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hydroxide in 40 ml of of water a t  80-90" was added 4 ml of 30% 
hydrogen peroxide dropwise over a period of 0.5 hr with vigorous 
stirring. After the mixture had been stirred for an additional 
1 hr a t  80-90" and cooled, it was extracted with three 30-ml 
portions of chloroform. The chloroform extracts were washed 
consecutively with 20 ml of 5% hydrochloric acid, 20 ml of satu- 
rated sodium bicarbonate solution, and 20 ml of saturated sodium 
chloride solution. After the chloroform was removed, the residue 
was molecularly distilled at  220" (0.05 mm) to yield 1.50 g (85yc) 
of a very viscous product: ~ 2 2  2240 (m, CEN) cm-1; 
6 7.0-7.8 (cm, C&), 1.8 (CHa), ratio 2:3.  

Anal. Calcd for CZOH~ONZSZ: C, 68.14; H ,  5.72; S, 18.19. 
Found: C, 68.06; H, 5.67; S, 18.33. 

3,3-Dimethyl-2-thianaphthenone (13).-A solution of 1 .07 g 
(0.005 mole) of 9 in 40 ml of 6 -1' hydrochloric acid was heated 
under reflux for 2 hr, The mixture was cooled and extracted 
with three 25-ml portions of ether. The ether solution was 
washed with 20 ml of saturated sodium chloride solution, 20 ml of 
saturated sodium bicarbonate solution, and 20 ml of saturated 
sodium chloride solution. After final work-up, distillation of 
the residue yielded 0.75 g (847,): bp 54-55" (0.05 mm); 71% 

1.5750; vmSx 1695 (w, thio lactone C = O )  cm-I; A::* 262 mp 
(c 4350); 6 7.1-7.3 (cm, C&), 1.4 (CH1), ratio 2:3. 

Anal. Calcd for CloHloOS: C,  67.38; H, 5.65; S, 17.99. 
Found: C, 67.56; H,  5.66; S, 17.88. 

Registry No.-1, 13584-50-4; 3a, 13584-51-5; 3b, 
13584-52-6; 4a, 13584-53-7; 4b, 13584-54-8; 6, 13584- 
55-9; 6 hydrochloride, 13584-56-0; 7, 13584-57-1 ; 8, 

61-7; 12b, 496-31-1; 13, 13584-63-9; benzo [blthiophene, 
95-15-8; 2-aminobenzo [blthiophene, 4521-30-6; 2-ami- 
nobenzo [blthiophene hydrochloride, 13584-65-1. 
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A novel and convenient method for the synthesis of guanosine is described. The reaction of 5-amino-l-p-D- 
ribofuranosyl-4-imidazolecarboxamide (AICA-riboside) with sodium methylxanthate gave 2-mercaptoinosine 
(I), in almost quantitative yield, which was oxidized with hydrogen peroxide to afford inosine-2-sulfonic acid 
(IT). In a similar fashion, the 
preparation of Nz-methylguanoeine (VIII)  and Y,N2-dimethylguanosine (IX),  the minor constituents of transfer 
ribonucleic acid, was accomplished. Further, this method was extended to the synthesis of 2',3'-0-isopropyl- 
ideneguanosine (XV) and the isopropylidene derivatives of various N2-substituted guanosines from 5-amino-4- 
carbamoyl-l-(2',3'-0-isopropylidene-~-~-ribofuranosyl)~m~dazole (Ip-AICA-riboside). 

Compound I V  was readily aminated to give guanosine (1'11) in excellent yield. 

Although several methods for the preparation of 
guanosine (VII) have been reported by Davoll, et 
involving the condensation of a met'allic salt of purine 
base with a blocked halo sugar followed by the variation 
of substit'uents of the purine ring, the over-all yield of 
VI1 obtained by such a procedure is very low. Fur- 
thermore, disodium guanosine 5'-phosphate (5'-guan- 
ylic acid as well as disodium inosine 5'-phosphate (5'-in- 
osinic acid) has been found to be a useful seasoning 
agent.j This finding prompted us t'o investigate a new 
synthetic rout'e to VI1 or 2',3'-O-isopropylideneguano- 
sine (XV) which is an import'ant precursor for the 
synthesis of 5'-guaiiylic acid. 

As the st'arting material, we employed the pure 
&amino- 1 - /3-D -ribofuranosyl-4 -imidazolecarboxamide 
(AICA-riboside) which was accumulated in the 
cult,ure broth of the mutant of Bacillus subtilis and 
purified by ion-exchange chromat,ography.6 

In a preceding paper,' XV was shown t'o be obtained 
by the ring-closure reaction of 5-amino-4-carbamoyl- 
1- (a', 3'-0 - isopropylidene - P - D -ribofuranosyl) imidazole 
( Ip-AICA-ribo~ide)~~~ with benzoyl isot'hiocyanate. 

(1) This paper was presented a t  the  Kanto Branch Meeting of the Pharma- 

(2)  J. Davoll, E.  Lythgoe, and .L R. Todd, J .  C h e m .  Soc., 1685 (1949). 
(3) J. Davoll and E. A Lowy, J .  Am.  C k e m .  Soc., 73, 1650 (1951). 
(4)  .J. Davoll, J .  C k e m .  Soc., 1593 (1958). 
(5) A .  Kuninaka, Bull. Agr .  C k e m .  Soc. J a p a n ,  34, 489 (1960). 
(6) T. Shiro, A. Tamanoi,  S. Konishi. S. Okumura, and hf. Takahashi, 

Agr,  Bid. C h e m .  (Tokyo),  26, 785 (1962). 
( 7 )  .I. Tamazaki,  I. Kumashiro, and T. Takenishi, J .  Org .  Chem.,  32, 1825 

(1967). 

ceutical Society of Japan, Tokyo, Feb 26, 1966. 

This method, however, proceeds with a concomitant 
formation of an equivalent' amount of benzoic acid in 
the last step and the over-all yield of XV based on Ip- 
AICA-riboside was not satisfactory. 

Shawlo reported that attempt's to obtain guanine 
from 5-amino-4-imidazolecarboxamide (AICA) using 
ring-closing reagents such as guanidine, S-methyl 
isothiourea, and cyanamide, were unsuccessful. From 
these results, it seemed to be extremely difficult to con- 
vert AICA-riboside directly into VII. 

It has been reported that the amination of 2-methyl- 
thioinosine (V)( prepared by chloromercuri method" 
yielded VII. If 2-mercaptoinosine (I), that is, 2-thi- 
oxanthosine, could be obtained from AICA-riboside, a 
new route for preparing VI1 would be provided by 
methylation of I followed by amination. Accordingly, 
many at'tempts have been made to convert AICA- 
riboside into I with thiourea, thiophosgen, thiocyanic 
acid, 0,s-dimethyl xanthate, l2  and carbon disulfide 
in pyridine,I3 but were found to be unsuccessful in all 
cases. When sodium methylxanthate was employed, 
however, a satisfactory result was obtained. By re- 
action of AICA-riboside with 5 equiv of sodium methyl- 

(8) G. Shaw, D. V. Wilson, and C. P. Green, J .  C h e m .  Soc., 2650 (1964). 
(9) Ajinomoto Co., Inc. ,  Netherlands Patent 6,409,142 (1965); Chem. 

(10) E. Shaw, J .  Bid.  Chem..  186, 439 (1950). 
(11) J. Davoll and B. A. Lowy, J .  Am. C h e m .  Soc.. 74, 1563 (1952). 
(12) I. B. Douglass and W. J. Evers, J .  Org. C h e m . ,  29,  419 (1964). 
(13) ?.I. Ikehara and H. Tada, Chem. P h a r m .  Bull. (Tokyo), 11, 1102 

(1963)' 

Abstr . ,  63, 5731 (1965). 
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xanthate generated in situ in methanolic sodium hy- 
droxide, I mas easily obtained. In  this case, AICA- 
riboside is almost insoluble in methanol but becomes 
soluble in the presence of sodium hydroxide. There- 
fore, after AICA-riboside was dissolved in methanolic 
sodium hydroxide, carbon disulfide was added and then 
the mixture was heated in an autoclave a t  180" for 
2-3 hr, giving I in nearly quantitative yield. It is 
very interesting that the ring-closure reaction of 
AICA-riboside proceeded almost quantitatively a t  
such a high temperature. The structure of I was con- 
firmed by desulfurization with Raney nickel to give 
inosine (11) , by acid hydrolysis to  2-mercaptohypoxan- 
thine (111),14-16 and by methylation with methyl iodide 
to yield V which was in good agreement with that re- 
ported by D a ~ o l l . ~  Similar treatment of Ip-AICA- 
riboside with sodium methylxanthate in methanol fur- 
nished 2' ,3'-O-isopropylidene-2-mercaptoinosine (XIII) , 
in almost quantitative yield, which was isolated in 42% 
as ammonium salt. In  addition, when AICA17-z1 and 
crystalline sodium niethylxanthate were heated in 
K,S-dimethylforniamide, I11 was obtained in good 
yield. A plausible mechanism for this condensation of 
AICA derivatives with xanthate is shown in Scheme I. 

SCHEME I 
0 0 

Recently, several i n v e s t i g a t ~ r s ~ ~ - ~ ~  commented on 
the nucleophilic substitution reactions of 6-alkylthio- 
purine ribosides. In  the substitution reaction of 2-al- 
kylthiopurine r ibo~ ide ,~  VI1 could be obtained by the 
amination of V at 130" for 18 hr in 24% yield; how- 
ever, when the reaction time was shorter (2 hr), no 
formation of VI1 was detected on paper chromatogram. 

In order to  facilitate the nucleophilic displacement on 
methylthio group, the conversion of V into 2-methyl- 
sulfonylinosine (VI) was attempted. Previous workers 
have used oxidizing agents such as hydrogen peroxide25 

(14) G .  D. Elion, W. H. Large ,  and G .  H.  Hitchings, J .  Am. Chem. Soc., 

(15) Y. hlizuno, T. Ueda, K. Shimizu, 11. Kobayashi, and T. hlurakami,  

(16) R.  K. Robins, K. J. Dille, C. H. Willts, and H. E. Christensen, J .  Am. 

(17) A .  Windaus and 17. Langenback, Ber., 56, 683 (1923). 
(18) E. Shaw and D. W. Woolley, J .  Bid. Chem., 181, 89 (1949). 
(19) A .  €I. Cook, I. Heilbron, and  E. Smith, J. Chem. Soc., 1440 (1949). 
(20) T .  Ichikawa, T .  I iato,  and T. Takenishi, J .  Heterocyclic Chem., 2, 253 

(1965). 
(21) Y. Yamada, I. KumaEhiro, and T. Takenishi, Abstract 111, 19th 

Annual Meeting of the  Chemical Society of Japan, Tokyo, .\.larch 1966, 
p 253. 

(22) J. J. Fox, I. IYempen, ,%. Hampton, and  I. L. Doerr, J .  Am. Chem. 
Soc., 80, 1669 (1958). 

(23) hl.  Ikehara. T. Veda, S .  Horikawa, and A. Yamazaki, Chem. Pharm. 
Bull. (Tokyo), 10, 665 (1962). 

(24) T. Naito,  K. Ueno, and F. Ishikawa, ibid., 12, 951 (1964). 
( 2 5 )  K .  J. h l .  d n d r e a s ,  J. Chem. Soc., 2490 (1949). 

78, 217 (1956). 

Yakugaku Zassha, 77, 687 (195i) .  

Chem. Soc., 75, 263 (1953). 

and chlorinez6 to oxidize a methylthio to methylsulfonyl 
group. N-Chlorosuccinimide, which was used for the 
preparation of 2-methylsulfonylhypoxanthinelZ7 was 
found to be a suitable reagent for the oxidation of V to 
VI. Resulting VI  was shown to be homogeneous on 
paper chromatogram but could not be obtained in the 
crystalline state. Subsequent reaction of VI with 
ammonia in a sealed tube at  120" for 2 hr provided T'II 
in 56% yield based on V. Further, a facile route to 
VI1 from I was investigated. Compound I was found 
to  be rapidly oxidized with 10 equiv of hydrogen per- 
oxide at  5" to give the ammonium salt of inosine-2-sul- 
fonic acid (IV) in good yield. The infrared absorption 
spectrum of IV exhibited absorption band at  1220 cm-1 
for sulfonic acid group. When IT'was allowed to react 
with ammonia at 120" for 2 hr, VI1 was obtained in ex- 
cellent yield. 

For the purpose of producing VI1 on a large scale, 
ring closure, oxidation, and amination reactions were 
carried out successively without isolating the inter- 
mediates. When 3 equiv of hydrogen peroxide was 
used in the oxidation of I, the paper chromatogram of 
the solution showed two spots, one of which was identi- 
cal with that of IV. The other (minor) spot was proved 
to be xanthosine (X).28 In  the hydrogen peroxide re- 
action mixture, no bis(6-hydroxy-9-~-n-ribofuranosyl- 
2-puriny1)disulfide (XI) was present. After oxidation, 
the solution was treated with ammonia as usual to 
afford T'II. Trace amounts of X and guanine were de- 
tected as by-products on the paper chromatogram. 
The measurement of the absorbancy of the extract from 
an excised spot corresponding to the desired product 
exhibited the formation of VI1 in 82% conversion based 
on AICA-riboside and it was isolated in 707, yield in a 
pure state (Scheme 11). 

Similarly, the ammonium salt of 2',:3'-O-isopropyli- 
dene-2-mercaptoinosine (XIII) was oxidized with 3 
equiv of hydrogen peroxidez9 to give a mixture of the 
isopropylidene derivatives of IV and probably inosine- 
2-sulfinic acid,%O whose Rf  values in solvent B were 
0.25 and 0.35, respectively. The latter spot was minor 
and, after being excised and then extracted, showed 
ultraviolet absorption spectra with a maximum at  
255 mp in 0.1 N hydrochloric acid and at  257 mp in 
0.1 N sodium hydroxide. Both the oxidation prod- 
ucts were aminated with ammonia to afford XV, 
which mas isolated in 76y0 yield based on XIII. 

When the above oxidation of I was carried out in the 
presence of acetic acid, X I  was formed. The ultra- 
violet absorption spectrum of the parent nucleoside I 
showed a maximum (EtOH) at  29s mp. whereas XI 
showed a maximum (pH 7)  at  261 mp. Thus, a hypso- 
chromic shift of ca. 30 mp was observed. JIoreover, 
when the ultraviolet absorption spectrum of I was com- 
pared with that of V in neutral solution, a hypsochromic 

(26) C. 17. Noell and R. K.  Robins, J .  A m .  Chem. Soc. ,  81, 5998 (1959). 
(27) M. Ikehara,  A. Yamazaki, and  T. Fujieda, Chem. Pharm.  Bull. 

(Tokyo), 10, 1075 (1962). 
(28) The authors are indebted to  h l r .  S. X o r i  and N r .  G .  Shionoya of 

Ajinomoto Co., Inc.. for the information on the finding. 
(29) The osidation of XI11 with potassium permanganate in alkaline 

solution gave only the isopropylidene derivative of I V  ( R f  0.25, solvent B) ,  
which was aminated with ammonia t o  yield XV, although in relatively low 
yield (40-5051). 

(30 )  I t  seems tha t ,  in the  oxidation of I. inosine-2-sulfinic acid, which may 
have the  same R f  value as  I V  in solvent A or R ,  is formed to  some extent 
because the amount of hydrogen peroxide ( 3  equi.;) is not enough for the 
complete oxidation. 
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shift of ca. 37 mk was also observed. From these re- 
sults, it seems likely that I exists predominantly in the 
thiono form in neutral solution as well as in the cases of 
6-mercaptopurine ribosideZ2t3 and 5-amino-2-mercapto- 
thiazole. 32 

Oxidation of I with hydrogen peroxide followed by the 
treatment with aqueous sodium hydroxide afforded X 
in 47% yield. The ultraviolet and infrared absorption 
spectra of this compound were identical with those of an 
authentic sample. 

The above-mentioned procedure was extended to the 
synthesis of various N2-substituted guanosines. N2- 
Methylguanosine (VIII) and N2,N2-dimethylguanosine 
(IX), the minor constituents of transfer RNA, were 
readily prepared in good yields by oxidation of I or V 
followed by reaction with methylamine and dimeth- 
ylamine, respectively. The structures of both the 
methylated nucleosides were confirmed by the fact that 

(31) I .  L. Doerr, I. Wempen, D. A. Clarke, and J .  J. Fox, J .  Org. Chem., 

(32) E. S. Stern, J. Chem. Soc., 1664 (1949). 
36, 3401 (1961). 

XI 

these compounds were hydrolyzed to N2-methyl- 
guanine14 and N2,N2-dimethylguanine, l4 respectively, 
and that their ultraviolet absorption spectra were iden- 
tical with those of naturally occurring n u ~ l e o s i d e s ~ ~ ~ 3 ~  
isolated from transfer RNA. 

have reported t'hat X2-methyl-2',3',- 
5'-tri-O-methylguanosine was obtained by methylation 
of 2',3',5'-tri-O-acetylguanosine with dimethyl sulfate in 
a mixture of aqueous sodium hydroxide and acetone. 
Bredereck, et u Z . , ~ ~  have also reported that the treatment 
of VI1 with dimethyl sulfate a t  pH 13-14 gave VIII. 
However, we could not obtain the desired compound by 
such direct met.hylation procedures. Although, re- 
cently, Robins, et aZ.,37,38 succeeded in preparing VI11 or 
IX by Schiemann reaction via 2-amino-6-chloro-9-P-~- 
ribofuranosylpurine or 6-thioguanosine, these methods 

Levene, et 

(33)  J. D. Smith and D. B. D u m ,  Biochem. J. ,  73, 294 (1959). 
(34) P. L. Bergquist and R.  E. F. Matthews, i b i d . ,  86, 305 (1962). 
(35) P. A. Levene and R. S. Tipson, J .  B id .  Chem.. 97, 491 (1932). 
(36) H .  Bredereck, H. Haas, and A .  Martini, Be?., 81, 307 (1948). 
(37) J .  F. Gerster and R.  K. Robins, J .  Am.  Chem. Soc. .  87, 3752 (1965). 
(38) J. F. Gerster and R.  K.  Robins, J. Org. Chem., 31, 3258 (1966). 
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SCHEME I11 
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were circuitous and the over-all yields were only about 
5%. Consequently, it is apparent that the present 
procedure is superior for the preparation of N2-sub- 
s titut ed guanosines. 

In  order to obtain various Wsubstituted guanosine 
5’-phosphates, a number of isopropylidene derivatives 
of 2-substituted Bhydroxypurine ribosides, which were 
direct precursors for 5’-nucleotides, were synthesized 
(Scheme 111). Firstly, 2’,3’-0-isopropylidene-2-meth- 
ylthioinosine (XIV) was prepared by reaction of XI11 
with methyl iodide in 68% yield. By the same method 
as described for the preparation of XV, 2’,3’-0-iso- 
propylidene-N*-methylguanosine (XVI) and 2’,3’-0- 
isopropylidene-N2,N2-dimethylguanosine (XVII) were 
prepared in 67 and 53% yields, respectively. New 
compounds obtained are summarized in Table I. The 
phosphorylation study of these isopropylidene deriva- 
tives will be reported later. 

Since it is well known that 6-mercapto-9-p-~-ribo- 
furano~ylpurine~~ has antitumor activity, it seems to 
be of interest to test compound I which is an analog of 
xanthosine. This testing is now in progress. 

Experimental Section40 
The Sodium Salt of 2-Mercaptoinosine (I).-To a solution of 

sodium hydroxide (7.76 g, 194 mmoles) in 70 ml of methanol was 
added 10 g (38.8 mrnoles) of 5-amino-l-~-n-ribofuranosyl-4- 

(39) J. J. Fox, I. \Tempen, A .  Hampton, and I. L. Doerr, J .  Am. Chem. 
Soc.,  80,  1669 (1958). 

(40) All melting points are uncorrected. Ultraviolet absorption spectra 
were taken with a Hitachi Type EPS-2 automatic recording spectropho- 
tometer and infrared absorption spectra were measured with Jasco Model 

- kine 

XV, R = NH2 n 

x IV XVI, R E  CH,NH 
XVII, R = (CH,),N 
XVIII, R = C,H,NH 

XIX, R =  n-C,H,NH 
XX, R =  n-C,HBNH 

XXI, R =  OmN 

XXII, R = @-XH 

U 

XXIII, R E  @ 
imidazolecarboxamide ( AICA-riboside) on slight warming and 
then 14.7 g (194 mmoles) of carbon disulfide was added. The 
clear solution was heated in an autoclave in an oil bath regulated 
at  180’ for 3 hr. After being cooled to room temperature, the 
separated product was collected by filtration and washed with a 
small amount of cold methanol. This product was recrystallized 
from water with charcoal treatment to give 8.2 g (64%) of analyti- 
cally pure, colorless prisms: mp 186-198’ dec; pKa1 3.75, pKan 

Anal. Calcd for CloHl10jNeSNa.1/2H20: C, 36.25; H, 3.63; 
X, 16.92. Found: C, 36.35; H ,  3.82; N,  16.93. 

After ring-closure reaction of AICA-riboside, the reaction 
mixture was diluted with water and the solution showed a single 
spot on paper chromatogram. The ultraviolet absorbing spot 
was excised and eluted with 0.1 .V sodium hydroxide. The mea- 
surement of the absorbancy of the eluate exhibited the formation 
of I in almost quantitative yield. 

2-Mercaptoinosine (I).-The sodium salt of I (10 g) was dis- 
solved in 100 ml of water and the solution was then adjusted 
to pH 3 with dilute hydrochloric acid. The precipitate thus 
formed was filtered, washed adequately with cold water, and 
dried to yield 6.9 g (74%) of a pure sample. 

The Ammonium Salt of 2-Mercaptoinosine (I) .-Compound I 
(20 g) was dissolved in 100 ml of 1 N ammonium hydroxide and 
the solution was concentrated in vacuo to give crude crystals, 
which were recrystallized from water to afford 11.2 g (53%) of 
colorless crystals, mp 183-186”. 

Ana?. Calcd for C10H1j06N&3*1/2H20: C, 36.81; H, 4.91; X, 
21.47. Found: C, 36.98; H, 4.98; N, 21.09. 

The Ammonium Salt of 2’,3’-O-isopropytidene-2-mercapto- 
inosine (XIII) .-5-Amino-4-carbamoyl-l-( 2’,3 ‘-0-isopropylidene- 
p-D-ribofuranosy1)imidazole (Ip-AICA-riboside)E (9 g, 3 mmoles) 
and 24 g (15 mmoles) of crystalline sodium methylxanthate were 
dissolved in 90 ml of hot methanol. The mixture was heated in 
an autoclave at  180” for 2 hr. After the solution was cooled to 
room temperature, aeration was continued until the evolution 

9.10; [CY]~’D -48’ (C 1, HzO). 

IR-S spectrophotometer. T h e  nmr spectra were measured with a Varian 
A-60 using tetramethylsilane a8 internal standard. Chemical shifts are given 
in r values. The  pK, values were determined potentiometrically. 
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of hydrogen sulfide ceased (ca. 30 min). To  this solution was 
added 150 ml of water and it was subjected to paper chromatog- 
raphy, A single spot was observed in solvent B. After the spot 
was excised and eluted with 0.1 N sodium hydroxide, the mea- 
surernent of the absorbancy of the eluate showed that XI11 had 
been formed in almost quantitative yield. The aqueous solution 
was brought to pH 3 by addition of about 60 ml of Amberlite 
IR-120 (H+) with stirring. The resin was removed by filtration 
and washed with water. The filtrate and washings were combined 
and to this solution was added 150 ml of concentrated ammonium 
hydroxide. The yellow solution was treated with charcoal, 
filtered, and evaporated under reduced pressure to give the crude 
product, which was crystallized from water to afford the am- 
monium salt of XI11 as yellow prisms: 4 5 g (42%); pK,1 3.80, 

Desulfurization of I with Raney Nickel.-To a solution of the 
ammonium salt of I (2  g) in 70 ml of water, Raney nicke141 ( 3  g) 
was added with stirring. The solution was heated a t  60" for 2 
hr. After the catalyst was filtered off, the filtrate was evaporated 
to dryness in vacuo. The residue was crystallized from water 
to provide 0.8 g of pure product, which was identified by compari- 
son with an authentic 11. 

2-Mercaptohypoxanthine (111). A.-A solution of I ( 5  g) in 100 
ml of 1 N hydrochloric acid was refluxed for 1 hr. The resulting 
precipitate was collected by filtration, washed with water, and 
purified by reprecipitation from aqueous ammonium hydroxide 
with dilute acetic acid, yield 2.5 g (89.37,). This compound 
was identified with an authentic sample prepared by the method 

pKa2 9.80. 

~ ~~ 

of Rlizuno, et a2.16 
B.-A mixture of 3 E (18.6 mmoles) of 5-amino-4-imidazole- 

carboxamide (AICA) hydrochloride and 4.84 g (37.2 mmoles) of 
crystalline sodium methylxanthate in 180 ml of N,N-dimethyl- 
formamide was refluxed for 1 hr. In  several minutes, it  became 
clear and turned to dark green. The separated product was 
filtered and dissolved in 100 ml of 0.5 N sodium hydroxide. The 
solution was treated with charcoal, filtered, and acidified with 
glacial acetic acid. The light yellow precipitate was collected 
by filtration, washed with water, and dried to yield 2.1 g (647,) 
of pure product. This compound was proved to be identical with 
the sample described in A. 

2-Methylthioinosine (V).-The sodium salt of I (10 g, 31 
mmoles) was dissolved in 150 ml of water and to this solution was 
added 5.3 g (37.2 mmoles) of methyl iodide. The mixture was 
stirred vigorously a t  room temperature for 2 hr. The resulting 
precipitate was filtered and crystallized from water to afford 14.3 
g (73.3Y0) of colorless needles. The physical properties of this 
compound were in good agreement with those reported by Davol14 
and its nuclear magnetic resonance spectrum in pyridine indicated 
a singlet a t  T 7.57 due to  methyl group. 

The Ammonium Salt of Inosine-2-sulfonic Acid (IV) .-To a 
stirred solut,ion of 5 g (15.5 mmoles) of the ammonium salt of I 
in 30 ml of water was added 18 g (1.58 mmoles) of 307, hydrogen 
peroxide dropwise a t  5 " .  During the addition of hydrogen per- 
oxide, it is necessary to  keep the reaction temperature a t  5' 
because a by-product, xanthosine (X), increases over 5 " .  After 
stirring was continued for 1 hr, 30 ml of ethanol was added and 
the mixture was allowed t.o stand overnight in the refrigerator, 
The resulting product was filtered and washed with water. Crys- 
tallization from 507, aqueous ethanol gave white ccystals, yield 
2.7 g (477,). 

A.-To a suspension of V (2 g, 6.25 mmoles) 
in 60 ml of water was add.ed 2.54 g (18.8 mmoles) of N-chloro- 
su~cinimide.~2 The mixture was warmed at 40" for 1 hr with 
stirring. Gradually the solution became clear. Paper chromato- 
gram of this solution showed a single spot in solvent B. The 
spot was excised and eluted with 0.1 N sodium hydroxide and 0.1 
N hydrochloric acid. The ultraviolet absorption spectra of the 
extracts showed 260 mp and 256 mp. As 2-methyl- 
sulfonylinosine (VI)  could not be obtained in a crystalline state, 
subsequent amination was carried out. The above react,ion mix- 
ture was saturated with ammonia a t  0" and heated in an autoclave 
at, 120" for 2 hr. After removal of the solvent under reduced pres- 
sure, the residue was dissolved in 200 ml of water. Then, about, 80 
ml of AmberliteIR-l20(H+) ion-exchange resinwas added portion- 
wise and with stirring until the solution was free from ultraviolet 
absorbing material. After the resin was filtered and washed with 

Guanosine (VII) . 

(41) A. Domingcez, I. C. Lcrea,  and R. Franco, J .  Ore. Chem.,  26, 1625 

(42) J. Tscherniac, Ber. ,  34, 4214 (1901). 
(1961). 

water, the product absorbed on resin was eluted with 500 ml of 1 N 
ammonium hydroxide. Concentration of the eluate gave a crude 
product, which was recrystallized from water to  give 1 g (56%) 
of a pure sample. The infrared absorption spectrum of this 
compound was identical with that' of an authentic sample. 

B.-The ammonium salt of IV (2 g) was added to 50 ml of 
ethanol saturated with ammonia a t  0" and the mixture was 
heated in an autoclave a t  120" for 2 hr. The reaction mixture was 
concentrated to dryness in vacuo and the residue was crystallized 
from water to give 1.4 g (90%) of pure product. 

C.-To a stirred solution of t'he ammonium salt of I (5  g, 
15.8 mmoles) in 25 ml of water cooled to 0" was added 5.37 g 
(47.4 mmoles) of 30y0 hydrogen peroxide dropwise over a period 
of 5 min. The reaction temperature should be maintained a t  
5" to avoid the formation of X .  After 1 hr, the examinat,ion of 
this solution by paper chromatogram showed two spots. The 
major spot was that of IV and the other (minor) spot was identical 
with that of X. After being diluted with 35 ml of water, the 
reaction mixture was saturated with ammonia at 0' and amina- 
tion was carried out as described above. The solution showed 
three spots on paper chromatogram. The major spot was that 
of VI1 and the minor two spots were proven to be those of guanine 
and X by spectral examination. A spot corresponding to VI1 
was excised and eluted with 0.1 N sodium hydroxide. The mea- 
surement of the absorbancy of the eluate showed the formation 
of S'II in 85y0 .yield. The reaction mixture was concentrat,ed 
in vacuo to precipitate a crude product, which was recrystallized 
from water to give 3.4 g (757,) of pure sample. 

D.-To a solut'ion of sodium hydroxide (7.76 g, 194 mmoles) 
in 70 ml of methanol was added AICA-riboside (10 g, 38.8 
mmoles) on slight warming and then carbon disulfide (14.7 g, 
194 mmoles) was added. The mixture was heated in an autoclave 
a t  180" for 3 hr. The solvent was removed in vacuo, the residue 
was dissolved in 120 ml of water, and 22 g (194 mmoles) of 30% 
hydrogen peroxide was added a t  5' with stirring. After 1 hr, 
the solution was saturated with ammonia a t  0" and heated in an 
autoclave a t  120' for 2 hr. Paper chromatography showed 
three spots (Rr O.AO,0.62, and 0.76; system C) which, on elution, 
corresponded spectrophotometrically to guanine (trace) , XI1 , 
and X.  The yields of TI1 and X were 79 and 57,, respect,ively 
(paper chromat'ographically determined). The reaction mixture 
was concentrated in vacuo to precipitate a crude product. Re- 
crystallization from water with charcoal afforded 7.7 g (70%) of 
pure material, which showed a single spot on paper and thin 
layer chromatograms. This procedure was found to be suit,able 
for a large-scale preparation of VII. The average yield of VI1 
isolated was 68-70y0. 

N2-Methylguanosine (VIII) .-To a solution of 10 g (31.6 
mmoles) of the ammonium salt of I in 100 ml of water was added 
10.4 g (94.8 mmoles) of 30y0 hydrogen peroxide at 5' with 
stirring. After 1 hr, 180 ml of 30% aqueous methylamine was 
added and the mixture was heated in an autoclave a t  120" for 
2 hr. Concentration of the solution under reduced pressure gave 
t,he crude crystals, which were recrystallized from water to afford 
6.2 g (62.4%) of analytically pure, light yellow needles, mp 233' 
dec. The nuclear magnetic resonance spectrum in deuterium 
oxide indicated a singlet a t  T 7.0 due to the methylamino group. 
The other physical properties were identical with those reported 
by Dunn, et al.,32 and by Robins, et a/.38 
Anal. Calcd for C1lHljOsNj.HzO: C, 41.90; H, 5.39; E, 

22.24. Found: C, 41.97; H,  5.39; N, 22.44. 
N2,N2-Dimethylguanosine (IX).  A.-To a cooled solution of 

the ammonium salt of I (10 g, 31.6 mmoles) in 100 ml of water, 
307, hydrogen peroxide (10.4 g, 94.8 mmoles) was added with 
stirring. Then the mixture was worked up iii the same manner 
as described for VI11 using 307, aqueous dimethylamine as 
aminating agent. After crystallization from water, 5.1 g (527,) of 
colorless crystals were obtained. The nuclear magnetic reso- 
nance spectrum in deutetium oxide showed a singlet a t  T 6.76 
due to the dimethylamino group. The other physical properties 
of this compound were identical with those previously 
reported .32 ,36  

B.-Compound V (1 g, 3.18 mmoles) was treated with 1.28 g 
(9 .55  mmoles) of K-chlorosuccinimide as described for the prep- 
aration of VII. After oxidation, the reaction mixture was neu- 
tralized with aqueous dimethylamine and concentrated to dry- 
ness in vacuo. The residue was dissolved in 30 ml of 307, aqueous 
dimethylamine and heated in an autoclave a t  120' for 2 br .  
Concentration of the solution gave a semisolid, which was diluted 
with a small amount of water and allowed to stand a t  5' over- 
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night. The resulting crude product was filtered and recrystal- 
lized from water to yield 0.49 g (49.6%) of a pure sample, which 
was identical with that prepared by method A in all respects. 

Anal. Calcd for C12Hl708N~: C, 46.30; H, 5.50; N, 22.50. 
Found: C, 45.61; H, 5.57; N, 22.50. 

Xanthosine (X) .-A solution of the ammonium salt of I ( 5  g, 
15.8 mmoles) in 30 ml of water was adjusted to pH 9.5 with 
concentrated ammonium hydroxide. To this solution was added 
18 g (158 mmoles) of 30% hydrogen peroxide with stirring a t  
room temperature. After 2 hr, 100 ml of 1 N sodium hydroxide 
was added and the mixture was refluxed for 1 hr. T h  pH of 
the solution was adjusted to 4 with Amberlite IR-120 (H+). The 
resin was filtered off and the filtrate was evaporated to about 
10 ml in vacuo. The mixture was allowed to stand in the re- 
frigerator overnight. The precipitate that formed was collected 
by filtration and recrystallized from water to give a pure sample, 
which was identified with an authentic sample of X,  yield 2.1 g 
(46.8%). 

Bis( 6-hydroxy-9-@-~-ribofuranosyl-2-pur~yl)disulfide (XI) .- 
A solution of the ammonium salt of I (5 g, 15.8 mmoles) in 50 ml of 
water containing 1 g (16.7 mmoles) of glacial acetic acid was 
cooled a t  5". To this stirred solution was added 1.8 g (15.8 
mmoles) of 30% hydrogen peroxide dropwise. In  a few minutes, 
white crystals precipitated. After stirring was continued for 
2 hr, the precipitate was collected by filtration and washed with 
water. Purification of this compound was accomplished by re- 
precipitation from aqueous ammonium hydroxide with dilute 
acetic acid: yield 1.4 g (53%); mp 188-196" dec; [ a . ] " ~  -35.8" 
(c 1 ,  0.1 N sodium hydroxide); paper chromatography, Rr 0.46 
(solvent A) and 0.10 (solvent B); ultraviolet absorption proper- 
ties, 259 mp ( e  26,600) and 280 mp sh, Xi:: 261 mp ( e  32,800) 
andX2i3  266 mp ( e  31,800). 

Found: C. 39.66; H. 3.92; N,  18.46. 
Anal. Calcd for CZ~HZZOION~SZ: C, 40.14; H, 3.68; N,  18.72. 

2 ',3'-0-Isopropylidene-2-methylthioinosine (XIV) .-The 
ammonium salt of XI11 (15 g, 42 mmoles) was dissolved in 130 
ml of water on warming. To this solution was added 7.7 g (54 
mmoles) of met.hy1 iodide portionwise and the mixture was 
shaken vigorously at room temperature for 2 hr. The resulting 
light yellow crystals were filtered, washed with cold water, and 
recrystallized from ethanol to provide 10 g (67.5%) of a pure 
product. 

2'-3'-O-Isopropylideneguanosine (XV) .-The ammonium salt 
of XI11 (5 g, 14 mmoles) was dissolved in 40 ml of water on slight 
warming and the solution was cooled to 5" with stirring. To this 
solution, 4.8 g (42 mmoles) of 30% hydrogen peroxide was added 
portionwise at  5' over a 10-min period. Stirring was continued 
for 1 hr t'o afford a colorless solution. An aliquot from the solu- 
tion showed two spots in solvent B. The major spot with Rr 
0.25 was found to be a sulfonic acid derivative by ultraviolet 
absorption spectral comparison with IV. The minor spot with 
Rf 0.35 was excised and eluted with acidic and basic solutions. 
Ultraviolet absorption spectra of the eluates showed kit: 255 
mp and Xi,,"3 257 nip. This substance seemed to be sulfinic 
acid derivative, because its spot disappeared and only a single 
spot (Rr 0.25j was detected when a 10 M excess of hydrogen 
peroxide was employed in the oxidation. The above mixture 
was diluted with 20 ml of water and saturated with ammonia 
at  0' and heated in an autoclave at  120" for 2 hr. Paper chro- 
matographic examination indicated two spots of XV and a trace 
of 2',3'-0-isopropylidenexanthosine. No formation of guanine 
was observed. Concentration of the solution gave a crystalline 
product. Recrystallization from water with charcoal afforded a 
pure sample as a sole product, yield 3.4 g (76%). This compound 
was identical with an authentic sample48 by comparison of ultra- 
violet and infrared absorption spectra. When Ip-AICA-riboside 
was treated successively &s described above on a large scale, 
XV was isolated in 7C-72yO yield as a sole product. 

2',3'-O-Isopropylidene-N~-methylguanosine (XVI).-To a 
stirred solution of the ammonium salt of XI11 (10 g, 28 mmoles) 

(43) A. Hampton. J .  Am. Chem. Soc., 88, 3640 (1961). 

in 100 ml of water was added 3Oye hydrogen peroxide (9.5 g, 84 
mmoles) a t  5" dropwise and with stirring. After 1 hr, 150 
ml of 30% aqueous methylamine was added and the mixture wm 
heated in an autoclave a t  120" for 2 hr. Evaporation of the 801- 
vent gave a crude product, which was crystallized from a small 
amount of dilute ammonium hydroxide and water, yield 6.3 g 
(66.7%). 

2',3'-O-Isopropylidene-N*,N2-dimethylguanosine (XVII),- 
The ammonium salt of XI11 (10 g) was oxidized with 3 equiv 
of hydrogen peroxide and then treated with 150 ml of 30% 
aqueous dimethylamine in a manner similar to that described 
for XVI to yield a crude product. An analytically pure sample 
was obtained by recrystallization from water, yield 5.8 g (59%). 

The following compounds were obtained from 3 g of the ammo- 
nium salt of XI11 by the same procedure as described for XVI. 

2',3'-O-Isopropylidene-N2-ethylguanosine (XVIII).-A pure 
sample was obtained by crystallization from water, yield 1.44 
g (49%). 

2',3'-O-Isopropylidene-N2-(n-propyl)guanosine (XIX).-A 
crude product was recrystallized from water to give 1.7 g (56%) 
of pure sample. 

2',3'-O-Isopropylidene-N2-(n-butyl)guanosine (XX).-An 
analytically pure sample was obtained by recrystallization from 
water, yield 1.2 g (389&). 

2',3'-O-Isopropylidene-2-morpholinoinosie (XXI).-After 
the ammonium salt of XI11 (3 g) was treated with hydrogen per- 
oxide, 50 ml of morpholine was added and the mixture was 
refluxed for 2 hr. Concentration of the solution in vacuo afforded 
a gummy substance, which was triturated with water, collected 
by filtration, and crystallized from water to give 1.2 g (407,) of a 
pure sample. 

2',3'-O-Isopropylidene-2-cyclohexylaminoinosine (XXII).-A 
solution of the ammonium salt of XI11 (4 g, 11.2 mmoles) in 40 
ml of water was cooled to 0" and then 30% hydrogen peroxide 
(3.9 g, 34.6 mmoles) was added dropwise at  such a rate that the 
reaction temperature was maintained a t  5". After being stirred 
for 1 hr, 40 g of cyclohexylamine was added and the mixture was 
refluxed for 2 hr. Concentration of the solution in vacuo gave a 
gummy product, which showed a single spot on paper chromato- 
gram. This product was chromatographed on alumina and eluted 
with ethanol. Ultraviolet absorbing fractions were evaporated 
to dryness and the residue was crystallized from aqdeous ethanol 
to give 1.2 g (25%) of a pure sample. 

2 ',3 '-O-Isopropylidene-2-piperidinoinosine (XXIII) .-This 
compound was prepared by the same procedure as described for 
XXII.  The ammonium salt of XI11 (4 g) was oxidized and then 
allowed to react with 50 g of piperidine. After the solvent was 
removed by concentration, the residue was purified by alumina 
chromatography. A gummy residue obtained from ultraviolet 
absorbing fractions was crystallized from water to give 0.7 g 
(217,) of product. 
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