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Abstract--3'-O-Methylthiomethyl derivatives of ribonucleosides were synthesized from the selectively pro- 
tected nucleosides by the action of a dimethyl sulfide-benzoyl 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-methylthiomethylribonucleosides [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. 

1 For communication I, see [1]. 
2To 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'-0- 
methylthiomethylribonucleosides. 

Starting ribonucleosides (la)-(Ig) were transformed 
into 2',5'-O-disubstituted protected derivatives by the 
action of tert-butyldimethylsilyl chloride, silver nitrate, 
and pyridine in tetrahydrofuran (Scheme l) by a proce- 
dure similar to that described in [17]. The resulting 
mixtures of isomers (Ii) and (Ill) were then separated. 
Thus, derivatives (IIa) and (IIe) were isolated as 
described in [17, 18], whereas (Ill)) and (lllb) 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 5'-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)/(IIM) and 
(lle)/(liIe) pairs, with pure (lid) and (lie) being used 
in further syntheses. 

Nucleosides (lIa)-(Ild) 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'-0- 
methylthiomethyl derivatives (cf. [1, 12]). The type of 
Y-O-protective group also affected the product yield 
(see [14]); this is evident from a comparison of trans- 
formations (lie) ~ (Ve) and (IId) ,- (Vd) (Table l). 
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HO OH HO OSiButMe2 Me2ButSiO OH 

(I) (II) (III) 

a: B = Ade, R' = H, R = SiButMe2; d: B = BzCyt, R' = R = Ac; 
b: B = BzGua, R' = H, R = SiButMe2; e: B = Ura, R' = R = Ac; 
c: B = BzCyt, R' = H, R = SiButMe2; f: B = BzAde, R' = R = Ac; 

g: B = IbGua, R' = R = Ac; 
Ib, isobutyryl 

Scheme 1. 

Me2BJSiO - ~ A d e  

HO OSiButMe2 
(IIa) 

Me2BdSiO - - ~  Adegc 

CH3SCH20 OSiBffM~ 
(vt)* 

M e 2 B d S i O - ~ A d e  + Mo2BdSiO ~--~-~O~ de 

CH3SCH20 OSiBdM02 O OSiBdMe2 
(IV) (Via) 

Me~BdSiO - - ~  AdeBz Me2BdSiO ~ 

CH3SCH20 OSiBffMe~ O OSiBffMe2 
(Va) (Vlb)-(VIg) "x 

HO OSiButMo2 

fHb)-(He) 

1(2) . Ro W 
CH3SCH20 OSiBdMo2 

fVb)-(ve) 

(Vd), (ve) 

CH3SCH20 OSiButMe2 

(VIIId)*, (VIIIe) 

CH3SCH20 OH 
(VIIa), (VIIb), (VIIc)*, (vIId), (Vile)* 

4 .  H O ~ '  

CH3SCH20 OH 
(IXa), (IXb), (IXd), ~Xe) 

a: B = BzAde, B' = Ade, R = SiButMe2, R' = H; d: B = BzCyt, B' = Cyt, R = R' = Ac; 
b: B = BzGua, B' = Gua, R = SiButMe2, R' = H; e: B = B' = Ura, R = R' = Ac; 
c: B = BzCyt, B' = Cyt, R = SiButMe2, R' = H; f: B = AcAde, R = SiButMe2 . 
1--Me2S, (BzO)2/CH3CN; 2 DMSO, Ac20, AcOH; 3--BzCI/Py; 4 Bu4N+F-/THF; 5---NHa]MeOH. 
THE tetrahydrofuran. 
*These compounds were obtained and characterized; however, they were not used in further transformations 

Scheme 2. 
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Table 1. The methylthiometh' 

Product 

(IV) 
(Via) 
(Va) 
(Vb) 

(Ve) 
(Vle)* 
(Vd) 

Starting com- 
pound 

(Ve) 

(v~ 

(Ha) 

(IV) 
(IIb) 

(IIc) 

(lid) 

(He) 

(Ha) 

dation of 3'-hydroxyl groups in ribonucleosides 

0.99 

1.25 
1.23 
0.62 
1.73 

1.42 
0.51 
1.60 
0.37 
0.22 

Load 

mmol 

1.0 

2.24 
2.0 
1.0 
3.0 

2.81 
1.0 
4.0 
0.91 
0.44 

Method 

BzC1 
1 
2 
1 

Yield, % 

64 
20 
98 
62 
52 
52 
25 
46 
36 
46 
37 
37 

Mp, °C 

133.5-134"* 
165-167"* 

149.5-150"** 

Rf(system) 

174-176"*** 

66-68***** 

0.60 (A) 
0.56 (A) 

0.71 (A) 

0.56 (B) 
0.52 (B) 
0.54 (B) 

0.66 (A) 

0.74 (A) 

* Ketonucleoside (Vie) 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. 

**** From 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 (Vie). 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 (13-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 T-hydroxyl and the acetylation of the base 

amino group. On the other hand, the methylthiomethyl- 
ation reaction of (lIa) 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 [(VIla)-(Vlle), (VIIId), and 
(VllIe)] and completely [(IXa), (IXb), (IXd), and 
(IXe)] deprotected 3'-O-methylthiomethylnucleosides. 

The structure of methylthiomethyl derivatives (IV), 
(Va)--(Vf), (VHa)-(Vlle), (VIHd), (VIlle), (IXa), 
(IXb), (IXd), and (IXe) was convincingly confirmed 
by their physicochemical characteristics (Tables 2, 3). 

All the compounds synthesized exhibit in their IH 
NMR spectra resonances from protons of the CH3S and 
OCH2S 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 
T-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 
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Table 2. Yields and physicochemical characteristics of 3'-O-methylthiomethylnucleosides 

Compound 

(IXa) 

(IXb) 

(IXd) 

(IXe) 

Starting 
compound 

(VlIa) 

(VIIb) 

(VIId) 

(Vine) 

Load 

mg mmol 

110 0.255 

323 

200 

350 

0.722 

0.455 

0.836 

Method of 
isolaton* 

C 

C 

D 

B 

* See the Ex )edmental section. 
** The parameters of UV spectra are given at pH 1,7, and 13. 

*** From methanol-water. 

Yield, % 

85 

85 

98 

87 

Mp, °C (from 
methanol) 

207-208 

235-236**+ 

143-144 

UV spectrum**, 
7~nax, nm (e) 

257.0(14600) 
259.4(14600) 
259.4(14800) 
256.4(12000) 
252.6(13400) 
264.6(11300) 
279.4(13000) 
270.4(8900) 
271.6(8900) 
260.8(10100) 
261.2(10100) 
262.4(7000) 

Mass spectrum 

328.1 (M + H) ÷ 

344.1 (M + H) ÷ 

304.2 (M + H) ÷ 
326.1 (M + Na) ÷ 
342.2 (M + K) ÷ 
304.2 (M) + 
327.1 (M + Na) ÷ 

permits the preparation of Y-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 F254 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, 1H 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 (la)-(le) were synthesized in yields of 
75-80% as described in [19]. (Id), (If), and (lg) were 
obtained from nucleosides bearing the corresponding 
protective groups on the exocyclic amino group of the 
base, and (le) 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%. 

Nueleosides (la)-(lg) were silylated by analogy 
with [17]. tert-Butyldimethylsilyl chloride (1.2 mmol 

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 2-4 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-butyldimethyisilyladenosine (lla) 
and 3',5'-di-O-tert-butyldimethylsilyladenosine (IHa) 
were obtained from (Ia) and separated by chromatogra- 
phy on silica gel in ether; (IIa), yield 61.3%, Rf 0.53 
(A); (IIIa), yield 23.0%, Rf0.45 (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 (IIlb). This proce- 
dure was repeated several times. There resulted (IIb), 
yield 41%, Rf 0.66 (A), mp 115-116°C, and (IIIb), 
yield 45.9%, Rf0.60 (A), mp 117-120°C. A solution of 
(IIIb) in a 9 : 1 pyridine-water mixture was kept for 

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26 No. 6 2000 



> z o t"
 

O
 

"1
"I o > z C¢
3 

o~
 

z .o
 

o~
 

T
ab

le
 3

. 
tH

 N
M

R
 s

pe
ct

ra
 o

f 
3'

-O
-m

et
hy

lt
hi

om
et

hy
ln

uc
le

os
id

es
* 

C
or

n-
 

H
6

o
rH

8
 

po
un

d 
(J

6, 
5)

 

(I
V

) 
8.

34
s 

(V
a)

 
8.

82
s 

(V
b)

 
8.

04
s 

(V
e)

 
8.

59
d 

(7
.0

) 
(V

d)
 

8.
29

d 
(7

.3
) 

(V
e)

 
7.

67
d 

(8
.2

) 
(V

f)
 

8.
67

s 

(V
II

a)
 

8.
77

s 

(V
il

b)
 

8.
31

s 

(V
H

c)
 

8.
49

d 
(7

.3
) 

W
il

d
) 

8.
1 

ld
 

(7
.0

) 
(V

il
e)

 
7.

45
d 

(8
.0

) 
(V

il
li

')
 

7.
87

d 
(7

.5
) 

(v
m

g)
 

7.
65

d 
(8

.2
) 

(I
X

a)
 

8.
36

s 

O
EK

b)
 

7.
96

s 

(I
X

c)
 

7.
85

d 
(7

.3
) 

(I
X

d)
 

7.
88

d 
(8

.2
) 

H
5 

or
 

O
C

H
2S

 
H

I'
 

H
2 

(J
~ 

b)
 

SC
H

3 
(J

l',
 2

') 

8.
17

s 
4.

84
;4

.7
0d

d 
2.

17
s 

6.
07

d 
(1

1.
8)

 
(5

.2
) 

8.
38

s 
4.

85
;4

.7
0d

d 
2.

18
s 

6.
16

d 
(1

1.
5)

 
(4

.9
) 

- 
4.

88
; 4

.7
3d

d 
2.

19
s 

5.
93

d 
(1

1.
6)

 
(5

.8
) 

-7
.5

* 
4.

75
; 

4.
53

dd
 

2.
14

s 
5.

87
s 

(1
1.

6)
 

-7
.5

* 
4.

75
;4

.4
3d

d 
2.

18
s 

5.
76

s 
(1

1.
9)

 
5.

73
d 

4.
79

; 
4.

53
dd

 
2.

13
s 

5.
73

d*
* 

(1
1.

9)
 

(2
.4

) 
8.

36
s 

4.
84

;4
.6

7d
d 

2.
17

s 
6.

13
d 

(1
1.

7)
 

(5
.0

) 
8.

73
s 

4.
87

; 
4.

83
dd

 
2.

16
s 

6.
07

d 
(1

1.
5)

 
(6

.4
) 

- 
4.

85
; 

4.
82

dd
 

2.
15

s 
5.

92
d 

(I
 1

.6
) 

(6
.7

) 
7.

35
d 

4.
78

;4
.7

0d
d 

2.
11

s 
5.

83
d 

(1
1.

3)
 

(3
.4

) 
-7

.6
* 

4.
81

;4
.7

6d
d 

2.
19

s 
5.

86
d 

(1
1.

9)
 

(2
.8

) 
5.

75
d 

4.
78

s 
2.

21
s 

5.
75

d*
* 

(3
.6

) 
5.

73
d 

4.
78

; 
4.

7O
dd

 
2.

10
s 

5.
79

d 
(1

1.
6)

 
(5

.2
) 

5.
73

d 
4.

84
; 

4.
64

dd
~ 

2.
19

s 
5.

56
d 

(1
1.

5)
 

(4
.9

) 
8.

15
s 

4.
87

;4
.8

2d
d 

2.
15

s 
5.

90
d 

(1
1.

5)
 

(6
.7

) 
- 

4.
84

; 
4.

80
dd

 
2.

14
s 

5.
72

d 
(1

1.
3)

 
~ 

(6
.4

) 
5.

75
d 

4.
79

; 
4.

72
dd

 
2.

12
s 

5.
79

d 
(1

1.
6)

 
(4

.9
) 

5.
68

d 
14

.8
2;

 4
.7

5d
d 

2.
12

s 
5.

80
d 

(1
1.

5)
 

(5
.8

) 

H
2'

 
(J

2',
 3'

) 

4.
76

pt
 

(4
.7

) 
4.

76
pt

 
(4

.9
) 

4.
54

pt
 

(4
.6

) 
4.

34
d 

(4
.0

) 
4.

44
d 

(4
.0

) 
4.

32
m

**
* 

(4
.5

) 
4.

72
pt

 
(4

.6
) 

4.
86

m
 

(4
.9

) 
4.

69
m

 
(4

.9
) 

4.
26

m
 

(4
.9

) 
4.

45
m

 

4.
33

pt
 

(4
.6

) 
4.

6O
pt

 
(4

.1
) 

4.
80

m
 

(4
.9

) 
4.

59
m

 
(4

.9
) 

4.
16

m
 

(4
.9

) 
4.

23
m

 
(4

.9
) 

H
3'

 
1-

14
' 

(JY
, 4

') 
4.

40
pt

 
4.

25
m

 
(3

.3
) 

4.
41

pt
 

4.
28

m
 

(3
.3

) 
4.

46
pt

 
4.

24
m

 
(3

.0
) 

4.
23

dd
 

4.
30

d 
(8

.0
) 

4.
09

dd
 

4.
49

dp
t 

(8
.8

) 
4.

13
dd

 
4.

37
m

 
(7

.0
) 

4.
40

pt
 

4.
27

m
 

(4
.1

) 
4.

39
dd

 
4.

13
m

 
(3

.4
) 

4.
32

dd
 

4.
05

m
 

(2
.8

) 
4.

16
pt

 
4.

06
m

 
(5

.8
) 

4.
27

m
 

4.
, 

4.
z 2

-4
.2

6m
 

4.
12

pt
 

3.
99

m
 

(4
.3

) 4.
24

--
z .

20
m

 

5 
w

 

j(J
H5

' a.
H5

"a
; 

, r
a;

 J4
', 5

1,)
 

4.
03

; 
3.

84
dd

d 
(1

1.
3;

 3
.4

; 2
.7

) 
4.

04
; 

3.
87

dd
d 

(1
1.

4;
 3

.3
; 

2.
7)

 
3.

94
; 

3.
83

dd
d 

(1
1.

6;
 2

.4
; 

2.
0)

 
4.

14
; 

3.
84

dd
 

(1
1.

6;
 <

1)
 

4.
53

; 4
.3

9d
dd

 
(1

2.
5;

 3
.3

; 
1.

5)
 

4.
45

; 
4.

33
dd

d 
(1

2.
5;

 3
.7

; 
2.

5)
 

4.
04

; 
3.

85
dd

d 
(1

1.
5;

 3
.2

; 
2.

8)
 

3.
73

; 
3.

62
dd

dd
 

(1
2.

2;
 4

.3
; 

3.
7)

 
3.

68
; 

3.
59

m
 

(1
2.

2)
 

3.
76

; 
3.

60
dd

dd
 

(1
1.

9;
 3

.4
; 

3.
1)

 
~3

-4
.3

9m
 

3.
67

; 
3.

57
dd

dd
 

(1
1.

6;
 3

.4
; 

3.
0)

 
3.

98
; 

3.
80

dd
dd

 
(1

2.
4;

 2
.5

; 
1.

6)
 

O
th

er
 

5.
50

 (N
H

2)
; 

0.
97

, 0
.8

1 
(2

 x
 B

ut
Si

);
 0

.1
6,

 0
.1

5,
-0

.0
3,

 
-0

.1
7 

(4
 x

 M
eS

i)
 

9.
02

 (
N

il
);

 8
.0

7-
7.

50
 (

Ph
);

 0
.9

8,
 0

.8
1 

(2
 x

 B
ut

Si
);

 
0.

17
, 0

.1
6,

 -
0.

02
, 

-0
.1

8 
(4

 x
 M

eS
i)

 
12

.1
0,

 8
.5

9 
(2

 x
 N

H
);

 7
.9

2-
7.

54
 (

Ph
);

 0
.9

5,
 0

.8
3 

(2
 x

 B
ut

Si
);

 0
.1

4,
 0

.1
4,

 0
.0

0,
 -

0.
16

 (
4 

x 
M

eS
i)

 
8.

75
 (

N
H

);
 7

.9
5-

7.
50

 (
Ph

);
 0

.9
9,

 0
.9

3 
(2

 x
 B

ut
Si

);
 

0.
26

, 0
.1

8,
 0

.1
6,

 -
0.

14
 (

4 
x 

M
eS

i)
 

8.
80

 (
N

H
);

 7
.9

0-
7.

50
 (

Ph
);

 2
.1

0 
(C

H
3C

O
);

 0
.9

5 
(B

ut
Si

);
 0

.2
8,

 0
.1

6 
(2

 x
 M

eS
i)

 
8.

05
 (

N
H

);
 2

.1
3 

(C
H

3C
O

);
 0

.9
2 

(B
ut

Si
);

 0
.1

5,
 0

.1
1 

(2
 x

 M
eS

i)
 

8.
48

 (
N

il
);

 2
.6

2 
(C

H
3C

O
);

 0
.9

8,
 0

.8
1 

(2
 x

 B
ut

Si
);

 
0.

17
, 0

.1
6,

 -
0.

02
, 

-0
.1

8 
(4

 x
 M

eS
i)

 
11

.2
0 

(N
il

);
 8

.0
8-

7.
53

 (
Ph

);
 5

.7
3 

(2
'-O

H
);

 
5.

27
 (

5'
-O

H
) 

12
.3

7,
 1

1.
94

 (
2 

x 
N

il
);

 8
.0

9-
7.

53
 (

Ph
);

 
5.

66
 (2

'-O
H

);
 5

.1
9 

(5
'O

H
) 

11
.2

0 
(N

il
);

 8
.0

8-
7.

53
 (

Ph
);

 5
.2

7 
(5

'-O
H

);
 

5.
59

 (2
'-O

H
) 

8.
75

 (
N

H
);

 7
.9

5-
7.

50
 (

Ph
);

 3
.8

6 
(T

-O
H

);
 2

.1
4 

(C
H

3C
O

) 
8.

53
 (

N
H

);
 3

.1
7 

(T
-O

H
);

 2
.1

3 
(C

H
3C

O
) 

7.
14

 (
N

H
2)

; 
5.

19
 (

5'
-O

H
);

 0
.8

3,
 0

.0
2,

 0
.0

0 
(B

ut
Si

, 
2 

x 
M

eS
i)

 
8.

01
 (

N
I-

I)
; 2

.7
8 

(Y
-O

H
);

 0
.9

0,
 0

.1
0,

 0
.0

8 
(B

ut
Si

, 
2 

x 
M

eS
i)

 
4.

33
dd

 
(2

.8
) 

4.
27

dd
 

(3
.3

) 
4.

12
pt

 
(4

.9
) 

4.
17

pt
 

(3
.7

) 

4.
10

m
 

4.
00

m
 

3.
96

m
 

3.
98

m
 

3.
70

; 
3.

59
dd

dd
 

(1
1.

9;
 3

.2
; 

3.
7)

 
3.

63
; 

3.
56

dd
dd

 
(1

1.
9;

 4
.3

; 
3.

7)
 

3.
67

; 
3.

55
dd

dd
 

(1
1.

9;
 3

.1
; 

3.
4)

 
3.

64
; 

3.
57

dd
dd

 
(1

2.
2;

 3
.4

; 
3.

1)
 

7.
35

 (
N

H
2)

; 5
.6

1 
(2

'O
H

);
 5

.5
6 

(5
'-O

H
) 

10
.6

0 
(N

H
);

 6
.4

7 
(N

H
2)

; 5
.5

6 
(2

'-O
H

);
 

5.
16

 (
5'

-O
H

) 
7.

16
 (

N
H

2)
; 5

.4
2 

(T
-O

H
);

 5
.1

6 
(5

'-O
H

) 

11
.3

4 
(N

H
);

 5
.5

2 
(2

'-O
H

);
 5

.2
1 

(5
'-O

H
) 

* 
Sp

ec
tr

a o
f (

IV
), 

(V
a)

--
(V

f)
, (

V
II

d)
, (

V
ile

), 
an

d 
(V

ll
le

) w
er

e 
m

ea
su

re
d 

in
 C

D
C

I3
; t

ho
se

 o
f (

V
lI

a)
-(

V
II

c)
, 

(V
Il

Id
),

 (I
X

a)
-(

IX
c)

 a
nd

 (I
X

e)
, w

er
e 

ta
ke

n 
in

 D
M

SO
-d

 6.
 C

he
m

ic
al

 sh
if

ts
 

(5
, p

pm
, a

nd
 s

pi
n-

sp
in

 c
ou

pl
in

g 
co

ns
ta

nt
s (

Y
, H

z)
) a

re
 g

iv
en

. T
he

 in
te

gr
al

 in
te

ns
iti

es
 co

rr
es

po
nd

 to
 th

e 
nu

m
be

r o
f p

ro
to

ns
 in

di
ca

te
d.

 F
or

m
s o

f r
es

on
an

ce
s:

 s,
 s

in
gl

et
; d

, d
ou

bl
et

; d
d,

 
do

ub
le

t o
f d

ou
bl

et
s;

 p
t, 

ps
eu

do
tr

ip
le

t; 
dd

d,
 d

ou
bl

et
 o

f d
ou

bl
et

s o
f d

ou
bl

et
s;

 d
dd

d,
 d

ou
bl

et
 o

f d
ou

bl
et

s o
f d

ou
bl

et
s o

f d
ou

bl
et

s;
 d

pt
 d

ou
bl

et
 o

f p
se

ud
ot

ri
pl

et
s;

 an
d 

m
, m

ul
tip

le
t. 

R
es

o-
 

na
nc

es
 fr

om
 P

h;
 f

ro
m

 N
H

 a
nd

 N
H

2;
 f

ro
m

 2
'-O

H
, f

ro
m

 Y
-O

H
; a

nd
 f

ro
m

 C
H

3C
O

, C
H

 3,
 a

nd
 B

uq
V

le
2S

i a
re

 m
ul

tip
le

ts
, b

ro
ad

 s
in

gl
et

s,
 d

ou
bl

et
s 

or
 b

ro
ad

 s
in

g,
 le

ts
, t

ri
pl

et
s o

r b
ro

ad
 

si
ng

le
ts

, a
nd

 s
in

gl
et

s,
 re

sp
ec

tiv
el

y.
 

**
 S

up
er

po
si

tio
n 

of
 P

h.
 

**
* 

Su
pe

rp
os

iti
on

 o
f H

5.
 

**
**

 S
up

er
po

si
tio

n 
of

 H
5'

b.
 

r,¢
3 

O
 

I,
.-

t 

r.¢
3 .=
 

4~
 



412 PECHENOV et al. 

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

N4-Benzo yl. 2 ',5 '.di.O-tert-butyldimethylsilylc y- 
tidin (lle) and N4.benzoyl-3',5'-di-O-tert-butyldime- 
thylsilylcytidine (ll le) were obtained from (lc). The 
mixture of isomers was separated by chromatography 
on silica gel in chloroform; (Ile), yield 61.2%, Rf 0.48 
(B); (llle), yield 23.7%, Rf0.24 (B). 

5 '.O- A cetyI.N4.benzo yl. 2'.O.tert.butyldimethyl. 
silylcytidin (lid) and 5'-O-acetyl-N4-benzoyl-3'-O - 
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; (IId), yield 64.9%, Rf 0.39 (B); (IIId), 
yield 30.1%, Rf0.22 (B). 

5 '-O. A cetyl- 2 '.O-tert-butyldim ethylsilyluridine 
(IIe) was obtained from (Ie). After chromatography on 
silica gel, the resulting mixture of (IIe) and (IIIe) was 
dissolved in chloroform and (IIe) was precipitated by 
the gradual addition of hexane until the oily (IIIe) 
began to precipitate. The yield of (IIe) was 69.2%, Rf 
0.58 (A); Rf of (IIIe) was 0.52 (A). The mother liquor 
was evaporated and the residue was dissolved in a 9 : 1 
pyridine-water mixture, kept for 2 days at 20°C, and 
evaporated. The separation of isomers was repeated, 
and a total yield of (IIe) of 82.0% was obtained. 

The methylthiomethylation of 3'-hydroxyl 
groups of ribonudeosides. Method 1. A solution of a 
protected nucleoside, (IIb), (llc), (lid), or (IIe), 3 in 
anhydrous acetonitrile (10-30 ml depending on the sol- 
ubility of the nucleoside) was treated at 0°C with dime- 
thyl 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% Na2CO3 (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 dimethyl sulfoxide (3.15 ml) 
was added to a protected nucleoside (lla), (lib), (lie), 

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

(lid), or (lie). 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-butyidimethylsilyl-3 '-O )-meth- 
ylthiomethyladenosine (IV) and 9-(2,5-di-O-tert- 
butyldimethylsilyi.~-D-erythro-pentofuran- 3-ulo- 
syi)adenosine (Via). A suspension of (IIa) (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%); Rf 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; Rf0.60 (A). 

N6.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 3 (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 methylthiomethylnueleosides. 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), (Vc), (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 [(VIIa), 
(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 + NH4-form. The filtrate was evapo- 
rated, and the resulting product [(VIId), (VIIe), or 
(IXe)] was purified by column chromatography on sil- 

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26 No. 6 2000 



THE S,X-ACETALS IN NUCLEOSIDE CHEMISTRY: II. 413 

ica gel (method B). The following derivatives were 
obtained: 

N6.Benzoyl-3'.O-methylthiomethyladenosine 
(Vlla); method A; mp 177-178°C (from methanol); 
yield 144 mg (83.4%) from 264 mg (0.4 mmol) of (Va). 

N2.Benzoyi-3'.O-methylthiomethylguanosine 
(Vllb);  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-methyklu'omethylcytidine (VHe); 
method A; mp 163.5-164.5°C (from methanol); yield 
83 mg (80.8%) from 160 mg (0.252 mmol) of (Ve). 

5'-O-Aeetyl-N4.benzoyi.3' .O.methylthiomethyi.  
eytidine Wild);  method B; yield 260 mg (81.5%) from 
400 mg (0.71 mmol) of (Vd). 

5'.O.Acetyl.3'.O.methylthl'omethyluridine (Vile); 
method B; yield 136 mg (88.2%) from 205 mg 
(0.445 mmol) of (Ve). 

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

Removal of the aeyl protective groups. A solution 
of 1 mmol of a nucleoside [Wd), We), Wlla),  Wllb),  
or Wild)]  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 Wllb)].  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 Wllb),  Wild),  and (Vile) 
are given in Table 2. 

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

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