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Application No. Applicant(s)

10/378,956 ZAWOROTKO ET AL.
Office Action Summary Examiner Art Unit
SAHAR JAVANMARD 1617

-- The MAILING DATE 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 3 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

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

1Kl Responsive to communication(s) filed on 21 January 2009.
2a)_| This action is FINAL. 2b)X] This action is non-final.
3)[] 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

4K 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4a) Of the above claim(s) is/are withdrawn from consideration.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[] Claim(s)____is/are allowed.
6)X] Claim(s) 25, 27, 28, 37, and 38 is/are rejected.
7)1 Claim(s) ______is/are objected to.
8)] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] 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 PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) 1Al b)]Some * ¢)[] None of:
1.[C] Certified copies of the priority documents have been received.
2[7] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) IZ Notice of References Cited (PT0-892) 4) D Interview Summary (PT0O-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 1/21/09. 6) D Other:
.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) 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.8.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

UMO00014524
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3263 of 4460



Application/Control Number: 10/378,956 Page 3
Art Unit: 1617

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.

/S. J./
Examiner, Art Unit 1617
/SREENI PADMANABHAN/

Supervisory Patent Examiner, Art Unit 1617
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1 ’? Egypt. J. Pharm. Sci. 335, 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,
Naphtheic and Nicotinic Acids

H. 0. Ammar and 8. M. Omar

Department of Pharmaceutical Sciences, National
Research Centre,\Dokki, Cairo, Egypt.

TQE EFFECT of nicotinamide and sodium benzoate, naph-
thoate and nicotinate on the solubility of carbamazepine in waler
was studied. The invesligated hydroiropes were found to increase
the solubility of carbamazepine. The solubilizing power of these
hydrotropes was shown 1o be highly dependent on their chemical
situcture. The replacement of benzene ting by a naphthalene or py-
ridine ring enhances solubilization, Molecular interaction of car~
bamazepine with the investigated solubilizers were depicted via
differential uliraviolet spectrophotomeiric measurements.

Applying the continuous variation method revealed formation of
1:1 complex with sodium nicotinale; 2:1 complex with nicotina.
mide and sodium naphihoate and a mixture of 2:1 and {:2 com-
plexes with sodium benzoate. An apparent correlation seems (o ex-
ist between the solubilizing power of these hydroiropic sgents and
the stabilily constant of their respective complexes. Calculating
the amount of drug solubilized in free as well as compiexed forms
revealed that complex-formation as well as the decrease in activity
coefficient of the drug are the two factors 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 carbamazepine which have been atiributed to both com-
plex-formation as well as to the decrease in the activity coefficient of the

:
:
i
P

Material may be protected by copyright law (Title 17, U.S. Code)
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210 H. 0. AMMAR AND S, M. OMAR

iy

drug. This motivated investigating the influence of other hydrotropes to-

wards the solubility of carbamazepi
Bution deals with evaiunting and slucidating both the solubilizing behavi-.

our as well as d‘z mechanism of solubilization of nicotinamide, sodivm

salts of beazoic, ¢ ;; thoic and nicotinie acids towards carbamazepine.
Experimental
Muaterials

Carbamazepine {Egyptian International Pharmaceutical Industries
Co.). Pharmaceutical grade of benzoic acid, naphthoic acid, nicotinic
acid, nicotinamide and sodium biocarbonate.

Solubility Measurements
Solubility m?aswrﬂmems were carried out according to the method of
Higuchi and Zuck () as previously described ),
Results and Discussion

_ '—“?gﬂrés 13%:%31%% at the apﬁﬁi‘em waler. sch.bahty of cabam‘.zapma
is increased in preseace of sodium smma;e, :mph hoate, nicotinate and
nicotinamide as a function of thair concentrations. A linear relationship
exists between the maximum additive concentration of the drug and sodi-

um nicotinate conceniration.

The solubilizing power of these hydrotropic agents towards carbamaz-
epine calculated as mole drug solubilized by -one mole of hydrotrope
seems 10 be highly dependent on their concentration, with the excepticn
of sodium nicotinate, whereby its solubilizing power is more or [e s
independent of iis concentration (Table 1). On the other hand, t
solubilizing 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 sodlum benzoate. Thus, sxpansion of ring system from benzenoid to
the naphthoate structure leads to augmenting the solubilizing efficiency.
This result agrees with the results previously reported regarding the high-
er solubilizing power of sodium naphthoate towards chlorothiazide,
hydrochlorothiazide and allopurinol compared to sodium benzoate @9,

Egypt. J. Pharm. Sci. 35, No. 1-6 {1994}

ine in water. Thus, the present coniri-
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TABLE 1. Effect of nicotinamide and sodium benzoste, naphthoate and
nicotinate oa the solubility of ecarbamazepine in water at

25°.
Conen Solubilizing
Hydrotrope {moie/l) power .
— Nicotinamide 0.2 0.0036
0.4 0.0044
0.6 0.0044
0.8 0.0058
1.0 0.0060
Sodium benzoaie 0.2 0.0011
0.4 0.0010
0.6 0.0014
0.20 0.8 0.0015
1.0 0.6025
he water-solubility of earba- Sodium naphthoale 0.005 0.0134
0.010 0.0338
0.015 0.0613
0.020 0.1051
0.025 0.3200
. Sodium nicotinate 0.04 _ -

AY 0.08 0.0014
A 0.12 0.0017
0.16 0.0018
0.20 0.0018

h

rese hydrotropes was studied spectrophotometrically. The differen-
tial altraviolet absorption specirum of carbamazepine solution (2 x 1079
mole/l.} in water and in presence of different concentrations of sodium

benzoate, sodium naphthoate, sodium nicotinate and micotinamide 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-

= e ence of sodium nicotinate, Thers is slight bathochromic shift in the
i wavelength of maximum absorbance of the drug in presence of nicotina-
n spectrum of carbamazepine ~ mide from 285 to 286 nm. On the other hand, the ultraviolet absorption

mmole/l) 1:6, 2:0.1, 3:0.4

spectrum of the drug in presence of different concentrations of sodium
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TABLE 2. Stability constant (K) of carbamazepine-hydrotrope
complexes at 25°.

s

R e A ——

in presence of nicotinamide

Steuichiometric
Hydrotrope ratio of K (mﬁie'i}
compiex
Nicotinamide 21 1.225
Sodium benzoate 2.1 0.454
1:2 1.143
Sodium naphthoate 21 42.364
Sodium nicotinate i:1 1.549
[ E-2 9
Q20
L A1
s
<
0.
285

o
w = w«-@ngm i) =0

Fig. 7: Differential ultraviolet absorption spectrum of carbamazepine
{m mole/l} 1:0.9, 2:0.4, 3:6.5
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naphthoate exhibits two isosbestic points at wavelengths of 280 and 28
nm (Fig. 5). i7he spectral changes iaking place i presence of gl ?%e
investigated hydrotropes may give an indication of a sort of ‘molecular
interaction taking place between carbimazeping and these compounds
Also, the existence of isosbestic points in the specirum of the drug in
presence of sodium naphthoate might indicate the formation of a single
species of complexes in this system. These interactions were further
investigated through other speciral measurements utilizing the continuous
variation method. The zbsorbance of solutions contal
fractions of the drug and each of the investigated hydroiropes was
measured at 285 nm. The total concentration of CBZ and hydrotropes in
each solution was fixed at a concentration of 0.06 mmole/l "The 2bsp:-
bancesvalues of all IH\. investigated solutions were found to differ from
the su*n:‘::za%ﬂc)ﬁ of the absorbance-values of theiricorresponding ‘Sompn-
nents. This gives evidence for complex-formation betwesn CBYZ and
these compounds: 'The measured absorbance-values were subtracted
from the calculated values and the resulting absorbance differences were
plotted against mole fraction of each system. An illustration of such
plots is shown in Fig. 8-11. Since for a constant total concentration of
two species of 2 complex, the complex is at its greatest concentration at
the point where the two species are combined in a ratio they occcur in
complex. It can be concluded that CBZ forms {:1 complex with sodiu
nicotinate, 2:1 complex with aicotinamide and sodium naphthoate and a
mixture of 2:1 and 1:2 complexss with sodium benzoate.

ing different mole

%)

o

'E'E'ze stability constant of the formed complexes was determined
spectrophotometrically. The values of the stability constant of CEZ com-
p%ax»s with the mvbsug&tad hydrotropes are compiled in Table 2. It is
evident from the iable 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).

Ths' amount of drug solubilized in the form of complex (AB) as well

in the free form (A) in the investigated systems was calculated accord-
ing to the equation of Benesi and Hildebrand {5) (Tabié 3). Itcanbe
seen from the table that the percentage conceniration of complex formed

Egypt. J. Pharm. Sci. 38, No. 1-6 (1994

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

UMO00014541

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3280 of 4460




218 H. 0. AMMAR AND S. M. OMAR EFFECT OF AR
100k
0.010
/ S0~
] i / g .
Y H = 50k :
5 00081 / | = °% \
5 /o = 70- ‘
= I / o ’
o / \ 9 60~
o 0.008- j \\ 5
o o 51*_
< b v
g \
< \ D 4ok
g G004 \ g
2 \ § 30k
0.002- ;ZE 2CH /
L 10k
i 1 s
00 G2 C.b 0.6 C.8 1.0 Caroomazepine 0.2
1.0 0.8 k] Gk 2 00 Sodium nicotinate
Mole fraction : Fig. 12: Free and com
Fig. 16: Elucidation of the steichiometric ratio of carbamazepine- dium benzoaie
sodium  ailcotinate complex.
0.010 N 1oer
0.009} f 90y
y 0008F ; 597N
& 0.007} | 3 70
2 ~ i T
= 0.008- | % S0k
° 2
g 0.005} \1 [ g 50
_g 0.004F \ j @ 40F
g 0003k \ | % 304
= ? g
0.co2+ \ f ; 20+
0.001} \ j < ok
G0 0.2 Q- g6 = 048 1.0 Carbamezepi 05
0 .8 08 o ra 0.2 00 Niccﬁﬁg.rz;gs;e G'GQE di

~ Mole fraction
Fig. 11: Elucidation of the stoichiometric ratio of carbamazepine nic- Fig. 13: Free and comj
otinamide complex dium naphihoat

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

Material may be protected by copyright law (Title 17, U.S. Code)
UMO00014542

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3281 of 4460



VAR EFFECT OF AROMATIC HYDROTROPES ON THE SOLUBILITY 219

30

Percenlage conceniration
(1]
[an)
[]

i
i
H
H
i
1
i
i
i

i H A i
ig farbamazepine 02 04 08 08 0 12
080 Sodium ricotinate Scdium benzowe {mole/l)

Fig. 12: Free and complexsd forms of carbamazepine solubilized by so0-
ratio of carbamazepine- gdium benzoate at 15°

100

Percentage concentration

0005 OO G015 QD20 Q025 000
Sodium naphtheate concentration {mole/l)

1.0 Carbomnazepine
00 Nicotinamide

Fig. 13: Free and complexed forms of carbamazepine solubilized by so-

. . ice
ratic of carbamazepine nic dium maphthoate at 25°

Egvpt. J. Pharm. Sci. 35, No. 1-6 (1994)

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

UMO00014543

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3282 of 4460




20 H. 0. AMMAR AND S. M. OMAR EFFECT
X
90k . TABLE 3. Th
9 ?rf?@ ‘ carb
z .
é 70k } S\Giiﬂ)i{izey {
?;?’ 50 Water
o Nicotinamide
o L
)
% 30
1
ﬁ L Compa?ﬁ
5
ook Sodium
benzoate
C.06 ags C.12 g 020 0.24
Sodium nicotinate {mole/l)
Fig. 14: Free and complexed furms of carbamazepine solubilized by so- : Sodium
dium nicotinate at 25° naphihoate
90~ S‘odu'xm
nicotimale
el N
2
=
g 7
=
=
g. ~ .
o
g 50k
=
@ o . ves
= in the solubiliz
;5 30~ centration and
bl - free form dec
& 0 concentration o
tion of hydrotra
CBZ in free an

gz G4 s .8 1.0 12

Nicotinamide {mole/l} 0.88, 0.024 an

nicotinamide, 1

Fig. 15: Free aad complexed forms of carbamazepine solubilized by show that the i

nicotinamide at 28°

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

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

UMO00014544

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3283 of 4460



AR EFFECT OF ARCMATIC HYDROTROPES ON THE SOLUBILITY 221
TABLE 3. The calculated amounts of complexed and free forms of
carbamazepine in solubilized systems.
e 4
Solubilizer Conen s {(AB) (A} (AR}
M) o x 15 M x 10 x 108 A/Sa % .
Walsr So = 0.694
Nicotinamide 0.2 1.42 0.348 1.072 1.54 24.51
0.4 2.45 0.806 1.644 2.37 32.90
0.6 3.33 1411 1.9i9 2.76 42.37
o 0.8 5.300 2.623 2.677 3.86 49.49
1. 6.65 3.661 2.989 4.31 55.08
Sodium 0.2 0.907 G.169 0.738 1.06 18.63
benzozte 04, 109 0.342 0.748 1.08 2138
- L i 0.6 1.32 0.537 0.783 1.13 40.58
020 024 ’ 0.8 1.87 0.893 0.977 1.41 47.75
1.0 3.19 1761 1.485 2.15 53.32
azepine solubilized by so- Sodium 0.005 0.761 0,133 0.628 - 0.90 17.48
naphihoate 0.01 £.082 8.322 0.76 1.09 29.76
0.015 1.614 0.627 0.987 1.42 38.85
0.02 2.795 1.282 1.513 2.18 45.87
0.025 8.73 4.49 4.24 6.11 51.43
Sodium 0.04 .68 0.04 0.640 0.92 S.EE
nicotimate 0.08 0.806 0.089 0.717 1.03 11.04
0.12 0.898 G.141 0.757 1.09 15.70
0.16 0.985 0.196 0.789 1.14 19.90
0.2 1.044 0.247 0.797 115 23.66
. '/I;)
=
in the solubilized systems increases with increasing the sc lubilizer 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
C 3 CBZ in free and complexed forms are solubilized 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
ramazepine solubilized by . show that the increased solubility of CBZ by sodium nicotinate is more
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222 H.O. AMMAR AND S. M. OMAR

or iess entirely due to complex-formation between the drug and the hy-
drotrope, since the ratio of (A)/S, 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 systemns is higher than unity. This factor is most probably
related to the decrease in the activity coefficient of the drug in presence
of these hydrotropes (6). On the other hand, the data presented in Table
3 may explain to a great extent the lower colubilizing power of sodium
nicotinate towards the drug relative to the other investigated compounds,
since iis solubilizing effect is only due to complex-formation.
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Commissioner for Patents

This is a decision on the PETITION FOR ACCPTANCE OF COLOR DRAWINGS UNDER 37CFR1.83(a)(2). The petition was filed
January 21, 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 37 CFR 1.17(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.
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January 21, 2009. Entry of color drawings requires: 1) three sets of the color drawings, 2) a proper amendment to the specification
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To: euspto@silspatents.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 23557

Oct 14, 2009 05:46:23 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 Document Mailroom Date Attorney Docket No.
10378956 PETDEC 10/01/2009 USF.106XC1

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/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,
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This is a decision on the PETITION FOR ACCPTANCE OF COLOR DRAWINGS UNDER 37CFR1.83(a)(2). The petition was filed
January 21, 2009. Entry of color drawings requires: 1) three sets of the color drawings, 2) a proper amendment to the specification
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with 'e-Office Action' on the subject line or call 1-866-217-9197 during the following hours:
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CyeH TN, (3043}
Ber.: N 1421
Gel- N 13,93
300 (N tamiding ) bidimehydroiodid (3¢

Ausheute: $2%. Farblose Nadeln. Schmb. 185-187.5°C (a-C,H,OH) UV
HOH, 08, nea (g 5iz A, = 222 (4,44) IR{KEBr,cin ™ *Jiv = 3380, 3280 3130, 1630
(Cm N), 1580 (NFI), 1240 (C~N). 'H ~NME(DMSO D, ppm): § = 2,10 {1,
2H, —CH, —}; 2,82 (dt, 2H, —CH, —); 3,48 {, 28, —CHy~); 7, 17—744 (m, 3K,
Ar-Hy; 7.54 fs, 4H, NH).

CioH TN, (3183 : :

Ber: W 17461

Gef.: N 16,64

334, Jof N 4-Mothylph

Ansbeute: &7%. Farblose Modeln Schimb. 152-154°C (0.C,H,OH). UV
PCH O, noo (i ) hpes =~ 231 {4,310}, mtxk» o " FE Y - 3370, 3100, 2970, 1820
0= 1N, L3835 (NED, 1570, 1230 (G~ M), * H ~ NMR({DMSO — Uy, ppm)s § = 4,10
(&, 2K, —~CH,~} 239 {3, 38, ~CH,)t 289 {de, 26, —~CE,—~)% 343 {1, 28,
wlTH ) 705 (d, 2H, Ar—H) 7,20 (3, 28, Ac~H); 7,41 45, 4H, NH’)
._”H,.,IN‘ ()322;

Ber: N 1

13 asicline ) Yrtintruds

f (35)

L Gel N I7.32

3.35. 1 fN-(4-Chlerpherpllomidine Jpyrozulidin-hydraiodid {3g)

Ausbeme: 45%. Farblose Kristalle, Schmob. 169—1715°C  (rCyH,OH)
UVICH O, nmn (g et D e = 223 (4.37),245%4»!7).!}1(]{,3:‘,@") v = 3420,
3210, 3100, 1640 {Ce= N} 1595 {NH]), 1560, 1490, 1230 [C~N). 'H—N‘MR-
(DMED —Dy, ppm)i 8 = 2,07 (tt, 28, —~CH, ~) %88 [y, 2H, ~CHy~); 3,41
w28, ~f'H:—) % L'Sld 2, Ar ~HY; 7,62 (4, 2H, Ar —H); 755(&43@}{;
CoH,,CIN, (352,

Ber W 1589

Cel: N 1604

336 Jof N4 {ianiding] liclt-drydiroiodd 130}

Auvsboute; 51%. Forblese Kxistalle, Schmb, 179-182,5°C (CH,OH), UV

[CHLOH, nm(lg oll: dua, < 233 (4,55, 294 (s 385, IR(KBr, exp St w3380,

3B, 1530 (Cm ), 1585 (NH), 1550, 1470, 1220 (C=14,. 'F —~ NMR{OMSO ~Dg
ppm): s e 2,11 {1, 2H, —CH, 3 291 (d, 2H, = CH, ~F: 3,45 {t, 2, ~CHy -2t

7,15 (4, 2B, Ar=—H); 7,56 {d, 2H, Av~H}: 70 (s, 4FL NE)

CoH,BrIN, (37,1

Bers N 4,11

Gel: N 1424

Yeclis

3.3.7. I~{ NeNaghth-I- ofodid {37).

Awsbeure: 48%. Farblose Krinalle, Schmb, 218-223°C {0-CyH,0HL UY'
[CH O, m{fg ) Ly, = 272 {sb 187}, 283 (3,05, 204 {sh 3,87 IR (KHr. e ™'t
v = 3390, 3300, 3000, 1610 (C=N), 1580 (NH). 1380, J250 (C~Nb
L~ MMRIDMS0— Dy, ppm): 5 e LIS (t, 2B, ~CHy—); 298 (4t 2H,
—CHy ) 1320, 78, —CHy =) 750 (z#H.NB).U.‘rS.ﬂZ{m. TH, Ar - H}
CyuHi, 1IN, (3682

Bar: N 1521

Gef: N 1523

Wir danken Hszern T. Magel, Betlin-Chemis, fGr dis Unlesstdeeong bei der
Auioehme und Dickussion der 'H~N8R-Spektren

Literatur .
1 Morgensieen, O, Richter, P.H.; Klemana, A Pharmazie 46 413 {1991

1, Mitzediung
2 Budle, B L.; Moors, A, #d.; Wisslogle, F. Y.: . Am. Cheas. Soc, €5, 29 (1943)

3 Kureee, Fu Cmd(r::a, L B A Aagew. Chern. 75, 1157 {1963)

Dz, O, borgenstern
Fnudnch.z.unmg.:;m.su 7
O-2200 Greifswald

Eingegangen am 25, Jull 1980

L #00{}4

Aczneimittelwerk Dresden GmbH, Geschiiftsbereich Forschung und Entwicklung

Untersuchungen uber Addltlon'werbmdungen von Carbamazepin

'H WLUNDERLICH, I. ZENEER; H USBECK, A STARK D. LOHMANN und W. THIEL

Es werden Addmonwe:rbmdr_ngm von Carbamazepin
mit Ammoninmchlorid, Ammoniumbromid und Forma-
mid dargestellt und charakterisiert (IR- Spcktr: , Ver-
halten gegentiber Wesser, Laslichkeit).

Derjvatives of carbar ine with i Jogenid

and formamide
The reaction of carmemazepine with ammonivm
chloride, ammondnm bromide, and formamide Is deserd-

bed. The products were characterized by menns of IR
spectra, the reaction with water and their selubility,

1. Binbeitong

Ias Antiepileptikum. Carbamazepin (Finlepsin® AWD; 1)

. bildet Additionsverbindungen, die in der Literatur schon

mehrfach Erwibnung fanden, So beschrieben Péhlmann ot al
[1} die Anlagerung von Wasser unter Bildung von Carbamaze-
pindibydrat. Von japanischen Autoren wurde iber e
Monoaceton-Addukt susfiihrlich berichtet {2} In einer DDR-
Patentschnift [3] sind Additionsverbindungen avs )1 und
anorganischen oder organischen Sduren mitgeteilt worden.
Irn Rahmen unserer Arbeiten zor technischen Herstellung und
Reinigung von 1 konnten wir fesistellen, dafl dieses zuch mdt
Ammonivmhalogeniden und Formanid Addukte bildet.

Pharmazie 46 (1951), H. 7

2. Untersuchanpgen und Ergebnisse

2.1. Additionsverbindungen aus Carbamazepin und
Ammonivmbalogeniden

2.4.1, Herstelhng

Bei der Reaktion von S-Chiorcarbornyl-fH-dibenz(b, fjazepin
(4, X =CI} mit gasformigem Ammonigk in siedendem Chloro-
form wird ein farbloses, in Chloroform schwer Gsliches
Kristallisal erhalten, dessen Schimelzvechalien von dem des 1
verschicden ist. To gleicher Weise verlduft die Reakton io
Alkohol Butyl at, oder Toluen Ao der
Elementaranalyse folgt, daB die Substanz stdehiometrisch aus 1
und Ammonivmeblorid im Verhiltnis 1:1 zusammengesatzt ist.
Geht man von t aus, so lassen sich in gosigneten organischen
Lasungsmitteln durch Zusaz von Ammoniwnhalogeciden
ebenfalls die histang nicht bekannten Addukte isolicren (vgl
3.1.}. Die Bildungsweise der Addukteist im Schema 1 dargestelit.

‘Schema 1

&0

)
ca-X

l‘&vé‘

1
CO-NHz NHgX

@(\ﬁ/+

0 -y ajar

507
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TEMHE, BETIES s BRI TEF ARE  RORE

Esz%-é:&b&b\&?-f‘ﬁ‘l- TEEEE

Wz BTz - T,
Diie Additionsverbindungen 2 und 3 sxnd an der Luft stabil und
laszen sich in niederen Alkcholen unzersetzt wnkristallisicren.
Um die neuen Verbindungen pgenauer zu charakterisieren,
wurden ncben spektroskopischen und Loslichkeitsuntersu-
chungen auch umfassende elektrochemische und réntgenstruk-
turapalytische Untersuchungen eingeleitet, fiber deren Ere
gebnisse gesondert berichtet wird [4, 5.

2.4.4. IR-Spekiren

Die IR-Spektren (in KBr} der beiden Addukte 2 und 3 sind
cinander sehr dhnlich {Tahelle 1) Unterschiede gegemiber 1
zeigen sich an einer dopp:l! auftretenden Carbonylbande bet
1650 und 1660 em™!, an der verschobenen Bandengruppe ffir
vNH-Schwingungen und an der beeiter, intensiven Bande bei
1435 cxe™ Y, die wir einer verschobenon SNH-Schwingung
zuordnen, Daravs 186t sich ein stirkerer EinfluB des ionischen

. Partoess im Kristaligitter awf die Carbamoylgmppe ableiten,

Dras NH,L -Kation m 2 und 3 zeigt eine sebr intensive, b:en.e
Bande bei 2960 cm”

Tabelle 1 IR-Absorannsbam!sn Icm"’;’
Addukte im Vergleich zu r
Curbamazapiag (1, 1)

&er Ammonmmhalﬂgcmd-
» deg

2 s T 1, Schwingung
770 Te& 750 ¥CH (out-of-piane)
1435 1438 1375 1385 ENH
1680 1480 1480 vC=C
1575 1575 1585 (are-
1595 1595 1595 mntisch)
1650 1650 3685 i68s
1660 1680 - - } vC=0
azts 3250 2270
30 3315 3335 : vINH
3400 3395 3460 3475

Dic IR-Spektren berechtigen zu der Annabme, daB cs sich um
definierte Additionsverbindungen end nickt pur vm Gerische
handslt.

2.1.2. VPerhallen gegeniiber Wasser

Die Zerlegung der 1-NH X-Addukte in Wasser 1doft vor aliem
bei picht ausreichender Wassermenge tonvelisiindig ab. Ein
blofles Auswaschen des Reaktionsproduktes mit Wasser fijhrt
nicht ze reinem 1. ORenber war Schindler [6] bei der
Erstbeschreibung der Synthese von 1 aus 5-Chlorcarbonyl-SE-
dibenzlb, flazepin uad Ammoniak diesem Irrtum un!arlegzn
als er vach wisderholtem Umlcristallisieren den Schmb. mit
204-206°C anstait mit dem zutrcffenden von 190-192°C
angab,

Dic Herstellung von 1-NH, X-Addukten ist nach Schema ! in
organischen Losungsmitteln avch in Gegenwart von begrenzten
Mengen Wasser mghich und gestattet z B. die Anwendung
von koaz Ammondakibsung So Hefert die Reaktion wwischen
4 (X=Cl) und 25% wiiBriger Ammczu’ak!ﬁaung in Butylacetat
als Finalprodukt das 1-NF,Cl-Addukt in guter Ausbeute [7).
Dies ist bei der technischen Herstellung von 1 und fiir die
weiteren Reinigungsoperatiopes von Bedeutung, denn 10
Bromcarbamazepin oder 10,11-Dibydrocarbzmeazepin bilden
mit Ammoniumchlorid unter vergleichbaren DBedingungen
keine Addukte, .

Zur Ermittlung der Lobslichkeit wurden 20mg Substanz
{Variante A) bzw. 100 mg Substanz (Variante B) mit einem
Zuogatz ven 250 ml Wasser™ im varschlossenen Erlenmeyer-

- Kalben mitrels Thermeovibrator bei 25 °C peschiittelt. Zum

Vergleich wurde - sine &quimolare Mischung von 23,6 mg
Carbampgzepin-f-medifikation (I uwod 53 mg Ammonium-

508

o U%& m’r:t,m'ﬂ'n

chiorid’ mit einem Lusatz von 25ml destilliertern Wasser
untersucht,

Wach der in Tabells 2 angegabme:n Zeit wurden Proben der
klaren walbrigen Losung genommen und ibr Gehalt an
Carbamazepin UV-spektroskopisch bestimmt Die Ergebnisse
sind in Tabelle 3 zusammengestailt.

Tabelle 2 LésTichkeiten (mg 1/100 ml Lbsung) vou 2, 3, 1; und elverm
Squimolaren Gemisch 1y 4 NEH (Y bei

Zalt : 2 3 1 1y + RHCL
] A B A A A
1148 253 11,8 14,3 14,4 14,1
5 4y 279 120 134 13,2
7 135 35 122 123 129 130
24. 152 172 138 12,8 128 12p
a8 - 156 146 126 123

Unter vergleichbaren Bedingbngen zeigen alle Substanzen

abinlichs Lishchkeitswerte, Geringfligige Unterschirde lassen’

sich durch Abweichungen in den XorngroBen- und Phasenver-
teilongen erkliren. Der Einfluf des anwesenden Ammeonivm-
balogenids auf die Loslichkeit ist unerhehlich. -

Eine nach lh zusdtzlich vorgpoomunene argentomeirische
Chloridbestimmung i der wibrigen Losung der Probe 2/ (B)
ergab bereits den auf die Binwaage berechneten vollen
Chloridwert. Diese Ergebnisse zeigen, daB nach | h nur noch
1 {heterogen) neben freiem Ammoniumehlorid in homogener
Lésung vorliegt. Die berrichtich echohte Anfangsléslichkeit
bestitigt das Vorliegen eines Addukthabitug Der schnell
fortschreitende Ubergany in einén anderen Habitus ist hegleiter
von einer Ubersittigung der wibrigen Phase, dic sich Jangsam
zamn normalen Léslichkeitsgleichgewicht von 1 hin abbauwt
(Tabeile 2, Spalte2). Die IR-Spekiren der Wiftgetrackneten

Adduktriickstinde und vor Iy aus den Angditzen der

Laslichkeitsbestimmoungen  enthalten die charalteristischen
Banden des Einsatzstoffes nicht mebr. Es diegen Mischphasen
ven 1, and 12 H,Q vor.

Das Ladichkeitsvertiatten deoutet auf ejne nur iockere Bindung

des Ammoniumechlorids im Kristallgefige.
22 Additionsverbindung ‘auns Carbamazepin uad
Formamid

Verwendet man zur Beschleunigung der Reskton von 4 (X =Cl)
mit konz. wibsigem Ammoniak als zusidtzliche Ldsungskom-
ponente Formamid, so erhélt mizn fiberraschenderweise ansielle
von 1 -¢in im verwendcten Ldsungsiittelgemisch schwer 16s-
liches Addukt aus 1 usd Formamid. Die Bildung dieses
Adduktes 5 it m Thloroform ebenfalls direkt aus 1 und
Formamid mbglich (Schema 2),

Schema 2

4+ 2MHg

/v ca NHy « HoN-CHD

1 ¢ Formam ld

Die slcmcnmranalyﬁschc Untersuchung ergab fGr § wisderum
eine Zusammensetzung im Molverhdltnis 111 Durch Wasser
und wiBrige alkahsohc Lésungen wird es in seine Komponenten
zerlegt.

Pharmazie 46 (1991}, H. 7

e o

—
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A o e

UMO00014573
NOVARTIS EXHIBIT 1517

Novartis v. Regents, IPR2023-01347

Page 3309 of 4460



FE LT 1667855

73

* B i:lzhiZ]ﬁi]O}%} 8H

4/E

asser
1 der

an
hisse

inem

wnAEEsY

e

S N

S
i
;

AR ﬁﬁﬁh\%?ﬁ%,ﬁﬁ- TIEFZ EERRIZE S

s UBELL0TT,

BEIZHIzo T, EEEEEFED

§ ist aus wasserfreien Alkoholen (Methanol, Ethancl) in
Gegenwart von 1 bis §% Formamid enzeriegt vinkristallisier-
bar. Bei Anwendung von wilirigen Alkobolen erfolgt sine
vollsiéndige Zerisgung des Adduktes, Aus der warmen
Mutterlauge kristallistert reines 1 aus, dag bei Ranmiemperatur
vollig klar in Chloroform i8slich ist. Das Addukt ist im
Unterschied dazu in Chloroform schwar 1dalich.

Formamid verdringt offonbar auf Grund seiner stirkeren
Affinitdt zu 1 Ammoniumchlonid, Bei Aowendung von
Methyl- oder Dimethyiformarnid anstelie von Formemid ist
dies nicht der Fall, vielmehr wird hjerbei 2 isoliert.

3. Experimenteller Teil
Die IR-Spektren wurden mit cinem Spcxuaiphmomcn:: Specard 75 IR (Cast

Zciss JENA) rufgenommen, dis Schunb, werden mit sinern Hegtischgorkt nach
Bofties sowie dem Thermosysiem FPS {Metter) bestanme, wobei Ubersin-

stimmung erziell warde,
31, 5-Carbamoyl-$ H-dibenz{o, fJazepin (I}-NH,Cl-Addukt {2)
3A0. 7.2 g (0.2 mnl) T werden unter Erwdomen in 300 mi 9654

-CH,OH gelfst. Danx wivd cine Glirierts Losung von 16,7 g (0,2 woly NE,Cl s

Sm] HaO zugesetzt, Moo erwinmt die Mischung (5 min 20m Sieden, kit s
anf 13°C ead saugt dén castendenon Micdsrschlag nach 24 1 ab, Dicser wird
mit wenig C.H,OH gewssaben vnd bei 100 °C getrocknet. Mach Umkristaliisa-
fiog ans der 2Gfmhm Mengs CH,OH echilt maa Nedeln Schmb,
185,5- 199 °C.

Cyy H TN, 0 (289 83'

Ber: c, 8217 H 857 0N 148 G 1234
Tels ¢ 6193 H 554 0 N 1440 O 1@
621 563 14,43 217,

312 12,85 (0,05 meol) 3-Chicrearbonyl-5H dibenz(b, Jazepin

werden i dsml Buxyh:antat vecrliart. Man crwirmt auf B0 °C, tropht o die
entsichende Lbsung 135 mi einer 25% wibrigen NH~Lisung und rillirt £ h bal .
80 *C. AnsctdieBend werden UGper sinen Wesserabschedder ca. 10mi H,0
shdestitiiart. Der Ansatz wird dann auf 32 *C gekiblt, dos Keisnllizat Sber sino
Fllternutsche abgaeangt und rweima? mit {e 10 ml Buiylacetat gmuxchm Bs wind

b’)g.t,\.;. jolu A n../ia

TR

b, Dieser wisd mulf Butylacesy gewgschen und bal 160 °C perrocknel Durch
Umiristallisation aus C,H OH erhilt man das {1 1-Addukt als farbloss, verfllzic
Nadoln.

Schiobs, 119201 °C.

sty 6BeNSO {334,2)

Ber.: C 538 H 4m N 1256 Br 1383
Gefi: C 5269 H 48 N 1250 Br 2506
5246 4,86 12,50 B-LA T

33 I-Formumld-addukl (5)

226 g 0,0 mal) 1 werden bei Rouwmtomporatur ia 300 ol CHCl, unter Rilusa
ged8¢ct In dis ilare LSsung werden vnter Rilhwen 5,6g (8,125 mol} NH, ~CHO
zugeg=bea. Dic Lisung brginnt sich elnzutdben und in weigen min srfolgt die
KristaJisation. Mach 23 h Kkl im Miofonden Wesstrhad wivd das Kristallinnl
2bgessugt und miv gelcihltem CHCL, das L% Mi,—c:zio en.hm. FewasCchET.
Dier farbiose Filterkuchen wird i T) bedca 76 kaot. Man
werhil 2 g (1,7%;) 5. Schanb, 18915250 {osi 142-15°C n(fo&;,x cine dewtiiche
Kastalumwandisng)

CieHy a0y (2813}

337 N
53, 0N

14,54
1519

58,3 H
68,55 H

Ber.: <
Gef: <

34, Bestisumung des Lslichkeil von #, 2 und 3

Substanzeinweagen von oa, :!Dmg und 25 md dest. H,Q (A} bzw, 100 mg vnd
25 zzd dest. HyO (B} werdea in Jo cinem 100 mh-Schif-Erlenmeyer gegeben, Die
verschioszenen Kolben werden bei 25 °C 125 roticrenden Sthuzltnnwagmsgm 3
min susgesetzt. Das Klosfiltrat einsr Probanshme wizd 1710 mit dest H,0
vergiinnt nnd die UV.Absorption i einer 10 o Kiiverse bel 286 ram gepen dest.
#,0 gemessen, Fir die analog ausmufthronde werden ca 8 mg
E-.uwuxel is 108 xai dest. HoO durch Ieichies Erwirmen und gal mit Ulcraschall
klar getdat.
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7 Arzasimitislwerk Drevden, DD 260 696 {25 5.87,510.88)

bef 100 °C ge und wus $0% whllrgen {-C;H,OH
32 1-NH, Br-addukt (3 - 25,50t 15 Dr. H. Wunderlich
472 g (U2 mol) 1 werden I sisdend 4 in 200 L rgele,  DEepAngER mn 23 Jull 1950 Wilkehe-Pisck-Sit. 35,
Maa tcosft cine LOwung.von 20 (0,226 mol) NH,Br iz 10l H,O 2, erhitzt Radebeut 1,

o8I

0.5 by, kithit die Mischurg an 15 °C und filiriert don susgelalicess Nicderschlag

Analytisches Zentrum Berlin-Adlershof? und Arzneimittelwet Dresden GmbH?
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Kristallstrukturen der Addukte Carbamazepin-Ammoniumchlorid
und Carbamazepin-Ammonitmbromid sowie deren Umwandlung

in Carbamazepin-Dihydrat

/G, RECK’ und W. THIEL?

Die Addnkte Carbamazepin-Ammaoniumchiorid und
Carbar pin-Ammoniumbromid
Kristaltstrukturen. In ihpen gibt es stabilé Schichten, in
degen die Wirkstofimolekiile, Ammonium- und Chiorid-
bzw. Bromidionen lber 6 symmetrieunabhingige Was-
serstoffboriicken mitelnander verkniipft sind, In Wasser
werden dic Addukte durch eine topotaktische Reaktion
vollstindig in Carbamarepin-Dihydrat umgewandelt.

Adu b 'y

Crystal structures of the car
nium chloride and carb i T brmmde and
their transformation in carbamazeyme d).hy;irate

"The a.dducts carbamazepine emmonium chloride =ud .

carbamarcpin ammonium bromide have isomorphous

Pharmazie 46 (1951), H. 7

haben isumorphbe.

crystal structures. Drug molecules, ammonium, and
chloride {(bromide) ions are connected by 6 symmstry
independent hydrogen bonds forming stable layers iy the
crystal. In water the adduects are transformed completely
to carbamazepine dikydrate by 2 topotactic reaction. .

1. Einleitung . ‘ R

Der antiepileptische Witkstoff SH-Dibenz{b, f-azepin-5-car-
boxamid (Carbamazepin, 1) bildet mit Ammoninmehiosd betm
Umkristallisicren in Bthanol ein Addukt (2}, das diber 200 °C
schmilzt und damit cine wesentlich hohere Schimelziemperatur
sls der reine Witkstoff (189193 °C) besitzt, Das IR-Spektrum
zeigt eine deutliche Verinderung einiger Banden [1].

a0
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Abb. 7: Darstellung des reziproken Flusses gegen die Membranstdrke fiir
das Modell Kaliumchlorid/Wasser

tionswiderstands erfolgte aus den reziproken Diffusions-
flassen flir die Schichtdicke x = 0 (Abb. 7).

Die errechneten PermeationsgroBen sind in Tabelle 2
aufgelistet.

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

Temperatur 1 R J P R

C) (1077 em?  s/mol) (107 mol/era™ - s] {107 % cmy/s) {s/em)
10 1,49 6,71 6,71 1490
20 1,35 7,40 7.40 1350
30 115 8,69 8,69 1150
40 0,965 10,36 10.36 965

Der Anteil der ungerithrten Schichten am Gesamtpermea-
tionswiderstand bei den Untersuchungen mit den amphi-
philen Netzwerken lag je nach Temperatur, Membran-
dicke und Permeabilitit zwischen 0,1% und 3%.

3. Diskussion

Die vorgestellte Diffusionszelle hat sich in der Praxis
bewdhrt. Dies beruht auf der einfachen Variation von
einzelnen Faktoren wie beispiclsweise Akzeptor/Dona-
torvolumina, Rihrbedingungen, Einsatz verschiedener
Medien und Membranmaterialien sowie an dem relativ
geringen apparativen Aufwand.

Untersuchungen mit unterschiedlichen Medien haben
gezeigt. dall der Anteil der ungerGhrten Schichten am
Gesamtwiderstand bei der verwendeten Apparatur erheb-

liche AusmalBe (bis zu 15%, je nach Versuchsbedingungen)
annehmen kann. Aufgrund der Abhéingigkeit des Permea-
tionswiderstandes dieser ,,Bereiche ohne Konvektion™ von
der Temperatur, vom Medium, vom untersuchten Stoff,
von den Rihrbedingungen und von der Geometrie der
Diffusionszelle kénnen Abschitzungen nicht zu befriedi-
genden Ergebnissen fithren. Es muf daher grundsétzlich
die Bestimmung des Widerstandes der ungerihrten
Schichten im Rahmen von Diffusionsexperimenten emp-
fohlen werden.

4. Experimenteller Teil

Die Rihrgeschwindigkeiten fiir alte Diffusionsmodelle und Versuche waren
gleich und wurden kopstant gehalten (100 U/min). Es wurden jeweils
Rithrstidbe der gleichen Grolle und Geometrie eingesetzt,

4.1. Bestimmung der ungeriihrten Schichten

Fir die Bestimmung wurde Dialysierschlanch mit Schichtdicken von
0,1 mm, 0,2 mm und 0,3 mm verwendet. Es wurden Messungen bei vier
unterschiedlichen Temperaturen (10 °C, 20 °C, 30 *C, 40 “C) durchgefihrt.
Der Diffusionsflufi wurde dber ecinen Zeitraum von mindestens 3 h ge-
messen. Jede Messung wurde mindestens dreimal wiederholt.

4.2. Flavon-Modell

Die Mefidauer fiir einen Temperaturwert betrug 3 h.

Akzeptor: 100ml Paraffin. Donator: ca. 5ml Paraffin. Donatorkon-
zentration: 0,1 mmol/l Flavon.

Die Ermittdung der Konzentration erfolgte diskonunuierlich im Abstand
von etwa 20 min UV-spektrometrisch bet A = 252 nm.

4.3. KCl-Modell

Die Volumina betrugen 600 mi fir den Akzeptor und ca. 8 ml fur den
Donator. Die eingesetzte Donator-Konzentration war 0.1h KCl Die
Bestimmung des Diffusionsflusses erfolgte durch kontinuierliche Messung
der Leitfihigkeitsinderung im Donatorkompartiment. Dazu wurde eine
WTW LTA-100-LeitfahigkeitsmeBzelle eingesetzt. Dic Mefidauer fiir einen
Temperaturwert betrug mindestens 3 h.
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Physico-chemical characteristics of carbamazepine-f-cyclodextrin
inclusion compounds and carbamazepine-PEG solid dispersions

S.A. EL-NAHHAS

Carbamazepine (CBZj was found to form an inclusion complex with B-cyclodextrin (B-CD). The solubility of CBZ
increased on addition of B-CD displaying a linear relationship. A stability constant of 404 mol ™! was calculated. The
complex obtained had a stoichiometry of 1:1. A comparison of the complex was carried out with polyethylene glycol
6000 solid dispersion prepared by either the comelting or coevaporate method using IR spectrophotometry and differential
thermal analveic Dissnlution nrofilec in 01N HCl medinm of CBZ-comelt. coevonorate and inclusion complex
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Physikochemische Charakteristiken von B-Cyclodextrin-Einschlufiverbindungen und festen Polyethylenglycol-Dispersionen

des Carbamazepins

Carbamazepin (CBZ) bildet einen 1:1-EinschluBlkomplex mit p-Cyclodextrin (B-CD). Die Laslichkeit von CBZ wéchst
linear mit der Zugabe von B-CD. Fiir den Komplex wurde eine Stabilititskonstante von 404 mol ™! ermittelt. Die 1R-
und DTA-Befunde des Komplexes wurden mit denen von CBZ-Polyethylenglycol(PEG)-6000-Dispersionen, hergestellt
durch Schmelz- oder Coevaporationsverfahren, verglichen. Die Dissotution n 0,1 HCI verlduft beim B-CD-Komplex

schneller als bei den PEG-Dispersionen.

1. lntroduction

Since the first description of a solid dispersion in order to
mcrease the dissolution and oral absorption of poorly
water soluble drugs by Sekiguchi et 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 carbamazepine (CBZ), a
practically insoluble drug with B-cyclodextrin (B-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 (PEG 6000)
in the form of a comelt or a coevaporale was a major
objective.

2. Investigations, results and discussion

2.1. Potentiality of interaction of carbamazepine with p-
cyclodextrin

A differential UV absorption spectrum of CBZ solution
was monitored in presence of different concentrations of
3-CD. The extinction of the drug is remarkably increased
as a function of the B-CD concentration. Also, there is a
bathochromic shift in the A, of the drug in presence of
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B-CD from 285 to 288 nm. These spectral changes most
probably reflect a sort of molecular interaction between
the drug and B-CD.

The absorbance of a solution of a fixed total concentration
{0.03 mmol/l) and different mole fractions of CBZ and
f-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. 1. 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 1:1
complex with B-CD.

2.2. Phase solubility

The graphical representation of the amount of CBZ
dissolved as a function of B-CD concentration reveals
enhancement of water-solubility of the drug in presence of
B-CD (Fig. 2). The solubility increased with an increasing
3-CD concentration, whereby a linear relationship exists
between the maximum additive concentration of the drug
and B-CD concentration. The stability constant of the

- ©

Solubility of carbamazepine (mol /I « 103)
B

n

) . ] S S L 1
0 2 4 8 8 1¢ 12 14 18 18 20 22
B-cyclodextrin concentration (mol /i « 103)

Fig. 1: Elucidation of the stoichiometric ratio of carbamazepine-fi-cy-

Fig 2: Effect of P-cyclodextrin on the solubility of carbamazepine in water
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Table: IR specta of the carbamazepine/B-cyclodextrin inclusion complex and the carbamazepine/PEG 6000 coevaperate or comelt

System 1 i 11 1A% v A% VII Vil IX X

{CBZ 765 1245 13605 1390 1490 1590 1690 3450
B-CD 1020 1150 1670 3350
CBZ/B-CD complex 1020 1150 1690 3350
CBZ/PEG coevaprate 1110 1240 1280 1390 1490 1590 1700 3450
CBZ/PEG comelt 1105 1240 1280 1360 1470 1490 1590 1695 3450

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

K = slope/Sy(1 — slope)

where S, 1s the solubility of the drug in water.
The stability constant of CBZ/B-CD complex was found
to be 404 mol ~*.

2.3. Infrared spectra

The IR spectra of the inclusion complex of the drug in
B-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 B-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 B-CD cavity. Also, the carbonyl
stretching at 1690 cm ™! for the drug is shifted to a lower
wave number 1670 cm ™! 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 profiles of carbamazepine (1), carbamazepine —
PEG 6000 coevaporate (2), carbamazepine — PEG 6000 comelt (3),
and carbamazepine — B-cvclodextrin complex (4) in 0.1 N HCI at

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. Differential thermal analysis

The differential thermal analysis displays one endothermal
CBZ 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 B-CD show that B-CD has
two endothermic peaks at 65 °C and 276 “C. The thermo-
gram oOf the inclusion complex shows the complete di-
sappearance of the endothermic peak of CBZ at 222 °C.
The appearance of two peaks at 60 °C and 292 °C are due
to the presence of B-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/B-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 B-CD 1s
higher than from its solid dispersions with PEG 6000.

In conclusion, inclusion complexation of CBZ in B-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 B-CD to
improve the biological performance of CBZ.

3. Experimental
3.1, Materials

Carbamazepine (CBZ) (Aldrich, Milwaukee W1 53201 USA). Polyethylene
alveol 6000, B-cvclodextrin (Merck. Darmstadt. Germanvi. Al other
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3.2, Methods
3.2.1. Differential spectrum

Differential UV absorption spectrum of 0.02 mol/l of CBZ solution in
presence of different concentrations of B-CD (5, 15, 20 mmol/l} was
determined using a LK B 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/B-CD complex by spectrophotometric
measurements at 285 nm.

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

3.2.54. IR spectrophotometry

The IR were measured as KBr disc using a Shimadzu 435 — 04 IR
spectrophotometer.

3.2.6. Thermal measurements

The thermal behavior of the investigated samples were traced by differential

thermal analysis (DTA). The DTA scans were carried out using a
computerized Perkin Elmer DTA/TGA series under @ dynamic N, purging
gas atmosphere (at a constant rate of 50 cm®/min} and a heating rate of
5 *C/min.

3.2.3. Phase solubility 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 Sml distilled water was added to each
container, then successively increasing portions of B-CD (0.002-0.0025 M)
were added 1o these vessels which were ¢losed and brought to a solubility
equilibrium. The contents of the flasks were filtered through a Millipore
membrane (HA 0.45 um). The CBZ concentration in the filtered solution
was determined spectrophotometrically at 285 nm.

3.2.7. Dissolution studies

Drug dissolution tests were performed according to the USP XXI method
with the apparatus 2. For each sample, 900 m! of 0.1 N hydrochloric acid
were stirred at S0 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 um filter. The volume in
the vessel was replaced with pure 0.1 N HCI after each sampling. The
concentration of CBZ dissolved in the medium was determined spectro-
photometrically at 285 nm.

3.2.4. Sample preparation
3.2.4.1. Preparation of the CBZ comelt

CBZ and PEG 6000 (1:1) were melted together by first heating the
PEG 6000 in an aluminum dish over an oil bath at 80 °C. The drug was
then dissolved in the molten carrier and stirred to obtain a homogenous
dispersion. Flash cooling of the dispersion by immersion in a bath 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 b,
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3.2.4.2. Preparation of the CBZ coevaporate

A

A mixture of CBZ and PEG 6000 (1: 1) 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 at room temperature for 24 h.

=)

Y

o0

32.4.3. Preparation of the solid complex

The CBZ/B-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 small 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 National Research Centre
dried under vacunm in presence of phosphorous pentoxide as drying agent Dokki, Cairo

at room temperature. Egypt
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Stability and compatibility studies of cefazoline, ceftriaxone, cefotaxime
and latamoxef with PVC infusion bags

M. A. Faouzi®, F. KraLr?, T. DINe', B. Gressier ', J. KaBLAN', M. Luvckx?, L. BALLESTER, F. Gounaiiez?, C. BRUNET',
M. Cazin® and J. C. Cazin'

A rapid isocratic technique for the analysis of four cephalosporins, cefazoline, cefotaxime, ceftriaxone and latamoxel, in
parenteral solutions by HPLC with UV detection and a C,, 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 °C with protection from light. The
results show the stability of drugs after 24 h at 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 (Kiinge-Nattermar
Frusemide.
Qedema; hypertension.

Gerj.

Furorese (Hexal, Ger)

Injection: Frusemide sodium,

Oedema; hypertension.

Furorese (Hexal, Ger.).

Tablets: Frusemide.

Oedema; hypertension.

Furosemide Injection (US. P XXI1).
Frusermnide,

Prepared with the aid of sodium hydroxide.
Furosemide Tablets (US P XXII).
Frusemide.

Furospir (Mepha, Swirz.).

Spironolactone; frusemide.

Oedema,

Furotricina (Bicmedica, Ital.).

Tyrothricin; nitrofurazone.
Gynaecological infections.

Furoxone (Nerwich Earon, Austral.).
Furazolidone.

Infective diarrhoea

Furoxone (Forment, Ital.)

Furazolidone.

Intestinal infections.

Furoxone (SmithKline Beecham, S.Af).
Turazolidone.
Gastro-intestinal infecrions.
Furoxone (Procter & Gamble,
Furazolidone.

Furunkulosin (Dicbenylin, Ger).
Faex medicinalis.

Skin disorders.

Fusaloyos (Servier, Spain).
Fusafungine.

Upper-respivatory-ract inflammation.
Fusid (Winthrap, Ger.).

Frusemide.

Oedema; hyperiension.

Fusid (cwv, Neth).

Frusemide,

QOedema, hypertension

Fusidic Acid Oral Suspension (B P2
1988) Fusidic Acid Mixure.
Futratul (Taiho, Jpn)

Tegalur.

Malignant neopiasms.

USA).

Futura (Farmacologice Milanese, lial ).

Fybogel (Reckin &
Ispaghuia husk.
Dietary fibre supplement.

Fybogel (Reckit, Eire;

Ispaghula husk.

Diverticular disease; spastic and irritable
colon; constipation.

Fybogel (Reckitt & Coiman, 5.4f).

Ispaghula husk.

Bowel disorders.

Colmun, Austral.).

Fybogel (Reckin & Colman Phormaceuticals,
UK}

Ispaghula husk.

Constipation.

Fybranta (Norgine, UK).

Bran.

Constipation.

Fynnon Calcium Aspirin (SmithKline Bee-
cham, UK.

Aspirin; calcium carbonate.

Pain; fever.

Fysioquens (Nowypharma, Neth.)

7 Tablets, ethinyloestradiol; 15 tablets, ethi-
nyloestradiol; lynoestrenol.

Biphasic oral contraceptive; dysmenorrhoea.
G-1 (Hauck, USA),

Paracetamol; butalbital; caffeinc.

G Tril (Vinas. Spain}.

Febarbamate.

Agitation; tremor; insomaia; alcohol with-
drawal.
Gabacet (Cari
Piracetam.
Cerebral vascular discrders.

Gabakalm (Cantassium Co., UK).
Gamma aminobutyric acid; vitarnins; miner-
s

Gabbroral (Curto Erba, Ital ;.

Paromomycin sulphate.

Bacterial infections.

Gabomade? (knoll, Spain)
Aminohydroxybutyric acid.

Emotional disorders; behaviour disorders;
convulsions.

Gaboril Complex (Sigma-Tau, Spain).
Phenytoin; phenobarbitone; aminohydroxy-
butyric acid.

Epilepsy.

Gaboril Sedativof (Sigma-Taw, Spain)
Crataegus: aminohydroxybutyric acid; pas-
sion flower; matricaria; valsrian.

Anxiety, sleep disorders.

Gabrene (Syatheiabo, Fr).

Progabide.

Epilepsy.

Gabroral (Farmiaiia. Spain).

Paromomycin sulphate.

Gastro-intestinal bacterial infections; gas-
tro-intestinal amoebiasis; tapeworm infec-
HoHs.

Gadional (Cinfa, Spain).
Phosphoric acid; cod-liver oil; minerals; cal-
cium pantothenate; gentian; fenugreek.
Tonic.
Gafir (Bivtekfarma, lal j.
Niperotidine hydrochloride.
Gustro-intestinal disorders.
Gaiarsol (Chanteaud, Fr.}
Methylarsinic acid; guaiacol; aconite root;
codeine; tolu balsam.
Coughs
Galactogil (Elgi, Fr).
Galega; tricalcium diphosphate; malt extract.
Insufficienr milk production in lactating
mothers.
Galactomin (Cow & Gare, UK).
Food for Sy‘eChﬂ diets.
Laciose, giucose, or galactose intolerance.
Galactomin-17 (Medifood-Trufood, Ital.}.
Food for special diets.
Laciose intolerance.
Galactoquin (Mundipharma, Ger.}
Quinidine polygalacturonate.

rihythmias.
Galake (Galen, UK;
Dihydrocodeine tartrate; paracetamol.

Galantase (Tokyo Tanabe, Jpn)

Tilactase.

Lactose intolerance.

(alantase (Norisian, S.Afr,.

Tilactase.

Lactose intolerance.

Galcodine (Goler, UK)

Codeine phosphate.

Dry coughs.

Galenamet (Galen, UKJ.

Cimetidine.

Galenamox (Galen, UK).

Amoxycillin trihydrate.

Bacterial infections.

Galenavowen-Nt (Voge! & Weber, Ger.)
Tableis: Cort. syzygii jamb.; fel tauri; fol.
boldo; fruct, ammi visn.; fruct. cardui mari-
ae; herb. cynarae; herb. hyperici; thiz. cus-
cumac,

Gastro-intestinal disorders.
Galenavowen-N (Weber & Weber, Ger.)
Oral drops: Ammi visnaga; boldo; curcuma

Galénic (Galenic, Fr).
Ruscus aculeatus; dextran suiphate; melilot,
Peripheral vascular disorders.

Galenphol (Galen, UK.
Pholcodine.

Coughs.

Formerly known as Galphol.

Galfer (Galen, UK).

Ferrous fumarate.

Iron-deficiency anaemiq.

Galfer KA. (Gaien, UK).

Ferrous fumarate; folic acid.

Iron and folic acid deficiency in pregnancy.

Galfer-Vit /Galen, UK.

Ferrous fumaratz; vitamin B and C sub-
stances..

Iron deficiency.

Galfloxin (Galen, UK)

Flucloxacitlin.

Galiréne (Merck-Cleverot, Fr).

Calcium bromide: calcium lactate pentahy-
drate,

Insomnia; nervous disorders,

Galivm Complex (Blackmores, Austral.).
Galium aparine; echinacea angustifolin; cal-
endula officinalis; baptisia tinctoria; ascorbic
acid; calcium pantothenate; pyridoxine hy-
drochloride; zinc amine acid chelate.

Tonic.

Gallamine Injection (B.P [988).
Gallamine tricthiodide.

Gallamine Triethiodide Injection
(USSP XXII).

Gallcusan (Rowo-29) (Prarmaton, Ger).
Cholesterinum; terebinthina chios; berberis;
anagallis arvensis; carduus marianus; china;
aesculus; x.pt‘mdra podophylium; chelido-
niunt nux vomica; belladonna,
Homoeoparhic preparation.

Galleb (Hover, Ger;.

Tinct. herb. chelidonii; tinct. rhiz. curcumae
xanth,; tinct. rad. rubiae tnct.; tinct. sem.
cardui mariae; tinet, fol. menthae pip.; tinct.
rad. taraxaci c. herb.; tinct. rad. echinaceae
pwpur; tinct. cort. frangulae.

Biliary disorders; post-hepatitis syndrome.

Galledb fortet (Hoye, Ger)

Herb. chelidonii; rad. rubtae tinct,; rhiz. cur-
cumae xanth.; herb. virgaureae; fruct. am-
meos visnagae; tad. taraxaci <. herb.; rad.
echinaceae purpur; fol. rmenihae pip.; fruct.
cardui mariae; cort. frangulae; aescin.
Biliary disorders.

Gallemolan N (Redel, Ger;

Herb. chelidon rb. absinthi; fol. boldo;
tad. faraxaci c. herba: rhiz. rhei; flor. cham-
omillae; fel tauri
Biliary disorders;
ders.
Gallen-Leber-Tee Stada (Swda, Ger).
Flor. calendulae; flor. calcatrippae; rad. gen-
tianae; Fruct, foeniculi; fruct, carvi; flor.
chamomillae; rad. oponidis; cort. frangulae;
herb. chelidonii; fol. menth. pip.; rad. larax-
ac. ¢. herb.; ol. carvi ’
Herbal tea.

gall stones; liver disor-

Gallensteinkapseln (Evers. Ger).
Herb. hederae terrestr.
Gall stones.

Gallexier (Salushaus, Ger).

Tablets: Rhiz. curcumac xanthor; fol. cy-
narae scolym.; fruct. cardui mariae; rad.
taraxaci c¢. herb.; flor, chamomillae; fol.
menthae pip.

Biliary disorders.

Gallexier (Saiushaus, Ger).

Tea: Fol. cynarae scolym.; herb. taraxaci;
rhiz. curcumae xanth.: frucl. cardui mariae;
herb. cardui benedicti; fol. trifolii fibrini;
herb. millefolii; rad. gentianae; herb. absin-
thii; rhiz. calami; flor. chamomiliae; fruct.
foeniculi; fructose.

Herbal tea
(yallldgene T.C.M. (Gallia, Fr)
foie €ande Pand Frse amanial Aiste

Gallialite (Galiia, Fr)

Glucose; pofassium citrate: sodium bicarbo-

nate; sodium chloride; potassium chleride;

magnesium sulphaie; calcium chloride.
iarrhoea; oral vehydration

Gallieva (Gallia, Fr
Infant feed; food for special diets.
Milk-protein intolerance.

Gallitophen (Retmecke, Ger)

Herb. burs. past.; cort. frangul.; follic. sen-
nae angust.; fol, betul; herb. chelidon,
herb, equiset.; herb. card. bened.: fruct
card. mar; flor. chamomill, herb. nasturt ;
rad. et herb. taraxac.; herb. eschscholtziae
calif.; fel tauri: berberis; card. mar: ol
menth. pip.

Biliary disorders; liver disorders.
Gallium Citrate Ga 67 Injection
(USSP XXII).

Gallium-67 in the form of gallium citrate

Gal!ium(mGa) Citrate Injection (B.P
1988).
Gallium-67

gallo sanol N (Sanol, Gerj.

Fel tauri; cort. frangulae; aloes.

Biliary disorders; post-hepatitis convales-
cence.

in the form of gallium citrate.

Gallolingual (poil, Ger)

Ethaverine hydrochloride: glyceryl wtrinitrate.
Smooth muscle spasms.

Gallo-Merz N Merz, Gerl.

Dimethicone; rhiz, curcumae.
Gastro-intestinal disorders.

Gallo-Merz Spasmelyticum® (Merr
Ger).

Ethaverine hydrochjoride; dehydrochelic
acid; pancreatin; cellulase; dimethicone;
rhiz. curcumae.
Biliary disorders;
Gallapas (Pascoe, (Ger).

Chelidonium majus,

Gasiro-intestinal and biliary-tract disorders.
Galloselect (Dreluso, Ger).

Chamomilla; carduus marianus; lycopodium,
menth. pip.; chelidonium; belladonna; natri-
um sulfunicum; taraxacum.

Homoeopathic preparation.

Galloselect N (Dreiuso, Ger).

Herb. chelidonii; herba et rad. taraxact
fruct. cardui mariae; thei; fol. c)ndxaé, fior
chamomillae; of. menthae pip.; ol. carvi.
Biliary disorders; adjunct in chronic liver
inflammation.

Galloway’s” Cough Syrup (LRC Frodu
UK).

ipecacuanha liquid extract; squill vinegar
acetic acid; chloroform; ether.

Coughs.

Galpsend (Gaien, UK).

Pseudoephedrine hydrochioride.

Nasal congestion.

gastro-intestinal spazm.

Galpseud Plus (Galen, UK).
Pseudoephedrine hydrochloride; chlorphe-
niramine maleate

Allergic rhinigis.

Galusan (Abnirall, Spain).

Pipemidic acid.

Urinary-tract infections.

Gamadiabett (Savar, Spain).
Acetohexamide.

Diabetes mellitus.

Gamalate BE (Novag. Spain).
Aminobutyric acid; ammohvdrmybuxyn
acid; magnesium rrlmamalc hydrobromide
pyridexine.

Mental function impairment; senility
Gamanil (£ Merck, UK).

Lofepramine hydrochloride.

Depression.

Gamastan (Cuter, Canad.;.

A normal immunoglobulin.

Pagsive immunisation.
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Gambex (Continencal Ethicals, $.Afr).
Lindan
pediculos

5.

Gambrolys (Gamiro, Swed.).
Sodium chloride; potassium chiorid
drous magnesium chloride; anhydrous calci-
um chloride,

Haemodialysis solution:

Gambrosol (Gambro, Swed.).

Anhydrous glucose; sodium chloride; mag-
nesium chloride hexahydrate; calcium chlo-
ride dihydrate,

Peritoneal dialvsis solution.

Gawmeval (Alter, Spein)

Cpcarboxylase: coenzyme A; flavine ade-
nine dinucleotide; nadide; nadide phosphate;
staoctic acid; guanosine diphosphate.

Tenic.

Gamibetal (577, fial.).
Aminohydroxybutyric acid.

Epilepsy.

Gamibetal Complex (SIT, irai).
Aminohydroxybutyric acid; phenobarbitone:
phenytoin sodium.

Epilepsy.

Gamibetal Plus (si7, jual.).
Asminohydroxybutyric acid; diazepam.
£pilepsy.

Gamimune N (Cutter, Canad.).

A normal immunoglobulin.

Pussive immunisation; idiopathic thrombo-
rylopenic purpura.

Gamimune N (Cutter, UK)

A normal immunoglobulin.
Agammaglobulinaemia; hypogammaglobuli-
wgemia; idiopathic thrombocytopenic: purpu-
rd.

Gamimune N (Cuner, USA)

A normal immunoglobulin.

Primary humoral immunodeficiency; idio-
parhic thrombocytopenic purpura.

Gamma 16 (Merieux, Fr)

A normal immunoglobulin.

Passive immunisation.

Gamma 16 (Rhone-Poulenc, Neth.; Mericux,
Neth.)

A normal immunoglobulin.

Passive immunisation.

Gamma Citorminat (Em, Spain).
Bioestimulinas; a normal immunoglobulin;
lignocaine hydrochloride.

Passive immunisation; hypogammagiobuli-
nuemiq,

Gamma Coq (Association Nationale, Fr.).

A pertussis immunoglobulin.

Passive immunisation.

Gamma EPA /Quest, UK)

Concentrated fish oil; vitamin E.

Gamma Glob Antiper Hubb (Huvber,
Spain).

A pertussis immunoglobulin.

Passive immunisation.

Gamma Glob Antirab Hubb (Hubber,
Spain)

A rubella immunoglobulin.

Passive immunisation.

Gamma Glob Antisamp Hubbt (Hub-
ber, Spainj.

A measles immunoglobulin,

Passive immunisation.

Gamma Marine (Quest, UK).

Evening primrose oil; borage oil; fish oil.
Gamma Ol (Quest, UK).

Evening primrose oil.

Gamma Oil Premium (Quesr, Canad.).
h}'ening primrose oil,

Nutritional supplement.

Gamma Tétanos (Associarion Nationale. Fr.)
A tetanus immunoglobulin.

Passive immunisation.

Gammabion (Sabater, Spain)

A normal immunoglobulin.

P -

Gammabulin (frmuno, Ger).

A normal immunogicbulin.

Passive immunisation.

Gammabulin Zmmuno, ital).

A normal immunoglobulin.
Hypogammagiobulinaemia; passive immiuni-
sation.

Gammabulite (immunc, Swed ).

A normal immunoglobulin.

Passive immunisation; hypogammaglobuli-
ngennda,

Gammabulin (s, UK.

A normal immunoglobulin.
Agammaglobulingemia; hypogommaglobuli-
naemia; passive immunisation.
Gammabulin A (Famuno. Ger).

A hepatitis A immunoglobu
Passive immunisation.

Gammabuline (mmuno, Swirz.).

A normal immunoglobulin.
Hygogammaglobulinaemia; passive immiini-
sation.

Gammadin (OFF, frai.).

Povidone-iodine.

Skin and mucous membrane disinfection

Gammagard (Baxier, Ger)

A normal immunoglobulin.

Passive immunisation; hypogammaglobuli-
naemia.

Gammagard (Baven, Swed.).

A normal irmunoglobulin,
Hypogammaglobulinaemia.

Gammagard (Hyland, USA).

A normal immunoglobulin.
Immunodeficiencies; idiopathic thrombocyto-
penic purpura.

Gamma-Globuline (SRK, Swirz.),

A normal immunoglobulin.

Passive immunisation.

Gammalonga Varicela-Zona (Alenga,
Spain)

A varicelia-zoster immunoglobulin.

Passive immunisation.

Gamma-MTY (Behringwerke, Ger.).
Immunoglobulins (IgM and IgG).
Hypogammaglobulinaemia.
Gamma-Men (5™, Ital).
An anti-D immunogiobulin,
Prevention of rhesus sensitisation.
Gammamida Complex (Laprog
Spain}.

Cyanocobalamin; glutamic acid; pyridoxine;
thiamine.

Vitamin B deficiency; nausea and vomiting
in pregnancy, muscular dystrophies; aico-
holism.

Gamma-CH (Cernep, Fr)

Sodium oxybate.

General anaesthesia.

GammaQil Premivm (Quesr, UK;
Evening primrose oil: vitamin E.

Gammaphénicol (Fawe. Fr).
Immunoglobulin; chloramphenicol.
Eye infections.

Gammaprotect (Biorest, Ger)

A hepatitis B immunoglobulin.
Passive immunisation.
Gammaprotect Varizellen (Biorest, Ger
A varicella-zoster immunoglobulin.
Passive immunisation.

Gammar (Armour, USAj.

A nermal immunoglobulin,
Gamma-Tet (Behring, Ital.).

A tetanus immunoglobulin,

Passive immunisation.
Gamma-Velnine (Hoechst, 5Af.
A normal immunoglobulin.
Passive immunisation.
Gamma-Venin (Behringwerke, Ger.j.
A normal immunoglobulin,

FPassive immunisation.

Gamma-Venin (Behring, lial

Gamma-VYenin (Bearing. Spain).

A normal immunoglobulin

Passive immunisation;, hypogammaglobuii-
naemia.

Gammistin (IBP, ital.).

Brompheniramine maleate.

Hypersensitivity reactions.

Gammonatly (Kabi, Swed ).

A normal immunogiobulin.
Hypogammaglobulinaemia; idioparhic
thrombuacytopenic purpiura.

Gamonil (£ Merck,
Lofepramine hydrochlo
Depression.

Gamonil (£ Merck, Swirz.}
Lofepramine hydrochloride.
Depression.

Gamophen (Swgikos, UK
Triclosan.

Skin cleanser.

Gamulin Rh (Armow, US4).
An anti-D immunoglobulin.

Ganda (Smith & Nephew, Eire).
Guanethidine monosulphate; adrenaline.
Glatcoma.

Ganda (inernational Vision Care, $.Af).
Guanethidine; adrenaline.
Open-angle glaucoma.

Ganda (Smith & Nephew Pharmacenricals, UK).
Guanethidine monosulphate; adrenaline,
Primary open angle or secondary glavco-
.

Ganite (Fujisawa, USA).

Gallium nitrate.

Cancer-related hypercalcacmia.

Ganor (Thomae, Ger.).

Famotidine.

Gastro-intestinal disorders.

Gantanol (Roche. Canad ).
Sulphamethoxazole.

Bacterial infections

Gantanol (Rocke, USA).

Suiphamethoxazole.

Bacterial infections; adjunct in falciparum
malaria.

Gantaprim (Lenza, frat).

Co-trimoxazole
Bacierial infections

Gantrim (Geymonat, Jal.j.
Co-trimoxazole.

Bacterial infections.
Gantrimex (Geymonar, Ital.).
Syrup: Oxolamine citrate.
Respiratory-tract disorders.

Gantrimes (Geymonar, ital ).
Jableis: Oxolamine phosphate.
Respiratory disorders.

Gantrisin (Rocke. Austral.).

Sulphafurazole.

Ophthalmic infections.

Gantrisin (Roche, USA)

Eye drops: Sulphafurazole diethanolamine.
Bacterial eye infections.

Gantrisint (Roche, USA).

Eye oinrment: Sulphafurazole dieth-
anolamine.

Bacterial eye infections.

Gantrisin (Roche, USA}.

Oral suspension; syrup: Acetyl sulphafura-
zole.

Bacterial infections; adjunct in falciparum
malaria

Gantrisin (Rocie. USAL

Tablets: Suiphafurazole.

Bacterial infections; adjunct in falciparum
malaria,

Gaosucryl (Pharminter, Fr.).

Saccharin sodium.

Sugar substitute.

Garamycin (Essex, Austral.).

Preparations 1611

Garamycin /. ng, Canad.)
Gentamicin sulphate,
Bacterial infections.

& sulphate.
Bacrerial infections.

Gentami

Gararmycin (Scherag, S Afr).
Cream: Gentamicin.

Skin and wound infections.
Garamyein (Scherag, S.Af).
Eve drops; injection: Gentamic
Bacterial 2

in sulphate.

Garamycin (Schering-Plough, Swed.).
Gentamicin sulphate.

Bacterial
yCiN (£ssex, Switz.)
in sulphate.

ial infections.

Garamyein (Schering-Piough, UK.
Gentamicin sulphate.

Bacterial infections of the ear and eye
Garamyein (Schering, USA)
Gentamicin su
Bacterial infeciions.

Garasone (Schering, Canad.).

Gentamicin sulphate; betamethasone sodium
phosphate.

Inflamed eye infections, otorrhoea.

Garasone (Scheraz, 5.A%)

Gentamicin sulphate; betamethasone phos-
phate.

Inflammatory eye infections.

Garaspirine (IPRAD, Frj.

Infant suppositories: Aspirin; phenobarbi-
tone. "
Fever.

Garaspirine (JFrRAD. Fr)

Paediatric suppositories; adult supposit-
ries; tablets: Aspirin; phenobarbitone; pa-
paverine hydrochloride.

Fever; pain.

Gardan P7 (Hoechst, Ger)

Paracetamol.

Pain; fever.

Gardénal (Specia, Fr)

Injection: Phencbarbitone sodium.

Lpilepsy; anxiety.
Gardénal (Specia, Fr.}
Tabiets: Phenobarbitone.
Epilepsy; anxiety.

Gardenal (May & Baker, SA%)
Phenobarbitone.
Sedative, epilepsy; I
Gardenal (Rione, Spain).
Phenobarbitonz.

Epilepsy; anxiety; febrile convulsions.
(rardenal Sodium (May & Baker, UK.
Phenobarbitone sodium.

Epifepsy.

IpHOLLC.

Gardenale (Farmitatia Carlo Eréa, Ial )
Phenobarbitone sodium.

Insomnia; epilepsy.

Gardrine (Syntex. Fr).

Enprostil.
Pepric uleer.

Garfield (4yers:, Canad.)

Aultivitamin preparation.

Gargarii (Puertc Galiano, Spain)
Formaldehyde; menthol.

Mouth ard throat inflammation.

Gargaril Sulfamida (Fuero Galiaro, Spain)
Formaldehyde; sulphanilamide; menthol.
Mouth and throat inflammation.

Gargilon (Vemedia, Neti.).
Dequalinium chloride.

Throat pain.

Gariat (Alfarma, Spain).
Fluocinonide.

Skin disorders.

Garlic Breathless Capsules
Austral.).
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Layered Structures Formed by Dinitrobenzoic Acids
V. R. Pedireddi,* Anupoma Renganathon and Swati Chatierjes

Abstrect: 35-dmitrobenzoic acid, | and 3,5-dinitro-4-mtirylbenzoic acid, 2, form co-
Wmi4mndylm«lymlmfmmahyﬁdmmmhm
2 fores 2 pilleed type suocure with
nhmno(mnmsda. elm%ummmmm

Avariuyofnmopomusimrpnicwuctnmsnhmm‘ Rem:y.ﬂnmhxsbmmmdfunm

a.p!ucwhcﬂwrmgmcpwms cam be designed and synthesized by making nse of supramolecutar
organization.? 'Ihns..Yaglucta\ have reported a micropornus metal-organic framework based on 2 trimesic
acid-pyridine-cobait ,,mvellayuadandchm}smmfmmdbymﬁuocymuncacld

mmyweummdrrommkslsmry Crystallization of TTCA from acetone gave g layersd strocruse,
cornprarable to clays, pillared by acetone molecules while oo- ctyﬁmhzaim of TTCA from benzene solution

gave 2 movel chapoel stuctuse which could d: E d by (h:sc Fmdmg;, we
wanted o ine ofher possit f¢ porons st a by in his
context, it appeared to us thar 3,5<Hnitrobenzoic acid, 1 and 3,5-dinitro-4-methyibenroic acid, 2 wese well
suited 1o formy such This is b ]islmownwfmna struciure with cavities when
erysiallized from benzens sohwtion, the caviti d lecules such as anth S In the
ahsenccofbmmldoesmfmmalmcdsmmm Cryskalhzauondfz.ﬁommoasolm yields

with cavitiss in & two-di ar which can ¥ * We have

investigutod whether the cavitics formed by 1 and 2 could be modified by incorporsting an azasromatic
donor molecule such as 4,4%bipyridyl, 3. In addition, we have examined the possibility of fermation of
layered strocinres by 1 and Z by co-crystallization with other compounds,

:?:}m w:ibm O e

1 2 3 4

Crysallization of 1 and 2 in the presence of 3 gave complexes 1 and 28 respectively with 2:)
stoichiomerry.” In both 18 and 2a, bipyridy! molecules break up the hydrogen bonds between the carboxyl
poups as shown in Figure L. Interestingly, interartion between the carboxylic acid and the bipyridyi

decule in these complexcs occurs h the formation of a single O-H... N hydrogen bond® {see Figure
1} unlike the pair-wise hydrog boud ling, isting of O-H...N and C-H...Q bonds as shown below,
cbserved in other relaid systems.,? The H.. N distances in 18 mnd Za are 2.61 and 1.58-1.65A respectively.
Forthermors, moleculss of Zazm arranged in two dimensions to yicld planar sheots (Figure 2) which i twm
are stacked in the three-di i packing while meolecules of La adopts a herringbone packing pattern.

—H——--n‘
;--“ H~¢
0040-40339R/S - see front maiter © 1998 Elsevier Science Lid. Al rights reserved,
P SUOA0-4035(98)02744.8
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Although both Ia and 28 do not p cavities, the two-di fomad @y in:h.(ﬁguml]..

which is similarto that of the stracture of pure acid, 2% encouraged us to investigate the co-crystallization of
1a and 24 in the presence of anthracene. En did not yield any co-crystals with anthracese, but 2 gave
crystals of a quality suitable for single crystal X-ray diffraction sudics.

%ﬂ«»%ﬁ&fg

%My

Figure 1: 1a) Recognition pattern b acid, 3 and 44'b:pyridyi in the molecular complex, 1a. The
dasheclhnesreprmt bydrogen bonds and unique H...O distance is quoted. 2a) Two-timensional
iecules of acid, 2 and 4.4%bipyridyl in 28, Notice the formation of a six

membeted ring formed Gurongh hydrogen bonds.

The complex of 2a with anth aszb’}issubriiitedbytbe{ormalion of O-H...N and
C-H...0 hydrogen bonds conpling® (Figure 2), not found either in 2a or 1a. The H...N and H...O distances
betweest 2 and 3 in the anthraccne adduct, 2b, arc 1.68 and 2.574 respoctively. Figure 2 shows that the
superrnolecules are mTanged in two dimensions in a hexagonal mode through the formation of C-H...O
hydrogen bonds between anthracens and the nmgbbourmg molecules of m'boxyhc acid, 2 snch that a cavity
of dimension 10 x 124 results. The antk mok doted in these cavities through the
formation of C-H...O hydrogen bonds. The H.. Omslanecsmm the mnge of 2.76 - 2.93A. A compacison
of the structure of 2 (Flgm 2} with the anthracene adduct formed by the parent carbonylic acid, 2* alone

that the recog pattern between anthracene and the acid 2 is not perturbed with the presence of
bipyridyl modecuie in 2b.

{desi

Figure 2: Two-dimensional arrangement of a cavity, formed by acid 2 and 4.4%bipyridyl, which is filled by
molecules of anthracens in the complex i,
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We have investigated the formation of pillamd strucnures of 2 which forms layer structures even in
e ab of guest molecules such as ¢ ‘Crystailization of 2 from acetone gave 2 layered structure
with no pillaring. 'We, therefore, crystallized 2 with compounds contaming dfferent types of hydrogen-bond
donating and accepting sites. Crystallisation of 2 with pyridine carboxylic acid or nieotinemide did not yield
2 raok jex. We then ined the co-crystals of 2 with thionicotinamide, 4, sines the presence of

. sulfur could change the recognition patemn. It is known that sulfur-medisicd hydroges bonds such as N-

H..5 o indeed differeat from O-H...0, N-H...O and such hydrogen bonds.*'® Thus, 2 snd 4 yield &
complex 2¢ upon co-crystallization from methanol.

Figure 3: Two-dimensional m:nmum of a hyez of Figore 4: Stacking of layess in & theee-dimensional

i, 2 3 the dex with thi The H.,.0 mw{ m the vomplcx. 2¢. Motice the piitacing of
bonds ave shown in dashed Hines and mmigee H...O0 g4 s t)'mkycmp‘ e

distawes are guoted for C-H.,.0 hydvogen bond and
0.0 distance is guoted for -H.. O hydrogen bond.

Crystal structuse determination of the :u adduct, 2¢7, formed by 2 with' thionicotinamide reveals
that the asymmetric anit CONAINS two sy d 3! lecules. Packing analysis shows that the co-
ﬂys!alsof?mdladoptap)llamd!ypeshucmm.' Each of the v depeadent molecules of 2

with neighb uxs decules to form nwo-dm:mmna! planar sheets (hgmc 3} which in tum stack
alternmely in a th i ] et § jon. It is clear from Figure 3 that in each
sheet, molecules are held mwr,rmmughfomsmon ofO—H O and C-H...O hydrogen bonds. The H..Q
distances are in the 2.55 - 3.00A range. The -COOH groups of adjscent molecules form only a single O~
H...0 hydrogen bond rather than the well known cyclic hydrogen bondsd systern, a5 one of the acids is
deprotonated. The mutual association of the molecules in cach sheet, however, results in the formasion of
cavities of 7 x 12A. The moleculss of 4 are intercalated in betwesn the sheets, to yield & piflared iype
stracture, as shown in Figure 4. 1t is evident from Figure 4 that the moleculss of 4 are inclined w the layers
of acid, 2 unlike anthracene molecuies which are coplanar with the sheets observed in the orysial siruciuee of
complex, 2 (see Figure 2).

;’"“""

- (b}
(s Scheme 1
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It is rather swrprising that thionicotinamide and mamide show such differemt behavioor with
respect & inberaction with 2. It appears that bydrogen bonding patters shown in Scheme 1 plays a significass
vole. B is known that molecules with amide or thivamide groups exist a3 dimers rather (hm monomers.
However, it is evident from Figure 4 that in the complex Ze, the molecules of 4 i fared in b the
acid sheets are single. It is sasior to obtain such single molesdar units from 4 rather than nicotinamide as the
dimers in the Former sre formed theongh weak N-H...8 hydrogen bonds {(Scheme 1n) whersas the dimers jn
nicotinamide respdt from the strong N-H...O hydrogen bonds (Scheme 1b).
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Crystal Engiueering Using Anilic Acids and Dipyridyl Compounds
through a New Supramelecular Synthon
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The anilic acids, 2,5-dibydrexy-1,4-benzoquinone (1a), 3 5-dibrorme-3,6-dihydroxy-1,4-henzoquinone
(bromanilic acid; ib)}, 25-dichlaro-3,8-Gbydroxy-1,4-benzoquinene (chloranilic acid; 1o}, and £,5-
dicyano-8,8-dihydroxy-1,4- benzuqumone {eyanenilic acid; 1d), were cocrystallized with rigid organic
ligands containing two pyridine rings, 2,4-bipyridine (2a), 4,4"bipyridine (2b), 1,2-bis(2-pyridyl>-
sthylene {8a), 1,2 -bis(4-pyridyDethylene (8h), 2,2" azmdylamtylene {4a), 2,8 ~-dipyridylacetylene
{4b), and 4,4 -dipyridylacatylene (4¢). Fourieen complexes 5—18 were obtained sp single crystals,
and their erystal stractures were snccessfully determined by X-ra:,' analysis, 41 complexes except
those with 2a are 111 and are composed of an infinite Hoear ox :zxgzag tape stractocs, the formation
of which is ascribed to intermolecular O—H-N, N+—H--+(, or N*—H---0" hydrogen bonds or &
combination of these betwesn the anilic acids and the d=pyndyl compounds. In the complexes 5
and 8, no infinite tape structure is observed elthough the molecular units connected by a similar
hydrogen»bond:mg pattern are formed. For the 1:1 complexes, we have found fwo types of stucking
srrangements, segregated stacks (7, 9, 12-185, 18) and alfernated ones (8; 10, 11, 18, 17). Is the
complexes of 1e with the series of dxpyndymce%yienes 4 (14, 18, 17}, the m:utml dxca.hun, and
monocaction states are formed depending on the nitrogen positions, which can be attributed to the
different basicity of tna pyridyl groups.

Introduction

Organic sclid materials based on hydrogen-bonded
donor and acceptor molecules have been the objects of
Tecent intensive studies! aimed at building a new class
of compounds which are interesting from viewpoints of
basic seience as well as of applientions such as biological
sensors snd catalysis.* ® Hydrogen bonding iz expected
to regulate electronic properties of solids and work as
switching units for melecular devices. Rations! design

based on arystal enginearing? ™ including supmmcalec\ﬂ‘at
chomistry? is particularly important for the progress of
this fleld. This = considered to be accomplished by
fimdsments] studies om weak intermolsculay intaractions
which govern orientstion, recognition, and sssembly of
componeots in the sclid state. Specfic noncovalent
interactions between different functionalities seem to
control single and muslticomponent crystallization.

Our work has focused on the development of new
organic donor ptor {IXA) inter as supramo-

* To whom corresponsdence should be addressed. Phone +81-45-
8245871, Fm +81-45-824-5489.
* Inskituts for Molecular Science,

3 Permnanent sddress: Department of. 2 Chemistry and Cheraj..
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lecudar synthons for the preparation of ordered solid
phases.® Our strategy is to investigate geometrically and
swiddometrically matehed donor ard acceptor molecules
which can be used to propagate oriented patierns in the
crystal engineering. We are concerned with the use of
organic componernt molecules which can form a variety
of siructures sod mediste slectron—proton trensfer.
Bmploying organic molecules to form erystelline archi-
tectures seemse an stiractive idea for » crystal engineering
approach, Simple- iatios of twe compl &
compounds through nencovalent interactions can be used
to ereats organic materiais with new remarkable physical
properties snd potential applications in optical and
electronic devices, which are not pmsezsed by either of
the components alone 213

Cur attempt is iv develop & new tool for crystal

enginesring that is asseciated with a great variety of
hydrogen-bonded DA-type compounds in which dossr and
acceptor molacules can be combined within robust hy-
es. Develoy it of new su-
pramolecular synthoens with specific bonding features is
imaportant to desigh materials with interesting features,
We have chosen henzoguinone-type molecules with di-
hydroxy groups, anilic acids, which have excellent proton-

‘donating properties and can vndergo multistage depro-

tonation and protonation processes. Thess acids can be
associated with a variety of profon acceptors as counter-
partto give predictable supramolecular arcnhwt;ures In
the couree of this work, we have prepared ic acid
{1d)" as 2 poor electron asceptor moleculs and studied it

as 2 hydrogen-bonded countarion in conducting charge-

transfer complexss with s variety of organic sulfur-
containing donors.®® The monsanion and diargen of 1d
wers led {nto supramalecular structures through
the one- and two-dimensional hydrogen-bonded net-
work.® In our preliminary communiestion, we have used

" dipyridyl-type bases as proton sccepbors and constructed

& new supramolecular synthen (I} motif.™ We have also

‘prepared throe rigid organic ligands containing pyridine

{6}{a) Lehn 3B Buprwncleoulcr Ch

HERE A A 2
W= 57 -:’Cl‘*. %{’E}%fzﬁt ey b&L\J

ﬁ“ﬁ'g’f‘i‘%miﬁmk; JHEELE »,wr—«n
FHRITTER L EL,

Zarnan et al. f

Scheme 1
x .
HO. a o) X o= 4, 2,5 Enyotony- | S-penzoquinone.
T X w B, 2 8-wSihydeonty-1,
o o e K O, ihlors-3, S-dinydrosye 1,4
Tee; X ol N 2,50 At 2
1
(’%\3 E: :%,’ 28 Z4-sipyridine
& g 2b; a4 bipyridine

Za; 1.2-bis(@-pyridethpene
Ib} 1,2-bis(4-pyrityfathyiana

A 2 2-pyridyiacatylans
Ab; 3,8-dpyrih
e 4.8 dpyridylacstylens

Crystaliine Somplexes
5; sarmplecs betwasn 15 and Za 12; complex between 1» s 49
& complax betwaan 15 ol 2n 18; complax betwaan Tb and 4a
7 vorhpli botwewn Ta wnd 2b 14; compiex Davvests T& ang ga
& complex between 10 aN0Z0 T 18; compiex DetWesn Tc and 45
& complex betwesn 1z and Sm 18; cormisiax betwear Th and de
10; conuplax betwean 1h snd 3b  17: complex betwsan 15 and da
11; coraplex batwean 1t and ab 78 eomgtex between 1€ and ap

hng‘s separated by an nacetylene spacer {4a~c) that

formed crystalline complexes with a conmmon organic acid
(Ler® Thesse coxuplexes have infinite one~dimensional

" tapelike structures that lead to supramolseular polymeric
systems, As & conbinuation of these works, we have -

attempted to combine a variety of proton doner and
acceptor molecules to obtain novel supramolecular struc-
tares. In this papar, we will present the preparation of
supramolecular lementary combina-
tian. of proten tl'umrs (D) (anilic 2cids, 1) and proton

.acceptors (A) (bidentate nitragen hgands, 2~4) via hy-

drogen-bonded interactions (Scheme 1)

Results
P tion of Cocrystals. Generally, the formation

- iy, VOH: Vo
985, {b) !

v At

womt.r L.. Davies, 4. B. D., Machical, D. D., Vogtle, 1? Lehn,J 2,
TR Oﬁnrd,TIE. 1995; Vode, 111,

u‘{aﬁr&mx M.L. Bladistock, 5. C. . g C Cher assa,e.! 7895,

(b) Blax C.; Poehling, 1L} Greer, Am. Cham. So.

1995 "17 8817 @ Grrenr, M. Ls, MeGee, E. J Rogers,

C. Angeun. ("h.zm. e B2 'EB!?T 36,1864 \G)

McGae,E J Ehcrwcod Lodg Gﬂaer M. I Blat:kmx:k 5. C. Org.

1180,
(7‘(!) Walem Ky 3 Hofmnena, D Kam,R.
:f.m}wdr:m 1866, 21 2235 195 hmM B, Mm—ﬂn Y. Taymia. -
o Qgﬁﬂgi ; Seiizaki, 8.; Nekesuji, K. Mol Crys‘ Laq Tryst. 1996,
18
LS)szﬂn,M B Mvnr.a., Yo T P X3 Ymmdn H,; Saite, G
Yonerama, N.; Buokd, 5 N, S ; G, 79,
(%) Zaman, rika, Y. Yamad'n . Sabts G
Nakssu, K. Synﬁl. Mc.& !899 ’0.2 9
{10) Yamochi, H.; Nahmu:a., 8; Zaman, M. B.; Toyoda,
of.; Borita, ¥ meuii,}i Yamashxta.‘k’ Synﬂ:.Mef. 15’38 102, 1725,
(12) %ﬁmxn  Toemura, M: Yemoashits, ¥, Cham. Commun.
188D, 3
ilz) Zamsx, M. B.; Tomura, M.; Vamashits, ¥. Org. Lett. 2000, 3,

(]S)(B) MupeGilliveay, L. B.; Spinney, EL Al Reid, J. L.
3. A Chem, Compmn, 2008, 517, (b) Bnb-.hs]a:,E F&mpws!n,
W. o, Muter. Chem, 2000, 10, B39,

of oocryst.a'ls of proton dorors (D) and acceptors {4)
raquires the following conditiong: (1)1 and A moleculss
matched geometrically and stoichiometrieally, (i) facile
acid~base reactions between I¥ and A molecules, (51} good
solubiiity of the D and A melseules in solvents, and Gv)
precipitation of the formed complexes from the solution.
Considering the abuove conditions, ws have saccessfully

obtained single crystals of complexes 518 composed of .

anitic acids and dipyridyl ecmpounds, The following three
gimple procedures were used to cbtain the above single
crystals suitable for X-ray analysis: (i) slow diffusion
using an H-shaped tube, (i) mixing of two components
in hot sclutions, and (i) slow evaporation technigue.
Methanol, ethanol, acetone, acetonitrila, and their mix-
ture in various ratios were used as solvents for the
preparation of these cocrystals. Details of the synthesis
are explained in the Experimental Section,

Structural Analyses. The cocrystaly of anilic neids”

with dipyridy] compounds cbtained here teke various
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structures which wexe clarified by Xoray analysis, T

rationally eontral the structures; we have examined the

effects of the. spacers and nitropen positions in the

dipyridyl compounds and substitaents (H, Br, C1, 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 discussed below. The geometry of the intermo-

lscular hydrogen bonds for the complexes for which X-ray

structures ara first determined in this paper is sum-.
marized in Table 1.

Complexes 5 and 8. The complexes are isomerphous
and crystallize in the monoclinic P2,/n space group, and
the molecules 1b in & and 1e¢ in 6 are located on the
inversion center. The complexes have a 1:2 (ID/4) sto-
ichiometric ratio with the transfer of the two acidic
prafons of the donors to the nitrogen atoms of the
acceptors to give & monoprotenated cation. The hydrogen
atom positions in these cocrystals were identified on -
different Fourer maps and further confirmed by careful
ohservation of C—0 bond Jengths and cancerned hydrogen-
bending distances. The nitrogen atoms at the 4-position
of the pyridine zings form a bifureated intexionic N¥—

-0~ (1.71 A for 6 and 1.74 A for 8) end N*—H--0 (2.29
A for 5 and €) hydrogen-bended netwark (sse Table 1).
Thus, the robust synthon T generated at the 4-position
forms molecular A---Ii--A-type pairs. The views of such
crystalline architecture and their synthon I are shown
in Migure 1. Theve is no hydrogen-bonding interaction in
the nitrogen atom at the 2-position of the pyridie ring,
and as & consequence, no infinite (I}:-A), linkage was
observed, in contrast to the structures of 1:1 complexes
deseribed below, Moregver, the pyridine rings arve twisted
at the central £—C bond with a dihedra) angle of 18.4°
for 5 and 15.4° for 8 betwesn the ring planes. Therefors,
the nitrogen atom at the 2-position of the pyriding ring
ig diverted much closer to the adjacent hydrogen-bunded
As-De--A pairs, where the distances between the planes
of Th,e and Za within the DA pair are 3.42 A for 5 and
8.40 A for 6. The distances between the planes of the
2 pyridine rings (3.43 A for § and 2.40 A for ) suggest
closer 44 interactions in the adiacent hydrogen-bonded
AesDess A pairs. Thus, a pair of Aew DA agpregation is
close-packed in sliernated stacking srrangemsnts with
other pairs fromn the DA- or AA-type conmectivity (Figure
2). '
Complex 7. The complex crystallizes in the monockinic
Cgle space group, and both La and 2b are located on the
inversion center, The gepmetry and the O=0, C--OH, and’
CG—C bond distences are consistent with those of the
t:yp:.cal neutral andlic acds. !¢ In this complex, no proton
is tramsferrsd from the acid te the base moleculs. -
However, intermolecular hydrogen-bonded H—-0O+'N and
==()-.-N distances of .83 and 3 08 A are observed (Rigure
3), which ereate the robust suprameleculsr synthon I.
The 1a and Zh wnits are inked by O—H.-N hydrogen
bonda (1.55 A) into e one-dimensianal infinite molecular
tape along the [1 0 2] direction. The angle between the
two pyridioe rings in 2b is 29.2, and two molecules of

{14) (q) Am%ersen.E ¥ Acte Crystallogr. 1967, 22, 188, (‘)‘ Ander-
sen, B. K. 1947, 23, 191. (&) Andersen, B. K. Acta
Orysiallogr. INW S 196, () Benchekmun,fl. Savarisult, J.-M. Asta
Cryviallagr., Sect, £ 1848, 51, 188, {¢) Kentors, J. A.; Schouten, A;
Dumembztg,A.J M. Glowisk, T.; Malareki, Z; Sob csyk L..G'tem:’\x .
E. Acta Cryst r., Geot. C 1001, 47 2148, () Zomax, M. E., Tcmum
M.: Yamashita, Y. Sayaduzzaman, M; Chowdhury, A M 3 L Orys-
tEngCommm. 1988, 8.

SRR TR
HERELIALENLES+HITTEECES

QE—;@LF%;@?%

J, Org. _Ghem,, Vol. 68, No. 18, 2001 - 5232

Table 1. G w aof the Ints lecular Hydrogen
Bouds between the Anilic Acids and the Dipyridyl
Ve ds in the Compl 5—%, 10—-13, 18§, and 18

angle?
distance® (&) (deg)
complex D-He A D-H H-A DA D-H--A
& N2~HRA--ON 08904 1.71(4) 2.685(2) 1BG{2)
N2—H2A-~Oi% 0.96(4) 2.28(4) 2.561(3) 12X
& N2-HR--02¢  046(2) 1743 26212} 16XE)
N2—-H2---Oz# 096(3) 2.29(3) 2.868(3) 12V
k4 O1-H1---Ni 1.15(8) 1.B6(8) 2.B41(6) 1BT(H)
10F NI-HI--01%  0.958) L1718 2.644(4) 187(8)
Ni—-Bi--02* 0.95(8) 2.53(8) 3.0774) 117(6)
1L Ni-Hi--01 LOLE) 1.68(6) 2.841(4) 184(H)
© o N1-Hie-02 LOLG) 246} L.04B) 1144}
12 O1~Hi-NL LO7(8) 1704 2.854(8) 146(4)
13 O2Z-H2A~"N1* L18(10) 1E3(10) 2.642¢3) 145(#)
18 NI-HI--04% 1048 1.58(6) LETR4) 158(5)
HW1—H1--08%  1L04(B} R.34{5) 2.87KE) 118(d)-
] Qz-HaA---NZ#¥ 1. . 184(7)
187 N1-Hl--01=% 0.B8(2) 2.0K8) 2.738(8) 142(8)
Ni-H1--02 0.88(2) 2.2246) LBYHE)  140(6)

= A hydrogen bond for which the H--A distatee is belnw the
sum of the sovalent radius of A and 2.0 A is Bated. 2 A hydrogen
band for which DA angle s above 110° is listed. "Syzmmem
code i :+“lu,—-y+3lz,z—~3yg B o A Yy y ~ Yy, —m o+ By i
24 Yy wy b My 2 Yl 2T 2,0 F My —z b Yy 0t x, ¥+ 1.
g~ Lowh w— Yy ~y+ Vg 2 — o, vilt x4+ o~y + a2~ Vs
vty —z+ 4, ~y + 1, —=2,

ia in the tapes $ilt toward the pyridine rings with the
angles of 19.6° and 48.6°. Each molecule in the tapes
forms a segregated atacking along the [0 1 1] direction
{Figure 4).

Complex 8. The complex crysml'hzes in’the monoclinic
P2y/n space group, and both e and 2b are located on
the inversion center, In this complex, both of the hydroxyl
protong are transforred from 1e to the nitrogen atdms of
the pyridine ringe of 2b, and attractive one.dimeneionsf
infinite rolecular tape structures are formed through the
rebust supramolecular synthon 1. Detzils of the crystal-
line architecture are described in our preliminary com-
munication.* The C—0 bend distances are shorter than

+hose found in vther diznion structures. The ring C-~C

bond distances are also consistent with those of the

dianien with an aromatic nng 4
Complex 2. The vompl

F1 space group, and both 1o sml Sa are located on the

inversion center. In the complex 9, the dianion of lc is

obaerved and the dianion has similar C~0Q and C—C bond

. distences to those in the complex 8.4 The centrsl

Ot bond length [1.318(5) A) of 3a is a typica) value of
& double bond, and the configuration around the double
bond is trans. The crystal architecture, stacking arrange-
ment, and hydrogen-bonded linkage through the su-
pramolecular synthon I are previcusly described and will
not be disenssed again. it

Complexes 10 amd 11, The complexes are isomor-

phous and crystallize in the monoglinic P2,Jc space group,
and 1b,e and 8b are located on the inversion center, Both
of the acxds 1b*% and 18 are fully deprotonated to
produce the dianions. These structures alse involve
bifurcated Nt—H-O Xﬂmge:n honds (2.64 and 2.08 A
for 10, 2.64 and 3.04 A for 11) between the nitrogen
atams of 8b and the two oxygen stams of 1bo, thus

(1& (=) Robl, C. Mater. Res. Bull. 1887, 22, 1684, (b) Robl, C’ Wﬂss
Mater, Res. Bull, 1987,.22, 497, (o) vA‘(‘,Y.andr
A{mrm:yxn,h Q. Karpov, V. V. Bull. Aced. Sci, USSR 1981, 50 339

i:allxzea in the tricdinie
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A for B and 1,74 A for 6; (ii) 2.29 A for 5 and 6.
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p-bonded A--D-—-A pair of § and 6. Dotted Xmes show the m‘uzmuleculax R~H~0 hydrogen bonds: (1) 141

s
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Figuraz. Altarnated sta

ckmé arrangemants of &, which

R

rings and pyridine ringe—pyridine

in pyridine rsm; b il
rings overlaps. Dotted lines show the rxﬁexmo!eculﬁ* N-H---0 hydrogen bonds.

- Q}} X }\ gjgj‘"*’v%

Figmre 8. One-dimensional molecuiar tape of 7,

o

. Dotted lines show the intermoleculay O~H--N hydmgen bauds (1.55 A),
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Figure 4. Seg tad stecking srro
hydrogen bonds.

cregting the robust supramolecular synthon L In both
10 and 11, one-dimensional molecular tape struchures 2re
observed toward the two cross diagonal lines within the
ab plane, The erossed tape structures are shown in
Figure 5. Within the tape structores, the dihedral angles
between the planes of 1b,c and the pyridine rings are
24.2° and 23.5° for 10 and Y1, respectively. The molecnlar
tapes in 10 and 11 rup in & mild zigeag fashion because
of the trans configuration of 8b. Moreover, the melecules
1ib,e snd 3b i 10 and 11 compose alternated stacks
slong the [1 1 0] and {~1 1 0] directions (Figurz €). The
. 1A pair in the alternated stacking iovolves close contacts

between the adjacent tapes, where the distances betwsen
the planes of 1b,c and 3b ave 3.55 and 3.53 A for 10 and
11, respectively.

ats elong the [0 1 1] direction of 7. Dotted nes sfhow the intermelecular O—HeN

Complex 12. The eomplex crystallizes in the mono-
clinic F2v/n space group, and both 1a and 4c are tocated

on the inversion cenber. The bond distences and the .

angles of 1a in 12 are similar to those in the complex 7.
Two molecules, 1a and 4c, copnect with en intermoleca~
lar O~H-+N hydrogen banding (2.65 A}, and the dihedral
angle between the planes of the pyridine ring of 40 and
1ais 4.5° No proton transfer from 1a to 4o i cheerved.
An infinits one-dimensicnal tepe structure with an
intertaps distanece of 3.4 A formed along the [2 ¢ 1}
diraction. In addition, each component molerale forms a
segregated stacking along the a axis (Figure 7).
Complexes 13 and 14. The complexes are igomor-
phous and erystallize in the triclinic Pl space growmp, and

. both 4a and Th,c are located on the inversion center. The
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Figure 8. Two

1 molecular tapes of 10. Dotted linss show the intsrmolecular N—~H-+0 hydrogen bonds.

I e = = =
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94, )
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Pigure &. Alternated stacking srrangsments slong the [1 1 0] divection of 10. Dotted Mnes show the intermolecular N—H---0

hydrogen bsnds,

melecular structnre and stacking arrangements of the
complex 18 are similar to those of the complex 14, which
was previcusly reporied.’* No proton transfer from 1b,c

0 43 {5 observed These complexas contain a zigzag pne-

dimensienal tape atrocture with an infinite linkage of
ib,c and 4a through the supramelecular synthon ¥ and
have segregated stackings with DD- and A -type paivs.

Complex 15, The complex crystallizes in the trickinic
P1 gpace proup, and both le and 4b are located on the
invergion center. The corplex 15 contains 8.3 molecules
of water. Both of the protons {ransfer from the hydroxyl
groups of 1¢ o the nilrogen atoms of 4b. Thus, the two
mmolecules, e and 4b, connect with interionic N*—
HeQ {2,656 ) and N*—H--O~ (2,87 A) hydragen bonds
and form the supramolecular synthon I. The molecular
architecture displays a zigzag tape stroctere, which is
viewed a5 a square grid-type network along the ¢ axis
{Figure 8). Within the network, cavities are formed,
which are occupied by the water molecules. Esch com-
ponent molecule forme. & segregated stacking along the
¢ axis. Details of this interesting structure ara daseribed
in our preliminary communication

Complexes 16 and 17. The complexes are isomor-
phous and crystallize in the monodinic P2:/r space group,

and both ko and 4e are locaied ox 2 general position. -

The molecular structure and stacking arrengements of
the complex 16 are similar to those of the complex 17,
which wes previcusly reported.!? In the crystal structure
of 18, oxe pyridine ring of 4c is protonated and combines
with 1b via bifurested N*—H--0~ (2.58 A) and N¥—
H+-Q==(2.87 A) hydregen bonds, while the other pyridine
ring is not protonated and forms H—0O--N (262 4) and
=00 N (.98 A) hydrogen-bonding interactions (see Table

1). Thus, an infinite pne-dimensional molecalsr taps
structure is obsexrved aslong the ¢ axis (Figure 9). Two
pyridine rings of dc in 18 are twisted with dihedral
angles of 78.0° In this work, 16 and 17 are the only
sxamples of complexes containing a dipyridyl compound
with fwo perpendicular pyridine rings. The dikedral

engles between the planes of 1b and the pyridine rings -

of 4o are 73.5° and 4.5° for the nonprotonated and
protonated side, respectively. The ponent moleculs
1b is partially overlapped with the protonated pyridine

ring of 4o and forms an alternated DA-type stacking

along the b axis with 4o. .

Complex 1B. The complex crystallizes in the triclinic
F1 space group, and both Id and 4 axe located on the
inversion center. The geometry of Id has similar C~0

and C~C beond distances to those of our previously

described complexes of 1d.%1¢ The component molacules
1d and 40 connect via the bifarcated N*—H--O" and N+~
H---0 bdrogen bonds (N-+-O distances, 2.74 and 2.93 A)
ang form tha robust supramolecular synthon I, This is
the first example of the supramolecular synthen E with.
1d. Thus, an infinite one-dimensional tape strocture
aleng the [1 1 0] direction is obszerved, The intertape
distances, which are 3.22 and 8.42 A for the distances

between 1d—1d and 4s—4c planes, respectively, are vary-

close, The dihedral sngle belween the plane of 1d and
the pyridine ring of 4¢ is 59.6°. The most remarkable
feature of the molecular tape in 18 is its bent structurs
with the angle of 121° at the hydrogen-bending covpling
part of the tape. This value is unususl compared to the

{16) Andersen, E. K.; Andersen, L G. K. Acta Crystallogh, Sest. B
1875, 81, 372, .
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Figure 7. Packing of 12 viewed alang the ¢ axis.
One-dimensionsl molecolar taps it formed along the {2 ¢ 13
direction, Detted lines show the intermolecular O—H-N
iyamgen bonde (2,68 A), and the Cm=0Q-1¥ interaction is 8.04

pther molecular tape structures deacrvibed in this work

. {the corresponding angles for the tape structures of the

complexes 7, 1014, and 16 ars 13558°~178° with an
average of 170°), Such features of the tape structure in
18 are illustrated in Figure 10. Each component molecule
forms a segregated DD- and Ad-type stacking slong the
¢ nxis {Figure 11).

Piscussion

We discuss bere the factors determining the crystal
stractures described above. The structures of these
complexes are related to the following factors: (1) the
pogitions of the nitrogen atoms of the dipyridyl com-
‘pounds, (i) the proton-donating abilities of the anilie
acids which are determined by the substituents, sand (i3)
the geometry of the one-dimensional ‘melecular tape
structures.

The donor—acceptor ratios of the complexes 5 and 6
are 1:2, while the other complexes 7-18 have L1

. eomposition, The 1:2 complexes are obtained from only

2,4-bipyridine, while the L1 complexes are derived from
the symmetrical dipyridy. compounds. In the L2 com

- plexes, the hydrogen 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

e

Figure 8, Square grid-type network of 15 viewed slong the ¢
axis, The cavities ars occupied by the water molecales, Dotted
fines show the intermolecniar N—H-+ O hydrogen bonds.
on the nitrogen positions. The PM3 caloulations! show
that the net atomie charges of the nitrogen atoms of 4-
and 2-pyridyl rings in 2, bbtpymdme are —0.0719 and
—0.0668, respectively, suggesting that the hasieity is
higher at the 4-position than it is =i the 2-position.

X1 the 111 complezes, linesr and zigzag molecular tape

structures are observed. The linear tipe structures ave

obtained only from the 4,4’-dipyridyl derfvativesd. On the
other hand, the 2,2~ and 8,8-isomers bring the zigzag
tape stractures. The 3,8-isomer particnlerly gives a
unique grid-like structure with a void. In tha case of the
complex 18, the zigzag tape structure is produced derpite
the 4,4 -isomer 4¢ in 18. Compared with other zigzag tape
strictures, the zigzag tape in 18 bends at the coupling
part via intermolecular hydrogen bonds or at the su-
pramalecular synthon 1. Such a conformation of the tape
causes close packing of the tspes end stabilizes the

' crystal structure. It is nobeworthy that the linear taps

strucbures appear in the monoclinic arystal aystem and
the triclinic crystal system affords zigzag tapes.

The positions of nitrogen atoms of the pyridyl groups
also affect the {onicity of the complexes, In the complexes
of 1o with dipyridylacetylene 4 {complexes 14, 15, and
17), the neutral (from the 2,2"-dertvative 4a), dication
(from the 3,3-derivative 4b), and monocaction (from the
4,4’ -derivative 40} states ars observed. Although malec-
ular packing and morphology in the solid state may affect
the proton transfer to the nitrogen atorns of the pyridyl
groups, the major reasons for these phenomena can be,

attributed to the differences in the basicity of the pmdyl
groups depending on the nitregen positions.* This is

(BT (8 Stewsrt, J, J. P. . Compui., Chem. 1288, 10, 209, (by
Stewart, 4. J. P. J. Comput. Chern, 1989, 10, 221,
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- | m—%ﬁ-&”} {

3
Brtg (= ?v‘)f'ﬁ'(fi é{’E&Ef‘iEL‘Qb&L\JZ > +45

;

L s
e

Figure 10. Two one.dimensional molecﬂ!ar tapes of 18, Dotied fines show the mtarmmeculnr N+-H-0 hyﬂrugen bonds (2 01

and ?..ZZ Ay

f%m

fg};;f Sy

Figure 11. S
of 1d and 4c, respectively.

supported by the PM3 ealewlations of the net atomie
charge of the nitrogen atoms of 4 (da, ~0.0807; 4b,

~0.0771; 4, —0.0742).

Axmeng the four anilic acids used in this work, La hes
the lowest proton-donating property, and the crystalline
complexes 7 and 12 obtainéd from 1a are peutral, Acids
1b and lc w:th moderate prown—dunamxg ability afford

d or depr ted complexes with dipy-
ridyl compounds containing nitrogen atoms at the 4- or
3-pesition of the pyridine rings. These asida form nevtral
complexes 18 and 14 with the weakest proton-accepting
base 4a containing nitrogen atoms at the 2-position of
the pyridine rings. Only the carystalline complex 18
obtained from the strongest proton donor 1d with 4e is
fully deprotonated and involves relatively short sontacts
between the neighboring donor and aceeptor molecules.
The acid 3d rapidly produces colored powders with other
d:ipyridyl compounds 2—4, even if polar solvents are used
for the preperation of complexes. The rapid complexation
of 1d is atéributed to its sirong pratnn—duna’mng Bhu.hty

#ff s

i: Cz‘Ia 1" =i
o, Org. Chem., Vol, §6, No, 18, 2001 5963

8. One-dimensional molecular tape of 18, Dotbed lnes show Lwo types of the intermoleculir hydrogen bonds, N+—H---0

iz‘w% PTG,
)“(:}” gté: R ;E:"’

st.ackmgmt_.,, ants along thec axis of 18, The interstack ﬂ:sl:ances are 8.22 and 3. 42At'm the stacks

lecular interactions such as hydiogen bopding. The

addition of functional groups or weaker intermolscular

interactions to the tapes can expand the one-dimensional

nebworks into two-dimensionsal layers or sheets. & three-

dimensional supramolecnlar architecture 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 il-
iustrated in Schemes 2. In the complexes 5 and 6, the
AovDer A units overlap two-dimensionally to form 2 cross~
linkad layer network (Scheme 2a). For the 1:1 complexes,
the segregrted stacks {Scheme 2h) are obtained in 7, 8,
12—15, and 18 ana the alternated ones (Scheme 2¢} axe
realized in B, 10, 11, 18, ard 17, The molecular tapes in
the complexes which gave the segregated stecks are
roughly planar, and the dihedral angles between the
rings are amall. Thus, the favarable overlapping of the
tape-s canses the segregated stacke. In contrast, the

lar tapes in 8, 10, 11, 16, and 17 bave larger

For the 1 design of supy
tures, stratepgies with structural pradictability can be
uged In the construction of ene-, two-, or three-dimen-
sional patterns. 4 primeary ove-dimensional tape moti
can be designad and sbtained by using strong intermo-

dihedral angles between the rings such a8 a cbain. This
steric effect and the favorable charge-transfer interac-

tions between the anilie acids and the dipyridyl com- -

pounds might bring the alternated stacks.
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Conclusions * at the bottom of the H-ghaped tube, and the tube was fillad

In this study, we havs shown that the simple combina.
tion of anilic acids and dipyridyl compounds can creats
a variety of supramelecular architectures by self-ms-
sembly, The crystalline architectures described here are
composed of an infinite one-dimensional molecular tape
stivetnre via the supramolecular syathen I with three
types of intermolecular hydrogen bondy (N*—H--- 0", N+~
H--0, and O~H-~NJ, Strong resemblunces between the
erystal structures of the segregated stacking type (%, 9,
12—15, and 18} or the alternated stacking typs (8, 19,
11, ¥6, and 17) suggest the rebustuess and repreducing
ability of the supremolecular synthon I Charge-as-
sistance effect’® enhances the robusinees of the synthon,
I in this system. The positions of the nitrogen atoms of
the dipyridyl compounds strongly affect the crystalline
architecture and ionicity of the component molecules
which can bé determined by proton transfer.

Although the anilic acids are wellknown to form
coordination bonds with a variaty of metals,[426eh18 oo
have not bean well exploited for the rational design of
organic solids.®® This is the first example in which the
anilic acidé were used to create the supramolecuniar
synthon I for crystal engineering purposes. The combina-
tion of two-component systems reportad here may be 2

with solvents (10—26 mlL). Affer 530 days, eryetals grew at
rovm bemperabure.

Method IL A sclulion of the anilic adid {£.05—0.10 mmol} -

in & frashly distilled hot solvent (5~15 mL) was mixed with &
solution of the dipyridyl compound (0.05~0.1¢ mmol) in 2
distilled hot selvent (5-10 mL). Within 2 week, the crystale
sfuiti:ble for single-zrystal X-ray diffraction ngpeared in the
flask.

Mathod FIL A zolution of the onilic acid (0.06—0.10 womel)

- in 1020 wL of a dry solvent was addad to a solubion of the

dipyridy! compound (0.65—0.10 mmsd) in 10—15 wul of = dry
golvent. Slow evaporation at reom temperature for 1-8 days
afforded the wlored svlution, The singie ¢rystals suitable for
Emgie-crystal Zerey diffraction were BTUTR from this solliﬁun
by complats or pantial evaporation of the soivent from the
reaction mixture. The wystals were charscterized by IR,
slemental analysis, and X-ray erystallographic anslysis,
Complex 5. Red pnam,atm aystais were prapa.wd from the
mixbure of 1 by hod T in 96% yield; mp

201202 °0; IR (KBx) 28502800, 2178 {broad), 1630 (shsrp) .

1517, 1470 m" Ansl, Caled farcwﬁul%{)ﬁm (1:2): G, 5117
11,.&971?818 Found: C, 61.0%; H, 8.02; N, 8.88. .
Compléx 6. Red prismatic crystals were prepared from

methanol and ecetone by method Iin 98% yield; p 214215 .

°C; IR {KRr) 23850~2800, 2176 (brond), 1650 (sharp), 1518,
1476 e, Axnal. Calod for CosElalTeO:Cla (1:2): €, 59.90; H,
4.48; N, 10.75. Found: - C, 59.8%; H, 3.43; N, 10.70.

C lex 7. Omneplate wrystals were prepared from

findamental example for the design of low-di

stry As sn ext: of sur results, comabination
of other bidentate nitrogen ligands with proton doners
would lead to an intercsting crystalline architecture
through » supramelecular synthon like L Unusual physi-
exl properties such as conductivities meay arise from
charge-transfer interactions between compenent mol-
ecnles.

Experimental Sscetion

Hteorting Matecinls. Compounds 14,™ 4a 5 4b % and 40

were prepared accerding to the literaturs methods Other

compoands, laro, 2, &nd 3, were eommercislly available and

ified Ly usual thods All the sclvents were distilled
before the use fox the reactions.

Procedures for the Preparafion of Stmgle

Crystals. Method 1. An sguivalent molar ameant (0.030.3¢

zanol) of the anilic acid and the dipyridyl compound was placed

%ﬁ. D.; Grapiond, F. Ace. Chem, Bes, 2006, 33, 801,
(19)(&) a]vo,l\i.& Lanfredi, A M, M,; Ore, L. A_Pxnﬂh& M.T.
“Fejel, O.; Tiripicchio, A Ugorzoli, K. Inorg. Chem. 1988, 32, 1127, (b
Kawats, 8.5 Eitaga: wa, S., Fu:uan, L; ankafa. M.
Int. Bil. . 1084, 53, 1768 (o) Rewata, 5.2 .
M. Katada, &,mﬂ; et 19!!5 71, 1917 (d)Devur&ns,S Srhmalle,
HW; zheng. L-M.; Ensling, J namrm Acte 1996, 224, 165. {g)
X3 Ry P; W (‘rnmlmx V., Rye, K.
% Atn Crystallogr,, Sech, czwa,
(20) {6} Tomure, M.; Yamashi 0 rpstingComm 2000, 16, (b
Ishide, H.: Keshing, 8.
Ishida, H.; Kasbing, &Acéc C%staaogr, Sect. C 1898, 56, 1714,
(il)]_‘ﬂmmn T; Cnllm, P. J; Banse, W. 5. F. Aust, J, Chem. 1974,
(22) Teitel, T.; Wells, [3.; Sasse, W, H. F. Aust. J. Chom. 1978, 26,

(231 Taanes, M. Lud, A Ciuvmm 1980, 34, 28,

. Acto Crystu!!mr., Sect. C 1888, &6, 1348, ()

acetone by method IT in 30% yield: myp 164—165 °C; IR (KBr)
2560 {broad), 1887, 1601 cm™ Anal, Caled for CaeHioMNeO4 (12
1% C, B4,86; H,4.08; N, 9,48, Found: €, 64.67; H, 4.17; N,
8.28. .

Complex 8. Brown needls erystals were prepared from
acetane by method T in 88% yield; map 228 *C dec; IR (KBr)
24002800, 2170 (broad), 1832 (sharp), 1504, 1488 an~l
Elemantal analysis was provionsly daseribed 1

Complex 9 Bmwn plate crystals ware prepared - from

hod I in 85% : mp 215-218 *C

dec; IR (KBr) 9,400 2800, 2124 (broad), 1640 (sharp),- 1548,
escribed.i?

1523 em~i. Elemental ana}:ysis was prmnusly ds

Complex 10. Brown rod ccystals were prepared from
acetone—methane] (2:1) by msthod X, yield 92%; myp 2522064
*C dec; IR (KB} 2250 2700 2330 (bmad) 1625 {sharp), 1508

cn~!, Anal. Caled for CHyaNOBn (l 1) C, 45.03; H, 2.5
N 5.83. Found: C, 44.99; H, 2.54 N, &

Complex 11, Reddish brown pnsmahc cryzshahs wers pre-
pared from sestone—methanol (1:1) by method I in 80% yield;
mp 280282 °C dec; IR (KBr) 22502700, 2152 (broad), 1624

(sharp}, 1494 cza™. Anal. Coled for CuHeeNo0.Ck (1:1): G,

565.96; H, 3.0%; N, 7.18. Found: C; 55.18; H, 8.08; N, 7.05.

Complex 12 Orsnge rod erystsls were prepared from
acetonitrile—sthanol by methed T in 84% vield; mp 185~186
°C; IR (KBr) 2354 (broad), 1648, 1618, 1607 cw™). Anal Caled
for CasHLalNa0x (,1:1): c, 67.50; H, 3.78; N, 8.75. Found: C,
67.04; F, 3.84; K, &

Complex 18, Bmwn needle crystals were prepared from.

acetome by method I in 92% vield; mp 180—162 *C; IR (KBx)
2473 (broad), 1660, 1601 em™t. Anal Caled for CyaH i Nold Bry
1‘ C, 42.22; i, 2.11; N, £.86. Found: C, 44, 5‘6, H LE%N,

Camplex; 14. Brown needle erystals were pmd from.
meth (1:1) by methed I in 83% yield; mp 194~
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198 °C; IR (KBr) 2484 {broad), 1660, 1607 cm™!. Elemental
pnulysiz was previously described. ™
Complex 18. Brown plate crystals were prepared from
acstene by methed I in 93% yield; mp 176178 *C; IR (MBr)
2484 {broad}, 1660, 1607 em ™, Elemental analysis was provi-
pusly described. ¥
Complex 16 Brown plat crystala were prepared from
(1:4} thod Iin BE% yield; mp 218
220 *C; IR CI'CE") 2280*2850 2164, 2081, 1830, 1601, 1520
cm Anal. Caled for CuaBaN-OaBrs (L21) O, 46.22; H, 2.11:
N, £.88, Found: G, 46.11; H, 2.11; N, 5.42
Complex 17. Brown nsedle erystals were prepared from
acstonitrile—acetone (1:1) by method L iv 20% yield; mp 230~
231 ¢ IR (EB'} 2EBO—2650, 2158, 2062, 16.:.5 1500 am~t.
B Jysis was p i ¥ deseribed it
Comp!zx 18. Yellow needke erystats ware prepared from
acetonitrile by method I in 82% yield; mp > 3380 *C; IR (KBr}
28B0—2880, 2203 (strong), 1632, 1543 cm~. Anal, Caled for
CaoElolNeQy (1:1): C, 88.88; H, 2.8 N, 15.84 Found: C, 64.01;
H, 285 N, 15.42
X-ray Crystallography. Reflection data were callected on
s Rigalm AFC-TR diffractometar using Me Ea radiation ( =
0.710 69 A) and Enxat-Nenius CADY diffraciometer using Ca
Ko radiation (1 = 154178 &) at 2606 K. No eboorption
eorrection was applied for all crystals except the romplexes
13 =nd 16 ion correcton was applied to 13 and 16
uging empivical procedures based on azimuthel ¢ scans of
seven reflections having an Euleriac angle, x, nesr 80°, All
structures were solved by diract methods and refined by full-
inatriz least-nquares on f? with SHELX-97.% All non-hydrogen
atorms were refined anisotropically. All hydrogen atoms wers
Jocalized in the Fourisr maps and refined wnt.mmr:a]l
Crystal data for 5: CosHuwBroNDy, fw = §10.26, mone-
chinic, space group P2y/n, o = EBZ7(1) b 11 ESSC])A, o=
1L191(1)A B = 92.6%8), V= 1168.1(2) A%, Z= 2, D, = L.735
g <m™, F(O00) = 608, AC\: Be) = 4770 mm-t, erystal
. dimensiong = 0.26 x 0. 20 x 080 mmd, 2545 veflackions
collected, 2891 independent (R, = 0.0356), K1 = 0.0349, wR2
= 0,0956 for I > 20(I}, B1 = 0.0389, wR2 = (.0890, § = 1.060
for all data.
Crystal data for & CnsHmGlzNA};, fiw = §21.34, mono-
clinic, space grovp P2y, o = 8 3979(E> L, b=1153THE) A ¢
Toe=i1 29911(5")1\,[5 B1BTA4), Ve 11SR6(D AL, Z =2, 1, =
L1527 g cm™?, F{000) = 556, #{Cu Ka) = 2.
dimensions = D26 x 0,10 x 0,10 mmd, 2456 reflections
liected, 28082 ind dent (Al = 0.0222), R1 = 0.0858, wR2
= 0.0869 for I > 2a(f}, R1 = (L0701, wR2 = (,1004, § = 0.298
for a1l date. : :
Crvstal dats for 71 ChelalNgDy, fwr = 208 28, menoclinic,
&pace group C2c, = 20.778(3) b, b = 7.1001(N A, ¢ = 5.157.
(1) A, B = DA.BEEITY, V = 1348.5(3) A%, Z = 4, D, = 1480 g
em™¥, FO0D) = 616, £(Cu Ked = 0,882 mm™%, eryetal dimen-
sione = 0.28 x 0. 10 x 0.02 mm?, 1184 reflactions collected,
1150 independent (B =~ 0.1124),'R1 = 0.0613, wi2 = 0.1267
3:17 2all), R1==02132 wR2 = 01859, & = 0.982 foxr all
te.
Cryetsl dsta for 10 CuHuBrall0,, fw = 480.12, meno-
clinie, space proup P2y, o = B.ABL6(5) &, b =B DDOl(G)A c=

(24} Sheldrick, @. M., SHEL XﬂB? ?-ogm.m ﬁ:r thr Saiu.!wn and the
Reﬁmmm af Crys Structures; U
. Germany, 18

g oo,

f. Org. Chem., Vol. ES Nao. 18, 2001 BASE

132611 A, = 104.405(6)°, V= B58.1(1) &5, Z w 2, D, = 1858
F(O00) = 472, wCu Ko} = LE5B mu-l, crystal
dimensions = 0.10 x .10 x 010 mm? 1888 reflectione
collacted, 1760 independent (Fi: = 0.0202), R1=0.0341, wR2

= 0.0808 for I > 2a(l), R1~ {.0528, wh2 = 0.1684, § = 0.870

for all data.

Crystal data for 11 CipElpClaN Oy, fw = 391.20, mons-
clinic, space group P2/, o = 8.9843(6) A, b = 1. 8.‘)04(5) A=
12, gzu(sm, £ = 105.083:7)", V¥ = 8R5.8(2) A%, Z = 2, D, = 1573
g om™, PO = 400, ,u(Cu Koy = 37784 mm™, aystal
dimensions = 0.10 x 0.10 x 0.02 mm’, 1762 reflections
eollected, 1688 independent (Fiy = 0.0492), R1 = (.0468, wRZ
—-01_23an\"1> 2o(l), R1 = 0. 12041 wR2 = 0.1589, § == 0,818
for all data.

Crystal data for 12 CuH\sNzO fwr == 320,80, monuc!!.’mc,
space group PRun, a = 3.815(2) A, b = 10,554(2) 4, ¢ = 18.393-
(VA f=98.4%2)", V=T40.0(0) A%, Z 2= 2, D = 1438 gom™,
F(ODO) = 333, ﬂ(MoKu) £.104 mm" crystal dimensions =
820 x 0.10 x 0083 mm?® 1529 reﬁecﬁma collested, 1352
independent (Rie = 0,0258), Rl = 0.0472, wR2 == 0.1088 for I
> 2D}, Bl = 0.1288, wR2 = 0.1280, & = (.924 for all data.

Crystal date for 18: CygH thzO‘, far = 478,30, frickinic,

space proup P1, a = 3.9452(2)
(8 A, 0= 60.946(2)°, § = 55 AH2Y, y = B4.022(8)F, V= 418.0d-
(3) A%, Z = 1, D, = 1885 g am™3, FO00) = 284, s(Cu Ka) =
1.885 mm", arynml dimenzions = 0.35 x 0.10 x 0.02 mms,
1781 reflections collected, 1691 independent (Rin = 9.0141),
R = 0.0320, wRE = 0.086% for I > 2a(l}, Bl = 0.0850, wRZ =
{$.0892, 8 = 1015 for all data.

Cryml data for 16 CweHuBriNeG,, fw = 478.10, monos
clinic, space group Flyn, @ = 132110 A, & = 6.8089(8) 4, ¢
= ]18.808(2) A, B = 05.49(2)°, V = 16986, 5(3) AL Z =4 D =
1.872 g em™?, F(OO0) = 938, p(Cu Ka) = 5 316 m.m"‘
dimengions = 0.20 x 0.15 x 0.0 mm?®, 35666 reflections
callecied, 3459 independent (R = 0.0185) Rt =0 0368, wk2
= {, DGBGfar!> 2otl), R = 0.0687, wR2 = 0.1113, § = 0931
for atl data.

Crystal data for 18 CalliolN4Os fw = 370.30, tuchmc,

ace group PL, @ = 8.810(7) A, b= 9,827(14) A, ¢ = 5.323(6)
5, o 102.T1010°, £ = 10485}, ¢ = 104 66(12)", V = 415.0-
(8} A3, Z =1, 1) = 1482 g em™?, F{mo) = 160, Mo Ko} =
0.207 mm™, crystal dimensions = 0.30 x 0.20 x 0.02 mm?,
1620 reflecti flected, 1516 independent (Rue = 0.1186),
RI = 0.0584, wR2 = 0.1150 for I > 20{l), Rl = 05.3808, WRR"
0.1880, § = 0,890 for a1l data.
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Swpporting Information Avaflable: The X.-ray crystal-
lographic data {ORTEP drewings and tables of the erystal
date, bend lengths and mngles, nlowmis coordinates, and aniso-
tropic thermel perameters) for 57, 10-18; 18, and 18. This
maierial is available vie the Internet at ht.tp:lfpubs.acs,org.
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1/5
Notice of Reasons for Rejection
(Translation)
Drafting Date: September 29, 2009
Dispatch Date: October 8, 2009

Sections Applied: 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 37.

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

[€]

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
B-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 form 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 S 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
theophylline. 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
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and such).

Cited Document 8 describes a 1:1 complex of theophylline and p-nitrophenol.
Cited Document 8 also describes that the complex forms intermolecular hydrogen bonding
(See page 2333, abstracts and such).

Citcd Document 9 describes a 2:1 molecular complex of theophylline 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

Rejection 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 m-electron systems or having groups which can form hydrogen bonds,
intermolecular interactions such as hydrogen bonding or n—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) “Profen” 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”?)

(*)YWhen 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.
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Art Unit : 1617

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

Serial No. : 10/378,956

Filed : March 3, 2003

Conf. No. : 4742

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

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

Sir:

In accordance with 37 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 conncction with 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. Inthat Notice, two of the cited references (listed as R1 and F1
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 of
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
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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 I'1
on the attached form.

The undersigned hereby certifies that ecach 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

arc met by the foregoing statement.

Respectfully submitted, /
-’;’ﬂ J/ (/V - /f/” ) {
(A Gl

Frank C. Eisenschenk, Ph.D.

Patent Attorney

Registration No. 45,332

Phone No.:  352-375-8100

Fax No.: 352-372-5800

Address: P.O. Box 142950
Gainesville, FL. 32614-2950

FCE/s]
Attachment: Form PTO/SB/08
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Serial No. 10/378,956

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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Art Unit : 1617
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Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT UNDER 37 CFR §1.111

Applicants request that the peried for response in the above-identified patent application be

extended two months through and including March 5, 2010, the fee for which has been paid at the

time this Amendment was filed.

In response to the Office Action dated October 5, 2009, please amend the above-identified

application as follows:
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In the Claims

1-24 (canceled).

25 (currently amended). A method for identifying complementary chemical functionalities in
order to form a desired supramolecular synthon, said method comprising:

(a) evaluating the structure of an active pharmaceutical ingredient;

(b) determining whether the active pharmaceutical ingredient contains chemical
functionalities capable of forming supramolecular synthons with itself (a first supramolecular
synthon);

(¢) 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 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 seleeted
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-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.

26 {canceled).

INUSF106XC1hAmend-ResprAmd3.doc/DNB/jnw
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27 (currently amended). The method of claim 25, wherein the at least one co-crystal
former is-selected-from-the-group-consisting-of a different active pharmaceutical ingredient;-a
GRAS-compoundsa-food-additivea-low toxieity-organic - md c-motal-organic-complex,

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 pharmaceutical ingredient and evaluating the structure of said active
pharmaceutical ingredient;

(b) determining whether the active pharmaceutical ingredient contains chemical
functionalities capable of forming supramolecular synthons with itself (a first supramolecular
synthon);

(¢) 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 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 selested
identified chemical functionality is capable of forming a noncovalent bond to the supramolecular

synthon formed by the active pharmaccutical ingredient;
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(d) identifying co-crystal formers having at least one functionality identified in step (¢) and
selecting said identified co-crystal formers for the preparation of a multiple component solid phase

composition, wherein the selected 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 selected co-crystal formers.

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 former 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 is

bis(pyridyl)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 (¢)
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 atleast one functionality identified in step (c)

is a carboxylic acid.
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Remarks

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 are rejected under 35 USC §103(a) as obvious over Homeyer ef al.
(U.S. Patent No. 2,665,277). The Office Action indicates that Homeyer ef ¢/. 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 with co-crystal formers that are solid 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 formers 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-crystal 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), S-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 (CFMT, 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 ¢l. fail to teach many of the limitations recited in the claims pending
and as currently amended. Homeyer ef 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 support the legal conclusion of obviousness. MPEP

§2142.
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The Office Action indicates that Homeyer ef «l. 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 establish prima facie 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 ef 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);

(¢) 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 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 functionality 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 monobasic morphine phosphate

hemihydrate to the deliberate, rational design of multiple component crystal compositions based on

the identification of appropriate co-crystal formers. The Office Action does not establish why, in
view of the teaching of the monobasic 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 prima facie
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 nicotinamide 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 between carbamazepine and the
compounds” (emphasis added). Furthermore, the Office Action indicates that it would have been
obvious to have employed the teachings of Ammar er al. “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).” The
Examiner concludes that one of skill in the art would expect that it would be possible to form co-
crystals of the instant pharmaceutical agents because they possess all of the prerequisites (i.e.
hydrogen bonding), according to the teachings of Ammar ef 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 prima facie
obviousness of a claimed invention. Ammar ef a/. 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 ef ol. 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 pharmaceutical 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 known 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 pharmaceutical ingredient;

(d) identifying co-crystal formers having at least one functionality identified
in step (¢), 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 ef af. 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 Molded Product Co. v. Betts Package Inc., 9
USPQ2d 1001, 1032-1033 (I.D.KY 1988). The fact that 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.
Inre 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. Inherency, 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. /n 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 ef 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 of the
invention.

The Desiraju publication does not cure the deficiencies of the Ammar ef 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, 7.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 itself, 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 cach 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
art. MPEP §2143.01. Obviousness does not require absolute predictability, however, at least some

degree of predictability is required. MPEP §2143.02. Evidence showing 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 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.

The Commissioner is hereby authorized to charge any fees under 37 CFR §§1.160r 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

Respectfully submitted,
, {AA_ 1 - %f’///

the subject application to completion.

Glenn P. Ladwig

Patent Attorney

Registration No. 46,853

Phone No.:  352-375-8100

Fax No.: 352-372-5800

Address: P.O. Box 142950
Gainesville, FL. 32614-2950

GPL/jnw
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Application No. Applicant(s)
10/378,956 ZAWOROTKO ET AL.
Office Action Summary Examiner Art Unit
SAHAR JAVANMARD 1627

-- The MAILING DATE 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 3 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

eamed patent term adjustment. See 37 CFR 1.704(b).

Status

X Responsive to communication(s) filed on 05 March 2010.
2a)X] This action is FINAL. 2b)[_] This action is non-final.
3)[] 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

4K 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[] Claim(s)____is/are allowed.
6)XI Claim(s) 25,27,28,37-42 and 46-49 is/are rejected.
7K Claim(s) 43-45 is/are objected to.
8)] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are: a)[_] accepted or b)[_] 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 PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a) 1Al b)]Some * ¢)[] None of:
1.[C] Certified copies of the priority documents have been received.
2[7] 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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PT0-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 11/20/09. 6) D Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-08) Office Action Summary Part of Paper No./Mail Date 20100618
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Application/Control Number: 10/378,956 Page 2
Art Unit: 1627

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) ¢=12.236(2) 0.=88.498(3)
B=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)
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.

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.

1S.J./
Examiner, Art Unit 1627

/SREENI PADMANABHAN/
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Supervisory Patent Examiner, Art Unit 1627
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MALEIC ANHYDRIDE, MALEIC ACID, AND FUMARIC 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 o, B position.

CI)H
H H H C==0
o = o
—_— O=<I: C|:=O O=C H
o o} OH OH (le
U] @) (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 LUBRICANT'S). 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 officinalis, 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 diacid 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
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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 anhydride to give optimized geometry, harmonic
vibrational frequencies, and electron affinity (14).

Placebolder for Figure 1 (figl.cdx)

Placeholder for Float Table 1. (trf Table 1.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 geometric 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, B-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 O-H ~O bonds into cyclic pairs (19). Maleic acid isomerizes to fumaric acid
with a derived heat of isomerization of -22.7kJ/mol (-5.43kcal/mol) (21). The activation energy for the

conversion of maleic to fumaric acid is 66.1kJ/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 industrial applications for this chemistry derive 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 various reagents such as phosgene [75-44-5] (qv), phthaloyl chloride
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[88-95-9], phosphorus pentachloride [10026-13-8], or thionyl chloride [7719-09-7] gives 5,5-dichloro-
2(SH)furanone [133565-92-1] (4) (27). Similar conditions convert fumaric acid to fumaryl chloride [627-63-
41 (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], AlCL, to form B-aroylacrylic acids (30).

AlCI I I
(1) + AH g ArCCH==CHCOH

Under Friedel-Crafts conditions, trans-1,2-dibenzoylethylene [959-28-4] is synthesized by the reaction of
one mole of fumaryl 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

o, B-unsaturation or an adjacent aromatic resonance (32,33) to produce the following succinic anhydride

CH
(1) + CHp==CHCHz —= o;;io
CH,
(1 + CH3—©——CH3 —_— goj@\%s

Typical reaction conditions are 150 to 300°C and up to 2 MPa pressure. Polyalkenyl succinic anhydrides

derivatives.

20 H=CH2

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.
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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.

H H H H
N N
= SN
HOﬁ (|3|NH , HO(I3| (ﬁNH—CsH5
O O O O
® )

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 eclucidated (41).

O ; O + NpH4H.80, - O=(_>=O

(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.

H—CH
Y 2\
(1) + HCy CHyp e H2C|‘ ) CHyp | e

(11) O% O o o)

(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.
o
1 —
v M *
H [e]

(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 [110-
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 o~(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 anhydride, 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 form the 11-oxa-tricyclo[7.3.0.0°*]dodecene
derivative (15). Compound (15) and four double bond isomers represent a class of woody fragrance compounds in which the
tetrahydrofuran ring adopts a trans configuration. Studies on regio-and stereochemical 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 anbdyride-

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 Cycloadditions. 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(II) center in the complex [(N H3)5Os(2,3—n2—L)]2+, 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 pyrrole ring.

242 Cycloaddirions. Cyclobutene adducts are formed from the reaction of acetylenic derivatives and maleic
H

N
§ ) WO S min NH3)5O° + NH3)505
I\OS(NH3)5 oo
(16)
(18)

an

anhydride through a 2+2 cycloaddition (59). The reaction is photochemically catalyzed (see
PHOTOCHEMICAL TECHNOLOGY).

CH CoHs

(1) +CHgC==CCoHs —>

N
o” 0" X0

Cyclobutane derivatives are formed after exposing a mixture of alkenes and maleic anhydride to light.

Photoadducts are formed by reaction of maleic anhydride with ethylene [74-85-1] (60) and benzene (61).

J/\T/K v Cofle a Xy,
o 0 oZ o X0

O O
SO, - o :
O O

[e} O
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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).

o 0 o
°l cl cly, cl,
%, “,
2 %,
hv
+(1) —= o 4+ o+ o)
cl CI‘\\\\ cl

cl o) o} o}
(20) (21a) (21b) (21c)

Compound (21) is a mixture of these dichloro isomers (21a = IR*, 25*, 3R*, 45%*; 21b = 1R*, 25%, 35§%,
4R*; 21¢ = IR*, 25%, 3R*, 4R¥) that in ethylacetate solvent are produced in 85% yield in the amounts of
18% (21a), 44% (21b), and 38% (21¢). Reductive chlorine elimination of 21 with activated zinc in acetic

anhydride/toluene solution gives (19) in 80% yield.

O 0
Cl'L,
T
Zn, (CH5CO),Oholuene
o) | 0
85°C, 48h
Cl
(21ac) © @9 O

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. "*C-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 (AH=+142kJ/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
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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 H,SO 4 at
100°C, the decarboxylative dimerization product, 2,3-dimethylmaleic anhydride [766-39-2] (75% yield),
and CO, (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). Exothermic decomposition of maleic

anhydride can occur with amines and alkali (39,69). Explosions can result from this reaction (39).

Electrophilic Addition. Flectrophilic 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 corresponding maleate (23) (72).

H H H. O\\\C—OC H
) No—o’ N 4o
(1) +C4HgOH Al o=c/ \c=o NH.O o=c/ \H
C4HgO OC4Hg (l)c4H9
(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,CH,0 ?CH=CH ?o—)-n
LA

Free-Radical Reactions. Iree-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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o 0" o
(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% (E)-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 C, 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 SO; 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],

HOOCCH,CHOHCOOH (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 1:1 CO/H, at 100°C and 11.6 MPa pressure with a cobalt [7440-48-4] catalyst to give
an 83% yield of dimethyl formylsuccinate [58026-12-3] product (90).

Isomerization. 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
Thde (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 fumaric 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 diacids 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 intermediates 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

UMO00014652
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3388 of 4460



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(CO),(2,3-n-C4H,04),(CH;CN), (99), the endo- and exo- (R,R) palladium(L)(2,3-n*-
C,H,05) complexes of maleic anhydride where L is 1-diphenylphosphino-2,1°-(1-
dimethylaminopropanediyl)ferrorene (100); the singly deprotonated maleic acid complex of Cu(l), Cu(2,3-
N>-C4H,00)°H,0 (101); cis-tetracarbonyl (2-3-1*-maleic acid) iron complex, Fe(2,3-1>-C,H,0 4XCO),
(102), and trans-tetracarbonyl (2-3-n*-fumaric acid) iron complex, Fe(2,3-n*-C,H,0,)(CO), (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 orthogonal (85.2°) to one another. 2,3-1
?_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 -backbonding interaction (98). The 2,3-1?-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(Il) in the structure
zinc maleic acid complex, Zn(O ,CCH=CHCO,H),-4H,0(103); through both symmetrical carboxylate
oxygen atoms and the C = C bond to Cu (I) in Cu (nsz4H4()4)'HZO (101); through bridging carboxylate
oxygen atoms (O-C-0) in the Ag (I) complex, Ag (O,CCH=CO,H) (104); and through only one carboxylate
oxygen atom in the Sb (V) complex (H:C¢),Sb—(O C (O)CH=CHCO,H) (105). Hydrogen bonding in
crystals of maleic and fumaric acid is remarkably similar in the organometallic complexes of (2,3-1n>-
C,H,0,)Fe(CO), (106), where C;H,0, is either maleic or fumaric acid (102). The maleate dianion
coordinates to a single metal center in the Be(Il) complex, K;[Be (C4H,0,),]*H,0 (107). In contrast, the
coordinatively saturated Sh(CgHs)," 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 B-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):

UNE 72
"0,CCHOH  + ﬁ La®™ pHs6 'OQCCHZO?H
25 aqueous, 90°C
* W C\co“ HZ-
2 CO,
(26)
12

UMO00014653
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3389 of 4460



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) (112). 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].

i

CHIE/C\O
(CH3CH0)sP*—Cxx
L
o)
(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(VI) [13472-45-2] (114) and sodium molybdate(VI) [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-CO,H (116) which is useful in
Baeyer-Villiger reactions. Both maleate and fumarate [142-42-7] are hydroxylated to tartaric acid using an

osmium tetroxide [20816-12-0] fiodate [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 "*C 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 allyl compounds (128); and alkenes
(129-131) such as ethylene, vinyl ketones, 3,4-epoxy-1-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) (150) 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[2.2.1]hept-5-ene-2,3—dicarboxylate anhydride [6118-51-0] (28). The condensed
product is treated with a soluble ruthenium(IIT) [7440-18-8] catalyst in water to give upon acidification the

polymer (29). Several applications for this new copolymer have been suggested (154).

o . F=cH CH=k
agueous X
@ | ROMP
B B
~/ / o=¢  p=0
L Y HO OH

(28) (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).

CHo—CH

’ H, H, H, Vi \:2 H,0

M — A RO [X CHOH  CH,OH ')
o O o o o

(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 slurries
of bimetallic (Ru, Re) carbon catalysts in slurry 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 o-sulfomaleic anhydride [40336-85-4] (34) with sulfur
trioxide [7446-11-9](174,175). Uses for this monomer have not been published.

SO3H
AN =T AN
g © o ©
(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 1980s. 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 aphydride 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 C, 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 C4 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 (178,179), 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 currently 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, VOHPO,-0.5H,0. This material is then heated to eliminate water from the structure
and irreversibly form vanadyl pyrophosphate, (VO),P,0, (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 V,0 5 with H;POy to form VOHPO 4-0.5H,0O can be carried out in either an agueous or

organic medium such as isobutyl alcohol [78-83-1] (88,186). Two possible routes are as follows.

reducing agent, HCI

V205 + H3POy water N\
VOHPO,0.5H,0 == (VO),P20;
V205 + H3PO4

isobutyl alcohol

The use of an organic medium yields an increase in the surface area of the VOHPO,-0.5H,0 (88,191). This
increase in surface area is carried over to the resulting vanadyl pyrophosphate phase (186) and is desirable
because a concurrent increase in activity toward butane oxidation is observed (88, 192). Alternatively, some
patented technologies purport precursors as intercalation compounds with the formula

VOHPO,0.5H20({C Hpy41y1X),, where 1.5<2<1.9, 0<n<20, and X = oxygen, nitrogen, or sulfur
containing functional group that forms hydrogen bonds with the VOHPO, 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 FITR spectroscopic

investigation (203).

There are two types of patented technologies for the transformation of VOHPO,*0.5H,0 into (VO),P,0;
(88). In the first procedure, the vanadyl hydrogen phosphate is transformed through heating to 415°Cin a
controlled environment with combinations of nitrogen, air, and steam (204). The second procedure is an in
situ process that transforms 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 sifu 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 (VOHPO,-0.5H,0), 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 formation 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),P,0; alone or in combination
with other phases is the most catalytically active for the conversion of butane to maleic anhydride. The heart
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),P,0; that exhibits a clustered or distorted 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 V** and
V> 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.

Vanadiom 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

19

UMO00014660
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3396 of 4460



stratified with an inert material (221-223). Stratification has the effect of reducing 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 [7631-86-9] 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 kieselguhr,
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 exothermic. 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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(‘141'{10 +35 02 - C4I’{203 +4 1120 AH =-1236 klJ/mol (_2954- kCEl]/lTlOD
CiHyp+ 650, =4 CO, + 5 H,O AH =-2656 kJ/mol (—634.8 kcal/mol)
CHpo+4.5 0, — 4 CO + 5 H,0 AH = ~1521 kJ/mol (~363.5 keal/mol)

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-
79-11, KNOs; 40% sodium nitrite [7632-00-0], NaNO,; and 7% sodium nitrate [7631-99-4], NaNQOs.
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 unreacted 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 unreacted 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] (THF).

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 CO, during its passage up the reactor. Catalyst densities
(80—160kg/m”) in the transport-bed reactor are substantially lower than the catalyst density in a typical
fluidized-bed reactor (480—640kg/ m’) (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 KNO;—NaNQO,~NaNQ; 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 nonagueous-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,
coming 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 purity 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 constructed 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 50-1b or 25-kg bags and
supersacks of up to 2500 Ibs (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 50-1b bags (25kg bags outside the United States), supersacks of up to 2500 Ibs, and

occasionally bulk hopper truck.
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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 period 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 aphydride 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 <10ppm 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 determination, and determination of iron content in maleic

anhydride.

Other analytical techniques are also available for the determination of maleic anhydride sample purity. 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 nmr, 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 10.doc)

There are many unsaturated polyester resin formulations. A typical unsaturated polyester resin formulation
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 polyalkenyl 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 C;g alpha olefin-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-[1,2-dicarbethoxyethyl]O,0-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.

32

UMO00014673
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3409 of 4460



BIBLIOGRAPHY

“Maleic Acid, Fumaric Acid, and Maleic Anhydride” in ECT 1st ed., Vol. 8, pp. 680—696, by W. H.
Gardner and L. H. Flett, National Aniline Division, Allied Chemical Dye Corp.; “Maleic Anhydride, Maleic
Acid, and Fumaric Acid” in ECT 2nd ed., Vol. 12, pp. 819—837, by B. Dmuchovsky and J. E. Franz,
Monsanto Co.; in ECT 3rd ed., Vol. 14, pp. 770-793, by W. D. Robinson and R. A. Mount, Monsanto
Co.; “Maleic Acid,, Fumaric Acid, and Maleic Anhydride” in ECT 4t ed., Vol. 15 pp- 893-928, by T.R.
Felthouse, J.C. Burnett, S.F.Mitchell, and M.J. Mummey.

1. R. Winckler, Ann. 4,230 (1832); J. Pelouze, Ann. 11, 263 (1834).

2. J.R. Skeen, Chem. Eng. News 26, 3684 (1948).

3. S. V.R. Mastrangelo, Anal. Chem. 29, 841 (1957); H. G. M. De Wit and co-workers, Thermochim.
Acta 65, 43 (1983).

4. J. A. Dean, ed., Lange's Handbook of Chemistry, 14th ed., McGraw-Hill Book Co., Inc., New York,
1992.

5. Y. Suzuki, K. Muraishi, and K. Matsuki, Thermochim. Acta 211, 171 (1992).

6. Maleic Anhydride, Monsanto Technical Bulletin Pub. No. 9094, Monsanto Chemical Co., St. Louis,
Mo., 1988.

7. C. W. Davies and V. E. Malpass, Trans. Faraday Soc. 60,2075 (1964).

8. W.G. Mallard and P.J. Linstrom, eds., NIST Chemistry WebBook, NIST Standard Reference
Database Number 69, November 1998, National Institute of Standard and Technology, Gaithersburg,
MD 20899 (http://webbook.nist.gov).

9. H. Stephen and T. Stephen, eds., Solubilities of Inorganic and Organic Compounds, The MacMillan
Co., New York, 1963.

10. L. Huang, L.. Massa, and J. Karle, Int. J. Quant. Chem. 73, 439 (1999).

11. R. L. Hilderbrandt and E. M. A. Peixoto, J. Mol. Struct. 12, 31 (1972).

12. O. L. Stiefvater, Z. Naturforsch. 33a, 1480 (1978).

13. F. Shimizu, Y. Nibu, T. Osaki, H. Shimada, and R. Shimada, Bull. Chem. Soc. Jpn. 68, 160 (1994).

14. J.C. Rienstra-Kiracofe, D.E. Graham, and H.F. Schaefer III, Mol. Phys. 94, 767 (1998).

15. M. N. G. James and G. J. B. Williams, Acta Cryst. B30, 1249 (1974).

16. S. Krafezyk, H. Jacobi, and H. Follner, Crvst. Res. Technol. 31, 55 (1996).

17. C.J. Brown, Acta Cryst. 21, 1 (1966).

18. A.L. Bednowitz and B. Post, Acta Cryst. 21, 566 (1966).

19. L. Leiserowitz, Acta Cryst. B32, 775 (1976).

20. L. S. Luskin, in R. H. Yokum and E. B. Nyquist, eds., Functional Monomers, Vol. 2, Marcel Dekker,
Inc., New York, 1974, pp. 357-554.

21. T. Hlitcroft, H. A. Skinner, and M. C. Whiting, Trans. Faraday Soc. 53, 784 (1957).

22. K. Hojendahl, J. Phys. Chem. 28, 758 (1924).

23. Maleic Anhydride, Chemical Safety Data Sheet SD-88, Manufacturing Chemists Association,
Washington, D.C., 1974.

24. F. W. Makison, R. S. Stricoff, and L. J. Partridge, Jr., eds., NIOSH/OSHA Pocket Guide to Chemical
Hazards, DHEW (NIOSH) Publication No. 78-210, National Institute for Occupational Safety and
Health, Cincinnati, Ohio, 1978.

25. Monsanto Technical Bulletin No. RE-12, Monsanto Co., St. Louis, Mo., 1962.

26. L. H. Flett and W. H. Gardner, Maleic Anhydride Derivatives, John Wiley & Sons, Inc., New York,
1952.

27. U.S. Pat. 2,653,168 (Sep. 22, 1953), S. M. Spatz (to Allied Chemical); U.S. Pat. 3,222,397 (Dec. 7,
1965), E. R. Talaty (to Pittsburgh Plate Glass Co.).

28. E. C. Horning, ed., Organic Synthesis, Collective Vol. 3, John Wiley & Sons, Inc., New York, 1955,
p. 422.

29. V. N. Dubchenko and V. I. Kovalenko, Zh. Prikl. Khim. (Leningrad) 41, 2568 (1968).

33

UMO00014674
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3410 of 4460



30
31
32

34.
35.
36.
37.

38.

39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

50.

51.

52.

53.

54.

55.
56.
57.
58.
59.
60.
61.
62.
63.

64.
65.
66.

67
68

. W.N. Marmer, D. E. Van Horn, and W. M. Linfield, J. Am. Oil Chem. Soc. 51(4), 174 (1974).

. R. E. Lutz, Org. Synth. 20, 29 (1940).

. K. Alder, F. Pasher, and A. Schmitz, Ber. 76B, 27 (1943).

U.S. Pat. 3,409,638 (Nov. 5, 1968), C. M. Selwitz (to Gulf R & D Co.).

U.S. Pat. 4,496,746 (Jan. 29, 1985), J. C. Powell (to Texaco Inc.).

0. Diels, K. Alder, and D. Winter, Ann. 486,211 (1931).

U.S. Pat. 4,154,737 (May 15, 1979), G. G. Orphanides (to E. I. du Pont de Nemours & Co., Inc.).
Eur. Pat. Appl. EP 461,096 (Jun. 5, 1990), A. Van Gysel, I. Vanden Eynde, and J. C. Vanovervelt (to
UCB SA).

Jpn. Kokai Tokkyo Koho JP 04,202,178 (Jul. 22, 1992), Y. Watabe and co-workers, (to Mitsui Toatsu
Chemicals, Inc.).

W. R. Davie, Chem. Eng. News 42(8), 41 (1964); L. Bretherick, ed., Handbook of Reactive Chemical
Hazards, 3rd ed., Butterworths, London, 1985, p. 405.

T. T. Curtius and M. A. Feuterling, J. Prakt. Chem. 51,371 (1895).

H. Feuer, E. H. White, and J. E. Wyman, J. Am. Chem. Soc. 80, 3790 (1958).

0. Diels and K. Alder, Ann. 460, 98 (1928).

M. W. Lee and W. C. Herndon, J. Org. Chem. 43, 518 (1978).

V. M. Zhudin and co-workers, Bull. Acad. Sci. USSR, Div. Chem. Sci. 38, 2303 (1989).

K. Matsumoto and co-workers, Heterocycles 24, 1835 (1986).

H. Kotsuki and co-workers, Bull. Chem. Soc. Jpn. 52, 544 (1979).

M. Ramezanian and co-workers, J. Org. Chem. 54, 2852 (1989).

U.S. Pat. 4,740,367 (Apr. 26, 1988), C.G. Force and F.S. Starr (to Westvaco Corporation).

U.S. Pat. 5,409,640 (Apr. 25, 1995), MLJ. Giret, A. Langlois, and R.P. Duke (to the Procter & Gamble
Company).

U.S. Pat. 5,883,059 (Mar. 16, 1999), C.A. Furman, M.J. Giret, J.C. Dunbar, and J.J. Damiano (to the
Procter & Gamble Company).

U.S. Pat. 5,942,477 (Aug. 24, 1999), M.J. Giret, A. Langlois, and R.P. Duke (to the Procter & Gamble
Company); U.S. Pat. 5,977,037 (Nov. 2, 1999), MLJ. Giret, A. Langlois, and R.P. Duke (to The
Procter & Gamble Company).

U.S. Pat. 5,942,479 (Aug. 24, 1999), G.M. Frankenbach, N.J. Phipps, and W.V_J. Richardson (to the
Procter & Gamble Company).

U.S. Pat, 5,932,752 (Aug. 3, 1999), A. Keshavaraja, V.R. Hegde, P. Kumar, S.G. Hegde, A.V.
Ramaswamy, and T. Ravindranathan (to Council of Scientific and Industrial Research, New Delhi,
India).

U.S. Pat. 5,441,930 (Aug. 15, 1995), K. Bruns, M. Dischmann, W. Faber, and M. Meiertoberens (to
Henkel Kommandigellschaft aug Aktien).

C.E.F. Rickard and P.W. LeQuesne, J. Org. Chem. 63, 1736 (1998).

R.C. Duty and H.F. Lin, Fuei 59, 546 (1980).

J.W. Larsen, D.M. Quay, and J.E. Roberts, Energy Fuels 12, 856 (1998).

R. Cordone, W. D. Harman, and H. Taube, J. Am. Chem. Soc. 111, 5969 (1989).

R. M. Scarborough, Jr., and A. B. Smith, III, J. Am. Chem. Soc. 99, 7085 (1977).

D. C. Owsley and J. J. Bloomfield, J. Org. Chem. 36, 3768 (1971).

E. Grovenstein, Jr., D. V. Rao, and J. W. Taylor, J. Am. Chem. Soc. 83, 1705 (1961).

N. Gauvry, C.Comoy, C. Lescop, and F. Huet, Synthesis 4, 574 (1999).

B. B. Snider, in B. M. Trost, 1. Fleming, and L. A. Paquette, eds., Comprehensive Organic Synthesis,
Vol. 5, Pergamon Press, Oxford, U.K., 1991, pp. 1-26.

S. H. Nabm and H. N. Cheng, J. Org. Chem. 51, 5093 (1986).

M. Tessier and E. Marechal, Eur. Polym. J. 20, 269 (1984).

Ibid., p. 281.

. R. A. Back and J. M. Parsons, Can. J. Chem. 59, 1342 (1981).

. M. E. Baumann and co-workers, Helv. Chim. Acta 67, 1897 (1984).

34

UMO00014675
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3411 of 4460



69.
70.
71.
72.
73.

74.

75.
76.
77.
78.
79.

80.

81.
82.
83.

84.

85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.

99.

100
101
102

103.
104.
105.
106.
107.
108.
109.
110.

Brit. Pat. 933,102 (Aug. 8, 1963), V. C. E. Burnop (to Esso Research and Engineering Co.).

F. Severini and co-workers, Br. Polym. J. 23,23 (1990).

A.G. Gonorskaya and S. A. Marina, Lakokras. Mater. Ikl Primen., (1) 18 (1984).

U.S. Pat. 3,953,616 (Apr. 27, 1976), P. D. Thomas (to Pfizer Inc.).

J. Selley, in . I. Kroschwitz, ed., Encyclopedia of Polymer Science and Engineering, 2nd ed., Vol. 12,
Wiley-Interscience, New York, 1988, pp. 256-290.

A. Fradet and P. Arlaud, in G. Allen and J. C. Bevington, eds., Comprehensive Polymer Science, Vol.
5, Pergamon Press plc, Oxford, U.K., 1989, pp. 331-344.

N. A. Cortese and co-workers, J. Org. Chem. 43, 2952 (1978).

U.S. Pat. 5,112,993 (May 12, 1992), C. G. Krespan (to E. L. du Pont de Nemours & Co.).

U.S. Pat. 5,235,069 (Aug. 10, 1993), C.G. Krespan (to E.I. duPont de Nemours & Co.).

D.W.H. Rankin and coworkers, J. Phys.. Chem. A 103, 1758 (1999).

Jpn. Tokkyo Koho JP 57 47,193 (Oct. 7, 1982), (to All-Union Research Institute of Chemicals for
Plant Protection, Ufa, Japan).

USSR Pat. 1,616,893 (Dec. 30, 1990), A. D. Efendiev and co-workers (to Institute of Theoretical
Problems of Chemical Technology, Azerbaidzhan, USSR).

C.W. Shoppee and W.-Y. Wu, Aust. J. Chem. 40, 1137 (1987).

J. M. Rosenfeld and C. B. Murphy, Talenta 14(1), 91 (1967).

PCT Int. Appl. WO 98/40343 (Sep. 17, 1998), C. Dethloff and S. Barbarino (to The Procter &
Gamble Company).

Brit. Pat. 1,242,320 (Aug. 11, 1971), E. Weyens (to UCB, SA); E. Weyens, Hydrocarbon Process.
53(11), 132 (1974).

U.S. Pat. 3,993,671 (Nov. 23, 1976), J. Ramioulle (to UCB, Societe Anonyme, Belgium).

U.S. Pat. 4,414,398 (Nov. 8, 1983), R. Kotwica (to Societe Chimiques des Charbonnages).

U.S. Pat. 4,659,433 (Apr. 21, 1987), R. Kotwica (to Societe Chimiques des Charbonnages).

J. C. Burnett, R. A. Keppel, and W. D. Robinson, Catal. Today 1(5), 537 (1987).

U.S. Pat. 4,118, 403 (Oct. 3, 1978), J. E. White (to Monsanto Co.).

Jpn. Kokai 75,101,320 (Aug. 11, 1975), S. Umemura and Y. Ikeda (to Ube Industries, Ltd.).

A. Thde, J. Chem. Ed. 36, 330 (1959).

M. F. Hughes and R. T. Adams, Amer. Chem. Soc. Div. Pet. Chem. Prepr. 17(1), B109 (1972).
R. Font, D. Gémez and A. Rubio, Ind. Eng. Chem. Res. 27, 774 (1988).

A Aurrecoechea, L. Pallas, and M. C. Roces, Afinidad 31, 827 (1974).

S. Majumber and A.B. Pandit, Indian Che,. Eng. 40(2), 187 (1998).

J. S. Meek, J. Chem. Educ. 52, 541 (1975).

S. Chatterjee, V.R. Pedireddi, and C.N.R. Rao, Tetrahedron Lett. 39(18), 2843 (1998).

F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, 6th ed., John Wiley & Sons, Inc.,
New York, 1999, pp. 679-681.

C.-H. Lai and co-workers, Inorg. Chem. 32, 5658 (1993).

. B.R. Manzano, W. Weissensteiner, and co-workers, ORganometallics 17, 4634 (1998).
. P.Yu. Zavalii, M.G.Mys’kiv, and E.I. Gladyshevskii, Kristallografiva 30(4), 688 (1985)
. Y. Hsiou, Y. Wang, and L. K. Liu, Acta Crystallogr., Sect. C: Cryst. Struct. Commun. C45, 721

(1989).
S. Antsyshkina and co-workers, Koord. Khim. 8, 1256 (1982).
V.V.Oliinik and M.G. Mys’kiv, Russ. J. Inorg. Chem. 41(3), 381 (1996).
V.V. Sharutin and co-workers, J. Organomet. Chem. 536-537, 87 (1997).
D. Braga, F. Grepioni, and G.R. Desiraju, J. Organomet. Chem. 548, 33 (1997).
H. Schmidbaur and co-workers, Z. Naturforsch. B: Chem. Sci. 83(7), 727 (1998).
J. van Westrenen and co-workers, Tetrahedron 46, 5741 (1990).
C. Zhi and co-workers, Inorg. Chem. 29, 5025 (1990).
F. B. Zienty, B. D. Vineyard, and A. A. Schleppnik, J. Org. Chem. 27, 3140 (1962).

35

UMO00014676
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3412 of 4460



111, U.S. Pat. 4,048,141 (Sep. 13, 1977), G. A. Doorakian, D. L. Schmidt, and M. C. Cornell, I (to
Dow Chemical Co.).

112.  D.B. Denney and D. Z. Denney, Phosphorus Sulfur 13, 315 (1982).

113.  E. Gilbert, Z. Naturforsch. 32b, 1308 (1977).

114.  J. O. Oludipe and co-workers, J. Chem. Tech. Biotechnol. 55, 103 (1992).

115. 1. Ahmad and co-workers, Hydrocarbon Process., Int. Ed. 68(2), 51 (1989).

116.  R. W. White and W. D. Emmons, Tetrahedron 17, 31 (1962).

117.  G. P. Panigrahi and P. K. Misro, Indian J. Chem. A 16, 201 (1978).

118.  J.de Groot, J.G. Hollander, and J. deBleijser, Macromolecules 30, 6884 (1997).

119. B. DeRoover, J. Deaux, and R. Legras, J. Polym. Sci.: Pt. A: Polym. Chem. 34, 1195 (1996).

120. 7. Yao and co-workers, J. Appl. Polym. 67, 1905 (1998).

121. N.T.H. Ha and K. Fujimori, Acta Polym. 49, 404 (1998).

122.  N. Kuramoto and co-workers, J. Macromol. Sci. — Pure Appl. Chem. A35(1), 109 (1998).

123.  G.S. Trivedi, B.G. Shah, and V K. Indusekhar, React. Func. Polym. 31(3), 219 (1996).

124. N.T.H. Ha, Polymer 40, 1081 (1999).

125. D. Spridon and co-workers, Polym. Int. 43, 175 (1997).

126. E. Bortel, A. Kochanowski, and E. Witek, J. Macromol. Sci. — Pure Appl. Chem. A32(1), 73
(1995).

127.  C. Goksel, B. Hacioglu, and U. Akbulut, J. Polym. Sci.: Pt. A.: Polym. Chem. 35, 3735 (1997).

128.  7Z.M.O. Rzaev, G. Akovali, and U. Salamova, J. Polym. Sci.: Pt. A: Polym. Chem. 36, 1501
(1998).

129.  Z.M.O. Rzaev, G. Akovali, and U. Salamova, Eur. Polym. J. 34(7), 981 (1998).

130.  C.Y. Pan and co-workers, J. Polym. Sci.: Pt. A: Polym. Chem. 34, 2149 (1996).

131.  S.I. Bagaev and E.N. Kstenina, Polym. Sci. Ser. B 40(11-12), 369 (1998).

132, S.R. Turner, S.N. Falling, and R.-W. Blevins, J. Macromol. Sci. — Pure Appl. Chem.. A34(10),
1857 (1997).

133. M. Kamachi, Macromolecules 30, 4232 (1997).

134. S.A. Pooley and co-workers, Polym. Bull. 36, 4155 (1996).

135, Z. Florjanczyk, W. Krawiec, and K. Such, J. Polym. Sci.: Pt. A: Polym. Chem. 28, 795 (1990).

136.  Z.M.O. Rzaev, U.U. Salamova, and S. Altindal, Macromol. Chem. Phys. 198, 2475 (1997).

137.  U.S. Pat. 5,869,695 (Feb. 9, 1999), H.W. ulmer and J.A. Katirgis (to ISP Investments Inc.).

138. U.S. Pat. 5,959,122 (Sep. 28, 1999), H.W. Ulmer, J. A. Katirgis, and T. Gillece (to ISP
Investments Inc.).

139.  J. Golob and co-workers, Polym. Eng. Sci. 35(17), 1413 (1995).

140.  A. Priola, R. Bongiovanni, and G. Gozzelino, Eur. Polym. J. 30(9), 1047 (1994).

141.  G. Samay, T. Nagy, and J.L.. White, J. App. Polrm. Sci. 56(11), 1423 (1995).

142.  W. Heinen and co-workers, Macromol. Symp. 129, 119 (1998).

143.  G.H. Hu, J.J. Flat, and M. Lambla, Annu. Tech. Conf. — Soc. Plast. Eng. 52(3), 2775 (1994).

144. M. Lazdr and co-workers, Angew. Makromol. Chem. 243, 57 (1996).

145. D. Braun and co-workers, Angew. Makromol. Chem. 251, 37 (1997).

146.  B. Lu and T.C. Chung, Macromolecules 31, 5943 (1998).

147.  C.W. Lin and W.L. Lee. J. Appl. Polym. Sci. T0(2), 383 (1998).

148.  U.S. Pat. 5,955,547 (Sep. 21, 1999), T.D. Roberts and S.W. Coe (to Eastman Chemical
Company).

149. E.A. Gonzalez de los Santos, M.J L. Gonzalez, and M.C. Gonzalez, J. Appl. Polym. Sci. 68(1), 45
(1998).

150. M. Gleria and co-workers, J. Inorg. Organomet. Polym. 6(4), 367 (1996).

151, U.S. Pat. 5,721,315 (Feb. 24, 1998), R.K. Evans, R.J.G. Dominguez, and R.J. Clark (to Huntsman
Petrochemical Corporation), U.S. Pat. 5,783,630 (Jun. 21, 1998) R.K. Evans, R.J.G. Dominguez, and
R.L. Clark (to Huntsman Petrochemical Corporation).

152, U.S. Pat. 5,959,030 (Sep. 28, 1999), D.A. Berta (to Montell North America Inc.).

36

UMO00014677
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3413 of 4460



153.  R. H. Grubbs and W. Tumas, Science 243, 907 (1989).

154.  T. Viswanathan and J. Jethmalani, J. Chem. Educ. 70, 165 (1993).

155. N. Harris and M.W. Tuck, Hydrcarbon Process., Int. Ed. 69(5), 79 (1990).

156.  S. Uihlein and G. Emig, Chem. Ind. (Duesseldorf) 116, 44 (1993).

157. A. Vaccari and co-workers, Erdoel & Kohle, Erdgas, Petrochemie 48(4-5), 174 (1995).

158.  M.L. Morgan, Chem. Ind., 166, March 3, 1997.

159.  S. Mourey, Info. Chim. Magazine (408) 39 (1999).

160.  PCT Int. Appl. WO 9743234 (Nov. 20, 1997), M.W. Tuck, M.A., Wood, and A.G. Hiles (to
Kvaerner Process Technology Limited).

161. PCT Int. Appl. WO 9743242 (Nov. 20, 1997), M.W. Tuck, M.A., Wood, and A.G. Hiles (to
Kvaemer Process Technology Limited).

162.  PCT Int. Appl. WO 9948852 (Sep. 30, 1999), M.W. Tuck and co-workers (to Kvaerner Process
Technology Limited).

163.  U.S. Pat. 5,473,086 (Dec. 5, 1995), J.R. Budge and co-workers (to The Standard Oil Co.).

164.  U.S. Pat. 5,698,749 (Dec. 16, 1997), S.E. Pedersen and co-workers (to The Standard Oil Co.).

165.  U.S. Pat. 5,969,164 (Oct. 19, 1999), J.R. Budge and co-workers (to The Standard Oil Co.).

166.  PCT Int. Appl. WO 9952845 (Oct. 21, 1999), A. Bertola and G. Ranghino (to Pantochim, S.A.).

167.  U.S. Pat. 4,550,185 (Oct. 29, 1985), M.A. Mabry, W.W. Prichard, and S.B. Ziemecki (to E.I. Du
Pont de Nemours and Company).

168.  U.S. Pat. 4,609,636 (Sep. 2, 1986), M.A. Mabry, W.W. Prichard, and S.B. Ziemecki (to E.I. Du
Pont de Nemours and Company).

169. U. S. Pat. 5,478,952 (Dec. 26, 1995), J.-A. T. Schwartz (to E. I. Du Pont de Nemours and
Company); U. S. Pat. 5,985,789 (Nov. 16, 1999), P. A. Tooley and J. R. Black (to E. 1. Du Pont de
Nemours and Company); U. S. Pat. 6,008,384 (Dec. 28, 1999), R. E. Bockrath, D. Campos, J.-A. T.
Schwartz, and R. T. Stimek (to E. I. Du Pont de Nemours and Company).

170.  A. Cabrera and H. Alper, Tetrahedron Lett. 33(35), 5007 (1992).

171.  L.Pu, L. Ye, and Y. Yuangqi, J. Mol. Catal. A: Chem. 138(2-3), 129 (1999).

172. K. Jayaraman and co-workers, Trans. SAEST 30(1), 41 (1995)

173, U. S. Pat. 5,149,836 (Sep. 22, 1992), W. De Thomas, P. D. Taylor, and H. F. Tomfohrde, II (to
ISP Investments Inc.); WO 99/35139 (Jan. 4, 1999) G. Castiglioni and C. Fumagalli (to Lonza AG); U.
S. Pat. 6,008,375 (Dec. 28, 1999), M. J. Bergfeld and K. Uihlein (to Akzo Nobel NV)..

174.  U.S. Pat. 3,922,272 (Nov. 25, 1975), V. Lamberti (to Lever Brothers Co.).

175. V. G. Gruzdev, J. Gen. Chem. USSR 49, 725 (1979).

176.  W. Stadig, Chem. Process 55 (8), 26 (1992).

177.  R.M. Contractor, Chem. Eng. Sci. 54, 5627 (1999).

178.  Maleic Anhydride World Survey, Tecnon (U.K.) Ltd., London, 1992.

179.  Industry Sources.

180.  Chem. Mark. Rep. 242(11), 4 (Sep. 14, 1992).

181.  Hydrocarbon Process. 70(3), 164 (1991); Chem. Week 159(22) 37 (1997).

182.  Eur. Chem. News. 60(1599), 24 (Dec. 20/27, 1993); Chem. Mark. Rep. 254(1) 3 (1998).

183. M. Malow, Environ. Prog. 4, 151 (1985); Hydrocarbon Process. 74(3) 126 (1995).

184.  G. Stefani and co-workers, Chim. Ind. (Milan) 72(7), 604 (1990); G. Stefani and co-workers, in G.
Centi and F. Trifiro, eds., New Developments in Selective Oxidation, Studies in Surface Science and
Catalysis, Vol. 55, Elsevier, Amsterdam, the Netherlands, 1990, pp. 537-550; Hydrocarbon Process.
78(3) 118 (1999).

185.  I. Haggin, Chem. Eng. News 69(44), 34 (Nov. 4, 1991); Hydrocarbon Process. 78(3) 102 (1999).

186.  G. Centi and F. Trifiro, Chim. Ind. (Milan) 68(12), 74 (1986); F. Cavani and F. Trifiro,
CHEMTECH, 18-25 (Apr. 1994).

187.  T.R. Felthouse, The Chemist, 75 (5), 22 (1998).

188. K. Trifiro, Catal. Today, 41, 21 (1998).

189.  P. Amorés and co-workers, Chem. Mater. 3, 407 (1991).

37

UMO00014678
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3414 of 4460



190.  G. J. Hutchings, Catal. Today 16(1), 139 (1993).

191.  B.K. Hodnett, Catal. Today 16(1), 131 (1993).

192. GG.J. Hutchings, M.T. Sananes, S. Sajip, C.J. Kiely, A. Burrows, LJ. Ellison, and J. Volta, Catal.
Today 33 (1-3), 161 (1997).

193.  U.S. Pat. 5,885,919 (Mar. 23, 1999), A. Bortinger (to Scientific Design Co. Inc.).

194.  U.S. Pat. 5,401,707 (Mar. 28, 1995), J.B. Benziger, V.V. Guliants, and S. Sundaresan (to Trustees
of Princeton Univ.).

195. U.S. Pat. 5,532,385 (Jul. 2, 1996), 1.B. Benziger, V.V. Guliants, and S. Sundaresan (to Trustees of
Princeton Univ.).

196.  U.S. Pat. 5,728,360 (Mar. 17, 1998), J.B. Benziger, V.V. Guliants, and S. Sundaresan (to Trustees
of Princeton Univ.).

197.  U.S. Pat. 5,510,308 (Apr. 23, 1996), K. Kourtakis (to E.I. du Pont de Nemours and Co.).

198.  U.S. Pat, 5,543,532 (Aug. 6, 1996), K. Kourtakis and G.C. Sonnichsen (to E.I. du Pont de
Nemours Co.).

199.  U.S. Pat. 5,905,052 (May 18, 1999), H.S. Horowitz and E.M. McCarron III (to E.I. du Pont de
Nemours Co.).

200.  U.S. Pat. 5,932,746 (Aug. 3, 1999), N. Herron and D.L. Thorn (to E.I. du Pont de Nemours Co.).

201.  U.S. Pat. 5,792,722 (Aug. 11, 1998), M.S. Haddad, B.L. Meyers, H. Taheri, and P.A. Wolfe (to
Amoco Corp.).

202. 1. Matsuura, Catal. Today 16(1), 123 (1993).

203.  Z.-Y. Xue and G.L. Schrader, J. Catal. 184, 87 (1999).

204.  U.S. Pat. 5,137,860 (Aug. 11, 1992), J. R. Ebner and W. J. Andrews (to Monsanto Co.).

205. U.S. Pat. 4,632,915 (Dec. 30, 1986), R. A. Keppel and V. M. Franchetti (to Monsanto Co.).

206.  G.J. Hutchings, Appl. Catal. 72(1), 1 (1991).

207.  U.S. Pat. 5,364,824 (Nov. 15, 1994), W.J. Andrews, J.R. Ebner, and T .R. Felthouse (to Huntsman
Specialty Chemicals Corp.).

208. V. Martin, JM.M. Millet, and J.C. Volta, J. Thermal Anal. 53, 111 (1998).

209.  U.S. Pat. 5,922,637 (Jul. 13, 1999), A. Bortinger (to Scientific Design Co., Inc.).

210.  U.S. Pat. 5,449,792 (Sept. 12, 1995), T. Ushikubo and K. Oshima (to Mitsubishi Chemical Corp.).

211, U.S. Pat. 5,296,436 (Mar. 22, 1994), A. Bortinger (to Scientific Design Co., Inc.).

212, U.S. Pat. 5,929,256 (Jul. 27, 1999), T.R. Felthouse, R.A. Keppel , and C.J. Schaefer (to
Huntsman Petrochemical Corp.).

213.  U.S. Pat. 5,945,368 (Aug. 31, 1999), T.R. Felthouse, R.A. Keppel , and C.J. Schaefer (to
Huntsman Petrochemical Corp.).

214.  E. Bordes, Catal. Today 16(1), 27 (1993).

215.  Y.Zhang, R.P.A. Sneede, and J. C. Volta, Catal. Today 16(1), 39 (1993).

216.  J.R. Ebner and M.R. Thompson, Catal. Today 16(1), 51 (1993).

217. M. Lopez Granados, J. C. Canesa, and M. Ferndndez-Garcia, J. Catal. 141, 671 (1993).

218. M.T. Sananes, A. Tuel, and J. C. Volta, J. Catal. 145(2), 251 (1994).

219.  F. Cavani, G. Centi, and F. Trifiro, Appl. Catal. 15(1), 151 (1985).

220.  U.S. Pat. 5,185,455 (Feb. 9, 1993), J. R. Ebner (to Monsanto Co.).

221.  U.S. Pat. 4,855,459 (Aug. 8, 1989), M. J. Mummey (to Monsanto Co.).

222.  J.S. Buchanan and S. Sundavesan, Chem. Eng. Commun. 52(1-3), 33 (1987).

223. U.S. Pat, 6,005,121 (Dec. 21, 1999), J.R. Ebner, R.A. Keppel, and M.J. Mummey (to Huntsman
Petrochemical Corp.).

224.  U.S. Pat. 5,326,886 (Jul. 5, 1994), J.T. Shultz (to The Standard Oil Co.).

225. R. M. Contractor and A.W. Sleight, Catal. Today 1(5), 587 (1987).

226.  G. Emig and F.G. Martin, Ind. Eng. Chem. Res. 30(6), 1110 (1991).

227. U.S. Pat. 5,302,566 (Apr. 12, 1994), J.A.T. Schwartz (to E.I. du Pont de Nemours and Co.).

228. U.S. Pat. 5,573,992 (Nov. 12, 1996), R.M. Contractor, D.L. Garnett, Horowitz, and A.W. Sleight
(to E.I. du Pont de Nemours and Co.).

38

UMO00014679
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3415 of 4460



229.  U.S. Pat. 5,895,821 (Apr. 20, 1999), R.M. Contractor, H.S. Horowitz, G.S. Patience, and J.D.
Sullivan (to E.I. du Pont de Nemours Co.).

230.  U.S. Pat. 5,519,149 (May 21, 1996), R M. Contractor, H.S. Horowitz, and G.M. Sisler (to E.I. du
Pont de Nemours and Co.).

231.  U.S. Pat. 5,474,960 (Dec. 12, 1995), N.J. Bremer, L.R. Trott, and D.R. Woodbury (to The
Standard Oil Co.).

232.  U.S. Pat, 5,854,161 (Dec. 29, 1998), T. Ichiki, N. Hamashima,, T. Nakamura, M. Asami, S.
Suzuki, and H. Ueon (to ABB Lummus Global, Inc., Lonza Societa Per Azioni, and Tonen Chemical
Corp.).

233.  U.S. Pat. 5,521,134 (May 28, 1996), A. Bortinger and M. Bruscino (to Scientific Design Co., Inc.).

234.  JP11070333A (Mar. 16, 1999), D. Groke, C. Ruedinger, H.-J. Eberle, R. Bosch, and R.Jering (to
Consortium Elektrochem Ind. GMBH).

235.  U.S. Pat. 5,707,917 (Jan. 13, 1998), J.W. Geus and R.A. Overbeek (to Engelhard De Meern
B.V.).

236.  U.S. Pat, 5,986,110 (Nov. 16, 1999), JJW. Geus and R.A. Overbeek (to Engelhard De Meern
B.V.).

237.  B.C. Trivedi and B.M. Culbertson, Maleic Anhydride, Plenum Press, New York, 1982.

238.  G. Emig and F. Martin, Catal. Today 1(5), 477 (1987).

239.  Fire Protection Guide on Hazardous Materials, 6th ed., National Fire Protection Association,
Boston, Mass., 1975, p. 325M-31.

240.  Eur. Chem. News 60(1578), 37 (Jul. 19, 1993).

241. U.S. Pat. 4,987,239 (Jan. 22, 1991), R. Ramachandran, Y. Shukla, and D. L. McLean (to The
BOC Group, Inc.); U.S. Pat. 5,126,463 (Jun. 30, 1992), R. Ramachandran, A. 1. Shirley, and L.-L.
Sheu (to The BOC Group, Inc.).

242, A. Tullo, Chem. Eng. News 78(51), 13 (Dec. 18, 2000).

243, U.S. Pat. 4,691,031 (Sept. 1, 1987), G. D. Suciu and J. E. Paustian (to Lummus Co.).

244.  D. O'Sullivan, Chem. Eng. News 70(10), 6 (Mar. 9, 1992).

245.  U.S. Pat. 4,668,802 (May 26, 1987), R. M. Contractor (to E. I. du Pont de Nemours & Co., Inc.).

246. U.S.Pat. 5,021,588 (Jun. 4, 1991), R. M. Contractor (to E. 1. du Pont de Nemours & Co., Inc.).

247.  J. Dixon and J. Longfield, in P. H. Emmett, ed., Catalysis, Vol. 7, Reinhold Publishing Corp., New
York, 1960, Chapt. 3.

248.  Ger. Offen. 2,440,746 (Mar. 13, 1975), J. Ramoulle (to UCB, SA).

249.  Ger. Offen. 2,530,895 (Jan. 29, 1976), J. M. Lietard and G. Matthijs (to UCB, SA).

250.  Hydrocarbon Process., Int. Ed. 62(11), 110 (1983).

251. U.S. Pat. 2,955,136 (Oct. 4, 1960), J. D. Sullivan, W. D. Robinson, and H. D. Cammings (to
Monsanto Chemical Co.); U.S. Pat. 6,103,935 (Aug. 15, 2000), M. S. Haddad (to BP Amoco
Corporation).

252. U.S. Pat. 3,380,173 (Jun. 18, 1968), J. L. Russell and H. Olenburg (to Halcon International, Inc.).

253. U.S. Pat. 2,914,559 (Nov. 24, 1959), W. J. Stefaniac (to Allied Chemical Corp.).

254.  U.S.Reg. H645 (Jun. 1, 1989), H.L. Dryden, Jr., (to The NutraSweet Company).

255.  Jpn. Kokai 73 34,121 (May 16, 1973), T. Inoue (to Nippon Steel Chemical Industry Co., Ltd.).

256.  U.S. Pat. 5,929,255 (Jul. 27, 1999), J.M. Forgac (to BP Amoco Corporation).

257.  U.S.Pat. 2,704,296 (Mar. 15, 1955), E. H. Dobratz (to Monsanto Chemical Co.); U.S. Pat.
3,025,321 (Mar. 13, 1962), H. A. Lindahl and H. Hennig (to The Pure Oil Co.); U.S. Pat. 3,702,342
(Nov. 7, 1972), G. M. Kibler and C. L. Singleton (to Pfizer, Inc.).

258.  “Maleic Anhydride,” Chemical Economics Handbook, SRI International, Menlo Park, CA., Aug.
1999.

259. “Fumaric Acid”, Chemical Economics Handbook online, SRI International, Menlo Park, CA., Aug.
1998.

260. “D3504-96, Standard Specifications for Maleic Anhydride,” 1999 Annual Book of ASTM
Standards, Sec. 6, Vol. 06.04, ASTM, West Conshohocken, Pa., p. 348.

39

UMO00014680
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3416 of 4460



261.  Ref. 229, pp. 320-321.

262.  S. Siggia and N. A. Floramo, Anal. Chem. 25,797 (1953).

263.  Ref. 229, pp. 266-272.

264.  Ref. 229, pp. 336-338.

265. “Maleic aphydride for industrial use — Methods of test — parts 1-6, ISO 1390/1-VI-1977 (E),
International Organization for Standardization, first edition, June 1, 1977 (available from Global
Engineering Documents, http://global .his.com/cgi-bin/search.cgi ?HFRITTER=206522).

266.  S.Siggia and J. G. Hanna, Anal. Chem. 23, 1717 (1951).

267.  E.E. Critchfield and J. B. Johnson, Anal. Chem. 28, 430 (1956).

268. B.M. Culbertson, “Maleic and Fumaric Polymers”, in J.I. Kroschwitzz, ed..., Encyclopedia of
Polymer Science and Engineering, 2% ed.., Vol. 9, Wiley-Interscience, New York, 1987, pp. 225-294.

269.  O.Kiser, T. Q. Quach, K.D. Phung, and B.Gilot, J. Chromatogr. 151 (1), 81 (1978).

270.  P.L. Mills and W E. Guise, Jr., J. Chromatogr. Sci. 34, 431 (1996).

271.  C. Laguerie and M. Aubry, J. Chromatogr. 101, 357 (1974).

272.  P.J. Elving and 1. Rosenthal, Anal. Chem. 26, 1454 (1954).

273. I. Temesvari, E. Pungor, and G. Liptay, Proc. Anal. Chem. Conf. 3rd 2, 341 (1970).

274.  1J. Wohnlich, Bull. Soc. Chim. Biol. 49(7), 900 (1967); H. Thielemann, Mikrochim. Acta, (4),
521 (1973).

275.  E.A. Dietz and K.F. Singley, J. Lig. Chromatogr. 17(7) 1637 (1994).

276. ). Silha and J. Stetina, Tenside Surf. Det. 30,24 (1993).

277. H.Z. Lian, L. Mao, X L. Ye, and J. Miao, . Pharm. Biomed. Anal. 19, 621 (1999).

278.  M.A. Eiteman and M.J. Chastain, Anal. Chim. Acta 338, 69 (1997).

279. USSR Pat. 427,279 (May 5, 1974), V. K. Pachebula, V. F. Kashcheeva, and G. A. Kochurova.

280.  AJ.W. Brook, J. Chromatogr. 39(3), 328 (1969).

281.  DJ. Patel, R. S. Hegde, and S. L. Bafna, Indian J. Appl. Chem. 33(2), 133 (1970); J. P. Lefevre,
M. Caude, and R. Rosset, Analysis 4, 16 (1976).

282.  R.J. Lewis, Sr., Sax's Dangerous Properties of ndustrial Materials, 8th ed., Van Nostrand
Reinhold, New York, 1992.

283. “Maleic Anhydride,” Chemical Product Synopsis, Mannsville Chemical Products Corp., Asbury
Park, N.J., Nov. 1992.

284.  “Polyester Resins and Their Composite Derivatives. A Global Perspective Beyond 20007, Sellcor
Technology, June, 1997.

285. “Unsaturated Polyester Resins,” Chemical Economics Handbook, SRI International, Menlo Park,
Calif., July 1993, p. 580.1200A.

286.  S. Stinson, Chem. Eng. News 70(29), 21 (July 20, 1992).

287.  PCT Int. WO 9214753 (Sept. 3, 1992), L. P. Koskan and co-workers (to Donlar Corp.).

288.  U.S. Pat. 5,219,986 (June 15, 1993), T. A. Cassata (to Cygnus Corp.).

289.  U.S. Pat. 5,116,513 (May 26, 1992), L.. P. Koskan and K. C. Low (to Donlar Corp.).

290.  U.S. Pat. 4,971,724 (Nov. 20, 1990), D. J. Kalota and D. C. Silverman (to Monsanto Co.).

291.  E.Chiellini and R. Solaro, CHEMTECH, 29-36 (July 1993).

General References

B.C. Trivedi and B.M. Culbertson, Maleic Anhydride, Plenum Press, New York, 1982. Approximately
500 pages on polymers and their applications.

B.M. Culbertson, “Maleic and Fumaric Polymers”, in J.I. Kroschwitz, ed..., Encyclopedia of Polymer
Science and Engineering, 2 ed.., Vol. 9, Wiley-Interscience, New York, 1987, pp. 225-294.

S.D. Cooley and J.D. Powers, “Maleic Acid and Anhydride,” in Encyclopedia of Chemical Processing
and Design, Vol. 29, Marcel Dekker, Inc., New York, 1988, pp. 35-55.

40

UMO00014681
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3417 of 4460



K. Lohbeck and co-workers, “Maleic and Fumaric Acids,” in Ullmann’s Encyclopedia of Industrial
Chemistry, Vol. A16, 5™ ed., VCH, Weinheim, Germany, 1990, pp. 53-62.

K. Weissermel and H.-J. Arpe, Industrial Organic Chemistry, 2™ ed., VCH, Weinheim, Germany, 1993,
pp- 362-369.

TIMOTHY R. FELTHOUSE
JOSEPH C. BURNETT

BEN HORRELL

MICHAEL J. MUMMEY
YEONG-JEN KUO

Huntsman Petrochemical Corporation

41

UMO00014682
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3418 of 4460



MALEIC ANHYDRIDE,

MALEIC ACID, AND FUMARIC ACID

Copies of Tables and Figures
Tables 1 to 10 (11 pages)

Figures 1 to 4 (4 pages)

Abstract and Key Words (1 page)

42

UMO00014683
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3419 of 4460



Table 1. Physical Properties of Maleic Anhydride, Maleic Acid, and Fumaric Acid

Maleic Maleic Fumaric
Property Anhydride Acid Acid Ref.
formula C4H203 C4H404 C4H404
formula weight 98.06 116.07 116.07
mp, °C 52.85 138-139° 287 34
130-130.5"
144 (air) 282 (air) 5
bp, °C 202 ca 138 (dec) 290 4
sp gr, at 20/20°C, solid 1.48° 1.590 1.635 4
molar volume 81 79 7
heat of formation, -470.41 -790.57 -811.03 8
kJ/mol®
free energy of formation, -625.09 -055.63
kJ/mol®
heat of combustion, -1389.5 -1355.2 -1334.7 8
kJ/mol®
heat of hydrogenation, -153.2 -130.3 8
kJ/mol®
heat capacity,
KJAK mot)*
solid 0.1199 0.1356 0.1418 8
liquid 0.164
heat of sublimation, 71.5 105.4 123.6 8
kJ/mol®
heat of vaporization, 54.8 8
kJ/mol”
heat of fusion, kJ/mol® 13.55 8
heat of hydrolysis, -34.9 8
kJ/mol?
dipole moment, 13.2 10.6 8.17 9
10-30 C.me
crystalline form orthorhombic monoclinic monoclinic 10,15,17,18
prismatic, needles,
or leaflets
space group P2:2,2, P2i/c P2/c P1 10,15,17,18
a, nm 0.5322 0.7473 0.7619 0.5264
b, nm 0.7009 1.0098 1.5014 0.7618
¢, nm 1.0987 0.7627 0.6686 0.4487
o, deg 90 90 90 106.85
B, deg 90 123.59 112.0 86.33
v, deg 90 90 90 134.94
dissociation constant, 20
at 25°C
K; 1.14x 107 9.57x10™
K, 5.95x% 107 4.13x 107
heat of neutralization, 126.9 6
KJ/mot®

*Crystallized from water.

b Crystallized from alcohol; sublimes at 165°C at 0.23 kPa.
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¢ Specific gravity at 70/70°C, molten = 1.3 (6).
4 To convert kJ to keal, divide by 4.184.
¢ In dioxane at 25°C. To convert Com to debye, divide by 3.336 x 10™".
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Table 2. Solubility® of Maleic Anhydride, Maleic Acid, and Fumaric Acid, g/100 g Solution

Maleic Maleic Fumaric
Solvent Anhydrideb Acid® Acid
Water®
at 25°C 44.1 0.70
40°C 52.9 1.05
60°C 58.9 2.34
97.5°C 79.7
100°C 8.93
acetone
at 20°C 38.6
25°C 227
29.7°C 26.3 1.69
benzene, at 25°C 50 0.024 0.003
toluene, at 25°C 23.4
o-xylene, at 25°C 194
kerosene (bp 190-210°C), at 25°C 0.25
methanol, at 22.5°C 41.0
ethanol
at 0°C 30.2
22.5°C 34.4
95% ethanol, at 29.7°C 41.1 5.44
1-propanol
at0°C 20.0
22.5°C 24.3
chloroform, at 25°C 52.5 0.11 0.02
carbon tetrachloride, at 25°C 0.6 0.002 0.027
diethyl ether, at 25°C 7.57 0.71
2-butenenitrile, at 50°C 4.38 0.034
ethyl acetate, at 25°C 112

* refs. 9 and 20; g/100 g solution unless otherwise noted.

®In 2/100 g solvent.

¢ Heat of solution = 18.6 kJ/mol (4.45 kcal/mol) (6).

4 Atall temperatures given maleic anhydride hydrolyzes slowly.
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Table 3. Other Properties of Maleic Anhydride

Property Value Property Value
flash point, * °C vapor pressure,” kPAf
open cup 110 at44.0°C 0.13
closed cup 102 63.4°C 0.67
flammable limits, *° vol % 78.7°C 1.3
lower 1.4-34 95.0°C 2.7
upper 7.1 111.8°C 53
autoignition temperature,’ °C 477 122.0°C 8.0
vapor density® (air = 1) 3.38 135.8°C 13.3
viscosity,” mPa s (= cP) 155.9°C 26.7
at 60°C 0.61 179.5°C 53.3
90°C 1.07 202.0°C 100
150% 0.6
pH of water solutions®
1x10°M 2.42
5x 10°M 2.62
1x10"M 3.10

polarographic half-wave
potential av

“Ref23

" Ref24

“Ref20

I Ref25

°Ref9

" To convert kPa to mm Hg, multiply by 7.5
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Table 4. World Maleic Anhydride Capacity by Reactor Type

Reactor (Feed)

Fixed Bed (butane)
Fixed Bed (benzene)
Fluid Bed (butane)

Fixed Bed (phthalic
anhydride co-product)

Total

" Ref. 178
b Industry Sources

1993 Actual®
Kt/yr

369
325
127

37

858

%

43.0
37.9
14.8

43

100.0

47

2000 Actual®
Kt/yr ¥/
704 51.8
388 28.5
217 16.0
50 3.7
1359 100.0
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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
“Ref 258

"Ref 259
¢ Industry Sources

Maleic Anhydride®
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
256°

250°

Sales

kt

137.1
141.7
162.3
169.9
160.2
142.9
159.7
151.9
175.9
205
212
220
223
228°¢

223°¢

48

Fumaric Acid®
Production

kt

14.5
154

15.9

15.4
12.2
132
132
6.4
4.5
4.5
4.5

4.5

4.5¢
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Table 6. Maleic Anhydride® and Fumaric Acid® Producers in the United States, 2000

Capacity

Producer Location kt/year
Ashland® Neal, WV 43.1°¢
Ashland® Neville Island, PA 20.4°
Bayer® Baytown, TX 54.4°
BP-Amoco® Joliet, IL 45.4°
Huntsman® Pensacola, FL. 105.0°
Tate & Lyle” Dututh, MN 5.5¢

TOTAL 273.8
*Ref 258
° Ref 259

¢ Industry Sources
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Table 7. World Maleic Anhydride Nameplate Capacities®

1992
Capacity
kt/year
North America 235
South & Central America 44
Western Europe 168
Central & Fastern Furope 64
Asia 315
Africa 10
TOTAL 836

* Industry Sources
50

2000
Capacity
kt/year
311
41
456
58
483
10

1359
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Table 8. Toxicological Data for Maleic Anhydride, Maleic Acid, and Fumaric Acid”

Maleic
Anhydride
Oral, rat, L.Ds;, mg/kg 400
Oral, mouse, L.Dsg, mg/kg 465
Skin, rabbit, 1.Ds, mg/kg 2620
Intraperitoneal, rat,l.Dso, mg/kg 97
LDy, mg/kg
Subcutaneous, rat, TDr,, mg/kg 1220

*Ref. 282
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Maleic
Acid

708

2400
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Fumaric
Acid
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Table 9. Uses for Maleic Anhydride in the United States, 2000™"

Product
Unsaturated Polyester Resins
Fumaric and Malic Acid
Lube Oil Additives
Maleic Copolymers
Agricultural Chemicals
Others

TOTAL

* Ref. 258
b Industry Sources

52

% of
Demand

63
5

11

11

100
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Table 10. Uses for Unsaturated Polyester in the United States, 2000

Product Demand
Marine 16.2
Construction 34.2
Corrosion 10.4
Transportation 15.0
Electrical 1.9
Other 22.3

TOTAL 100.0
" Ref. 284

® Industry Sources

33

UMO00014694

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3430 of 4460



O,
O3 O
\ 0.1390 (2) 0.1392 (2)
0.1197 (2) 0.1198 (2)

Co 6

C
\477 ) / 0.1479 (2)
0.1327 (2)
C 5

4~C

0.1000 \)01

He Hg

Figure 1. Bond distances in nm (estimated standard deviations in parentheses) for the structure of maleic
anhydride determined by single crystal x-ray diffraction methods at 110K (10). The maleic anhydride molecule
is nearly planar. The plane containing the O1, 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
anhydride, 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, alkylation, amidation, concerted
nonpolar reactions of various kinds, decomposition and decarboxylation, electrophilic
addition, esterification, 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 anhydride from butane consist of a
vanadyl pyrophosphate phase, (VO),P,0;. Details are presented on maleic anhydride and
its two diacid isomers with respect to shipment, economic aspects, specifications,
analytical and test methods, toxicology, and principal uses.

Key Words: butane, catalyst, fumaric, maleic, oxidation, vanadium
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EPO; JPO;
DERWENT

iS24 2 S22 and @pd< "20020301" US-PGPUB; AND OFF 2008/09/30
5 USPAT; 08:45
USOCR; FPRS;
EPO; JPC;
DERWENT

o5 283 cocrystal US-PGPUB; NEAR OFF 2008/09/30
? USPAT; 08:48
USOCR; FPRS;
EPO; JPO;
DERWENT

1926 18 20 S25 US-PGPUB; AND OFF 2008/09/30
: USPAT; 08:48
USOCR; FPRS;
EPO; JPO;
DERWENT

S27 57 co crystal.ti. US-PGPUB; ADJ OFF 2008/09/30
; USPAT: 09:39
USOCR; FPRS;
EPO; JPO;
DERWENT

iso8 14 S27 drug US-PGPUB; AND OFF 2008/09/30
; USPAT; 09:39
USOCR; FPRS;
EPO; JPO;
DERWENT

1S29 458 Pharmaceutical co adj crystal US-PGPUB; AND OFF 2008/09/30
@ compositions drugs USPAT; 09:55
USOCR; FPRS;
EPO; JPC;
DERWENT

S30 543 Pharmaceutical co adj crystal US-PGPUB; AND OFF 2008/09/30
: composition drug USPAT; 09:55
USOCR; FPRS;
EPO; JPO;
DERWENT

131 543 Pharmaceutical (co adj crystal) US-PGPUB; AND OFF 2008/09/30
: composition drug USPAT; 09:56
USOCR; FPRS;
EPO; JPO;
DERWENT

is32 29 Pharmaceutical (co adj crystal) US-PGPUB; SAME OFF 2008/09/30
: composition drug USPAT; 09:56
USOCR; FPRS;
EPO; JPC;
DERWENT

3 47 $31 and @pd<"20030303" US-PGPUB; AND OFF 2008/09/30
: USPAT; 09:56
USOCR; FPRS;
EPO; JPO;
DERWENT
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EAST Search History

s

119

crystal engineering

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

ADJ

OFF

2008/09/30
10:03

35

32

S34 and @pd<"20030303"

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

OFF

2008/09/30
10:03

36

29

S34 drug

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

OFF

2008/09/30
10:04

%7

S36 and @pd< "20030303"

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

OFF

2008/09/30
10:04

38

228231

crystallization

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

AND

OFF

2008/09/30
10:26

1539

7179

S20 S38

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

OFF

2008/09/30
10:26

sS40

200

S20 S38

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

SAME

OFF

2008/09/30
10:26

132

$40 and @pd< "20030303"

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

OFF

2008/09/30
10:26

106

S20 S38

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

WITH

OFF

2008/09/30
10:26

64

$42 and @pd<"20030303"

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

AND

OFF

2008/09/30
10:27

S44

472

cocrystallization

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

AND

OFF

2008/09/30
10:28
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EAST Search History

s 41 S0 $44 US-PGPUB; AND OFF 2008/09/30
: USPAT; 10:28
USOCR; FPRS;
EPO; JPO;
: DERWENT
46 9 ((MICHAEL) near2 (ZAWOROTKO}). US-PGPUB; OR OFF 2008/09/30
INV. USPAT 13:51
47 5 ((BRIAN) near2 (MOULTON)).INV. US-PGPUB; OR OFF 2008/09/30
USPAT 13:51
48 5 ((NAIR) near2 (RODRI GUEZ- US-PGPUB; OR OFF 2008/09/30
HORNEDO)).INV. USPAT 13:51
149 77 (40/424).CCLS. US-PGPUB; OR OFF 2008/09/30
5 USPAT; 14:23
USOCR; FPRS;
EPO; JPC;
: DERWENT
iS50 8 (400/424).CCLS. US-PGPUB; OR OFF 2008/09/30
: USPAT; 14:23
USOCR; FPRS;
EPO; JPO;
: DERWENT
151 9 (("7452555") or ("7446107") or US-PGPUB; OR OFF 2009/08/31
i ("7205413") or ("7078526")).PN. USPAT; 06:23
USOCR; FPRS;
EPO; JPC;
: DERWENT
S52 4 ("2003/0224006"). URPN. USPAT OR OFF 2009/08/31
06:38
S53 3 ("2665277").PN. US-PGPUB; OR OFF 2009/08/31
: USPAT; 07:13
USOCR; FPRS;
EPO; JPO;
; DERWENT
1S54 12904 active pharmaceutical ingredient US-PGPUB; ADJ OFF 2009/08/31
: USPAT; 07:18
USOCR; FPRS;
EPO; JPO;
: DERWENT
iS55 53594 aspirin ibuprofen flurbiprofen US-PGPUB; OR OFF 2009/08/31
5 carbamazepine phenytoin USPAT; 07:18
acetominophen USOCR; FPRS;
EPO; JPO;
: DERWENT
11556 607 S54 S55 US-PGPUB; AND OFF 2009/08/31
; USPAT; 07:18
USOCR; FPRS;
EPO; JPC;
: DERWENT
S57 335 cocrystal US-PGPUB; NEAR OFF 2009/08/31
: USPAT: 07:19
USOCR; FPRS;
EPO; JPO;
DERWENT
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EAST Search History

58

13

S66 S57

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

AND

OFF

2009/08/31
07:19

%59

27058

hydrogen bond

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

ADJ

OFF

2009/08/31
07:20

%60

28

S56 S59

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

AND

OFF

2009/08/31
07:20

58

co-crystal former

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

ADJ

OFF

2009/08/31
07:21

14

S55 S61

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

OFF

2009/08/31
07:22

2904

active pharmaceutical ingredient

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

ADJ

OFF

2009/08/31
08:44

S84

791

S63 crystal

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

AND

OFF

2009/08/31
08:44

20

SB3 cocrystal

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

OFF

2009/08/31
08:44

=N

2904

active pharmaceutical ingredient

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

ADJ

OFF

2009/08/31
08:58

53594

aspirin ibuprofen flurbiprofen
carbamazepine phenytoin
acetominophen

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPC;
DERWENT

OR

OFF

2009/08/31
08:58

168

607

S67 S66

US-PGPUB;
USPAT;
USOCR; FPRS;
EPO; JPO;
DERWENT

AND

OFF

2009/08/31
08:58
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EAST Search History

1569 210 S68 CRYSTAL US-PGPUB; AND OFF 2009/08/31
: USPAT; 08:58
USOCR; FPRS;
EPO; JPO;
: DERWENT
1S70 4 (("7452555") or ("74461086") or USPAT OR OFF 2009/09/28
("7205413") or ("7078526")).PN. 10:26
is71 95 phosphate hemihydrate US-PGPUB; ADJ OFF 2009/09/28
? USPAT; 14:42
USOCR; FPRS;
EPO; JPO;
: DERWENT
is72 54110 aspirin ibuprofen flurbiprofen US-PGPUB; OR OFF 2009/09/28
: carbamazepine phenytoin USPAT; 14:42
acetominophen USOCR; FPRS;
EPG; JPO;
: DERWENT
1s73 5 S72 S71 US-PGPUB; AND OFF 2009/09/28
5 USPAT; 14:42
USOCR; FPRS;
EPO; JPC;
: DERWENT
S74 2 (("3028420") or ("5521207")).PN. USPAT OR OFF 2009/09/28
14:52
S75 19 API cocrystal US-PGPUB; AND OFF 2009/09/28
: USPAT; 15:02
USOCR; FPRS;
EPO; JPO;
; DERWENT
1578 0 ep "0548028" US-PGPUB; ADJ OFF 2009/09/28
: USPAT; 15:46
USOCR; FPRS;
EPO; JPO;
: DERWENT
\s77 6 supramolecular synthon US-PGPUB; ADJ OFF 2009/09/28
5 USPAT; 22:18
USOCR; FPRS;
EPO; JPC;
: DERWENT
\s78 20 US-2711411-$.DI1D. OR US-4198507-$. {US-PGPUB; OR OFF 2009/09/28
; DID. OR US-4368197-$.DID. ORUS-  {USPAT; 23:04
4994604-$.DID. OR US-5177262-$. USOCR; EPO;
DID. OR US-5332834-$.DID. ORUS- PO
5338644-$.DI1D. OR US-5380867-%.
DID. OR US-5412094-$.DID. OR US-
5523090-$.DID. OR US-5614342-%.
DID. OR US-5998413-$.DID. OR US-
6001996-$.DID. OR US-6268385-$.
DID. OR US-6570036-$.DID. OR US-
20030162226-$.DID. OR US-
20030166581-$.DID. OR US-
20030224006-$.DID. OR US
20040019211-$.DID.
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is79 20 US-20040106053-$.DID. OR US- US-PGPUB; OR OFF 2009/09/28
: 20040106055-$.DID. OR US- USPAT; 23:07
20040171062-$.DID. OR US USOCR; EPC;
20040176335-$.DID. OR US- JPO
20050070551-$.DID. OR US-
20050181041-$.DID. OR US-
20050169982-$.DID. OR US-
20050252649-$.DID. OR US-
20050256127-$.DID. OR US-6559293-
$.DID. OR US-6699840-$.DID. OR US
20040053853-$.DID. OR US-3536809-
$.DID. OR US-3598123-$.DID. OR US-
3845770-$.DID. OR US-3916899-8.
DID. OR US-4008719-$.DID. OR US-
4267179-$.DID. OR US-4764604-$.
: DID.
11880 15 US-4916134-$.DID. OR US-5006513-3. {US-PGPUB; OR OFF 2009/09/28
DID. OR US-5059595-$.DID. OR US-  {USPAT; 23:08
5073543-$.DID. OR US-5120548-3. USOCR; EPO;
DID. OR US-5354556-$.DID. ORUS-  (JPO
5414997-$.DID. OR US-5474997-$.
DID. OR US-5591767-$.DID. OR US-
5633015-$.DID. OR US-5639476-$.
DID. OR US-5661151-$.DID. OR US-
5674533-$.DID. OR US-5707975-$.
DID. OR US-5733566-$.DID.
isai 35195 bipyridine phthalaldehyde US-PGPUB; OR OFF 2010/06/17
: nicotinamide saccharrin USPAT; 10:11
pyridinecarboxylic adj acid USOCR; FPRS;
nitroisophthalic adj acid EPO; JPO;
: adamantanetetracarboxylic adj acid DERWENT
ise2 59011 aspirin ibuprofen flurbiprofen US-PGPUB; OR OFF 2010/06/17
5 carbamazepine phenytoin USPAT; 10:12
acetominophen USOCR; FPRS;
EPO; JPO;
: DERWENT
S84 2951 S81 S82 US-PGPUB; AND OFF 2010/06/17
: USPAT; 10:12
USOCR; FPRS;
EPO; JPO;
: DERWENT
iS85 1424 co-crystal US-PGPUB; AND OFF 2010/06/17
: USPAT; 10:12
USOCR; FPRS;
EPO; JPO;
: DERWENT
11586 39 S84 S85 US-PGPUB; AND OFF 2010/06/17
: USPAT: 10:12
USOCR; FPRS;
EPO; JPC;
: DERWENT
a7 147955 {(active pharmaceutical ingredient) or {US-PGPUB; ADJ OFF 2010/06/17
5 API USPAT; 10:29
USOCR; FPRS;
EPO; JPO;
DERWENT
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S88 725 S87 S8t US-PGPUB; AND OFF 2010/06/17
; USPAT; 10:29
USOCR; FPRS;
EPO; JPO;
: DERWENT
1889 35 S88 S85 US-PGPUB; AND OFF 2010/06/17
5 USPAT; 10:29
USOCR; FPRS;
EPO; JPC;
5 DERWENT
S90 3689 (active pharmaceutical ingredient) US-PGPUB; ADJ OFF 2010/06/17
: USPAT; 10:31
USOCR; FPRS;
EPO; JPO;
; DERWENT
101 143 S81 S90 US-PGPUB; AND OFF 2010/06/17
: USPAT; 10:31
USOCR; FPRS;
EPO; JPO;
5 DERWENT
1892 23 So1 S85 US-PGPUB; AND OFF 2010/06/17
5 USPAT; 10:31
USOCR; FPRS;
EPO; JPO;
: DERWENT
%03 11 ((MICHAEL) near2 (ZAWOROTKOQ)). US-PGPUB; OR OFF 2010/06/17
INV. USPAT 10:36
1S4 6 ((BRIAN) near2 (MOULTON})).INV. US-PGPUB; OR OFF 2010/06/17
USPAT 10:36
1995 5 ((NAIR) near2 (RODRIGUEZ- US-PGPUB; OR OFF 2010/06/17
HORNEDO)).INV. USPAT 10:36
1596 14 S93 S94 S5 US-PGPUB; OR OFF 2010/06/17
USPAT 10:36
is97 103 S85 S81 US-PGPUB; AND OFF 2010/06/17
: USPAT; 11:41
USOCR; FPRS;
EPO; JPO;
DERWENT

EAST Search History (I nterference)

< This search history is empty>

6/18/2010 1:43:51 PM
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To: euspto@silspatents.com,,

From: PAIR_eOfficeAction@uspto.gov
Cc: 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 Document Mailroom Date Attorney Docket No.
10378956 CTFR 06/24/2010 USF.106XC1

892 06/24/2010 USF.106XCH1

1449 06/24/2010 USF.106XC1

To view your correspondence online or update your email addresses, please visit us anytime at
https:/sportal.uspto.gov/secure/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

UMO00014711
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
10/378,956 03/03/2003 Michael J. Zaworotko USF.106XC1 4742
23557 7590 10/25/2010 | |
; . , . EXAMINER
SALIWANCHIK LLOYD & SALIWANCHIK
A PROFESSIONAIL ASSOCIATION JAVANMARD, SAHAR
PO Box 142950 ART UNIT PAPER NUMBER
GAINESVILLE, FL 32614 I 3 | : |
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.

Applicant(s)

10/378,956 ZAWOROTKO ET AL.
Examiner Art Unit
SAHAR JAVANMARD 1627

(1) SAHAR JAVANMARD.

(2) SREENI PADMANABHAN.

Date of Interview: 13 October 2010.

Exhibit shown or demonstration conducted:
If Yes, brief description: APPLICANT FAXED PROPOSED AMENDMENTS.

All participants (applicant, applicant’s representative, PTO personnel):

(B)GLEN LADWIG.

(4)MARK BUESE: MICHAEL ZAWORQOTKO.

Type: a)X] Telephonic b)[] Video Conference
¢)] Personal [copy given to: 1)[_] applicant

diX] Yes  e)[]No.

Claim(s) discussed: ALL.

Identification of prior art discussed: ZAWOROTKO (PATENT 5,994,365) AND SANZU (JP-B-46-33588).

2)[] applicant’s representative]

Agreement with respect to the claims f)[_] was reached. g)[X] was not reached. h)[_] 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: Rejections 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.

/S. J./
Examiner, Art Unit 1627

/SREENI PADMANABHAN/

Supervisory Patent Examiner, Art Unit 1627

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 to 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 written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

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 to restriction
requirements for which interview recordation 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 recordation 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 to the applicant (or aftorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed fo 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 recordation of the following information:
Application Number (Series Code and Serial Number)

— Name of applicant

— Name of examiner

— Date of interview

— Type of interview (telephonic, video-conference, or personal)

— Name of participani(s) (applicant, aftorney 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). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

— The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to 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 recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to 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 at 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 to 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 to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

8) a general indication of any other pertinent matters 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 to 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 extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to 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 date and the examiner’s initials.
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PTO/SB/30 (07-09)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persans are regulired to respond to a collection of information unless it contains a valid OMB control number.
{ Req uest Application Number 10/106XC1 \

for
i ; H Filing Date March 3, 2010
Continued Examination (RCE) d :
Transmittal First Named Inventor Michael J. Zaworotko
Address fo: ] 1617
Mail Stop RCE Art Unit
Commissioner for Patents . Sahar Javanmard
P.O. Box 1450 Examiner Name
wexandﬁa’ VA 22313-1450 Attorney Docket Number |YSF-108XC1 /

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,
1985, or to any design application. See Instruction Sheet for RCEs (not to be submitted to the USPTO) on page 2.

1. [Submission required under 37 CFR 1.114 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 D 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.

k D Consider the arguments in the Appeal Brief or Reply Brief previously filed on

1. l:] Other
b. Enclosed

I Amendment/Reply iii. Information Disclosure Statement (IDS)

i D Affidavit{s)/ Declaration(s) iv. I:I Other

2. | Miscellaneous

Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(j) required)

Other

a.

b.

10

3. Fees| The RCE fee under 37 CFR 1.17(g) 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
Deposit Account No.

RCE fee required under 37 CFR 1.17(e)
ii. Extension of time fee (37 CFR 1.136 and 1.17)

i D Other

b. D Check in the amount of § enclosed

- U

c. Payment by credit card (Form PT0-2038 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 PT0-2038.

B SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED h
Signature STl e Date October 22, 2010
Name (Print/Type) MAF&K A. BUESE, PH.D. Registration No. |50 g6g )

CERTIFICATE 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, O. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted to the U.S. Patent and Trademark
Office on the date shown below,

Signature

Name (Print/Type) | Date |
This collection of information is required by 37 CFR 1.114. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.8.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 the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of fime 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, Ale xandria, 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-PT0-9199 and select option 2.
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I hereby certify that this correspondence is being AMENDMENT UNDER 37 CFR §1.114

electronically filed in the United States Patent and Examining Group 1617
Trademark Office on _J et 22, 20/O Patent Application
Docket No. USF.106XC1
e, [ v Serial No. 10/378,956

Mark A. Buese, Ph.D., Patent Agent

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Examiner : Sahar Javanmard

Art Unit : 1617

Applicants : Michael J. Zaworotko, Brian Moulton, Nair Rodriguez-Hornedo
Serial No. : 10/378,956

Filed : March 3, 2003

Confirm. No. : 4742

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 §1.114

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

In the Claims

1-24 (canceled).

25 (currently amended). A method for the design and preparation of a co-
crystalsupramolecular-synthen, said method comprising:

(a) evaluating-the-strueture-efproviding an active pharmaceutical ingredient (APT):

(b-determining-whether-the-active-pharmuceutical-inpredient contains-comprising at least
one chemical functionality, ies-eapable-ef-wherein at least one of said chemical functionalities

forms a first supramolecular synthon fermingofl a supramolecular homosynthons_comprising a
hydrogen bond-with-itseH-(a-first-supramelecalar-synthon);

(db) 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
supramolecular synthon between at-least-ene complementary chemical functionality of said co-

crystal former(s) that is identified identified-in-step(e);—wherein-the-identified-to form a non-

covalent bond with at least one of said chemical functionalities of said APL wherein at least one

of said selected co-crystal formerss in its pure form are-is a solids at room temperature and under

atmospheric pressure; and

(ec) preparing a multiple-component-selid-phase—composition,—wherein—the—multiple-
component—solid-phase-composition—is—a-co-crystal that-comprises—comprising stoichiometric
proportions of saidthe aetive-pharmacenticalingredientAP] and at-least-one-of the-identified-said

selected co-crystal former(s)s upon formation of said second supramolecular synthon by said

non-covalent bonding between said complementary chemical functionality of said co-crystal

former(s) and said chemical functionality of said APL
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3 Docket No. USF.106XC]1
Serial No. 10/378,956

26 (canceled).

27 (currently amended). The method of claim 25, wherein thesaid -atteast-ene-co-crystal
former is a second different-aetive-pharmaeevtical-ingredient AP different from said API of (a).

28 (currently amended). The method of claim 25, wherein said preparing comprises the

the-group-consisting-ef-crystallization from solution, crystallization from receehng-athe melt,

sublimation, orand grinding.
29-36 (canceled).

37 (currently amended). The method according to claim 25, wherein said aetive
pharmaceutical-ingredientAP] is selected from aspirin, ibuprofen, flurbiprofen, carbamazepine,

phenytoin or acetaminophen.

38 (currently amended). TheA method of claim 25, wherein said selecting of (b) fer
identifi ! hesmical_functionalitiosi i : . L
svathon-satd-methodcomprisinacomprises:

(a) seleeti i aetd srmaceutica : :
functionalities of structure-of-said aetive-pharmaceutical-ingredientAPI;

(b) consideringdetermining—whether—the—aetive—pharmaceutieal—ingredient—contains

evaluating the chemical

supramelecular-syathomn:
identifying; from-a plurality of candidate chemical functionalities- that-are-lnewn-to
p y ol candidate |
; Loeuls honat] functionalitvil 11 forrm s 1 Loeulk

tiict Sotrrot— Ct 7 s T et <t ek ry

wherein-the-identified-chemieal funetionality-is-net-capable of disrapting-non-covalent bonding

within-the-supramolecular-synthon-formed-by-with at least one of said chemical functionalities of
the aetive-pharmaeeutical-ingredient AP —and—wherein-the-identified-chemical-functionality—is

JAUSFA06XC1\Amend-Resp\Amd4. doc/DNB/mab
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4 Docket No. USF.106XC1
Serial No. 10/378,956

(de) identifying said plurality of candidate co-crystal formers s-as having atleast-onesa-id

complementary chemical functionalitiesy identified-considered in step (eb) and selecting said

said sclectedidentified co-crystal former(s) from said plurality of candidate co-crystal formers for

the preparation of said co-crystala-multiple-component-solid-phase-compesition,—wherein-the
setected-co-ervstal-formers-are-solids-at-room-temperatre and-under atmospheric-pressuresond

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

former 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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46 (currently amended). The method of claim 25, wherein said eveluating-ef{arfirst
supramolecular synthon is identified from comprises-detersmining-the crystal structure of said

47 (currently amended). The method of claim 25, wherein said evaluating—eof—(a}
comprises-experimentally-first supramolecular synthon is identified by determining the structure
of at least one pure solid phase of said aetive-pharmaceutieal-ingredient AP

48 (currently amended). The method of claim 25, wherein the at least one funetionality
identified complementary chemical functionality in—step—e)-is an unsaturated N-heterocygle,

saturated N-heterocycle, aldehyde, amide, carboxylic acid, nitro, ketone, or sulfoxide.

49 (currently amended). The method of claim 25, wherein the at least one funetionality

identified complementarv chemical functionality in-step-{e)-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
APT 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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said non-covalent bonding between said complementary chemical functionality that forms said

second supramolecular synthon and said chemical functionality of said API.

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 supramolecular 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 API

to form said second supramolecular synthon.
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7 Docket No. USF.106XC1
Serial No. 10/378,956

Summary of an Examiner Interview

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 in 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
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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); SSIH Equip. S.A. 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, SSIH, 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 (APT) 1,8-DAA-36-(Me),, 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, 104, 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),, 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 2"
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 former. 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 41-47%.” (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 37 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 Examiner believes a telephonic interview would expedite the prosecution

of the subject application to completion.

Respectfully submitted,
ot s

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

MAB/ps
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J. Chem. Sci., Vol. 122, No. 5, September 2010, pp. 667-675. € Indian Academy of Sciences.

Crystal engineering: A brief overview

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 at the time of writing this review, the Cambridge Structural
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 structures that is available
to the crystal engineer. This review attempts to briefly survey the current scenario in this expanding

subject.

Keywords.

1. Introduction

Crystal enginecring is concerned with the construc-
tion of crystal structures of organic and metal
organic specics, using design principles that are de-
rived from an understanding of the intermolecular
interactions that prevail in molecular solids." Ideally,
the crystal to be designed has a specific function
whether it is chemical reactivity of a desired kind,
an optical, magnetic or clectronic property, or still
the ability to absorb within the crystal another small
molecule.”* To summarise, crystal engineering is
the rational design of functional molecular solids.
This subject has been in active mvestigation for
around 30 years.” 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 similaritics between the
crystal structures of naphthalenc and anthracene.® In
the modcrn 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 1is
accordingly of very wide scope and it has brought
together investigators from many disciplines.” These
include organic chemistry, inorganic chemistry,

Crystallography; crystal structure; hydrogen bond; polymorphism; pharmaceuticals.

physical chemistry, X-ray crystallography, materials
sciences and computational chemistry.

The first phase of this subject is cxemplified by
the work of Robertson who was perhaps the first to
systematically relate molecular structure of organic
compounds with their crystal structure.® Robertson
surveyed the crystal structures of a large number of
polynuclear aromatic hydrocarbons in the 1940s and
1950s. The determination of a crystal structurc 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 with 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 consequcnces impinge
on the subject of crystal engineering cven today
because the essential question in crystal enginecring
remains ‘Given the molecular structurc 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 1s 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 — Few — 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 imitial 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 within the small and then the
larger clusters must lead eventually to long range
periodicity that one associates with the crystalline
state.” 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
cven larger clusters. In other words, there may be
discontinuities in the process of building up of clus-
ters that leads to nucleation and growth 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
we call crystallization.'*"”

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 statc photochemical reactiv-
ity of frans-cinnamic acids and other alkenes, laid
the foundation of the subject.'® Schmidt is usually
credited with having introduced the term crystal
engineering into the chemical literature although
there is an carlier report by Pepinsky wherein the
term is actually mentioned for the very first time."

Gautam R Desiraju

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,'® Herbstein,'"” Lahav and Leiserowitz.'®
These developments were paralleled by work of
Curtin and Paul from the University of Illinois on
phase transitions, gas-solid rcactions, crystal polarity
and polymorphism.'® Also notable in the carly years
is work from the group of Wegner and Enkelmann
on diacetylene polymerization® and from the Uni-
versity of Cambridge on topotaxy and defect con-
trolled topochemistry’’ (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 Ermer on the
crystal  structure of adamantane-1,3,5,7-tetra-
carboxylic acid.”” 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 molccular 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 polymers® which in turn has led to identifi-
cation of some of these compounds as metal organic
framework structures (MOF).** The study of co-
ordination polymers is a vast enterprise today and
numerically speaking, there are probably more
workers 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 Gavezzotti in 1989 enti-
tled ‘From molecular to crystal structure; ‘polynu-
clear aromatic hydrocarbons’ echoes Robertson’s
work in a more quantitative manner and identified
the molecule — crystal transformation as the key
issue in crystal engincering.” 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." 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.”® 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.*" 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 Lchn,

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.”® 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 form of
solid statc supramolccular synthesis.” Continuing
these analogies further, a polymorph of an organic
solid is the supramolecular equivalent of what a
structural isomer is in molecular chemistry,” crys-
tallization becomes a supramolecular reaction and
the crystal nucleus may be likened to a transition
state.”” It was in the middle 1990s that the concept
of crystal engineering entered the mainstream of
organic chemistry. Three definitive reviews appeared
in this and rclated contexts: Whitesides described
non-covalent synthesis as a way of using physical
organic chemistry to make molecular aggregates;’'
Desiraju defined supramolecular synthons as struc-
tural units within crystals that can be formed
by known or conceivable synthetic operations
(scheme 1);* Stoddart defined two types of
supramolecular synthesis,™ the first is more akin to
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Desiraju’s definition of crystal engineering and
involves a building up of supramolecular entitics
with intermolecular interactions; the second utilizes
supramolecular synthesis as an aid to the building up
of exotic molecular entities, like rotaxancs, catenanes
and more recently exotic topological shapes like
Borromean rings.”’

Supramolecular synthons are kinetically defined
structural units that express the core features of a
crystal structure and which 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 molc-
culcs. Unfortunately, crystal structures do not corre-
spond in a straightforward 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 supramolecular synthons, then the use of other
similar molecules is also expected to lead to predict-
able crystal structurcs. 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).** The crystal structure
was determined more than 50 vears ago and is from
the classical era.” Introduction of extra hydrocarbon
groups between the cyano and ethynyl groups in
compound 1 furnishes compounds 2 through 4.
Introduction of a C=C group between cyano and
ethynyl groups gives 2, cyanoacetylene. Howcver,
this extra acetylenc functionality has little effect on
the linear chain of molecules that is formed. Once
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Scheme 1. Representative supramolecular synthons.
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Scheme 2. Supramolecular retrosynthesis.

again the C—H--N=C hydrogen bond is seen. In 3,
4-cthynylbenzonitrile, the group that intervenes
between the cyano and ethynyl groups is a 1,4-
disubstituted phenyl ring. Once again therc is no
change in the type of linear chain pattern that is
formed with C-H.--N=C bonds. Finally, in 4,
4-cthynyl-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 rcasonably
expected that other molecules that contain ethynyl
and cyano functionalities, preferably at 180° to each
other, will also form the same kind of lincar 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 retrosynthetic
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
cyanobenzenes 1s 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 onc. 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-
forward. 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 sct 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,
cven if other functional groups are present they
will not inferfere with the appearance of the su-
pramolecular 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
formation content passes from molecular structure
to crystal structure. It is a means of simplifying a
crystal structure. The synthon is a model for the
entire crystal structure and it is one which is hope-
fully representative of the complete crystal. The
entire arena is an energy and structural 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.
Gavezzotti has used space group information to gen-
crate small clusters of molecules.* Etter considered
only strong hydrogen bonds to reduce crystal struc-
tures down to the topology of these interactions.”
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 are 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.

671
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 molccules
and hydrophobic interaction that arise from aliphatic
regions. The hydrogen bond is especially important
because it is both strong and directional.’® Therefore
it is a very effective design element in crystal engi-
neering. A very large varicty of hydrogen bonds are
known. In addition to the stronger variety such as
O-H:---0 and N-H---O there are weaker varieties like
C-H---0, C-H.-- 7 and other varieties that incorpo-
rate metal atoms, multiple atom acceptors and other
donor and acceptor groups of very feeble cffective-
ness.”” These hydrogen bonds have a greater or
lesser effcct 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.* Interactions
between halogen atoms such as Cl---Cl Br---Br and
I...1 are special cases of halogen bonding.*' Interac-
tions between heavy atoms such as gold, for exam-
ple the aurophilic Au---Au interaction have also been
used in crystal engineering.” 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-wire
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.®

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 manncr 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 morc
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 interference.** In optimal cases, in-
terference may even be used in the design strategy
and if a sufficiently large number of crystal struc-
turcs 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.*

5. Polymorphism

Polymorphism refers to the phenomenon wherein a
given molecule exists in more than onc crystal
form.*® Tt was originally conjectured that polymor-
phism is the cnemy of crystal engineering — it was
referred to as the Nemesis of crystal engineering.’
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 cascs to warrant 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 cvent that
demands an exact matching in geometrical and
chemical terms of the various interacting molecules?
Many rcasons for polymorphism have been adduced
and onc¢ 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.*’
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-
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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 mcasurement of their
properties by techniques such as single crystal X-ray
crystallography, powder X-ray diffraction, differen-
tial scanning calorimetry, infrarcd and Raman spec-
troscopy and more recent more cxotic 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 1s free of pat-
ent coverage. Accordingly, an innovator company
would like to show that a solid form being marketed
by a generic competitor containg an infringing
polymorph. Converscly, 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 forms 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 words the heat of
sublimation. Current methods of crystal structure
prediction generate a very large number of putative
crystal structures associated with certain energies.*
Computed forms with the lowest cnergy are as-
sumed to be ones that are obtained cxperimentally.
These computations involve the optimization of
atom—atom potentials which are empirical parame-
ters that are related through force fields that are un-
dergoing constant refinement and improvement,
Unfortunately methods of crystal structure predic-
tion that depend on energies of crystal structures are
not quite so uscful if the thermodynamic form is dif-
ferent from the kinetic form, and the latter is the one
obtained during crystallization.” These and other
difficultics 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.” 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.”’ 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. Its 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 i 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 therc are specific chemical reasons,
multi-component molecular crystals are normally
not expected. Within this category of substance, onc
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 structured regularly. It is
mostly a technical nicety to distinguish between
these two types of multi-component molecular crys-
tals.*?

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.”> 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

673

of the type A---A or B---B. This is the driving force
for co-crystal formation. Somectimes the acidity of
the hydrogen bond donor and the basicity 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.” 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 with interactions
other than hydrogen bonding, say #--7 stacking
interactions and hydrophobic interactions bet-
ween hydrocarbon residues. However, the term
co-crystal s, rightly or wrongly, used when the
two components arc held together with hydrogen
bonds.

Co-crystals have become particularly important
because of their relevance in the pharmaceutical
industry.> 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 1solation of co-crystals between the drug and a
small neutral organic molecule called a co-former.>
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; (i1) their design and preparation involve several
clements 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
particularly amenable to the formation of (hydrogen
bond based) co-crystals. The structure of the co-
former for any particular 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 practicc of
crystal engineering.”’
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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 are being suggested for crystals that are be-
ing designed systematically. For co-ordination
polymers, applications such as absorption of gases
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Agents? A Structural Case Study that Demonstrates the
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ABSTRACT: The ability of four polymorphic compownds, isonicotinamide (1), 2-araino-S-nitropyridine (2), 4-chlo-
robenzamide (8), and maleic hydrazide (4), to form molecular cocrystals hes been examined in a systematic structural
study. Compounds 1-3 participate in a wide variety of binary and teynary (in the case of 1) cocrystals with avomatic
or aliphatic compounds substituted with & multitude of functional groups. However, despite considerable efforts, it
has not been possible to form any coerystals with 4. The veaszon for this may be due to the fact that even though
there are thre¢ known polymorphs of 4, they all contain the same hydrogen-honding synthons, In contrast, the
polymorphs of 1-8 display considerable synthon flexibility, e.g., different hydrogen bond interactions are present
in polymorphs of the same compound. Because 1-3 can form robust synthons in a variety of ways, whereas 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 coorystals of 4.

Introduction

The ability to change key physical properties, o.g.,
solubility, crystal morphology, mechanical stahility, ete,,
of a specialty chemical while retaining its essential
biophysical or moleenlar activity is of enormous com-
mercial and fandamental interest. Classic examples of
how this can be achieved are regularly demonstrated
through the cunversion of a pharmacologically active
molecnle into it chloride or nitrate salt.! Alternatively,
many drugs are manufactured and processed as golv
vates, normally ag a hydrate, Degpite the fact that these
two avenues can lead to materials that eventually
become commerdially viable, patentially useful drugs
ey never reach this point because they fail to meet
ane or more of the stringent standards required from
the point of view of proceseing, storage, or bicavailabil-
ity. Recent developments in solid state organic cher-
istry aad crystal engineering? may furnish an alterna-
tive approach that can offer hetter control (and tunability)
of li;mdamental physical properties of speciality chemi-
cals.

If a crystalline material that contains both a phar-
maceutically relevant molecule and a structure-directing
(but biologically/environmentally pasgive) component
oon be rationally sssembled through intermolecular
synthesis, then the inherent activity of the drug meol-
ecule remains intact while the physical properties of the
bulk material are modified, The efficient preparation
of such coerystale hinges on an a priori ability to identify
reliable and versatile cocrystallizing ugents (CAs) with~
out ha:ing to resort to endless crystellization experi-
ments,

" Ksnsss State University.
#University of Notre Dame.
P The Queaen’s University of Belfast.

A good CA should be able to form intermolecular
interactions with the torget molecule that are more
favorable than the hamomeric interactions that exist
between target--target or betwaeen CAr+CA.¢ The CA
must algo have the ability to “tolerate” the presence of
a different molecular building block within the same
crystalling lattice, which makes it seem veasonable to
search for CAs among polymorphic compounds.’ Poly-
morphism means that a compound is found in more
than one crystalline manifestation, which,® in turn,
indicates that auch compounds dlsplay a degree of
structural flexibility, In otber words, the multdimen-
stonal potential energy surface that describes the ther.
modynamics governing the molecular recognition pro-
cesges that eventually leads to crystal growth is lkely
to be rather shallow with many accessible local energy
minima, .

The hypothesis that polymorphic compounds are more
likely to form eocrystals than are compounds that never
display polymorphism is, at thia stage, little more than
a notion based upon empirical observations. However,
from a practical perspective, it would be extremely
useful to have access to reliable guidelines for how we
might focus and target a search for reliable CAs for a
specific family of compounds, Furthermore, if we en-
countex cases that do not follow our initial hypothesis,
it would be equally important to be able to rationalize
the results in the context of intermolecular forces and
molecular recognition. To address some of thess chal-
lenges, we herein report our resulis from a structural
study on three polymorphic compounds, isonicotinamide
(1), 2-amino-5-nitropyrimidine (2), 4-chlorobenzamide
(), and maleic hydrazide (4) and several cocrystals
thereof, The reason for selecting these four compounds
(apart from the fact that they are all polymorphic) is
that they are all potentially capable of engaging in

10,1021/eg026693% CCC: $25.00 © 2008 Amaerican Chemicnl Society
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Scheme 1, Four Polymorphic Molecules Capable
of Forming a Variety of Hydrogen-Bonded
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e igoNicotinamide, 3; 2-emine-S-nitropyridine, 2; 4-chloroben-
zamide, 8; and maleie hydrazide, 4.

several well-defined and robust inteymolecular hydrogen
bond motifs (Scheme 1).78

Experimental Section

Orystal Growth and Polymorphism of L. Upon recryss
tallization of 1 from nitrobenzéne ot nitromethane, colorless,
rodlike crystals, 1a, were formed, When 1 was recrystallized
from » wide varisty of other solvents, e.g., ethanol, water,
tetrahydrofuran (THF), diexane, ete., colorless platelike erys-
talg, 1b, were obtained. No cther crystalline forms have been
abtained either by slow evaporation or by Houid/vapor diffusion
methods. Sublimation under reduced pressurs yields crystals
with a gtructure corresponding to that of la.

Crystal Growth and Polymorphism of 2, Compound £
is known to exist in three different polymorphic forms. Form
I 3a appears as yellow needles? Form I{ 2b can be obtained
by vecrystellization from ethancl ut ambiont temperature
(yellow, diamond-like crystals).!® Form III 20 was obtained
when 2 was recrystallized from ethanol at aybient conditions
in the presence of fumaric acid (yellow, thidk plates).? No other
polymorphs have been reported to date.

Crystal Growth and Polymorphism of 4. Compound 4
is known to exigt in three different crystalline forms: 4a (form
1) is triclinie.** 4l (form 1L} is monoclinic,'? and 4e (form II1),
another monelinic structure, can be chtained by slowly cocling
# solution of 4 in aeatic acid.

Coorystals of 1.9 (a) 2-Hexensoic Acidt (1), 11.
Compound 1 (0.060 g 0.41 mmol) dissolved in ethanol (3 mL)
was mixed with 3-hexenoic acid (0.047 g; 0.41 mmol) dissolved
in athane! (3 ml) in & small test tubs. After 48 b of slow
evaporation at room temperature, colorless, needlelike cryntals
formed on the side of the test tube (mp 110-112 °C).

(b) 4-Nitvobenzoie Acid/l (1:1), 12, Compound 1 (0.050
¢ 041 mmo)) dissolved in ethanol (8 mL) was mixed with
4-nitrobenzoic acid (0,068 g; 0.41 mmol) dissolved in ethanel
(5 ml) in a small test tube. After 48 h of slow evaporation at
reom temperature, rectangular, colorless arystals formed on
the gide of the test tube (mp 181—183 °Q).

{(¢) 3,6-Dinitrobenzoic Acid/Ud-Methylbenzole Actd (1:
1:1), 18. Equimolar quantities of 1 (0,080 g; 0.41 mmolb), 3.5
dinifxobenzoic acid (0.086 g; 0.41 mmol), and 4-methylbenzoic
acid (0,056 g 0.41 mmol) wexe disaolved separately in athanol
(8 mL) and mixed together in 8 small test tube, Aftor 48 h of
slow evaporation &t room temperature, pale yellow, rregular
pri.smcg were formed on the side of the test tube {mp 141~
143°C).

Aakerdy et al,

Coerystal of 2. (2) 2-Amino-S-pitropyrimidine/? (1:1),
21. 2-Amina-S.nitropyrimidine (0.250 g 1.68 yamol) and 2
(0.264 g; 1.81 mmol) weve dissclved together in hot ethanol
(30 L) Slow évaporation at ambient conditionz ylelded
yellow, needlelike crystals that consistently grew in clumps
from one point (mp 178—181 °C).! .

Coerystals of 8, (a) 3,6-Dinitrobenzoic Acid/8 (1:1), 31.
Compound 8 (0,084 g, 0.41 mmol) and 8,5.dinitrobenzoic acid
(0.086 g; 0.41 mmol) were digsolved together in het methano)
(8 mL), Slow evaporation st ambient conditions ylelded color-
less, platelike crystalz (mp 154~156 °C).

(b) §-Dimethylaminobenzoie Acid/8 (1:1), 32. Compound
3(0.064 g, 0.41 mmol) and S-dimethylaminobenzoic acid (0.068
g, 0.41 vamol) were dissoived together in hot ethanal (§ mL).
Slow evaporation at ambient ¢enditions yielded pale yellow,
frregular prism cryetals (mep 118~121 °C).

(o) Fumaaric Acid/S (111), 83, Compound 3 (0.066 g, 0.42
mmol) and fumarie acid (0.024 g, 0.21 mmol) were disaolved
together in hot ethanol (8 mL), Slow evaporation at ambient
conditions yielded colorless, block rxystals (mp 174-178 °C),
Crystals of individual components could also be foumad and were
confirmed by single«crystal X-ray diffraction,

Coorystals of 4. Despite numerous asttampts (about 26
different compounds) at forming cocrystals with 4 and a variety
of arormatic (including heteroryelic) or aliphatic compounds
with difforent functional groups, 8.2, carboxylic acids, amides,
oximes, etc., we were only ever able to isvlate unreacted
starting materials. Crystal growth experiments javelved slow
evaporation and liquidivepor diffusion using a range of sol
vents, e.g., MeOH, EtON, MeCN, etc, Essentially, 4 was put
through the sarme cyde of experiments as were 1—38,

Single.Crystal X-ray Diffraction. Bingle erystale were
placed in paratone, mounted on a glass pin, and tranaterred
into the cold stream of the diffractometer. Crystal data for 11~
18 were collected and integrated using & Bruker SMART 1000
siystera with graphite monochromated Mo Ko, (1 = 0.71073 &)
radiation st 173 X. Crystal data for 21 were collected at 301
K and for 81-88 at 203 K. Crystal data for 1a,b were collected
tsing & Siemens P4 four civele diffractometer with graphite
monochromated Ma Ka radiation at ca, 150 K in & dinitrogen
atream. Crystal stability was monitored by measuring stan«
dard reflections every 100 xeflections, and there ware no
significant variations (<£1%), 1-Seans were employad for data
collection, and Lorentz and polavization corrections were
applied. Each of the structures was solved by direct methods,
using SHELXS-97 and refined using SHELX1-97, Nonhydro-
gon atoma were found by succesaive least-squares refinement
on ¥ gnd vefined with anisotropic paramaters. All hydrogen
atons, except for thoss on the methyl group in 18, were lacated
on the difference map. A riding model with fixed thennal
parameters ((ug = 1.2U{eq)} for the atom that the hydrogen
atome are riding) was applied, except for §2, where the methyl
hydrogen atoms were calenlated. Crystallographic data for
1ab, 11~18, 21, and 31-83 can be found in Table I,

Results

Crystal Structure of L (Form I), Form 1 of 1 i
monoclinic with one molecule §n the asymmetric unit.
The molecular geometry does not display any unex-
pected behavior, and the amide mwoiety is slightly
twisted out of the plane of the aromatic ring (80.5°)
(Figure 1),

The amide moieties in la generate a slight variation
on the extended ribbonlike motif, which occurs fre-
quently in primary amides. There is a self-complemen-
tary N—H:-0 head-to-head synthon between adjacent
molecules, and neighboring dimers ave connected into
an infinite assembly through symumetry-related N—H-0
hydrogen bonds aligned perpendicular to the long axis
of the dimers (Figure 2).
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Table 1. Crystallographic Data for 1ab, 11-18, 21, and 3138

corapd la 1b
formule CoHgNa0 CeHaN,0
W 122.18 122.18
temp (K) 178(2) 178(2)
cryst ayst monselinic maonoclinie
spaee group, 2 P2V, 4 P2ile, 4
10.176(1) 18.785(3)
(ﬁ 5.7818(8) 7.098(2)
375 28.008(4) 9.886
o, (deg)
B fgeg) 98.042(3) 105.69(2)
eg)
V(A) 879.5(1) 1198.2(8)
density (g/oo?) 1400 - 1.354
Modaka) {0m™) 0.100 0,086
¢ range 2.88--27.49 1.84-22.48
range b ~1i8¢t5 18 ~1610 18
range k 0to? -8t 0
range | ~18t0 0 0t 10
ref] collected 1418 1880
ind refl (Rine) 1334 (0.0164) 1865 (0,0151)
data/restrainta/params 1834/0/82 1565/0/168
RIRy? (obs data) 0.080%/0.0985 0.0487/0.1188
RIR.S (=1 dgta) 0.0494/0,1080 0,0528/0.1258
Apmamin (8 A7) ' 0.226/-0.218 0,179/~0.280
compd 81 )
formula CgHgN7O4 Ca130CINg O
W 279.23 867.70
texap (K) 301(2) 208(2)
cryst syst moagelinie ericlinic
apice grovp, 2 P, & 1,2
a () 11.786(3) 7.246(1)
b(A 8.261(1) 8.626(1)
¢ (&) 15.975(3) 13.281(2)
 (deg) 92.566(3)
B (deg) 85.275(B) 101.875(3)
y (deg) 109.472%(3)
v 1210.0(6) 160,0(2)
denaity (glom® 1.588 1.807
F -3 0,124 0.208
8 ranga 1,98-28.36 252-28.14
range h w15 tn 14 -5t 8
range k -Gto6 | ~1lt0 31
range ! =26 10 26 ~1810 17
refl tollected 10 429 5265
ind refl (Rine) 2767 (0,1056) 8875 (0.0868)
data/restirainte/params 3767/0/182 3376/0/227
R/R,* (obs data) 0.0565/0,1433 0.0452/0.1021
R/R,S (all datad 0.1112/0,18%0 0.072470.1141
A prustmia (8 275) 0.221/-0.804 0.801/~0.283

11 12
Cm&'mN»Oa CraHuNsQs CeIHmN&s
23827 289,28 470.89
178(2 173(2) 173(23
monoclinic monoelinic triclini¢
190, 8 12/, 8 | PL2
20.445(4) 20.612(4) T.763(1)
§.2309(9) B.1675(8) B.722(1)
23.008(4) 23.694(8) 16.743(2)

! 23.483(2)
08.981(8) 90.66(3) 58.981(8)

93.918(7"

2442,5(7) 2511,3(0) 1047.6(2)
1.285 B30 1.491
0.093 0.120 0.118
1.72-28.04 2.51~26,19 2.81~36.9
-26 to 26 . =326 to 26 -9t 10
~810 6 ~§to B ~11te 11
—~30 to 80 ~30 to 31 =19 to 20
8158 B283 7248
2808 (0.1288) 2789 (0,0544) 2622 (0.0648)
2808/0/184 2759/0/190 4662/0/307
0,0736/0.1794 0.0432/0,1097 0.0483/0.1052
0.1129/0.1969 0.0678/0,1200 0.0889/0,.1208
0.229/~0.388 0.316/~0.282 0,314/-0.199
32 33 .
CagH1,CIN203 CrsHaClaNz 04
820,77 424.98
208(2) 208(2)
friclinde triclinio
Pi2 P2
7.175(1) 8,9674(8)
8.369(2) 10.1386(2)
12.997(8) 10481(1)
88.638(4 86.428(6)
BO.875(4) 12.174(8)
77.463(4) 89,606(7)
752.0(8) 886.6(2)
1,417 1817
0.268 0,386
1.50--28.28 . 2.05-28.25
-9t 9 ~12t 12
~11 to 10 -13t0 18
wi% to 16 ~1810 13
5286 8971
$87T1 (0.0308) 4128 (0,0281)
3971/0/200 4128/0/264
0.0848/0.1277 0,0388/0.1008
0.1014/0.1813 0.0846/0,1082
0.287/-0.820 0,361/~0.289

i
t
1
h
1
b

Somewhat surprisingly, there are no prominent hy-
drogen bond interactions involving the pyridine mitrogen
atom (Teble 2). Although adjacent molecules are pasi-
tioned tail-to-tail, the rings are not coplanar and the
symmetry-rolated Cr-N distances are over 3.47 A
(Figore 3).

Cryatal Structure of 1 (Form II). Form IT of 1 ig
also monoelinie but with twe molecules in the asym-
metric unit. As in 1a, there ate no remarkable intra-

Figure 1. Thermal ellipgoids (304) and numbering scheme
in la,

moleculor features in either molecule, and the amide
moiety is twisted out of the plane in sach molecule (by
25.4 end 24.0°, respectively) (Figure 4),

In 1b, the dimeric head-to-head motif has been
abandoned in favor of an N—H(amide)--N(pyridine),

Figuve 2. Dominating hydrogen bond interactions in 1a.
@ A 3D rotatabls image of La in PDB format is available.
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Table 2. Hydrogen Bond Geometries®
Hydrogen Bonds for 1a (A and )

D~H-A a(D-H) d@-A) dD-A) <(DHA)
N(T)=H(12)-0(T¥1 089 2.08  2.8854(1a) 157.9
N(D-H(TL)--0(H#2  0.88 2.08  2.8366(16) 1736
C(2)—-H @)y N(1)}48 0.88 2,68  3.4278(19) 5Ll
C(B)—H(ByN(1)4¢ 0,98 272 84790(18) 1380

Hydrogen Bonds for 1b (4 and )
D=Hewh dO-H) d--A) d(D-wA) <(DHA)
N ~HB(71) N(L#1 0.97 2.02 2.982(3) 1714
NCTY—H(72)---O(7)1#2 0.08 2.01 2.084(2) 1704

NAD-HOTL--ND#L 098 202  2.9748) 1687
NO~H172)-- 01748, 0.96 188 | 2.947(8) 1740

Hydrogen Bonds for 11 (A snd ©)

D-H---A A(HA) a0 A) <(DHA}
N(D-H(72)+-O(17)#1 2.09 2.95%2) 1683.4
N(D-H(71)--0(#2 2.02 2.8720(19) 169.8
O(18)~H(18)-N(1) 1.87 2.8748(19) 1782

Hydrogen Bonda for 12 (A and *)

D—Huep A=A d(D+A) <(DHA)
NOD-H71L)-O0T%1 1.94 2.880(2) 188.0
N(-H(72)---0(10)42 2.02 2.918(3) 160.9
O(11)=8(11)--N(1) 166 2.685(8) 1492

Hydrogen Bonds for 18 (A and *)

D~Hre-A d(H---A) d(D-+4) <(DHA)
NUDH-BT1H 027 183 2.866(2) 176.0
N(D-H(72)--0(17)#1 2.08 2.995(2) 167.9
O(38)~H(18)--N(1) 1.69 2.8479(19) 159.8
O(28)~H(28)--O(T) 1.67 2.6428(18) 1684

Hydrogen Bonds for 41 (A and

D-HA AdD-H) dH--A) aD-a) <(DHA)
N(@)—H(21)N(11) 0.88 221 3.0748) 1698
N(2)~-H(22)-0(2)#1 0.82 282  2.970(8) 1363
N(12)=~ 121y N(1) 0.97 198  2.988(8) 178.9
N(12)-H(122)-N(1342 092 3314 3.067(8) 1788
N(2)—H(22)*O(2) 0.82 211 26778 1267

Hydrogen Bonds for $1 (A and °)

D~H--A dD~H) 4(--A) ADA)  <(DHA)
N(T-8(72)-Q(14)81 0,98 281 2.880(2) 1183
MD-H(71)»0(18) 0.87 201  2867(2) 1670
O 7)-H(AT0N 1.06 1.50 25312 1698

Hydrogen Bonds for 88 (A and °)

D-HoA D) Q(H-A) AD--A) <(DHA)
N(T—HT1)++-O(18) 0.89 198 20378 1648
N(D~HT2)-0(18)#1 0.87 2.22 3.045(8) 1864
O(IT=H(17)-0(7) 0.91 168  25868(8) 1729

Hydrogen Bonds for 88 (A and %)

D-H-A D~H) dFees) dDA) <(DHA)
N(O-R(T1)---0(82) 0.88 210 2.057(2) 1848
NT-B(72) O(22) 081 212 2980(2) 1728
NOT-H(171)-0(28) 0.8¢ 2.08  2.042(2) 164.4
NOQD-H172)--0@2%1 - 081 228  8.027(2) 1682
O(21)~H(21)+:0(17) 0,85 171 2.565() 1127
O(8V)~HB31) 0N 0.80 178 2.518(2) 1685

s Symmetry transformations used to generate equivalent
atoms. 1a #1, x, ~y + U2, 2 — V2 &8, —x, ~y + 1, -2 #8, ~x +
Lyw+ V2, —z~ 1/2; #4, ~x 1, =y — 1, ~z. 1b: #1, %,y — 1, 2; 2,
X,y o+ W23 — W 48, %, ~y ~ V2,2 = U211y #1, —e ~ U2y +
1, ~ + 1 82, =y, =y + 1, =z + 1 12! #1, ~x, —y + 1, -5 #2, =x
— 18y =1 e, 18 2l 2,9~ 1,2 8L 81, ~x + L, —y, —3 #2,
—, =y + 8, 2. 8% WL, ~x+ 1, —y + 4, ~5 + 1. 8% #l, —x - 2,
wy =y + 188 #l x+v 1,9,z

-
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Figure 3. (8) Face-on view of the orientation of sdjacent
molecules in la, Although the velative positions of the moel-
ecules indicate the exigtence of complementary C—H-N
hydrogen bonds, the edge-on view (b) makes thls less likely
as the rings are not coplanar.

‘Figure 4. Thermal ellipsoida (30%) and numbering schorae
in 1b.

Figure 8 One of the two wnique infinite 2D assemblies
ribbons in 1b (both networks have idantical connectivity).

@ A 8D rotatable image of 10 in PDB format is available.

head-to-tail, interaction and a catemeric N—H:+Q hy-
drogen bond; the direction of the catemer is almost
perpendicular with respect to the thain generated by
the amide---pyridine interaction (each asymmetric mol-
ecule gives rige to an independent assembly but with
identical hydrogen bond connectivity) (Figure 5). We
have not observed any phase changes between poly-

morphs even affer an extended period of time (several |

years),

Crystal Structure of 2-Hexeneoic Acid/1 (1:1), 11.
The erystal structure of 11 contains one molecule of the
carhoxylic acid and one molecule of 1. These two
building blocks are connected into & tetvameric super-
molecule constructed from a dimeriec, head-to-head
amide---amide interaction plus two symmetry equiva-
lent acid---pyridine interactions (Figure 6). The anti
amide hydrogen atom forme & hydrogen bond with the

LUMONN1AR12

NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3495 of 4460



Importance of Synthon Flexibility

b ¢
ees, on i
- - ‘.x ~
i . €3 A i

Figuvre 6. Thermal ellipacids (30%) and numbering scheme
in 31

@ A SD ratatable image in PDB format is available.

e $
e, " Legin 04
bt 7
“enn Y B ) ALY .

Figuve 7. Thermal ellipgoidu (80%) and numbering scheme
in 12.

Figure 8. Thermal ellipsoide (30%), numbering scheme, and
the complate ternary supermolecule in 18,

@ A 3D rotatable image in PDB format iz available.

Figure 8. Extended hydrogen-bonded 1D network in 21,
@ A 3D rotatable image in PDB format is available.

carbonyl group of an adjacent carboxylic acid. There are
no other notablé hydrogen bonds in 11 (Table 2).

Crystal Structure of 4-Nitrobenzoic Acid/1 (1:1),
12. The erystal structuye of 12 conteins cne molecule
of the carboxylic acld and one molecule of 1. As is the
case in 11, the two components are connected into a
tetrameric supermolecule constructed from a dimeric,
head-to-head amide - amide interaction plus.g pair of
symmetry equivalent acid:--pyridine interactions (Fig-
ure 7). The anti amide hydrogen atom forms a hydrogen
bond with the cerbonyl group of an adjacent carboxylic
acid. There are no other notable hydrogen bonds in 12,

Crystal Structure of 3,5-Dinitrobenzoic Acid/l/
4-Methbylbengoie Aeid (1:3:1), 13. The crystal struc-
ture of 18 is & 1:L:1 ternary cocrystal that contains &
three component supermolecule with the expected con-
nectivity, The stronger acid (pK. = 2.8)4¥ interacts with
the pyridine nitrogen atom, and the weaker acid (pK,
= 4. 4)* competes successfully for the amide moiety and
forms a heteromeric hydrogen-bonded motif (Figure 8).
This motif is consistent with that reported for several
other texrnary coerystals of L and two carboxylic acids
of different strength, i€

Crystal Structure of 2/2-Amino-Senitropyrimi-
dine (1:1), 21, The asymmetric unit of 21 contains one
molecule of each component. Near linear, symmetry-
related, N=H:N hydrogen bond interactions connect

P v {7 o . o
Crystal Growth & Design, Vol. 3, No. 2, 2003 163

Figurs 10. Thermal sllipsoids (30%) and numbering scheme
in 81. .

@ A 8D rotatshle image in PDB format ie available.

Figure 11. Thermal ellipsoids (80%) and numbering scheme
in 82,

@ A 3D rotatable image in PDR format is available,

PFigure 12. Thermal ellipsoida (30%) and numbering scheme

in 38,
@ A 2D rotatable image in PDB format is svailable,

neighboring molecules into tetrameric (AsB.wBra)
sssemblies, Adjacent tetrameors are linked into infinite
chaing via eymmetyy-related N—H---O hydrogen bonds
(Figure 9).

Crystal Strueture of $,5-Dinitrobenzoic Acid/$
(1:1), 81, The asymmetric nnit of 81 consists of one
molecule of each component connscted by sn acid/amide
heteradimer (Figure 10). The anti amide hydrogen atom
forms a hydrogen bond with a nitro moiety from an
adjacent acid molecule. The binary supermolecules form
extended stacks with adjacent heterodimer oriented in
an antipsrallel fashion. .

Crystal Structure of 3-Dimethylaminobenzoic
Acid/3 (1:1), 32. The asymmetric unit of 32 consists of
one molecule of each component connected by an acid/
amide heterodimer (Figure 11). The anti amide hydro-
gen atom forme a hydrogen bond with the earbonyl of
an adjacent acid moleculs, The aeid and amide mol-
ecules stack separately as AAAA and BBBB, such that
each individual molecular dipole is camceled by the
dipale of the malecule above or helow it,

Crystal Structure of Franaric Acid/8 (1:2), 88, The
agymmaetric unit of 83 consists of two molecules of the
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Scheme 2. Three Examples of Known Synthons that Could Facilitate the Formation of Cocrystals
Involving 4

7 - \}1 o] N"N‘
? N’N\ Hrvmmene- () H N N\H ‘N—H }é H

4

amide and two inequivalent halves of the acid forming
two different acid/amide heterodimers (Figure 12), The
anti amide hydrogen atoms form s hydrogen bond with
a carbonyl of an adjacent acid molecnle. The three
componeént (A---B---A) heterodimer stacks in an alter-
pating pattern of ABAABA.

Discussion

We have shown that coerystals can readily be formed
from both 2, 1, and 8 with a variety of aliphatic and
sromatic carboxylic acids, Thigis in agroement with the
suggestion that polymorphs meake good CAs (provided
that solubility differences are not too large). However,
we have been completely unsuccessful in forming any
kind of coeryatals with 4, despite the fact that it exists
by itself in three different crystalline forms. We have
tried a range of erystallization techniques as well ag an
extensive serles of molecular compounds that in pris-
dple, can form effective complementary hydrogen boad
interactions with a 2-pyridone molety (e.g., carboxylic
scide, 2-aminopyridines, 2-aminopyrimidines, ogimes,
ete.) (Bcheme 2),

The failure to produce any cacrystals with 4 obviously
casts doubts on the notion that polymorphic compounds
make good CAs unless there is a sighificant structural
difference in the polymorphic behavior of 1—4. We
decided to take a closer look et all the polymorphs 1a,b,
28—¢, 3a—¢, and 4a—o 'in en attempt to uncover
passible reasons for the unwillingness of 4 to participate
in molecular cocryatals. Previous work on polywmorphs
containing extensive hydrogen-bonded networks has
demonstrated that even very complex intermcleculax
interactions and subtle structural differences arve readily
identified and categorized through a systematic use of
groph-get notation.!? Censequently, a graph-get analysis
was applied to the hydrogen band patterns displayed
by 1ab, 2a«e, and 3a—ec. The two polymorphs of
isonicotinamide, la and 1b, display very different
intermolecular connectivities, In 1a, theve is a “classic”
amidesramide head-to-head interaction as well as the
commonly occurring N—H-<O link between adjacent
dimers resulting in a C(4)R}(8) notation for the pri-
mary hydrogen bonds in this polymorph. However, the
primary intermolecular forces in 1b ave significantly
different as there is a catemeric amide - amide hydrogen
bend, C(4), as well as an amide---pyridine interaction,
C(7). A similer clagsification of the three poly-
morphs of 2 reveals that the expected intramolecular
amine--zitro hydrogen bond is present in all three
forms. In addition, 2b and 2¢ have identical inter-
malecular connectivities and the primary hydrogen bond
motifs ave thus deseribed with the same graph-set
notion, R3(12)R3(8)S(6). In 2a, however, there are infi-

Ol
\

@
N

nite hydrogen-bonded ribbons that are described by the
following notation, RA1L0RYRIS®). The structures of
8a and 8c revenl the amide moieties forming the classic
amide one-dimensional catemer, C(4) RESRIE). The
diffevence between the two structures lies in the ar-
rangement of aromatic rings with respect to one an.
other. While the graph-set notation for b is similar to
Sa and 8¢, the larger hydrogen-bonded ring creates a
two-dimensiongl network, C(4) RISR§(16). In con
trast, al} three polymorphe of 4 contain the same
hydrogen-bonded ladders held together by identical
synthons; S(TRA(14)R(S) (Figure 13),

The fact that these three different polymorphs all
contain the same extended networks was also noted in
the original paper, “Three Forms of MH(4) Provide &
Unigue Example of Polymorphie Structures Built of
Similar Hydrogen-Bonded Aggregates, The Same Hy-
drogen-Bonded Supramolecular Aggregates Organize
into Different Latticeg of Different Symmetrigs...” 8

A detailed atructural exsmination of 1~4 has enabled
the identification of significant differences, in toyme of
molacular recognition patterns, between the different
polymorphe that in turn, may provide practical guide-
lines for distinguishing between (or ranking) candidates
that are potentially suitable as CAs. Cocrystals ave not
necesaarily easy t0 prepare since such heteromeric
systems sre only likely to appear if the noncovalent
forces between different molecules are more favorable
than those that exist between molecules in the corre

i %«. A — li
s34 Eﬁ‘ s ?;;%
PSS

Figuve 18, Primary hydrogen bond motifs in the three known
polymorpha of 4 displey the same connectivity,

o}
7
N
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sponding homomeric crystals. An important consider-
ation when attempting to prepare cocrystals is to choose
a CA that is already known to ba polymorphic. Clearly,
if & molecular compound exists in seversl polymorphs,
it has demonstrated a structural flexibility and it is not
as engrgetically locked into a single type of crystalline
lattice or packing mode. However, as the current study
shows, structural flexibility alone is pot always enaugh,
It may be equally important to selact molecules that can
adopt alternative packing patterns as well as display
synthon floxibility, an ability to participate in several
different robust and well-defined intermolecular inter-
actions that can satisfy the demands of multiple hydro-
gen bond donors/aczeptars on a variety of moleenlss,

Acknowledgment, We are grateful for financial
support from NSF (CHE-0078996).

Note Added After ASAP Posting

An earber version of this paper posted ASAP on
January 28, 2008 contained an incorrect name (2-aminoe-
S-nitropyridine/2) in two paragraphs describing com-
pound 21 in Experimental Section and Results, The
corrected name (2-amino-B-nitropyrimidine/2) appears
in this version posted February 7, 2003. Links to web-
enhanced object files were added March 8, 2003.

Supporting Information Available: Xray crystallo-
graphic files (CI¥). This material is available and free of charge
via the Internet at http//pubs.aes.org,
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Abstract:
Selection of an appropriate salt form for a new chemical entity
provides the pharmaceutical chemist and formulation scientist
with the opportunity to modify the characteristics of the
potential drug substance and o permit the development of
dosage forms with good bioavailability, stability, manufactur-
ability, and patient compliance, Salts are most commonly
emploved for modifyving aqueosus solubility, however the salt
form selected will influence a range of other properties such as
melting point, hygroscopicity, chemieal stability, dissolution
rate, solution pH, crystal form, and mechanical properties.
Where possible, 2 range of salts should be prepared for each
new substance and their properties compared during 3 suitable
preformulation program. Since it is nermally possible to fully
develop only one salt form, its properties should be appropriate
to the primary route of administration and desage form. An
understanding of the influence of drug and sslt properties on
the finished product is essential to ensure selection of the best
salt. The drug propertics requived for one desage form may
be guite different from those required for another. A well
* designed sait selection and optimisation study provides a sound
base on which to build a rapid and cconomic product develop-
ment progranme.

Introduction

Modern drug discovery processes involve the screening
of vast numbers of compounds that may have been made by
the Company’s research laboratories over many years. Added
to these may be the many thousands of compounds that have
been manufactured as libraries of structurally related series
by “combinatorial chemistry” techniques. All of these
compounds are generally dissolved in dimethylsulphoxide
(DMSQ) solution and screened in an enzyme- or receptor-
based assay system. If the number of “hits”™ produced is large,
the mumbers are usually refined by further screening and
selection until a manageable number of “leads” is available.
Many of these leads will show only weak or moderate
activity and further refinement and optimisation is invariably
necessary. These optimisation procedures usually involve
numerous structural modifications, aided by computational
techniques, until a small number (usually 1-3) of highly
active “candidates” remain.
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These candidates are usually free bases, free acids, or
neutral molecules, rather than their salts. Also, because of
the gencrally higher molecular weights of modem drug
substances and the increased use of DMSO solutions in the
sereening processes, it is becoming apparent that there is a
tendency towards cver more lipophilic candidates being
presented. Frequently, when first proposed as polential
development candidates, they are often amorphous or
partiaily crystaliine as little effort has been made to
investigate formal crystailisation procedures. The need for
water-soluble candidates has been recognised' ™ for many
years before the advent of ‘combinatorial chemistry.

Investigations into the Possibilities of Salt Formation
When first presented for initial preformulation investiga-
tions, normally the amount of drug substance available from
Discovery Chemistry rarely cxeeeds 1 g. To maximize the
amount of data gained {rom such small quantities, semi-micro
techniques have been developed and are used regularly within
our groups. Invariably, the first information generated for
each candidate is the calculated 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 potentiometric titration (¢.g., Sirtus Model GLpKa ap-
paratus, Sirius Analytical Instruments Ltd.). Knowledge of
the pK, value enables potential sall forming agents (coun-
terions) to be selected, for each candidate, based on lists that
arc available in the literature.>*~'" For the formation of a
stable salt, it is widely accepted that there should be a

minimum difference of about 3 units between the pk|, value

(1) Hirsch, €. A Messenger, R. J; Brasnon, 1. Lo J. Pharm. Sci. 1978, 67,

201,
AL B.; Newman, A, W.; Singh, AL
Win, A.T. M. Mt J. Pharm. 1994,

Chapler 34,
19th ed.;

Pl Prediction for Organic
: adon, 1981,
ation Constanty of Acids and Ba,

, AL Al Serjeant, E. P
ey Mew York, 1984,

. L L Pharmaceutical FPreformulation, 2nd ed.; Elis Horwood:
1993 p 29

in The Extra Pharmacopoein, 30th ed.; Reynolds, 1 E. ¥,
harmaceutical Press: London, 1993,

e, S. M.; Bighley, L. D, Morkhouse, 1), C. 4 Pharm. Sci. 1977, 66,
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Table 1. Classification of common pharmaceutical salts

salt class examples

Anions
hydrocbiori( hvdwbmmide, sulfate, nitrate, phmpbaie
mesylate,” esylate.? isethionate.? tosylate.” napwhle besylate?
acetate, propionate, maleate, benzoate, salicylate, fumarate
glutamate, aspartate
Citrate, Jactate, succinate, tartrate, glycoliate
hexanoate, octanoate, decanoate, oleate, stearate
pamoate {embonate), polystyrene sulfonate (resinate)

inorganic acids
sulfonic acids
carboxylic acids
anionic amino acids
hydroxyacids

fatty acids
ingoluble salts

Cations
riethylamine, ethanolamine, triethanolamine, meglumineg, ethvlenediamine, choline
procaine, benzathine
sodium, potassium, calcium, magnesium, zine
arginine, lysine, histidine

organic amines
insoluble salts
metallic

cationic amino acids

# Based on data from varions sources.”™ ! # Methane sulfonate. © Ethane sulfonate. @ 2-Hydroxyethane sulfonate. * Toluene sulfonate. / Naphthalene sulfonate. & Bonwens

nate.

of the group and that of its counterion, 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 being a smaller difference in the pk,
values.

A microplate technique has been developed for the
screening of salts; this involves dissolving approximately 50
mg of sample in a suitable, volatile solvent and adding a

fixed volume of this solution, containing about 0.5 mg of

sanmple, into cach microplate well. Concentrated solutions
of each potential counterion in equimolar proportion, or other
appropriate stoichiometric ratio, are prepared and a few
microlitres of each is added sequentially to cach well. Thus,
all of the wells in line 1 (x—-direction) will contain the same
combination of sample and counterion 1; all of the wells in
line 2 contain the same combination of sa.mpk and counte-
rion 2, ete. Different, potential crystallising solvents can be
mvestigated methodically in the y—direction. The wells are
inspected using an inverted microscope (Leica, Model
DMIRB) at regular intervals for the appearance of crystals,
Ocecasionally, crystallisation can be promoted by evaporation

of any excess solvent in some wells using a slow stream of

dry nitrogen gas.

OUnce the combinations of counterion and solvent(s) are
identified, studies at a slightly larger scale (usually 10-50
mg, occasionally up to 500 mg) can be initiated to confirm
the suitability and viability of the crystals. These studies can
help identify problems with low melting points, determined
by hat-stage microscopy, and hygroscopicity, if processed
on a suiable apparatus (e.g., Dypamic Vapour Sorption
Analyser, model DVS-1, Surface Measurement Systemns

td.}. Frequently these studies can also give preliminary
f and hydrates,

infonmation on the existence of solvates
especially if differential scanning calorimetry (DSC, Mettler
Toledo DSC, model 820), thermal gravimetric analvsis
{(TGA, Mettler Toledo TGA, model 830} and hot-stage
mzuoscopy are also used in the evaluation process.

In parallel with these stadies, a preliminary high perfor-
mance liguid chromatographic (HPLC) method is quickly
developed to give an estimate of the purity of the sample,
whilst infrared and other spectroscopic techniques may be
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used to define the salt and the stoichiometry. Knowledge of
the approximate purity is important at this stage as the
presence of high levels of some impurities can often hinder
crystallisation or alter the polymorphic form obtained.

Therefore, from these preliminary, small-scale studies, a
range of potential salt formers and recrysallisation solvents
can be quickly identified. Following further scale-up to gram
quantities, more comprehensive data can be obtained to
evaluate their suitability for use in formulations.

@

Choice of the Salt Former

Although the choice of salt is governed largely by the
acidity or basicity of the fomisable group, safety of the
counterion, drug indications, route of administration and the
intended dosage form must also be considered. Toxicological
i pharmacological implications of the selected salt former
must be considered as well as the effects of the parent drug.
Salt formers can be subdivided into & number of categories,
depending upon their functionality and purpose. Some of the
most frequently used examples are listed in Table 1.

The vast majority of salts are developed to enhance the
aqueous sclubility of drug substances. For weakly basic drug
substances, salts of an inorganic acid (e.g., hydrochloride,
sulphate, or phosphate), a suiphonic acid (mesvlate or
isethionate), a carboxylic acid (acetate, maleate or fumarate),
a hydroxyacid (citrate or tartrate), or possibly an amino acid
(arginine or lysine) could be considered. Hvdrochloride salts
have often been the first choice for weakly basic drugs, since
as a consequence of the low counterion pK,, salts can nearly
always be formed, and recrystallisation from organic solvents
15 nommally straightforward. 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 ophm:ﬂ solubility due to the ¢
of saiting out and the potential for poor stability if the drug
is acid labile and hygroscopic?

Oceasionally, salts may be also prepared to decrease drug
substance solub r use in suspension formulations where
very low solubility is necessary to prevent “Ostwald ripen-
mg", for taste-masking, or to prepare an extended release
product. Embonate salts have been used in suspension

v

UMO00016518
NOVARTIS EXHIBIT 1517
Novartis v. Regents, IPR2023-01347
Page 3500 of 4460



Table 2, ¢ Preformulation studies that are normally considered for comparison

dosage forms

of salt forms aud parent compound for oral

fest

suttable techniques

comments

dissociation constant and
basic physico—chemical
properties

melting point

aqueous solubility

pH of solution

cosolvent solubility

common ion effect on solubility

hygroscopicity

intrinsic dissolution rate
crystal shape and appearance
particle size

polymorphism/pseudopolymorphism
powder properties

potentiometry, solubility,
UV spectroscopy

capillary m.pt., hot stage microscopy,
differential scanning calorimetry
overnight equilibration at 23 °C; analysis
by UV spectroscopy or HPLLC

overnight equilibration at 25 “C. analysis
by UV spectroscopy or HPLC

overnight equilibration at 23 “C
in suitable media and analysis
by UV spectroscopy or HPLC
use DVE apparatus or expose

to various RH values and
measure weight gain afier 1 week

use Wood's apparatus’?
SEM or optical microscopy
SEM and laser diffraction

recrystatlizations, HSM, DSC, TGA
balk density measarement

determine pk, for parent drug

perform on each salt and

compare to parent

Perform on each salt and

compare o parent

Examine pll of saturaled solution

if quantities permit.

Determine solubilities in ethanol,
poly(ethylene glycol), propylene glycol
and glycerol and compare to parent.
compare solubility in demineralized
water with 1.2% Na(l for salts and parent

perform at 53, 93, and 97% RH,

and other values of interest;

assign hygroscopicity

classification 1o each salt'?

compare dissolution rates at various plis
{can provide data on wettability)
Compare crystal habits and

levels of agglomeration

Examine particle size distributions.
preliminary exploration

stability various

determine Carr’s compressibility index
perform on parent drug and undertake
wreliminary tests on appropriate salts

formulations to increase the duration of action {e.g., chlor-

promazine embonate). On some occasions, the selection of

a salt with only modest aqueous solubility may be more
suitable for use in tablet products prepared by wet granulation
since the use of highly soluble salts can be detrimental to
the granulation process. Depending on the dose required,
aqueous solubilities in the range 0.1—1.0 mg/mL will
normally be sufficient to satisfy the dissolution requirements
for standard, solid, oral dosage forms 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 formulations, the pH of solution (normally within
an acceptable range of 3—10 for intravenous solution) shouid

Salts are also frequently prepared for the reasons other
than solubility modification; it is frequently necessary to
prepare & specific salt to either achieve adequate physical
stability or for taste masking (e.g., dextropropoxyphene
napsylate suspension). Manipulation of drug substance
solubility by selection of salts may also be employed o
modify the pharmacokinetic profile of the drug (c.g.
benzathine penicillin and insulin zive 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 necessary to mill or micronisc the active ingredient
to achieve adequate homogeneity. A suitably stable salt may
have a melting point that 1s 50100 °C higher than the free
acid or free base. Also, being more ionic, the crystals are

likely to be less plastic and more easily deformed by brittle
fracture.

Scale-up of the Formation of Salts

The information from the preliminary crystallisation
studies 1s communicated to the Process Chemistry group,
who by this time will have started their investigations into
possible manufacturing routes for cach of the candidates
remaining. At this stage in the development process, Process
Chemistry usually aim to quickly manufacture 30—200 g of
the one or two candidates that may rernain to progress them
towards initial clinical evalnation. The manufacturing route
may be the same as used by the Discovery Chemistry group
but usually is significantly different. The aims of both the
Process Chemistry and Preformulation groups for the fol-
lowing 12— 18 months is to collaborate extensively to ensure
that, for the chosen candidate, there will be a viable synthetic
route to the chosen form of the drug substance.

A significant portion of this batch is destined for the
preparation of 3—4 g of cach 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 for comparison
purposes. The combination of individual studies undertaken
on cach of these 3—4 g portions varies depending on the
type(s) of dosage form ultimately required for marketing.
Occasionally, it may be necessary (o undertake a pharma-
cokinetic evaluation ol each salt in comparison with the free
acid/base. The dosage forms most commonly used for the
drug substances encountered during preliminary clinical
investigations are tablets/capsules, inhalation dosage forms
and injections.
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Table 3. Tests to be considered for the evaluation of
candidate salts

test to be considered amount required. mg

Structural Analysis

mass spectroscopy? I
T NMRe 5
BC NMR 25
Ir spectrum 1
UV spectrum 1
fluorescence spectrum¢ 1
elemental analysis 10
Physicochemical Properties
melting range 2
pKL " 5
Clog Pllog P9 5
preliminary polvimorphism study 200—3500
¥eray diffraction 20
aqueous solubility? 100
pH — sclubility profile 500
cosolvent solubilities” 300
propellant solubility? 500
Physical Properties
hygroscopicity 20
microscopy (SEM/opticaly 10
particle size (Malvern) 1060
size reduction {sonication} 300

Impurities (hple)
related substances® 1
degradation products® i
chiral purity® i

Stability Studies
stability to hydrolysis {(pH 2, 7, 10y
stability to oxidation {
stability to photolysis®

1
ide/peracid)? !
1

# Determined on free
dextrose and some iffor
systems where appropriate
inhalation dosage forms.

5 5 in anpluhi
d Pmpdk nts and propellant/cos

Tables 2 and 3 show the types of tests normally chosen,

the information that they can produce and the amount of

sample normally required for these common dosage forms.

What to Develop: Salt or Free Acid/Base?

The results obtained from ecach of these tests are tabulated
for the free acid/base, together with each of the salts, and
discussed in detadl between the Formulation Scientists,
Preformulation Anzﬁy% Physical Chemists, Process Chem-
1sts, and occasionally Pharmacokineticists. The Preformu-
lation Scientists assess the relative merits of cach form for
use in the proposed clinical formulations and whether the
properties such as solubility are adequate to give the high
concentrations required in the various pre-clinical fornmla-

tious. Process Chemistry need to assess the likely vield of

each salt, as salt formation creates an additional step in the
manufacturing process. Usually, the decision-making process
results in the proposal of a smgir::. salt for further study,
although occasionally it is seen that none of the sals have
aptinmum properties, and two different salts can be proposed
for in-depth study. Also, it is occasionally found that the
overall properties of the free acid/base are much betier than
any of the salts. This occurs more frequently where the
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candidate has a low pX, value and the resulting salts are
less stable than required or when the salts are particularly
hygroscopic or when they exhibit complex polymorphism/
pseudopolymorphism (hydration or solvation).

These relatively simple investigations give much useful
information very quickly; it should be 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 of protic and aprotic solvents of widely differing
polarity and will normally show the presence of a stable
hydrate or solvate.

Once a decision is agreed upon within the group, a
document that gives a précis of the discussions and the basis
for the proposal is normally drafted for agreement by scnior
management. Examples of these salt sclection studies are
given -below:

Example No. 1 (RPR 111423}

RPR 111423 is a candidate drug substance that has been
evaluated for the treatment of symptoms related to infection
by AIDS. 1t is a crystalline, very weak base with a pk, at
4.25. A comprehensive screening of possible salts demon-
strated only a monchydrochloride (RPR 111423A) and a
mesylate (RPR 1114238} could be isolated as crystalline
solids.

It was decided that the free base should be taken through
the simple evaluation process in comparison with these two
salts. Tt was expected that the drug substance could be
required in the form of tablets or capsules, with an injection
form needed for some pre-clinical studies and for the
determination of absolute bioavailability in man. Because
of its high activity in screening studies, there was a possibility
that very low dose oral formulations might be needed. This
may require micronised drug substance to enable content
uniformity requirements to be met; this micronised material
would also be expected to enhance dissolution.

The results from the relatively simple studies undertaken
are given in Table 4. The two salts clearly demonstrated the
predictable problems associated with a relatively low pk,
value; the salts were quite weak and dissociated 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 following dissociation. There was clear evidence
for multiple polymorphismm for each of the salts, and
establishing the existence of a stable polymorph, or a suitable
pseudepolymorph, may have been necessary before a deci-
sion could be made on which of the two salts could be
developed further.

The corresponding results for the free base indicated that
it appeared to be the better candidate; it showed no evidence
of polymorphism, and it was not A_\'*groscopic. The two major
areas that required further invesiigation were whether it had
sufficient solubility in gastrointestinal media and whether it
could be micronised. Studies performed on samples of drug
substance and on simple capsule formulations demonstrate
that the dissolution rates of micronised free base were
equivalent or superior to thosc of the salts under the same
conditions.
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Table 4. Comparison of some simple properties of RPRI11423

and its two salts

test

result for
RPR 111423 (basc)

result for
RPR 111423A (hydrochloride)

result for
RPR 111423B (mesylatc)

appearance

particle size

by microscopy, um
melting range, °C
preliminary
polvmorphism study

off-white to cream,

crystalline powder
~100 (large

rhombic crystals)

241244

no other form detected

pale yellow, highly

agglomerated powder

21

(microerystalline faths}

242

at least four polymorphs detected;
metastable forms revert {0

cream to pale yellow, highly
agglomerated powder

1

{microcrystatline laths)

210

at least six polymorphs detected;
phase changes detected on

original on standing

other thermal behavior nothing deteeted

loss of HCI detected

grinding or micronisation;
reverts to original form on heating
nothing detected

at 110—120 °C
aguecus solubility, at 25 °C ar 37 °C at25°C at 37 °C at 25 °C at 37 °C
mg/mL
-atpll 1 1.6 14.7 257 282 1314 204.1
-atpH 2 0.71 0.89 2.51 4.38 6.11 8.91
~atpH 4 0.63 0.065 0.05 0.13 0.01 0.02
~atpH 6 0.01 .02 (.01 0.02 0.03 0.34
-atpH 6,8 .01 0.02 4.01 0.02 .01 0.02
- in demineralized water  0.01 0.02 0.36 0.99 0.33 0.30
pH of saturated 6.50 243 2,74

solution, at 20 °C,
in water
addition of
water {0 concenlrate
~atpll 2
-at pll 4
hygroscopicity
(hygrostat for 14 days)

no changes detected
no changes detectod
non-hygrose
<0.2%whw water
uptake at any RH

some precipitation of free base
extensive precipitation of free base
sl ght?v hx groscopic

2.3% wiw uptake at 53% RH

22% wiw uptake at 97% RI1

some precipitation of free
extensive precipitation of
modemtdy hygros
3.7% wiw uptake at
32% wiw uptake at ¢

Example No. 2 (RPR 127963)

RPR 127963 is a candidate drug substance that has bccn
luated for the treatment of cardiovascular diseases; it i
a crysialline, very weak base with a p&, at 4.10. In common
with most similar drug substances intended for the treatment
of cardiovascular disease, it was considered that a high-dose
(up 1o 250 myg) solid, oral dosage form and a ;erras”mndm;ﬂh
high-dose (up to 50 mg/ml) injection would be ultimately
required. In line with our standard protocol, a comprehensive
gvaluation of possible salts was undertaken, and this dem-
onstrated that five crystalline salts (a hydrochloride, a
mesylate, a citrate, a tartrate, and a sulphate) could be readily
produced. It was decided o quickly profile each of these
salts in comparison with the free base. The results of these
studies are given in Table

When the anhydrous frc hase was evaluated, the exist-
ence of an additional mono-, di-, and trihydrate was found
quite rapidly. It was shown that all four of these forms could
be interconverted under conditions that might be expected
to be found in granulation processing. The other potential
problem with the anhydrate was the low melting point. In
considering the results obtained for the various salts, the
solubilities of the cifrate and the tarirate were much lower
than required for an injectable form and lower than ideal
for high dosage formulations. An additional problem for the
tartrate salt was the high hygroscopicity. Both of these salts
were rejected before completion of the full evalvation. The
hvdrochloride salt was also shown to have several problems
such as lower than ideal solubility, probable multiple
polymorphism. and the formation of hydrates.

e
eva

Thus, the mesylate and the sulphate were the two salts
that remained; both had high melting points, excellent
aqucous solubility, and were non-hygroscopic. The free base
still remained a possible candidate, if a stable hydrate could
be found. It was therefore decided to undertake some
additional ¢valuations on these three forms: the results from
these are presented in Table 6.

These additional results demonstrate a slight advantage
in favour of the sulphate salt because of its greater solubility
in cosolvents. This would give the formulator a better chance
of achieving a higher dose in an injectable formulation. It
was considered that the sulphate salt (RPR 127963E) could
be studied further in the more detailed evaluations that would
follow over the next few months, The mesylate or the free
base {if a suitably stable hydrate could be found) would
provide a possible back-up, should unforeseen problems
arise.

Example No. 3 (RPR 200765}

RPR200765 is a candidate drug substance proposed for
the treatment of rheumatoid arthritis. It is another crystalline,
weak base with a pK, of 5.3 which formed salts with a wide
selection of counterions. It was expected that doses of 100—
125 mg of RPR20G763 in capsules would be required for
clinical studies.

Early stadies suggested that RPR200765 free base was
unaceeptable for use in solid. oral dosage forms due to a
very poor aqueous solubility of approxim 1

10 pg/ml. and
poor bioavailability in animal models. Hoa”\}ea RPR200765
would form stable salts with hvdrochloride, bydrobromide,
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Table 5. Comparison of seme siraple properties of RPR127963 and its five salts

result for result for tesult for result for result for
free base HCI salt mesylate salt & 54 tartrate salt sulfate salt
test (RPR 127963) (RPR 127963A) (RPR 12796383) (RPR 127963C) (RPR 127963D) (RPR 127963EF)
appearance yellow. vellow, vellow, yellow, yellow, vellow,
crystallineg crystalline crystalline crystatline crystalline crystalline
powder powder powder powder powder powder
particle size =3 pm 1=3 pm tightly packed microcrystals rounded aggrogates of
(microscopy), xm {aggiomerates (agglomerates spherulites of (23 pm) agglomerates of microcrystals

of misrucrystals)

melting range, °C

prefiminary several hydrates
polymorphism study detected
aqueous solubility
(25 (), mg/mL

- in demineratized water  nd”

-in {1 M OHCT n.d.

-in 0.5 M NaGH 0.020

- inde 1w/ v nd.
pH of satur olution n.d.
hygroscopicity nd,

“n.d, = Not deternained.

of microcrystals)

166--191 (re-grows
at about 166,
recrystallizes at
191, then meits at
about 275

two monohydrates
and one anhydrate

392
52
0.019
.84

non-hygroscopic

agglomerated
microerysials
18 pm dismete
260,9-282.2

ne evidence
of polymorphs

108

50.4

0.022

90

1.76
non-hygroseop.

with some
agpregates

e (G0 umy
130.2--134.3

stable
hemihydrate
detecled

0.83
n.d.
n.d.
n.d.
2.49
ic  non-hygroscopic

microcrystals in
domaing (70 )

198.5--201.6

.89
n.d.
n.d.
n.d.
2.56

Very
hygroscopic

(10—15 pm)

30573089

no evidence of
polymorphs

~50
59
06,018
~40)
132

non-hygroscopic

Tabie 6. Comparison of additional properties of RPRI127963 (anhydrate}, its mesylate (RPR 127963B) aud sulfare (RPR

E29631) salts

fest

result for frec base
anhydrate (RPR 127963)

result for mesylate
salt (RPR 127963}

result for suifale

salt

(RPR 127963}

solubility in
cosolvents at
25 °C, mg/mkb

0.6

0.7

0.2

14

4.4
n.d?
none d

n.d.
7.3

ctected

0.2

2

ac O
b

w

2.7

@ ™

none detected

cthano! 190
propylenc glyeol 354
poly(ethylene glycol) 400 188
dimethylsulphoxide > 500
N-methylpyrrolidone > 400
glyeerol 42
peanut oif 0.18
intrinsic dissolution

mgemineem -
- in waler 0.01
-in 0.0 MTICH 0.35
powder flow n.d.
properties

“n.d. = Not determined.

Good, but becomes much worse

Sticks shightly

with increasing humidity

methanesulfonate, and camphorsulfonate counterions. Aque-
ous solubility, particle size and shape. powder propertics,
and polymorphism profile were considered to be the key
properties to permit a choice of salt to be made. In addition,
it was recognised that the use of some counterions with high
molecular weights, would require a large excess of drug
substance 10 achieve the required doses.

Studies demonstrated that the solubility of RPR200765
depended on the amount of drug substance used for the study.,
This oceurred because the counterion reduced the pH of
solution and enhanced solubility of the drug base. The
mesylate salt consistently produced a higher solubility than
any of the other salt forms. The higher solubility resulted in

432 . Vol 4 No. 5 2000/
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an enhanced dissolution rate of the mesylate salt compared
to the other salt forms. The solubility and dissolution rate
of the hydrobromide salt was particularly poor. Intrinsic
digsotution rate studies on compressed disks conld not be
carried out because a good compact could not be obtained
for mest of the salts, and the studies were carried out using
drug powder (cquivalent to 50 mg free base) in capsules.
Hygroscopicity studies demonstrated that the hydrochlo-
and hydrobromide salts adsorbed large amounts of
moisture on exposure to humidity, resulting in the formation
of multiple hydrated forms. The methanesulfonate salt
however, was a stable monohydrate form which lost moisture
at very low bumidity (<10% rclative humidity (RH)) but
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Tabie 7. Comparison of the physicochemical properties of RPR260765 salt forms

result for mesylate salt

result for camphorsulfonate

result for hydrochloride

result for hydrobromide

test (RPR 200763A) salt (RPR 200765 salt (RPR 200765D) {(RPR20D0765E)
appearance off-white to cream, white to off-white, crystalline,  white, free-flowing white to off-white,

MW

melting range, °C
maximum aqueous
solubility at 25 °C,
mg/mb

pH of saturated
solution in
demineralized water
at 20 °C, mg/mL
hygroscopicity

(by DVS)

free-flowing powder

566.61
214
39

non-hygroscopic
with a stable,
monohydrate form

free-flowing powder
684,79

265267
19.95

non-hygroscopic

powder

§24 .98
245-248
16.68

hygroscopic with
multiple hydrated
forms

platelike crystals;
individual erystals

crystalline, free-flowing
powder

369.43

276277

3.29

[
N
prs)

hygroscopic with
multiple hydrated
forms

loosely
agglomerated,

crystal habit individual clusters of
and appearance platelike crystals highty
with some aggregated,

agglomeration. platehike crystals

contain stress lines flaky material

particle size ~45=200 pry in erystals ~20-—350 um, ~30—100 um 1040 ym
by microscopy agglomerates of clusters ~80—200m particles particles
200350 gm -spme larger
clusters up lo
500 pm
dissolution studies,
drug substance in
capsule (Tygo,, min)
aiph 2
at pH 4 2.0 6.0 7.4 39

{in citrate buffer)

> 60% release >60% release

> 60% relesse 14% release

rapidly re-equilibrated to form the monohydrate form when
the humidity was raised. These findings suggested that this
salt would be amenable to solid dose formulation and there
was little risk of changes in the hydration state on processing
or storage under normal conditions. The camphorsulfonate
was non-hygroscopic. The results of these studies are outlined
it Table 7; in this case very little comparative work was
undertaken on the free base due to the poor solubility and
bicavailability.

Overall, the studies suggested that the mesvlate salt was
the favoured form on the basis of its low hygroscopicity,
clean polymorphic profile in the preliminary screen, high
solubility, and rapid dissolution rates. Another favourable
factor supporting the selection of the mesylate salt proved
to be the good flow properties which allowed very satisfac-
tory capsule and tablet formulations to be developed.

The Next Steps?

Having evaluated several possible alternatives i the three
cases above, using a relatively simple range of tests, a form
of the drug substance has been chosen that should be possible
to develop further. These simple studies have reguired 3—4
¢ of the free base and a similar quantity of each of the salts;
the data for all forms normally can be generated in one
month, or less. The next steps involve confirmation of the
choice. by emploving a further range of tests, followed by
the optimisation of the form of the salt. A series of tests,
analogous to those in Table 2, arc used 1n this evaluation;
these tests are given in Table 8.

Optimisation of the Drug Substance Form for
Development

Having chosen what should be a reasonably stable form
of the salt, free acid, or free base, one of the key activitics
is to start investigations into which other polymorphic or
pseudopolymorphic forms exist. In the short development
phase where preclinical administration occurs, only a pre-
liminary screening of these different forms 1s considered
necessary, as it is possible that the compound can be found
100 toxic for firther study. Our team undertakes this on about
500 mg of sample; small portions are recrystallised from
anhydrous and hydrated solvents of differing polarity. Any
crystalline product recovered is examined by a variety of
techniques to determine how many different forms are
produced and whether any are hivdrates or solvates. Prelimi-
nary information on the inter-relationships between the
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 are
required, to devise analytical methods for these. to determine

their stabil

ty, and establish shelf lives.

To establish a database for the chosen form and to give
an indication of the possibilitics for clinical formulations,
To accomplish this, it is normal to request a minimum of

25 g of drug substance. although

needed if the drug substance is 1
there are difficulties with microx
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ded for inhalation and
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Table 8. Tests to be considered for “preclinical phase” (column 2) and in preparation for initial clinical investigation (column
3} for compounds intended for use in oral, injection and inhalation products

test to be considered

amount required, mg or g

amount required, mg or g

melting range
optical rotation
polymorphism
X- ray diffraction
intrinsic agueous solubility
cosolvent solubil
propellant solubility®

hygroscopicity
microscopy (SEM/optical)
particle size (Laser)
micronisation

specific surface area

true density

bulk powder density
wetlability

related substances
degradation products
chiral purity
electrophoresis/TLC

hydrolytic profile (identify degradants)
bulk drag powder

HPLC, XRPD, and DSC

for dry powder inhaler only

intra~fracheal suspensions
oral solutions/suspensions
solutions for nebulization
IV selutions

other routes (ip/se)

microbiological controls
iotal substance requirements

@ Also solubd
and sps
fests,

es in complexing agents/surfactant systems where appropriate. @
vify Phase | formulation — commence stability/compatibility studies. 7 Doy

ysicochemical Properties
50 mg

500 mg
20 mg

400 mg
500 mg

Physical Properties
&00 mg
100 mg

Impurities (HPLC)
10 mg
10 mg
10 mg
10 mg

Stability Studies
160 mg

Excipient Compatibility
50 mg

Compression Properties

Preclinical Formuiation Development

2g
Zg
2g
lg

Clinical Formulation Development
predict suitable dosage forms
3g

2025 g

50 mg
lg
25—-50g
20 mg

NS )

U ga

160 mg
200 mg

4g(R)
200 mg (R)
10 g (R)

Tg
10 mg

Dmg
10 mg

lg

250 myg

K<

wr
=g

Phase 1-1la“ 2501200 g

d
depends on form and dose

Hants and propellant/cosolvent systems for inhalation dosage forms, < Davelop
ndent on drug availability; (R) possible to recycle drug

for certamn other

Once the drug substance is shown to be nontoxic, studies
leading to the definition of a suitable series of clinical
formulations can begin. For this, we normally expect to have
a reasonably clear picture of the inter-relationships between
the different forms of the drug substance and should have
started to define the most stable form. As more batches are
manufactured at increasing scale by Process Chemistry, they
are examined using some of the key tests to add mformation
to the database. Also, with the increased availability of drug
substance, it is possible to initiate maturation studies as an
additional technique to assist in the definition of polymor-
phism. If the structure of the drug substance has been
determined by single crystal X-ray, under certain circum-
stances it may be possible at this stage to initiate the
theoretical scarch for other polymorphic forms. This is
achieved using the Polymorph Predictor software {(Molecular

434« Vol 4, Ne. 5, 2000/ Organic Process Rescarch & Development

Simulations Tne.). This software has been used successfully
on several small molecules (molecular weight <500) and
predicts theoretical crystal structures and their relative
energics. The most stable form has the lowest cnergy;
increasing energy significs lower stabilities.

As larger quantities of 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
liaison with Process Chemistry, it is normally possible to
modify the recrystallisation conditions such that greater
batch-to-batch uniformity of these physicul characteristics
can be achieved. Also, these characteristics can often be
modified such that they are 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 counterions are used. 1f the free acid or
base has only moderate or low activity, it may be necessary
for the patient to have a relatively high dose for a clinical
effect. If 20—350% of the weight of the drug substance iy
due to inactive counterion, the addition of suitable excipients
for encapsulation or tableting may result in a powder volume
that s too great, even after gramulation, to fit successfully
into even the largest acceptable capsule shell. This forces
the formulator towards a tablet, Even with thesc formulations,
a large tablet {or even multiple, smaller tablets) may be
necessary; these do not aid patient compliance.

Other problems that are frequently created, or exacerbated,
by salt formation are an increased tendency for the existence
or formation of hydrates and polymorphs. Hydrates may be
produced in formulations by interaction with water bound
to excipients, water in capsule shells. ete.

Final Definition of the Form

As the candidate passes through initial clinical evaluation
{Phases Ia and Ib), additional characterisation and refinement
of the drug substance form continues in parallel with the

finalisation of studies on the drug substance manufacturing
process. Close laison and teamwork between the Process
Chemist and the Preforimulation Scientist in an exploration
of the various possible recrystallisation solvents can often
result in further refinement of the crystal properties. An
excellent scheme for the final characterisation of solid drug
substances, prior to the final regulatory submission, has been
described recently.' The aim of both the Preformulation and
Process Chemistry tcams is to finalise the definition of all
of the characteristics of the drug substance in readiness for
the initiation of Phase la clinical trials
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Hybrid insulin cocrystals for controlled
release delivery

Mark L. Brader'™, Muppalla Sukumar®, Allen H. Pekar!, David S, McClellan?, Ronald E. Chance?®,
David B. Flora®, Amy L. Cox4, Lynnie Irwin®, and Sharon R. Myers**

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-Ne-LysB29—-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, We iden-
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-
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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 depots'?,
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
manufacture’. 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 1930s to meet the medical need for an insulin
preparation with sustained action for the treatment of diabetes mel-
litus®. This approach revolutionized diabetes therapy® 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-
tions®’, 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!®!!. 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,ProB2%-human insulin'2,

Here we sought an approach that could retain the favorable phar-
maceutical properties of NPH 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. 1). 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 Jattice. 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®?
including NPH insulin', C8-HI most likely meets this require-
ment because previous studies have shown that hexadecanoyl-N¢-
LysB29-human insulin forms a zinc hexamer in solution's,
Furthermore, an X-ray crystal structure of LysB29-tetradecanoyl,
des(B30) human insulin shows that this molecule forms rhombo-
hedral crystals in which the C14 chains are oriented on the exteri-
or of the hexamer's.

'Bioproduct Pharmaceutical Development, *Physical and Structural Characterization, *Bio Research Technologies and Proteins, and *Endocrine 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
C8-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 micracrystals (~5 pm long) with the distinctive NPH crystal
morphology shown.
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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.)

Insulins acylated with fatty acids at the e-amino group of LysB29
have been explored as potential soluble protracted-acting candi-
dates!”8. The basis for their protraction is a substantially enhanced
albumin-binding affinity conferred by the fatty acid extension’®. The
C14 and C16 derivatives produce time-action profiles comparable to
NPH insulin, although the enhanced albumin binding seems
responsible for diminished biopotencies in humans??!, The C8
derivative was selected for this study, as the relatively short fatty acid
is not expected to increase albumin-binding affinity of the insulin
derivative substantially??, thus retaining full biopotency of the
insulin derivative. In addition, the LysB29 residue is not required for
receptor activity?. 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-
sent'425Y. NPH crystallization is based on a complexation reaction
between zinc insulin hexamers and protamine at neutral pH”. 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'**?, This crystallization process results in an
aqueous phase devoid of soluble insulin and a stable microcrys-
talline phase that forms a uniform injectable suspension upon gen-

Figure 2. Environmental scanning electron microscope (ESEM) images. (A) NPH-like crystals formed from 100%
C8-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 um.
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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 effectiveness?’. 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".

To investigate whether the C8-HI derivative retains the ability to
crystallize as an NPH-like complex, we applied a protocol to C8-HI
(Experimental Protocol) similar to that of NPH insulin. This yielded
rod-like microcrystals morphologically consistent with NPH as
determined by environmental scanning electron microscopy (ESEM;
Fig. 24, 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 states®. The C8 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-HI crystallizes in an
analogous manner to NPH insulin under essentially identical crys-
tallization conditions.

Cocrystallization of C8-HI with insulin. We prepared cocrystals
using a similar method to that of NPH 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
states®’. 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 hexamers®.
The hexamers subsequently dis-
sociate in the interstitial fluid
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Figure 4. In vitro dissolution homogeneity. Homogeneous release of
C8-Hl occurs from a 75% C8-H! cocrystai (A) in contrast to the non-
homogeneous dissolution behavior of an extemporaneous mixture of
100% C8-HI and NPH (0% C8-HI) mixed in a 3:1 ratio (). The
ordinate represents the C8-Hl dissolved as a fraction of the total
dissolved C8-Hi and dissolved insulin as determined by reversed-
phase HPLC. (See Experimental Protocol for dissclution protocol.)

before absorption into the bloodstream™. 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 C8-HI fractions
across the entire 0-100% range. Specific C8-HI percentages could be
targeted conveniently and accurately because the cocrystallization is
quantitative and thus the C8-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 100%
C8-HI crystals (Fig. 2A) and with NPH (Fig. 2B). An ESEM image of
a representative 75% C8-HI cocrystal sample is shown in Figure 2C.
Presumably the C8-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 C8-HI content for preparations containing 50%, 75%,
and 100% C8-HI, and compared with that of NPH (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 C8-HI in the cocrystal. Equivalent rates of dissolu-
tion: of C8-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% C8-HI and NPH (0% C8-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-HI incor-
802
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poration and that a constant rate of release of the two active male-
cules from the site of injection to the bloodstream is expected. The
inverse relationship between dissolution rate and C8-HI percentage
in the cocrystal is consistent with the hypothesis that the more
hydrophobic C8-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 C8-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 C8-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. 5A), and the glucose-lowering
biopotencies of the two molecules are very similar. The C8-HI
molecule thus does not exhibit an inherent protracted time action in
this model.

Glucodynamic profiles of 58%, 75%, and 92% C8-HI cocrystals
(Fig. 5B) suggest that the glucodynamic profile is influenced by the
fraction of C8-HI 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-HI 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 + 1% for 58% and
75% C8-HI, respectively; P < 0.01) or bioavailability (area under
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Figure 5. Time-action profiles of insulin formulations administered to
somatostatin-treated dogs by subcutaneous injection. (A) Saline, Hi,
and C8-Hl solution formulations (0.75 nmol/kg, n = 5). (B) C8-H!
cocrystal suspension formulations (2 nmol/kg, n = 6). Values represent
mean ts.em,
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Figure 6. Pharmacokinetics and glucodynamics of 75% C8-Hl cocrystal
and NPH in somatostatin-treated dogs (2 nmol/kg, subcutaneous, n = 6,
values represent mean + s.e.m.). The pharmacokinetics (A) show that the
0-12 h area under curve (AUC) for 75% C8-HI cocrystal is significantly
less than that of NPH (P < 0.05), and the 12-24 h AUC for 756% C8-HI
cocrystal is significantly greater than that of NPH (P < 0.05). The release
patiern of the 75% C8-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% C8-HI, respectively; P < 0.02) of
the formulations.

C8-HI (75%) cocrystals give improved basal glycemic control, In
somatostatin-treated dogs injected with NPH human insulin or a
75% C8-HI cocrystal formulation, pharmacokinetics and pharma-
codynamics results (Fig. 6) illustrate that inclusion of C8-HI in the
crystalline lattice slows the initial absorption of insulin from the sub-
cutaneous site (insulin AUC 0-12 h; Fig. 6A) and provides a more
even insulin exposure throughout the 24 h test period (insulin AUC
0-12 hvs. 12-24 h; Fig. 6A). This change in insulin kinetics resulted
in an extension of time 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 possibie to improve the time
action of NPH 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 proinsulin®, and has recently been shown to form hybrid
zinc hexamers with fluorescently labeled N®-LysB29-modified
insulin derivatives® in solution.

Although the utility of protein crystals in formulation design has
been recognized for some time?, 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

hitp./biotech.nature.com  «  AUGUST 2002
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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 screening”, cocrystal-
lization with a solubility-modified derivative may be useful in opti-
mizing subcutaneous absorption kinetics.

Experimental protecol

Reagents. Biosynthetic human insulin (as zinc insulin crystals), protamine sul-
fate, NPH human insulin (Humulin N}, and C8-HI (prepared and characterized
as described previously!™'®) were supplied by Eli Lilly (Indianapolis, IN). All
other materials were either US Pharmacopeia (USP) or analytical reagent grade.

Cocrystal preparation. Cocrystals were prepared using final formulation
concentrations of 3.5 mg/m! total insulins, 0.025 mg/ml Zn(1I), 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 exernplified here by a 10 ml preparation of
the 75% C8-HI cocrystal as follows: 29.6 mg of C8-HI {88% protein content)
was dissolved in 0.75 ml of 6.1 M HCl and mixed with a solution of 9.6 mg of
human insulin (90% protein content) dissolved in 0.25 ml of 0.1 M HCL. To
this solution was added 20 il of 10 mg/ml ZnCl, solution. To this solution was
added 4 m! of a solution containing 40 mg/mi 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 1 M HCl and | M NaOH, then combined with an
equal volume of a 0.6 mg/ml protamine solution prepared by dissolving pro-
tamine sulfate in water. A precipitate formed immediately, and was allowed to
stand quiescent for one day at 25°C. Inspection using a Carl Zeiss Axioplan
light microscope (Minchen-Hallbergmoos, Germany) at 1,000x 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/FEI, Hillsboro, Oregon) was used.

Disselution 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 CaCl, and MgCl, (Life Technologies,
Grand Island, NY), pH 7.4, containing 1 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 pm low-
protein-binding filter (Pall Corporation, Ann Arbor, MI). The respective
quantities of dissolved insulin and dissolved C8-HI were determined by
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 cannulated (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, Norfotk
Medical, Skokie, IL) were accessed and cleared and the animals were placed in
3 fix 3 ft study cages. Dogs were allowed at least 10 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 pg/kg per min) of cyclic somatostatin (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 using a double-antibody radioim-
muneassay (goat anti-guinea pig IgG, Jackson 106-006-008, Jackson
ImmunoResearch Laboratories, Westgrove, PA; guinea pig anti-porcine insulin,
Lot P5, Eli Lilly) sensitive to both human insulin and C8-HL
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