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Scheme I. Synthesis of N-acyl protected deoxynucleosides. 



stabilized by steric effects. Thc4-t-butylphenox~a~etyi 
and the 4-t-butylphen~lacetyi group (Ihc latter 
independently dcvcloped by Reese UI Al.“‘) arc 

iipophiiic derivatives of the rcccntly described 

phcnylacetyi group ’ and are of value for triostcr 

approach. when only mtfd alkaline treatments have to 
be used durmp oii~onu~le~~tide synthesis. if this cannot 

be achieved according to the strategy used the iso- 

butyryi group is superior. The latter is useful for diester 
approach as well. although problems habe been 
reported.*.“.“?.’ Due to its smbility the J-chlorobenzoyl 

group can be re~ornn~~nded for diester method. The 

more labile 3.4-dichfnro- and 4nitrobcnzopl group 

arc: not satisfactory. the former bcmg used for the 

synthesis of the cndonuclcase Pst 1 specltic 

oliponuclentidc d-CCTGCACG-‘J following the 

triester method. Strong rctentlon on silica gel columns 
and partial broakdoBn of the ~uanin~ rrng during 
condensation have been observed. These un\\anted 

side el’fects do not occur \b hen usmg the benzoyi or 4 
chiorobenzoyi group the former being too stabic for 
synthetic purposes.” 

With respect to stability the benqi group for 

deoxyadcnosineseems to bc sati&ctory, an increabc in 

stabiltty of about 20”,, can be obtained by introducing 

the anisoyl group’ ’ (Table 2 ). although this effect may 

bc not great enough to be of preparative value. For 
tricster approach the more lipophiiic4-t-butylbcnzoyl 
group has been proposed uithout any kinetic data.“” 

its stability should be between brnzoyi and anisoyl (t-f 
the corresponding deri\atiic> of deoxycytidinc 111 

Table 2). 
Considcrablc ditficuitie~. ho\cc\er, wcrc cn- 

countcrcd during thy’ search for a more stabic N- 

protecting group for dcwycytidinr. Sevcrrrl COW 
pounds were sgnthcwcd and their stahiilty measured 
(Tabic 2). 

introduction of a second Oivlc group Into the ?- 
position of the phenyi ring (IOf) did not lcad to a 
deactivation of the carbonyl-C-atom towards 
nucieophilic attack. Apparently the stericai hmdrance 
of the ~~-substitucnt is so large that the phenyl ring is 
turned out of the mcsomerio plant of the amide bond 
and by this only the electron withdra\\ing inductive 
efTcct of tho tuo O-atoms IS operating. This ma> 

explain the grcatur instability of thl: ?.4-dimcthoxy- 
benzoyi group compared to the +methoxy- 

benzoyi(anisoy1) group in compound lob. 
The c’xtcnded n-electron sqstctn of the 4- 

phen~laz~)bcn,o~l rcsiduc ilOg] rr~embles the 
unsubstltuted phcnyl ring (I&~) in its influcncc on the 
CO group of the ;~rn~dc bond. A sirnllar observation 
has been made for the pyridinc ring in the nlcotlnoyi 
group (101). The 4-phcnylazobcn/oyi group. howcvcr, 

may bc of mtsrcst due to its strong absorption in the 

\isibir regton.“’ 
A distinct incrc:tsc in stability compared to IOa has 

been obbcr\ed \\ hell introducing the 4-t-butylbcnzoyi 

group (IOWI. This clTcct might bc due to the cicctron 

rclcasing propertie of the t-Bu group. This clTcct is 
parti~ili~~ri~ pronounced ii hen introducing the N.K- 

dlmethylalnlnobe~~z~~yl goup f IOh). Hut ncrcrtheless 
the stabilit! of the N-acyl g-oup III 10h cannot bc 

compared to that of sultable deosyadcnosinc and 
dcox~guanclsrne h_iIcyl dcrivati\cs. 

Great dillicultics to introduce the mesitoyi group led 

to 311 ~x~ltllitl~~ti~~n of the 2.4-din~~th~lb~n~o~l group. 

The rcsuitinp compound. N-2.4-dimcttlLlbcn~otl- 
dcoxycytidinc (II)&]. i\ the hlthcrto most stable K-acyl 
Jerivatikr of dcoxycytidinc. mvrcovcr il 15 cas,~ to 

prcparc ;tnd to handle. ConsidL‘ration5 using 

molrlcul;tr models &t)\\ that the ~-MC group in IOk cm 

shield the CO f~ll~~ti~)ll ctficicntiy but Icads IO ;1 ICSS 

steric;ll hindrance than the 2-OMr group in IOf. in 
contrast to 1Of the mesomcric system between the 
phcnyl ring :~nd the amldc group apparcntlt seems to 
be intact m IOk The electron releasing effect of the 
phcneyl rmp apparently is Important for stabilization 

of the amide bond. The rem~~rkabfc low stabtiity of the 
likewisesterically hindered plvaloyl group in IOj points 

again to tlic iniport;lncc of the resonance clYcct. 

BC = xc~yl. II - :!-methylbenzoyl. an - +nlethoxy- 
bcnzoyl~anw~l~. ;I/ = ~.phenvl;l/obcn~ovl. b/ = bcmoyl. 
da = 4-N.N-dirnethyl;tminohen/~~~l. dh 7 ?.4-Jimcthyl- 

benmyl. tb = -l-t-butylbcnwyl. nc = rwotlno>l. 
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C’omparcd IO the accryl !goup’- (IOn) the p~valoql 

group leads to a dramatic increase in stabilrty due to 11s 

cxcrting stcrrcal shielding elTect. For large-scale 
preparations of N-acyl dcrivativcs ofdcoxycytidinc the 

?.3-dimcthylbcn/.oy~ group might be too expensive. 

For this case the 2-mcthylbcwoyl group has been 
introduced (100). Its stability is in the same range as 

that of the 2.4dimethylbenzoyl group. The 2.4 
dimcthylbcwoyl group nwly introduced for the 

protection of the cytusine ring has been used during 
synthesis of the Pstl-spccrlic octanuclcotidc’.’ an d 

shwn to bc a very suitable protecting group for this 
purpose. 

It is intcrcstinz to I~OIC that the maul inllucnccon the 

stabrhty of ~111 acyl functron rwards alkalmc 

hydrolysis IS dctcrmrncd by the hctcrocyclic base and 

that the stabrlity of the amidc bond can only bc 

mlluenced tn :I Iunited range by mductivc. resonance 
and stcric ctkc~s orrginating m the acyl group. A 
comparison of compounds Ha. Ya and IOa makes this 

phcnomcnon particularly evident. According to 
Khorana’-’ rcmovinp a proton from 111~ amidc bond 

leads to an incrcusc in stability towards nucleophilic 

attack on the carbonyl-C-utom of the amide bond due 
to the dclocali/ation of the negative charge within the 
amde bond. The hrrgc drficrcncc in stability of NV-acyl 
dcrivativ cs of dcoxycytrdino as compared lo rhaL of 

tThr amount ofdcu\yurldlnc .iftcr LI IO-huurb trcatmcnl of 
N-~.4-d~merh~I~n/oyldeuxgcy~~dillr 1l0k)at room tempera- 
ture 15 less than 0.6”,, cls shwn by hplc analysts performed 
ulth an equ~p~ncnt of I,aborator\ Data C’onrrol on 
Lichrosorb Si-60 (7/l. Merck 1. column: 250 mm Icngth. 
4.6mm i.d.. solvent system: JO”,, methanol (conwning I “,, 
aqueous ~riethylammon~um acc~ate. pH 7 0) 70”,, chloro- 
fo mm . flow rate 2 ml.m~n; retention tlmrs: N-2.4- 
dimethylbcnzo~ldcoxycytldlne al front. IO7 set for 
dcoxyurldinr. 125 ,ec for 2.4-dimcthylkxwoic and. I85 SW 
for dcoxycytidlnc. 

deoxyadcnosinc and dcoxyguanosine may be 

attributed to a strong clcctron vvithdrauing effect of 
the heterocyclic base cytosine under strong alkaline 

conditions (pH > 12). We assume that the negative 
charge at the amide 1\: atom following deprotonation 

IpH > 12). is mainly delocalized into the heterocyclic 
ring (O’), thus making the carbonyl-C-atom of the 

amide bond more susceptible touards nucleophilic 
attack (Schcmc 2). 

Methanol.II.2 N NaOH (1: 1. v;v) is a wry powerful 
N-dcacylating reagent. the rate of hydrolysis being 
increased by a factor of about 5 13 depending on the 
N-acylatcd dcoxynucleoside Hhen compared to 

aqueous concentrated ammonia uidely used.” The 

vvnrk-up is simple by using cation ion exchanger. Side 
reactions namely dcamination are ncglcgible.+ This 

reagent therefore oticrs an altcrnatrve to the known 
procedures at lcast for oligonucleotidc synthesis 

follovving the diestcr method. The N-deacylation using 
this reagent may bc induced by nuclcophilic attack of 

the mcthylate anion on the carbonyl C-atom of the N- 
acyl proup.‘7 Other alcohols are not effcctivc and even 

suppress the rate of N-deacylation when compared to 
aqueous sodium hydroxrde.” N-deacylation is 

supprcsscd most strongly in the presence of I.4 
dioxane. For the repeated 3’-0-dcacylations ncccssary 
in diester approach it is therefore advisable to use 

dioxane to render the oligonucleotides soluble in 
aqueous 2 N NaOH. 

To our knorvlcdge this is the first comprehensive 
study regarding N-acyl protecting groups which have 

been Invariably used 111 oligonucleotide synthesis. The 
results obtained allow to sclcct N-acyl protecting 
groups according to their stability and/or lipophilicity. 
We feel confident that the availability of such a 

collection ofdata will prove to bc of much value for the 
synthesis of nligonuclcotidcs following dilicrent 
strategies and for other compounds bearing amino 

groups to be protcctcd during chemical transforma- 
tions. 
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EXPERIMEWAL 

~hhrmuriotrs. See rcfs’ and the legends to Table I and 2. 
.~~~i~~~i(~~.~. Deoxynucleosides (Papicrwerke Waldhof- 

Ascha~enburg. M~~nnheim). carboxglic acids andlot 

carboxyhc and chlorldcs (Aldrich). solvents (Merck. 
Darmstadt) aere purchased commercially. All reagents and 
solvents were crystallized or drstilled before use. 

Gencrtrl lnerhocls. Tic and UV spectroscopy has been 
performed as described.’ Preparative tfc hat been performed 

on ~ommcrclall~ available thin layer plates from Merck 

(Darmstadt) containing fluorescence indicator (254nm). 
Descending paper chromatography to work up micro- 
preparative N-deacylations has been achieved using paper 

from Schleicher and Schiill (2043bmgl); solvent: 2- 

propanol:water (7:X G:VJ. The substances uere elutcd as 
described’ and identified via R, values and UV spectra. 

S~~r~~s~s c$ /V-~J~~~(~~~~~ tlvo~~,tuck~,cl\i~~,s. A;” (9b), C”’ 
(log), C.;’ (IOn). CS (IOh). C:;* (1Okt. C:;“’ (lOft.C;“c¶Om,. C”’ 
(Ion). C” (loo) and G:,’ (8~). 

Cunerul wrhod. The deoxynucleoside was dried in IXQY(O by 
threefold ebaporatton wtth dry pyridine and dissolved m dry 

&dine (about 5 ml pyridme:‘mmole deoxynucleosidc). To 
tiiis holn or suspension an excess of acyl chloride uas added at 

0 . The excess of acyl chloride should not exceed 0.3-0.4 
cqulvts with respect to the functions to be acylated 
(exception: less reactive acyl chlorides such ah \1.L- 
dimethylammobcnzoyl chloride). The acylation HLIS stopped 

by addition of sufficient but bmsll amount of water. After 
dilution with acetone the perrtcyiated dcoxynucleoside 5.6 or 
7 could be obtained by precipitation into Ice-water. This 

crude material was generally subjected to selective O- 

dcacylation. which could be performed quantitatively m 
20min usmg 1 N NaOH in dioxanc (or pyridlne). After 
ncutrahzation filth Dowex 5OWXX ion-exchanger (pyri- 
dinturn), the ton-exchanger was washed with pyridinejwater 

and the N-protected deoxynuclcondes 8.9 or 10 crystallired 

from EtOH or EtOH,‘sater after el~minatlon of traces of 
pyndine. lftheliberatedcarhoxylicacid hadalowsolubilityin 

aqueous systems, the mtxture uas evaporated lo dryness and 

before crystalhzation extracted nlth ether. By addition of 

some NaHCO, (about S”,,) IO the crystallization medium the 
last traces ofcarboxylic acids could bc held in soln The N- 
protected deoxynuclcosldes were filtcrcd and btored ober 

P,O,, rn ~XI~O at 35 for 3 4 dajs. 
Cnc (101) was isolated out of the 0dcacylatlon reaction by 

preparative tic. The product was chromatopraphicallg pure 

and therefore suitable for the dcterminatlon of kinetic 
parameters. The elemental analysis. however. showed the 

presence of some silica gel as impurrty. Satisfactory 
ciementary analysis could be obtained from 71 (Table 31. As a 
consequence of lability of the N-p~baloyl group. C-y (IOj) 
could bc only detected by tic during O-deacylation The rate 
of hydrolysis of the N-acyl function. however, could be 

determined using 7j. as the cstcr groups have no mfucnce on 
the absorption of the chromophore. 7j MS obtained folloumg 
the general procedure (see above). Cryst~~llj~ation from EtOH 

gave an analytically pure product (Table 3). 
S,rlrthe.\is ~)/N-~c~./ur~rl d~~f~~~~~~unc~siac dcrituritr\ 1’1~4 3’.5’- 

Ji-O-uc.~/ure~/ tlrc,.~!puuno.s~rtr 1 I. IAcK_~,,(Ac) (I 1) was 
prepared according IO the method described” by acetylation 
of I with AczO In pyridine,‘N.N-DMF Reaction of 1 I with 
the appropnatc actd chloride yielded after precipitatmn mto 
ice-water and crystallization from EtOH. Itc. (AcjG;‘(Ac) 
and N-3.3.dlchloroben;loyl-3’.5’-di-0-acctyi dcoxy- 
guanosine. (Ac)C:f’(Ac). (12dl. Similarly I2p and I2q wrr 
prepared The derivative 8e which &as diticult to preparc by 
the direct acylation procedure (see general method above) 
could be obtained by reaction of I I Hith 2.8 equivnts of 4- 
nltrobcnzoyl chloride. The di-N-acylated compound was 
prrctprlatcd into rcc-water and the drtsd ppt nashcd on a 
sintered glass funnel with cone ammonium bicarbonate. On 
dilution with Hater (Ac)G;‘(Ac) (IZe) precipitated from the 
yellou eluate in pure form. For the dotermination of the 

kinetic parameters 12~. l2d and 1% were used directly. The 

propcrtles and analytical data are summarized in Tables 3 
and 4. The N-acylated deoxynucleosides 8n. Si, 9~ and 1Ob 
Here prepared earlier.‘.25 

~~~r~~rJ~;~~~ifj~~~l ($ kwti~ p(~rut~~~f~‘~~ by L’V .~p~~fr~~~~~r~~ 
inrtj*ic’ ~nrrhtds. The rale of N-dcatylatlon was determined by 

following the change m absorption t’s time usmg a Gilford 
spcctrophotometer (model 2400-S). The bathochromic shift 
of the N-protected compared to the unprotected 
deoxynucleosidcs could be used favoorably. The rate of N- 
dcprote~tlon uas measured at the followmg wave lengths: 

31OnmforG~t~a).C~‘(&).C~“(l0b~,C~(lOa),$~(lMf.C~~ 
(1001, CT: 110n). Cg’ (101~. (PilCz’(Pi) (7j) and C:p (10m). 
290nm for A:” (9b)and A$ (9a). 3OOr1mforG;~(8i),G~(lZp) 

and Gz’ (12q). 340 nm for Cy IlOhh 360 nm for Gn’ (8e) and 

370 nm for Cf’ (log). For evaluation three different methods 
were used: (a) If the measurements could be undertaken at a 
wave length at which neither the unprotected deoxy- 
nucleoside nor the amon of the removed N-acyl function 
absorbed, theevaluatlon could be performed by using the rate 

law for a first-order rcactlon. Plotting InC;‘C I’S t led to a 
graph out ofwhich the kineticdata could be obtained (Tables 
I and 2). (b! In case of the compounds &, IOg and 8i no nave 

length could be found at v. htch either the liberated acyi group 

or the unprotected deoxynuclcoside had no o&n absorption. 
Then the observed absorption EL is an addition of the 
absorption of the N-protected deoxynucleoside (index 1) and 
the absorption of the liberated acyl group (index 2): 

E_ = E, + k: (II 

E, and E, obey oppusing ex~ncntial equations: 

E, = E,, .e-“‘(Z) and E, = E, 2(1 - c-‘1’) (3) 

Insertion of cquatlon i2) and (3) into (I J gives 

c. = E,, -e-“’ + E, 2(1 - ewkJ’I (4) 

As the rate constants 

simphfied to 

k are identical, equation (4) can be 

E. = (41, - E, ,).e-” t E,, (51 

E, 1 can be dctcrmined out of the kinetic for t -. xs. After 
subtraction of E , 2 or displacement of zero adjustment by the 
same valoe gives an exponcntlal equation which allous the 

determination of the rate constant k as in (al. (c) In thecdse of 
very slow reactjon rates (e.g. hydrolysis of 8c with 0.2N 
NaOH:dioxane) the slope of the reaction approximates to be 

linear. Then for the evaluation of kinetic parameters the rate 

law has been used in the differentiated form 

dc 
-k-c or 

dE 

dt = 
= -k.E. 

dt 

A~,k,~r),cIrd~er,lrnrs - This work was supported by the 

Deutschc Forschungsgemeinschaft. 
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