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Abstrect: 6- ..-- _. The rate constants for the hydrolysis of several 
rubrt mted 9-(2-deoxy-B-D-erythro-pentofurenosyl)purines end 
9-(l-rlkoxyethvl)purines firm ii measured at different con- 
centrrtionb of-oxoniua ion. The effects that varying the polar 
nature of the l lkoxy group exerts on the hydrolysis of unsub- 
stituted 9-(l-rlkoxyethyl)purines are interpreted to indicate 
that the reection proceeds by a rate-limiting departure of the 
protonrted base moiety with a concomitent formation of an alk- 
oxyethyl oxocarbenium ion. The same mechanism is applied to the 
hydrolysis of 9-(2-deoxy-B-D-or thro-pentofurrnosylypurines by 

- htituents corparing the influences that have on the reac- 
tivity of these compounds and their 9-(l-alkoxyethyl) counter- 
parts. No sign of rnomerization was detectqd. when the hydrol- 
ysis of 2’-deoxyadenosine was followed by H NMR spectroscopy. 

INTRODUCTION 

The acidic hydrolysis of purine ribonucleosides has been repeatedly suggested 

to proceed by l rate-limiting heterolysis of the H-protonated substrate to a ribo- 

furanosyl oxocrrbenium ion and free purine hose. The experimental evidence presented 

to support this mechanism includes Linear pH-rate profiles. 
2-7 

lack of anomerizrtion, 
8 

secondary deuterium isotope effects (1 ‘-d_) ranging from 1 .18 to l.23.6 entropies 

of ectivation near zero or positive. 4’5r9 pH-independent hydrolysis of 1.7-dimethyl- 

guanosine, 
2 

insensitivity of the hydrolysis rate to the polar nature of 6-substitu- 

ents, 
7 

rate-acceleration by bulky 8-substituents, 
8 

and enhanced reactivity of cis- 
10 

- 
1’ r2’-nucleosides. The hydrolysis of purine 2 ‘-deoxyribonucleosides has been less 

extensively studied. The experimental data are limited to positive entropies of ac- 

tivation, 2.4.5 almost linear pH-rate profiles. 2,615 
and the fact that 8-brono sub- 

stituent is with 2’-deoxyadenosine only slightly less rate-eccelersting than with 

rdenosine. ’ The markedly higher reactivity of 2’ -deoxyribonucleosides compared to 

ribonucleosides has been accounted for by stabilization of the oxocarbenium ion in- 

termediate due to the removal of the electronegative 2’-hydroxyl group. 2,SrlO nou_ 

ever# the generality of the mechanism established for the hydrolysis of purine ribo- 

nucleosides still needs verification, since the 2’-deoxyriboslde of 7-derzaadeniner 11 

2’-deoxyuridine 12 and thymidine 12 
have been show to rnomerize in aqueous acid con- 

current uith their hydrolyses. 

The aim of the present paper is to give additional evidence for the rate-limit- 

ing oxocarbenium ion formation in the hydrolysis of purine 2’-deoxyribonucleosides. 

This reaction is of considerable importance. because it is one of the major side re- 
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actions encountered in the chemical synthrsis of oligodeoxyribonucleotides. A 

knowledge of the reaction mechanism and the structure-reactivity correlations 

would help to understand the influences of various protecting group5 on the sta- 

bility of the N-glycosidic bond. The problem was approached by comparing the 

structural effects in the hydrolyses of 6-substituted 9-(2-deoxy-R-P-erythro- 

pentofuranosyl)purines and their acyclic counterparts to those observedi uith 

acyclic acetats. knoun to be hydrolyzed via oxocarbeniuu ions.14 

RESULTS AND DISCUSSION 

Fig. 1 shous the first-order rate constants, kCobs.1. for the hydrolysis of some 

9-Cl-alkoxyethyl)purines (la-lg) at different concentrations of oxoniua ion. The __ __ 

12:R=CH(CH3)2 

l_b:R= CH2CH3 

RO-CH 
l&R= CH3 

CH3 
Zp:R= CHzCH2CL 

rate of hydrolysis is markedly reduced as the oxygen bonded alkyl group, R, becomes 

more electronegative, the dependence of k(obs.1 on Iti+ being linear with all the 

compounds studied. These observations are consistent uith a l echanism involving a 

rapid initial protonation of the purine ring and a subsequent rate-limiting form- 

ation of an alkoxyethyl oxocarbenium ion (Route A in Scheme 1). The increasing 

electronegativity of group R only slightly retards the pro-equilibrium protonatlon. 

es seen from Table 1, but the developing oxocarbenium ion nay be expected to under- 

go a considerable destabilitationr and hence the reaction 15 retarded. For compar- 

ison. the acid-catalyzed hydrolysis of acyclic acetals is rether susceptible to the 

polar nature of the alkyl group, R’. which remains bonded to the oxocarbeniua ion 

intermediate (Route C in Scheme 2). The relative rate constants of this partiel re- . 
action have been reported to be 22.1. 4.48, 1 and 0.048. uhen R’ 15 isopropylr eth- 

YL@ methyl and 2-chloroethyl. respectively. 
13 

As seen from Fig. 2, the influence of 

group R on the decomposition of compounds lg-ld is nearly the seae, uhich strongly 

‘; 

1: First-order rate constants, k(obs.1, w < -2- 

or the hydrolysis of 9-(l-alkoxyetfiyl)- 2 ‘s 
purines fl@-lg) in aqueous acid and buffer 0 

solutions at-313.2 K. The ionic strength 
E 

was adjusted to 0.20 a01 dn-3 ulth sodium 
5 

chloride. The data referring to 1h uere 
ul 

token from Ret 16. 
-3- 

-* 
c 

-4- “I 

19 

-5- 

I 
1 

I I 
2 3 

- lg IIOH-l/mol dm' 
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Table 1: Rata end equilibrium constants for the partial reactions involved 
?n thr acidic hydrolysis of Gsubstftuted 
furanosyl)purinos (~R-~~) and their acyclic analogues 

Coapd I/K -Lg(~,/mol drne3)i klE;‘/dm3 mot-’ s-’ k2E;‘/dm3 mot” s-’ 

313.2 2.19 2.6 2.0 

313.2 2.12 0.72 0.78 

313.2 2.06 0.21 0.25 

313.2 2.09 0.016 0.020 

313.2 3.84 0.10 0.14 

313.2 3.71 0.20 0.19 

313.2 2.80 0.43 0.34 

313.2 1.21 0.33 0.35 

323.2 3.50 0.017 0.026 

323.2 3.675 0.027 0.025 

323.2 1.94 0.16 0.13 

323.2 1.30 0.067 0.063 

f k,/K, and k /K drfinrd in Sche!e 1. 
thr LGgends a? F#g. 1, 3 and 4. 

For the experimental conditions see 
- Determined spectrophotometrically at 

293.2 K and extrapolated to the teaperatures indiceted by l ssuming that 
the dependence of K, on I is similar to that observed uith 1 

V 
For the 

latter compound the values of -LgCK,/mol dm-3) were 2.1?, 2. 5, 2.13 and 
2.09 at 283.2. 293.2. 303.2 end 313.2 K, respectively. - Taken from Ref. 2. - 

tonation is with In-Id larger than with acetels. As shoun previously. the most basic 

nitrogen etoa in 9-substituted purines is il. 1.5 

If the alkoxy group, OR, uould depart in the rote-limiting stage* as depicted by 

Route g in Scheme 1, kfobs.) could be expected to be relatively insensitive to the 

polar nature of R. Electron-withdrawal by RI for example. uould retard the pre-equi- 

Librium protonation, but simultaneously the rupture of the CD bond would be facili- 

tated. In acetal hydrolysis these two influences almost cancel each other, the rel- 

ative rate constants of reaction D (Schere 2) being 2.27, 1.21, 1 and 1.96, when R’ 

is isopropyl. ethyl. methyl and 2-chloroethyl, respectively. 13 The decomposition of 

the cationic Schiff base cannot constitute the rate-limiting step for the disappear- 

ance of the starting material. because the departure of the alkoxy group* OR, must 

be virtually irreversible in a dilute aqueous solution. 

Ue have shoun previously7 that k(obs.1 for reaction A may be expressed by eqn. 

(11, uhere k, and k2 are the rate constants for the unimolecular heterolyses of the 

mono- and di-protonated substrate, and I$ and K2 are the acidity constants of the 

k,K2[H+l + i,[H+1’ 
kCobs.1 = - 

K,K2 + [H+I ‘K2 + [Ii+]) 
Cl) 

same species. Uhen [H+l < 20Klr [HeI fs neglfgible compared to E2, and eqn. Cl) 

can be replaced by eqn. (2). Substitution of the spectrophotometrically l eesured 

(2) 

values of K, (Table 1) into the letter equatfon enables the determination of $/I(, 

and k2/It2 by the method of least-squares. The results obtained are listed in Table 

1. Yith each compound C~Q-~A) studied the values of these quantities are of the 
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same ardor of magnitude. In fact, this is equivalent to the obrrrvrd linearity of 

the pli-reto profiles. Since the consecutive acidity constants of protonetod purifies 

era knoun to differ by a factor of 104,‘S this means thet the diprotonated rub- 

streto is hrtrrolytod lo4 times l oro readity than the monoprotonated one. 

The rate constrntsr k(obs.1, for the hydrolyses of 6-substitutrd 9-(l-elkoxy- 

l thylIpurine5 Czfi-za) and 9-(2-deoxy-S-i-•rythro-pentofuranosyl)purines far-&) 

are also Linearly related to the concentration of oxonium ion over the whole acid- 

ity range studied (Fig. 3 and 4). Uith both series of compounds the influence of 

X Q: X = N(CH3)2 

2A: X= NH2 

2: X= CH3 

CH3CH20-\H 
2: X= 0CH3 

CH3 
2: x= Cl 

-Igall H*l/mol dmlI) 

{F:.:: First-order rate constantrr k(obs.1, 
he hydrolysis of 6-substituted-9-fl- 

strength ues adjusted to 0.20 mot dm- 
sodium chloride. The data referring to zb 
mere taken from K. 17. 

2: X = N(CH312 

2: X= NH2 

&X=H 

g X= 0CH3 

& X= Cl 

. 
I I 1 

2 3 c 
-lg ILH+l/mol dtns3) 

Fi .4: First-order rate constants. 
k.>, for the hydrolysis of 6- 
Substituted 9-(2-deoxy-B-P-or thro- 
pentofuranosylIpurine5 (34 fi --J3-K 
equeous acid end buffer solutions at 
323.2 K. The ionic strgngth was ad- 
justed to 0.10 mot dm with sodium 
chloride. 

the 6-substituent on k(obs.1 is only a moderate one, the electropositive and elec- 

tronegetivr groups being both rate-retarding. This is consistent with n rchanism A. 

Increasing electronrgativity~ for exampLeI markedly retards the pro-equilibrium 

protonetion, 55 can be seen from the values of K, given in Table 1. Simultaneously 

the purinr moiety, however, becomar a better leaving group. In other words, the 

influences on the initial protonation and rate-limiting heterolysis are opporite, 

and may Largely cancel each other. For coaparisonr the hydrolysis rate of l ryl 

aldofuranosides, reacting vie glycofuranosyl oxocerbenium ions. is virtuelly in- 

dependent of the nature of polar substituents in the l glycon moiety. l9 Since dif- 

ferent substituentr at 46 exert almost identical effects on the reactivities of 

9-(2-deoxy-S-fi-•rythro-pantofuranosyl)purines end their rcyclic counterparts (Fig. 
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-51, It appears reasonable to assume that the mechanism suggested for 9-(l-alkoxy- 

ethyl)purfnes (le-a@ may also be applied to the hydrolysis of 2’-deoxyrfbonuc- 

Leosides. It should also be noted that very sfmflar structural effects have ear- 

lier been observed in the acidic hydrolysis of 6-substituted purfne rfbonucleo- 

sides. 
7 

The partial rate constants obtained by eqn. (2) for the decomposition 

Comparison of structural effects 
G 

acfdlc hydrolyses of 6-substituted -z- o- 

9-(2-deoxy-B-p-or thro-pentofuranosyl)- g 
purfnes and 9-l - ~yethylIpurfnes 
The relative rate constants refer to’[H*l 

a 

= 10-3 mot dm-3. Notation: (II unsubstf- E 
tuted, (if) 6-methoxy, (111) 6-chloro, 
(iv) 6-amino and lv) 6-dfmethylamfno 
derlvatfves. 

-0.2 - 

- 0.4 - 

I I I I 

- 0.4 - 0.2 0 
lg k (rel., 2) 

of compounds p and 3 are collected in Table 1. As with compounds 1, the values of 

lcc/kZ, and k2/FZ2 are of the same order of megnftude. indicating that the fnf luences 

of the 6-substftuents on the reactions proceeding via mono- and df-cations are 

similar. In consistence with mechanism A, no sign of anomerfxatfon uas observed. 

when the hydrolysis of 2’- 
1 

deoxyadenosfne Cab) was folloued by H NRR spectroscopy 

(D20, [D*l = 0.02 mot dm -3 I. The only signal detected in the anomerfc proton re- 

gion (6.0-7.5 ppm from DSS) during the whole kinetic run was the snomerfc proton 

triplet of the starting material at 6.69. 

The previous ffndfng, 
20 according to whfch ~6-bentoyl-2’-deoxyadenosfne is 

hydrolyzed in a mixture of dfoxan and aqueous hydrogen chlorfde Cl:1 v/v. [H*l = 

0.2 mot dm 
-3 , 1 = 293 lo about 8 times more rapidly than ah. is difficult to ex- 

plain on the bases of the preceding discussion. Our prelfmfnary kinetic measure- 

ments confirm that Ij’-bentoylation of zb really increases the rate of hydrolysfs 

by one order of magnitude at [H’l < 0.01 no1 dmw3. However, at [HeI > 0.2 mot dm 
-3 

the hydrolysis is accelerated by only a factor of 2. In other uords, the exceptfon- 

ally large acceleration is observed under conditions uhere the reectfon via the 

monocation prevaf 1s. One night tentatively assume that the predominant monocation 

of H6-benxoyl-2’ -deoxyadenosi no f s N7 protonated, and not ‘yl protonated es wfth ah. 

It should be noted that at present this explanatfon is only a hypothetical one. 

EXPERIMENTAL 

Materials. The preparation of 9-(l-alkoxyethyL)purfnes 16*21 Clr-ld) and 6-sub- 

stituted 9-(l-ethoxyethyl)purfnes 
17.22.23 

2’-Deoxyadenosfne (Sk) and its !j6 

(&-Zn) her been described earlier. 

-benzoyl derivative mere commercial products 

of Sfgma Chemical Company, and they uere employed as received. The other 9-(2- 

deoxy-8-P-erythro-pentofuranosyl)purfnes (a#,&-$~) used in klnetfc measurements 

uere synthesized as follows. 

6-Chloro-9-(2-deoxy-~-~-erythro-pentofuranosyl~purfne (28). 6-Chloro-9-(2- 
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deoxy-3,5-di-~-~-to1uoy1-8-B_rrythro-pentofuranosy1~pur1ne ($8 0.2 gr 0.04 mrn01)~ 

prepared from 2-deoxy-3,5-di-O-toluoyl-R-er thro-pentofuranosylchloride24 
--+Y 

and 6- 

chloropurine according to Kasimierczuk et al.. -- was hydrolyzed for 70 q in at room 

temperature in aqueous sodium hydroxide (200 cm3, 0.01 a01 dm-’ ) containing 30 % 

(v/v) methanol. The solution uas neutralized with acetic acid and evaporated to 

dryness under reduced pressure. The deprotected product uas isolated by HPLC on a 

Spherisorb RP-18 column (8x250 ma, 5 Pa) using a mixture of uater and acetonitrile 

(9416. v/v) as eluant. The compound obtained was chromatographically homogenous 

CLiChrosorb RP-18, 10 urn) and exhibited ‘H NMR chemical shifts and UV absorption 

maxima identical uith those reported. 26 

N6,N6-Dimethyl-2’ - - 
dioxan (5 cxt3) 50 cm3 

-deoxyadenosine (2~). To a solution of 4 Cl.52 gr 3 maol) in 

of aqueous dimethylamine (40 $1 uas added and the mixture vas 

stirred overnight. The solvent was removed under reduced pressure and the product 

isolated by column chromatography on silica gel CKiesclgeL GI Merck). lfl obtained 

(81 $1 exhibited ‘H NMR chemical shifts and UV absorption maxima identical with 

those reported. 
27 

9-(2-Deoxy-~-~-erythro-pentofuranosyl)-6-~ethoxypurine ($4). To a solution of 

5 Cl .Ol gr 2 amol) in dry methanol (20 cm’) 20 mmol Cl.08 g) of sodium methoxide 

uas added. After 24 h at room temperature the solution was neutralized with concen- 

trated aqueous hydrogen chloride at - 5 ‘C. 5 cm3 of pyridine uas added and the sol- 

vent was removed under reduced pressure. za isolated by column chroaatography on 

silica gel exhibited ‘H NMR signals tDMSO-d_6) at 6 8.79 Cs, lH, H8). 8.54 (s, lH, 

HZ) I 6.44 (5. J = 7.1 Hz, lH, Hl’). 4.45 (ma 1H. H3’1, 4.10 Cs, 3H. 0CH3). i.89 Cm. 

lH, H4’). 3.56 Car ZH, H5’)r 2.83 - 2.22 Cm, ZH, HZ’). The UV absorption aaxima in 

methanol uere 250 nm CpH 2)s 248 nm CpH 7) and 248 nm CpH 13). The yield uas 72 %. 

9-C2-Deoxy-R-B-erythro-pentofuranosyl)purine C&j. 2~ uas prepared from 2’- 

deoxyadenosine via successive acctylationr reductive deamination and deacetylationr 

as described by Nair and Chamberlein. 28 The product obtained (49 %) exhibited ‘H 

NMR chemical shifts and UV absorption maxima identical uith those reported. 28 

Kinetic measurements. The hydrolyses uere carried out in stoppered bottles immersed 

in a uater-both. the temperature of uhich uas kept constant uithin 0.1 K. The ali- 

quots CO.5 cm31 uithdraun at suitable intervals uere neutralized immediately uith 

aqueous sodium hydroxide. and their coroositions uere determined by HPLC (Varian 

5000 equipped with a UV-100 detector) on a reversed phase column (LiChrosorb RP-18, 

4x250 mm. 10 Pm). A mixture of acetonitrile and acetic acid buffer CO.025 mot dn -3 , 
PH 4.3) uas employed as an eluant. The initial substrate concentration uas of the 

order of 10 
-3 

nol dm -3 . Aqueous hydrogen chloride and acetic and formic acid buffers 

uere used as reaction solutions. The ionic strength uas adjusted with sodium chlo- 

ride. The oxonium ion concentrations of the buffers uere calculated on the bases of 

the data reported in literature. 29-31 
The first-order rate constants were calculated 

from the peak heights of the starting materials via the integrated first-order rate- 

Lau. 

Acidity constants. The acidity constants for the monocations of the coapounds in- 

vestigated were obtained spectrophotometrically (Unicam 1700 spectrometer) as 

described earlier. 
16 

. 
‘H NHR 8easurenents. The progress of the hydrolysis of ah uas folloued in acidic D20 

at 323 K by recording the spectrum of the reaction solution at suitable intervals on 

a Jeol GX-400 spectrometer. The initial substrate concentration was about 0.05 mot 

dm-3 and the equilibrium concentration of oxonium ion about 0.02 mot dm -3 . 
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