
CHEMGENES EXHIBIT 2017
Shanghai Hongene v. ChemGenes

Case IPR2023-00490

·t~·lrttlinln,11 \·\,· F_ Pr ,n.~ t1i \NJ 

Pc1~.10l1ln Prt.:,, I.Id 111~1 1•r1111,:d m (iri.:Jt Hr11.11n 

N-ACYL PROTECTING GROUPS FOR DEOXYNLCLEOSIDES 

A QUANTITATIVE AND C0\1PARATIVE STUDY 

Ht IH·R I Ki'i,nR.* Ko'-.R .. \D Kt I.IKOWSKI. T110\1.,s l.11 SI. \V1rtt1...t Ht-lKt-'-~and VII'!'>: Ko11L1 

lnst1tut fur 01ga111,i.:hc Chemic un<l B1od1cm1c Jcr l 1mcn,1tat Hamhurg. \1artin-l.uthcr-Kmg-Pla116. [) . 
.::ooo H .1111 hurg 1.1. U I R 

IR('( ,·11 n/ 111 (i(·m1u111 .:;5 Fchr11t1n l9~o, 

..\~tract A <lcta1kd ~tu<lv m ~car ch for sullahk 1\-ai:, lde1n ,-nudco;.1(.ks "hich coulJ ,enc ,I'• huil<ling. 
Mocb f1>r the ;.tCf)\\ 1sc S) nihc,i, of UCll\}l>ltg1)J1tJdi:ntid~, ,,.,, ·untkrt.tkcn St:H:ral ac, I groups n.11111:I~ 4-t-
11utylphcn~ lai.:ctvl. 4-t-hut~ lphem1\yacctyl. 4-chhlrohcn1t1yL 3.4-d1chlnrobcn10:I. 2-mcth) l-!1e1110:,,I. 2.4-
tllmcthy!~nwyl. 111..:otmoyl. 4-t-hutylhenwyl and 4-phcnylamhen/Oyl ha\·c tlccn u;.cd for the prot~·i.:tton ,if 
the e\ocydic am11111 group~ of dco\ynuclen:,,1dc:,,. l111cre:,t111g d.1ta C\1nccrnmg thr;: st.1~1ht;, of I\J-acyl group., 
tm\:mb a pt1tcnt dcac~ lat1ng :,ystcm (O.:: N :--!aOI I \frOI t) arc prcscntcd. 

For the step,\ 1sc s) nt he:-.1s of deoxy<1ligonudeot ides 
the cxocydic amino group:- of deoxyadcnosme. 
dcoxyguan,1:-.inc and deox:,cytidine m:ed prnteclion h) 
:-uitablc protl.!cting groups. 1 It is important that the 
prolectrng gr1H1p selected for this puqx1se should be 
easy to introduce. i., stabk throughout the :-ynthc:-is 
and can he remo\cd under nlndit 1011, \\ hich do not 
alkct the final product Van11t1salkali lah1le protecting. 
groups have hecn proposed for the protedion of amim1 
groups of the heterocyd1c bases. Be111oyl. .1111sny I and 
isoht1t)'I') I groups ha\e been u,ed for the amrnn groups 
or deoxyadenthme. deox)c!udinc and dco,:,­
guanosinc. respective!). S11m.: then th1:sc 'i-ac) I 
protecting group, ha\e found much use Ill the 
synthcsi:- of oligonudeotides h) the I\\.O main 
methol0gie:,. i.e. the phosphodiestcr and phosphotnc"­
tcr appro~1ch (for n:Jercm:es sec lit. ·1 ~ 1. 

Ho,,c,cr Jo:,,sc:s nf N-protccting groups <luring 
oligonucleoti<lc ") rithc"is folllming the pho:-.­
phodiester method' " as ,,t·ll as phosphotrie,-ter 
mcthod 1

(' 
11 ha,e been reported. Partial retml\al or 

isohllt)r)I group and al11S())l group from de­
oxyguanosme and dcoxycy tidme ha\e heen ob:-.ervcd 
during DE.i\E-ccllulose column chromatography 
using 1ricthylammon1um h1carhonate huller - "·" 
Some lo:-.s ()f N-ani,oy I group from :"J-an1soyldcoxy­
cytidine wukl not he prevented ,, hen ·selccti, cl)·­
rcmO\ ing the Y-0-acyl group w,ing 1;trong alls.a line 
conditions· ;o In orderto sckcthcly remove thc Y-0-
4-chlornpheno\yacct) I group using :\a /-01 \kOH 
,an Boom et at. ha,e reported partial lli~:,, of N-anisoy I 
group from the 1\J-anrsoyk')tidine containing 
<)ligomers during synthesi-; fnll1)\\ing. ph1l,photricstcr 
approa,,:h. 1 1 

As amide hnnds arc par11cularl) ,usccpt1hk 11)\\ards 
nuckophilcs 1t 1s of great mtcrest to !,;no,, their 
stability as \,ell as the conditions for thl.'ir compktc 
remo,al m quantllat1\c terms. Dl.'spite the importance 
of this problem onl} few qualitali\t' or semi­
qttatltitati\e -,;tudie;. exist in litcraturc.··· 1 2 1

" Recently 
Scliger determined the rate of hydnilys1'.'> of various 
aliphatil: protecting groups for dcoxycyudinc-Y­
phosphate, - Due to the partin1l.ir !ability ofaliphatic 
protecting groups in GhC \.lf Jcoxycyudine this stud) is 
onl) l1f thl.'orctit·,tl interest. We therefore felt 11 

wnrth\\·htle tn perform a systematic study f,)f the 7'.­
protcctmg groups which could offer an assortment 
of su1tahle :\-acyl groups fnr nuckns1dc bases and 
could help in planning oligonudcotide ::.ynthesis in 
nHH·c meaningful terms. Part1rnlar cmphasi:-. \\as laid 
ttmards sclc<.:tmg more stable N-ac)I groups to 
prqxire N-acyldeoxynudet1siJcs \\hieh Ct)ulJ scnc a, 
rl.'liahk huild1111? blocks for the stcp,,i,e synthesis nf 
oliglll1lll.:knl1dcs. In certain ca,cs. whcrc,cr pos~ihlc. 
more lipt)philic acyl groups ,,.ere introduced \\hich 
could thcmsdvcs :serve as pseudopunlicallon handle:­
\\ bik cmplo}ing extractive \\Ork-up and :-.ilica gel 
column .:hromatography.' '· 1'' 

Rf.:St I.TS .. \ 'I> l)IS( l SSIO'. 

Svn thesis of '.\ -acv la tc<l deox vnuclcosidcs folto,, e<l 
krw~,n pro~xdure-; i 1 (Scheme' I). The deoxynuc­
lcoside:- I. 2 and J \\ere pcracylateJ to 5. 6 and 7 using 
an ncess of acyl chlomk in pynJ1ne and then 
,ckcti,d) 0-dca.:ylatcd to 8. 9 and IO h) 1rcatment 
\,ith l N NaOH at O". for the synthc,i~ of N-acylated 
dcox, gu,mosinc thc route.,. ia 3 ·• 5'-di-0-acet \ ldeo\\-
gu,m·n:inc 11 has been used alternatl\e!y. 2" - • 

l JnJn the react km i..:onditions used in most case,;, a 
;.econd a9J group \\as intrndllccd at the hctcrocycl1c 
nng 2 1 Tills additional acyl function ,, hich i:- removed 
durtng sekrt1\c Y-0-deacylation ha:.. not been 
outlined in Scheme l. fhe ,arious deri\ali\C~ of 
dcoxynudcos1dc, ha\e hccn obtained as cr)stallinc 
compound, and uncqttt\ ocally characterw:d (Tables 3 
and 41. 

To dctcrmine thc rate of hydrnl)sis of the ,,mide 
bond ,pectf()photnmetnc ml.'thods \\ere used. The 
stahilit) of the ,arious ,-prntl.!etmg groups ha, hcen 
mca-.ured u,ing a mi\turc of0.2 '.\: '-:aOH \foOH 11: L 
, \) as thc Lkacylating agent. '.\:uckL)Side conccntra­
tions \\erc about 00-lmm\}k t: therefore the 
hydroly:.is folll)\\cd lirst-order kinetics To c,)mpare 
the stability 1.1f the Jiffcrem protcct1nµ group-; it 1s 
referred 10 the half life time r 

Tahlc I ,ho,,;. half life ti1m:s for the h~drol)si:,; t)f 

d1tkrcnt ~:,.nth.:ti1.: deox:,guano,ine deri,ativc~. 
The higher 'itab11ity of the aromatrc '.'\-acyl gwup~ is 

si~nificanl. the ;d1phat1c hohutyryl group hcmg 
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Scheme I. Synthesis of N-acyl protected deoxynucleosides. 
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Table I. '.'1-Deac)IJtton of \Jriou~ Jcoxyguanos1nc 
deri\ative~!! \\llh MeOH ll.2'J J\aOH (1:1. v ,·1at 22· 

1'-·\cyla t9d neoxynucleosirtes T i"min l 

Gbz 
d (~~) 647 

Ge 1 
d (gg) 552 

Gdc (~g} 412 
d 

Gnt 
ct <~:) ·312 

Gib 
'ct (~!) n1 

Gpn (~1£) 12 
d 

Gpo (~g) 8 
d 

h, ~ bcn1ml. d - 4-chlorobc111ovl. Jc = J.4-Jrchlow­
henm}I. 111 .:,, 4-nitrobc:nzoyl. ih --1~obut)ryl. pa~ 4-t­
butylphcnylacet)I and po= 4-t-butylphenoxyacct)I. 

stabilized by steric effects. The 4-t-butylphenoxyacetyl 
and the 4-t-butylphenylacetyl group (the latter 
independently dcvclope<l by Reese ct ul. 1 

'' I arc 
lipophilic derivatives of the recently described 
phcnylacetyl grouph and are of value for triester 
approach. when only mild alkaline treatments have to 
be used durmg oligonudeotide 5ynthesi:.. If this cannot 
be achieved according to the strategy used the iso­
butyryl group is superior. The latter is useful for diester 
approach as ,.,.ell. although problems ha-.e been 
reported.h·'1·2J Due to its stability the 4-chlorobenzoyl 
group can be recommended for diester method. The 
more labile 3.4-dichloro- and 4-nitrobenzoyl group 
arc not :oatisfactory. the former hemg used for the 
synthesis of the endonuckase Pst I ~pec1tic 
oligonucleotidc d-CCTGC AGG~ 4 follm.,,ing the 
triester method. Strong retention on silica gel columns 
and partial brcakdm,n of the guanine nng <luring 
condensation have been observed. These urmanted 
side effects do not occur\\ hen using the benzoyl or 4-
chlorobenzoyl group the former bt:ing too ~table for 
synt hctic purpnscs. 15 

With respect to stability the be1uoyl group for 
deoxyadcnosmt:secms to besati~factory. an incn.:a:oc in 
stability of about 20"., can be obtained by introducing 
the anisoyl group 11 !Table 2 ). although this effect may 
be not great enough to be of preparative value. Fl)r 
tricster approach the more lipophilic 4-t-butylbcnzoyl 
group has been proposed \\ithout any kinetic data.''' 
its stability should be between benzoyl and anisoyl (ti 
the corresponding defr.ative:. of deoxycytidinc m 
Table 2). 

Considerable ditlh:ultic~. ho,\c,t:r. v.crc en­
countered during the ~ean.:h for a more stable N­
protecting group for dcoxycytidine. Several com­
pounds \\>ere synthcsl7cd and their stability measured 
(Table 2). 

Introduction of a second OMc group tnto the 2-
position of the phenyl ring ( IOfl did not lead to a 
deactivation of the carbonyl-C-atom towards 
nucleophilic attack. Apparently the sterical htndrance 
of the o-substituent is so large that the phenyl ring is 
turned out of the mesomeric plane of the amide bond 
and by this only the ele1.:tron \\ilhdra\\ing inductive 
effect of the tv..o 0-atorns is 1.lpcrating. This may 

cxplam the greater instability of thi.: 2.4-dimethoxy­
bcnzoyl group compared lo the 4-methoxy­
benzoyl(anisoyl) group in compt1und IOb. 

The extended n-ele1.:tron sy~tem of the 4-
phenylazobcnmyl residue I IOg) re~emblcs the 
unsubstituted phenyl ring (lOaJ in its influence on the 
CO group of the a1111dc bond. A similar obsuvation 
has been made for the pyridine ring in the nicounoyl 
group (IOI). The 4-phcnyla/Oben,oyl group. ho\\cvcr, 
may he of mtcrcsl due to its strong absorptjon in the 
\isible reuion. 2'' 

A disti;ct increase in stability compared lo IOa has 
been ob.,enc<l \\ hi.:11 introducing the 4-t-butylbcnzoyl 
group 110m1. This effect might be due to the electron 
releasing. propt:rtie:. nf the t-Bu group. This effect is 
particularly pronounced \\ hen introducing the ;'J.1'i­
<l1methylammohenzoyl group I I Oh) But nc\crthelcss 
the stabilit:,, of the N-acyl group 111 toh cannot be 
compare<l to that of stntahle dcoxyadc1wsinc and 
deoxyguanosme i\.-al:yl dcrivati,cs. 

Great ditlicultics to introduce the mesitoyl gwup led 
to an examination of the 2.4-dimcthylbcnzoyl group. 
The resulting compound. :\-2.4-dimeth:,,lbcn:1oyl­
deoxycytidinc ( IOk J. j:,, the hllherto most stahle l'\-aeyl 
derivative of dcl)X)'l:)'tidinc. mon.:o\'er it i~ ea:oy to 
prepare and lo handle. Considcration~ using 
molecular models shm\ that the 2- 'v1c group in I Ok can 
shield the CO fum:tion ellicicntlv but leads to a less 
sterical hindrance than the 2-0Me group in IOf. In 
contrast to IOf the mesomcric wstem hetwcen the 
phenyl ring and the amide group ,;pparcntl)' ~ecms to 
be intact tn IOk The electron releasing effect of the 
phcncyl nng apparently is important for stabilization 
of the amide bond. The remarkable low stability of the 
likewise sterically hindered pt\'aloyl group in IOj points 
aµai11 to thc importance of the resonance effect. 

Tahk 2 "J-1..kac~ l.111011 or \ a nous dl.'ll\YI.:} t1d1rn: and 
deo,yadcno',tnC dcmatl\C~ u~ing \kOH 02 ',I NaOH I I: L 

\ \ I at 22° 

r;~acylated DeoxYnuc l.eosides .. lminl 

Cd 
z 

(J~~) 6.8 

r.an 
'd (l~g) 14.o 

c~ 
d {l~!) 4.4 
az 

( ~~§') 6,7 r.d 

da 
Cd <M?l;l) 31.0 

cac 
ct (J~) 0.2 

Cpi 
·ct (1~J) 2.1 

tl 
Cd (~~g) 109,0 

('db 
d <i~~) 116,0 

rnc 
d (1~J) 7,3 

ctb 
'ct (~~) 9.0 

\bz 
d 

( i:> :n4. o 

.\~ ~~) :?85,0 

ac = :.11.:ctyl. ti 2-methylbcnzo)'I. an .,_ 4-methoxy-
bcnzoyl(amsoyl ,. at 4-phenylatobcnzoyl. h, ~ bcnLO)'I. 
da 4-N.N-dime1hylaminohen1oyl. dh ~ 2.4-dimcthyl­
hc:nrnyl. th= 4-t·butylbcn1.oyl. nc = mwtrno11. 
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Scheme ., Possible c\rlanat1on for the increased labihty of N-acyl derivatives of JcoxycytiJine. DE 
= Dcoxyribosc 

Compared to the acctyl group' - (IOnl the ptvaloyl 
group leads to a dramatic increase in stability due to lts 

exerting stencal shielding effect. For large-scale 
preparations of 1\-acyl derivatives of dcnxycytidint.: the 
2.4-dimethylbcn.1.oyl group might be too expensive. 
For this case the 2-mcthylbcnmyl group has been 
i11trodu,.:ed (IOol. Its stability is in the same range as 
that of the 2.4-dimethylbenLoyl group. The 2.4-
Jirncthylbenioyl group nev,ly introduci.:d for the 
protection of the cytosine ring has been used during 
,ynthesis of the Pstl-specilic octanucleotide 2 .. and 
shov. n to be a very ~uitable protecting group for this 
purpose. 

It is interesting to note that the rna111 influence on the 
stability of an acyl function to\i..ards alkaline 
hydrolysis 1s determined by the heterocyclic base and 
that the stability of the amide bond can 1rnly he 
mtluenced ma limited range hy mductive. resonance 
and stcric effccb originating in the acyl group. A 
comparison of compounds 8a, 9a and IOa makes this 
phenomenon particularly evident. According to 
Khorana 1 

·
1 removing a proton fwm the amide bond 

lead~ to an increase in stabilit) t1rnards nudeophilic 
attack on the carhonyl-C-atom of the amide bond due 
to the dclocali1ation of the negative charge v.ithin the 
amide bond. The large <l1lkrcnce in stability of '.\J-acyl 
dcrivati, cs of cJcoxycylldinc as comparccJ to that of 

tThe amount of deU'l.yumline ,tfti:r a I 6-hour~ treatment of 
N-~.4-d1methyllxn1oyldeoxycy11di11e I tOkJ at room tempera­
ture•~ less than 0.6 " .. as sho~\n by hpk analysis performed 
v.Jth an equipment 1.if Laborawry Data (.\)J)\rnl on 
Liehro~orb Si-60 !711. Merck t. column: 250 mm length. 
4.6mm i.d .. solvent system: 30"., methanol {containing I"., 
aqueous triethylammonium acetate. pH 7 OJ 70" .. l:hloro­
fnrm. flo.,., rate 2 ml.mm: rc::tention t1mc::s: N-2.4-
dimcthjlbcnzo;ldcoxycyt1dinc al front. 102 sec for 
dcoxyundine. 125 ~e1.: for 2.4-dimcthyltxn,oic ac1J, 185 sec 
for dcoxycytidinc. 

deoxyadenosine and deoxyguanosine may be 
attributed to a strong electron v.,ithdrav.,ing effect of 
the heterocydic base cytosine under -.trong alkaline 
conditions (pH > 12). We assume that the negative 
charge at the amide N atom follm\ ing deprotonation 
(pH > 12), is mainly delocalized into the heterocyclic 
ring (0 2 

), thus making the carbonyl-C-atom of the 
amide bond more susceptible tO\\ards nucleophilic 
attack (Scheme 2). 

Methanol:0.2 N Na OH (I: I. v :'v J is a very pO\\erf ul 
1\-dcacylating reagent, the rate of hydrolysis being 
increased by a factor of about 5 I 3 dependmg on the 
1\-acy la tcd deox yn ucleoside v. hen com pa red to 
aqueous concentrated ammonia \l,idcly used. 2 ~ The 
\\·Ork-up is simple by using cation ion exchanger. Side 
reactions namely dcamination are ncglcgible.+ This 
reagent therefore offers an alternative to the kno'A-n 
procedures at least for oligonudeotidc synthesis 
follm\ing the diester method. The N-deaeylation using 
this reagent may be induced by nucleophilic attack of 
the methylate anion on the carbonyl C-atom of the N­
acy! group. 2 ~ Other alcohols are not effective and even 
suppress the rate of N-deacylation v.,hen compared to 
aqueous sodium hydroxide. 27 :"J-deacylation is 
suppressed most strongly in the presence of I .4-
dioxane. For the repeated 3'-0-dcacylations necessary 
ill' diester approach it is therefore advisable to use 
dioxane to render the oligonucleotides soluble in 
,u.1ucous 2 N NaOH. 

To our kno\\lcdge this is the first comprehensive 
study regarding N-acyl protecting groups which have 
been mvariably used m oligonucleotide synthesis. The 
results obtained allov. to select N-acyl protecting 
groups according to their stability and1or lipophilicity. 
We feel confident that the availability of such a 
collection of data will prove to be of much value for the 
synthesis of oligonuclcotidcs follov,in)! different 
strategies and for other compounds bearing amino 
groups to be protected during chemical transforma­
tions. 



N-!\cyl protecting !,!rllUp, for Jeoxynuclcos1Jc~ 

rahlc: J Data of demcntary analy~is. mdt1ng and decomposition tcmrcraturcs of \:-a.:ylated 
dcox}nudeo,idc, Ahbrev1a11on, ,ec kgcmh !l) rahk I and 2 

.167 

neoxy- Molecul11r 

nucleoside WP.ight r; 

Element,1ry .\n1\lysis 

cnlculated 

1· Cl <: 

found 

:1 

:-ioltinc 

point 

oc 

r>ecompo,ii­

tion point 

oc 

·\an (2h) 
cl -= 

\~nl /211;!0 

C:~z (J~~) 

c~" (~~;:) 

c~a (!Q!}) 
uh 

Cd (J~~) 

c:!'11 (~\n) 

(.--c )r,~c (r:c) <n) 
( Pi )r,~l ( I' L) (;~J) 

th 
"d (~~~) 

4J5. l9 

JJ1. 15 

J74. l') 

359. 1 '.l 

'l') l • I ~ \ 

r,~
1 

(~~) 1,os. 6 

(•.c)G~
1
(\r)(J:?g) 1,;;9.6 

( 'c)r;~"(:.c)(l;~) 5::1,.o~l 

( \c )!"i~t( '.c) (!~~) sun. l() 

(,c)r;~"(\c)(~~g) 5:n,.5~ 

( 'r. )G~
0

( \c) U~'J) 54~,. 5:, 

54.79 5.11 17.76 

57.97 s.11 12.68 

57.72 5.9:! 14.97 

60.13 5.f9 11.69 

ss.21 s.41 10.74 

59.75 4.oR 15.49 

so.JS 4.01 16.Bn 

59.0H 6.4~ lJ.25 

5?.75 s.or, u.46 

s5.ss s.44 10.59 

sn.15 4.o~ 16.66 

Table 4. liV-,p.!Ctro~copic propcrtic, of '\J-ac~latcd dcoxynudco~1des 

l)eoxy-

nucleoside 

\: <2~) 
r~z (f2f) 
c~z (J£>~) 

r~n (l~~) 

r:b (l~~) 

r.~ (;~!) 
Xe ):!r~c (:'Jc HJJ) 
P1) 2c~

1(Pi)(J)) 

c~b (!~) 

G~l (~~) 

.,c )G~" ( .\c) ( J~g) 

·.c)G~t( \c)(JJg) 

,c )(;~" ( \c) (!.fg) 

,\r. )G~
0

( .\c) (!,;;~) 

Solvent 

r. 

IJ 

JJ 

H 

A 

ll 

D 

'l max
1 

I run • 

107 

JSl 

105 

112 

J08 

)06 

)OJ 

Jll 

:,.53 

'.l19l0 

·146;.,o 

16840 

11160 

98<}0 

12150 

14<'40 

1l1G80 

lJJGO 

•nm. 

264 

246 

258 

21;4 

287 

c,,,ax~ 

14090 

15810 

21)60 

18670 

270)0 

14650 

26510 

214 50 

218()0 

I )7 50 

I 2070 

12f>70 

11)60 

286 

~86 

275 

275 

.:57 

268 

:204 

94 

6060 

12610 

75 lO 

7")40 

9690 

14450 

77:•o 

1060 

10590 

9870 

5800 

.'.lQQ 
280 

0.995 

1.507 

l.099 

1. l9J 

1.061 

1. 191 

o.78J 

2. 0'.35 

o. 7)) 

1. '.)14 

1. 694 

114:io o. 880 

8770 

12910 0.801 

8690 

Soln:nts ;\ ~ Dm'l:anc, H = Dio,anc·Water (8:2. v VI. C ~ Ethanol Water {X:2., v). :\bhrev1at1ons sec 
legcnds to Tahles I and 2. 

198 

?.06 

JOO 

PlO 

189 

199 

100 

')00 

tO:.? 

102 

280 
2bO 

l. 9J4 

0.905 

O.J85 

0.581 

o.491 

l. 2J7 

o.4JO 

o.J95 

0.624 

0.596 

o.408 

0.584 

0.802 

0.877 



368 H. K()STER ,·1 al. 

EXPERIVll"'offAL 

Ahhrenutim,s. See refs' and the legends to Table 1 and 2. 
.\falerials. Deoxynucleosides ( Papierwerke Waldhof­

Aschaffenburg. Mannheim). carboxyhc acids and:01 
carboxyhc aCJd chlondes (Aldrich). solvents ( Merck. 
Darmstadt) v.ere purchased commercially. All reagents and 
solvents "'ere crystallized or distilled before use. 

General merhoJs. Tic and UV ~pectroscopy has been 
performed as described. 1 Preparative tic ha~ been performed 
on commcrc1ally available thin layer plates from Merck 
(Darmstadt! containing fluorescence indicator (254nm). 
Descending paper chromatography to "'ork up micro­
preparative N-deacylations has been achieved using paper 
from Schleicher and Schull (2043 bmg.ll; solvent: 2-
propanol;water (7:3. v:vl. The substances ~ere eluted as 
described 1 and identified via RI values and UV spectra. 

Synrhes1s of N-aLylcaed ,lt'n xpiucle/J\ides. A~" (9b I. CJ' 
(10g). C~' (IOa). c~· (IOhJ. c::" (10k). c::"' (10ft. C:I'(10m), C" 
(10n). C'' [1001 and G~,1 (8c). 

Gt'neral method. The deoxynucleoside v.as dried in ranlO by 
threefold evaporation with dry pyridine and dissolved in dry 
pyridine (about 5ml pyridme:mmole deoxynudeosidel. To 
ti1is soln or suspension an excess of acyl chloride ~as added at 
0 . The excess of acyl chloride should not exceed 0.3-0.4 
equ1vts ~ith respect to the functions to be acylated 
(exception: less reactive acyl chlorides such a~ "1.1'· 
dimethylaminobcnzoyl chloride). The acylation v.as stopped 
by addition of sufficient but small amount of ""atcr. After 
dilution v.ith acetone the peracylated deoxynucleoside 5. 6 or 
7 could he obtained by precipitation into ice-water. This 
crude material "'as generally subjected to selcclive 0-
deacylation. v.-hich could be performed quantitatively in 

20 min using I N NaOH in dioxanc (or pyridmeJ. After 
neutralization v.1th Dov.-ex 50WX8 ion-exchanger (pyri­
dinium). the ion-exchanger was washed with pyridine/water 
and the N-protected deoxynucleos1des 8. 9 or 10 crystalli,1ed 
from EtOH or EtOH:v.ater after eliminat10n of traces of 
pyndine. lfthe liberated carhoxylic acid had a low solubility in 
aqueous systems. the mixture v.as evaporated 10 dryness and 
before crystallization extracted "'Ith ether. By addition of 
some NaHCO 3 (about 5 ".,) 10 the crystallization medium the 
last traces of carboxylic acids could be held in soln The N­
protected deoxynucleos1des "'ere filtered and stored over 
P40 10 m rnnw at 35 for 3 4 days. 

C~' (IOI) "'as isolated out of the 0-deaq,lation reaction by 
preparative tic. The product v.as chromatographically pure 
and therefore su11able for the determination of kinetic 
parameters. The elemental analysis. hov.ever. showed the 
presence of some silica gel as impurity. Satisfactory 
elementary analysis could be obtained from 71 (Table 3 J. As a 
consequence of lab1lity of the N-p1valoyl group. Ct llOjl 
could be only detected by tic durmg 0-deacylation The rate 
of hydrolysi~ of the N-acyl function. ho"'ever, could be 
determined using 7j. as the ester groups have no mtluence on 
the absorption of the chromophore. 7j v.a~ obtained folio\\ mg 
the general procedure (sec above J. CrystalhLation from Et OH 
gave an analytically pure product (Table 3). 

Sprthe.\i~ ofN-acyluCt'J deux.rg11an(l~inc derit u1i1 e, 1w 3 ·.5'­
Ji-0-uq lutl'd dcoxy~uanos111t' 11. tAclG,,(Ac) (11) was 
prepared according to the method de~cribed 20 by acet,·lation 
of I 1,i1h Ac20 in pyridine,'N.N-DMF Reaction of 11 v.ith 
the appropnate acid chloride ,iclded after precipitation into 
ice-water and crystallization from EtOH. 12c. (AcJG:;11Ac1 
and N-3.4-d1chloroben1oyl-3 ·s-di-0-acctyl deoxy­
guano!.ine. (Ac)G:\'(Ac). (12d). Similarly 12p and 12q v.-ere 
prepared The derivative Ke\~ h1ch v.as difficult to prepare by 
the direct acylation pro.,-cdure (see general method above) 
could be obtamed by reaction of 11 ~ith 2.8 equivnts of 4-
nnrobcnzoyl chloride. The di-N-acylated compound ""as 
prec1p1tatcd into tcc-\1.ater and the dried ppr v.ashc<l on a 
sintered glass funnel v.-ith cone ammtmium bicarbonate. On 
dilution \~ith v.ater (AclG~'(Ac) (12e) precipitated from the 
yellov. eluate in pure form. For the lklermir\ation of the 

kinetic parameters 12c. 12d and l 2e "'ere used directly. The 
properties and analytical data are summarized in Tables 3 
and 4. The N-acylated deoxynucleosides 8a. 8i, 9a and IOb 
v.ere prepared earlier. i.B 

Dett•rmi11ario11 <!/ kmeci, pC1r«meter., b_r UV .,pecrrophoro­
metric method~. The rate of N-deacylallon "'as determined by 
follo\\.ing the change m absorption rs time usmg a Gilford 
spectrophotometer (model 2400-S). The bathochromic shift 
of the N-protected wmpared to the unprotected 
dcoxynucleosides could be used favourably. The rate of N­
deprotec11on ~as measured at the follov.mg v.-ave lengths: 
310 nm forG~' (8aJ. G~1 (8c). C'~"(IObl. C~' (t0a1.C:(h (IOf). c:: 
{lOo), C~1' (10n). C~ ... (IOl1. (PilC~'(Pi) (7j) and c:~ (10m). 
290 nm for A~" (9b)and A~' (9a). 300 nm forG~b (8i),G;,'(12p) 
and G;.0 (l 2qJ. 340 nm for c~· (IOh). 360 nm for G~' (Se) and 
370 nm for C,~' ( IOg). For evaluation three different methods 
were used: (a) If the measurements could be undertaken at a 
v.ave length at ,....hich neither the unprotected deoxy­
nucleoside nor the anion of the removed N-acyl function 
absorbed. the evaluation could be performed by using the rate 
la"" for a first-order reaction. Plotting lnC,/C rs t led to a 
graph out ofY<hich the kinetic data could be obtained (Tables 
land 2). (bl In case of the compounds Se, IOg and 8i no wave 
length could he found at 11.hich either the liberated acyl group 
or the unprotected deoxynudcoside had no 011.n absorption. 
Theo the observed absorption E is an addition of the 
absorption of the I\J-protccted deoxynucleoside (index 1) and 
the absorption of the liberated acyl group (index 2): 

E. = E1 .._ E:: ( I) 

EI and E2 obey opposing exponential equations: 

E1 = E01 ·e-k''(2) and E1 = E, 2 (1 - e-k '') (3) 

Insertion of equation 121 and (31 into (I) gives 

[_ = E
01 

·e-k,, + E, 
2
(1 - e-•,•1 (4) 

As the rate con~tants k are identical, equation (4) can be 
simplified to 

E, = ( E01 - E , 2 J · c - •' + E , 2 (5J 

E, 2 can be determined oul of the kinetic for t ..... x,. After 
subtraction of E, 2 or displacement of zero adjustment by the 
same valoe gives an exponcntJal equation which allo~s the 
determination of the rate constant k as in (a). (c) In the case of 
very ~low reaction rates (e.g. hydrolysis of 8c ~ith 0.2 N 
!'-laOH/dioxane) the slope of the reaction approximates to be 
linear. Then ror the evaluation of kinetic parameters the rate 
law has been used in the differentiated form 

de 

dt 

dE 
k ·c or = -k E. 

dt 

Ack11mdeclgem('l1/S This v.-ork v.as supporled by the 
Deutsche Forschungsgemeinschaft. 
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