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Abstract—3'-0O-Methylthiomethyl derivatives of ribonucleosides were synthesized from the selectively pro-
tected nucleosides by the action of a dimethyl sulfide-benzoy! peroxide mixture in acetonitrile or a dimethyl

sulfoxide—acetic anhydride—acetic acid mixture.
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INTRODUCTION

In recent years, a number of laboratories have paid
significant attention to the development of synthesis
methods and the study of the properties of O-methyl-
thiomethyl derivatives of nucleosides [2-13]. This
problem has taken on particular importance since the
reports on the use of wide-ranging synthetic possibili-
ties of O,S-acetals in the nucleoside series [3-8, 11].

The following three methods for the introduction of
the O-methylthiomethyl group are the most important:

1. Use of the dimethyl sulfide-benzoyl peroxide
system [3, 4, 13].

2. Use of the Pummerer rearrangement (dimethyl
sulfoxide—acetic anhydride system) either in its classi-
cal variant, in the presence of tertiary alcohols [8], or in
modified variants using primary and secondary alco-
hols and acetic acid [5-7, 11]; AcOH is added in order
to inhibit the oxidation process, which sharply
decreases the yield of the target products [14, 15].

3. Treatment of corresponding alcoholates with
methylthiomethyl chloride [2, 11].

Method 1 [16] has been used for the synthesis of 3'-
and 5'-O-methylthiomethyl-2'-deoxyribonucleosides
[3, 4] and 2'-O-methyithiomethylribonucleosides [12].

Method 2 has been applied successfully for obtain-
ing 3'- and 5'-O-methylthiomethyl-2'-deoxyribonucleo-
sides and 2- and 5'-O-methylthiomethylribonucleo-
sides [1, 5-7].

Method 3 elicited a certain controversy in the litera-
ture [3, 4]. In the case of nucleosides, it appears to be of
no general use despite efforts to improve it [10, 11] fol-
lowing the controversy.

! For communication I, see [1].

2 To whom correspondence should be addressed; phone +7 (095)
330-7247; e-mail: kou@ibch.siobc.ras.ru.

RESULTS AND DISCUSSION

Methods 1 and 2 have exhibited approximately
equal efficiencies in the synthesis of 2'-O-methylthio-
methylribonucleosides [1, 12]. In this work, therefore,
we compared their efficiencies for obtaining 3'-O-
methylthiomethylribonucleosides.

Starting ribonucleosides (Ia)—(Ig) were transformed
into 2',5'-O-disubstituted protected derivatives by the
action of rert-butyldimethylsilyl chloride, silver nitrate,
and pyridine in tetrahydrofuran (Scheme 1) by a proce-
dure similar to that described in [17]. The resulting
mixtures of isomers (II) and (III) were then separated.
Thus, derivatives (IIa) and (IIc) were isolated as
described in {17, 18], whereas (IIb) and (IIIb) were
separated by recrystallization. The use of different pro-
tective groups for 2'- and 5'-hydroxyls is expedient
when the resulting O,S-acetals are used further in the
synthesis of other nucleoside derivatives. In our case,
the dimethoxytrityl protection of S5-hydroxyl was
shown in [17] to be inappropriate for further modifica-
tion of the methylthiomethyl group, and, therefore, we
chose acetyl group for this purpose. The silylation of
(Id)-(Ig) resulted in isomer mixtures, and we suc-
ceeded in the separation of only (IId)/(IIId) and
(IIe)/(Ille) pairs, with pure (IId) and (IIe) being used
in further syntheses.

Nucleosides (IIa)~«(IId) were methylthiomethyl-
ated by methods 1 and 2 (Scheme 2). Method 2 pro-
vided for relatively lower yields (Table 1), which can be
explained by the more rigorous conditions and the
slower progress of the reaction than in the case of using
method 1. However, both methods provided less effi-
ciency than that achieved in the case of obtaining 2'-O-
methylthiomethyl derivatives (cf. [1, 12]). The type of
5'-O-protective group also affected the product yield
(see [14]); this is evident from a comparison of trans-
formations (IIc) —= (V¢) and (IId) — (Vd) (Table 1).
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) In (I11)
a: B = Ade, R'=H, R = SiBu'Me,; d: B=BzCyt,R'=R = Ac;
b: B=BzGua, R'=H, R = SiBu'Me,; e:B=Ura,R'=R=Ac;
¢: B=BzCyt, R'=H, R =SiBu'Me,; f: B=BzAde,R'=R = Ac;

g: B=1bGua, R'=R = Ac;
Ib, isobutyryl
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MeBUSIO — . Ade MeBUSiO— . Ade MeBuSi0 — _Ade
—1—> +
HO OSiBuMe, CH,SCH,0 OSiBuMe, O OSiBuMe,
(I1a) av) (Via)
P P
. A .
MeBUSiO — o Ade* MeBuSiO— o Ade™ MeBUSiO— (B

CH,SCH,0 OSiBuMe,

CH,SCH,0 OSiBuMe,

O OSiBuMe,
(Vh)* (Va) \ (VIb)-(Vig)
4
RO B RO B R'O B
0 12) 0 4 0]
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(IIb)—{le) (Vb)-Ve) (ViIa), VIIb), ViIc)*, VIId), Vile)*
N
HO— o B HO— o B
(Vd), Ve) =~ 4,

CH,SCH,0 OSiBuMe,
(VIIId)*, (VIIIe)

CH,SCH,0 OH
(IXa), @Xb), IXd), IXe)

a: B = BzAde, B' = Ade, R = SiBu'Me,, R'=H;
b: B = BzGua, B' = Gua, R = SiBu'Me,, R' = H;

d: B=BzCyt, B'=Cyt, R=R'=Ac;
e:B=B'=Ura,R=R'=Ac;

c: B =BzCyt, B' = Cyt, R = SiBu'Me,, R'=H; f: B = AcAde, R = SiBu'Me,.

1—Me,S, (Bz0),/CH;CN; 2—DMSO0, Ac;0, AcOH; 3—BzCl/Py; 4—Bu/N*F/THF; 5—NH3/MeOH.
THF, tetrahydrofuran.

*These compounds were obtained and characterized; however, they were not used in further transformations

Scheme 2.
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Table 1. The methylthiomethylation of 3'-hydroxyl groups in ribonucleosides
Product S‘a';‘:ugnffm' Load 1 Method Yield, % Mp, °C Ry (system)
g mmo
av) (11a) 0.99 1.0 1 64 133.5-134** 0.60 (A)
(Vla) 20 165-167** 0.56 (A)
(Va) (Iv) 1.25 2.24 BzCl 98 - -
(Vb) (IIb) 1.23 20 1 62 149.5-150%** 0.71 (A)
0.62 1.0 2 52
(Ve) (Iic) 1.73 3.0 1 52 0.56 (B)
(Vic)* 25 174-176****  0.52 (B)
(Vd) (IId) 1.42 2.81 1 46 - 0.54 (B)
0.51 1.0 2 36
(Ve) (ITe) 1.60 4.0 1 46 - 0.66 (A)
037 0.91 2 37
(Vi) (11a) 0.22 0.44 2 37 66-68**¥**1 (.74 (A)

* Ketonucleoside (Vic) was obtained as a by-product at the stage of a chromatographic separation of the reaction mixture after meth-

ylthiomethylation.
** From acetonitrile.
*** From toluene-hexane.
**** Erom chloroform-hexane.
***+* From hexane.

The methylthiomethylation reaction performed
according to methods 1 or 2 and leading to the target
products (IV) and (Vb)—(Vf) is always accompanied by
the formation of (VI). In the majority of cases, these
by-product ketonucleosides cannot be separated from
the target product by the usual chromatography on sil-
ica gel. We isolated two such oxidation products, (VIa)
and (VIc¢). However, we managed to obtain pure target
products another way, by using the instability of (VI),
particularly under alkaline conditions [14]. To this end,
mixtures resulting from the methylthiomethylation by
method 1 and a preliminary chromatographic purifica-
tion were kept in a 10% solution of triethylamine in
anhydrous tetrahydrofuran for 1-2 days. This treatment
resulted in the degradation of ketonucleosides and the
precipitation of the corresponding nucleic bases, which
were identified by TLC comparison with independent
samples. The reaction mixtures acquired a brown to
black color due to the destruction of unsaturated sugar,
the second degradation (B-elimination) product [14].
Under the more drastic reaction conditions of method
2, the degradation of these by-products took place par-
tially during the course of the alkylation reaction itself
and reached its end in the process of the treatment of
the reaction mixtures.

Products (V) of the methylthiomethylation reac-
tions according to methods 1 and 2 were identical (TLC
and NMR). The only exception was the transformations
of (IIa) by method 2. It resulted in (Ve) and comprised
two simultaneous processes: the methylthiomethyla-
tion of 3-hydroxyl and the acetylation of the base
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amino group. On the other hand, the methylthiomethyl-
ation reaction of (Ila) by method 1 afforded (IV),
which was transformed into the N-benzoyl derivative
(Va) in an almost quantitative yield.

The removal of silyl and acyl protective groups led
to a set of partially [(VIIa)«(VIle), (VIIId), and
(VIIIe)] and completely [(IXa), (IXb), (IXd), and
(IXe)] deprotected 3'-O-methylthiomethylnucleosides.

The structure of methylthiomethyl derivatives (IV),
(Va)-(Vh), (VIIa)(VIle), (VIlld), (VIlile), (IXa),
(IXb), (IXd), and (IXe) was convincingly confirmed
by their physicochemical characteristics (Tables 2, 3).

All the compounds synthesized exhibit in their 'H
NMR spectra resonances from protons of the CH;S and
OCH,S groups, sugar residue, and protective groups
(Table 3). The characteristic resonance from 3'-H has a
doublet of doublets or pseudotriplet form in both pro-
tected and deprotected derivatives. The resonance from
2-H is transformed from a doublet of doublets
(pseudotriplet) into a multiplet upon the deprotection of
2'-hydroxyl. Note also that the chemical shifts of other
resonances nearly coincide with those in the spectra of
similar 2'-O-methylthiomethylribonucleosides [1].

The target products (IXa), (IXb), (IXd), and (IXe)
were characterized by mass spectrometry and UV spec-
troscopy (Table 2). Their UV spectra indicate the
intactness of the nucleic base structure.

Thus, we showed that methylthiomethylation by
dimethyl sulfide-benzoyl peroxide and dimethyl sul-
foxide—acetic anhydride~acetic acid reagent systems

2000
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Table 2. Yields and physicochemical characteristics of 3'-O-methylthiomethylnucleosides

Compound | arin LT { MRSl | Vie, o MmUY S e spectun

(IXa) (VIlIa) 110 0.255 C 85 207-208 257.0(14600) | 328.1 (M + H)*
259.4(14600)
259.4(14800)

(IXb) (VIIb) 323 0.722 C 85 235-236%*%%1 256.4(12000) | 344.1 (M + H)*
252.6(13400)
264.6(11300)

IXxd) (VIld) 200 0.455 D 98 - 279.4(13000) | 304.2 (M + H)*
270.4(8900) | 326.1 (M + Na)*
271.6(8900) | 342.2 (M + K)*

(IXe) (Viile) 350 0.836 B 87 143-144 260.8(10100) { 304.2 (M)*
261.2(10100) | 327.1 (M + Na)*
262.4(7000)

* See the Experimental section.
** The parameters of UV spectra are given at pH 1, 7, and 13.
*** From methanol-water.

permits the preparation of 3'-O-methylthiomethylribo-
nucleosides in satisfactory yields. The first method is
preferred for this purpose.

EXPERIMENTAL

Melting points were not corrected. For TLC, Kiesel-
gel 60 F,s, precoated plates (Merck, Germany) and
chromatographic systems (A) 9 : 1 chloroform~metha-
nol and (B) 27 : 1 chloroform—methanol were used. Sil-
ica gel L 40/100 (Kavalier, Czech Republic) was used
for column chromatography. Nucleosides, chlorotrime-
thylsilane, and Dowex 50Wx8-200 were from Sigma
(United States); benzoyl peroxide, tert-butyldimethyl-
chlorosilane, and tetrabutylammonium fluoride trihy-
drate were from Fluka (Switzerland); and dimethyl sul-
foxide (DMSO) was from Merck (Germany). Other
reagents and solvents were of domestic production.

UV, 'H NMR, and MALDI TOF mass spectra were
measured on a Shimadzu UV-160 spectrophotometer
(Japan), a Bruker DRX-500 spectrometer (Germany),
and a Vision 2000 (Thermo Bioanalysis Corp., UK)
spectrometer, respectively.

Nucleosides (Ia)—(Ic) were synthesized in yields of
75-80% as described in [19]. (Id), (If), and (Ig) were
obtained from nucleosides bearing the corresponding
protective groups on the exocyclic amino group of the
base, and (Ie) was prepared from uridine with
ethoxymethylene protection of 2'- and 3'-hydroxyls
[20] by procedures similar to those in [21, 22]; the
yields were 50-70%.

Nucleosides (Ia)-(Ig) were silylated by analogy
with [17]. tert-Butyldimethylsilyl chloride (1.2 mmol

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 26

per each silyl group to be entered) and, then, a solution
of silver nitrate (1.2 mmol per each silyl group to be
entered) in anhydrous pyridine (1 ml) were added drop-
wise under stirring to a suspension of a nucleoside
(1 mmol) in THF (10 ml). The reaction mixture was
stirred at 20°C for 24 h while being monitored by
TLC. An additional quantity of the silylating mixture
was added if required. The silver chloride precipitate
was filtered off, and the filtrate was evaporated. The
residue was treated with an aqueous solution of sodium
bicarbonate (10 ml) and extracted with chloroform (3 X
10 ml). The combined extracts were dried with anhy-
drous sodium sulfate and evaporated, and the products
were separated by chromatography on silica gel. The
separation conditions of mixtures of isomers (II) and
(III) are given below.

2',5'-Di-O-tert-butyldimethylsilyladenosine (IIa)
and 3',5'-di-O-tert-butyldimethylsilyladenosine (IIla)
were obtained from (Ia) and separated by chromatogra-
phy on silica gel in ether; (Ila), yield 61.3%, R, 0.53
(A); (Ila), yield 23.0%, R;0.45 (A).

N2-Benzoyl-2',5'-di-O-tert-butyldimethylsi-
lylguanosine (IIb) and N2-benzoyl-3',5'-di-O-tert-
butyldimethylsilylguanosine (IIIb) were obtained
from (Ib). The mixture of isomers after chromato-
graphic purification on silica gel was dissolved in chlo-
roform, and (IIb) was precipitated by the gradual addi-
tion of hexane. The mother liquor was evaporated and
recrystallized from methanol to give (I1Ib). This proce-
dure was repeated several times. There resulted (IIb),
yield 41%, R, 0.66 (A), mp 115-116°C, and (IIIb),
yield 45.9%, R;0.60 (A), mp 117-120°C. A solution of
(IIIb) in a 9 : 1 pyridine-water mixture was kept for

No. 6 2000



411

THE §,X-ACETALS IN NUCLEOSIDE CHEMISTRY: 1L

"q,SH JO uomsodIddng yykx
"SH JO uonisodiddng s
“Ud Jo uonisodiodng 4

*A1oAnoadsal ‘s)odurs pue ‘s1o[Suls

peoiq 1o s1opdin ‘s1o[3uls peoiq 1o sjsjqnop ‘s1ejdugs peoiq ‘syeidnmu are _m.&;:m pue ‘“HD ‘OD'HD WoIj pue ‘HO-.S Wol) ‘HO-.Z WoIj ‘TN pue HN Woly ‘yd Woxj s3oueu

-0say wpdnmu ‘ez pue ‘sjapduopnasd Jo 191qnop 1dp $S191qnop JO SISQNOP JO SISIGROP JO I9IGROP ‘PPPP (SIDGNOP JO SIAQROP JO 1qnop ‘ppp 9[dopnasd d s191qnop jo 1iqnop

PP $IOIQROP ‘P SS[SUIS S :SIOUBUOSAI JO SULIO, ‘POILIIPUI Su0j0d JO Jequunu sy 0) puodsarod sapisuaiuy eifagul oy, uaAld are ((zH ) sireisuod Surdnoo vids-uids pue ‘wdd ‘Q)

SYIYS [eORUSYD) Sp-QSING Ul USYEl UM “(3XT) pue (OXD®XT) ‘(PIIIA) ‘GIIA)~BIIA) JO 950U3 1)) Ul poinseout a1om (AIIA) PUE ‘RIIA) “(PIIA) ‘GA)—(BA) “(AD) JO BN3adg

e ve T (L¢) 6| (@89 «1n (3)
(HO-S) 17°S {(HO-2) 7SS ‘(HN) +€'11 | PPPPLS’E ‘#9'¢€ | WS6'E WLy weey|  PO8S | STI'T |PPSLY ‘T8V| P89S PSs’L (PXD
PETCET) (6v) 6y (67 o1 (€L
(HO-S) 91°S {(HO-2) Z¥'S ‘(CHN) 91°L { PPPPSS'E L9°C | W96'E Wzry w9yl  PEL'S | STI'T |PPTLYV'6L'Y|PSL'S PSS'L XD
HO-9 916! (LEEY 6T (€ 6v) t9) €1
H(HO-0) 95°S “(*HN) LY'9 {(HN) 09°01 | PPPPIS’E ‘€9'€ | W00y | PPLTY wesy|  PTLS | SYI'T |[PPOSY 48V — S96°L (9xD
(LeTee1n) 87 e (L9 ©1im
(HO-$) 95°S {(HO.D) 19°S “(“HN) SE€'L| PPPP6S'E ‘OL'E€ | WOI'Yy | PPECY wogyl  PO6'S | SSI'T |PP8Y L8V SSI'8 S9¢'8 (exXD)
(ISSN X Z| (9T:STYTI) avl v (1)) (Z'8)
“s,ng) 80°0 ‘01°0 ‘060 ‘(HO-.S) 8L “(HN) 10'8 | PPPPOS’€ ‘86'C woz T }dpoy| P9SS | Se1'T |PPYOP 48'Y| PEL'S pPS9L |(BIA)
(SO X | (OEYE9TD) (€v) Oy (@9 o1 (YD)
“IS,n€) 00°0 T0°0 ‘€8°0 {(HO-.S) 61°S ‘CCHN) ¥1°L | PPPPLS'E ‘L9°€ | W66'E wzry deep m&.w SO1'T |PPOLY ‘8L V| PEL'S m&.w QmA)
9'¢ 08
(OD*HD) €£1°7 “(HO-7) L1°€ ‘(HN) £€°8 w9z -7y #PSL'S | S1TT S8L'Y PSLS psy'L | (GIIA)
(0D*HD) (87 ©'11) oL
P17 {(HO-2) 98°€ ‘(Ud) 05°L—-S6'L “(HN) SL'S wee -y w/ Y wey'yl  P98S | S61°T (PPOLYVI8Y| +9°L~| PIT'S | (POA)
HO-D65S| (I'EHVE6TT) (8°6) 6v) GO €1 (€L)
‘(HO-S) LTS {(Ud) €6 L5808 “(HN) OT' 11| PPPPO9'E ‘9L'E | W90'{ ¥Wo1'p wozy| PE8S | SIIT [PPOLVSLY|PSEL p6v'8 | (PIIA)
(HO.S) 61°S {(HO~2) 99°S @z ®0 6v)| @9 o1
‘(Ud) €5°L-60°'8 ‘(HN X ) v6'I1 ‘LETI| WeS'E89°C | WSOy | PPIEYV weoy|  PT6'S | SSI'T |PPTI8YV S8 Y| — sie'8 | (A
HO-9Q) LTs| LeEyTTl) &) 6y 9 ¢
{HO-T) €L°S ‘(Ud) €5°L-80'8 ‘(HND 011 | PPPPZOE ‘cL'€ | WeEl'y | PPOEY w9gyl  PLOY | SOI'T [PPERY LY Y| SEL'S sLLg | (BIIA)
(1SS X ¥) 81°0— TO'0~91°0 ‘L10| (8T TESTI) av) Oy ©9) @rin
{as,ng X 7) 18°0 ‘86°0 {(OD*HD) 79°Z “(HN) 8¥'8 | PPPSS'E€ ‘b0 | WLTY oy WdzLy|  PET9 | SLU'T |PPLOY 48V S9E'8 SL9'8 (4 7V)
(ISSIN XD | (STiLe STl oL Sy G 1 T3
11°0‘ST°0:(1Sng) 76°0 {(ODHD) €I'Z{HN) SO'8| PPPEC Y Svv | WLEY | PPELY |+++WTEY| +4PEL'S | SEI'T [PPESY 6LY| PEL'S PLYL @A
(ISSN X 2) 91°0 ‘8T°0 *(asnd) | (ST *€°€ *S°TI) (8% o 611 €L
$6°0 {(0DHD) 01°Z “(Ud) 0S'L-06'L ‘(HN) 08'8 | PPP6EV €S’y | MP6t'y | PP60V Prby|  SOL'S | SSI'T |PPEVVISLY| «SL~| P6T8 PA)
(ISSW X $) $1°0~91°0 ‘81°0 ‘920 (1>9°'11) ©'8) o o1 oL
‘IS, X 7) €6°0 ‘6670 ‘(Ud) 0S'L—S6'L ‘(HN) SL'S| PPHS € ¥I'v | POEY PPETY PYEY|  SLR'S | SPI'T (PPESPISLY| *xSL~| P6S8 GA
(ISAN X ) 91°0— 000 v 1°0 P1°0 :(S;nA X )| (O'TH'T*911) 0€) O (89 1D
€80 °S6'0 “(Ud) ¥S'L—T6'L “(HN X T) 658 ‘OT'Z1| PPPES'E ‘¥6'E | UWHTH o'y WdpSy|  PE6’S | S61'C |PPELY 88 Y| — St0'8 Qqa)
(ISSN X #) 81°0— ‘2070~ “91°0 ‘L1°0| (L'TECE Y1) (€¢) 6| (V) €1
{(1Sng X 7) 18°0 ‘86°0 ‘(Ud) 0S'L-L0'8 ‘(HN) TO'6 | PPPLS’E ‘vO'v | W8TV Wiy WdoLy{  POI'9 | S8I'T |PPOL'Y S8V SBE'S s78'8 (®A)
(ISP X ) LT1°0-] (LTHEETT) (€¢€) vl @) 1D
‘€0°0—“S1°0‘91°0(IS,NA X T) 180 ‘L6°0“CHN)0S'S | PPPHR'E ‘€0 | WSTH Wdoy'p ¥d9Ly)  PLO9 | SLI'T |PPOL'V¥8¥| SLI'S SpE'8 (AD
(S bp Bs'yp vg £z z41 qe ‘9
«asHvsH G 0 I I G VI G VR I ¢ ZH ¢°r) |punod
BBo e L ) VH SH ZH JH HOS | gtyoo | 10gH | 8HI09H | -wo)

+SapIsoapnuipowonpiAygiow-0- ¢ Jo enoads YWN H; °€ 3IqeL

No. 6 2000

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  Vol. 26



412

2 days at 20°C. The resulting isomer mixture was
repeatedly separated as described above. The total
yields of (IIb) and (I1Ib) were 60.5 and 21.6%, respec-
tively.

N4-Benzoyl-2',5'-di-O-tert-butyldimethylsilylcy-
tidin (IIc) and N*-benzoyl-3',5'-di-O-tert-butyldime-
thylsilylcytidine (IIlc) were obtained from (Ic). The
mixture of isomers was separated by chromatography
on silica gel in chloroform; (Ilc), yield 61.2%, R;0.48
(B); (Ilc), yield 23.7%, R;0.24 (B).

5'-0-Acetyl-N*-benzoyl-2'-0-tert-butyldimethyl-
silylcytidin (IId) and 5'-O-acetyl-N*-benzoyl-3'-0-
tert-butyldimethylsilylcytidine (IIId) were obtained
from (Id). The mixture of isomers was separated by
chromatography on a silica gel column eluted with a
gradient of methanol concentration (from 0 to 3%) in
chloroform; (11d), yield 64.9%, R, 0.39 (B); (I11d),
yield 30.1%, R;0.22 (B).

5'-0-Acetyl-2'-O-tert-butyldimethylsilyluridine
(ITe) was obtained from (Ie). After chromatography on
silica gel, the resulting mixture of (Ile) and (Ille) was
dissolved in chloroform and (Ile) was precipitated by
the gradual addition of hexane until the oily (I1le)

began to precipitate. The yield of (Ile) was 69.2%, R,

0.58 (A); Ry of (Ille) was 0.52 (A). The mother liquor
was evaporated and the residue was dissolvedina9: 1
pyridine-water mixture, kept for 2 days at 20°C, and
evaporated. The separation of isomers was repeated,
and a total yield of (Ile) of 82.0% was obtained.

The methylthiomethylation of 3'-hydroxyl
groups of ribonucleosides. Method 1. A solution of a
protected nucleoside, (IIb), (Ilc), (IId), or (IIe), in
anhydrous acetonitrile (10-30 ml depending on the sol-
ubility of the nucleoside) was treated at 0°C with dime-
thy! sulfide (0.75 ml, 10 mmol) and, then, with benzoyl
peroxide (970 mg, 4 mmol) in portions for 15-30 min
under stirring. The mixture was stirred for 1-3 h at 0°C,
the reaction was monitored by TLC, and the mixture
was then evaporated, treated with 10% Na,CO; (20 ml),
and extracted with chloroform (3 X 20 ml). The com-
bined extracts were dried with anhydrous sodium sul-
fate, evaporated, and chromatographed on a silica gel
column eluted with 50 — 0% hexane in chloroform
and then with 0 — 2% methanol in chloroform.
Appropriate fractions were evaporated, dissolved in
10% triethylamine solution in THF (10 ml), kept for 1-
2 days at 20°C, and evaporated. The residue was once
more chromatographed on a silica gel column eluted
with a 0 to 2% gradient of methanol in chloroform.
(Vb)—(Ve) were obtained by the evaporation of the cor-
responding fractions.

Method 2. A mixture of acetic anhydride (2.15 ml),
acetic acid (0.65 ml), and dimethy] sulfoxide (3.15 ml)
was added to a protected nucleoside (Ila), (IIb), (1lc),

3 The methylthiomethylation procedure of (Ila) differs from this
one in some details and is given below when describing the syn-
theses of (IV) and (VIa).

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26

PECHENOV et al.

(I1d), or (IIe). The reaction mixture was kept for 3 days
at 20°C and monitored by TLC. After the end of the
reaction, the mixture was poured into a cold 10%
sodium carbonate solution under stirring. When the
carbon dioxide ceased to evolve, the water layer was
extracted with chloroform (3 X 20 ml). The combined
extract was dried with sodium sulfate and evaporated in
the vacuum of a water-jet pump and, then, an oil forvac-
uum pump. The dry residue was separated by chroma-
tography on a silica gel column eluted with a 0-2% gra-
dient of methanol in chloroform. The appropriate frac-
tions were evaporated, and the products were
recrystallized.

2',5'-Di-O-tert-butyldimethylsilyl-3'-0)-meth-
ylthiomethyladenosine (IV) and 9-(2,5-di-O-tert-
butyldimethylsilyl-B-D-erythro-pentofuran-3-ulo-
syDadenosine (VIa). A suspension of (Ila) (992 mg,
2 mmol) in acetonitrile (60 ml) was treated at 0°C with
dimethyl sulfide (1.5 ml) and, in portions for 30 min,
with benzoyl peroxide (1.94 g). After 15 min, the reac-
tion mixture became clear and, after an additional
15 min, a precipitate was formed. Three hours after the
addition of benzoyl peroxide, the precipitate was sepa-
rated and recrystallized from acetonitrile to give (VIa),
yield 195 mg (19.8%); R, 0.56 (A). The mother liquor
was treated as described in the general procedure
(including triethylamine treatment) to give (IV), yield
707 mg (63.7%, accounting for recrystallization
losses); mp 133.5-134°C; R;0.60 (A).

N¢-Benzoyl-2',5'-di-O-tert-butyldimethylsilyl-3'-
O-methylthiomethyladenosine (Va). Benzoyl chloride
(0.78 ml, 6.72 mmol) was added to a solution of (IV)
(1.246 g, 2.24 mmol) in dry pyridine (15 ml). The mix-
ture was kept at 20°C for 2 h, treated upon cooling with
3 ml of water and, 10 min later, with 4 ml of saturated
ammonia, kept for 20 min, and evaporated. Saturated
NaHCO; (20 ml) was added, and the mixture was
extracted with chloroform (3 X 30 ml). The combined
extracts were dried with sodium sulfate and evaporated,
and the product was chromatographed on silica gel
eluted with chloroform. The corresponding fraction
gave (Va) after evaporation; yield 1.45 g (98%).

Desilylation of methylthiomethylnucleosides. A
1 M solution of tetrabutylammonium fluoride in tet-
rahydrofuran (1.1 ml per silyl group) was added to a
solution of 1 mmol of (Va), (Vb), (Ve), (Vd), (Ve), or
(VIIIe) (its synthesis is described below) in 3 ml of tet-
rahydrofuran. The reaction mixture was kept for 2 h at
20°C, evaporated, and the residue was chromato-
graphed on a silica gel column. The corresponding
fractions were evaporated, and the product [(VIla),
(VIIb), or (VIIc)] was recrystallized (method A). If the
target product could not be recrystallized, the desilyla-
tion mixture was evaporated and the residue was dis-
solved in aqueous methanol and passed through a layer

of Dowex 50W in NH; -form. The filtrate was evapo-
rated, and the resulting product [(VIId), (VlIe), or
(IXe)] was purified by column chromatography on sil-
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ica gel (method B). The following derivatives were
obtained:

N¢-Benzoyl-3'-0-methylthiomethyladenosine
(VIIa); method A; mp 177-178°C (from methanol);
yield 144 mg (83.4%) from 264 mg (0.4 mmol) of (Va).

N2.Benzoyl-3'-0-methylthiomethylguanosine
(VIIb); method A; mp 167-168°C (from aqueous
methanol); yield 413 mg (82.4%) from 757 mg
(1.12 mmol) of (Vb).

N4-Benzoyl-3'-O-methylthiomethylcytidine (VIIc);
method A; mp 163.5-164.5°C (from methanol); yield
83 mg (80.8%) from 160 mg (0.252 mmol) of (Vc).

5'-0-Acetyl-N*-benzoyl-3'-O-methylthiomethyl-
cytidine (VIId); method B; yield 260 mg (81.5%) from
400 mg (0.71 mmol) of (Vd).

5'-0-Acetyl-3'-O-methylthiomethyluridine (VIle);
method B; yield 136 mg (88.2%) from 205 mg
(0.445 mmol) of (Ve).

3'-0-Methylthiomethyluridine (IXe). For the
data, see Table 2.

Removal of the acyl protective groups. A solution
of 1 mmol of a nucleoside [(Vd), (Ve), (VIIa), (VIIb),
or (VIId)] in 5§ ml of a semisaturated methanolic
ammonia (methanol was saturated with gaseous ammo-
nia at 0°C and twofold diluted with methanol) was kept
for 1 day at 20°C [2 days in the case of (VIIb)]. The
mixture was then evaporated, and the product was
recrystallized (method C) or purified by chromatogra-
phy on a silica gel column eluted with a gradient from
5 to 10% of methanol in chloroform (method D). The
results of the deacylation of (VIIb), (VIId), and (VIIe)
are given in Table 2.

3'-0-Methylthiomethyl-2'-0O-tert-butyldimethyl-
silylcytidine (VIIId); method D; mp 217-218°C (from
chloroform-hexane); yield 133 mg (89.7%) from
200 mg (0.355 mmol) of (Vd).

3'-0-Methylthiomethyl-2'-O-tert-butyldimethyl-
silyluridine (VIIle); method D; mp 201-202°C (from
methanol); yield 387 mg (92.4%) from 461 mg
(1 mmol) of (Ve).
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