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Stating from guanosine, the cyclonucleoside, 8,2’-O-anhydro-3’-O-methylsulfonyl-~’-0-acetyl-8-oxyguanosineJ 
The structure was confirmed by ultraviolet, infrared, and nuclear magnetic resonance absorp- 

In an attempt to obtain 8,~’-0-cyclonucleoside, a cyclo- 
A convenient method for the synthesis of 2’,3‘-O-isopropylidene- 

was syiithesized. 
tion spectra in addition to the elemental analyses. 
nucleoside having N3,5‘ linkage was obtained. 
8-bromoguanosine was described. 

Syntheses of purine cyclonucleosides having 8,2’4-6 
and 8,315 cyclo linkages have been reported from our 
laboratory. In  these studies we have chosen adenosine 
as a starting material, because of its greater solubility 
in an organic solvent and easier handlings than is the 
case for guanosine derivatives. Meanwhile a conven- 
ient method for the bromination of 2’,3‘-0-isopropyl- 
ideneguanosine was developed and it was found that the 
introduction of a bromine atom in the guanine nucleus 
increased the solubility in organic solvents of its ribo- 
nucleoside. We therefore investigated the cyclization 
of 8-0xy-2’,3’-di-O-mt~sylguanosine to form the 8,2’-0- 
cyclo linkage. Although the cyclization to  form an 
8,5’-S-cyclonucleoside has been reported7 previously 
from the 2’,5’-di-0-~mesyl-8-mercaptoguanosineJ the 
first synthesis of guanosine 0-cyclonucleoside is re- 
ported in this paper. 

In  the bromination of guanosine by means of dioxane- 
b r ~ m i n e , ~  an equivalent amount of hydrobromic acid 
should be formed in the reaction mixture. We have 
attempted to  use this acid as the catalyst for the aceton- 
ation and a direct procedure for the synthesis of 2’,3’- 
0-isopropylidene-8-bromoguanosine (I) has been de- 
veloped with a satisfactory yield (over-all from guano- 
sine was around 60%). Compound I was then acety- 
lated with acetic anhydride to afford 2‘,3‘-0-isopropyl- 
idene-5’-0-acety1-8-bromoguanosine (11) (Scheme I). 

Introduction of an 8-hydroxyl group in order to  ob- 
tain a suitable intermediate for cyclization was achieved 
by the refluxing I1 in glacial acetic acid in the presence 
of sodium acetate.s The reaction proceeded with a 
shift of ultraviolet absorption maxima from 263 mp to 
247 and 294 mp. Although the product start 2‘,3‘-0- 
isopropylidene-5‘-O-acetyl-8-oxyguanosine (111) was 
a hard syrup, the structure was confirmed by elemental 
analyses, ultraviolet absorption properties, and the be- 
havior on paper chromatography. Acid-catalyzed re- 
moval of the isopropylidene group in I11 gave 5’-0- 
acetyl-8-oxyguanosine (IV), in which the presence of 
the 8-keto group was confirmed by an infrared absorp- 
tion band a t  1720 ~ m - l . ~  The elemental analyses also 
was consistent with this structure. 
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Compound IV was then mesylated with 2.2 equiv of 
methylsulfonylchloride. l1 

As observed in the case of the mesylation of guano- 
sine,’ the ultraviolet absorption maxima of the dimesyl 
derivative (V) shifted slightly from 248 and 294 mp to  
254 and 295 mp. This shift may be att’ributed to  the 
interaction of methyl sulfonyl residues with the guanine 
ring as reported for the mesylated uridine.12 Infrared 
absorption and elemental analyt’ical data suggested the 
absence of the mesyl group on the %oxy (or 7-NH) 
group. 

The cyclizat,ion of 2’,3’-di-O-mesyl-5’-0-acetyl-8- 
oxyguanosine (V) was then investigated. Since it was 
observed previously6 that the 0 cyclization could be 
achieved with the att’ack of a relatively strong nucleo- 
phile, sodium acetate in hot dimethylformamide12 was 
employed in this case. When compound V was heated 
a t  90-100” (bath temperature) with sodium acetate in 
dimethylformamide for 4 hr, a compound (VI), which 
showed ultraviolet absorption maxima at  249 and 286 
mp, was obt,ained. Although a slight’ difference in the 
absorpt’ion maxima was recognized between compound 
VI and 8-methoxyguanosineJ l3  the cyclization of the 
8-oxy to t’he 2’ position could be deduced by the analogy 
with adenine cyclonucleoside.5~~ The absence of an 
infrared absorption band a t  1720 cm-1 and elemental 
analytical data also supported the occurrence of the 
cyclization. Nuclear magnetic resonance (nmr) spec- 
tra taken in the dimethyl sulfoxide solution showed the 
absorption peak of H1) proton at  7 6.53 and its coupling 
constant J H ~ ~ - H ~ ~  was 5.16 cps. As it was found that 
in the adenosine s e r i e ~ ~ , ’ ~  the coupling constant J H , ~ - - H ~ I  
of 8,2’-(S or 0)-cycloadenosine fell into the range 
of 5.48-7.0 cps, whereas that of the 8,3’-cyclonucleoside 
was 2.5 cps. Therefore, the relatively large J value 
found for compound VI might be atstributed to the 
cis coupling of the HI< and H2f protons due to  the 
8,2’ cyclo bond formation. This assumption was 
further supported by the fact that the 2’-O-mesyl group 
cyclized more easily than the 3I-O-mesyl group to form 
a 2,2‘- rather than 2,3‘-cyclonucleoside in the pyrimi- 
dine nucleoside series.l5*l6 It was thus concluded that 
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an 8,2'-0 cyclo linkage was formed in guanosine as re- 
ported in adenosine series.6 

Considering the formation of 8,2'-0 cyclo linkage 
thus achieved, our attention has been drawn to the 
investigation of the 8,5'-0 cyclization. For this pur- 
pose compound I was treated with acetic acid-sodium 
acetate to  introduce the hydroxy function and afford 
2',3'-0-isopropylidene-8-oxyguanosine (VII). Reac- 
tion with 1 equiv of mesyl chloride with VI1 gave 2',3'- 
O-isopropylidene-5'-0-mesyl-8-oxyguanosine (VIII) as 
expected. The structure of VI11 was confirmed by the 
elemental analyses and optical properties. When com- 
pound VI11 was treated under cyclization conditions, 
there were obtained various types of cyclization prod- 
ucts. Since, there are possibilities of forming 8,5'-, 
5',N3-, and 5',N2-cyclonucleosides, the reaction mixture 
was analyzed by paper chromatography and optical 
properties. A typical example of the reaction was as 
follow~s. When compound VI11 was refluxed with tri- 

0 0  x H,C CH, 
IX X 

ethylamine in tetrahydrofuran for 1 hr, ultraviolet 
absorption changed from 247 and 294 mp to 
256 and 288 mp. The resulting compound IX had 
similar ultraviolet absorption properties t o  those ob- 
served in the heating of compound VI1 in mater and 
not to  those reported for 8-metho~yguanosine.'~ Since 
this reaction product has no mesyl group and still has 
the 8-keto group, the position of the cyclization can 
not be assigned to 8,5', but to  the N3,5' position. An 
analogous reaction of 2',3',5'-tri-O-mesyluridine to  give 
three uracil pentofuranosides by the refluxing in 
water" and the cyclization of 2',3'-0-isopropylidene- 
5'-O-tosylguanosine to  form N3,5'-cycloguanosine'8 
also supported this reaction. The structure of com- 
pound IX was further confirmed by the reaction of 

(17) J. F. Codington, R. Feoher, and J. J. Fox, J .  Ore.  C h e n . ,  27, 163 
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N~,5'-cyclo-8-bromoguanosine1g with sodium acetate 
in acetic acid. In  this case a product having similar 
ultraviolet absorption properties to  IX was obtained. 

Considering this evidence, reaction of 5'-O-mesyl-8- 
oxyguanosine seems to proceed with a fast cyclization 
of 5' to N3 instead of t o  the 8-hydroxyl to  form the 
8,5'-0-cyclonucleoside. This result is consistent with 
observations on the course of X cyclization in guanosine. 

Experimental Section20 
Paper Chromatography.-The following solvents were used: 

A, water adjusted a t  pH 10 with ammonia; B, 1-butanol-water, 
86: 14; C, 2-propanol-ammonia-nater, 7:  1:2.  Rr (A) stands 
for the value on the paper chromatography performed in solvent 
A. Toyo filter paper No. 51 A was used. 

2',3'-O-Isopropylidene-&?-bromoguanosine.--To warm (50- 
60') methoxyethatiol (600 ml) was added portionwise guanosine 
(5.66 g, well dried over phosphorus pentoxide a t  50" and 2-mm 
pressure) to  form a suspension. After stirring for 1 hr, the solu- 
t,ion became almost clear. Calcium carbonate (12 g) was added 
and the mixture was allowed to cool to 30-38". To this solution 
was added dropwise a dioxane (50 ml) solution of bromine (1.6 
ml) during 1-2 hr. Warming (30-38") was continued overnight 
with stirring. After cooling for 2-3 hr, precipitated calcium car- 
bonate was removed by filtration. To the filtrate, acetone (200 
ml) and dimethoxypropaiie (30 ml) were added, and the mixture 
was kept at  room tempe-ratnre overnight. After the addition of 
triethylamine (20 ml), the mixture was kept further for 1 day 
a t  room temperature. Insoluble material was removed by 
filtration and the filtrate was evaporated to a small volume (ca.  
100 ml). Ether (100 ml) was added to cause a precipitate, which 
was collected by filtratioii and washed with et,her and then water. 
Recrystallization from water gave a crystalline material in the 
yield of ca.  60%. And .  Calcd for ClaHlsN50jBr: C, 38.81; 
H ,  3.98; N ,  17.41. Found: C, 39.02; H, 4.05; N ,  17.11. 
Ultraviolet absorption properties were A::,' 263 mp (e 14,000), 
A",: 263 mp (e 17,C100), 272 mp (e 13,600). Paper chromatog- 
raphy showed IZf (A) 0.66, Rr (B) 0.73. 

2 ',3'-O-Isopropylidene-5 '-0- acetyl-&?-bromoguanosine .-2',3'- 
0-Isopropylidene-8-bromoguanosine (1.2 g) was dissolved in 
50 ml of pyridine, followed by the addition of 1.5 ml of acetic 
anhydride. The mixture was kept at  room temperature over- 
night. Ethanol (20 ml) was added and the whole was kept a t  
room temperature for an additional 3 hr. The solvent was evapo- 
rated in vacuo to afford a glass, which was crystallized from 30- 
407, aqueous ethanol (yield 70%). A n a l .  Calcd for CljHlPN50B- 
Br: C, 40.54; H ,  4.05; N,  15.77. Found: C, 40.24; H,  4.38; 
N,  15.96. Ultraviolet absorption properties were A::',".: 263 
mp (E 16,000), A?: 263 rnp ( e  15,400), A::: 272 mp (e 13,000). 
The infrared spectrum showed 1736 cm-l (ester CO). 
Paper chromatography showed Rr (A) 0.51, Rr (B) 0.73. 

2 ',3 '-0-Isopropylidene-5 '-0-acetyl-8-oxyguanosine .-Freshly 
fused sodium acetate (3.3 g) was dissolved in 100 ml of glacial 
acetic acid with a slight warming. The clear solution was allowed 
to cool to below 20'. Isopropylideneacetyl-8-bromoguanosine 
(1.8 g) was suspended uniformly in this solution and the flask 
was immersed in ail oil bath previously heated to 130-140". 
The flask was shaken until the refluxing began. After 2-hr re- 
action, the solvent was removed by distillation in vacuo. Addi- 
tion of 20 ml of ethanol and evaporation removed the residual 
acetic acid. This procedure was repeat,ed three times until the 
odor of the acetic acid was totally removed. Finally, 120 ml of 
ethyl acetate was added and the mixture was refluxed for 2 hr in 
order to extract the product. Solid material was filtered while 
hot. The extraction was repeated three times; the extracts 
were combined and evaporated in vacuo.  A hard oil (3.0 g) 
solidified after prolonged storage. Recrystallization from water 
gave a crystalline powder. A d .  Calcd for CljHI'J07N5. l.5H,O: 
C, 46.15; N,  17.95. Found: C, 46.25; H ,  5.23; N ,  17.59. 
Ultraviolet absorption properties were A::',".: 247 mp (E 13,200), 
294 (10,700); A::: 247 1np ( E  12,700), 274 (10,700); 257 

(19) &I. Ikehara and K. Jluneyama, J .  078. Chem., Sa, 3042 (1967). 
(20) Cltrariolet absorption spectra were taken with Hitachi EPSPU 

automatic recording spectrophotometer, infrared absorption spectra were 
taken with JASCO DS-301 si~ectrophotometer, and nmr spectra were taken 
with Hitachi H-60 sxlectrometer operated a t  60 Mc using tetramethylsilane 
as  internal standard. All melting points measured were above ZOOo. 

mp (e ll,lOO), 278 (10,500). Paper chromatography showed 
Rf (A) 0.77, Rr (B) 0.75. 

.5 '-O-Acetyl-8-oxyguanosine.-2 ',3 '-0-Isopropylidene-5 '-0- 
acetyl-8-oxyguanosine (3.0 g) was dissolved in 33% acetic acid 
(40 ml) and the mixture was refluxed for 1-1.5 hr. After the 
solvent was removed ?in vacuo, the residue was recrystallized 
from water to afford a crystalline material. Yield calculated 
from isopropylideneacetylbromoguanosine was 38%. Anal. 
Calcd for ClzH1607N5: C, 42.23; H ,  4.40; N,  20.53. Found: 
C, 42.18; N ,  4.41; N ,  20.58. Ultraviolet absorption properties 
were A:,: 248 mp ( 6  12,000), 294 (9100); A::: 248 mp (E 12,200), 
294 (9700); 257 mp (e 11,100), 278 (9900). The infrared 
spectrum showed v::? 1720 cm-l (8-CO). Paper chromatog- 
raphy showed Rf (A) 0.76, Rt (B) 0.28. These spots were re- 
vealed by metaperiodatebenzidine spray .21 

2 ' ,3 '-Di-O-mesyl-5 '-0-acetyl-8-oxyguanosine .-5 '-0-Acetyl-8- 
oxyguanosine (341 mg) was dissolved in 150 ml of dry pyridine 
(distilled from tosyl chloride and stored over molecular sieve), 
followed by the addition of a dry pyridine (20 ml) solntion of mesyl 
chloride (0.17 ml) with cooling by ice-salt bath. The dropwise 
addition of mesyl chloride took 30-60 min. After this solution was 
kept a t  this temperature for 2 hr, the flask was stored in a refrig- 
erator for 7 days and then a t  room temperature for 3 days. The 
solvent, was completely removed by the distillation in the reduced 
pressure with the repeated addition of et'hanol. The residue was 
recrystallized from ethanol to afford a solid (yield 30%). A n a l .  
Calcd for C14H19011N&. 1 .5CZH60 (as containing 1.5 moles of 
ethanol): C, 34.61; H ,  4.24; N ,  13.46. Found: C, 34.51; 
H,  4.02; N ,  13.01. Ultraviolet abso tion properties were 

245 mp (e  13,100), 295 (9500); A:; 254 m p  (E 12,300), 
295 (10,000); X.,".i3 257 mp (e 12,700), 280 (10,100). The 
infrared absorption spectrum showed v:::' 1720 (8-CO), 1170 
cm-I (RSOO). Paper chromatography showed Rf (C) 0.57. 
8,2 '-Cyclo-3 '-mesyl-5 '-0-acetylguanosine .-To freshly distilled 

dimethylformamide (30 ml) were added dimesylacetyl-8-oxygua- 
nosine (100 mg) and sodium acetate (82 mg). The flask was im- 
mersed in an oil bath, which was previously heated to 9&100", 
with stirring. Heating was continued for 4 hr. The solvent was 
removed by vacuum distillation and the residue was washed with 
a small amount of water to remove sodium acetate. Recrystal- 
lization from water gave a solid material (yield 30c0). Anal. 
Calcd for C ~ ~ H I ~ O ~ ~ N & ~ . I . ~ H I O :  C, 38.05; H, 3.90; N, 17.09. 
Found: C, 38.14; H,  3.84; N, 17.14. Utraviolet absorption 
properties were A::,' 247 mp (e 13,900), 286 (8600); A",: 247 mp (e 
14,100), 286 (8900), 251 (11,800), 269 (sh) (9300). The infrared 
spectrum showed no absorption band at  vmax 1720 cm-I (8-CO). 
The nmr spectrum showed I 6.53 (HI,  JHI.-HZ! = 5.16 cps) 
(taken in dimethyl sulfoxide containing 1% Il2O). 

2 ',3 '-0-Isopropylidene-5 '-0-mesyl-&?-oxyguanosine .-2',3'-0- 
Isopropylidene.8 bromoguanosine (2.01 g, 5 mmoles) was dis- 
solved in glacial acetic acid (150 ml) containing sodium acetate 
(4.1 g, 80 mmoles). After the mixture was refluxed for 1 hr, the 
solvent, was removed in vacuo. The traces of acetic acid were 
distilled off by the repeated addition of ethanol. 2',3'-0- 
Isopropylidene-8-oxyguanosine was obtained as an amorphous 
powder (yield 42%,). Ultraviolet absorption properties were 

294 (8100); X;:i3 258 m r  (e 9000), 278 (8000). Paper chromatog- 
raphy showed RI (.4) 0.70, Rt (B) 0.55 accompanied by a thin 
spot of Rr (B)  0.71. The latter spot seems to be the 5'-0-acetyl 
derivative.22 Ammoniacal treat,ment of this mixture remove the 
spot having Rr (B)  0.71. 

2',3'-O-Isopropylidene-8-oxyguanosine (680 mg, 2 mmoles), 
thus obtained, was dissolved in anhydrous pyridine, then treated 
with mesyl chloride (252 mg, 2.2 mmoles) with the cooling in an 
ice-salt bath. The reaction mixture was kept for 3 days a t  room 
temperature with exclusion of moisture. The pyridine solution 
was poured into ice-water and extracted with chloroform, and 
the chloroform layer was washed with sodimi bicarbonate solu- 
tion and finally with water. Evaporation of the chloroform solu- 
tion in vacuo gave a gummy residue, which was crystallized from 
a water-ethanol mixture. The yield calculated from 2',3'-0- 
isopropylidene-8-bromoguanosine was around 2OyG. A n a l .  
Calcd for C14H1908S.H20: C, 38.62; H, 4.83; N, 16.10. Found: 

Amax DH 1 247 mp (e 10,400), 294 (7500); X::: 247 mp (E 12,900), 

(21) M. Viscontini, D. Hoch, and P. Karrer, Helr .  Chin. Acta,  38, 642 
(1955). 

(22) In  another experiment, in which refluxing was extended for 3 hr. the 
5-'acetyl derivative was isolated and characterized (>I. Ikehara and K. 
Murao, unpublished experiment). 
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C,  38.26; H, 4.38; N, 15.64. Ultraviolet absorption properties 
were A:,: 247 mp ( 6  13,800), 294 (13,200); A::: 247 mp (t 13,100), 
294 (12,400); A::: 258 mp ( e  ll,lOO), 278 (10,700). The in- 
frared absorption spectrum showed ~2::’ 1170 cm-’ (RS020). 
Paper chromatography showed R f  (B) 0.24, Rf  (C) 0.34. 

Attempted Cyclization of 2’,3 ’-0-Isopropylidene-5 ’-0-mesyl-8- 
oxyguanosine.-A small amount (ca.  5 mg) of 2’,3’-0-isopropyl- 
idene-5’-0-mesyl-8-oxyguanosine was heated with the following 
reagents: (i) sodium acetate in dimethylformamide (or Methyl 
Cellosolve) a t  100-110” for 1 hr; (ii) sodium acetate in dimethyl- 
formamide + acetic anhydrideat 120-130O for 10 hr; (iii) triethyl- 
amine in tetrahydrofuran, refluxing for 1 hr; (iv) refluxing 
for 4 hr in tetrahydrofuran; (v) refluxing for 12 hr in water. 
I n  all these cases ultraviolet absorption of an aliquot withdrawn 
from the reaction mixture showed 252-258, 287-290 m p ;  

256-258 (sh), 298-300 mp. Paper chromatography showed 
Rr (-4) 0.66, Rt (B) 0.08. I n  the reaction in water (v)  the pH of 
the reaction mixture became strongly acidic which may be caused 
by the liberated methylsulfonic acid. 

N3,5 ’-Cyclo-2 ’ ,3’-0-isopropylidene-8-oxyguanosine.-N~,5 ’- 
Anhydro-2‘,3’-O-isopropylidene-8-bromoguan0sine~~ (4 mg) was 

refluxed with sodium acetate (8 mg) in acetic acid (10 mi) for 1 
hr. Acetic acid was removed by distillation in vacuo and the resi- 
due was washed with water to remove sodium acetate. Solid 
material, thus obtained, showed the following ultraviolet absorp- 
tion properties: A::x 251, 290 mp; 258 (sh), 300 mp. Paper 
chromatography showed Rt (A) 0.66, R f  (B) 0.08. These proper- 
ties were well coincided with those observed in the above cycli- 
zation reactions, 
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2’,3’-O-Isopropylidene-~‘-0-mesyl-8-bromoguanosine (11) was converted into 8,5’-anhydro-2’,3’-0-isopropyl- 
idene-8-mercaptoguanosine (111) via the j’-O-mesyl derivative. The structure of I11 was elucidated by the de- 
sulfurization to afford 5’-deoxyguanosine, followed by the acid-catalyzed removal of the isopropylidene group. 
Another cyclonucleoside having the 5’,X3-anhydro structure was obtained from compound 11. 

Recently, the synthesis of cyclonucleosides of purines 
have been reported4-‘j from our laboratory. Among 
these purine cyclonucleosides, 8,2’-S- and 8,2’-0- as 
well as 8,3’-S-cyclonucleosides in the adenosine series 
were investigated extensively as to their chemical and 
physical properties. Although an attempt to  form an 
8,5‘-cyclonucleoside of adenosine failed because of a 
rapid cyclization to  the N 3  position, a nucleoside having 
an 8,5’-S cyclo linkage could be synthesized in guano- 
sine.’ This fact indicated that in guanosine the cycli- 
zation to  8,5‘-cyclonucleoside preceded N3,5‘ cycli- 
zation, presumably because of its lower pK value of 
base moiety than is the case for adenosine.8 However, 
in this instance 2‘, 5‘-di-O-mesyl-8-bromoguanosine was 
chosen as the starting material and the resulting cyclo- 
nucleoside has a mesyl group on 2‘ position, which could 
not easily be removed. We have, therefore, reinvesti- 
gated the formation of the 8,5’-S cyclo linkage in 2’,3’-0- 
isopropylidene-5’-O-rnesyl-8-bromoguanosine and, from 
the resulting cyclonucleoside, 5’-deoxyguanosine could 
be obtained by the desulfurization with Raney nickel. 
In the course of this study, a cyclization by product, 
N3,5’-cyclo-8-bromoguanosine, was obtained. 

(1) Part XXXV: M. Ikehara, H. Tada, and M. Kaneko, in preparation. 
(2) Part 5 of this seriee, same as above. 
(3) This work has been presented a t  the Hokkaido Regional Meeting of 

Pharmaceutical Society of Japan, 1966. 
(4) M. Ikehara and H. Tada, J .  A m .  Chem. Soc., 86, 2344 (1963); 87, 606 

(1965). 
( 5 )  M. Ikehara and H. Tada, Chem. Pharm. BUZZ., 16, 94 (1967). 
16) M. Ikehara, H. Tada, J. Muneyama, and M .  Kaneko, J .  Am. Chem. 

(7) M. Ikehara, H. Tada, and K. Muneyama, Chem. Pharm. Bull., 19, 

(8)  N* acetylation of adenosine inhibited the W , 5 ’  cyclization of 5’-0- 

(9) W. Jahn. Chem. Bel.., 98, 1705 (1965). 

Soc., 88, 3165 (1966). 

639 (1965). 

tosyladenosine. 8 
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to  afford the 5’-O-mesyl derivative (11) (Scheme I). 
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