, solid 1.48c 1.590 1.635 4 
molar volume 81 79 7 
heat of formation, -470.41 -790.57 -811.03 8 

kJ/mold 
free energy of formation, -625.09 -655.63 

kJ/mold 
heat of combustion, -1389.5 -1355.2 -1334.7 8 

k.T/mold 
heat of hydrogenation, -153.2 -130.3 8 

kJ/mold 
heat capacity, 

k.T/(K mol)d 
solid 0.1199 0.1356 0.1418 8 
liquid 0.164 

heat of sublimation, 71.5 105.4 123.6 8 
kJ/mold 

heat of vaporization, 54.8 8 
k.T/mold 

heat of fusion, k.T/mold 13.55 8 
heat of hydrolysis, -34.9 8 

k.T/mold 
dipole moment, 13.2 10.6 8.17 9 

10-3° C•m0 

crystalline form orthorhombic monoclinic monoclinic 10,15,17,18 
prismatic, needles, 

or leaflets 

space group P212121 P2i/c P2i/c Pl 10,15,17,18 
a,nm 0.5322 0.7473 0.7619 0.5264 
b,mn 0.7009 1.0098 1.5014 0.7618 
c,mn 1.0987 0.7627 0.6686 0.4487 
a,deg 90 90 90 106.85 
~,deg 90 123.59 112.0 86.33 
y,deg 90 90 90 134.94 

dissociation constant, 20 
at 25°C 
K1 1.14 X 10-2 9.57 X 10-4 
K2 5.95 X 10-7 4.13 X 10-5 

heat of neutralization, 126.9 6 
KJ/mold 

a Crystallized from water. 
b Crystallized from alcohol; sublimes at 165°C at 0.23 kPa. 

43 

UM00014684 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3420 of 4460



c Specific gravity at 70/70°C, molten= 1.3 (6). 
d To convert kJ to kcal, divide by 4.184. 
e In dioxane at 25°C. To convert C•m to debye, divide by 3.336 x 10-30

. 
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Table 2. Solubilitt of Maleic Anhydride, Maleic Acid, and Fumaric Acid, g/100 g Solution 

Maleic 
Solvent Anhydrideb 

Watera 
at 25°C 

40°C 
60°C 
97.5°C 
100°c 

acetone 
at 20°c 

25°C 227 
29.7°C 

benzene, at 25°C 50 
toluene, at 25°C 23.4 
o-xylene, at 25°C 19.4 
kerosene (bp 190-210°C), at 25°C 0.25 
methanol, at 22.5°C 
ethanol 

at0°C 
22.5°C 

95% ethanol, at 29.7°C 
1-propanol 

at0°C 
22.5°C 

chloroform, at 25°C 52.5 
carbon tetrachloride, at 25°C 0.6 
diethyl ether, at 25°C 
2-butenenitrile, at 50°C 
ethyl acetate, at 25°C 112 

a refs. 9 and 20; g/100 g solution unless otherwise noted. 
b In g/100 g solvent. 
c Heat of solution= l 8.6 kJ/mol ( 4.45 kcal/mol) (6). 
d At all temperatures given maleic anhydride hydrolyzes slowly. 
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Maleic 
Acidc 

44.l 
52.9 
58.9 
79.7 

38.6 

26.3 
0.024 

41.0 

30.2 
34.4 
41.l 

20.0 
24.3 

0.11 
0.002 

7.57 
4.38 

Fumaric 
Acid 

0.70 
1.05 
2.34 

8.93 

1.69 
0.003 

5.44 

0.02 
0.027 
0.71 
0.034 
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Table 3. Other Properties of Maleic Anhydride 

Property 

flash point, a °C 
open cup 
closed cup 

flammable limits, a,b vol % 
lower 
upper 

autoignition temperature: °C 
vapor density" (air= 1) 
viscosity," mPa s (= cP) 

at 60°C 
90°C 
150°c 

pH of water solutions d 

l X 10-2M 
5 X 10-3M 
1 X 10-4M 

polarographic half-wave 
potential,d V 

a Ref23 
6 Ref24 
c Ref20 
d Ref25 
e Ref9 
f To convert kPa to mm Hg, multiply by 7.5 

Value 

llO 
102 

1.4-3.4 
7.1 

477 
3.38 

0.61 
1.07 
0.6 

2.42 
2.62 
3.10 
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Property 

f vapor pressure,0 kP I\. 
at 44.0°C 

63.4 °C 
78.7°C 
95.0°C 

lll.8°C 
122.0°c 
135.8°C 
155.9°C 
179.5°C 
202.0°c 

Value 

0.13 
0.67 
1.3 
2.7 
5.3 
8.0 

13.3 
26.7 
53.3 

100 
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Table 4. World Maleic Anhydride Capacity by Reactor Type 

1993 Actual a 2000 Actualb 

Reactor (Feed) Kt/yr % Kt/yr % 

Fixed Bed (butane) 369 43.0 704 51.8 

Fixed Bed (benzene) 325 37.9 388 28.5 

Fluid Bed (butane) 127 14.8 217 16.0 

Fixed Bed (phthalic 37 4.3 50 3.7 
anhydride co-product) 

Total 858 100.0 1359 100.0 

a Ref. 178 
6 Industry Sources 
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Table 5. Production and Sales in the United States 

Year 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

a Ref 258 
bRef259 
c Industry Sources 

Maleic Anhydridea 
Production 

kt 

163.0 

173.4 

194.4 

199.5 

192.3 

183.7 

197.7 

199.6 

219.4 

238.1 

247.2 

242.7 

256.3 

256c 

250c 

Sales 
kt 

137.1 

141.7 

162.3 

169.9 

160.2 

142.9 

159.7 

151.9 

175.9 

205 

212 

220 

223 

228c 

223c 
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Fumaric Acidb 
Production 

kt 

14.5 

15.4 

15.9 

15.4 

15.4 

12.2 

13.2 

13.2 

6.4 

4.5 

4.5 

4.5 

4.5 

4.5c 

4.5c 
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Table 6. Maleic Anhydridea and Furnaric Acidb Producers in the United States, 2000 

Capacity 
Producer Location kt/year 

Ashlanda Neal, WV 43.l c 

Ashlanda Neville Island, PA 20.4c 

Bayera Baytown, TX 54.4c 

BP-Amoco a Joliet, IL 45.4c 

Huntsman a Pensacola, FL 105.0c 

Tate & Lyleb Duluth, MN 5.5" 

TOTAL 273.8 

a Ref 258 
6 Ref 259 
c Industry Sources 
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Table 7. World Malek Anhydride Nameplate Capacitiesa 

1992 2000 
Capacity Capacity 

kt/year kt/year 

North America 235 311 

South & Central America 44 41 

Western Europe 168 456 

Central & Eastern Europe 64 58 

Asia 315 483 

Africa 10 10 

TOTAL 836 1359 

a Industry Sources 
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Table 8. Toxicological Data for Maleic Anhydride, Maleic Acid, and Fumaric Acida 

Maleic 
Anhydride 

Oral, rat, LDso, mg/kg 400 

Oral, mouse, LDso, mg/kg 465 

Skin, rabbit, LDso, mg/kg 2620 

lntraperitoneal, rat,LDso, mg/kg 97 

LDLo, mg/kg 

Subcutaneous, rat, IDLo, mg/kg 1220 

a Ref. 282 

Maleic 
Acid 

708 

2400 

1560 

51 

Fumaric 
Acid 

10,700 

20,000 

587 
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Table 9. Uses for Maleic Anhydride in the United States, 20ooa,b 

Product 

Unsaturated Polyester Resins 

Fummic and Malic Acid 

Lube Oil Additives 

Maleic Copolymers 

Agricultural Chemicals 

Others 

1DTAL 

a Ref. 258 
b Industry Sources 

52 

%of 
Demand 

63 

5 

11 

8 

2 

11 

100 
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Table 10. Uses for Unsaturated Polyester in the United States, 2000a, h 

Product Demand 

Marine 16.2 

Construction 34.2 

Corrosion 10.4 

Transportation 15.0 

Electrical 1.9 

Other 22.3 

IDTAL 100.0 

a Ref. 284 

b Industry Sources 
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0.1479 (2) 

0.1327 (2) 

Hg 

Figure 1. Bond distances in nm (estimated standard deviations in parentheses) for the structure ofmaleic 
anhydride determined by single crystal x-ray diffraction methods at 11 OK ( 10). The maleic anhyd1ide molecule 
is nearly planar. The plane containing the 01, C4, and C5 atoms has no other atomic nuclei in the molecule 
deviating from the plane by more than 0.0036 nm. 
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Abstract. Scientific and technological developments in the manufacture and use of maleic 
anhyd1ide, maleic acid, and fumaric acid are reviewed over the past 20 years. Physical 
and chemical properties for these three chemicals are updated with literature citations 
when available. Key derivatives are summarized including acid chlorides and reaction 
products of these chemicals formed from acylation, alk:ylation, amidation, concerted 
nonpolar reactions of various kinds, decomposition and decarboxylation, electrophilic 
addition, este1ification, free-radical reactions, Grignard-type reactions, halogenation, 
hydration and dehydration, hydroformylation, isomerization, ligation to metal atoms, 
nucleophilic addition, oxidation, polymerization, reduction, and sulfonation. 
Manufacturing processes for maleic anhydride are described including those using fixed­
bed, fluidized-bed, and transport-bed technologies for selective oxidation of butane. A 
survey is given of catalyst developments through the end of 2000. Regardless of the 
reactor type used, all catalysts producing maleic anhyd1ide from butane consist of a 
vanadyl pyrophosphate phase, (VOhP20 7. Details are presented on maleic anhydride and 
its two diacid isomers with respect to shipment, economic aspects, specifications, 
analytical and test methods, toxicology, and plincipal uses. 

Key Words: butane, catalyst, fumalic, maleic, oxidation, vanadium 
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To: 
From: 
Cc: 

euspto@slspatents.com,, 
PAIR_eOfficeAction@uspto.gov 
PAIR_eOfficeAction@uspto.gov 

Subject: Private PAIR Correspondence Notification for Customer Number 23557 

Jun 24, 2010 05:41 :49 AM 

Dear PAIR Customer: 

SALIWANCHIK LLOYD & SALIWANCHIK 
A PROFESSIONAL ASSOCIATION 
PO Box 142950 
GAINESVILLE, FL 32614 
UNITED STATES 

The following USPTO patent application(s) associated with your Customer Number, 23557, have 
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR. 

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90 
accompanying the correspondence. 

Disclaimer: 
The list of documents shown below is provided as a courtesy and is not part of the official file 
wrapper. The content of the images shown in PAIR is the official record. 

Application 
10378956 

Document 
CTFR 
892 
1449 

Mailroom Date 
06/24/2010 
06/24/2010 
06/24/2010 

Attorney Docket No. 
USF.106XC1 
USF.106XC1 
USF.106XC1 

To view your correspondence online or update your email addresses, please visit us anytime at 
https ://sportal. uspto .gov/secu re/myportal/privatepair. 

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov 
with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours: 

Monday - Friday 6:00 a.m. to 12:00 a.m. 

Thank you for prompt attention to this notice, 

UNITED STATES PATENT AND TRADEMARK OFFICE 

PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATJON NO. FILING DATE 

10/378,956 03/03/2003 

23557 7590 lll/25/2010 

SALIW ANCHIK LLOYD & SALIW ANCHIK 
A PROFESSIONAL ASSOCIATION 
PO Box 142950 
GAINESVILLE, FL 32614 

FIRST NAMED INVENTOR 

Michael J. Zaworotko 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia :2:2313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

USF.106XC1 4742 

EXAMINER 

JA V ANMARD, SAi-JAR 

ART UNIT PAPER l'iUMBER 

1627 

NOTIFICATION DATE DELIVERY MODE 

10/25/2010 ELECTRONIC 

Please find below and/or attached an Office communication concerning this application or proceeding. 

The time period for reply, if any, is set in the attached communication. 

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the 
following e-mail address(es): 

euspto@slspatents.com 

PTOL-90A (Rev. 04/07) 
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Interview Summary 

Application No. 

10/378,956 

Examiner 

SAHARJAVANMARD 

All participants (applicant, applicant's representative, PTO personnel): 

( 1) SA HAR JA VANMARD. (3)GLEN LADWIG. 

Applicant(s) 

ZAWOROTKO ET AL. 

Art Unit 

1627 

(2) SREENI PADMANABHAN. (4)MARK BUESE; MICHAEL ZAWOROTKO. 

Date of Interview: 13 October 2010. 

Type: a)IXI Telephonic b)D Video Conference 
c)D Personal [copy given to: 1 )0 applicant 2)0 applicant's representative] 

Exhibit shown or demonstration conducted: d)[gl Yes e)D No. 
If Yes, brief description: APPLICANT FAXED PROPOSED AMENDMENTS. 

Claim(s) discussed: ALL. 

Identification of prior art discussed: ZAWOROTKO (PATENT 5,994.365) AND SANZU (JP-B-46-33588). 

Agreement with respect to the claims f)D was reached. g)IXI was not reached. h)D N/A. 

Substance of Interview including description of the general nature of what was agreed to if an agreement was 
reached, or any other comments: Reiections of record were discussed based on Applicant's proposed claims. 
Examiner will consider claims accordingly when Applicant responds to the outstanding Final Office action .. 

(A fuller description, if necessary, and a copy of the amendments which the examiner agreed would render the claims 
allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims 
allowable is available, a summary thereof must be attached.) 

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE 
INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS 
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS 
INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO 
FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview 
requirements on reverse side or on attached sheet. 

IS. J./ 
Examiner, Art Unit 1627 

/SREENI PADMANABHAN/ 

Supervisory Patent Examiner, Art Unit 1627 I 
U.S. Patent and Trademark Office 

PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20101013 
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Summary of Record of Interview Requirements 

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record 
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the 
application whether or not an agreement with the examiner was reached at the interview. 

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews 
Paragraph (b) 

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as 
warranting favorable action must be filed by the applicant An interview does not remove the necessity for reply lo Office action as specified in §§ 1. 111, 1.135. (35 U.S.C. 132) 

37 CFR §1.2 Business to be transacted in writing. 
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and 
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to 
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt. 

The action of the Patent and Trademark Office cannot be based exclusively on the wrillen record in the Office if that record is itself 
incomplete through the failure lo record the substance of interviews. 

It is the responsibility of the applicant or the attorney or agent lo make the substance of an interview of record in the application file, unless 
the examiner indicates he or she will do so. It is the examiner's responsibility to see that such a record is made and lo correct material inaccuracies 
which bear directly on the question of palenlabilily. 

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the 
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely lo restriction 
requirements for which interview recordalion is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing 
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordalion procedures below. Where the 
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required. 

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the 
"Contents" section of the file wrapper. In a personal interview, a duplicate of the Form is given lo the applicant (or allorney or agent) al the 
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant's correspondence address 
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other 
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication. 

The Form provides for recordalion of the following information: 
- Application Number (Series Code and Serial Number) 

Name of applicant 
Name of examiner 
Dale of interview 

- Type of interview (telephonic, video-conference, or personal) 
Name of parlicipanl(s) (applicant, allorney or agent, examiner, other PTO personnel, etc.) 

- An indication whether or not an exhibit was shown or a demonstration conducted 
- An identification of the specific prior art discussed 
- An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by 

attachment of a copy of amendments or claims agreed as being allowable). Nole: Agreement as lo allowabilily is tentative and does 
not restrict further action by the examiner lo the contrary. 

- The signature of the examiner who conducted the interview (if Form is not an attachment lo a signed Office action) 

It is desirable that the examiner orally remind the applicant of his or her obligation lo record the substance of the interview of each case. It 
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordalion of the interview 
unless it includes, or is supplemented by the applicant or the examiner lo include, all of the applicable items required below concerning the 
substance of the interview. 

A complete and proper recordation of the substance of any interview should include al least the following applicable items: 
1) A brief description of the nature of any exhibit shown or any demonstration conducted, 
2) an identification of the claims discussed, 
3) an identification of the specific prior art discussed, 
4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the 

Interview Summary Form completed by the Examiner, 
5) a brief identification of the general thrust of the principal arguments presented lo the examiner, 

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not 
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the 
examiner can be understood in the context of the application file. Of course, the applicant may desire lo emphasize and fully 
describe those arguments which he or she feels were or might be persuasive lo the examiner.) 

6) a general indication of any other pertinent mailers discussed, and 
7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by 

the examiner. 
Examiners are expected lo carefully review the applicant's record of the substance of an interview. If the record is not complete and 

accurate, the examiner will give the applicant an exlendable one month lime period lo correct the record. 

Examiner to Check for Accuracy 

If the claims are allowable for other reasons of record, the examiner should send a letter selling forth the examiner's version of the 
statement allribuled lo him or her. If the record is complete and accurate, the examiner should place the indication, "Interview Record OK" on the 
paper recording the substance of the interview along with the dale and the examiner's initials. 
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PTO/SB/30 (07-09) 
Approved for use through 07/31/2012. 0MB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Panerwork Reduction Act of 1995. nn nersnns are renuired to resoond to a collection of information 1mless it contains a valid 0MB control number. 

r Request Aoolication Number 10/106XC1 

for March 3, 2010 Filinq Date 
Continued Examination (RCE) 

Michael J. Zaworotko 
Transmittal First Named Inventor 

Address to: Art Unit 1617 

Mail Stop RCE 
Commissioner for Patents Examiner Name Sahar Javanmard 

P.O. Box 1450 
Alexandria, VA 22313-1450 Attorney Docket Number USF.106XC1 

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application. 
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8, 
1995, or to any desiqn application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on paqe 2. 

1. [ Submission required under 37 CFR 1.1141 Note: If the RCE is proper, any previously filed unentered amendments and 
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise. If 
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such 
amendment(s). 

a. □ Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be 
considered as a submission even if this box is not checked. 

i. □ Consider the arguments in the Appeal Brief or Reply Brief previously filed on 

Ii. □ other 

b. [2] Enclosed 

I. [2] Amendment/Reply iii. 0 Information Disclosure Statement (IDS) 

ii. □ Affidavit(s)/ Declaration(s) iv. □ Other 

2. [Miscellaneous) 

□ 
Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a 

a. period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required) 

b. □ 
Other 

3. [ Fees] The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed. 

□ 
The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to 

a. Deposit Account No. 

i. [{] RCE fee required under 37 CFR 1.1 ?(e) 

ii. [{] Extension of time fee (37 CFR 1.136 and 1.17) 

iii. □ Other 

b. □ Check in the amount of$ enclosed 

C. [{] Payment by credit card (Form PTO-2038 enclosed) 

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit 
card information and authorization on PTO-2038. 

SLGNA TURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED 
Signature /'fa./ /.J~ Date October 22, 2010 
Name (Print'Type) MARK A. BUESE, PH.D. Registration No. 52,669 

CERT/FICA TE OF MAILING OR TRANSMISSION 

I hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postage as first class mail in an envelope 
addressed to: Mail Stop RCE, Commissioner for Patents, P. 0. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark 
Office on the date shown below. 
Signature I 
Name (Print/Type) I I Date 

This collection of information 1s required by 37 CFR 1. 114. The information 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, 
including gathering, preparing, and submitting tile completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on 
the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and 
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SE ND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Mail Stop RCE, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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Electronic Patent Application Fee Transmittal 

Application Number: 10378956 

Filing Date: 03-Mar-2003 

Title of Invention: 
Multiple-component solid phases containing at least one active 
pharmaceutical ingredient 

First Named Inventor/Applicant Name: Michael J. Zaworotko 

Filer: Mark A. Buese/Paula Shultz 

Attorney Docket Number: USF.106XC1 

Filed as Small Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 

Extension - 1 month with $0 paid 2251 1 65 65 
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Description Fee Code Quantity Amount 
Sub-Total in 

USD($) 

Miscellaneous: 

Request for continued examination 2801 1 405 405 

Total in USD ($) 470 
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Electronic Acknowledgement Receipt 

EFS ID: 8681482 

Application Number: 10378956 

International Application Number: 

Confirmation Number: 4742 

Title of Invention: 
Multiple-component solid phases containing at least one active 
pharmaceutical ingredient 

First Named Inventor/Applicant Name: Michael J. Zaworotko 

Customer Number: 23557 

Filer: Mark A. Buese/Paula Shultz 

Filer Authorized By: Mark A. Buese 

Attorney Docket Number: USF.106XC1 

Receipt Date: 22-OCT-2010 

Filing Date: 03-MAR-2003 

Time Stamp: 12:40:55 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Credit Card 

Payment was successfully received in RAM $470 

RAM confirmation Number 10190 

Deposit Account 190065 

Authorized User EISENSCHENK,FRANK C. 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges) 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

936624 

1 Amd4.pdf yes 10 
13c82e2982529916b7ddf284cc52c.97b228 

Oe4fa 

Multipart Description/PDF files in .zip description 

Document Description Start End 
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I hereby certify that this correspondence is being 
electronically filed in the United States Patent and 
Trademark Office on ~:.J,,C=~..=.::::;,L...::::::......!:..-;__ __ 

AMENDMENT UNDER 37 CFR §1.114 
Examining Group 1617 
Patent Application 
Docket No. USF.106XC1 
Serial No. 10/3 78,956 

Mark A. Buese, Ph.D., Patent Agent 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Sahar Javanmard 

1617 

Michael J. Zaworotko, Brian Moulton, Nair Rodriguez-Hornedo 

10/378,956 

March 3, 2003 

4742 

Examiner 

Art Unit 

Applicants 

Serial No. 

Filed 

Confirm. No. 

For Multiple-Component Solid Phases Containing at Least One Active 
Pharmaceutical Ingredient 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT UNDER 37 CFR §1.l 14 

Applicants request that the period for response in the above-identified patent application 

be extended one month through and including October 25, 2010, the fee for which has been paid 

at the time this Amendment was filed. 

This response is accompanied by a Request for Continued Examination, a reference, and 

an Information Disclosure Statement. 

This response includes a Summary of an Examiner Interview. 

In response to the Office Action dated June 24, 2010, please amend the above-identified 

application as follows: 
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In the Claims 

1-24 ( canceled). 

Docket No. USF.106XC1 
Serial No. 10/378,956 

25 ( currently amended). A method for the design and preparation of a co-

crystalwpramolecalar synthon, said method comprising: 

(a) evaluating-tfle st1'ucture of providing an active pharmaceutical ingredient (API)~ 

(b) determining whether-tlle-aB-ttve pharmaceutical ingrooie-Ht c-0-fl-taHIB-comprising at least 

one chemical functionality,_ies capable of wherein at least one of said chemical functionalities 

forms a first supramolecular synthon formingof ~supramolecular homosynthons rnmprising a 

hvdrogen bond 1Nith itself (a first supramolecular synthon); 

(c) identifying, from a plurality of chemical functionalities that are knovm to form a 

supramolecular synthon, at-least one functionality that will form a r;econd supramoleci±l-ar 

synthon ,,vith the first supramolecular -syn{h-on formed by the act+ve--pharmaceutical ingredient, 

when~-ln--the identified chemical functionality is not-capable of disrupting noo-covalent bonding 

v,ithin the suj3Faffi0lecular syntbon formed by the active pharmaceutical ingredient, m1d wner-em 
the identified chemical-functionality is capable of forming a noncovalent bond to the 

suprmnolecular synthon formed by the active pharmaceutical ingredient; 

(412) identifying selecting at least one co-crystal formers from among a plurality of 

candidate co-crystal formers, wherein said selected co-crystal former(s) formshaving a second 

supra.molecular synthon between at-Jeas-t-0-t1e complementary chemical functionality of said co­

crystal former(s) that is identified identified in step (c), wherein the--i<l-entified to form a non­

covalent bond with at least one of said chemical functionalities of said API, wherein at least one 

of said selected co-crystal former§s in its pure form are-is a solids at room temperature and uruier 

atmospheric pressure; and 

( e.£) preparing a multiple component solid phase composition, 1,vherein the multiple 

component solid phase composition is a co-crystal that comprises comprising stoichiometric 

proportions of saidthe aeti¥e pharmaceutical ingredient\Pl and at least one of the identified said 

selected co-crystal former{fils upon formation of said second supramolecular svnthon by said 

non-covalent bonding between said complementary chemical functionalitv of said co-crystal 

fonner(s) and said chemical functionality of said API. 
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26 ( canceled). 

Docket No. USF.106XC1 
Serial No. 10/3 78,956 

27 ( currently amended). The method of claim 25, wherein thesaid at least one co-crystal 

former is a second different active pharmaceutical ingredientAPI different from said API of (a). 

28 (currently amended). The method of claim 25, wherein said preparing comprises the 

multiple component solid phase composition is formed by one or more methods selected from 

the--g-FOB:p-·OOnsisting of-crystallization from solution, crystallization from , cooling ~:fue melt, 

sublimation, ornnd grinding. 

29-36 (canceled). 

37 (currently amended). The method according to claim 25, wherein said acti¥e 

pharmaceutical ingredientAPI is selected from aspirin, ibuprofen, flurbiprofen, carbamazepine, 

phenytoin or acetaminophen. 

38 (currently amended). TheA method of claim 25. wherein said selecting of (b) fe.F 

identifying complementary-chemical functionalities in order to form a desired supramolecular 

Sj11thon, said method comprisingcomprises: 

(a) selecting an active pharmaceutical ingredient m1d evaluating the chemical 

functionalities of structure of said active pharmaceutical ingre4isffiAPI; 

(b) consideringdetermining whether the active pharm-a€-et:It:IBal ingredient contains 

chemical ftmctionalities capable of forming supramolecular synthons with itself (a .fifst 

5-UfH:'rlHl:e±eeal-ar-symhoRy, 

(c+i-Elentifymg, f-rom-a plurality of candidate chemical functionalities- _that are knovm to 

form a supramolecular synthon, at least one functionality that will form a second supramolecular 

synthon \vith the first suprarnolecular synthon formed by the active pharmaceutical ingredient, 

vmerein the identified chemical functionality is R-et-capable of disrupting non-covalent bonding 

v1ithin the supramolecular synthon formed by with at least one of said chemical functionalities of 

the active pharmaceutical ingredientAPI, and 1,vherein the identified chemical- functionality is 
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4 Docket No. USF.106XC1 
Serial No. 10/3 78,956 

capable of forming a noncovalent bond to the supramolecular synthon formed by the active 

pharmaceutical ingredient; 

(a.£) identifying said plurality of candidate co-crystal former§_s-~having at least onesa-id 

complementary chemical functionalitiesy identified considered in step ( eh) and selecting s-aitl­

said selectedidentified co-crystal former(s} from said plurality of candidate co-crystal formers for 

the preparation of said co-crvstala multiple component soli-El phase composition, 1vvherei&-the 

selected co crystal fonners are solids-a-t-ffiem:- temperature and under atmospheric pressure; and 

---:e}-J3reparing a multiple component solid phase composition, wherein-the- multiple 

component solid phase composition is a crystal that comprises the active pharmaceutic-al 

ingredient and at least one of the selected co crystal formers. 

39 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former is a GRAS compound. 

40 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former is a food additive. 

41 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former is a low toxicity organic. 

42 (previously presented). The method of claim 25, wherein the at least one co-crystal 

fonner is a metal organic complex. 

43 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former comprises at least two heterocyclic groups. 

44 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former is bipyridine. 

45 (previously presented). The method of claim 25, wherein the at least one co-crystal 

former is bis(pyridyl)ethene. 
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5 Docket No. USF.106XC1 
Serial No. 10/378,956 

46 (currently amended). The method of claim 25, wherein said evaluating of (a) first 

supramolecular svnthon is identified from comprises determining the crystal structure of said 

active pharmaceutical ingredientAPI. 

47 (currently amended). The method of claim 25, wherein said evaluating of (a) 

comprises experimentally first supramolecular synthon is identified by determining the structure 

of at least one pure solid phase of said active pharmaceutical i-ngr~API. 

48 (currently amended). The method of claim 25, wherein the at least one fimctionality 

identified complementary chemical functionality in step (c) is an unsaturated N-heterocy~le, 

saturated N-heterocycle, aldehyde, amide, carboxylic acid, nitro, ketone, or sulfoxide. 

49 (currently amended). The method of claim 25, wherein the at least one functioRal+ty 

identified complementarv chemical functionalitv in step (c) is a carboxylic acid. 

50 (new). The method of claim 25, wherein said identified complementary chemical 

functionality of said co-crystal former is complementary to said chemical functionality of said 

API that comprises said first supramolecular synthon and forms said second supramolecular 

synthon with the loss of said first supramolecular synthon to form said co-crystal. 

51 (new). The method of claim 25, wherein said identified complementary chemical 

functionality of said co-crystal former is complementary to said chemical functionality of said 

API other than said chemical functionality that forms said first supramolecular synthon, wherein 

said first supramolecular synthon is retained in addition to said second supramolecular synthon 

of said co-crystal. 

52 (new). The method of claim 25, wherein said chemical functionality that comprises 

said first supramolecular synthon is an acid, amide, alcohol, phenol, thiol, or other hydrogen 

bond former, comprising a hydrogen bond donor, wherein no covalent bonds are formed upon 
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6 Docket No. USF. l06XC1 
Serial No. ] 0/378,956 

said non-covalent bonding between said complementary chemical functionality that forms said 

second supramolecular synthon and said chemical functionality of said A.PI. 

53 (new). The method of claim 25, wherein said complementary chemical functionality 

that comprises said second supramolecular synthon is an amine, amide, unsaturated aromatic 

nitrogen bases, or other suprarnolecular heterosynthon hydrogen bond former that lacks a 

hydrogen bond donor, wherein no covalent bonds are formed upon said non-covalent bonding 

between said complementary chemical functionality and said chemical functionality of said A.PI 

to form said second supramolecular synthon. 
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7 

Summary of an Examiner Interview 

Docket No. USF.106XC1 
Serial No. 10/378,956 

Applicants and Applicants' representative wish to thank Examiner Javanmard and 

Supervisory Examiner Padmanabhan for the courtesy of the telephonic interview conducted with 

an inventor, Dr. Michael Zaworotko, and advocates for the applicants, Mr. Glenn P. Ladwig and 

the undersigned, on October 13, 2010, regarding the amendment to the claims and features of the 

method that is claimed. The remarks and amendments set forth herein are consistent with the 

substance of the interview and are believed to address the outstanding issues as discussed during 

the interview. 

Remarks 

Claims 25, 27, 28, and 37-49 were pending m the subject application. By this 

Amendment, claims 25, 27, 28, 37, 38, and 46-49 have been amended and new claims 50-53 

have been added. The undersigned avers that no new matter is introduced by this Amendment. 

Support for the new claims and amendments can be found throughout the subject specification 

and in the claims as previously presented. Entry and consideration of the amendments presented 

herein is respectfully requested. Accordingly, claims 25, 27, 28, and 37-53 are currently before 

the Examiner for consideration. Favorable consideration of the pending claims is respectfully 

requested. 

By this Amendment, claims 25, 27, 28, 37, 38, and 46-49 have been amended and claims 

50-53 have been added. Written support for the amendment to claim 25 can be found, for 

example, in paragraphs [0008]-[0012] and [0038]-[0042] of the specification. Written support 

for the amendment of claim 38 can be found, for example, in paragraphs [0041]-[0043] of the 

specification. Amendments to claims 27, 28, 37, 46, 47, 48, and 49 can be found in previously 

presented claims 27, 28, 37, 46, 47, 48, and 49; where amendment was made to have antecedent 

basis with amended claim 25. Written support for claim 50 can be found, for example, in: 

paragraph [0040] of the specification; Examples 2-6, 10, 11, 13, 18, and 19; and Figures 5, 6, 7, 

8, 9, 14, 15, 17, 22, and 23. Written support for claim 51 can be found, for example, in: 

paragraph [0039] of the specification; Examples 7, 8, 9, 18, and 16; and Figures 5, 6, 7, 8, 9, 14, 

15, 17, 22, and 23. Written support for claims 52-53 can be found in paragraph [0047] of the 

specification. 
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8 Docket No. USF.106XC1 
Serial No. 10/378,956 

Claims 25, 27, 28, 38 and 46-49 are rejected under 35 U.S.C. §102(b) as being 

anticipated by Zaworotko (US Patent No. 5,994,365). Applicants respectfully traverse this 

ground for rejection. Applicants assert that Zaworotko does not teach each and every limitation 

of claims 25, 27, 28, 38 and 46-49. As is well known in the law, an Examiner must identify the 

elements of the claim as having a meaning based on the specification and prosecution history to 

determine if the alleged anticipating reference teaches this element, see in Lindemann v. 

American Hoist and Derrick Co., 221 USPQ 481 (Fed. Cir. 1984), where the court stated: 

Anticipation requires the presence in a single prior art reference, 
disclosure of each and every element of the claimed invention, arranged as in the 
claim. Connell v. Sears Roebuck and Co., 722 F.2d 1542, 220 USPQ 193 (Fed. 
Cir. 1983); SSJH Equip. SA. v. USITC, 718 F.2d 365, 216 USPQ 678 (Fed. Cir. 
1983). In deciding the issue of anticipation, the [examiner] must identify the 
elements of the claims, determine their meaning in light of the specification and 
prosecution history, and identify corresponding elements disclosed in the 
allegedly anticipating reference. SSJH, supra; Kalman [v. Kimberly-Clarke, 713 
F.2d 760,218 USPQ 781 (Fed. Cir. 1983)] (emphasis added). 221 USPQ at 485. 

The office action states that Zaworotko, entitled "Substituted Diazaanthracene 

Compounds having Pharmaceutical Utility" teaches co-crystal formation between a 

diazaanthracene, the active pharmaceutical ingredient (API) l,8-DAA-36-(Me)2, and a co-crystal 

former, fumaric acid. This composition found in example 9 of Zaworotko does not teach an API 

that has a first supramolecular synthon comprising a hydrogen bond, as recited in amended claim 

25, as the API has no hydrogen bond donor. Homosynthons are disclosed, for example in 

paragraph [0009], page 4 of the specification with examples thereof given in Examples 1-19 and 

Figures 4A, 5A, 6C, 7B, 8B, lOA, 14A, 15A, 16A, 17A, 18A, 19A, 20A, 21A, 22A, and 23A. 

These homosynton functionalities are those that contain hydrogen bond donors and hydrogen 

bond acceptors, as would be appreciated upon inspection by those skilled in the art. The ability 

to form a homosynthon is lacking in 1,8-DAA-36-(Me)2, which although possessing a pair of 

hydrogen acceptors, lacks any hydrogen bond donors. 

Zaworotko does not teach a method for selecting at least one co-crystal former from 

among a plurality of candidate co-crystal formers. Rather, a co-crystal was formed with no 

disclosed evaluation of potential co-crystal formers, nor is there any disclosure that a co-crystal 

was even considered a possible outcome. Chance formation of a co-crystal is not the present 

invention. Presently, and certainly at the time of the invention, "the idea that a crystal can 
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contain more than one type of molecular entity is counter intuitive." (see Desiraju page 673 2nd 

paragraph left column "Crystal Engineering: A Brief Overview" J Chem. Sci. 2010, 122(5), 667-

75, attached herewith and with an accompanying IDS). The claimed invention is directed to co­

crystals where candidate co-crystal formers are considered based on functionalities that are 

complementary to those of the API, and a selected co-crystal former is used that possesses the 

identified functionality that would indicate co-crystal formation is a probable outcome. As 

Zaworotko does not teach every element of the claim arranged as in the claim, Zaworotko can 

not anticipate the presently claimed invention. Accordingly, reconsideration and withdrawal of 

the rejection under 35 U.S.C. § 102(b) is respectfully requested. Applicants respectfully request 

allowance of claims 25, 27, 28, 38 and 46-49. 

Claims 39-42 are rejected under 35 U.S.C. §102(b) as being anticipated by Zaworotko 

(US Patent No. 5,994,365) as evidenced by Felthouse (2001). Applicants respectfully traverse 

this ground for rejection. Zaworotko does not teach each and every limitation of claims as 

addressed above. Felthouse teaches fumaric acid to be a food additive and, therefore as a GRAS, 

but does not address the deficiencies of Zaworotko. Therefore, Zaworotko as evidenced by 

Felthouse, does not teach every element of the claim arranged as in the claim and can not 

anticipate the presently claimed invention. Accordingly, reconsideration and withdrawal of the 

rejection under 35 U.S.C. § 102(b) is respectfully requested. Applicants respectfully request 

allowance of claims 39-42. 

Claims 39-42 are rejected under 35 U.S.C. §102(b) as being anticipated by Sanzu (JP-B-

46-33588). Applicants respectfully traverse this ground for rejection. Sanzu does not teach each 

and every limitation of claims 39-42. Sanzu does not teach a co-crystal and therefore can not 

teach a method to prepare a co-crystal fom1er. By definition, and as presently claimed, a co­

crystal, being a single crystalline entity, has a fixed stoichiometry of component molecules. 

Sanzu teaches either a mixed crystal or a solid solution where "The complex compound 

produced by such methods comprises phenazone and paracetamol in a molar ratio of 

approximately 1: 1 or a weight percentage of phenazole approximately 59-53%, paracetamol 

approximately 41-4 7%." ( see last paragraph of the translation of Sanzu emphasis added). The 

composition of a co-crystal will not vary in stoichiometry by ±10%, and therefore, Sanzu does 
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not teach a co-crystal. Accordingly, reconsideration and withdrawal of the rejection under 35 

U.S.C. § 102(b) is respectfully requested. Applicants respectfully request allowance of claims 

39-42. 

It should be understood that the amendments presented herein have been made solely to 

expedite prosecution of the subject application to completion and should not be construed as an 

indication of Applicants' agreement with or acquiescence in the Examiner's position. 

In view of the foregoing remarks and amendments to the claims, Applicants believe that 

the currently pending claims are in condition for allowance, and such action is respectfully 

requested. 

Submitted herewith is a supplemental Information Disclosure Statement (IDS), 

accompanied by the form PTO/SB/08, and a copy of the reference listed herein. Applicants 

request that the reference in the IDS be made of record in the subject application. 

The Commissioner is hereby authorized to charge any fees under 3 7 CFR § § 1.16 or 1.17 

as required by this paper to Deposit Account 19-0065. 

Applicants invite the Examiner to call the undersigned if clarification is needed on any of 

this response, or if the Exan1iner believes a telephonic interview would expedite the prosecution 

of the subject application to completion. 

MAB/ps 
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Mark A. Buese, Patent Agent 

INFORMATION DISCLOSURE 
STATEMENT 
Patent Application 
Docket No. USF.106XC1 

Examiner 

Art Unit 

Applicants 

Serial No. 

Confirm No. 

Filed 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Sahar Javanmard 

For 

1617 

Michael J. Zaworotko, Brian Moulton, Nair Rodriguez-Homedo 

10/378,956 

4742 

March 3, 2003 

Multiple-Component Solid Phases Containing at Least One 
Active Pharmaceutical Ingredient 

Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313 

Sir: 

INFORMATION DISCLOSURE STATEMENT 
UNDER 37 C.F.R. §§ 1.97 AND 1.98 

In accordance with 37 C.F.R. § 1.56, the reference listed on the attached form 

PTO/SB/08 is being brought to the attention of the Examiner for consideration in connection 

with the examination of the above-identified patent application. A copy of the cited document is 

also attached. 

It is respectfully requested that the reference cited on the attached form PTO/SB/08 be 

considered in the examination of the subject application and that its consideration be made of 

record. 

Applicants respectfully assert that the substantive provisions of 37 C.F.R. §§ 1.97 and 

1 . 98 are met by the foregoing statement. 
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If any additional fee 1s required, or to credit any overpayment, please use Deposit 

Account No. 19-0065. 

MAB/ps 

Respectfully submitted, 

Mark A. Buese, Ph.D. 
Patent Agent 
Registration No. 52,669 
Phone No.: 352-375-8100 
Fax No.: 352-372-5800 
Address: P.O. Box 142950 

Gainesville, FL 32614-2950 

Attachments: Form PTO/SB/08; copy ofreference cited therein. 
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Crystal engineering: A brief overvie,v 

GAUTAM R DESIRAJU 
Solid State and Structural Chemistry Unit, Indian Institute of Science, Bangalore 560 012 
e-mail: desiraju@sscu.iisc.ernet.in 

Abstract. Crystal structures of organic and metal-organic compounds have been determined in enor­
mous numbers over the past century, and al the time of writing this review, the Cambridge Strnctural 
Database has just crossed the half million mark. The possibility of designing a particular crystal packing 
is, however, of more recent origin and the subject of crystal engineering has addressed this possibility, 
more or less systematically, during the past 30 years. Crystal engineering demands a detailed and thor­
ough knowledge of intermolecular interactions, which act as the supramolecular glue that binds mole­
cules into crystals. It also requires systematic strategies for the design of a crystal, the architectural 
blueprint as it were. Finally, this enterprise needs to be geared towards a useful property in that the crys­
tal that is being designed is a functional one. All these features of the subject are directly or indirectly 
connected with the fact that there is a very large database of known crystal strnctures that is available 
to the crystal engineer. This review attempts to briefly survey the current scenario in this expanding 
subject 

Keywords. Crystallography; crystal structure; hydrogen bond; polymorphism: pharmaceuticals. 

1. Introduction 

Crystal engineering is concerned with the construc­
tion of crystal structures of organic and metal 
organic species, using design principles that are de­
rived from an understanding of the intermolecular 
interactions that prevail in molecular solids. 1 Ideally, 
the crystal to be designed has a specific function 
whether it is chemical reactivity of a desired kind, 
an optical, magnetic or electronic property, or still 
the ability to absorb within the crystal another small 
molecule. 2 4 To summarise, crystal engineering is 
the rational design of functional molecular solids. 
This subject has been in active investigation for 
around 30 years. 5 The conceptual origins of crystal 
engineering go much further back in time and 
indeed right back to the origins of X-ray crystallog­
raphy when Bragg noted similarities between the 
crystal structures of naphthalene and anthracene. 6 In 
the modern context, the concepts of crystal engi­
neering arc applicable to any kind of intermolecular 
assembly whether it is protein ligand recognition, 
the design of supramolecular polymers, systems for 
drug delivery or the study of organized media other 
than crystalline solids. Crystal engineering is 
accordingly of very wide scope and it has brought 
together investigators from many disciplines. 7 These 
include organic chemistry, inorganic chemistry, 

physical chemistry, X-ray crystallography, materials 
sciences and computational chemistry. 

The first phase of this subject is exemplified by 
the work of Robertson who was perhaps the first to 
systematically relate molecular structure of organic 
compounds ,vith their crystal structure, 8 Robertson 
surveyed the crystal structures of a large number of 
polynuclear aromatic hydrocarbons in the 1940s and 
1950s. The determination of a crystal structure was 
an extremely difficult task in those days and Robert­
son's crystallographic investigations are of an 
almost heroic nature. He divided these flat aromatic 
molecules into two categories: in the first, the 
molecular thickness is comparable to the length and 
breadth; in the second the thickness is small in com­
parison with the two other dimensions. Each of these 
categories was associated with a certain type of 
crystal structure ·- the former ,vith what we would 
now term the herringbone packing displayed by 
naphthalene and the latter with the stacked structure 
as exemplified by coronene. Although this work was 
carried out 60 years ago, its consequences impinge 
on the subject of crystal engineering even today 
because the essential question in crystal engineering 
remains 'Given the molecular structure of an organic 
compound, what is its crystal structure?' In other 
words how do molecules recognize one another dur­
ing the crystallization event? This question is easy 
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to phrase but it is extremely difficult to answer. At 
the present time there is no general answer to this 
question. 

Indeed this question can be sub-divided into several 
smaller questions as shown in the following scheme: 

One ➔ F cw ➔ Many ➔ Crystal. 

The fact is that a crystal is built up from a large 
number of molecules and this building up (aufbau) 
need not be a smooth and continuous process in 
which the final structure of the crystal is established 
and is recognizable from the very initial stages of 
molecular assembly. A few molecules assemble to 
form a cluster; several clusters may assemble to 
form larger entities and these entities interact with 
each other through an event that we term as nuclea­
tion, which leads in turn to the first crystal. Local 
order and organization vvithin the small and then the 
larger clusters must lead eventually to long range 
periodicity that one associates with the crystalline 
state. 9 However, one does not know when and how 
this happens. A small cluster need not necessarily be 
a good model for a larger cluster and a large cluster 
in turn may not necessarily be a good model for the 
even larger clusters. In other words, there may be 
discontinuities in the process of building up of clus­
ters that leads to nucleation and groVvth of a crystal. 
Therefore, the observation and understanding of the 
molecule-to-crystal progression is a difficult task 
and there are no easy answers. X-Ray crystallogra­
phy provides information on the final crystal struc­
ture of a molecule. At the present time, the structural 
chemist is restricted to the knowledge of the struc­
tures of just the starting molecule and the final crys­
tal. One does not know the structures of the species 
during the intermediate stages of aggregation in any 
great detail although certain lines of research arc 
beginning to cast some light on these interesting 
transitory stages of the supramolecular reaction that 

11 11 . • 1 0- ]:l we ca crysta 1zat10n. · · 
Systematic crystal engineering was launched with 

the contributions of Schmidt in the Weizmann Insti­
tute. The contributions from this group in the 1950s 
and 1960s, on the solid state photochemical reactiv­
ity of trans-cinnamic acids and other alkenes, laid 
the foundation of the subject. i 4 Schmidt is usually 
credited with having introduced the term crystal 
engineering into the chemical literature although 
there is an earlier report by Pepinsky \Vherein the 
term is actually mentioned for the very first time .15 

The work in the Weizmann Institute was followed, 
after the death of Schmidt in 1972, by other contri­
butions from Israel most notably from the groups of. 
Cohen, 16 Herbstein, 17 Lahav and Leiserowitz. 18 

These developments were paralleled by work of 
Curtin and Paul from the University of Illinois on 
phase transitions, gas-solid reactions, crystal polarity 
and polymorphism. 19 Also notable in the early years 
is work from the group of Wegner and Enkclmann 
on diacetylene polymerization20 and from the Uni­
versity of Cambridge on topotaxy and defect con­
trolled topochemistry21 (Thomas and Jones). All 
these early studies arc of outstanding importance 
and allowed the subject of crystal engineering to 
gain some sort of identity thereby attracting the 
interest of crystallographers, chemists and materials 
scientists to its ranks. 

The next phase of crystal engineering may be said 
to have begun in the late 1980s. Typical contribu­
tions of this period include a paper by Enner on the 
crystal structure of adamantanc-1,3,5,7-tetra­
carboxylic acid. 22 The novel analysis of the complex 
packing of this molecule in the crystal, in terms of 
interpenetrated networks, is the forerunner of the 
topological approach to the description of crystal 
structures of molecular solids. Continuing on this 
theme, a paper in 1990 by Robson, on interpenetra­
tion as a theme in the crystal structures of some co­
ordination compounds, is of fundamental importance 
and was the starting point of investigations on coor­
dination polymcrs23 which in tum has led to identifi­
cation of some of these compounds as metal organic 
framework structures (MOF). 24 The study of co­
ordination polymers is a vast enterprise today and 
numerically speaking, there are probably more 
,vorkers in this branch of crystal engineering than in 
any other. Restrictions of length prevent one from 
presenting a more detailed discussion on this vital 
aspect of the subject. 

A paper by Desiraju and Gavczzotti in 1989 enti­
tled 'From molecular to crystal structure; 'polynu­
clear aromatic hydrocarbons' echoes Robertson's 
\Vork in a more quantitative maimer and identified 
the molecule ➔ crystal transformation as the key 
issue in crystal enginccring. 25 The appearance of a 
book by Desiraju in 1989 entitled 'Crystal engineer­
ing: The design of organic solids' showed that the 
subject of crystal engineering goes far beyond 
organic solid state reactivity. 1 This book is still the 
only single author book on the subject. Desiraju 
defined crystal engineering as 'the understanding of 
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intermolecular interactions in the context of crystal 
packing and in the utilisation of such understanding 
in the design and new solids with desired physical 
and chemical properties'. This definition seems to 
have stood the test of time and the subject today 
includes three distinct activities which form a con­
tinuous consequence (i) the study of intermolecular 
interactions; (ii) the study of packing modes in the 
context of these interactions with the aim of design­
ing a strategy for crystal construction and; (iii) the 
study of crystal properties. These three stages repre­
sent the what, the how and the why of crystal engi­
neering.26 The final development in the kick off­
stage of crystal engineering was the identification of 
an organic crystal as a supramolecular par excel­
lence by Dunitz in 1991. 27 Dunitz based his argu­
ment on the paradigm of supramolecular chemistry 
which was recognized just few years earlier, in 
1987, through the award of a Nobel Prize to Peder­
sen, Cram and Lehn. 

2. Supramolecular retrosynthesis 

The central dogma of supramolecular chemistry was 
enunciated by Lehn who stated that just as a mole­
cule is built with atoms by connecting them with 
covalent bonds, a supramolecule is built up with 
molecules using intermolecular interactions as 
connectors. 28 The idea of molecular recognition 
therefore became closely integrated with supra­
molecular chemistry. Taking up from Dunitz's con­
cept of a crystal as a supramolccular entity, Desiraju 
suggested that crystal engineering, the design and 
construction of a molecular crystal, is a fonn of 
solid state supramolccular synthesis. 29 Continuing 
these analogies further, a polymorph of an organic 
solid is the supramolecular equivalent of what a 
structural isomer is in molecular chemistry,30 crys­
tallization becomes a supramolecular reaction and 
the crystal nucleus may be likened to a transition 
state. 12 It vvas in the middle 1990s that the concept 
of crystal engineering entered the mainstream of 
organic chemistry. Three definitive reviews appeared 
in this and related contexts: Whitesides described 
non-covalent synthesis as a way of using physical 
organic chemistry to make molecular aggregates;3 1 

Desiraju defined supramolccular synthons as struc­
tural units within crystals that can be formed 
by known or conceivable synthetic operations 
(scheme 1);29 Stoddart defined two types of 
supramolecular synthesis, 32 the first is more akin to 

Desiraju' s definition of crystal engineering and 
involves a building up of supramolecular entities 
with intermolecular interactions; the second utilizes 
supramolecular synthesis as an aid to the building up 
of exotic molecular entities, like rotaxancs, catenancs 
and more recently exotic topological shapes like 
B · 33 orromcan nngs. 

Supramolccular synthons are kinetically defined 
structural units that express the core features of a 
crystal structure and \vhich encapsulate the essence 
of crystals in terms of molecular recognition. Syn­
thons consist of molecular fragments and the 
supramolecular associations between them such as 
hydrogen bonds and other directional interactions. 
We have already referred to the crucial problem in 
crystal engineering, namely that a smaller cluster 
need not be the best model for a larger cluster -
indeed an important assumption in synthon theory is 
that the supramolecular synthon is a reasonable 
approximation to the entire crystal despite the simpli­
fications that are inherent, and indeed necessary, in 
its definition. 

The main aim of crystal engineering is to make 
particular crystal structures from particular mole­
cules. Unfortunately, crystal structures do not corre­
spond in a straightfonvard manner to molecular 
functionality. This lack of modularity is a serious is­
sue. In the language of complex systems, one states 
that a crystal structure is an emergent property of 
molecules. Because the synthetic step in crystal 
engineering is not always straightforward, one of the 
practical aims of the subject is to identify similar 
molecules that lead to similar crystal constructs 
(identify at least those systems, where an element of 
modularity is present when going from mole­
cule ➔ crystal). If a certain molecular similarity 
also leads to packing similarity in the form of simi­
lar supramolccular synthons, then the use of other 
similar molecules is also expected to lead to predict­
able crystal structures. Considering compounds 1 
through 4, one notes that 1, hydrogen cyanide, is the 
prototype for a linear chain based on C-H·•·N 
hydrogen bonds (scheme 2).34 The crystal structure 
was determined more than 50 years ago and is from 
the classical cra. 35 Introduction of extra hydrocarbon 
groups between the cyano and ethynyl groups in 
compound l furnishes compounds 2 through 4. 
Introduction of a C,=C group between cyano and 
ethynyl groups gives 2, cyanoacetylene. However, 
this extra acetylene functionality has little effect on 
the linear chain of molecules that is formed. Once 
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Scheme 1. Representative supramolecular synthons. 

Scheme 2. Suprarnolecular retrosynthesis. 

again the C-H---N=C hydrogen bond is seen. In 3, 
4-ethynylbenzonitrile, the group that intervenes 
between the cyano and ethynyl groups is a 1,4-
disubstituted phenyl ring. Once again there is no 
change in the type of linear chain pattern that is 
formed with C-H---N=C bonds. Finally, in 4, 
4-ethynyl-4'-cyanobiphenyl, the phenyl ring in 3 is 
replaced by a 4,4'-disubstituted biphenyl fragment. 
We note that the linear chain with C-H-••N=C 
hydrogen bonds is conserved in all four crystal 
structures. The nature of the hydrocarbon fragment 
that comes between the cyano and cthynyl groups 
has little effect on the formation of the supramolecu­
lar linear chain. In other words it may be reasonably 
expected that other molecules that contain ethynyl 
and cyano functionalities, preferably at 180° to each 
other, will also form the same kind of linear chain. 
Alternatively, one might say that the hydrocarbon 

functionalities in these molecules arc structurally 
well insulated from the cyano and ethynyl groups. 
Such molecules (1 through 4) are well-suited for 
crystal engineering applications because the crystal 
structures lend themselves easily to retrosynthctic 
analysis with supramolccular synthons. This text 
book example provides a good illustration as to how 
synthon theory is being applied to real systems in 
crystal engineering. 

3. The synthon as a simplifier of crystal 
structures 

Modular behaviour as described above for cthynyl 
cyanobcnzcnes is not the norm for organic mole­
cules. Crystal structures are of course related to 
molecular structures, but this relationship is gener­
ally not a simple one. The behaviour of a functional 
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group in a molecule during crystallization depends 
upon the nature and positioning of all the other func­
tional groups in the molecule. Crystal structures are 
emergent properties. To complicate matters further, 
hydrocarbon residues, which are generally not 
regarded as functional groups in the molecular 
chemistry, certainly count as functionalities in supra­
molecular chemistry and crystal engineering. There­
fore our understanding of the molecule ➔ crystal 
paradigm in crystal engineering is not at all straight­
fonvard. A simplification is required and is fur­
nished through the supramolecular synthon. The 
general idea is that a good or robust synthon is one 
which appears in a large number of cases wherein a 
particular set of molecular functionalities is present. 
If the same set of molecular functionalities is pre­
sent in another molecule then it is expected that the 
same supramolecular synthon will appear. Ideally, 
even if other functional groups are present they 
will not interfere with the appearance of the su­
pramolccular synthon under discussion. To para­
phrase, certain functionalities are more critical to the 
appearance of certain structural features in the final 
structures. The synthon is the device through which 
information content passes from molecular structure 
to crystal strncture. It is a means of simplifying a 
crystal structure. The synthon is a model for the 
entire crystal structure and it is one vvhich is hope­
fully representative of the complete crystal. The 
entire arena is an energy and strnctural space of 
great complexity with local energy minima con­
nected by several intersecting and non-intersecting 
paths. Good synthons help one to traverse this land­
scape with maximum efficiency. Other methods of 
structure simplification have also been proposed. 
Gavczzotti has used space group information to gen­
erate small clusters of molecules. 36 Etter considered 
only strong hydrogen bonds to reduce crystal struc­
tures down to the topology of these interactions. 37 

The synthon model is in contrast of the two modes 
of simplification mentioned above. It is a probabilis­
tic model and is concerned with the frequency of 
occurrence of sub-structural units which arc repre­
sentative not only of the final crystal but also of 
patterns that evolve during crystallization. If a 
pattern is noticed often enough it is assumed to be 
kinetically favoured and is likely to recur in 
other crystals of related molecules. Crystallization 
is inherently a kinetic process and the supramolecu­
lar synthon is a manifestation of these kinetic fac­
tors. 

4. Intermolecular interactions 

A very large number and variety of intermolecular 
interactions have been used in crystal engineering. 
Most notable among such interactions are hydrogen 
bonds that arise from the polar region of molecules 
and a herringbone and stacking reactions that arise 
from the non-polar regions of aromatic molecules 
and hydrophobic interaction that arise from aliphatic 
regions. The hydrogen bond is especially important 
because it is both strong and directional. 38 Therefore 
it is a very effective design element in crystal engi­
neering. A very large variety of hydrogen bonds are 
known. In addition to the stronger variety such as 
O-H---O and N-H---O there are ·weaker varieties like 
C-H··-O, C-H-·· Jr and other varieties that incorpo­
rate metal atoms, multiple atom acceptors and other 
donor and acceptor groups of very feeble cffective­
ness.39 These hydrogen bonds have a greater or 
lesser effect on the outcome of the final crystal 
structure. Their study is a vast undertaking and the 
ways in which different kinds of hydrogen bonds 
interact with one another in crystals is in itself a 
topic of immense proportions. Suffice it to say that 
the majority of papers that one reads currently in 
structural crystal engineering exemplify the role of 
hydrogen bonds of one kind or another. Other inter­
actions that have become popular in recent times in­
clude halogen bonds in which an electrophilic 
halogen atom plays the same role as the hydrogen 
atom does in a hydrogen bond. 40 Interactions 
between halogen atoms such as Cl---Cl Br---Br and 
I---I are special cases of halogen bonding.41 Interac­
tions between heavy atoms such as gold, for exam­
ple the aurophilic Au---Au interaction have also been 
used in crystal cngineering.42 The general idea has 
been described for the ethynyl cyanobenzenes in 
section 2. A molecule is chosen so that there are 
appropriate hydrogen bond donor and acceptor 
groups in suitable locations of the molecule. The 
location and positioning of these groups is so selected 
such that an extended array of molecules connected 
with hydrogen bonds is obtained. The chicken-\vire 
structure of the 1 : 1 molecular complex of cyanuric 
acid and melamine is a classic example of the use of 
hydrogen bonds in designing a layered crystal struc­
ture. 43 

Interaction interference is a notable stumbling 
application to modular construction of a crystal 
structure. Accordingly interference needs to be firstly 
identified, then understood and finally tackled and 
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even incorporated, if necessary, in the design strat­
egy. As mentioned earlier not all crystal structures 
can be understood in a modular manner based on 
molecular functionalities. In fact the converse is 
almost the more common occurrence. Different 
types of interactions interfere with each other and 
the more dominant interaction (stronger and more 
directional) will dominate the packing and the weaker 
interactions arc necessarily subsumed and are com­
promised. A number of recent papers have addressed 
the problem of interfcrcnce. 44 In optimal cases, in­
terference may even be used in the design strategy 
and if a sufficiently large number of crystal struc­
tures are known, it is possible to predict more crys­
tal structures within the structural family; this has 
been demonstrated in a series of geminal alkynols.45 

5. Polymorphism 

Polymorphism refers to the phenomenon wherein a 
given molecule exists in more than one crystal 
form. 46 It was originally conjectured that polymor­
phism is the enemy of crystal engineering - it was 
referred to as the Nemesis of crystal engineering. 1 

More recent work has shown that this phenomenon 
is of fundamental significance in understanding 
crystal packing, crystal structure prediction and even 
in the unravelling of the mechanisms of crystalliza­
tion. An additional, but by no means inconsequential 
reason for the importance of polymorphism is that 
different polymorphs of a drug molecule have been 
deemed in some cases to \varrant separate legal pro­
tection in the form of patents. Accordingly there is a 
tremendous interest, in the pharmaceutical industry, 
to understand this phenomenon. 

Polymorphism is of fundamental interest. Why 
should any molecule crystallize in more than one 
form especially when it appears that molecular rec­
ognition is such a subtle and specific event that 
demands an exact matching in geometrical and 
chemical terms of the various interacting molecules? 
Many reasons for polymorphism have been adduced 
and one of the most appealing ones is that several 
metastable and kinetic crystal forms may be obtained 
during crystallization before the most stable crystal 
structure, namely the thermodynamic form, appears.47 

Some of these kinetic forms may be indefinitely sta­
ble. For example, although graphite is the most sta­
ble polymorph of elemental carbon, diamond which 
is a metastable polymorph, is indefinitely stable 
under ambient conditions. The outcome of crystalli-

zation may lead to either or both kinetic and 
thermodynamic products thereby leading to poly­
morphism. 

The study of polymorphism is a major activity in 
the practice of crystal engineering today. The sub­
ject may be studied through the crystallization of 
various crystal forms and the measurement of their 
properties by techniques such as single crystal X-ray 
crystallography, powder X-ray diffraction, differen­
tial scanning calorimetry, infrared and Ra.man spec­
troscopy and more recent more exotic techniques 
such as terahertz spectroscopy. From the applied 
viewpoint of the pharmaceutical industry it is impor­
tant to be able to detect very small amounts of one 
polymorph in the presence of a large excess of an­
other. Typically, the polymorph which is suspected 
to be present in a small amount enjoys legal protec­
tion whereas the polymorph in excess is free of pat­
ent coverage. Accordingly, an innovator company 
would like to show that a solid form being marketed 
by a generic competitor contains an infringing 
polymorph. Conversely, the generic company would 
like to show that the form which it is marketing is 
free of the polymorph that enjoys patent protection. 
All this means that there is a tremendous impetus 
towards making of instrumentation that can detect 
crystal fonns at ever increasing levels of sensitivity. 

Polymorphism may also be studied through com­
putational methods. Any crystal structure is associ­
ated with energy stabilization with respect to its 
isolated molecules. This is the energy that must be 
put into a crystal in order to dissociate it into its 
constituent molecules, in other ,vords the heat of 
sublimation. Current methods of crystal structure 
prediction generate a very large number of putative 
crystal structures associated with certain energies.48 

Computed forms with the lowest energy are as­
sumed to be ones that are obtained experimentally. 
These computations involve the optimization of 
atom-atom potentials ,vhich are empirical parame­
ters that are related through force fields that are un­
dergoing constant refinement and improvement. 
Unf01iunately methods of crystal structure predic­
tion that depend on energies of crystal structures are 
not quite so useful if the thermodynamic form is dif­
ferent from the kinetic form, and the latter is the one 
obtained during crystallization.49 These and other 
difficulties continue to engage the attention of com­
putational chemists who are involved in the exercise 
of crystal structure prediction (CSP). The Cam­
bridge Crystallographic Data Centre organizes blind 
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tests in CSP every fow years in which the experi­
mental crystal structures of a few molecules are held 
confidentially while contestants make computational 
predictions about their crystal structures. 50 After 
several months, the results of the computational 
groups arc compared with the experimental struc­
tures. Methods of CSP have improved vastly over 
the past decade; one particular group obtained the 
correct answers for all four molecules that had been 
supplied for the most recent test. 51 At the time of 
writing this review, another blind test was in pro­
gress with co-crystals, salts and polymorphs among 
the molecules given for the exercise. 

6. Multi-component molecular crystals 

From antiquity, crystallization has been known to be 
a technique of purification. Jts inherent nature is that 
of exclusion. From a solution containing numerous 
compounds or a melt of several compounds, crystal­
lization generally yields a single compound in a high 
state of purity. Molecular recognition is a very spe­
cific phenomenon and when a solution or melt is in 
a condition of supersaturation or supercooling, a 
kinetically controlled process that we call nucleation 
occurs and results in the appearance of a single 
component solid phase that is called a crystal. 
Accordingly, the idea that a crystal can contain more 
than one type of molecular entity is counter intui­
tive. Unless there are specific chemical reasons, 
multi-component molecular crystals are normally 
not expected. Within this category of substance, one 
may include crystals that contain two compounds 
both of which are normally isolated as pure crystal­
line solids. One may also include crystals that con­
tain molecules of one type along with solvent 
molecules that are an integral part of the crystal 
structure, in other words they are arranged with long 
term periodicity and are stmctured regularly. It is 
mostly a technical nicety to distinguish between 
these two types of multi-component molecular crys­
tals. 52 

The first type of binary crystal has been referred 
to in the past as solid solution, molecular compound, 
addition compound, molecular complex and 
co-crystal. 53 The term co-crystal is usually 
employed to refer to a crystal in which two distinct 
molecular components are linked with hydrogen 
bonds. In these co-crystals, hydrogen bonds of the 
type A, .. B between components A and B are 
stronger are more specific that hydrogen bonds say 

of the type A, .. A or B···B. This is the driving force 
for co-crystal formation. Sometimes the acidity of 
the hydrogen bond donor and the basieity of the 
hydrogen bond acceptor are so high that proton 
transfer takes place across the hydrogen bond (any 
hydrogen bond is a case of incipient proton transfer) 
so that a salt is formed. 54 This salt is between an or­
ganic cation and organic anion. Beyond a point, it is 
artificial to differentiate between a co-crystal which 
consists of neutral molecules and a salt which con­
sists of ions. Other types of multi-component 
molecular crystals are mediated ,vith interactions 
other than hydrogen bonding, say Jr··· TC stacking 
interactions and hydrophobic interactions bet­
ween hydrocarbon residues. However, the term 
co-crystal is, rightly or wrongly, used when the 
two components are held together with hydrogen 
bonds. 

Co-crystals have become particularly important 
because of their relevance in the pharmaceutical 
industry. 55 In the same way that patent protection 
can be extended for a drug by the discovery of new 
polymers, such protection may also be obtained by 
the isolation of co-crystals between the drug and a 
small neutral organic molecule called a co-former. 56 

Co-crystallization of a drug is desirable if the 
co-crystals have better physical properties when 
compared to the parent drug. These could be better 
solubility, better stability or longer shelf life. Co­
crystals of a drug generally have a good chance to 
enjoy patent protection over and above the parent 
drug because: (i) they are clearly new chemical enti­
ties; (ii) their design and preparation involve several 
elements of non-obviousness and; (iii) they gener­
ally have novel and useful properties. Generics are 
engaged in research aimed at generating large num­
bers of co-crystals for their drugs. The typical drug 
molecule contains a number of hydrogen bond donor 
and acceptor groups. Therefore these molecules are 
paiticularly amenable to the formation of (hydrogen 
bond based) co-crystals. The structure of the co­
former for any paiiicular drug molecule is readily 
obtained by the application of synthon theory. Syn­
thons between the drug and the co-former molecules 
arc necessarily of an unsymmetrical nature and have 
been termed as heterosynthons in contrast to the 
homosynthons, like the carboxylic acid dimer, that 
are obtained in the crystal structures of single com­
ponent crystals. The design and properties of co­
crystals is of active concern today in the practice of 
crystal engineering. 57 
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7. Conclusions 

Crystal engineering has completed the stages of 
early growth and has now entered a period of matur­
ity and consolidated development. A considerable 
body of structural data has been obtained and ana­
lysed and generalizations for crystal packing are 
being developed with this data. New uses and appli­
cations arc being suggested for crystals that are be­
ing designed systematically. For co-ordination 
polymers, applications such as absorption of gases 
and liquids is of major importance but optimization 
of magnetic and electric properties is also well­
studied. Design of molecular crystals for optical, 
electronic and chemical properties continues to be a 
major undertaking. Function will be of major impor­
tance in the future. The prediction of crystal struc­
tures is a major challenge and represents the cutting 
edge of computational crystal engineering. Unravel­
ling the mechanism of crystallization is one of the 
Holy Grails of crystal engineering and several 
researchers are using both crystallography and non­
crystallographic methods to make inroads into this 
complex and challenging question. 
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ABSTRACT? The ability of four polymorphic compounds, isonicotinamide Cl), 2-a.mino-S-nitropyridine (2), 4-chlo­
robenzamide (S), and malefo hydrezide (4), to form mol9C1.1lar cocrystals has ooen e:s;Qmined in a system.tttic structural 
study. Compounds 1-3 parti¢ipate in a wide variety ofbin.ary and temary (in the case of l) cocrygta.ls with a:romatic 
or aliphatic compounds substituted with a multitude of functional groups. However, despite considerable efforts, it 
has not been possible to f'orro any cocrysta1.s with 4. The reason for thi$ may be due to the fact that even though 
there are three kn.own polymorph$ of 4, they all contllin the same hydrogen•bonding synthons. In contrast, the 
polymorphs of 1-8 display considerable synthon flexibility, e.g., different hydrogen bond interactions s.x-e present 
in polymo1-pha ot'the sar.ns compound. &tausc 1-8 can form robust synthons in a 1rarlety ofways, wheroas 4 always 
engages in the same primary hydrogen bond interactions, it may explain why the former compounds are readily 
able to accommodate other molecules within the same lattice whereas there are no known ooorystals of 4. 

lnt:roduetion 

The abiiity to change key physical properties, e.g., 
solubility, crystal morphology, mechanical stability, etc., 
of a specialty chemical while retaining its essential 
biophysical or molecular activity its of enormous com­
mercial and fundmnental interest. Classic exa.mplee of 
how this can be achieved are regularly demonst;'l'ated 
through the conversion of a pha:rmacologically ;i.ctive 
molecule into its chloride or nitrate salt.1 Alternatively, 
many drugs are xnanufo.clured and proce.aaad a.s sol• 
vates, normally as a hydrate. Di.spite the fact that these 
two avenues can lead to matertale that eventually 
become oommercially Viable, pot,mtia.11y UBeful drugs 
may never rea<ili. this point becauae they fail to meet 
one or more of the etl-ingent standards required from. 
the point of vi.ew of pro~i.iaing, storage, or bioavailabil­
ity. Recent developments in solid state organic chem­
istcy and crystal engineering' may furnish an altetna­
ti'Ve approach th.at can offer better control (and tun.ability) 
of fundem.enta.1 physical prope~es of speeiality chemi­
cals. 

If a cry11ta.lline materiel. that contains both a phar­
maceutically relevant mo1ec,'1.lle e.nd a smictu:re-direccing 
(but bioiogically/e:ri.vironmentally passive) component 
om he rationally assembled through :intermolecular 
synthesis, then the inherent activity of the d:rug mol­
ecule remains intsct while the physical properties of the 
bulk material are modified. The efficient preparation 
of such cocryi;tals hinges on an a priori ability to identify 
reliable and versatile C~$ta.llizing agents (0.As) with• 
o'tl.t having to resort to endless crystallization experl­
menta,S 

'R:=a, State Univ""5lty. 
1 Uni'l"tnllty of ~fo~ Dam&. 
I 'f'hg Que&n'& Unive111ity of Belfast. 

A good CA should be able to form intermolecular 
interactions with the targi::.t molecule that are xn.ore 
favorable than ths homo:rneric interactions that exist 
between target .. •ta:rget or betw .. 0n CA .. •CA.4 The CA 
must also have the ability to "tolerate" the pre$6n0e of 
a different molecular building block within the same 
ccystalline lattice, which makes it seem :reruionahl.& to 
search for CAe among polymorphic oompounds.• Poly­
mOl'phism means that a compound ui found in more 
than one crystallil:l.e manifestation, which,6 in t'l:lrn, 
indicr..tes that auoh cow.pounds dwpla.y a deg:rea of 
structural flexibility, In. other words, the multi.dimen­
sional potential energy sul'tlloo that describes the ther• 
mocl.ynamice governing thi. molecu 1ar recognition pro­
cesses that eventually leads to crystal growth is likely 
to be rather shallow with many accessible local energy 
minima. 

The hypothesis that polymorphic compounds are :more 
likely to form oocrystals than are compounds that never 
display polymorphism is, at th.iia stage, li.ttls more than 
a notion based u.pon empirical observations, However, 
from a practical perspective, it would be extremely 
W1eful to have access to reli$thl1,1 guidelines for how we 
might focus and target a search fo:r reliable C.As for a 
specific family of compounds, Furtherm.ore, if we en­
counter c1.1.1;es that do not follow ou-r initial hypothesis, 
it would be aqually important to be able to rationalize 
the teaults in the context of intermolecular force!:l and 
molecular recognition. To address ao-xne of these chaJ.. 
lenges, we herein report our results from a structural 
atooy on throo polymorphic compou:nds, isonicotinamide 
(1), 2-amino-5-nitropyrimidine (2). 4-chlaroben~mide 
(3), and maleic hydtarlde (4) and several cocrystals 
thereof. The reason for selecting these four compounds 
(apart from the facl th.at t.hey are all polymorphic) is 
that they are all potentially capable of engaging in 

10.1021/cg021l593z CCC: $25.00 © 2003 American Chemical Society 
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Scheme l, Four Polymorphic Molecules Capable 
of Fonning a Variety of Hydrogen-Bonded 
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•· ieoNico'tJnamide, 1; 2-amino--3-nitropy,1\line, 2; 4-chlcroben­
zamide, S; and ma.leic hydl:'9.!Lide, 4. 

several well-defmed a.nd robust intannolooular hydragan 
bond motifi; (&heme 1).7,8 

Experimental Section 

Or:.,-a~ Growth am!. P<>iymorphlmi of l. Upon ~crys• 
tellliation of 1 from nitrobenzene or nitrom.ethane, colorles,, 
rodlike cx-ystal.5, la, were formed. WbeP. l wa~ recrystallized 
from a wide variety of other solvents, e.g., ethanol, water, 
tetrahyd:rofuran (THF'), dioxa.ne, 11tc., colorleee p11lU!like crys• 
ta.la,, lb, were obtained. No other OrYi!tll.llme ;forms have been 
ohtained either by al.ow evaporation or by li4uid/vapor diffusion 
method!;. Sublimation und~ reduced pressure yields. ~ta.ls 
with a i.tructurg corresponding to that of l.a. 

Crystal Growth and Polymorphism of 2, Compound 2 
is known to eidst in three differ~t polymorphic form.a. Form 
I 2a appears as yellow needlGfl,9 Form II ~b cin be obtained 
by recrysta.llization froro. ethe.nol i.t ambient temperature 
(yellow, diamond-like orystals).1° Form III 2o was obtained 
when 2 wa5 ree:ryatallitted &om. ethanol e.t e.n:i.bient conditions 
in the :pNa&nce offumaric acid (yellow, thickpl&.t&s),IO No other 
polymorphs have been repo:rted to date. 

Cry!Jtal Gt<owth and Polymorphism of 4. Compound 4 
is known to eltiat in thr!lll different cry11talline forms: 4ft (form 
I) is triclinic,11 4b (furm II) is roonoclinic,111 and 4c (fonn mi, 
another mooolinie structure, ClUl ~ obtained by slowly cooling 
a $0lution of 4 in aeet~o a.cld.1e 

Cocrystals of 1,14 (a) 2-~eneoic Acid/l {111), 11. 
Compound l {0.060 g: 0,4:1 :mmol) du!&o1'7e4 in ethanol (3 ml-) 
was i;nixed with 2-h~xenoic acid (0,047 g; 0A:1 mmol) dissolved 
in sthanol (5 mL) m a small W$t tub6. Aft.er 48 h of slow 
evaporation at room tamperature, colorless, needlelike ccyatals 
formed on ths sid" of the t-eat tube (mp U0-112 •c). 

(b) 4-Ni~b~oio Acid.It (l.ll), 12. Compound l (0,050 
g; Ml mm.ol) diae.olved in ethan.ol (o mL) was mixQd with 
4•ni~-obenzofo acid (0,068 g; 0,41 mmol) dissolved in ethanol 
(5 mL) in a small test tube. After 48 h of slow eva.pomti.on at 
f(!Om temperature, reetangulttr, oolorleaa Clk'.S"Stals fornied on 
the idd" of the test tu.be (mp 181-183 °0). 

(c) 8,o-Dinitrobenzofo ,Acid/1/4.•Methylbenzoic Acid (l; 
111), 13, Equlmola.- quentities 0£ 1 (O.MO g; 0.41 mmol). 3,5, 
diniti:-obenzofo acid (0.0S6 g; 0.41 mmol), ~d 4-methylbenzoie 
e.cid(0,0156 g; 0.41 =ol) were di.,solved s~arately-in ethanol 
(S mL) and mi.-,:ed together In a smllll test tube. Mor 48 h of 
slow eva'.l)Otation i.t i-oom temperature, pale ysllow, !rreg_.l.ar 
prisms were formed on the side of the test tube (mp HJ,-
1430C). 

Aakeroy mt al. 

Cocrystal ot 2. (a) 2-Amino,~nitropyrimidine/2 (111), 
!;11. 2-~5.nitropyrlmidine (0.250 g; 1.08 mmol) and 2 
(0.254 g; J..81 mmol.) wel'e disaolved together in hot ethanol 
(SO roL). Slow evaporation. at ambient oonditiona yi&l<i0(l 
yellow, needleli.ke crytJts.ls th.at cons:lstently grew in clumpB 
from one point (mp 178-181 •C). 

Cocrystals of3, {a) S,5-DinitrobelUOic Aeid/S (1:1), a1. 
Compound S (0.064 g, 0.41 mmol) and 8,&.dinitrobenzoic acid 
(0,0S6 g; 0.41 mmol) were diQ$olv&d togBthg:r in hot methanol 
(8 mL), Slow evaporation at ambient conditlO)).$ yii.lded color­
leaa, platelike cryeitals (mp 154-156 •C). 

(b) S0 Dimethylaminoben20ic Acid/11 (l:l), 32. Compouod 
3 (0.064 g, 0.41 mmol) and 3-dimethylaminobenzoic aci.d to.068 
g, 0.41 =nol) were dissolved tog.ath.er in hot ethanol (8 mL). 
Slow evaporation a.t ambient eonditions yWded pal'1 yellow, 
Ir.regular pri5m c~yeWa (mp llS-121 •O). 

(c) l<\unaric Acid/8 (l1l.), aa. Compound S (0.065 g, 0-42 
m!llol) and fumarle acid (0,024 g, 0,21 mmol) were dissolved 
togethet in hot ethanol (8 mt.). Slow evaporation at ambient 
conditiorui yielded colorless, bl.oek crystals (mp 1'14-178 •C). 
Crystals ofindiv.idue.l components co'l;lld 9.J.$0 b.. found and w0re 
confirmed by single-cryllltal X-t0.y diffta.cticn, 

Ooorye.tals of 4. Despite n~me}'(ltte 11tt=pts (about 25 
different compounds) at fal'.aling oocryew.ls with 4 and a variety 
of aromatic: (including heteroeyclw) or aliphat!e compounds 
with difforent functl()Xlf>]. groups, e.g,, ca.rbozyllo acids, amides, 
oximes, etc., we were onls, ever able to i.aolaw unreat'Uld 
ete.rting materials. Cryatli.l growth expariment& i11volved slow 
ev.9.poration and liquid/vapor diffusion \l.Sing a ra:pge of ao}. 
vents, e.g., MaOH, EtOH, M11CN, etc, Eeoentially, 4 was :put 
through the same eyci1o Qfexpel'im.ents as wel'e 1-3. 

Sinlle,Crystal X-raf Diftraoti.Olll- Single eryst.a.18 wer0 
placed !n pantone, mounted on a glaafl pin, and traMterred 
into the cold s~eam of the diili-actometer. Crystal data fut 11 ~ 
13 were collaoted and in~ated using~ Bruker SMART 1000 
system with graphite mopochromated Mo Ko. U = 0.71073 ,i\) 
radiation at l73 K. Crystal data for 21 were collected at 301 
K md for 81-88 at 203 K Crystal de.t:A for 1111,b were collected 
using a Siemens P4 iou.r circle diffractometer with graphite 
monochrom&.t&d Mo Ka. radiation at ca. 150 K in II dinitrogen 
stream. Crystal etabilit, was monitored by measurint lltan­
dard re1lectiona <:l'?ery 3.00 ri)ftectione, 11nd. fua:r.. WQ.fQ no 
significant variations ( < ±1 %). vi-8-0ans were e!Xlployed for data 
colleci:ion, and Lorentz and polarization oorreetion11, w.i.ra 
applied. Ea.ch of the atructuri!ll was solved by direct methode, 
using SHELXS-97 and refined using SHELXL-97. Nonhydro­
gen atomia warn found by &u~eta!ve least-squares refinement 
!In F2 and tef'ined with anisotropic parameters. All hydrog-en 
atoms, elWept for those on the methyl group in 18, were 1ocated 
o-n the differ1mce map, A riding model with fixed thermal 
paramsten; (!uq-= l.2V'u{eq.)J fr¥£ the atoin that the hydrogen 
atoms are riding) was applied, except for S.i, whim,i the methyl 
hydrogen atoma were calculated. Crystallographic d/41ta for 
la,b, 11-13, 21, and Sl-33 call be found in Table 1. 

Results 

Crystal Structlll'e of 1 (Form P, lrorm I of 1 is 
monoclinic with one molecule in the a.symmetric unit. 
The molecular geometry doe$ not display any unex­
pected behavior, and the amide moiety is slightly 
twisted out of the pl.ime of the aromatic :ring (S0.5°) 
CFigul'e 1). 

The amide moieties in la generate a slight variation 
on the extended ribbonllke :motif, which occurs fre­
q_m;intly in primary amides. The1·e i& a aelf-complemen• 
tary N-fl···O head-to-head synthon between adjacent 
molecules, and neighboring dimers al'e connected to.to 
sn infinite MSembly through symmetry-related N-H .. ·O 
hydrogen bonds aligned perpendicular to the long e.'lcis 
of the dimers (Figure 2), 
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Tabl.e l. Cey11tallogr11phic D&.ta tor la,b, ll-1il, 21, and Sl-33 

compd la lb 
formulll caai;N~o 0~20 
FW 122.18 122.13 
temp(ll'.) 172(2) 173(2) 
crygt syst m.onocl:J.nic :monoclinic 
space group, Z P2llc, 4 P21k, 4 

a~) 
10.176{1) 15.736(3) 

b ) !S.7319(~) 7.998(2) 
C ( ) 2$.008(4) 9.885 
a(deg) 
/3 (dee) 9S.042l3) 106.59(2) 

y~egl 
V ) 679.5(1) ll!JS.2(6) 
deTll!ify (g/cm3) 1.400 1.954 
M{M,l(Qi (mm-1) 0.100 0.01:l\l 
t1r11nge 2.9!Hl7,4,!J 1,34.-22.48 
;range Ii -lS to 19 -16to 16 
range/! Oto 7 -8to0 
ranrel -13 to 0 Oto 10 
refl collected 141!! 1880 
ind :retl CR1n:) 13$4 (0.0164) 1566(0.0151) 
daWreStre.inta/par&ms 1334/0/82 l665/0/163 
RJR.,t (obi! (!Ata) 0.0$05/0.0985 0.0487/0,llSS 
JUR.,~ (all dr) 0.0494/0.1050 0.052S/0.1258 
Ap.-,,.1;,1 (e -9) . 0.229/-0.218 0,179/-0.28() 

oompd lll Ill 
fo:rmultl. CeH;,N~O, CwI10ClNs01 
FW 279.23 867,70 
temp(K) 301(2) 202(2) 
cryst sy/Jt ·m()lllQClinic tr3clinic 
spl,ce El.Vil)), Z P2(1)/11, 4 Pl,2 
a( ) 11,786(3) 7.246(1) 
b (Al fl.161(1) 8.S2ti(l) 
c(};j 19.9715(5) 13.281(2) 
u. (dag) 92.566(tl) 
p(d11g) 911.275(5) 101.$76(8) 

y(~) 109,4n(S) 
V( 1210.0(5) .'160.0(2) 
dGo.aity <fn=a) ass 1.601 
M<lt4ol(~i mm- 1) 0,124 0.29B 
8 l'll.llJ:B 1,98-28.36 2.52-28.14 
rangeh -15 to 14 -9to9 
rane:ek -eto e -lltoll 
range l -26to26 -16to 17 
retl eolleet<ad 10429 52115 
ind ret1 (fti..J 276'1 (0.1056) 5875 (0.0858) 
data.lrestmints/p11.1'ams 2761/0/182 3375/o/221 
RJR,,z (obs data) 0.0565/0.14$3 0.04152/0.1021 
R.fR,.t (all df a) 0.1112/0,1890 0.◊72410.1141 
l!,.fi,m.,Jm'd,(e -$) 0.2.21/-0,804 0.301/-0.283 

Somewhat surprisingly, there are no protilinent hy­
dfogen bond interactions in'V'ol'Ving the pyridine nitrogen 
.atom (Table 2). Although adjacent molecules are lX)ai­
tioned tail-to-twl, the rings are not QOplanar and the 
symmetry-related C"·N distaneee are over 8.47 A 
(Figure 8). 

Ceyatal Structure of 1 (Form II), Form TI of l is 
also mo11oclinia but with two molecules in the asym­
metric unit. As in 1a, there are no remarl~ble intra-

Figure 1. Thermal ellipsoids (30%) and m1mhering echeme 
in la., 

11 12 13 
CuiR1aN20s Cl.llHuN~O; Cs1~40~ 
236.21 289.25 ,10.a9 
173(2) 173(2) 173(2) 
monoclinic monoelinic triclinie 
l21a, S 12/r;,, S . Pi,2 
20.4415(4) 20.612{4) 7,768(1) 
5,2309(9) 6.1675(13) 8.722(1) 
M.008(4) 23.694(6) 15.743(2) 

93.488(2) 
99.981(8) 90.66(3} 98.981(3) 

QS.913(7) 
2442,3(7) 2511,$(0) 1047.ll(2) 
l.285 1.~o l.491 
0.098 0.120 O.lUi 
1.72-28.04 2.51-26,19 2.01-21:l,9 
··26 to 2'6 • -:?6 to 26 -9 tc 10 
-6to 6 -6to5 -lJ. to 11 
-80to 80 -so to Sl -19 to 20 
8158 8293 7248 
2S08 (0.1.2$5) 2759 (0.0f:144) 2622 (0.064.9) 
2608/0/1154 2759/0/190 4682/0/307 
(l,(l'1S6/0.l794 0.0439/0,l097 0.04.83.10.1052 
0.1129/0.1969 0.0678/0,1200 o.osss,0.1209 
0.229/~0.SSS 0.316/-0,!Ul2 (),314/-0.199 

92 33 
Cwl'.1,ClN20s C1~U1Cl:iN;oe 
S20.'77 .d,'l't . .:l.S 
20$(2) 203(2) 
tr:iclinic tricl!nlc 
.Pi,2 1'1,2 
'1.17:1(1) 8,261<4..(8) 
8-369(2) 10.1386(9) 
12.997(8) 1M8l(l) 
88.638(4 86.42S(6) 
S0.875(4,) 72.174(6) 
77.463(4) 89,1106(7) 
752.0(8) 935.11(2) 
1.<1-17 1.517 
0.268 0,386 
1.59-28.28 2.05-28.25 
-9to9 -12to l2 
-11 to 10 -1.Sto1S 
-l!!i to 16 -18 to lS 
52ixl 8971 
SS71 (0.0809) 412.8 (O,OZ91) 
8371/0/200 4128/0/254 
O.OIS45/0.l2'77 0,0389/0.1003 
0.1014/0.1513 O.OM6/0.l(l82 
0.281/-0,820 0,861/-0.289 

molecuw features in either m.oleoule, and the amide 
moiety is twisted out of the plane in eaoh molecule (by 
25.4 a;nd 24.0", re$pectively) (Figure 4). 

IP. lb, the di.Jneric head-t-0-head motif has been 
abandoned in favor of an N-H!amide)···N(pyrldine), 

Firw."e a. Domine.ting eydrogen bond interactions i~ 111.. 

@ A :'ID rotaiabla image of la in P!lB format iB available. 
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Table 2. B'.ydrogen Bond Goo:metries" 

Hydrogen Bonds £or la (A and 0
) 

D-fl'. .. ,A d(D-H) d(H .. •A) d(D .. •A) ..-:(D:HA) 

l\1'(7)-H(12) .. •O(7)1tl 0.89 2.09 2,9864(14) 157,S 
N<7H{(71J•··O(7)it2 0.86 2.08 2.9366(16) l73.5 
C(2)-l!(2)--· N(1)#3 0.88 2,63 3.4275(19) l!:'il.1 
C(6)-H(6) .. ,N(1)#4 0.98 2.72 8,4700(18) 135.0 

Hydrog,:in Bonds for lb (A 11.ll.d 0
) 

D-H· .. A d(D-H) d(H ... A) d(D"•A) <(DH.A) 

l:i!'(1)-H.('il)" •N(l>#l 0.97 2.02 2.982(3) 111.4 
N(7)-H(72)···0(7)fl2 0.98 2.01 2.934(2) 170.4 
N(l 7)-H(171)···N(U)#l 0.96 2.02 2.974($) 168.7 
N(l'i')-H(1'72)·--O(17}t3 MG 1,99 2.ll-47(8) 114.0 

l1ydrogen Bonda for 11 (A~ 0 ) 

:P-H---A d(:8, .. A) d(D .. •A) <(DH/\.) 

N(7)-H('12) .. •O(17l#l 2,09 2.952(2) 163.4 
N(7)-H(7l) .. ·0(7)#2 2,02 2.872o(l9l 169.S 
0(18)-H(lS)"·N(l) 1.67 2.!17!18(19) 178,2 

Hydrogen Banda for 12 (A. and •i 
D~tf, .. A d(Ii .. •Al d(D,.,Al <(DH.A) 

N(7)-H(71) .. ,0(7)#1 l.94 2.880(2) 168,O 
N(1l-H(72) .. ,0(l0)#2 2.0;.>, :2.919(3) 160.9 
O(11)-H(ll), .. N(l) l-66 2.655(3) 169.2 

gydro~en Bonds for 1$ (). and 0
) 

D-H .. ·A d(H•··A) d(D· .. A) "'(DH.A) 

N(1)-H{71), .. Q(27l Ul3 2.SS6(2) 176,0 
N(7)-H(72) .. ·O(l7Jli/1 2.09 2,995(2) 167.9 
O<lBl-H(l8) .. ·N(l) 1.60 2.5479(19) l/59.8 
O<28Hl:(28}•--O(1) :)..67 2.6425(18) 168,4 

Hydrogen Bonds !or 21' rA and •) 

D-H···A d(D-H) d(H .. ,A) d(D"'A) <(DH,\) 

N(2)-H(2l)mN(11) o.ss 2.21 ll.074.(Sl 169.8 
N(2)-H(22) .. •0(2)1tl O.S2 2.32 2.910(8) lS6.S 
N(l2)-H(lZl)" • N(l) 0.97 1.99 2,968<$) 178.9 
N'(12)-H(122) ... N(18l#2 0.92 2.14 8.067(8) 173,3 
N(2)-H(22)• .. 0(2) 0.82 2.11 2.677(ll) 128.7 

Ry<h-ogen Bonds tor $1 (A. and 0
) 

D-H···A d(D-H) d(H .. ,A) d(D .. •Al <(DHA) 

N(7)-H(72) .. ,0(l4)#1 0.95 2.$1 2,890(2) 118.8 
N('iH:!(71) .. ,0(18) 0.97 2.01 2-9G7(2) 167,0 
O(11)-H(1 '7)··•O(7) 1.06 l,50 2,581(2) ~69.!l 

H.ydro11an Bonds for 82 (A and 0
) 

D-l-1--·A d(D-'Hl d(H, .. A) d(D .. ,A) <(DHA) 

N(7Hi(71)···0<18) 0.99 1.98 2.937(3) 164,6 
N(7)-H(72) .. ·0(l8)#1 0.87 2.22 3,045(3) 156.4 
0<17)-E:(17) .. ·O(7) 0.91 UIS 2,581$(9) 1'12,9 

l:iydrog.m Bonds for $$ (A and •) 
D-H .. •A <t(D-H) d.(:tX• .. A) d(DmA) "(DH.A.) 

N(1)-H(71)·--O($ll) 0.88 2.10 2.957(2) 164.$ 
N(7Hi(72) .. ,0{22) O.Sl 2.12 2,930(Z) 172.9 
N(l7)-H(l'fl) ... 0(22) 0.89 2.08 l!.94.2(2) 164,4 
N(l7)-H(l72)·--O(32)#1 0,81 2.~ S.02'7(2) 168.2 
O(21)-H(Zl) .. ,Q(l7) 0,85 1.71 2.565(2) 172.7 
0(31)-H(31) .. ,Q(7l 0.80 1,73 2.518(2) 168.5 

• Symmetry tra:nsfOrxll8.tlons USl!ld to genars.te equivalent 
~t<)ms. lie #1, x, "'Y -t- l12, z - J.12; #2, ~x, -y + l, -z; #$, -x 1" 
l, y + 1/2, -a: - 1/2; #4, -x + l, -y - l, -z. lb: #1, x, y - l, z; #2, 
x, -:y + 1/2, ii - l/2; #8, x, -y ~l/2," - 1/2. 11: #1, -:,,: - 112,y + 
l, -~ .;. l; #2, -x, -:; + 1, -;; + 1. 12.: #1. -x. -y + 1, -z; #2, -x 
- J.12. 'J ~ 1, -2, l,$: #1, x, y - I, Z, 21: #1, -x + 1, -y, -~: #2, 
-:,,, -y + 2, -z. ~l: #1, -x + 1, -:; + 4, -,; + 1. S2: #l, -,: - 2, 
-y, -i + 1. aa: :1t1. x 1-- 1, y, :t. 

Aall:erl.\y et aL 

a 

b 

:Figure 3. (a) .!<'ace-on view o!' the orientation of $dja.oont 
molecules in la, Although the relative positions of the mol­
eeules jndicate th.e wstenci;, of completnentarJ C-H·••N 
htdrogen bonds, the edg-e-on vfow (b) makes thls less likely 
M the rings il,re not cople.na:r, 

·ngure 4. Thermal ellipsoida (SO%) and ri1..>mhering scbQme 
in lb. 

Figm-e 5. Ona of th-:: two 1,:iniqu& infinite 2D assemblies 
ribbons in lb (both network, }\a.va identical connectivity). 

@ A SD rotatable im~e of lb in PPB- format is available. 

head-to-tail, interaction and a ca:cemeric N-H .. •O hy­
drogen bond; thi;, direction of. the catemer is almost 
perpendicular with respect to the chain generated by 
the amide•••pyrid.ine mteraction (each Mymmetric mol­
ecule gives rise to an independent assembly but with 
identical hydrogen bond connectivity) (Figure 5). We 
have not observed any ph,~111 changes between poly­
morphs even after e.n extended period of time (eevaral 
years). 

Crystal Structure of2-Hexeneoic Acld/1 (1:1), 11. 
The crystal atructure of 11 contains one molecule 0£ the 
carboxylic acid and one molecule of 1. The::se two 
building blocks are connected into a tetramsric super­
molecule constructed from a dimerlc, head-to-head 
amide .. •amide interaction plus two symmetry equiva­
lent acid··•pyridine interactions (Figure 6). The anti 
amide hydrogen a.tom forms a hydrogen bond With the 
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Figm:e 6. Thermal ellipsoids (30%) e.nd nurab..ting scheme 
in ll-

lWJ A. Sb rotatabli; image in PDB format is a'9'ailab!e. 

.liigu~ 7. '.!'hennal ellipsoida (80%) and numbering eeheme 
in 12. 

Fi~ 8. Thermal ellipi,oids (SO%), numhi.ring scheme, and 
the oo'I!'tplete ternary sup.,rmoleeule in 12. 

@) A 8D rotatable image in PDB format is available. 

carbonyl group of a.n adjacent carboxylic acid. There e,:re 
no other notable hydrogen bonds in 11 (Table 2). 

Cry1:.tal Struct'l.tN! of 4-Niirobenzoio Acid/1 (1:1), 
12. The ci,ystal structure of 12 contains one molecule 
of the oarboxylic 1,1.cld and one molecule of 1. As is the 
case in 11. ·the two components are connected into a 
tetramertc supermoleC\lle constructed from a dimeric, 
head-to-head amide· .. am.ide interaction plus .a pair of 
symmetry equi;;alent acid .. •pyridine interactions (Fig­
ure 7), 'l'he anti amide hydrogen atom iorrna a hydrogen 
bond with the ea:rbonyl g-ro1,1p of an adjl:lci.nt carboxylic 
acid. There are no other notable hydr-0gen bonds in 12. 

Crystal Str'\:l.ctu.re of 3,5-Dinitrobenzoic Acid/l/ 
4•Meth:ylbeniloio Aoid. (1:lil), 13. The crystal stnlc­
ture of lS is a 1:l;l ternary cocryetal that contains a 
three compollent supermolecule with the expected con• 
nectivity. Th'3 strongeT a..:id (pK.,"" 2 .8)16 interacts with 
the pyridine nitrogen atom, and the weaker acid (pK°,i 
= 4,4)~ competes successfully for the amide moiety and 
forms a heteromeric hydroge:o.-bonded :inotif (Figure 8). 
Th.is motif is consistent with that r~ported for several 
other ternary cocrystals of l and two earboxylic acids 
of different sti·ength, lG 

Crystal Struotwe of 2/:2-Amino-5•nitropyrlmi­
dine (1:1), 21. The asymmetric unit of21 contams one 
molecule of each component. Near linear, sy-m:metry• 
related, N-H .. •N hydrogen bond interaction,i connect 
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Figure 10. Thermal eUil)Soids (30%) and numhe:dng scheme 
in. Sl . 

~ A !3:0 rout~b\e image in PDB format is available. 

fipr9 11. Th&rmal ellipsoid.I! (80%) and num'wl'ing 11-0hQme 
in Illa. 

Fl.gurg 12. Th.ermal ellipsoida (30%) and numbering scheme 
in 99, 

@l A 3D rotatable imags in PDB format is a,v&.ilable, 

neighboring molecules into tetramerio (A, .. B .. ·B·•·A) 
assemblies, A(ljaeent tetre.:m.Qrs are linked into infinite 
chains via. symmetry-related N-H···O hydrog;;in bonda 
(Figure 9). 

Crystal Structure of S,5-Dinit-robenzoio Acid/3 
(1:1), 31. The asymmetric 1.mit o£ 31 consisti. of one 
molecule of each component connected by an acid/amide 
heterodimer (l?igure 10). The anti amide hydrogep. a.tom 
fo.me a hyd:roge:o. bond with a. nitro moiety from an 
adjac.int acid molecule. The binary superm.olecules form 
extended stacks wi.th adjacent h~terodime:r oriented m 
a.n antipe.nulel fashion. 

Crystal Structure of 3-Dimetbylaminobenzoie 
Acid/a (1:1), 82. Tlw asymmetric unit of32 consists of 
one molecule ofe.11.ch component connected by an acid/ 
amide heterodimer (Flgu:re 11). The an.ti amide hydro, 
gen atom forms a hydrogen bond with the carbonyl of 
l!Ln adjacent acid molecule. The acid l'!-ncl amide mol­
ec::ules stao~ separately $.$ AAAA and BBBB, such that 
each individual .molecular dipole is canceled by the 
dipole of the xnol1tcule above or below it. 

Crystal Stntcture ofFL'lmaric Acid/S (1:2)1 $8, The 
asymn:i.etric unit ofSS consists of two molecules of the 
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Scheme 2. Three Elramplee of Known SynthoWI that Could Facilitate the Formation of Coc:rystals 
involving 4 

amide and two inequivalent halves of the acid forming 
two different acidlamide heterodimers (Figure 12). The. 
anti amide hydrogen atoms form a hydrogen bond with 
a carbonyl of an adjacent acid molecule. The three 
component (A···B··-A) heterod.imer eta.cks in an alter­
nating pattern of A.BAABA. 

Discussion 
We have shown. that cocrystals can readily be formed 

from both 2, l, and 8 with a variety ot" aliphatic and 
aromatic carboxylie acids, This ie in agrooment with the 
suggestion that polymorphe itle.ke good C.As (provided 
that solubility differences are not too large). However, 
we have been eomplQtgly u:nsuc~ssful in forming any 
kind of coceystals with 4, despite the fact that it exists 
by iti;elf in three di.:.f'.ferent crystalline forms. We have 
tried a range of crystallization techniques as well as an 
extensive series of molecular compounds that in prin­
ciple, can form effective compl~mentary hYdrogen bo:o.d 
interactions with a 2-pyri.doM moiety (e.g., carboxylic 
acids, 2-aminopyi-idines, 2•am:inopyrlmidines, o:tdmes, 
etc.) (Scheme 2). 

Thi. failure to produce any coccystals with 4 obviously 
casts doubts on the notion that polymorphic compounds 
make good. CAB unless thex·e is a significant structural 
diffornnce in the polymorphic behavior 0£ 1-4. We 
decided to take a closer look at all the polyinorphs la,b, 
2a-c, Sa-c, and 4a.-o · in = lilttempt to uncover 
possible reasons fur the unwillingness o{ 4 tQ pe.rticlpate 
in .molecular cocryatals. Previous work on polymorphs 
containing e:lrlensive hydrogen-bonded netwe>rks has 
demonstrated that e-ven very complex intermolecular 
interactions and subtle struct\u'al differences ate readily 
idontmed and categorized. through a syit.ematic use of 
graph..set notati.on.17 Consequently, a. graph-set analyaia 
waa applied to the hydrogen bond patterrn, displayed 
by 1a,b, 2a-c, and Sa.-c. The two polymo:rphs of 
isonicotinamide, la and lb, display very different 
interm.oleoular connectivitier;. In la, there is a "classic" 
amids.,•amido head-to-head interaction as well as the 
commonly occurring N-H .. ,O link between adjacent 
dimers resulting in a C( 4)Ri(S) notation for the pri• 
nl.6\-ry hydrogen bonds in this polymorph. However, the 
primary intermolecular forces in lb are significantly 
difte:rent as there is a cateme:ric amide .. •ainide hydrogen 
bond, C(4), as well as .9.1'1 emide .. •pyrid:ine interaction, 
0(7). A similar classification of the three poly­
morphs of 2 reveals that the expected intramole¢ular 
amine···xrltI-o hydrogen band is present in all three 
forms. In addition, 2b and 2c have identical inter­
molecular connectiv-.ttiea and the primacy J.;.ydrogen bond 
motifs are thue d~crlbed with the same graph-set 
notior.,., ~(12)~(8)8(6). ln 2a, however, there are infi-

nO--.,H 
o w-•N, ,b J }{--·--N o· 

nite hydrog8n-bonded ribbons that e.re desc:r"lbed by the 
following notation, ~(lO)R~(8)S(6). The structures of 
3a and Sc reveal the amide moieties forming the classic 
amide one-dimension.al. -0e.temer, C(4) ~(8)R!,(8). The 
difference botween the two structures lies in the ru;­
range:m.ent of aromatic rings with respect to one an• 
other, While the graph-set notation for Sb is similat to 
Sa and Sc, the larger hydl'ogen-bonded ring creates ~ 
two-dimensional network, 0(4) ~(8)~(16), In con­
trast, all three pOlYJ:llorphs of 4 contain the aame 
hydrogen-bonded. ladders held together by identical 
synthons; S(7)R:(14)~(8) (Figure 13), 

The fact that these three different polymorphs all 
contain the saxne extended netwotks was also noted in 
the original paper, "Three Forms of MR(4) Provide e. 
Unique Example of Polymorphic Structu.r&!l Built of 
Similar Hydrogen-Bonded A.wr.gates. The Same Hy­
drogen-Bonded Supram.olecular Aggregates Organize 
into Different Lattices of Different Symmetri.$S ... ", ill 

A det~ struct.ural exami):l$.ti.on of 1-4 haJ:1 enabled 
the identification of significant differences, in terms of 
molecular recognition peitt81-n.s, between the different 
polymon,hs that in turn, may p1·ovide practical guide­
lines for distinguishing between (or ran.k.ing) candidate$ 
that are potentially suitable as CA.a. Coccysta.ls IU'e not 
necessarily easy to prepal'e since S\l.Ch heteron:i1:1ric 
systems are only likely to appear if the noncovalent 
forcee between different molecules are more favorabls 
than those that exist between molecules in the corre• 

Form.l Form 0: Formm 

Figure 13, :Primary hydrogen bond motifs in the three known 
polyinorphs ot 4 displ11-y th.Iii all.mG connectivity, 
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spondi.ng homomerio <,,rystals, An important consider­
ation when attempting to prepare coceystals ii; to ohoose 
a CA that is already- known to ha polymorphic. Clearly, 
if' a molecular compound exists in several polymorphs, 
it has demonstrated a structural fle::iubiUty and it i$ not 
rui en~·getically locked into a single type of crystalline 
lattice or packing mode. However, a11 the current study 
shows, structural £1exibility alone is p.ot always enough. 
rt may be equally imp0:rtant to select molecules that can 
adopt alternative packing patterns as well as disphi.y 
synthon fl.erlbillty, an ability to participate in several 
dift'qrent robust and well.-definecl intermoleoolar inter­
actions that een satisfy tbe demands of multiple hydro­
gen bond donors/acc9Ptors on a v1n"iety of molecules, 
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Note Added After ASAP Posting 

An earlier verei0D- of this paper posted .ASAP on 
Jimuary 28, 2008 contained an incorrect name (2.amiv.o.­
S-.nltropyridina/2) in two paragraph!i! describing com• 
po\lnd 21 in Exparimental Section and Results. The 
corrected name (2-amtno•ri-nitropyri.midine/2) appears 
in this versfon posted Februaey 7, 2003. Links to web­
enhanced objecl files were added March 5, 2003. 

Supporting lntorinatio:n AvaUablei X-ray e:ry-stallo­
graphlo files (CIF). This mater.iAl 1s a.vailabl.; and fret of ehar~tl 
via the Internet at http;//puoo.acs.o:rg, 
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Abstract: 
Selection of an appropriate salt form for a new chemical entity 
provides the phimnaccutical chemist and fornrnfation scientist 
with tile opportunity to modify the characteristics of the 
potcntiai drni: substance and to permit the developmen1 of 
dosal(e forms with good bioavailability, stability, ma1mfactur­
abiiity, and pati.eJI! compliance. Salts an: most commonly 
employed for modifying aqueous soluhility, however the salt 
form §elected will influem:e a range of other properties sueh as 
meHing J)oint, hygroscopicity, cl1emkal stabilit~·, dissolution 
rate, soh1tilm pH, crystal form, and medrnnical properties. 
Where possible, a ra11ge of salts should be prepared for each 
new substance and their properties compared during a suitable 
preformulation program. Since it is normally possible lo folly 
develop only one salt form, its properties shmdd he appropriate 
to the primary route of administration arul dosage form. An 
understanding of the inflmmce of drug aml salt properties on 
the finished product is essential to ensnn selection of Hie best 
salt. The drug properties required for one dosage form may 
he quite diffrrcnt from those required for another. A well 
designed salt srlcction and optimisation study provides a sound 
base on which to build a rapirl and cconomk product develop­
ment programme. 

Introduction 
Modern drug discovery processes involve the screening 

of vast numbers of compOLmds that may have been made by 
the Cornpm1y's resem·ch laboratories over many years. Added 

to these may be the many thousands of compounds that have 
been manufactured as libraries of strncturally related series 
by "combinatorial chemistry" techniques. All of these 
compounds are generally dissolved in dimethylsulphoxide 
(D.\1S0) solution and screened in an enzyme- or receptor­
based assay system. If the number of"hits" produced is large, 
the numbers are usually refined by further screening and 
selection until a manageable number of·•Jeads" is available. 
Many of these leads ,viii show only ,veak or moderate 
activity and further refo1ement and optimisation is invariably 
neces~ary. These optirnisatinn procedures usually involve 
numerous structural modifications, aided hy computational 
techniques, until a small rmmher (usu'1I1y l --5) of highly 
active "candidates" remain. 

x To ,:;,,horn cn::-rcspondGncc should be sent 
1 Prcfon;:n.dr1tior. Dcpartm:::m. Pbarrnaccur.i.::al Sciences. 
; \"'Av'o:ld-\,../id;;: Physlca! Chtrnistry l)cpanrnenL Di 1:,covery Chem,strv. 
t Currc,1; address: M. J. Bowker Consuhmg Ltd .. 3!), Bursc-s Vl/ay. Hutton, 

Brcntvv·ovd, Essex C:\1.; 3 2PS, UK 

These candidates arc usually free bases, free acids, or 

neutral molecules, rather than their salts. Also, because of 
the generally higher molecular weights of modern dr-ug 
substances and the increased use of DMSO solutions in the 
screening processes, it is becoming apparent that there is a 
tendency towards ever more lipophilic candidates being 
presented. Frequently, when first proposed a~ potential 
development candidates. they are often amo11Jhous or 
partially crystalline as little effort has been made to 
investigate fonnal crystallisation procedures. The need for 
water-soluble candidates has been recognised 1 -

4 for many 
years before the advent of 'combinatorial chemistry. 

lnvestigatioos i11to the Possibilities of Salt Formation 
When first presented for initial preformulation investiga­

tions, normally !he amount of dmg substance available from 
Discovery Chemistry rarely exceeds 1 g. To maximize the 
amount of data gained from such small quantities, semi-micro 
techniques have been developed and arc used regularly ,vithin 
our groups. Invariably. the fin,1. information generated for 
each candidate is the cakulatcd pK, value of each ionisable 
group in the molecule.,-, This is quickly checked against 

the value determined experimentally on 1 -2 mg of sample 
by potcntiometric li1rnlion ( e.g., Sirius !\fodcl GLpKa ap­
paratus, Sirius Analytical Instruments Ltd.). Knowledge of 
the pKa value enables potential salt forming agents (cmm­
tcrions) to be selected, for each candidate. based on lists that 
arc available in the literature.?.•;-: 1 For the ilirmation of a 

stable salt it is widely m:cepted that there should be a 
minimum diff.crencc of ,iboul 3 units between the pK0 value 

(1) Hir;.ch. C. A.: :vlcsscngcr, R. J.; Brnn11011 • .L L. J. Phann Sci. 1978, 67, 
231. 

(2) (i<.hJld; P, L, Im. J, l'hurm. 1986, 3\ :?.01. 
(3) M.orris. K, R,; Fakes_ '.VI. CL, Thakur, A, B.: J\c1vman, J\. \V.;, Singh, A, 

K.: Vcnit, J . .I.; Spagi:uolo. C. J.: Scrnju,iciin. A. T M. Int. J Pharm. 1'194. 
/05, 201 

(4) .,\ndcrson. B. D.: Flora. K. ?, ln The Proctict~ qf lldedicina! Chemis1ry: 
\\-~nnmh, C. G., Ed., Acadc:1nic Prc.-;s UrL 1996: Cbaptcr 14. 

(5) Remingtrm: 17,c .\cirmce and !'rm lic:e of J)/7(trmt:cy, 19th 1xl., CTcnnaro. 
.A, R .. Cd.: Mack Publishing Co.: Easton_ Pennsylvania. l 99J; Vol. IL p 
145(1. 

\6) Hammett, L. P. Chem Nev. 1935. !? .. 1:~5. 
(7) Pcnin~ L)_ D.: Dcmpst•,y. U" S-:.;1~icnnL L P, p,l:n Prediction fw Orgrmi(: 

Acids and Ba:-.Ts: Chapman m1d Hall: London. 198 '.. 
(X) .-\.1bcri., Ao A.: Scr:_jcant, E. P. Jnnc.ution C'on.)·t::mts <!,r .,-kidr, and D'ases~ 

Wiley: \lc\.v York, 1984. 
(9) \Velis. J. T, Pharmaceurica! Prefi,rmulanon, 2nd cC..; FHi~; Horwnod: 

Chichester. 1 993: p 29. 
(10) :V1artindak~ \\'. ln The E.:tra Pharnwcopoeio., 30th ed., Reynolds, .LE. F .. 

Ed., The Ph;;.nnaceutical Press: London, 1993. 
(11) Berg(;, S. l'v1.; Bighlcy, L D., Monkhout-t:\ D. C, J f>ht1rm. _Ye/. 1977, 66. 

:0.1G21iop0000'!8L, CCC. S19.00 © 2000 ,~mcncan Ch0n1irnl Soc1c1y and rho Roy2i Society ot Gllcrmstr; 
Puo!1sl~d 0r. Weo ff/ f19f200U 
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Table 1. Classification of commo11 pharmaceutical salts 

salt class examples 

Anions 
inorganic acids 
sulfbnic acids 
carboxylic acid, 
anionic amino acids 
hvdroxvacids 

hydrochloride, hydrobromide, sulfate, nitrate, phosphaie 
mcsylatc,' csylatc,' iscthionate.d tosylate:' napsylate/ besylateX 
acctak, propiorrntc. rnalcatc, bcnzoate, salicylatc, fumarate 
glutamate, aspanale 
C:itrate, lactate. succinate, tartratc, glycoHatc 
hexanoaL1e, octanoale. decanoale, olcatc, stcarntc 
pamoatc (cmbonalc), polystynme sulfo1wtc (rcsinatc) 

fi;lly a~ids 
insoluble salts 

Cations 
organic aruincs 
insoluble salt.s 
metallic 

tricthylaminc, cthanolamine, triethanolaminc, rncglurninc, cthyicncdiarninc, choline 
procaine, bcnzathine 

calionic amino acids 
sodium, potassium,. calcium, magnesium, zinc 
arginine, lysine, histidine 

'Based 011 dnta from various sourccs.0- 11 Ii .\,1cthanc s.11ifnnah: .- Fthanc sulfnoaH,'.. d 2--llydrox:yetbanc sulfOnate. ,. Toluene sulfonatc. f Naphthalene su1fonat.:: . .:r Bcnl'l'th' 

sulfonatc. 

of the group and that of its countl:rio11, especially when the 
drug substance is a particularly weak acid or base. Occasion­
ally, exceptions may be found where a salt has an acceptable 
stability, despite there bei11g a smaller difference in the pKa 
values. 

A microplate technique has been dcveloped for the 
screening of salts: this involves dissolving approximately 50 
mg of sample in a suitable. volatile solvent and adding a 
fixed volume of !his solution, containing about 0.5 mg of 
sample, into each microplate well. Concentrated solutions 
of each potential rnunterion in equirnolar proportion, or other 
appropriate stoichiometric ratio, are prepared and a few 
microlitres of each is added sequentially to each well. Tlms. 
all of the wclh, in line l (x·-dircction) will contain the same 
combination of sample and countcrion 1: all of the wells ill 
line 2 contain the 1,amc combination of sample and countc­
rion 2, etc. Different, potential crystallising solvents can be 
investigated methodically in the y·direction. The wells arc 
inspected using an inverted microscope (Leica, Modd 
DMIRB) at regular intervals for the appearance of {.;rystals. 
Occasionally, crystallisation can be promoted by evaporation 
of any excess solvent in some wells using a slow stream of 
dry nitrogen gas. 

Once the combinations of counterion and solvent(s) are 
identified, studies at a slightly larger scale (usual1y I 0·-·50 
mg, occasionally up to 500 mg) can be initialed to confirrn 
the suitability and viability of the crystals. These studi,,s can 
heir identify problems with low melting points, determined 
by hot--stage microscopy, and hygroscopicity, if processed 

on □ suitable apparatus (e.g., Dynamic Vapour Sorption 
Analyser, model DVS-1, Surface Measurement Systems 
Ltd.}. Frequently these studies can also give preliminary 
infonnation 011 the existence of solvates and hydrates, 

especially if differential scanning calorimetry (DSC. ;\1ettler 
Toledo DSC, model 820), thermal gravimetric analysis 
(TGA, Mettler Toledo TGA, model 850) and hot-stage 
microscopy arc also used in the evaluation process. 

In parnlkl with these studies, a preliminary high perfor­
mance liquid chromatographic (HPLC) method is quickly 
developed to give an estimate of the purity of the sample, 
whilst infrared and other spectroscopic techniques may be 

428 Vol. 4. r,o. 5, 2000 1 Organic. Process fiesearch & Developmrnt 

used to define the salt and the stoichiom.etry. Knowk<lgc of 
the approximate puri1y is important a! this stage as the 
presence of high levels of some impurities can ofLcn hinder 
crystallisation or altEr !he polymorphic fom1 obtained. 

Therefore, from these preliminary, small-scale: studies, a 
range of potential salt fonners ,md recrysallisation solvents 
can be quickly identified. Following forthl'r scale-up to gram 
quantities, more comprehensive dala can be obtained to 
evaluate their suitability for use in fonnulations. 

Choice of the Salt Former 
Although the choice of snh is governed largely by the 

acidity or basicity of the ionisablc group, safety of the 
countcrion, drug indications, route of administration and the 
imcndcd dosage 1orm must also b,: considered. Toxicological 
and pham1acological implications of the selected salt funner 
must he considered as well as the dfocts of the pan:nt drug. 
Salt formers can be subdivided into a number of categories, 
depending upon their ft.mctionalHy and purpose. Some of the 
most frequently used example~ are iisted in Table 1. 

The vast majority of salts are developed to enhance the 
aqueous solubility of drug substances. For weakly basic drng 
substances, ';alts of an inorganic acid (e.g., hydrochloride, 
sulphate, or phosphate), n sulphonic acid (mesylat1e or 
isethionate), a carboxylic acid {acetate, maleate or fumarnte), 
a hydroxyacid (citrate or tartrate), or possibly an amino acid 
(arginine or lysine) could be considered. Hydrochloride salts 
have often been the first choice for weakiy basic drngs, since 
as a conscyucncc of the low counterion pKa, salts can nearly 
always be fom1cd, and recrystallisation from organic solvent" 
is nonnally strnightfonvard. However. the potential disad­
vantages of hydrochloride salts may include unacceptably 
high acidity in formulations (e.g., parenteral products), the 
risk of corrosion. less than optimai solubility due to the risk 
of salting out and the potential for pnor stahi!ity if the drug 
i', acid iabilc and bygroscopie.2 

Occnsionaliy, salts may be also prepared to decrease drug 
',Ubc,tancc solubili,y for use in suspension formulations where 
very low solubiliiy is ncccssary to prevent "Ostvvald ripen­
ing". for taste-masking, or to prepare m1 extended release 
product Embonat" salt, have been used in suspension 
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Table 2. " Preformulation studies that are normal.ly considered for comparison of salt forms and parent compound for oral 
dosage forms 

!est suitable techniques comments 

dissocJ~ti(Hl constant and 
basic physico-chemical 
properties 

potentiomeuy, solubility, 
lJV spectroscopy 

determine pK., for parenf drug 

mcliing point 

aqueous solubility 

capillary m.pL, hot stage microscopy, 
differential scanning calorimetry 
overnight equilibration at 25 °C; analysis 
by UV spectroscopy or J-JPLC 

pcrfonn 011 each sall und 
compare to pareni 
Perfr1rm on each salt and 
compare to parent 

pH of solutior: Examine pl] uf saturated solution 
if quantities permit. 

cosolvent solubility overnight equilibration al 25 ''C . .'. analysis 
by UV spectro,copy or llPLC 

Determine solubilities ii: ethanoL 
poly(ethylene glycol), propylene glycol 
and glycerol and compare to parent. 
compare solubility in dcmincralizcd 
\vatcr with 1.2%, NaCl for salts and parcnl 

common ion effect on solubility overnight equilibration at 25 "C 
in suitable media and analysis 
by UV spectroscopy or IlPLC 

hygroscop ici ry use DYS apparntus or expose perform at 53. 93. and 97% Rll, 
to various JZH values and and other values of interest; 
measure wr::ight gain after I week assign hygroscopicity 

dassification lo each salt1' 

intrinsic dissolmion rate use Wood's apparatus 1" 

crystal shape and appearance 

par(icle size 
polymorpbisrnipseudopolyrnorphism 
pmvdcr properties 

SEM or optical microscopy 

compare dissolution rates al various plls 
{can provide data on wettability) 
Compare crystal habits and 
kvcls of agglomcrntion 

SEM and laser diffraction 
re(;rystallizations. I-ISM, DSC, TGA 

Examine particle size distributions. 
preliminary exploration 

bulk den:,iJy measurement 
stability various 

formulations to increase the duration of action ( e.g., chlor­
prornazine embonate). On some occasions, the sdection of 
a salt with only modest aqueous solubility m,iy be more 
suitable for use> in tablet products prnpared by wet granulation 
since the use of highly soluble sahs can be detrimental to 
the granulation process. Depending on the dos" required, 
aqueous solubilities in the range 0. l -1.0 rng/mL 1.vill 
normally be sufficient to satisfy the dissolution requirements 
for standard, solid, oral dosage fom1s of drugs with good to 

moderate potency. However, for parenteral solution products, 
higher solubilities, perhaps 10 mg/mL or greater, depending 
on the required dose and dose volume, may be required. For 
parenteral fonnulations, the pH of solution (normally ·within 
an acceptable range of 3-10 for intravenous solution l should 
be monitored to hcip en~ure that the formulation will be wcii 
tolera,ed. 

Salt;, arc also frequently prepared for the reasons other 

than solubiliiy modification; ii is frequently necessary w 
prepare a specific salt to either achieve adequate physical 
stability or for taste masking ( e.g.. dextropropoxyphene 
napsylatc suspension). ).fanipulation of drug substance 
solubility by ,election of salts may al<,o be employed to 
modify thi.' pharmaeokinctic profile of the drug ( e.g .. 
bcnzathinc penicillin an<l insulin zinc complexes used in 
parenteral formulations). Salt formation may be also advan­
tageous where the melting point of the active moiety is low, 

and it is ncGcssary to mill or micronise the active ingredient 
to achieve adequate homogeneity. /\ suitably stable salt may 
have a mdting point that is 50--100 °C higher than the free 
acid or free hasc. J\lw, being more ionic, the crystals arc 

(ktcrmine Can-'s cornpn:ssibility index 
perform on parent drug and undertake 
preliminary tests on appropriate salts 

likdy to be less plastic and more easily deformed by brittle 
fracture. 

Scale-up of the F1:1rmatim1 of Salts 
The info1111ation from the preliminary crystallisation 

studies is communicated to the Process Chemistry group, 
,vbo hy this time will have started their investigations into 
possible manufacturing routes for each of the candidates 
remaining. At this stage in the development process, Process 
Chemistry usually airn to quickly manufacture 50-200 g of 
the one or two candidate, that may remain to progress them 
towards initial clinical evaluation. The manufacturing route 
may be the same as used by the Discovery Chemistry group 
but usually is significantly different The aims of hoth the 
Process Chemistry and Prefonnulation groups for the fol­
lowing l 2- l 8 months is to collaborate extensively to ensure 
that for !he chosen candidate, there will be a viable synthetic 
route tu the chosen form of the drug substance. 

A significant portion of this batch is destined for the 
preparation of 3-4 g of each of the salts that were thought 
to be viable from the smaller-scale studies. A similar sized 
portion of the free base/acid is also taken f-or compari,,on 
pmposes. The combination of individual studies undertaken 
on each of these 3--4 g portions varies depending on the 

type(:,) of dosag.: form uhinrntdy requin:d for mark.ding. 
Occosionally, il may be necessary to undertake a pbmma­
cokinetic cvalua1ion or each salt in comparison witb the free 
aeid1bas,,. The dos,;gc fonns most commonly used for the 
drug substances encountered during preliminary clinical 
investigations are 1abicts/capsulcs, inhalation dosage forms 
and injections. 
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Table 3. Tests to be considered for the evaluation of 
candidate salts 

res1 to be considered amount required. mg 

Structural ArrnlyNis 
mass spectrosrnpya 
11I l\MR" 
uc '-.IMR" 
Ir ,pectrum 
UV spcctnm: 
fluorc,ccncc spectrum" 
elemental analysis 

Physkoehemical Properties 
melting range 
pK"" 
C 1Gg P/log Pa 
prdiminary polymorphism study 
X-ra:v diffraction 
aqueous solubilityi' 
pH - solubility profile 
cosoivcnt solubilities' 
propellant solubilityJ 

Physical Properties 
hygroscopicity 
microsc,)py (SEM/optical) 
particle size (Malvern) 
size reduction (sonication) 

related substances'· 
degradation products' 
chiral purity" 

lmpuritie& (hplc) 

Stabilitv Studies 
stability to hydrolysis (pH 2. 7, ·w)" 
~tabilily to oxidation (pcroxidc:/pcracid)" 
stability to photolysi~" 

] 

5 
25 

I 
l 
l 

lO 

2 
5 
5 

200-500 
20 

100 
500 
300 
500 

20 
JO 

JO() 

31)0 

10 
!O 
10 

!5 
l:'i 
!5 

'
1 Dctcrmin.:;•d on free acld,"o,:-isc. onlv ,,, \Vo:.dd indud[ solubilitv in salir:c. 51~<i 

dextrose and some buffers _Also S(;lubilitics in compkxing ag~ms sur.:'actan1 
:;ysti:111::. whi..:n: approprinh £1 .Propel iants and propctlant/cosolvenl. ::t'/Slc;.ns for 
inlrnlatior, dusagc fon11~. 

Tables 2 and 3 show the types of tests normally chosen. 
the infrmnation that they can produce and the amount of 
sample normally required for ihc!>e common dosage forms. 

What to Develop: Salt or free Acid/Base? 
The results obtained from each of these tests arc tabulated 

for the free acid/base, together with each of the salts, and 
uiscusscd in dernil het\vccn the Fonnula!ion Scientists, 
Pre.fommlalion Analy"ts, Physical Chemists, Process Chem­
ist~ .. and occasionally Pharmacokincticists. The Prefonnu­
lation Scientists assesb the relative merits of each form for 
m,e in the propo~ed clinical formulations and whether the 
prnperties such ab solubility arc adequate to give the high 
ccmccntra!ions n:quired in ,he various pre-clinical formula­
t10m,. Process Clrnmi&try need lo assess the likely yield of 
each salt, as salt formauon crnah;s an additional skp in the 
manufacturing process. Lsualiy, 1hc· decision-making process 
results in the proposal c,f a single salt for fi.Lrthcr study, 
although occasionally it is s,:en that none of the salts have 
optimum properties. and two drfforen1 ~alts can be propos1.'d 
for in-depth study. Also. it is occasiun::ll!y found that 1Jic 

overall properties of the free acid/base arc much better tlrnn 
any of the salts. This occurs more frc;qucntly where· 1 he 
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candidate has a low pKa value and the resulting salts are 
less stable than required or when the salts are particularly 
hygroscopic or ,vhen they exhibit complex polymorphism/ 
pseudopolymorphism (hydration or solvation). 

These relatively simple investigations give much useful 
information very quickly: it should bc noted, however, that 
the preliminary polymorphism study is far from the in-depth 
study that is always undertaken later. This preliminary study 
uses a range ofprotic and aprntic solvents of widely differing 
polarity and ,vill normally shmv the presence of a stable 
hydrate or solvate. 

Once a decision is agreed upon within the group. a 
document that gives a pr6cis of the discussimrn and the basis 
for ,he proposal is normally drafted for agreement by senior 
management Examples of these salt selection studies arc 
given -below: 

Example No. 1 (RPR 111423) 

RPR 111423 is a candidate drug suhstance that ha~ been 
evaluated for the treatment of symptoms related to infection 
by AIDS. ll is a crystalline, very weak base with a pK, at 
4.25. A comprehensive screening of possible salts demon­
strated only a monohy<lrochloride (RPR l l 1423/\) and a 
mcsylate (RPR 111423B) could he isolated as crystalline 
solids. 

It was decided that the free base should be taken through 
the simple evalu:nion process in comparison with these two 
salts. lt was expected that the drng substance could be 
required in the fonn 0ftablets or capsules. wilh an injection 
form needed frir some pre-clinical studies and for the 
determination of absolute- bioavailability in man. Because 
of its high activity in scrc'.cning studies, there was a possibility 
that very low dose ornl formulations might be needed. This 
may require microni,,cd drug substance to enable content 
uniformity requirements lo be met; this rnicronised material 
would also be expected to enhance dissolution. 

The result,, from the relatively simple studies undertaken 
are given in Table 4. The two salts clearly demonstrated the 
predict.able problems associated wilh a relatively low pK, 
value; the salts were quite weak and dissuciatcd to liberate 
the free base in media with pH values below the pK". The 
very low solubility of the free base resulted in immediate 
precipitation follmving dissociation. There was clear evidence 
for multiple polymorphism for each of the salts, and 
establishing the existence of a stable polymorph, or a suitable 
pseudopolyrnorph, may have been necessary before a deci­
sion could be made on ,,:hich of the two salts could be 
developed further. 

The corresponding results for the free base indicated that 
it appeared to be the better can<lidatc; it showed no evidence 
of polymorphism, and it was noi hygroscopic. The two major 
areas that required furtlK·r invc~i.igation were whether it had 
sufficient solubility in gastroinkslinal media and whether it 
could be micronised. Studies p.::rformcd on sample, of drug 
substance and on simple cap~ulc fommlalions demonstrated 
that the dissolution rates of rnicronised free base were 
equivalen\ or superior to those of the salts under the saim, 
conditions. 
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Table 4. Comparison of some simple propertiea uf RPRI 11423 and its two salts 

result for result for result. for 
tcsl RPR 111423 (base) RPR 111423!\ (hydrochloride) RPR l 11423B (rncsylatc) 

appearance 

particle size 

off~,.vhite to cream, 
crystalline powder 
l 0- l 00 (large 
rhombic crystal,) 
241-244 

pale yellmv. highly 
agglonlt:raled powder 
2 ,, I 

cream lo pale yellow, highly 
agglomerated powder 
7 " 1 

by microscopy, 11m 
melting range, °C 
prnlimirrnry 
po!yrnorphism s1udy 

(microcrys!alline lalh,j 
242 

1microcrysta\line laths) 
210 

no other form detected at least four polymorph;-: dett::ckd; 
metastable forms reven 10 
original on standing 

at least six polymorphs detected; 
phase changes rfotcctcd on 
grinding or micronisation: 
reverls to original form 011 heating 
nothing detected other thermal behavior nothing detected loss ofl-:1.Cl detected 

at l 10-120 °C 
aqueous solubility, a! 25 °C 
n1ghnL 

• at pII l I 1.6 
- al pH 2 0.71 
· al pH 4 ().()3 
• al pH 6 0.01 
· at pH 6,8 0.01 
- in dernincralizcd water 0.()1 

pH of saturated 6.50 
solution, al 20 "C, 
in v.•ater 
addition nf 

14.7 
0.89 
0.05 
0.02 
0.02 
0.02 

at 25 °C 

25.7 
2.5 l 
0.05 
0.01 
0.01 
0.36 

2.43 

at 37 ''C 

28.2 
4.58 
O. l3 
0.02 
0.02 
0.99 

al 25 °C 

131.4 
6.11 
(J.01 
0.(13 
001 
0.33 

2.74 

at 37 °C 

204.1 
8.91 
0.02 
034 
o.m. 
0.50 

water 1.o concenl.rnte 
· at pll 2 
· alpll 4 

hygroscopicity 

no changes detected 
no chang,,s detected 
non-hygro:,copi,: 
<0.2'~{1wf,\1 \~1ater 
up1akc at any RH 

some precipitation ,if free base 
extensive precipitation of free hase 
slightly hygroscopic 

some precipitation of'frcc baSs" 
extensive precipitation of fret base 
moderakly hygroscopic 

(hygrostal for 14 days) 2.3'!-'o w/w uptake at 53% Rll 
22'?'u wiw up lake at 97% RI l 

3.7% wiw Llplakc ,it 5_;°;u RH 
32% wiw uptake at 97% RH 

Example No. 2 (RPR 127963) 
RPR 127963 is a candidate drug substance that has been 

evaluated .for the treatment of cardiovascular diseases: it is 
u cry~lalline, very weak base with a pK, at 4.10. 1n common 
with mos! similar drug substances intended for the treatment 
of cardiova~cular disease, it was considered that a high-dose 
(up to 250 mg) solid. oral dosage form and a correspondingly 
high-dose (up to 50 rng/mL) injection would he ultimately 
required. Jn line \Vith our standard protocol, a comprehensive 
eva1mHion of possible salts wm: undertaken, and this dem­
onstrated that five crystalline salts (a hydrochloride, a 
mesylare, a citrate, a taiirate, and a sulphate) could he readily 
produced. H was decided to quickly profile each of these 
salts in comparison with the free base. The results of these 
studies are given in Table :,_ 

\Vhen the anhydrous free base \Vas evaluated. the exist­
ence of an additional mono-. di-, and trihydratc was found 
quite rapidly. It was shown that all four of these frmns could 
be interconverted under conditions that might be expected 
to be found in granulation processing. The other potential 
problem with the anhydrnte was the low melling: point. In 
corn;idering the results obtained for the various salts, the 
solubilities of the citrate and the tat,rcne were much lower 
tha11 required for an injectable form and lo\,Cr than ideal 
for high dosage formulations. An additiom1l problem for the 
tanratc salt was the high hygroscopicity. Both of lhese salts 
\Vere rejected before completion of the foll ev2iuation. The 
hydrochloride salt was also shown to have several probkrns 
such ::;s lower than ideal solubility, probable multiple 
polymorphism. and the formation of hydrates. 

Thus, the rnesylate and the sulphate were the two salts 
ihal remained; both had high melting r,oints. excellent 
aqueous solubility, and were non-hygroscopic. The free base 
sliH remained a possible candidate, if a st2ble hydrate could 
be found. It vvas therefore decided to undertake some 
additional evaluations on these three forms; the results from 
these arc presented in Table 6. 

These additional results demonstrate a slight advantage 
in favour of the sulphate salt because of its greater solubility 
in cosolvcnts. This would give the formuhitor a better chance 
of achieving a big:her dose in an injectabie formulation. H 
was considered that the sulphate salt (RPR l27963E) could 
be studied further in the more detailed evaluations that wou kl 
follow over the next few months. The rnesylate or the free 
base (if a suitably stable hydrate could be found) would 
provide a possible back-up, ;;hould unforeseen problems 
arise. 

Example No. 3 (RPR 200765) 
RPR200765 is a candidak drug substance proposed for 

the treatment of rheumatoid arthritis. lt is another crystalline, 
\Veak hase with a pK,, of 5.3 ,,vhich fonncd ~alts with 2 wide 
selectic>n of counterions. It was expected that doses of I 00-
l 25 mg of RPR2007(i5 in capsules would be required for 
clinical studies. 

Early studies suggested that RPR200765 frcL~ base was 
unacceptable for use in solid. oral dosage forms due to a 
\'cry poor aqueous s()]uhiiity of approximmeiy 10 µg/mL and 
poor bioavailability in animal models. However, RPR200765 
would f<m11 stable- salts with hydrochloride. hydrobromidc. 
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Table 5. Comparison of some simple properties of RPR127963 and its five salts 

test 

appearance 

particle size 
(microscopy), .un1 

inching range, °C 

prdiminary 
polymorphism srudy 

aqueous solubility 
(1:5 "CJ, rng:'mL 

- in deminerafo:ed water 
-in(U M HCl 
- in 0., M NaOH 
- in dextrose 5?'°t.\w,\,-

pH of saturated solution 
h,, groscopici1y 

s' n.d, = l'<ol dctcrrnimxl, 

result for 
free base 

(Rl'R 127963) 

vdlo\v. 
~rv~talllne 
powder 
1-<~ Nm 

(a~glorncrati.::s 
of~nicrncrystals) 

s('.v~ral hvdrates 
detected' 

ruL' 
ruL 
0 020 
n.d. 
n.d. 
n.d, 

rcrnlt for 
HC!salt 

(RPK 127963A) 

veUovv, 
cr)"itailine 
pot.\der 
l- 3am 
(auci'onwrares 
o{~:r1icrocrystals) 

1 66--· 1 91 ( rc-grovfs 
at about 166, 
recrystalliLe& at 
19L then n1cl!s at 
about 275 
two monohy<lrarcs 
and one anhyurat~ 

3.92 
5.2 
0.019 
2.84 
2.33 
nun-hygroscopic 

result for 
mcsvlatc salt 

(RPR-12.7963B) 

ycl1o\:(/, 
cry,talline 
powder 
,ightly pttcked 
spheruhtes of 
agglomerated 
microcrvsmls 
1, um diarnckr. 
2x0.9--2S?..2 

no C\'idence 
of polyrnorph,s 

]08 
50.4 
0.022 
YO 
L76 
non-hygroscopic 

rc,,ull r,,r 
citrate salt 

(RPR I 27963C) 

yelkm, 
crvstalline 
p,;wdcr 
n1icrocrvstals 
('.2· 3 /ll1l) 
\~,r!th some 
aggregates 
(70,um) 
110.2 134,3 

stable 
hernihvdrate 
detected 

OY.3 
n,<l, 
11,CL 

n.d. 
2.49 
non-bygrosu)pic 

result for 
tanrate sal( 

(RPR 127963D) 

Yellow. 
c1-yslallinc 
powder 
rounded 
mudornen-1.le:s of 
111icrocrvstals in 
domain~ (70 um) 

1%,5 20Ui 

m1stabJc 
anhydrntc 

iLX9 
rut. 
n.d. 
n.d. 
2.:16 
V('.TV 

hygroscoptc 

result f0r 
sulfate salt 

(RPR l279C,3F) 

vellow. 
crvslalline 
pt)wdcr 
aggregates of 
1nicrocrvsta1s 
(10-15.,um) 

305,7 30~.9 

no evidi:nce of 
pnlymorphs 

~50 
5,9 
0,(JJ8 
~40 
l.~2 
non-hygroscopic 

Table 6. Compnison of additional properties of RPR127%3 (anhydnite), its mesylatc (RPR U7963B) and snlfat,, (RPR 
l2963E) salts 

solubilitv in 
cosolwnts at 
25 °C. mg/JnL 
ethanol 
propylrnc glyi:ol 
poly(cthyknc glycol) 400 
dimethylsulphoxide 
,V-rnethylpyrroiidone 
glycerol 
peanut oil 
intrinsic dissolution 
rate~ n1g~ n.1in · 1 ~cn1 

- in 0.() l \;\ TT Cl 
powd(;r flo~~v 
prnpertie, 

"' n.d, = Not dek.m1incd, 

rcsu ll for free ba sc 
anhydrntc (RPR 127963) 

]90 
35,4 
188 
> 500 
> 400 
42 
(Ll8 

001 
0,35 
n.cl 

methanesulfonate, and camphorsulfona!"' counterions, Aque­
ous solubility, particle size and shape. powder propcrtics, 
and polymorphism profile were considered to be the kcy 
properties to permit a choice of salt to be made. ln addition, 
it ,vas recognised that the use of sorne counterions with high 
molecular weights. would require a large excess of drug 
substance 10 achieve the required doses. 

Studies demonstrated that tbc solubiiity of RPR:200765 
depended on the amount of drug substance usd for the study, 
This occun-cd because the countcrion reduced the pll of 
solution and enhanced so\ubiiity of the drug base, The 
mesylate salt consistently produced a higher solubility than 
any of the other salt forms. The higher solubility rcsuhcd in 
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0.6 
0.7 
0,2 
14 
4.4 
rut" 

result for mcsvlatc 
salt (RPR 12i963) 

none detected 

n,d. 
7.3 
Good, but become, much worse 
with increasing humidity 

result for ~:ulfo.Le 
saH (RPR ! 27963) 

0.2 
l 7 

0.2 
l rn 
8.5 
2.7 
none detected 

n.d, 
,., -, 
!,/ 

Slicb ,lightly 

an enhanced dissolution rate of ths:: mesylate salt compared 
to the other salt forms. The solubility and dissolution rate 
of the hydrobromide sall was particuiarly poor. Intrinsic 
dissolution rate studies on compressed disks could not he 
can-icd out because a good compact could nflt be obtained 
for most of the salts, and the studies were carried nut using 
drug powder ( equivalent to 50 mg free basc) in capsules. 

1 Jygroscopicity stmlie~ dcmon~tratc<l that the hydrochlo­
ride an<l hydrobromidc salts a<lsorbcd large amounts of 
moisture on exposure to humidity, resulting in the formation 
of multiple hy<lrntc<l forms, The methancsulfonate salt 
however, was a stabk, monohydrnt" fr,m1 ,vhich lost moisture 
a1 , cry low humidity ( < 10% relative humidity (RH)) but 
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Table 7. Comparison of the physicochemical properties of RPR200765 salt forms 

test 
result for mcsv!atc salt 

(RPR 200765A) 
result for camphorsulfonatc 

sal! (RPR 200765C) 
result for hvdrochloridc 

salt (RPR 200765D) 
result for hvdrobromidc 

(RPR200765E) 

appearance ofl~white to cream, 
free-flowing powder 

whitl' to off-white, crystalline, 
free-flowing powder 

while, free-flowing 
pmvder 

white to off-white. 
Cl~fstalline, free-flmving 
powder 

MW 
melting range, ''C 
maximum aaucous 
solubility at 25 'C, 
mg:mL 
pH of saturated 
solution in 
dcmineralized water 
at 20 °C, mg/mL 
hygro:::copicity 
(by DVS} 

crvstal habit 
m-i'd appearance 

566.61 
214 
39 

1.93 

684.79 
265-267 
19.95 

2.22 

non-hygroscopic 

clust..:rs pf 
highly 
aggr(.'.gatcd~ 

524.91\ 
245·--·248 
16.68 

2.16 

hygroscopic with 
muitiple hydrakd 
forms 
platclikc crystals: 
individual crystal~ 
contain stress lines 

569.43 
276-277 
3.29 

2.63 

hygroscopic with 
multiple hydrated 
fon11s 
looselv 
agglomerated. 
J1aky material 

pa1iicle size 
by microscopy 

non-hygroscopic 
with a stahlc, 
monohydrate form 
individual 
platclike crystals 
with some 
agglomeration. 
0 "45-200 ,wo in 
agglomerate, of 
200-350 /tffl 

platelike crystal, 
crvslals N20··· 50 um. 
cl~t~Lers N80--·200,um 
-some lar!:!t::r 

·"30-!00um 
particles ' 

10-40 um 
particle·s 

dissolution studies, 
drug substance in 
capsule ( Tso%, min) 

,ll pll 2 
ut pH 4 

(in citrale buffer) 
'.Ul 

clusters ui, to 
500,um 

6.0 

rapidly re-equilibrated to form tbc monohydrate fonn when 
the humidity was raised. These findings suggested that this 
salt vvould be amenable to solid <lose formulation and there 
was little risk of changes in 1hc hydration state on processing 
or storage under nomwl conditions. The carnphorsulfonate 
\Vas nm-hygroscopic. The results of these studies arc outlined 
in Table 7: in this case very little comparative work was 
undc1iaken on the free base d1.1e to the poor solubility and 
bioavailahility. 

Overall, the studies suggested that the mesylate salt was 
!he favoured fom1 on the basis of its low hygroscopicity. 
clean polymorphic profile in the preliminary scrL,:.;n, high 
solubility, and rarid dissolution rates. Another favourable 
factor supporting the selection of the mcsylat<: salt prowd 
lo be the good flo,v propenies which allowed very satisfac­
tory capsule and tablet formulations to be developed. 

The Next Steps? 
Having evaluated several possible alternatives in the lhrcc 

cases above, using a relatively simple range of tests, a form 
of the drng substance has been chosen that should be possible 
to develop further. These simple studies have required 3 --·4 
g oftlie free base and a similar quantity of each of the sails: 
the data for all forms normally can be generated in one 
month, or Jes~. Thi:: next steps involve confama,ion of the 
choice. by employing a frn1hcr range of tcst.s, followed by 
the optimisation of the form of the salt. A series d' tes,s, 
analogous lo those i11 Table 2, arc used in this evaluation; 
lhcsc ksts arc given in Table 8. 

7A J.9 

14";., release 

Optimisation of the Drug Subst,mce Form for 
Development 

Having chosen what should be a reasonably stable form 
of the salt, free acid, or free base, one of the key activities 
is to star1 investigations into whidi other polymorphic or 
pseudopolymorphic fonns exist In the slmn developm;.;n! 

phase where preclinical administration occurs, only a pre­
liminary screening of these di±forcnt forms is considered 
necessary, as it is possible that the compound can be found 

1.00 toxic for ftir!Jwr study. Our team Lmdcrtakcs this on about 
500 mg of ;,ample; small portions are recrystallised from 

anhydrous and hydrated solvents of differing polarity. ;\ny 
crystalline product recovered is examined by a varii:ty of 
techniques to determine how many different forms are 
produced and whether any ,ffc hydrates or solvates. Prelimi­

nary information on the inter-relationships between thi:'. 
different forms can often be found, even at this early stage. 

The remainder of the tests are designed for two main 
purposes: 

To define the various preclinical formulations that arc 
required, to devise analytical methods for these. to determine 
their slabilif.y. and establish shelf lives. 

To establish a database for the chosen fonn and to give 

an indication of the possibilities for clinical formulations. 
To accomplish this, it is nonnal to request a minimmn of 

25 g of drug substance. although occasionally more may 
11ecdcd jf tbc drug substance is intended for inhalalion and 
there arc difficulties with micronis2ti,~n. 
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Table 8. T,•sts to he considered for ''preclinical phase'' (column 2) and in preparation for initial clinical investigation (column 
3) for compounds intended for use in oral, injection a.nd inha.la.tion products 

lest to be considered 

melting range 
optical rotation 
polymmvhism 
X-ray diffrnclion 
intrinsic aCJueous soiubilitv 
cosolvcnt ~olubilitics" · 
prnpcllanl solubilily'· 

hvc:rosconicitv 
1;i~roscopy (SEM/opticalJ 
particle si;-,e (Laser) 
micronisation 
specific surface area 
true densitv 
bulk powder density 
wellability 

related substances 
degradation products 
clural purity 
clcctrophorcsisi'JLC 

hydrolytic profile (identify degrndanls) 
bulk drug powder 

HPLC. XRPD. and DSC 

for dry powder inhaler only 

inLrn-!racheal suspensions 
om! solutions/suspensions 
solutions for nebulization 
IV solutions 
olhcr roules (ip/sc) 

microbiological controls 
total ,uhslance requirements 

amount required, mg or g 

Physicochemical Properties 
50mg 

500mg 
20 mg 
400 mg 
500mg 

Physical Prn1Jertits 
800mg 
100mg 
200mg 
.-;; (I 
., I::' 

2 g (l{) 
200 mg (R) 
2.5 g (R) 

Impurities (HPLC) 
JO mg 
10mg 
10mg 
10mg 

Stability Studies 
100mg 

Excipient Comp1ttibility 
50mg 

Compressio11 Properties 

Preclinical Formulation Development 
2g 
2g 
2g 
2g 
1 g 

Clinical Fornmlatimi Development 
predict suitable dosag,· form, 
3g 

20-25 g 

arnounl required, mg or g 

50 mg 
1 g 
25-50 g 
20 mg 

2g 
2g 

100mg 
200mg 

4 g (R) 
200 mg (R) 
10 g (R) 
1 0 

b 

10mg 
10mg 
10mg 

2g 

250mg 

5g 

Phase 1 · lla· 250-·· I 200 g 

d 
depends on form and dose 

a A.lso so1uHliLie~~ in complexing agents/surfactant syste1ns ,vherc appropriate. h Propellants and propcllairUcosolvent .;;ystems for inilalatwn dvsagc fonr1s. 1 Dn·elop 
and spct'i(v Phase 1 t()nnuL:ltion - commencl' stabilit?icompatibility :1tud.icf. .. -1Dcpcndcnt on drug availahility~ (R) possible tn recycle drug -.uhmmce for cer1am o111er 
tests, 

Once the drug substance is shown to be nontoxic, studies 
leading to the definition or a suitable series of clinical 
formulations can begin. For this, we normally expect to have 

a reasonably clear picture of the inter-rc-lalionship~ between 
the different forms of the drng substance and :;hould have 
started to define the most stabk form. As more batches arc 
manufactured at increasing scak by Process Chcmi~U')', i.hey 
are examined using some ofths: key tests to add inforrnalion 
to the database. Also, with the increased availability of drug 
substance. it is possible to inifrlle maturation studies as ;in 
additional technique to assis1 in 1hc definition of polymor­

phism. ff the structure of 1he drng substance has been 
determined by single crystal X-ray. under certain cir.::um­
stanecs it may be possible at this stage to initia,e the 
theoretical search for other poiyrnorphic forms. This is 
achieved using the Polymorph Predictor sof1.v-:arc (Molecular 

434 VoL 4, i~o- 5, 2000 f Organic Process Re')('.arch & Development 

Simulations Inc.). This software has been used successfully 

on several small molecules (molecular weight <500) and 

predicts theoretical crys(al structures and their relative 

energies. The most :,table fonn has the lowest energy; 

increasing energy signifies lower stabilities. 
As larger quantities or drug substance and samples from 

different batches become available it is imperative that the 

variation in basic physical properties (e.g .. crystal size and 

shape, specific surface area. powder flow properties, bulk 

and tapped density etc.) are studied for each batch. By close 

liaiso11 with Process Chemistry, it is normally possible to 

modify the recrystallisation condition, such thal greater 

batch-to-batch uniformity of thc~c pby~ical charnclcristk, 
can be achieved. Also., these characteristics can often be 

modified such that they arc closer to ideal. 
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The Negative Aspects of Salt Formation 
One of the negative aspects of salt formation is that the 

percentage active content decreases markedly as higher­
.molecular weight countcrions arc used. lf the free acid or 
base has only moderate or low activity, it may be neccss:uy 
for the patient to have a relatively high dose for a clinical 
effect. ff 20-50'1/i, of the weight of the drug substance is 
due to inactive countcrion, the sdditim1 of suitable cxcipicnts 
for encapsulation or tableting may result in a powder volume 
that is too great even after granulation, to fit succc~sfolly 
into even the largest acceptable capsule shell. This forces 
the fornmlator tmvards a tablet. Even with these fornmlations, 
a large tablet ( or even multiple. smaller tablets) may be 
necessary; th:se do not aid patient compliance. 

Other problems that are frequently created, or exacerbated, 
by salt fonnation are an increased tendency for the existence 
or fonnation of hydrates and polymorphs. Hydrates may be 
produced in formulations by interaction with water bound 
to excipicnts. water in capsule shells. etc. 

final Definition of the f<nm 
As the candidate pass;.;s through initial clinical evaluation 

(Phases 1a and fo), additional characterisation and refinement 
of the drug substance form continues in parallel with the 

finalisation of studies on the dmg substance manufacturing 
prm:ess. Close liaison and teamwork between the Process 
Chemist and the Preformulation Scientist in an exploration 
of the various possible recrystallisation solvents can often 
result in fortber refinement of the crystal properties. An 
excellent ~cheme for the final characterisation of solid drug 
substances, prior to the final regulatory submission, has been 
described recently. L, The aim of both the Prcfbrrnulation and 
Process Chemistry teams is to finalise the definition of all 
of the characteristics of the dmg substance in readiness for 
the initiation of Phase Ha clinical trials 
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Hybrid insulin cocrystals for controlled 
release delivery 

Mark L. Brader1*, Muppalla Sukumar1, Allen H. Pekar1, David S. McClellan2, Ronald E. Chance3, 

David B. Flora3, Amy L. Cox4, Lynnie lrwin4, and Sharon R. Myers4* 

Published online: 22 July 2002, doi: 10.1038/nbt722 

The ability to tailor the release profile of a drug by manipulating its formulation matrix offers important thera­
peutic advantages. We show here that human insulin can be cocrystallized at preselected ratios with the fully 
active lipophilically modified insulin derivative octanoyl-fvt-Lys829-human insulin (C8-HI). The cocrystal is 
analogous to the NPH (neutral protamine Hagedorn) crystalline complex formed with human insulin, which is 
commonly used as the long-acting insulin component of diabetes therapy. The in vitro and in vivo release rates 
of the cocrystal can be controlled by adjusting the relative proportions of the two insulin components. Weiden­
tified a cocrystal composition comprising 75% C8-HI and 25% human insulin that exhibits near-ideal basal 
pharmacodynamics in somatostatin-treated beagle dogs. The dependence of release rate on cocrystal ratio 
provides a robust mechanism for modulating insulin pharmacodynamics. These findings show that a crys­
talline protein matrix may accommodate a chemical modification that alters the dissolution rate of the crystal in 
a therapeutically useful way, yet that is structurally innocuous enough to preserve the pharmaceutical integri­
ty of the original microcrystalline entity and the pharmacological activity of the parent molecule. 

Controlled release methods for the injectable delivery of therapeutic 
proteins use exogenous matrices to encapsulate the protein and 
thereby slow its absorption from the site of injection. Such systems 
include hydrogels, liposomes, microspheres, and polymer depots1-3, 
and are typically physicochemically complex, making the predictable 
modulation of in vivo protein-release rate difficult and presenting 
formidable challenges for protein stabilization and commercial 
manufacture4• The oldest and simplest approach to prolonging the 
time action of a therapeutic protein is to inject it in the form of a sus­
pension of amorphous or microcrystalline particles that dissolve 
slowly in the interstitial fluid before absorption into the microvascu­
lature of the subcutaneous or intramuscular tissue. This approach is 
limited because the dissolution process governing bioavailability and 
pharmacokinetics is dictated largely by the intrinsic solubility of the 
protein particle. 

The concept of combining insulin with zinc and protamine was 
developed in the l 930s to meet the medical need for an insulin 
preparation with sustained action for the treatment of diabetes mel­
litus5. This approach revolutionized diabetes therapy6 and led to the 
development of a microcrystalline suspension formulation known as 
NPH insulin?, which is still the most widely used insulin product 
today. However, recent studies have established that tight glycemic 
control dramatically diminishes serious long-term diabetic complica­
tions8•9. NPH insulin has clinical limitations in this respect, as the 
duration of action of this formulation is too short to provide basal 
therapy with a single injection per day, and it has a pharmacodynamic 
profile exhibiting a large peak 10•11 • These characteristics cause con­
tinual deviations from normoglycemia. Despite these clinical short­
comings, NPH insulin is a time-proven, robust biopharmaceutical 
platform that has been applied commercially to a variety of insulin 

molecules including beef insulin, pork insulin, biosynthetic human 
insulin, and the insulin analog LysB28,ProB29-human insulin 12• 

Here we sought an approach that could retain the favorable phar­
maceutical properties ofNPH yet correct its pharmacokinetic short­
comings. To explore the possibility of manipulating the release rate 
of an NPH-like formulation, we cocrystallized insulin with a 
lipophilically modified insulin derivative (Fig. !). We report a 
method whereby the dissolution rate of the resulting microcrys­
talline suspension may be systematically adjusted to allow manipu­
lation of insulin absorption kinetics. These findings show that a 
protein drug itself can form the scaffold of a controlled release 
matrix, allowing the fine tuning of the absorption kinetics of bio­
pharmaceutical suspensions. 

Results and discussion 
Rational selection of C8-HI. We hypothesized that it may be pos­
sible to reduce the dissolution rate of NPH crystals by "doping" a 
less soluble insulin derivative into the lattice. The octanoyl moiety 
at LysB29 was incorporated in order to lower aqueous solubility by 
enhancing the hydrophobicity of the insulin molecule while hav­
ing minimal steric and pharmacological impact. A key steric 
requirement of the derivative is that it must retain its ability to 
form a zinc hexamer, the crystallizing unit of insulin crystals 13 

including NPH insulin 14• CS-HI most likely meets this require­
ment because previous studies have shown that hexadecanoyl-N'­
LysB29-human insulin forms a zinc hexamer in solution15• 

Furthermore, an X-ray crystal structure of LysB29-tetradecanoyl, 
des(B30) human insulin shows that this molecule forms rhombo­
hedra] crystals in which the Cl4 chains are oriented on the exteri­
or of the hexamer 16• 

'Bioproduct Pharmaceutical Development, 'Physical and Structural Characterization, 3Bio Research Teclmo/ogies and Proteins, and 4Endocrine Research, 
Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285. *Corresponding authors (m.brader@lilly.com and s.r.myers@lilly.com). 
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Figure 1. Schematic representation of cocrystal formation. Insulin and 
CS-HI are combined initially as solutions to facilitate homogeneous mixing 
of the two species. Adjustment to neutral pH in the presence of zinc forms 
a mixture of hybrid zinc hexamers, which complex with protamine to form 
homogeneous microcrystals (-·5 ttm long) with the distinctive NPH crystal 
morphology shown. 

Insulins acylated with fatty acids at the £-amino group of LysB29 
have been explored as potential soluble protracted-acting candi­
dates17,18_ The basis for their protraction is a substantially enhanced 
albumin-binding affinity conferred by the fatty acid extension15• The 
Cl4 and Cl6 derivatives produce time-action profiles comparable to 
NPH insulin, although the enhanced albumin binding seems 
responsible for diminished biopotencies in humans20•21 . The CS 
derivative was selected for this study, as the relatively short fatty acid 
is not expected to increase albumin .. binding affinity of the insulin 
derivative substantially22 , thus retaining full biopotency of the 
insulin derivative. In addition, the LysB29 residue is not required for 
receptor activity23 • Thus, the octanoylation at LysB29 is likely a rela­
tively benign modification to the insulin molecule. 

C8-HI forms NPH-like crystals. Several crystalline varieties of 
insulin have been characterized since Abel first prepared rhombohe­
dral zinc insulin crystals in 1925 (ref. 24). Insulin forms a zinc hexa­
mer that can crystallize in various ligand-bound forms depending 
on the crystallization conditions and complexing agents pre­
sent14·2s. . NPH crystallization is based on a complexation reaction 
between zinc insulin hexamers and protamine at neutral pl-17• The 
combination of stoichiometric quantities of zinc insulin and prota­
mine results in the quantitative formation of a precipitate that grad­
ually transforms into microcrystals over -24 hours. The rod-like, 
bipyramidally-tipped tetragonal crystals are characteristic of NPH 
insulin and are morphologically distinct from other crystalline 
forms of insulin 14•25•28 • This crystallization process resnlts in an 
aqueous phase devoid of soluble insulin and a stable microcrys­
talline phase that forms a uniform injectable suspension upon gen-
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Figure 3. In vitro dissolution curves showing the relationship between the 
C8-HI content of the cocrystal and dissolution rate. The ordinate 
represents dissolved insulins expressed as a percentage of the total 
dissolved and undissolved insulins. (See Experimental Protocol for 
dissolution protocol.) 

tle agitation. The crystallization mother liquor also provides ingre­
dients facilitating pharmaceutical use, specifically: phosphate for 
pH buffering, glycerol for subcutaneous isotonicity, and phenol and 
m--cresol for antimicrobial effectiveness29• The NPH X-ray crystal 
structure shows that the protamine molecules are accommodated in 
the interstices of the lattice formed by m-cresol-bound zinc insulin 
hexamers 14 • 

To investigate whether the C8-Hl derivative retains the ability to 
crystallize as an NPH-like complex, we applied a protocol to CS-HI 
(Experimental Protocol) similar to that ofNPH insulin. This yielded 
rod-like microcrystals morphologically consistent with NPH as 
determined by environmental scanning electron microscopy (ESEM; 
Fig. 2A, B). Protein crystallization is related intimately to the delicate 
balance of parameters affecting the solubility limit of the protein and 
the relative energetics of the protein in the solution, amorphous, and 
crystalline states30• The CS group imparts a substantial modification 
to the physical properties of the insulin molecule as demonstrated by 
the substantial perturbation of the solubility of the resultant crystals 
(Fig. 3). Consequently, it is remarkable that C8-Hl crystallizes in an 
analogous manner to NPH insulin under essentially identical crys­
tallization conditions. 

Cocrystallization of cs .. HI with insulin. We prepared cocrystals 
using a similar method to that ofNPH crystallization, the principal 
difference being that the desired proportion of insulin derivative 
was dissolved together with the insulin fraction in acidic solution to 
facilitate complete mixing of the two molecules before crystalliza­
tion (Fig. 1). The insulin hexamer dissociates in acidic solution, 
although it maintains a complex equilibrium of self-associated 

Figure 2. Environmental scanning electron microscope (ESEM) images. (A) NPH-like crystals formed from 100% 
CB-HI. (B) NPH insulin. (C) 75% C8-HI cocrystals. Images were taken of the microcrystalline samples deposited 
directly from the mother liquor onto a filter surface. Scale bars, 5 µm. 

states31 • Complete dissociation to 
monomers and random mixing of 
subunits would result theoretical­
ly in a statistical mixture of seven 
types of hexamers (Fig. 1). Upon 
injection, the process rate limit­
ing to absorption is dissolution 
from the crystal lattice, which is 
believed to occur via the depar­
ture of intact zinc hexamers32 • 

The hexamers subsequently dis­
sociate in the interstitial fluid 

http:J/biotech.natumcom AUGUST2002 VOLUME 20 nature biotechnology 801 

UM00016527 

NOVARTIS EXHIBIT 1517 
Novartis v. Regents, IPR2023-01347 

Page 3509 of 4460



E 
0 
0 

~ 
:, 

ni 
C: 
J: 
0 
Q) 

0 
:0 
:::, 
ii 
t: 
.c: 
C. 
:, 

e 
(!) 
0) 

.5 

.c: 

.!!! 
::s 
:, 
a. 
f: 
:::I 
ni z 
N 
0 
0 
N 
@ 

RESEARCH ARTICLE 

1.0 

0.9 .. 
C o.a 
~ ,........, .... • 
.E 0.7 

j¥ 0.6 

~13 
0.5 u C: 

'll'fl 8.4 :jl 
0.3 

8. 
fs 0.2 
t) 

0.1 

0.0 
100 

• A 

75%cocrytta!• 

200 

.. 

300 

Time (min) 

.. .. .. 

400 500 

Figure 4. In vitro dissolution homogeneity. Homogeneous release of 
CB-HI occurs from a 75% C8-HI cocrystal (A) in contrast to the non­
homogeneous dissolution behavior of an extemporaneous mixture of 
100% CB-HI and NPH (0% CB-HI) mixed in a 3:1 ratio(♦). The 
ordinate represents the C8-HI dissolved as a fraction of the total 
dissolved CB-HI and dissolved insulin as determined by reversed­
phase HPLC. (See Experimental Protocol for dissolution protocol.) 

before absorption into the bloodstream33 • Consequently, it is not the 
underlying distribution of hexamers per se, but the dissolution 
homogeneity of the cocrystal and the dependence of dissolution 
rate on composition, that are expected to be fundamental to its util­
ity as a controlled-release drug matrix. 

To explore the use of C8-HI cocrystals for controlled release, we 
prepared a cocrystal series incorporating different C8-HI propor­
tions. We found a single preparative protocol (Experimental 
Protocol) to be effective for cocrystals containing CS-HI fractions 
across the entire 0-100% range. Specific CS-HI percentages could be 
targeted conveniently and accurately because the cocrystallization is 
quantitative and thus the CS-HI percentage in the cocrystal corre­
sponds directly to the C8-HI percentage of the initial solution mix­
ture. The morphology of the cocrystals was consistent with the l 00% 
C8-HI crystals (Fig. 2A) and with NPH (Fig. 2B).An ESEM image of 
a representative 75% CS-HI cocrystal sample is shown in Figure 2C. 
Presumably the CS-HI and HI molecules are mutually replaceable 
within the crystal lattice because of the relatively minor steric modi­
fication, and thus retain the order of the crystal with the exception of 
the acyl moiety. For this reason we describe the preparations as 
cocrystals, although in the strictest crystallographic sense they would 
be considered mixed crystals. 

Cocrystals are homogeneous and release rate is controllable. We 
investigated the in vitro dissolution behavior of the cocrystals as a 
function of CS-HI content for preparations containing 50%, 75%, 
and 100% C8-HI, and compared with that ofNPH (Fig. 3). These 
data show that the cocrystals dissolve substantially more slowly than 
NPH and that there is a strong dependence of the dissolution rate on 
the proportion of CS-HI in the cocrystal. Equivalent rates of dissolu­
tion of CB-HI and insulin from the 50% and 75% cocrystals are evi­
dent (Fig. 3), consistent with homogeneous release of the two insulin 
components. This was confirmed by a control experiment compar­
ing the dissolution behavior of the 75% cocrystal with a 3:1 extem­
poraneous mixture of 100% CB-HI and NPH (0% CS-HI) crystals. 
Dissolution of the 3: 1 extemporaneous mixture exhibits the expect­
ed continuous change in the relative proportions of the two insulin 
components (Fig. 4), whereas the 75% cocrystal releases a constant 
0.75 fraction of C8-HI over its entire dissolution duration. These 
results establish that the in vitro release rate of the cocrystal can be 
manipulated over a wide range by adjusting the level of C8-Hl incor-

802 nature biotechnology • VOLUME 20 

poration and that a constant rate of release of the two active mole­
cules from the site of injection to the bloodstream is expected. The 
inverse relationship between dissolution rate and C8-Hl percentage 
in the cocrystal is consistent with the hypothesis that the more 
hydrophobic CB-HI molecule confers a proportionate decrease in 
aqueous solubility to the cocrystal. 

In vivo absorption and time action. To explore the significance of 
the in vitro release findings in an in vivo system, we investigated the 
pharmacodynamics and pharmacokinetics of select CS-HI cocrystal 
formulations in somatostatin-treated beagle dogs, an animal model 
of acute insulin deficiency. 

We initially carried out a control experiment to characterize the 
time action of the CS-HI molecule relative to that of insulin. In this 
experiment, each molecule was administered in identical solution 
formulations. The C8-HI molecule does not exhibit a protracted 
time action relative to insulin (Fig. SA), and the glucose-lowering 
biopotencies of the two molecules are very similar. The CS-HI 
molecule thus does not exhibit an inherent protracted time action in 
this model. 

Glucodynamic profiles of 58%, 75%, and 92% C8-Hl cocrystals 
(Fig. SB) suggest that the glucodynamic profile is influenced by the 
fraction of CS-Hl in the cocrystal. However, the difference between the 
92% and 75% formulations is substantially larger than between the 
58% and 75% formulations, suggesting that the time action may arise 
in this model from a more complex relationship than a linear correla­
tion with in vitro dissolution kinetics. As the proportion of C8-Hl is 
increased, there is a trend toward a decrease in efficacy. We attribute 
this change to an alteration in the absorption pattern (fraction of total 
insulin absorbed during first 12 h: 64 ± 1 % vs. 59 ± l % for 58% and 
75% CS-HI, respectively; P < 0.01) or bioavailability (area under 
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Figure 6. Pharmacokinetics and glucodynamics of 75% CB-HI cocrystal 
and NPH in somalostatin-treated dogs (2 nmollkg, subcutaneous, n = 6; 
values represent mean± s.e.m.). The pharmacokinetics (A) show that the 
0--12 h area under curve (AUG) for 75% CB-HI cocrystal is significantly 
less than that of NPH (P < 0.05), and the 12-24 h AUC for 75% CB-HI 
cocrystal is significantly greater than that of NPH (P < 0.05). The release 
pattern of the 75% CB-HI cocrystal results in a flatter, more ideal basal 
pharmacokinetics and longer time action (B) than that of NPH. 

the insulin curve (insulin AUC): 1.26 ± 0.27 nmol h/L vs. 0.80 ± 
0.20 nmol h/L for 58% and 92% CS-HI, respectively; P < 0.02) of 
the formulations. 

C8-Hl (75%) cocrystals give improved basal glycemic control. In 
somatostatin-treated dogs injected with NPH human insulin or a 
75% C8-Hl cocrystal formulation, pharmacokinetics and pharma­
codynamics results (Fig. 6) illustrate that inclusion of C8-Hl in the 
crystalline lattice slows the initial absorption of insulin from the sub­
cutaneous site (insulin AOC 0-12 h; Fig. 6A) and provides a more 
even insulin exposure throughout the 24 h test period (insulin AUC 
0-12 h vs. 12-24 h; Fig. 6A). This change in insulin kinetics resulted 
in an extension ohime action from 18 h (NPH) to 24 h (75% C8-HI 
cocrystal) in this animal model (Fig. 6B). The alteration in absorp­
tion kinetics and extension of time action relative to NPH are consis­
tent with the slowed dissolution of insulin cocrystals observed in the 
in vitro dissolution experiments. 

These findings suggest that it may be possible to improve the time 
action ofNPH by incorporating an appropriate fraction of a less sol­
uble insulin derivative that is structurally tolerated by the crystal lat­
tice. We hypothesize that the crystallizing unit of the cocrystal is a 
mixture of hybrid zinc insulin hexamers (Fig. 1). Insulin cocrystal­
lizes with proinsulin34, and has recently been shown to form hybrid 
zinc hexamers with t1uorescently labeled N"-LysB29-modified 
insulin derivatives35 in solution. 

Although the utility of protein crystals in formulation design has 
been recognized for some time29•36, to our knowledge there have been 
no previous reports of the use of a hybrid protein cocrystal to tailor 
the biopharmaceutics of a therapeutic protein. The broader applica­
bility of this approach will depend upon the ability to modify the 
parent protein in a way that retains its biological activity and crystal­
lization propensity, yet alters its resultant solubility. The availability 
of X-ray crystal structures should help identify regions of proteins 

http://biotech.nature.com AUGUST2002 

RESEARCH ARTICLE 

that may tolerate a suitable modification without destroying con­
tacts critical to lattice stability. In view of the unprecedented num­
bers of new therapeutic proteins entering clinical testing and rapidly 
advancing methods for protein crystallization screening37 , cocrystal­
lization with a solubility-modified derivative may be useful in opti­
mizing subcutaneous absorption kinetics. 

Experimental protocol 
Reagents. Biosynthetic human insulin (as zinc insulin crystals), protamine sul­
fate, NPH human insulin (Humulin N), and CS-HI (prepared and characterized 
as described previously"·") were supplied by Eli Lilly (Indianapolis, IN). All 
other materials were either US Pharmacapeia (USP) or analytical reagent grade. 

Cocrystal preparation. Cocrystals were prepared using final formulation 
concentrations of 3.5 mg/ml total insulins, 0.025 mg/ml Zn(II), 16 mg/ml 
glycerol, 1.8 mg/ml m-cresol, 0.7 mg/ml phenol, 3.75 mg/ml dibasic sodium 
phosphate heptahydrate, 3 mg/ml trisodium citrate dihydrate, and 0.3 mg/ml 
protamine. Specific cocrystal ratios were achieved by initially mixing solutions 
of human insulin and C8-HI in a ratio corresponding to the target ratio of the 
cocrystal. The general protocol is exemplified here by a 10 ml preparation of 
the 75% CB-HI cocrystal as follows: 29.6 mg of C8-Hl (88% protein content) 
was dissolved in 0.75 ml of 0.1 M !-!Cl and mixed with a solution of 9.6 mg of 
human insulin (90% protein content) dissolved in 0.25 ml ofO.l M HCl. To 
this solution was added 20 µl of 10 mg/ml Zn CI, solution. To this solution was 
added 4 ml of a solution containing 40 mg/ml glycerol, 3.75 mg/ml trisodium 
citrate dihydrate, 1.8 mg/ml phenol, 4.4 mg/ml m-cresol, and 9.4 mg/ml 
dibasic sodium phosphate heptahydrate, pH 8. The resulting solution was 
adjusted to pH 7.6 using I M HCl and 1 M NaOH, then combined with an 
equal volume of a 0.6 mg/ml protamine solution prepared by dissolving pro­
tamine sulfate in waler. A precipitate formed immediately, and was allowed to 
stand quiescent for one day at 25°C. Inspection using a Carl Zeiss Axioplan 
light microscope (Miinchen-Hallbergmoos, Germany) at l,OOOx magnifica­
tion showed that the amorphous precipitate had converted completely to 
rod-like microcrystals. Analysis of the supernatant by reversed-phase high­
performance liquid chromatography (HPLC; Beckman, Altex division, San 
Ramon, CA) showed that no protamine and <2% of the total insulins 
remained dissolved in solution. 

Environmental scanning electron microscopy. An Electroscan model E3 
instrument (Philips/FE!, Hillsboro, Oregon) was used. 

Dissolution studies. Dissolution rates were characterized by placing a volume 
of formulation containing 1.80 mg of total insulins into 200 ml of Dulbecco's 
phosphate-buffered saline, without CaC12 and MgC12 (Life Technologies, 
Grand Island, NY), pH 7.4, containing I mg/ml BSA (Sigma, St. Louis, MO); 
the mixture was stirred at a fixed rate using a magnetic stirrer at 25°C. 
Aliquots withdrawn at regular intervals were filtered through a 0.2 µm low­
protein-binding filter (Pall Corporation, Ann Arbor, Ml). The respective 
quantities of dissolved insulin and dissolved CS-HI were determined hy 
reversed-phase HPLC analysis of the filtrate. 

Time-action studies in somatostatin-treated dogs. Animal protocols were 
approved by the Institutional Animal Care and Use Committee, Eli Lilly and 
Company, and care and handling of the animals were in accordance with the 
guidelines of the American Association for the Accreditation of Laboratory 
Animal Care. Experiments were conducted in chronically cannulatcd (femoral 
artery and vein) conscious male and female beagles weighing 10-17 kg 
(Marshall Farms, North Rose, NY) which had fasted overnight. On the day of 
the experiment, indwelling vascular access ports (Access Technologies, Norfolk 
Medical, Skokie, IL) were accessed and cleared and the animals were placed in 
3 ft x 3 ft study cages. Dogs were allowed at least l O min to acclimate to the cage 
environment before an arterial blood sample was drawn for determination of 
fasting insulin and glucose concentrations (time= -30 min). At this time a con­
tinuous venous infusion (0.65 µ.g/kg per min) of cyclic somalostatin (Bachem, 
Torrence, CA) was initiated and continued for the next 8.5-24.5 h. At 30 min 
after the start of the infusion (time= 0), an arterial sample was drawn and a 
subcutaneous bolus of saline or test substance was injected into the dorsal 
aspect of the neck. Arterial blood samples were taken periodically thereafter for 
the determination of plasma glucose and insulin concentrations. Plasma glu­
cose concentrations were determined on the day of the study using a glucose 
oxidase method in a Beckman Glucose Analyzer II (Beckman Instruments, 
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Brea, CA). Plasma samples were stored at -80°C until time for insulin analysis. 
Insulin concentrations were determined double-antibody radioim-
munoassay (goat anti-guinea pig !gG, 106-006-008, Jackson 
In1mun0Research Laboratories, Westgrove, PA; guinea pig anti-porcine insulini 
Lot PS, Eli Lilly) sensitive to both human insulin and CS-HI. 
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