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AbstracU-Bromoadenosine and I-bromoguanosine were tosylate-d on 2’-hydroxyls via 2’, 3’-O_dibutylstannylene 
compounds in yields of 79 and 54%, respectively. 2’-O-Tosyl&bromoadenosine was converted to the 8-0~~ 
derivative by ~eatment with sodium acetate in acetic acid-acetic anhyd~de mixture and cyclized by heating with 
ammonia-methanol to aRord E,~-anhydr~~oxy-9-~-~~binofu~nosyladenifle, 2’-O-Tosylguanosine was analog- 
ously converted to the 8-0~~ compound and cyclized by heating with sodium acetate in DMF to 8,2’-anhydro-&oxy- 
9-/J-u-arabinofuranosylguanine, which was the first example of the unprotected 8,2’-O-cycloguanosine. 

The knowledge of purine 8~yclonucleosides has in- 
creased23 but the selective introduction of leaving groups 
such as methyl- or toluenesulfonyl to the 2’- or 
3’-hydroxyl of nucleosides has proved difficult.’ Ikehara 
and Uesugi’ have sucessfully introduced a tosyl group to 
the 2’-OH of adenosine S’-phosphate. Mian et aL6 recently 
reported the Y-tosylation of 8-bromoadenosine or 
guanosine 3’,5’-cyclic phosphate. Although the synthesis 
of 82 - S - cyclonucleosides has been achieved by 
treating 8-mercapto derivatives with diphenyl carbo- 
nate’-” or t~me~ylsilyl chloride,” 8,2’ - 0 - cyclonucleo- 
sides could not be obtained in good yields. Especially in 
the case of guanosine, only a 3’-0-mesyl derivative of 
8,2’-Ocyclonucleoside la has been synthesized.‘* Re- 
cently, Wagner et al.” reported a method for the selective 
introduction of a tosyl group to 2’-OH of nucleosides 
using di-n-butyitin oxide as the activating reagent. 
Utilysing this reagent we now report a versatile method 
for the synthesis of 8,2’ - anhydro - 8 - oxy - 9 - /3 - 
D-arabinofuranosyladenine 2 and 8,2’ - anhydro - 8 - oxy - 
9 - /3 - Darabinofuranosylguanine lb. The latter com- 
pound was the first example of a guanine 8,2’-O- 
cy~lonucleoside and may be useful for various reactions, 
which have been developed for adenine cyclonucleosides. 

When gbromoadenosine’ 3 was heated with an 
equivalent amount of di-O-n-butyltin oxide,” a colourless 
crystalline material, m.p. 22O-221”, was obtained in a yield 
of 92%. Elemental analysis and UV absorption at 266 nm 
suggested that this compound was 8 - bromo - 2’.3’ - 0 - 
dibutylstannyleneadenosine 4. The mass spectrum of 4 
gave only fragment ions corresponding to 8- 
bromoadenine.” Compound 4 reacted with triethylamine 
and tosyl chloride to give 2’ - 0 - tosyl - 8 - 
bromoadenosine 5 ident~ed as follows. Elemental 
analysis and UV absorption spectra suggested that this 
compound has a tosyl group. The NMR spectrum taken in 
&-DMSO showed signals of a Me group and protons of a 
tosyl group. A signal of H-2’ appeared at 572, showing 
that this carbon must be substituted. The IR band at 
1152 cm-’ showed the presence of a covalent tosylate. UV 
absorption spectra also supported the introduction of a 
tosyl group to the carbohydrate moiety. 
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Compound 5 on heating in a mixture of acetic 
anhydride-glacial acetic acid containing excess sodium 
acetate gave 2’ - 0 - tosyl - N6,3’$’ - triacetyl - 8 - 
oxyadenosine 6, m.p. 202-204”. UV absorption spectrum 
of this compound showed maxima at 290-306 nm suggest- 
ing the structure to be correct. NMR spectra of compound 
6 showed signals of I@-H and N’-H at 9.51 and 9,176. 
Sis belonging to the carbohydrate moiety 
(4.34-6.09 8) were also shifted relative to 8 - oxy - 
adenosine toJtards low field. IR bands at 1720cm-’ 
showed a GO group at the 8position. 

Com~und 6 was cyclized to 8,2’ - anhydro - 8 - oxy - 9 - 
B - D - ~bino~osyl~~e (8,2’ - 0 - cyc- 
loadenosine) 2 in a yield of 64%. This material was 
identical with an authentic sample” in mixed m.p., paper 
chromatography in two solvent systems and UV absorp 
tion properties. This method for the synthesis of 
8,2’-O_cycIoadenosine is convenient for the handling of 
Iarge s&e material. 

Synthesis of 8.2’ - anhydro - 9 - #3 - D - arribinofwano- 
sylguanine lb was then attempted by this method. 
&Bromoguanosine 7 and one equivalent of di-n-butyltin 
oxide tiorded 8 - bromo - 2’,3’ - dibutyl- 
s~ylen~os~e 8, m.p. 237-239”. in a yield of 75%. 
UV absorption maximum at 262nm and mass fragment 
peaks of m le 229 and 231 corresponding to bromoguanine 
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ion showed the structure to be correct. The 2’ - 0 - tosyl- 
8 - b~mo~osine 9 was prepared in a yield of 63% by 
treatment of crude dibutylst~yle~ compound 8 with 
triethylamine and tosyl chloride. W absorption maxima 
at 232 and 264nm showed the introduction of a tosyl 
group to the carbohydrate moiety. The IR band at 
1.160 cm-’ suggested the presence of a tosyl &roup. The 
NMR spectra showed sigttals as&ned to H-2’ (S-79), 
which appeared at lower field than that of H-l’ (S-81), a 
methyl signal and protons of a tosyl group. 
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C > RJ.R~.R~=H 

Scheme 2. 

Compound 9 when treated with sodium acetate in acetic 
anhydride-acetic acid mixture yielded the 8-0~~ com- 
pounds 10s and b identified as N’,3’,5’ - tri - acetyl and 
N*,N’ - 3’J - tetraacetyl derivatives, respectively, by the 
absorption spectra and the ~~~ ratio in TLC. When 
these compounds were treated with methanolic ammonia 
2’ - 0 - tosyl - 8 - oxyguanosine 10~ was obtained, m.p. 
l&188”, and the structure of 1Oc was con8rmed by W 
and IR spectra. The 2’ - tosyl - 8 - oxyguanosine Hk was 
converted to 82’ - anhydro - 8 - oxy - 9 - B - D - arabiio- 
f~osyl~e lb in a yield of 4S%. The structure of lb 
was conlhd by the following criteria. UV absorption 
maxima at 247 and 287 nm closely resembled those found 
in 3’-mesyl derivative.” The NMR spectra in &-DMSO 
showed signals of H-l’ at 6.35 S and H-2’ at 5.56 having a 
coupling constant JGZ =5-O Hz which agrees with the 
previous observations on 8,2’ - cyclonucleosides? CD 
spectra taken in acid, alkali and neutral solution are 
shown in Fig. 1. As has been observed in the case of other 
purine cyclonucleosides,” bands in the B-nzgion showed a 
positive Cotton effect. This fact strongly suggested that 
compound lb has the cyclonucI~~de structure. A 
comparison of this result with the CD spectra of 
guanosine su88ested that in neutral solution guanosine 
had a negative band corresponding to the anti conforma- 
tion and in acid it changed to positive, because of the 
change of the coronation to syn.” This ~gument is not 
consistent, because transition moments of the base could 
be changed by the protonation probably at the N’- 
position. -l-he present compound lb had the same sign of 
the Cotton band in the B-region both in neutral and acid 
media. Since the base moiety of this compound is rigidly 
fixed at the angle (I#J~ = - 1200),‘9 it could not change the 
conformation even by protonation. Therefore, it may be 
stated that the syn-anti conformation change in 
guanosine can be interpreted by the change in the sign of 
the Cotton effect. 

The present method of O~yclonucleoside synthesis 
seems to be useful for the preparation of variously 
substituted purine nucleosides. Work along these lines is 
now in progress and will be reported in subsequent 
papers. 
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Pi& 1. CD spectra of 8,2’ - anhydro - 8 - oxy - 9 - ,9 - D - 

arabinofuraaosylguanine. 

2’,3’ - 0 - LX - n - baty~stanny~eae - 8 - b~mo~nos~ 4. 
8Bromoadenosine‘ (4,152 g, I2 mmol) and di-n-butyltin oxide 
(3-O g-12 mmol) were dissolved in MeOH (300 ml) and the mixture . r 

reguxed for 5.j h. After cooliag, the colourIess crystalline dpts 
were collected, yield 6.28 g (I 1 1&01,!32%), m.p. 2201221’ (FoGid: 
C, 37.02: H. 4.72: N. 12G8: Br. 14.00: CaIc for C,Jf,N.O&&t: 
c, 37.47; H, 489; N, 12G4; Br, 13.85.); UV: A-z- 266mn (s 
16,100): mass spectrum: m/c 213 @romondtnine-H), 215 
(bromoadenine t If), 331-339 (dibutylstaanyItne~~sc~H~O~. 

2’ - 0 - Tosyl - 8 - bromoadanati 5. Compound 4 (3,828, 
6.7 mmol) was dissolved in MeQH (170mI) and triethylamine 
(14 ml, 15 equiv) and tosyl chloride (PO g, 15 equiv) were added. 
The mixture was stirred at room temp for 2 h yielding 2.81 g 
@6mmol, 86%) which on recrystallisation bad m.p. 195” (dec 
22ty’) (Found: C, 41.10; H, 4.36; N, 14.30; S, 6.33; Br, 16.30. Calc 
for Cr7HIIN,06 SBr: C, 40.81; H, 3-63; N, 14@tl; S, 6.41; Br, 
1597); uv: AZ”” MI (c) 267 (IS,OMJ), 230 (shoulder, 13100); 
AZ*” 264.5 (16,160). 230 (shoulder, 13,080); AzWm” 267 
(14,aoO); IR vz 1152 cm-’ (covalent tosylate); NMR: (&-DMSO) 
7.95 (s, IH, H-2), 7.54 lb, ZH, 6-NH& 7.37 (d, 2H, tosyl-Ha), 6.98 
(d, 2H, tosyl-Hb), 6.08 (d, IH, OH-3’), 597 (d, lH, H-I’), 5.72 (q, 
IH, H-2’), 5.59 (t, IH, OH-S’), 4.41 (h, lH, H-3’), 4.10 (m, lH, 
H-4’), 364 (m, 2H, H-5’) 2.27 (s, 3H. tosyl-CH,), JH,..HZ= 
7.0 Hz, JHS.“). = 4-O Hz, JH3..HI. = 1.5 Hz, J,r.,,, = 5.0 Hz, 
JH)..OHI. = 4.0 Hz. R,‘s in paper ch~mato~phy are listed in 
Table 1. 

8 - Oxy - 2’ - 0 - tosyl - p,3‘,4’ - triacetyladenosine 6. 8 - 
Bromo - 2’ - tosyladenosine (1.0~. 2 mmol) was dissolved in a 
mixture of AcOB (25mI) and A&O (25ml) containing anhyd 
NaOAc (3.Og). Tbe soIn was heated under reflux for 3 h. The -. 
solvent was evaporated in eacuo and traces of Ac,O were 
decomposed and- removed by evapo~tion several times with 
EtOH (5Oml). The residue was susnended in CHCI, and water 
(70 ml, each); CHCI,-layer was washed hvice with sat aq NaHCd, 
(38 mI), and finally with water (30 mI X 2). Dried (hf@,) aa, 

soln was evaporated to give a glass (1.131 g). Recrystallisationof 
the residue from EtOH gave m.p. 202-204< (Found: C, 49-W. H, 
4.56; N, 12.46; S, 5+5. Calc for C H 23 n I I N 0 0s: C, 49.02; H, 4.47; 
N, 12.43; S, 569); UV: r\~‘==nm (c) 235 (sh 14,988). 290 
(12900); A0&Wc’ 275 (8,300). 306 (13,700); IR: Y= I16Ocm-’ 
(covalent tosylate), 1720cm- (8-00); NMR: (CD&) 9.51 (b, 
IH, N’-H), 9.17 (b, IH, P-H), 8.32 (s, lH, H-2), 7.70 (d, 2H, 
tosvl-Ha), 7.19 (d, 2H, tosvl-Hb), 6.21 (d. IH. l-I’), 6.09 (CL IH, 
H-i’) 5.67 (m, lk, H-3’), 634 (m, 3H, H-Y and 5’), 2.36 (a 3H, 
NAc-CH,). 2.30 (s. 3H. tosvf-CH3.2.05 (s. 6H. OAc-CH3. R,‘s in 
paper chromstog&hy. were listed in Table 1: -’ 

8-2’ - Anhydro - 8 - oxy - 9 - #I - D - arabinofaranosyladenine 
2. The 8-0,~~ compound 6 obtained as a glass (852mg) was 
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Table 1. Rr’s in paper chromatography of 
synthesixed compounds 

Compound Solvent A’ B 

Adenosine 

8-Br-2’-Ts- 
adenosine 
8,2’0cyclo- 

0.46 057 

0.79 0.77 

046 0.53 

Guanosine 0.27 0.38 

8-Br-2’-Ts- 
guanosine 
8-OHZ-Ts- 
guanosine 
8,2’-Ocyclo- 
guanosine 

0.79 0.77 

0.68 0.68 

0.25 0.37 

“Solvent A, nButanol-acetic acid-water, 
7: I : 2; B, iso-propanol-cont. Ammonia- 
water, 7: 1 : 2. 

dissolved in MeOH (3Oml), through which ammonia gas was 
bubbled for 30 min under cooliig at -20”. The mixture was sealed 
in a steel tube and heated at 60” for 7 h. Crystalline material 
appearing at the bottom of the tube was recrystallised from MeOH 
to give 245 mg (9.5 mmol, 64%) of 2. TLC of the mother liquor 
showed that co. 30% of the starting material 6 remained 
unchanged. This sample was identical with an authentic specimen 
of 8.2’ - 0 - cycloadenosine” by the crieteria of paper 
chromatography Fable 1) and UV absorption properties. 

8 - Bromo - 2’,3’, - 0 - dibutylstonnyleneguanosine 8. 8 - 
Bromcquanosine” (I 448 g, 4 mmol) and di-n-butyltin oxide (1.0 g, 
4 mmol) in methanol (100 ml) were heated under reflux for 1 h. The 
ppt was removed by filtration and MeOH was evaporated in 
uacuo. The residue was recrystallised from ethanol-acetone 
mixture to give colourless crystals (I.77 g, 3.01 mmol, 75%) m.p. 
237-2390 (dec). (Found: C. 3640; H, 4.%; N, 1188, Br. 13.20. Calc 
for C,JI&J,O,BrSn: C. 36.46; H, 4.76; N, 11.81; Br. 13.47); W: 
A zH 262 nm (B 16,200), 280 (sh, 11600); mass spectrum: m/e 229, 
231 (bromoguanine); 331-339 (di-butylstannyleneriiose - 
CH,OH). 

2’ - 0 - Tosyl - 8 - bromoguanosine 9. 8-Bromoguanosine 
(283 ma, I mmol) and dibutvltin oxide (25Omn. 1 mmol) in 
methanol (25 ml)‘was heated under reflux for 1 hT’After cooling 
triethylamine (2.1 ml, I5 nnnol) and tosyl chloride (I5 mmol) were 
added successively. After keeping the mixture at room temp for 
IO min, the solvent was evaporated. To the residue water (30 ml) 
was added and the solo was extracted with ether (3Oml). The 
aqueous layer was separated, washed again with ether (30 ml x 2) 
and kept in a freezer over-night, yielding colourless crystals 
(278mg, 54%), m.p. 228” (dec). (Found: C, 3946; H, 3.49; N, 
13*56; S. 6.49; Br, 15.31. Calc for C,,H,,NGBrS: C. 39.55: H. 
3.51; N, 13.56; S, 6.21; Br, 15.48); TLC: (CHCL,-EtdH, 3: I) R; 
0.72 (I-bromoguanosine 0.20); UV: AZ”“” 232,264 nm; A”&!“ 
232, 263 am; At?“” 269nm; IR: vz 116Ocm-’ (covalent 
tosylate); NMR: (S) 10.73 (br, lH, N’-H), 7.47 (d, ZH, Ts-Ha), 7. I I 
(d, 2H. Ts-Hb), 6.46 (br, 2H, 2-NH,), 5*81,5.79 (m, 2H, H-I’ and 
H-2’). 484 (br, 2H, 3’- and 5’-OH), 4.37 (q, IH, H-3’). 480 (m, IH, 

H4’), 3.61 (m, ZH, H-S’), 2.30 (s, 3H, T&H,). R,‘s io paper 
chromatography were listed in Table I. 

When 8-bromoguanosine (1448 g, 4 mmol) was used, 8 - bromo - 
2’ - 0 - tosylgttanosine (1*308g, 2.53 mrnol) was obtained. 

85 - Anhydrv - 8 - oxy - 9 - fi - D -pmbfnofumnosylguonitte 
lb. 8 - Bromo - 2 - tosylgtmnosine (15488, 3.Ommol) was 
dissolved in a mixture of A&AcOH (each38ml) containing 
anhvd NaOAc (4.5~). The mixture was heated under nflux for 
4 h.-TLC (CHCl,-GOH, 20: I) at this stage showed two spots 
having R, 0.33 (a) and 0.21 (b). Uv absorption properties of these 
compounds are listed in Table 2. Structures of N’. N’ - 3’5’ - 
tetraacetyl- and N’,3’,5’ - triacetyl - 2’ - tosyl - 8 - dxyguanosioe 
were assigned to compouod (a) and (b), respectively. The solvent 
was evaporated in uacuo and the residue was evaporated with 
EtOH (30 ml x 3) to remove traces of AclO. The residue was 
dispersed in CHCI, (150 ml) and water (150 ml) and CHCI, layer 
was separated. The CHCI, layer was washed with sat NaHCO, aq 
(50 ml x 2). water (50 ml x 2) and finally dried (MgSO.). TLC of 
this solution showed only one spot of @). CHCI, was evaporated 
and the residual glass dissolved in MeOH (30 ml), and ammonia 
was bubbled through-for 30 min at -20”. After keeping the soln at 
room temp for 20 h, the solvent was evaporated. A portion of the 
residual glass was recrystallized from MeOH-EtOH-water mix- 
ture to give 8 - oxy - 2’ - tosylguanosine, m.p. 185-188” (dec 200”) 
(Found: C, 44.62; H, 4.15; N, 15.32; S, 680. Calc for 
C,,H,sN3OaS: C, 45.03; H, 4.19; N, 15.45; S, 7.06); IR: ~2: 
I I60 cm-’ (covalent tosylate), 1720 cm-’ (8-GO). 

The glass obtained above was dissolved in DMF (200 ml) and 
heated with NaOAc (6 g) at loo” for 4 h with stirring. The mixture 
was cooled to O”, ppt was removed by tiltration, and concentrated 
to co. ISml. The ppt was removed again and the solvent was 
evaporated carefully. The residual glass was recrystallixd from 
EtOH-water. Amorphous aggregates were collected by centrifuga- 
tion, washed with ether, and dried. The solid material (393 mg) 
thus obtained was recrystallised from water to give 8,2’ - O-- 
cvcloauanosine (376 ma, I.34 mmol. 45%). This material colour- 
i&d Gem 250”, but did-not melt at 26y (Found: C. 4287; H, 398; 
N, 2490. Calc for CloH,,N,Os: C, 42.71; H, 394; N, 2490); UV: 
A “2”” nm (e) 246 (13,000), 285 (sh, 9,100); Ax 247 (13,ooO), 287 
(8900); A”kmaH 250 (I 1,700), 270 (sh, 9,100); NMR: (&-DMSO, 
8) 1068 (br, lH, N’-H), 6.45 (br, 2H, 6NH,), 6.35 (d, IH, H-l’, 
J,..,. = 5.0 Hz). 586 (d. 1H. 3’-OH. J,s.O,r = 4.0 Hz). 5.56 (a. IH. 
H-2, J2.s = i.0 Hz); 4.91 (t, IH, 5’-OH, JHyOH). =‘&I Hzj;‘4.4; 
h 1K H-3’). 4.17 (hex. IH, H4’). R,‘s in paper chromatography 
were listed in Table 1. 
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