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Abstract Ribonucleoside 2'- and 5'-O-methylthiomethyl derivatives were synthesized from selectively pro- 
tected nucleosides by the action of a dimethyl sulfoxide-acetic anhydride-acetic acid mixture. 
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INTRODUCTION 

The Pummerer rearrangement in its initial variant, 
which involves the use of a DMSO-acetic anhydride 
system, has been used for decades for the synthesis of 
o~-substituted sulfides in satisfactory yields [1]. Its 
mechanism, studied by Johnson and Philips [2], is pre- 
sented in Scheme 1. The sequence of reactions suggests 
that the addition of alcohols to the reaction mixture 
would be a convenient method for the synthesis of 
O,S-acetals. 

It is known that thioacetals open wide synthetic pos- 
sibilities such as a change in the sulfur valent state, a 
substitution of other substituents for the alkylthio 
group, or the introduction of some substituents in the cz- 
position to the sulfur atom [2, 3]. This has prompted the 
development of methods for the introduction and 
removal of the O-methylthiomethyl group [4-7]. In the 
nucleoside series, 2'-O-methylthiomethyl derivatives of 
adenosine and guanosine were first described as by- 
products in the oxidation reaction of hydroxyl groups 
in selectively protected nucleosides by the DMSO-ace- 
tic anhydride mixture [8]. 3'-O-Methylthiomethyl-5'- 
deoxy-5'-methylthioadenosine was similarly obtained 
upon the oxidation of protected methylthioadenosine 
under the same conditions. The yield of this by-product 
changes from 2 to 23% depending on the quality of 
DMSO and the reaction time [9]. 

The DMSO-Ac20 mixture provides good results in 
the synthesis of O-methylthiomethyl derivatives of acy- 
clic nucleoside analogues, since the starting com- 
pounds are tertiary alcohols [10] stable under the con- 
ditions of oxidation. In the case of carbohydrates, the 
addition of acetic acid to the DMSO-Ac20 mixture was 
shown to inhibit the oxidation of primary and second- 

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

ary alcohols and, thus, makes the process of their O- 
methylthiomethylation predominant [5]. 

The DMSO-Ac20-AcOH system was first applied 
to the synthesis of nucleosides (including those of the 
riboside series) substituted with the methylthiomethyl 
group at their carbohydrate residue during work on the 
synthesis of Ix-substituted O-alkylnucleosides [ 1 l - I  3]. 
This system was then used successfully for the synthe- 
sis of 2'-O-methylthiomethyluridine: its yield was 55% 
[14]. 

The dimethyl sulfide-benzoyl peroxide system is an 
alternative agent for O-methylthiomethylation [7]. For 
the first time, it was used for the synthesis of 3'-O-meth- 
ylthiomethylnucleosides of the deoxy series [15, 16]. 
2'-O-Methylthiomethylnucleosides were recently 
obtained by using this reagent [17]. It was also shown 
that both of the reagents may be applied to the synthesis 
of 5'-O-methylthiomethyl-2'-deoxynucleosides [13, 
16]. However, neither experimental details nor product 
characteristics are given in [11-13, 17]. 

We describe here the synthesis and characterization 
of 2'-0- and 5'-O-methylthiomethylribonucleosides, 
which are important for the following reasons. The 
polyribonucleotides bearing 2'-O-methylthiomethyl 
substituents have an enhanced stability toward 
nucleases [17]. Biologically active compounds with 
antiviral, antiarthritic, antiparasitic, and immunosup- 
pressive activities have been found among the 5'-modi- 
fied nucleosides. The majority of them are either ana- 
logues of S-adenosylmethionine, one of the key compo- 
nents of the biological transmethylation system (e.g., S- 
adenosyl-L-homocystein, 5'-deoxy-5'-isobutyladenos- 
ine, or 5'-deoxy-5'-methylthioadenosine), or are inhibi- 
tors of the enzymes of this system. In this group of 
compounds, an intensive search for biologically active 
substances is proceeding [9, 18-21]. The 5'-O-meth- 
ylthiomethylribonucleosides, in particular, 5'-O-meth- 
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Scheme 2. 

ylthiomethyladenosine, may be considered to be pre- 
cursors of a number of prospective biologically active 
substances due to their great synthetic possibilities. 

RESULTS AND DISCUSSION 

We synthesized 2'-O-methylthiomethylribonucleo- 
sides according to Scheme 2. Nucleosides (Ia)-(Id) 
[they had protected 3'- and Y-hydroxyl groups [22] and 
the base amino group, except for uracyl in (Id)] were 
converted over a period of 60 h into the corresponding 

2'-O-methylthiomethyl derivatives by the D M S O -  
Ac20-AcOH mixture at room temperature. The yields 
of  the resulting ( l l a ) - ( l ld )  were 60-70%; this means 
that the methylthiomethylation of  hydroxyl functional 
groups in ribonucleosides by this reagent is as efficient 
as by the DMSO-benzoyl  peroxide reagent, which 
ensures 55-70% yields [17]. The siloxadiyl protective 
groups from ( l la ) - ( l ld )  and the acyl protections of het- 
erocyclic bases from ( l l l a ) - ( l l l e )  were successively 
removed by the action of tetrabutylammonium fluoride 

Table 1. Yields and physicochemical characteristics of 2'-O-methylthiomethylnucleosides* 

Compound 

(llld) 

(IVa) 

(IVb) 

(IVc) 

Starting 
compound 

(lid) 

mg 

274 

mmol 

0.5 

Yield, % 

(Ilia) 

(IIIb) 

(IHc) 

166 

214 

105 

Load 

0.38 

0.52 

0.26 

79 

87 

82 

Mp, °C 
(methanol) 

174.5-175.5 

143-143.5 

>220 

83 151.5-152.52* 

UV spectrum***, 
~a~, nm, (e) 

261.8(9800) 

261.8(9700) 

261.2(7400) 

257.2(14600) 

259.6(14500) 

259.4(14800) 

257.0(11700) 

253.2(13400) 

265.0(11300) 

279.8(12700) 

270.6(8900) 

271.4(8900) 

Mass spectrum 

304.4 (M) + 

327.2 (M + Na) + 

343.2 (M + K) + 

328.1 (M + H) + 

330.2 (M + 3H) ÷ 

350.1 (M + Na) + 

344.1 (M + H) ÷ 

366.2 (M + Na) ÷ 

382.2 (M + K) ÷ 

304.1 (M + H) ÷ 

326.1 (M + Na) + 

342.1 (M + K) ÷ 

* (IHd) was isolated according to desilylation method A, whereas ammonolysis method A was applied for (IVa)-(IVc). 
** Methanol--ether. 

*** The parameters of the UV spectrum for each compound are given at pH 1, 7, and 13. 
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I--DMSO/Ac20/AcOH (53 : 36 : 11 volume ratio); 2--NH3/MeOH. 

Scheme 3. 

in anhydrous tetrahydrofuran [8] and in methanolic 
ammonia, respectively. 

The physicochemical characteristics of the resulting 
( l la) - ( l ld) ,  ( l l l a ) - ( l l ld ) ,  and (IVa)-(lVe) correspond 
to their structures (Tables 1, 2). Thus, the IH NMR 
spectra of all the 2'-O-methylthiomethyl derivatives 
(Table 2) exhibit resonances from CH3S (singlet at 2.2- 
1.7 ppm) and OCH2S groups [doublet of doublets (due 
to the diastereotopicity of these protons) or singlet at 
5.1-4.6 ppm]. The 2'-proton resonates in the form of  a 
doublet of doublets, a pseudotriplet, or a doublet when 
Jr, 2' = 0. The form of  these signals and the values of 
chemical shifts of protons in sugar residue and nucleic 
base vary depending on the protective groups in the 
nucleoside molecule. 

5'-O-Methyltiomethylribonucleosides were synthe- 
sized as shown in Scheme 3. The starting (Va)-(Vd) 

with protected 2'- and 3'-hydroxyl groups and the exo- 
cyclic base amino group were converted into their 5'-0- 
methyltiomethyl derivatives (Vla) - (Vld)  with the 
DMSO-Ac20-AcOH mixture as described above in 
yields of 50--70% (see the Experimental section). The 
ammonolytic deprotection of these derivatives resulted 
in (Vl la) - (Vl ld) .  

The physicochemical characteristics of (Via) -  
(Vld) and (Vl la ) - (Vl ld )  in Tables 3 and 4 convinc- 
ingly confirm their structures. In particular, their ~H 
NMR spectra (Table 4) exhibit resonances of protons 
from the CH3S and OCH2S groups. The resonances 
from other protons were found to coincide with or dif- 
fer only insignificantly from the corresponding reso: 
nances in the starting nucleosides. 

Products ( l l ld) ,  (IVa)-(IVc), and (Vl la ) - (Vl ld )  
were characterized by mass spectrometry and UV spec- 

Table 3. Yields and physicochemical characteristics of 5'-O-methyithiomethylnucleosides 

Com- 
pound 

(Vlla) 

(VIIb) 

(VHc) 

(VIId) 

Starting 
compound 

(Via) 

(VIb) 

(Vie) 

(Via) 

mg 

361 

Load 

mmol 

0.7 

200 0.402 

290 

210 

* After ammonolysis (see the Ex 
** Methanol-water. 

*** Methanol-ether. 

0.586 

0.54 

Isolation 
method* 

B 

**** A 

B 

B 

Yield, % 

81 

75 

Mp, °C 
(methanol) 

137-138 

223-225** 

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

257.4 (14600) 
259.4 (14800) 

80 

77 

98-99*** 

147-148 

259.6 
256.6 
253.6 
265.2 
279.4 

270.8 
272.0 
261.6 
261.8 
262.2 

Mass spectrum 

328.2 (M + H) ÷ 
350.2 (M + Na) ÷ 

(15o0o) 

(12100) 344.2 
(13200) 366.1 
(11300) 

(12900) 304.2 

(8800) 326.2 
(8800) 342.l 
(10000) 304.4 
(9700) 327.2 
(7500) 343.2 

(M + H) + 
(M + Na) + 

(M + H) + 
(M + Na) + 

(M + K) + 
(M) ÷ 

(M + Na) + 
(M + K) + 

~edmental section). 

**** The parameters of the UV spectra for each compound are given at pH 1, 7, and 13. 
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troscopy methods (see Tables 1 and 3, respectively). 
The UV spectra of these derivatives suggest that no 
modification or destruction of nucleic bases occurs dur- 
ing their synthesis. 

In this way, we established that methylthiomethyla- 
tion with the DMSO-Ac20-AcOH mixture is a suffi- 
ciently good method for the synthesis of 2'- and 5'-0- 
methylthiomethyl derivatives of ribonucleosides. 

EXPERIMENTAL 

Melting points were not corrected. For TLC, Silufol 
UV 254 (Kavalier, Czech Republic) and Kieselgel 60 
F254 precoated plates (Merck, Germany) were used. Sil- 
ica gel L 40/100 (Kavalier, Czech Republic) was used 
for column chromatography. Nucleosides, chlorotrime- 
thylsilane, and Dowex 50W x 8-200 were from Sigma 
(United States); 1,3-dichloro-l,l,3,3-tetraisopropyldi- 
siloxane and tetrabutylammonium fluoride trihydrate 
were from Fluka (Switzerland); and dimethyl sulfoxide 
(DMSO) was from Merck (Germany). Other reagents 
and solvents were of domestic production. 

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

Yields and physicochemical characteristics of all 
the compounds synthesized are given in Tables 1-4. 

Nucleosides (la)-(ld) were synthesized as 
described in [22]. (Va)-(Vd) were obtained using a 
dimethoxytrityl protective group for 5'-hydroxyl 
according to a procedure similar to that used in [23, 24]. 

Methylthiomethylation of hydroxyl groups in 
ribonucleosides (general procedure). Acetic anhy- 
dride (2.15 ml), acetic acid (0.65 ml), and DMSO 
(3.15 ml) were added to a nucleoside (Ia), (Ib), (Ic), 
(Id), (Va), (Vb), (Vc), or (Vd) (1 mmol). The mixture 
was kept for 3 days at 20°C, with TLC-monitoring in a 
9.5 : 1 chloroform-methanol system. After the reaction 
was completed, the mixture was poured into a cooled 
10% Na2CO 3 solution (30 ml) under stirring. After ces- 
sation of the carbon dioxide evolvement, the aqueous 
layer was extracted with chloroform (3 x 20 ml), and 
the extract was dried with anhydrous Na2SO4 and evap- 
orated in the vacuum of a water-jet and, then, an oil for- 
vacuum pump. The residue was purified by chromatog- 
raphy on a silica gel column eluted by a gradient of 
methanol in chloroform from 0 to 2%. The following 
substances were thus obtained: 

Nt.Benzoyl.2'-O-methylthiomethyl.5',3'-O-(1,1,3,3- 
tetraisopropyldisiloxa-l,3-diyl)adenosine (IIa): a 
glass-like foamy mass, yield 1.27 g (70.9%) from 
1.63 g (2.66 mmol) of (Ia). 

N2-Isobutyryl-2 '-O-methylthiomethyl.5',3'-O- 
(l,l,3,3-tetraisopropyldisiloxa-l,3-diyl)guanosine 

(Ilb): mp 129-130°C (from methanol), yield 1.25 g 
(61%) from 1.86 g (3.12 mmol) of (lb). 

N4-Benzoyl-2'-O-methylthiomethyl-5 ',3'-O-( 1,1,3,3- 
tetraisopropyldisiloxa-l,3-diyl)cytidine (llc): a 
glass-like foamy mass, yield 1.08 g (68.6%) from 1.43 g 
(2.42 mmol) of (It). 

2'-O-Methylthiomethyl-5',3'-O-(1,1,3,3-tetraiso- 
p ropyld i s i loxa- l ,3 -d iy l )ur id ine  ( l id ) :  mp 146- 
146.5°C (from methanol), yield 1.23 g (60.1%) from 
1.82 g (3.74 mmol) of (Id). 

Nt-Benzoyl-2' ,3 '-di.O-acetyl.5 '-O-methylthio- 
methyladenosine (Via): a glass-like yellowish mass, 
yield 1.98 g (52.2%) from 3.356 g (7.37 mmol) of (Va). 

2',Y-Di.O.acetyl-N2-isobntyryl-5'-O-methylthio- 
methylguanosine (VIb): a glass-like yellowish mass, 
yield 805 mg (54.5%) from 1.31 g (2.97 mmol) of (Vb). 

N~-Benzoyl-2',3'-di-O-aeetyl.5'-O-methylthio- 
methylcytidine (Vie): mp 160-161°C (from metha- 
nol), yield 735 mg (70.4%) from 917 mg (2.13 mmol) 
of (Vc). 

2',3'-Di-O-acetyl-5'-O-methylthiomethyluridine 
(VId):  a glass-like yellowish mass, yield 0.66 g 
(50.3%) from 1.11 g (3.384 mmol) of (Vd). 

Desilylation of methylthiomethyl derivatives of 
nucleosides. Tetrabutylammonium fluoride (2.2 ml of 
1 M solution in tetrahydrofuran) was added to a solu- 
tion of nucleoside (Ila), (IIb), (lie), or (IId) (1 mmol 
in 5 ml of dry tetrahydrofuran), the mixture was kept 
for 1 day at 20°C, and evaporated. The residue was sep- 
arated by column chromatography on silica gel, the 
corresponding fraction was evaporated, and the product 
was recrystallized (method A). When the recrystalliza- 
tion failed, the mixture after the desilylation was evap- 
orated, and the residue was dissolved in aqueous meth- 
anol and filtered through a layer of Dowex 50W in 
N H~-form. The filtrate was evaporated, and the prod- 
uct was purified by column chromatography on silica 
gel (method B). The following derivatives were thus 
obtained: 

N~-Benzoyl-2'-O-methylthiomethyladenosine (Illa): 
mp 151-152°C (from 1% methanol in chloroform), 
yield 180 mg (83.4%) from 337 mg (0.5 mmol) of 
(IIa). 

N2-Isobutyryl-2'-O-methylthinmethylguanosine 
(IIIb): light amorphous mass, yield 232 mg (92.1%) 
from 400 mg (0.61 mmol) of (IIb). 

N4-Benzoyl-2'-O-methylthiomethylcytidine (lllc): 
mp 159-160°C (from chloroform-hexane), yield 
162 mg (79.5%) from 325 mg (0.5 mmol) of ( lk) .  

2'.O-Methylthiomethyluridine (IIId): yield 
120 mg (78.9%) from 274 mg (0.5 mmol) of (lid) 
(method A), see Table 1 for mp. 

Removal of acyl protective groups. A solution of 
nucleoside (IIIa), (IIIb), (IIIc), (Via), (VIb), (VIc), or 
(VId) in semisaturated methanolic ammonia (methanol 
saturated with gaseous ammonia at 0°C was diluted 
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twice with methanol) was kept at 20°C for 1 day 
[2 days in the case of ( l l lb)  and (Vlb)] and evaporated. 
The product was recrystallized (method A) or purified 
by chromatography on silica gel while eluting with a 
gradient of methanol in chloroform from 5 to 10% 
(method B). The details of these experiments are given 
in Tables 1 and 3. 

REFERENCES 

1. Pummerer, R., Ber. Dtsch. Chem. Ges., 1910, vol. 43, pp. 
1401-1412. 

2. Johnson, C.R. and Phillips, W.G., J. Am. Chem. Soc., 
1969, vol. 91, pp. 682-687. 

3. Obshchaya organicheskaya khimiya (General Organic 
Chemistry), Kochetkov, N.K. and Nifant'ev, E.E., Eds., 
Moscow: Khimiya, 1983, pp. 187-200. 

4. Corey, E.J. and Bock, M.G., Tetrahedron Lett., 1975, 
no. 38, pp. 3269-3270. 

5. Pojer, P.M. and Angyal, S.J., Aust. J. Chem., 1978, 
vol. 31, pp. 3067-3068. 

6. Suzuki, K., Inanaga, J., andYamaguchi, M., Chem. Len., 
1979, no. 10, pp. 1277-1278. 

7. Medina, J.C., Salomon, M., and Kyler, K.S., Tetrahe- 
dron Lett., 1988, vol. 29, pp. 3773-3776. 

8. Hansske, E, Madej, D., and Robins, M.J., Tetrahedron, 
1984, vol. 40, pp. 125-135. 

9. Gavagnin, M. and Sodano, G., Nucleosides Nucleotides, 
1989, vol. 8, pp. 1319-1324. 

10. Hsu, L.-Y., Wise, D.S., Kucera, L.S., Drach, J.C., and 
Townsend, L.B., J. Org. Chem., 1992, vol. 57, pp. 3354- 
3358. 

11. Oivanen, M., Viinamiiki, T., Zavgorodny, S., Polian- 
sky, M., Azhayev, A., Van Aerschot, A., Herdewijn, P., 
and L6nnberg, H., Collect. Czech. Chem. Commun., 
1990, vol. 55, pp. 17-20. 

12. Zavgorodny, S., Poliansky, M., Kriukov, V., Oksman, P., 
Hakala, H., L6nnberg, H., van Aerschot, A., Her- 

dewijn, P., and Azhayev, A., Nucleic Acids Res., 1991, 
vol. 19, p. 295. 

13. Zavgorodny, S., Poliansky, M., Besidsky, E., Kriukov, V., 
Sanin, A., Pokrovskaya, M., Gurskaya, G., L6nn- 
berg, H., and Azhayev, A., Tetrahedron Lett., 1991, 
vol. 32, pp. 7593-7596. 

14. Bizdena, E., Rozners, E., and Str6mberg, R., Collect. 
Czech. Chem. Commun., 1996, vol. 61, pp. $283-$286. 

15. Veeneman, G.H., van der Marel, G.A., van den Elst, H., 
and van Boom, J.H., Recl. Trav. Chim. Pays-Bas, 1990, 
vol. 109, pp. 449-451. 

16. Veeneman, G.H., van der Marel, G.A., van den Eist, H., 
and van Boom, J.H., Tetrahedron, 1991, vol. 47, 
pp. 1547-1562. 

17. Karpeisky, A., Gonzales, C., Burgin, A.B., Usman, N., 
and Beigelman, L., Nucleosides Nucleotides, 1997, 
vol. 16, pp. 955-958. 

18. Moffat, J.G., Nucleotide Analogues. Chemistry, Biology, 
and Medical Application, Walker, R.T., De, Clercq, E., 
and Eckstein, E, Eds., New York: Plenum, 1978, pp. 79- 
81. 

19. Serafinowsky, P., Dorland, E., Balzarini, J., and De 
Clercq, E., Nucleosides Nucleotides, 1995, vol. 14, 
pp. 545-547. 

20. Yuan, C.-S., Liu, S., Wnuk, S.F., Robins, M.J., and Bor- 
chardt, R.T., Nucleosides Nucleotides, 1995, vol. 14, 
pp. 439-447. 

21. Robins, M.J., Wnuk, S.E, Yang, X., Yuan, C.-S., Bor- 
chardt, R.T., Balzarini, J., and De Clercq, E., J. Med. 
Chem., 1998, vol. 41, pp. 3857-3864. 

22. Van Boom, J.H. and Wreesmann, C.T.J., Oligonucle- 
otide Synthesis: A Practical Approach, Gait, M.J., Ed., 
Oxford: IRL, 1984, pp. 153-182. 

23. Lohrmann, R. and Khorana, H.G., J. Am. Chem. Soc., 
1964, vol. 86, pp. 4188-4194. 

24. Kenner, G.W., Todd, A.R., Webb, R.F., and Wey- 
mouth, EJ., J. Chem. Soc., 1954, pp. 2288-2295. 

RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY Vol. 26 No. 5 2000 


