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5-CycIopropylcarbonyloxy-5-( l-phenylethyl)barbituric Acid 
(8). Compound 8 was prepared from 3 (3.72 g, 0.015 mol) and cy-
clopropanecarboxylic acid (20 g, 0.23 mol) in the same way as de
scribed for the preparation of compound 4. Obtained was 8 (0.7 g, 
14.7%), mp 114-115°. Anal. (C1 6Hi605N2) C, H, N. 

5-rc-Hexanoyloxy-5-(l-phenylethyl)barbituric Acid (9). To a 
solution of 3 (2.4 g, 0.01 mol) in pyridine (30 ml) was added hexa-
noyl chloride (6 g, 0.045 mol) and the mixture was stirred at 75° 
for 18 hr, then cooled, and poured into ice (150 g) containing HC1 
(30 ml). The mixture was extracted with EtOAc and the extract 
was evaporated to give an oil which was chromatographed on sili
ca gel. Elution with C6H6-EtOAc (9:1) gave 9 (0.8 g, 23%), an oil. 
Anal. (C1 8H2 205N2) C, H, N. 

5-(l-Adamantylcarbonyloxy)-5-(l-phenylethyl)barbituric 
Acid (10). To a mixture of 1-adamantanecarboxylic acid (3.0 g, 
0.012 mol) and methanesulfonic acid (10 ml) was added 3 (2.0 g, 
0.008 mol). The mixture was stirred at 85° for 0.5 hr, then cooled 
to 25°, and stirred for 16 hr. The solution was poured into ice-
H2O (300 ml) and the light brown precipitate was removed by fil
tration and chromatographed on silica gel. Elution with CeHg-
EtOAc (9:1), followed by crystallization from acetone-hexane 
(1:1), gave 10 (0.15 g, 4.55%), mp 262-264°. Anal. (C23H28O5N2) 
C, H, N. 

5-Trimethylsilyloxy-5-(l-phenylethyl)barbituric Acid (11). 
Procedure A. To a solution of 3 (2.5 g, 0.01 mol) in pyridine (25 
ml) was added trimethylchlorosilane (1.1 g, 0.01 mol). The solu
tion was stirred at 130° for 16 hr, then cooled, and poured into ice 
H 2 0 (200 ml) containing HC1 (25 ml). The solution was extracted 
with EtOAc, the extract was evaporated, and the residue was 
chromatographed on silica gel. Elution with CeHe-EtOAc (4:1) 
provided pure 11 (1.8 g, 56%), mp 156-159°. Anal. 
(Ci5H20O4N2Si) C, H, N, Si. 

Procedure B. Compound 3 (5.0 g, 0.02 mol) and N, 0-bis(tri-
methylsilyl)acetamide (BSA, 6 g, 0.029 mol) were dissolved in 
pyridine (5 ml) and stirred 16 hr at 25° in a closed flask. Chroma
tography on silica gel using CeH6-EtOAc (19:1) gave the product 
which was crystallized from CeH6 to give 11 (2.7 g, 42%), mp 
156.5-158°. 

5-Triethylsilyloxy-5-(l-phenylethyl)barbituric Acid (12). 
Compound 12 was prepared from 3 (7.5 g, 0.03 mol) and triethyl-
chlorosilane (5 g, 0.033 mol) in the same way as described in pro
cedure A for the preparation of compound 11. Obtained was 12 
(2.6 g, 24%), mp 101-104°. Anal. (Ci8H2 604N2Si) C, H, N, Si. 

5-Triphenylsilyloxy-5-(l-phenylethyl)barbituric Acid (13). 
Compound 13 was prepared from 3 (3.75 g, 0.015 mol) and tri-
phenylchlorosilane (5.0 g, 0.017 mol) in the same way as de-

S-Adenosyl-L-methionine (SAM), synthesized in vivo 
from adenosine triphosphate and L-methionine by A T P : L -
methionine adenosyltransferase,1 an enzyme that appears 
to be ubiquitous in both normal and malignant tissues, 
functions as a methyl group donor for transmethylations2 

and as a propylamine donor for polyamine synthesis .3-4 In 
carrying out these transformations, SAM is converted to 
S-adenosyl-L-homocysteine (SAH) and 5'-deoxy-5'-(meth-

tThis investigation was supported by Contract NOl-CM-33712 from the 
Division of Cancer Treatment, National Cancer Institute, National Insti
tutes of Health, Department of Health, Education and Welfare. 

scribed in procedure A for the preparation of compound 11. Ob
tained was 13 (3.7 g, 49%), mp 270-273.5°. Anal. (C3oH2604N2Si) 
C ,H ,N, Si. 

5-Tosyloxy-5-(l-phenylethyl)barbituric Acid (14). Compound 
14 was prepared from 3 (2.48 g, 0.01 mol) and tosyl chloride (1.9 
g, 0.01 mol) in the same way as described for the preparation of 
compound 9. Obtained was 14 (1.98 g, 49%), mp 178-180°. Anal. 
(Ci9H1 806N2S) C, H, N, S. 

Diethyl Ethoxymalonate (16). To a solution of sodium (4.6 g, 
0.02 mol) in EtOH (300 ml) was added diethyl bromomalonate 
(47.8 g, 0.2 mol) and the mixture was heated at reflux for 4 hr 
and then cooled to 25°. NaBr (20 g, 0.196 mol) was removed by 
filtration and the filtrate was evaporated. The resulting liquid 
was distilled at 5 mm and the product 16 (28 g, 70%) was collect
ed at 135-140°. Anal. (C9H1 605) C, H. 

Diethyl Ethoxy(l-phenylethyl)malonate (17). To a solution of 
sodium (2.3 g, 0.1 mol) in EtOH (100 ml) was added 16 (20.4 g, 
0.1 mol). The mixture was stirred at 25° for 2 hr. 1-Bromoethyl-
benzene (18.5 g, 0.1 mol) was added and the mixture was stirred 
at reflux for 6 hr and then cooled to 25°. NaBr (9.1 g, 0.09 mol) 
was removed by filtration and the filtrate was evaporated. The 
resulting liquid was distilled at 5 mm and the product 17 (12.4 g, 
40%) was collected at 175-180°. 

5-Ethoxy-5-(l-phenylethyl)barbituric Acid (15). To a solution 
of sodium (1.38 g, 0.06 mol) in EtOH (100 ml) was added urea 
(3.7 g, 0.06 mol). The mixture was stirred until a clear solution 
was obtained. Compound 17 (6.1 g, 0.02 mol) was added dropwise 
and the mixture was stirred at reflux for 16 hr and then cooled to 
25°. Ice-H20 (100 ml) was added and the solution was acidified 
with HC1 to pH 2. The precipitate was removed by filtration and 
washed with H 2 0 to give 15 (1.3 g, 24%), mp 230-233°. Anal. 
(C1 4H1 604N2) C, H, N. 

References 

(1) J. A. Vida, C. M. Samour, M. H. O'Dea, T. S. T. Wang, W. 
R. Wilber, and J. F.Reinhard.J. Med. Chem., 17,732(1974). 

(2) N. B. Eddy and D. J. Leimbach, J. Pharmacol. Exp. Ther., 
107,385(1953). 

(3) J. T. Litchfield and F. Wilcoxon, J. Pharmacol. Exp. Ther., 
96,99(1949). 

(4) E. Siegmund, R. Cadmus, and G. Lu, Proc. Soc. Exp. Biol. 
Med., 95,729(1957). 

(5) E. A. Swinyard, W. C. Brown, and L. S. Goodman, J. Phar
macol. Exp. Ther., 106, 319 (1952). 

(6) A. W. Dunham and T. S. Miya, J. Amer. Pharm. Ass., 46, 
208(1957). 

ylthio)adenosine (MTA), both of which are known to in
hibit the transmethylation reactions of SAM in vitro.5-1 

Analogs of these compounds could interfere with the bio
synthesis of SAM, with methylation by SAM, with the 
decarboxylation of SAM, or with the propylamine transfer 
from "decarboxylated SAM" to putrescine to form sper
midine; either one of the latter two events would interfere 
with polyamine synthesis. Transfer of aminoalkyl groups 
other than aminopropyl would produce unnatural poly-
amines. Any of these postulated events could have serious 
consequences for proliferating cells and result in cell 
death. In addition, metabolism of analogs by SAM-me-
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tabolizing enzymes could release cytotoxic purines or pu
rine nucleosides. 

Until now, most of the analogs of MTA or SAH that 
have been synthesized are derivatives of adenosine,5 12 

although analogs of SAH containing 2-fluoroadenine,6 

guanine,11 and hypoxanthine5 have been prepared as well 
as a derivative of 2,8-dichloropurine.8 Only one analog, 
2',5'-dideoxy-5'-(methylthio)adenosine, containing a car
bohydrate other than ribose has been prepared.10 In the 
present work we undertook to study the effect of changes 
in all three parts of the molecule—the purine, the sugar, 
and the S substituent—on biologic activity. 

Chemistry. Two complementary methods have been 
used for the preparation of 5'-(alkylthio)-5'-deoxyribonu-
cleosides of purines: (1) displacement of a halo or tosyloxy 
group from the 5' position of the ribonucleoside;6-9-12 (2) 
preparation of the appropriate 5-(alkylthio)-5-deoxyribo-
furanose and reaction of it with a purine or metal deriva
tive thereof.8 At the onset it appeared that some of the 
nucleosides we desired to prepare could be made more ex
pediently by method 1, others by 2, while still others with 
equal facility by either method. We decided to investigate 

first the preparation of 2-chloro-5'-deoxy-5'-(methyl-
thio)adenosine (10a) by both methods. Tosylation of 2-
chloro-2',3'-0-isopropylideneadenosine (2a) was carried 
out at low temperature to give a good yield of pure prod
uct 5a. Displacement of the tosyloxy group by sodium 
methyl mercaptide to give 14a proceeded smoothly, and 
removal of the isopropylidene group under mild conditions 
gave the desired 10a (Scheme I). 

An attempt to prepare methyl 5-deoxy-2,3-0-isopropyli-
dene-5-(methylthio)ribofuranoside (25) by the displace
ment of the p-nitrobenzenesulfonyloxy group of methyl 
2,3-0-isopropylidene-5-0-(p-nitrobenzenesulfonyl)ribofu-
ranoside was unsuccessful because cleavage of the carbon-
sulfur bond occurred, rather than the carbon-oxygen 
bond, to give methyl-p-nitrophenyl sulfide.J 1,2,3-Tri-O-
acetyl-5-deoxy-5-(methylthio)ribofuranose (29) was then 
prepared by a literature procedure8 and fused with 2,6-
dichloropurine (35),14 in the absence of acid catalyst, to 
give an 80% yield of 9-[2,3-di-0-acetyl-5-deoxy-5-(methyl-

tPreviously, the displacement of the p-nitrobenzenesulfonyloxy group of 
this sugar by cyanide was found to take place readily in the normal man
ner.13 
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thio)-l8-D-ribofuranosyl]-2,6-dichloropurine (37a). Treat
ment of 37a with methanolic ammonia14 gave a 57% yield 
of 10a containing some of the corresponding 6-methoxy 
compound that could be removed by chromatography. 
Having assessed the utility of both methods for the prepa
ration of 10a, we proceeded to prepare a variety of analogs 
of 5'-deoxy-5'-(methylthio)adenosine by application of the 
more appropriate route to each particular case. The 5'-
chloro-5'-deoxy derivatives of 2-chloroadenosine, 8-azaad-
enosine, 4-amino-l-/?-D-ribofuranosylpyrazolo[3,4-d]pyri-
midine, and tubercidin (9a-d) were prepared for use in 
method 1 by the thionyl chloride-hexamethylphosphora-
mide method.12 Also prepared for this work were 2-chloro-
2',3'-0-anisylidene-5'-0-tosyladenosine (6a), 7-amino-3-
(2,3-0-isopropylidene-5-0-tosyl-/3-D-ribofuranosyl)-u-tri-
azolo[4,5-d]pyrimidine (5b), 7-amino-3-(2,3-0-anisyli-
dene-5-0-tosyl-/3-D-ribofuranosyl)-i;-triazolo[4,5-d]pyri-
midine (6b), 7-amino-3-(2,3-0-methoxymethylidene-5-0-
tosyl-/3-D-ribofuranosyl)-u-triazolo[4,5-d]pyrimidine (7b), 
and the 2',3'-0-anisylidene and 2',3'-0-methoxymethyli-
dene derivatives of 2,5'-dichloroadenosine. The 5'-chloro-
5'-deoxy derivatives 9c and 9d proved to be excellent in
termediates for the preparation of 4-amino-l-[5-deoxy-5-
(ethylthio)-|8-D-ribofuranosyl]pyrazolo[3,4-d]pyrimidine 
( l ie) and 4-amino-7-[5-(butylthio)-5-deoxy-/3-D-ribofura-
nosyl]pyrrolo[2,3-d]pyrimidine (12d). However, when an 
attempt was made to prepare 5'-(butylthio)-2-chloro-5'-
deoxyadenosine (12a) by the reaction of 9a with butyl 
mercaptan in dilute sodium hydroxide, both chlorines of 
9a reacted to give in good yield 2,5'-bis(butylthio)-5'-
deoxyadenosine (20). The desired 12a could be prepared, 
however, by carrying out the reaction in dimethylacetam-
ide with potassium carbonate. 

7 - Amino-3 - [5 -deoxy-5- (methylthio) -@ -D -ribof uranosyl] -
u-triazolo[4,5-d]pyrimidine (10b) was prepared from 5b 
via 14b and directly from 9b. Oxidation of 10b with 30% 
hydrogen peroxide gave 7-amino-3-[5-deoxy-5-(methylsul-
finyl)-/3-D-ribofuranosyl]-u-triazolo[4,5-d]pyrimidine 
(23b). An attempt to prepare the sulfone 8b by prolonged 
oxidation with hydrogen peroxide resulted in extensive 
glycosyl cleavage. If the protected nucleoside 19b was 
used, glycosyl cleavage was minimal, although the anisyli-
dene group was lost during the course of the reaction giv
ing 8b. Later we found that 8b could be prepared in high 
yield directly from 10b by rapid oxidation with neutral 
potassium permanganate (Scheme II). 

Preparation of the 2-aminoethylthio analogs 13a,b pre
sented a more difficult problem because of the nature of 
the target nucleosides. Although 2,5'-dichloro-5'-deoxy-
adenosine (9a) will react with 2-aminoethanethiol, the 
reaction was relatively sluggish—a result of the lower re

activity of this thiol as compared to the alkylthiols and of 
the 5'-chloro group compared to the 5'-tosyloxy function. 
The main difficulty, however, lay in the purification of 
13a. The solution to this problem was the use of 5a which 
gave a nucleoside (15a) that could be extracted into chlo
roform and freed of excess thiol and other impurities. Re
moval of the isopropylidene group from pure 15a then 
gave a nucleoside that could be isolated pure as its sulfate 
salt. This approach failed with the anisylidene derivative 
16a because of the instability of the anisylidene blocking 
group to the extraction procedure using cold dilute sulfu
ric acid. In the case of the u-triazolo[4,5-d]pyrimidine de
rivatives, the situation was quite different. The isopropyl
idene derivative 15b could be obtained pure, but all at
tempts to remove the isopropylidene group resulted in ex
tensive glycosyl cleavage. Apparently 2',3'-alkylidene 
blocking groups are more stable to acid when attached to 
the ribonucleoside of the u-triazolo[4,5-d]pyrimidine than 
when attached to ribonucleoside of 2-chloroadenine. In 
this case, the anisylidene group proved ideal since 16b was 
not deprotected by the cold acid extraction but was suffi
ciently acid sensitive to be removed without extensive gly
cosyl cleavage. 

We next turned our attention to nucleosides best pre
pared by method 2. l,2,3-Tri-0-acetyl-5-deoxy-5-(ethyl-
thio)ribofuranose (30), prepared from 24 by the sequence 
shown, and 2,6-dichloropurine were fused without catalyst 
to give 9-[2-di-0-acetyl-5-deoxy-5-(ethylthio)-)3-D-ribofu-
ranosyl]-2,6-dichloropurine (39a). Reaction of 39a with 
ethanolic ammonia gave 2-chloro-5'-deoxy-5-(ethyl-
thio)adenosine (42a) contaminated with a small amount 
of a second nucleoside identified by its spectra and chro
matographic travel as 2-chloro-5'-deoxy-5'-(ethylsufinyl)a-
denosine. Both 37a (see above) and 39a were converted to 
the diazido compounds 43 and 44. The catalytic reduction 
of 43 was slow and initially incomplete; after treatment 
with methanolic ammonia, 2-azido-5'-deoxy-5'-(methyl-
thio)adenosine (46) was isolated and identified. Further 
reduction of 46 then gave 2-amino-5'-(methylthio)adeno-
sine (49), which was also prepared via 47 by lengthy reduc
tion of 43. In the same manner, 44 was converted to 48 
and deacetylated to give 50. Compound 48 was also 
subjected to the modified Scheimann reaction18 producing 
52 and 53. Treatment of these nucleosides with ethanolic 
ammonia gave 5'-deoxy-5'-(ethylthio)-2-fluoroadenosine 
(51) and a lesser amount of 5'-deoxy-5'-(ethylthio)isogua-
nosine (54). (Scheme III). 

Reaction of l,2-O-isopropylidene-5-0-tosyl-a-D-xylofu-
ranoside (31)16 with sodium methyl mercaptide gave 5-
deoxy-l,2-0-isopropylidene-5-(methylthio)-a-D-xylofura-
noside (32), but acetolysis of 32 failed to give a usable 
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sugar. Acid hydrolysis of 32 gave 33, which could be 
acetylated to l,2,3-tri-0-acetyl-5-deoxy-5-(methylthio)-D-
xylofuranose (34). Fusion of 34 with 2,6-dichloropurine 
(35) without acid catalyst gave a mixture of anomeric xy-
lofuranosides (37b) that were difficult to separate. Conse
quently, they were treated with methanolic ammonia to 
convert them to the 2-chloroadenines (40b), which could 
be separated chromatographically and identified. An 18% 
yield of /J-40b and a 6% yield of a-40b were obtained 
(3/3:la). Fusion of 34 with 6-chloropurine (36) gave essen
tially the same results—a 22% yield of /3-41b and a 6.8% 
yield of a-4lb. 

The preparation of the arabino analog of 5'-deoxy-5-
(methylthio)adenosine presented another problem. The 
5'-0-tosyl derivative of 9-/3-D-arabinofuranosyladenine has 
been prepared,17 and we were able to prepare 9-(5-chloro-
5-deoxy-/3-D-arabinofuranosyl)adenine by the thionyl chlo
ride procedure. However, previous attempts to displace 
the 5'-0-tosyloxy group of 9-(5-O-tosyl-0-D-arabinofura-
nosyl)adenine resulted in formation of the 2,5-anhydro nu
cleoside,17 '18 and we found this to be the case with either 
the tosyl or the chloro derivatives. Further, a number of 
attempts to block the hydroxyls at C-2 and C-3 of these 
derivatives were unsuccessful. We then turned our atten
tion to the preparation of a suitably blocked arabinofura-
nose to react with a purine. Tosylation of methyl 2,3-di-
O-benzyl-a-D-arabinofuranoside (55)19 proceeded smooth
ly to give 56, which was converted to methyl 2,3-di-O-ben-

zyl-5-deoxy-5-(methylthio)-a:-D-arabinofuranoside (57) by 
the action of sodium methyl mercaptide in methanol. Fu
sion of 57 with 6-chloropurine (36) and with .ZV-nonanoyl-
adenine using p-toluenesulfonic acid as catalyst failed to 
produce a significant yield of nucleoside but was success
ful with 2,6-dichloropurine (35). Unfortunately, a 20% 
yield of a-62 and only a 10% yield of 8-62 were produced. 
Initial attempts to convert the methyl glycoside 57 to the 
chloro sugar 64 under a variety of conditions gave poor re
sults; much decomposition occurred, but 57 could be hy-
drolyzed in aqueous trifluoroacetic acid to 58 which gave 
64 on treatment with ethereal hydrogen chloride. Later it 
was found that 57 and 59 could be converted smoothly to 
the chloro sugars 64 and 60 directly by treatment with 
ethereal hydrogen chloride for 6-7 days at refrigerator 
temperature. Conversion of 57 to 64 was followed by tic 
and by reaction of 64 with methanol which gave the 3-
anomer of 57. A comparison of the pmr spectra of this 
anomeric pair (see Experimental Section) revealed the 
first observed exception to the empirical rule that the sig
nal from the anomeric proton of cis glycoside occurs 
downfield from that of the corresponding trans glyco
side.20 '21 This rule, which has proven useful in establish
ing the identity of anomeric purine and pyrimidine nu
cleosides, must now be viewed with caution, although, 
hopefully, exceptions to it may be rare. 

Reaction of 64 with N-nonanoyladenine in benzene at 
55° for 4 days using Linde AW-500 molecular seive as the 
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acid acceptor gave a 26% yield of nucleosidic material, 
which after treatment with sodium methoxide was shown 
to be a mixture of anomers (10:2a) of 9-[2,3-di-0-benzyl-
5-deoxy-5-(methylthio)-D-arabinofuranosyl]adenine (63). 
When the reaction was carried out in ethylene chloride at 
55° for 10 days using Linde 4A molecular seive, the anom-
eric mixture was more favorable—30:2a, but still not sat
isfactory for preparative work. Consequently, 55 was ben-
zoylated to give 59, which was converted to the chloro 
sugar 60 by treatment first with hydrogen chloride in ace
tic acid and with ethereal hydrogen chloride (see above). 
Reaction of 60 with N-nonanoyladenine in refluxing ben
zene for 3 days using Linde AW-500 molecular seive gave 
a low yield of nucleosides, which were shown by pmr to be 
a 30:1a anomeric mixture of 9-(5-0-benzoyl-2,3-di-0-ben-
zyl-D-arabinofuranosyl)-iV-nonanoyladenine, but reaction 
of 60 with JV-benzoyladenine for 12 days at 60° in ethylene 
chloride using Linde 4A molecular seive gave a reasonable 
yield of anomerically pure 65, which was O-debenzoylated 
to 66 with sodium hydroxide in pyridine. Treatment of 66 
with tosyl chloride in pyridine gave 67, which was allowed 
to react with sodium methyl mercaptide in methanol to 
give the methylthio compound 68. Catalytic hydrogenol-
ysis of 68 was slow and resulted in the removal of the 3-
O-benzyl group only giving 71, whereas initial attempts to 
remove the benzyl groups with sodium in liquid ammonia 
resulted in overreduction, yielding adenine and 9-[5-
deoxy-5-(methylthio)-/J-D-arabinofuranosyl]purine (70) as 
by-products. If the reaction was stopped while a small 
amount of starting material remained (tic), the produc
tion of these by-products could be minimized and a good 
yield of the desired 9-[5-deoxy-5-(methylthio)-0-D-arabi-
nofuranosyl]adenine (69) obtained (Scheme IV). 

Biologic Evaluation. Only one of these 5'-deoxy-5'-
(methylthio)adenosine analogs, 2-fluoro-5'-(ethylthio)ade-
nosine (51), was highly toxic to H.Ep.-2 cells in culture.22 

H.Ep.-2 cells lacking adenine phosphoribosyltransferase 
(H.Ep.-2/FA/FAR)23 were resistant to this analog, indi
cating that its cytotoxicity to the wild strain of H.Ep.-2 
cells is due to cleavage to the 2-fluoroadenine. The 5'-alk-
ylthio derivatives of other cytotoxic nucleosides were less 
toxic, with one exception (54), than the parent nucleos
ides (see Tables I and II) and, in the case of the ribonu-
cleosides of toxic bases (Table III), less toxic than the 
bases, with the same single exception. Cytotoxic nucleo
sides such as 2-fluoroadenosine and 8-azaadenosine can be 
converted to their active form, the nucleotides, by direct 
phosphorylation or by cleavage to the bases, which can 
then be converted to the nucleotides by the adenine phos-
phoribosyltransferase. The 5'-(alkylthio)nucleosides can
not be phosphorylated directly, but could be enzymatical-
ly converted to the parent nucleosides, cleaved to the 
bases, or could cause cell death by a mechanism different 
from that of the parent nucleosides. The low order of cy
totoxicity demonstrated by almost all of these nucleosides 
indicates that in most cases none of these things occur to 
a significant extent. 

The low order of cytotoxicity of the compounds is re
flected in their inability to affect the course of leukemia 
L1210 in mice and their lack of whole animal toxicity. 
Even 51 was tolerated at 100 mg/kg (days 1, 5, and 9). 

Experimental Section 

Melting points were determined with a Mel-Temp apparatus 
and are not corrected. The pmr spectra were determined in the 
solvent indicated (Me4Si) with a Varian SL-100-15 spectrometer, 
and the correct integrals were obtained for the assignments indi
cated; chemical shifts quoted for multiplets were measured from 
the approximate centers. The mass spectra were determined with 
a Hitachi Perkin-Elmer RMU-6D-3 spectrometer. Chromato
graphic analyses were carried out on tic plates of silica gel H 
(Brinkmann or Analtech). The spots were detected by uv light 
after spraying with Ultraphor (WT, highly concentrated) and by 
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Table I . Cytotoxicity Data. Purine Nucleosides 

Montgomery, Shortnacy, Thomas 

Table II. Cytotoxicity Data. Nucleosides of Purine Ring 
Analogs 

Compd 

no. 

10a 
11a 

12a 
13a 

9a 

51 

49 

50 

54 

20 

69 

/3-41b 
3 -4 Ob 

a -41b 

a -4 Ob 

Hi 

CI 

CI 

CI 

CI 

CI 

CI 

F 

F 

NH2 

NH2 

NH, 

OH 

OH 

BuS 
H 

H 
H 

H 
CI 

H 

CI 

HO 

R2 

OH 

MeS 

EtS 

BuS 

H2N(CH2)2 

CI 

OH 

EtS 

OH 

MeS 

EtS 

OH 

EtS 

BuS 
OH 

MeS 
OH 

MeS 
MeS 

MeS 

MeS 

a The concentration required to 
to 50% of controls 22" KB cells. 

OH 

Sugar 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

^-Ribo 

/3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 

3-Ribo 
3-Arabino 

3-Arabino 
3-Xylo 

3-Xylo 

3-Xylo 

a -Xylo 

a -Xylo 

ED50, JLLW 

10 

170* 

90 

90 

>50 

25 

0.02 

0.166 

40 

>60 

60 

>70 

30" 

20 
>150 

>70 

50 

160 

45 

>70 

>120 

nhibit the growth of treated cells 

Compd 

no. X 

N 

9b N 

10b N 

23b N 

8b N 
13b N 

CH 

l i e CH 

CH 

12d CH 

0 The concentration 
to 50% of controls.22 

HO OH 

Y 

N 

N 

N 

N 

N 

N 

N 

N 

CH 

CH 

R 

OH 

CI 

MeS 

Me SO 

MeS02 

H2N(CH2)2 

OH 

EtS 

OH 

BuS 

ED5i!. ).L\T 

20 

>70 
M 3 0 

>60 

40 

-90 

0.2 

>60 

0.04 

120 

required to inhibit the growth of treated cells 

Table III. Cytotoxicity Data. Purines and Ring Analogs 

Compd 

2-Chloroadenine 

2-Fluoroadenine 

2-Aminoadenine 

Isoguanine 

8 -Azaadenine 

4 -Aminopyrazolo 3.4-rf Ipyrimidine 

ED5n. y.M" 

10 

0.03 

20 

600 

20 

3.0 

charring after spraying with aqueous ammonium sulfate. The 2-
aminoethylthio compounds were also detected with ninhydrin 
spray. 

2-Chloro-2',3'-0-isopropylideneadenosine (2a). A solution of 
2-chloroadenosine (1.21 g, 4 mmol) in 480 ml of acetone contain
ing 1.42 ml of 2,2-dimethoxypropane and 1.88 ml of 70% perchlo
ric acid was stirred for 0.5 hr before it was neutralized with 2.08 
ml of dry pyridine and evaporated to dryness in vacuo. An aque
ous solution of the residue was extracted three times with 
CH2CI2. Evaporation of the combined, dried (MgS04) extracts 
gave a white solid, which was recrystallized from methanol: yield 
1.05 g (77%); mp 290-291°; Xmax nm (e X 10~3) (pH 7) 211 (26.2). 
264 (15.5). Anal. (C12H16N5O4CI) C, H, N. 

7-Amino-3-(2,3-O-isopropylidene-0-D-ribofuranosyl)-u-
triazolo[4,5-d]pyrimidine (2b). In a similar manner as described 
for 2a, 8-azaadenosine (1.07 g, 4 mmol) was converted to 2b: vield 
1.045 g (85%); mp 184-185°; Xmax nm (e x 10"3) (pH 7)" 279 
(11.7). AnaL (Ci2Hi6N604) C, H, N. 

2',3'-0-Anisylidene-2-chloroadenosine (3a). In the manner 
described for 3b, 2-chloroadenosine (3.70 g) was converted to its 
anisylidene derivative 3a: yield 2.60 g (51%). The tic homogenous 
3a was used without further purification. 

7-Amino-3-(2,3-O-anisylidene-0-D-ribofuranosyl)-i;-tria-
zolo[4,5-d]pyrimidine (3b). A solution of 8-azaadenosine (1.54 g) 
and anisaldehyde (1.5 ml) in a mixture of DMF (5 ml) and ethyl 
orthoformate (3 ml) containing 3.4 ml of 4 N HC1 in dioxane was 
allowed to stand at room temperature for 4 days before it was 
poured into 2% NajCOs solution (100 ml). The resulting oil was 
extracted into CHCI3 (700 ml). Evaporation of the dried (MgS04) 
CHCI3 solution gave an oil, which was crystallized from 60 ml of 
EtOH: yield 947 mg (51%); mp 194-195°; Xmax nm U x 10-3) (pH 
7) 218 (20.9), 278 (12.6). Anal. (C1 7Hi8N605) C, H, N. 

a The concentration required to inhibit the growth of treated cells 
to 50% of controls.22 

7-Amino-3-(2,3-O-methoxymethylidene-0-D-ribofuranosyl)-
t,'-triazolo[4,5-(f]pyrimidine (4b). A suspension of 8-azaadenosine 
(2.68 g) in trimethyl orthoformate (10 ml) containing p-toluene-
sulfonic acid (2.28 g) was refluxed for 1 hr. The cooled mixture di
luted with CHCI3 was washed with NaHC03 solution, followed 
by water, and then dried over MgS0 4 . Evaporation of the CHCI3 
gave a solid which was recrystallized from methanol: yield 886 mg 
(297c); mp 195-196°; Xmax nm (e x 10"3) (pH 7) 279 (11.5). Anal. 
(CiiH1 4N60s) C, H, N. 

2-Chloro-2',3'-0-isbpropylidene-5'-tosyladenosine (5a). A 
solution of 2a (1.04 g, 3.04 mmol) and tosyl chloride (1.17 g, 608 
mmol) in 100 ml of dry pyridine (molecular sieve) was allowed to 
stand at -20° for 3 days before more tosyl chloride (585 mg) was 
added. After 3 more days, another portion of tosyl chloride (588 
mg) was added and the solution allowed to stand another day be
fore CHCI3 and cold NaHC0 3 solution (500 ml) were added. The 
CHCI3 and water layers were separated and the water was ex
tracted with CHCI3. The combined CHCI3 extracts were washed 
with 1 N H2SO4 until the water layer remained acidic. Evapora
tion of the dried (MgS04) CHCI3 solution gave a white glass that 
was recrystallized from EtOH: yield 1.27 g (84%); mp 290-291°; 
Xmax nm (« X 10-3) (pH 7) 211 (26.2), 264 (15.5). Anal. 
(Ci 3 Hi 6 N 5 04Cl)C,H,N. 

7-Amino-3-(2,3-0-isopropylidene-5-0-tosyl-fJ-D-ribofurano-
syl)-u-triazolo[4,5-d]pyrimidine (5b). To a solution of 2b in 50 
ml of pyridine at 0° was added tosyl chloride (614 mg) in 5 ml of 
CHCI3. After standing overnight at room temperature, more tosyl 
chloride (614 mg) was added cold and the solution allowed to 
stand for 2 more days. Cold NaHC03 solution (200 ml) was added 



5'-Deoxy-5'-(methylthio)adenosine Journal of Medicinal Chemistry, 1974, Vol. 17, No. 11 1203 

and the CHCI3 layer separated. The aqueous layer was extracted 
with CHCI3 (2 X 100 ml) and the combined CHCI3 extracts were 
washed with water and dried over MgSO< before they were evap
orated to dryness in vacuo. The residue was recrystallized from 
BtOH: yield 710 mg (53%); mp 171-173°; Xmax nm U x 10"3) (pH 
7) 281 (10.0). Anal. (CioH22N608S) C, H, N. 

7-Amino-3-(2,3-0-anisylidene-5-0-tosyl-(3-D-ribofuranosyl)-
D-triazolo[4,5-d]pyrimidine (6b). Tosyl chloride (2.51 g, 13.14 
mmol) was added to a solution of 3b (2.54 g, 6.57 mmol) in dry 
pyridine (60 ml) cooled in a Dry Ice-acetone bath. After the solu
tion was allowed to stand for 4 days at 20°, it was poured in 55 ml 
of ice and saturated NaHC03. The gummy solid that formed was 
triturated twice with H2O before it was dissolved in CHCI3 (40 
ml). The washed (H20) and dried (MgS04) CHCI3 solution was 
evaporated to dryness, and the residue was triturated with 
MeOH giving a crystalline solid: yield 2.15 g (65%). This interme
diate was used without further purification. 

7-Amino-3-[5-deoxy-5-(methylsulfonyl)-/8-D-ribofuranosyl]-
u-triazolo[4,5-d]pyrimidine (8b). A solution of 17b (416 mg, 1.00 
mmol) in a mixture of 10 ml of glacial acetic acid and 10 ml of 
30% H2O2 was allowed to stand overnight at room temperature 
before it was evaporated to dryness in vacuo without heat. The 
residue was purified by chromatography on a thick silica gel plate 
developed with 3:1 CHCU-MeOH. The product was eluted with 
and recrystallized from MeOH: yield 124 mg (38%); mp 123-124° 
dec; Xmax nm (e X 10~3) (0.1 JVHC1) 263 (12.4): Xmax (pH 7) 279 
(11.3). Anal. (Ci 0 H u N 6 O 5 S) C, H, N. 

2,5'-Dichloro-5'-deoxyadenosine (9a). A solution of 2-chloro-
adenosine ( la , 1.0 g) and SOCI2 (1.5 ml) in hexamethylphospho-
ramide (10 ml) was allowed to stand for 16 hr at room tempera
ture before it was poured into 90 ml of ice water. The yellow solid 
that precipitated was washed with water until the filtrate was 
neutral and then recrystallized twice from water: yield 640 mg 
(62%); mp 207-209°; Xmax nm (e X lO^3) (pH 7) 264 (14.6). Anal. 
(C10HiiN5O3Cl2) C, H, N. 

7-Amino-3-(5-chloro-5-deoxy-/3-D-ribofurano9yl)-i;-triazolo-
[4,5-d]pyrimidine (9b). To a solution of thionyl chloride (1.5 g) in 
hexamethylphosphoramide (10 ml) was added 8-azaadenosine 
(1.00 g, 3.72 mmol). After being stirred overnight, the solution 
was poured in 90 ml of H2O and this solution poured onto a col
umn of Dowex 50-X4 (H+ form, 300 ml). The column was washed 
with water and then eluted with 1 JV NH4OH. After eluting with 
11., the product came off in the next 1.5 1. Lyophilization gave a 
white solid that was recrystallized from water: yield 618 mg 
(58%); mp 180-182°; Xmax nm (t x 10"3) (pH 7 and 13) 278 
(11.4). Anal. (C9HiiNe03Cl) C, H, N. 

4-Amino-l-(5-chloro-5-deoxy-0-D-ribofuranosyl)pyrazolo-
[3,4-d]pyrimidine (9c). 4-Amino-l-/3-D-ribofuranosylpyrazolo[3,4-
d]pyrimidine (lc, 1 g) was added with stirring to a mixture of 
thionyl chloride (1.5 ml) and hexamethylphosphoramide (10 ml). 
After stirring overnight at room temperature, the mixture was 
poured into 90 ml of water, and the solution was poured onto a 
Dowex 50 X-4 (H+ form, 300 ml). Elution of the column with 3 1. 
of 1 JV NH4OH gave a solution of the product which was lyophi-
lized to give a white solid. Recrystallization from methanol gave 
9c: yield 855 mg (81%); mp 187-188°; Xmax nm (c X 10-3) (0.1 N 
HC1) 257 (10.7); Xmax (pH 7, 0.1 JV NaOH) 260 (9.1), 274 (11.2). 
Anal. (C10H12N5O3CI) C, H, N. 

2-Chloro-5'-deoxy-5'-(methylthio)adenosine (10a). A. A solu
tion of 14a (65 mg) in 26 ml of EtOH and 13 ml of 1 AT H 2 S0 4 was 
allowed to stand at room temperature for 4 days before it was 
neutralized with Ba(OH)2 and filtered. Evaporation of the filtrate 
gave a white glass that gelled from hot water: yield 35 mg 
(62.5%); melting point indefinite; Xmax nm (e x 10"3) (pH 7) 209 
(28.9), 264 (15.4). Anal. (C11H14N5O3CIS) C, H, N. 

B . A solution of 37a (336 mg) in methanolic ammonia (100 ml, 
saturated at 0°) was allowed to stand at room temperature for 24 
hr before it was evaporated to dryness in vacuo. The crude prod
uct was purified by chromatography on a thick silica gel plate 
using 15:1 CHCl3-MeOH as the developer: yield 145 mg (57%). 
This material was identical with that prepared as described in A 
above. 

7-Amino-3-[5-deoxy-5-(methylthio)-|3-D-ribofuranosyl]-u-
triazolo[4,5-d]pyrimidine (10b). A solution of 14b (128 mg, 0.38 
mmol) in a mixture of 25 ml of 1 JV H 2 S 0 4 and 50 ml of ethanol 
was allowed to stand at room temperature for 5 days before it was 
neutralized with saturated Ba(OH)2 solution. The BaS0 4 was re
moved by filtration, and the filtrate was evaporated to dryness. 
The residue was purified by chromatography on a thick silica gel 
plate developed with 4:1 CHCl3-MeOH. The product was eluted 
with MeOH: yield 58 mg (51%); Xmax nm U X 10~3) (0.1 JV HC1) 

262 (11.9); Xmax (pH 7) 279 (11.0). Anal. (CioHnNsOsS-
0.25MeOH) C, H, N. 

4-Amino-l-[5-deoxy-5-(ethylthio)-/3-D-ribofuranosyl]pyra-
zolo[3,4-d]pyrimidine ( l i e ) . A solution of 9c (246 mg, 1 mmol) 
and ethyl mercaptan (1 ml, 13 mmol) in 0.17 JV NaOH was re-
fluxed for 3 hr. After the addition of 1 ml of ethyl mercaptan and 
2 ml of 1 AT NaOH, the solution was refluxed another hour. The 
precipitate that formed was removed by filtration and recrystal
lized from water: yield 108 mg (34%); mp 160-162°; Xmax nm (e x 
IO-3) (0.1 JV HC1) 217 (26.7), 257 (10.2); Xmax (pH 7, 0.1 JV 
NaOH) 260 (9.5), 275 (11.0). Anal. ( C I 2 H I T N S O S S - 0 . 5 H 2 O ) C, H, 
N. 

5'-(Butylthio)-2-chloro-5'-deoxyadenosine (12a). A mixture of 
9a (320 mg, 1.00 mmol), butyl mercaptan (90.2 mg, 1.00 mmol), 
and K2CO3 (1.38 mg, 1.00 mmol) in DMF (10 ml) was heated at 
125° for 30 min and then another 90 mg of butyl mercaptan was 
added and heating continued for another 30 min. Evaporation in 
vacuo of the filtered reaction mixture gave an orange syrup that 
was dissolved in EtOH. The addition of 1 mmol of picric acid 
gave a solid that was recrystallized from EtOH: mp 116-119°. 
Anal. (C20H23N8OioClS) C, H, N (AN, 0.50). 

Treatment of a solution of the picrate with Dowex 1-X8 
(C032~) gave a white glass which was precipitated from water: 
yield 181 mg (48%); Xmax nm (e X 10-3) (pH 7) 265 (14.7). Anal. 
(C14H20N5O3CIS) C, H, N (AC, 0.43). 

4-Amino-7-[5-(butylthio)-5-deoxy-)3-D-ribofuranosyl]pyrrolo-
[2,3-d]pyrimidine (12d). After being stirred for 16 hr at room 
temperature, a solution of 4-amino-7-0-D-ribofuranosylpyrrolo[2,3-
d]pyrimidine (Id, 266 mg, 1 mmol) and thionyl chloride (0.41 
ml) in hexamethylphosphoramide (2.7 ml) was evaporated to an 
oil (9d) in vacuo without heat, and the oil was poured into a mix
ture of 1 ml of butyl mercaptan and 20 ml of 2 JV NaOH. After 
being heated at 90° for 1 hr, the solution was chilled overnight. 
The solid that precipitated was dissolved in CHCI3 and the solu
tion washed with water, dried over MgS04, and evaporated to 
dryness in vacuo. The residue was recrystallized from water: yield 
150 mg (41%); mp 130-132°; Xmax nm (e X lO^3) (0.1 JV HC1) 227 
(23.0), 271 (11.0); Xmax (pH 7, 0.1 JV NaOH) 270 (11.9). Anal. 
(C1 5H22N403S)C,H,N. 

5'-(2-Aminoethylthio)-2-chIoro-5'-deoxyadenosine (13a). A 
solution of 15a (205 mg) in a mixture of 1.5 ml of EtOH and 1.5 
ml of 1 JV H2SO4 was allowed to stand at room temperature for 6 
days and then stored for 2 weeks at -15° . Upon the addition of 6 
ml of EtOH, the gum that had formed solidified, and the solid 
(146 mg) was removed by filtration. It was dissolved in water (12 
ml) and precipitated with EtOH (48 ml): yield 48 mg (22%); 
melting point indefinite; Xmax nm U x 10"3) (pH 7) 264 (13.1); 
pmr (DMSO-de) 5 2.75 (m, 2H 6 ) , 2.92 (m, -CH2CH2-) , 4.1 (m, 
H3< and H 4 ) , 4.65 (m, H 2 ) , 5.85 (d, J r 2 . = 5 Hz, H v ) , 7.8 (br, 
NH2), 8.4 (s, H s ) . Anal. (Ci2Hi7N6O3CIS.0.5H2SO4-0.5H2O.0.1-
EtOH) C, H, N. 

7-Amino-3-[5-(2-aminoethylthio)-5-deoxy-/3-D-ribofurano-
syl]-u-triazolo[4,5-d]pyrimidine (13b). A solution of 16b (190 mg) 
in 17 ml of 0.1 JV H2S04 was allowed to stand at room tempera
ture overnight before it was carefully concentrated to 5 ml in 
vacuo without heat. EtOH (15 ml) was added and the solution 
chilled for 2 hr. The white precipitate was removed by filtration, 
washed with EtOH, and dried: yield 106 mg (60%); 
lO"3) (0.1 JV HC1) 263 (12.2); Xmax (pH 7) 279 (11.3); pmr 
(DMSO-de) 6 2.75 (m, 2H 5 ) , 2.95 (m, -CH2CH2-), 4.2 (m, H 4 ) , 
4.4 (t, H3.), 4.9 (t, H 2 ) , 6.2 (d, J r 2 . = 4 Hz, H r ) , 7.7 (br, NH2), 
8.35 (s, H2). Anal. (CiiH17N7O3S-H2SO4-0.75H2O) C, H, N. 

2-Cbloro-5'-deoxy-2',3'-0-isopropylidene-5'-(methyl-
thio)adenosine (14a). To a 0.1 JV sodium methoxide in methanol 
solution saturated with methyl mercaptan at 0° was added 5.84 g 
of 5a. The solution was allowed to stand at room temperature 
overnight before it was neutralized with HOAc and evaporated to 
dryness in vacuo. A solution of the residue in CHCI3 was washed 
with water, dried over MgS04, and evaporated to dryness in 
vacuo. The residue was crystallized from EtOH: yield 3.7 g (95%); 
mp 195-197°. Anal. (Ci4H l sN5O3ClS-0.25EtOH) C, H, N. 

7-Amino-3-[5-deoxy-2,3-0-isopropylidene-5-(methylthio)-
#-D-ribofuranosyl]-i>-triazolo[4,5-d]pyrimidine (14b). A mix
ture of 5b (535 mg, 1.16 mmol) in 58 ml of 0.1 JV sodium methox
ide in methanol saturated with methyl mercaptan (at 0°) was re-
fluxed for 2 hr before it was evaporated to dryness. The solution 
of the residue in CHCI3 was washed with water and dried over 
MgS04. Evaporation of the CHCI3 gave a yellow glass that crys
tallized from ethanol: yield 156 mg (40%); mp 121-122°; 

"max nm 
(e x lO-3) (0.1 JVHCl) 262 (12.2); Xmax (pH 7, 0.1 N NaOH) 280 
(11.8). Anal. (C13Hi8N603S) C, H, N. 
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5'-(2-Aminoethylthio)-2-chloro-5'-deoxy-2',3'-0-isopropyli-
deneadenosine (15a). A mixture of 5a (991 mg, 2 mmol), 2-amino-
ethanethiol hydrochloride (228 mg, 2 mmol), K 2 C 0 3 (552 mg, 4 
mmol), and DMA (25 ml) was heated with stirring at 125° for 25 
min and then more 2-aminoethanethiol hydrochloride (228 mg) 
and K 2 C0 3 (552 mg) were added, and the mixture was heated for 
another 25 min. Evaporation in vacuo of the filtered reaction 
mixture gave a gum that partially dissolved in CHCI3. Evapora
tion of the filtered CHCI3 solution gave a yellow syrup that was 
purified by chromatography on thick silica gel plates using 3:1 
CHCl3-MeOH as developer. Elution of the bands from the plates 
gave 5a (126 mg, 13% recovery) and the product 14a (205 mg, 26% 
based on unrecovered 5a). This tie homogeneous material was used 
in the next step without further purification. 

7-Amino-3-[5-(2-aminoethylthio)-2,3-0-anisylidene-5-
deoxy-/3-D-ribofuranosyl]-u-triazolo[4,5-d]pyrimidine (16b). 
Small pieces of sodium were added to a solution of 2-aminoethane
thiol hydrochloride (208 mg, 1.83 mmol) in liquid ammonia (ca. 
40 ml) until the blue color persisted for 10 min. Compound 6b 
(465 mg. 0.915 mmol) was then added slowly with stirring and 
ammonia solution allowed to evaporate slowly. The residue was 
dried in vacuo before it was shaken with equal volumes (20 ml) of 
CHCI3 and ice-cold 1 N H 2 S0 4 . The CHC13 layer was extracted 
twice with cold 1 JV H2SO4 (10 ml). The total acid solution was 
chilled and neutralized with 50% NaOH. The resulting precipi
tate was extracted in CHCI3, which was washed with water and 
dried over MgS04 . Evaporation of the CHCI3 gave an orange 
syrup which was purified by chromatography on thick silica gel 
plates developed with MeOH. The product was eluted with 
MeOH which was evaporated to give a residue that was dissolved 
in CHCI3. After filtration through Celite, the CHCI3 solution was 
evaporated to dryness to give a white glass. An attempt to crys
tallize this glass from EtOH failed: vield 76 mg (19%): Amax nm 
(< x 10- 3) (0.1 JV HC1) 265 (15.8): Amax (pH 7) 278 (12.7). Anal. 
(Ci9H23N7O4S-0.6C2H5OH) C. H. X. 

7-Amino-3-[2,3-0-anisylidene-5-deoxy-5-(methylthio)-/i-D-
ribofuranosyl]-u-triazolo[4,5-d]pyrimidine (17b). A mixture of 
6b (2.03 g, 4.0 mmol) in 40 ml of 1 N methanolic sodium methox-
ide saturated with methyl mercaptan was refluxed with stirring 
for 40 min before it was evaporated to dryness in vacuo. A solu
tion of the residue in CHCI3 was washed with 0.1 .V acetic acid 
several times and then with water before it was dried over 
MgS04 . Evaporation of the CHCI3 gave a solid that crystallized 
from MeOH: vield 985 mg (59%); melting point indefinite; Amax 

nm (t X 10 3) (0.1 ,V HC1) 264 (16.1); Amax (pH 7) 278 (12.6). 
Anal. (C18H2oN604S) C, H. N. 

2,5'-Di(butylthio)-5'-deoxyadenosine (20). A solution of 9a 
(320 mg, 1.00 mmol) and butyl mercaptan (2 ml) in 30 ml of 2 N 
NaOH was heated at 80° for 2 hr. The solid that precipitated 
from the cold solution was dissolved in CHCI3, and the solution 
was washed with water and dried over MgS0 4 . Evaporation of 
the CHCI3 gave a white solid that was recrystallized from ben
zene: vield 273 mg (64%); mp 150-152°; Amax nm (( x 10-3) (pH 
7) 236 (19.5), 275 (13.1). Anal. (CKJH29N5O3S2) C H. N. 

7-Amino-3-[5-deoxy-5-(methylsulfinyl)-i3-D-ribofuranosyl]-
r-triazolo[4,5-£z]pyrimidine (23b). A solution of 10b (475 mg. 1.6 
mmol) in 15 ml of 50% acetic acid containing 0.16 ml of 30%: 
H2O2 was allowed to stand 4 hr at room temperature before it 
was evaporated to dryness in vacuo without heat. The residue 
was twice dissolved in water and the solution evaporated to dry
ness. The resultant white glass was crystallized from MeOH. Re-
cTvstallization from MeOH gave 345 mg of 22b (69%); mp 227-
229°: Amax nm U x lO"3) (0.1 N HC1) 262 (12.7): Amax (pH 7) 279 
(11.5)..4na/. (Ci0H14X6O4S) C, H. N. 

l,2,3-Tri-0-acetyl-5-deoxy-5-(ethylthio)-D-ribofuranose (30). 
A solution of 24 (19.3 g, 53.8 mmol) and ethyl mercaptan (40 ml, 
538 mmol) in 270 ml of 1 A; sodium methoxide in EtOH was re-
fluxed for 2 hr. The chilled solution was neutralized with HOAc 
before evaporation to dryness in vacuo. A CHCI3 solution of the 
residue was washed with NaHC0 3 solution, followed by water, 
and then dried over MgS04 . Evaporation of the CHCI3 gave 
about 14 g of 26, which was dissolved in a mixture of 74 ml of di-
oxane and 184 ml of 0.1 N H2S04 . After the solution was re-
fluxed for 2 hr. it was neutralized with Ba(OH)2. The filtered so
lution was evaporated in vacuo and the residue dissolved in dry 
pyridine which was evaporated to dryness. The process was re
peated giving about 11 g of 28, which was dissolved in 97 ml of 
dry pyridine. Acetic anhydride (24.4 ml) was added dropwise with 
stirring to the chilled solution. After 1 hr the solution was allowed 
fo warm to room temperature and stand overnight before it was 

poured into a mixture of 715 ml of ice and 860 ml ot CHCI3. The 
CHCI3 solution was washed with four portions (340 ml) of ice-cold 
1 N H2SO4, followed by water and NaHC03 solution. Evapora
tion of the dried CHCI3 solution gave 16.8 g of 30 as an oil charac
terized by tic and mass spectrum. It was used in the fusion rear 
tion without further purification. 

5-Deoxy-1,2-0-isopropylidine-5-( methylthio)-o -n-xylofura-
nose (32). A solution of 1,2-O-isopropylidene-o-O-tosyl-a-D-xylo-
furanose16 (31, 3.44 g, 10 mmol) in 50 ml of 1 ,V sodium methox
ide saturated with methyl mercaptan was refluxed for 4 hr before 
it was evaporated to dryness. The CHCI3 solution of the residue 
was washed twice with H2O and then dried over MgS04 before it 
was evaporated to dryness. The residue was recrystallized from 
ether: yield 1.10 g (50%); mp 88-91°. Anal. (C9Hi604S) C. H, N. 

l ,2,3-Tri-0-acetyl-5-deoxy-5-(methylthio)-D-xylofuranose 
(34). A solution of 32 (3.25 g, 14.8 mmol) in a mixture of 21 ml of 
dioxane and 51 ml of 0.1 Ar H2S04 was heated at 100° for 2 hr be
fore neutralization with barium hydroxide. The BaS0 4 was re
moved by filtration, and the filtrate was evaporated to dryness to 
give 33 as an orange oil which was dissolved in dry pyridine (25 
ml). Acetic anhydride (6.8 g, 67 mmol) was added slowly to the 
chilled solution. The solution was allowed to stand overnight at 
room temperature before it was poured on ice (450 ml) and CHCI3 
added. The water was extracted twice with CHCI3 and the com
bined CHCI3 solution was washed with cold 1 N H 2 S0 4 until the 
aqueous layer remained acidic, then with H 2 0 . then with satu
rated NaHC0 3 solution, and finally with water. Evaporation 01 
the dried (MgS04) CHCI3 solution gave 34 as a light orange syrup 
that was used in the fusion reaction without further purification: 
yield 4 g (89%). 

9-[2,3-Di-0-acetyl-5-deoxy-5-tmethylthio)-d-D-ribofurano-
syl]-2,6-dichloropurine (37a). A mixture of 2,6-dichloropurine 
(35) and l,2.3-tri-0-acetyl-5-deoxy-5-(methylthio)ribofuranose 
(29)11 was fused at 130° with vigorous stirring for 45 min under a 
25-mm vacuum. The brown melt was purified by chromatography 
on a silica gel column using 99:1 CHCl3-MeOH as the eluent: 
yield of colorless glass, 2.03 g (80%); pmr (CDC13) b 2.08. 2.18, 
2.20 (3 s, Me), 3.0 (d. CH2), 4.47 (q. H 4 I . 5.55 iq, H 3 ) . -r\86 !t. 
H 2 ) . 6.21 (d. Jy2- = 5 Hz, H r ) , 8.4 (H8). This material was used 
in subsequent reactions without further purification. 

2,6-Dichloro-9-[2,3-di-0-acetyl-5-deoxy-;)-(ethylthio)-j-D-
ribofuranosyljpurine (39a). In the manner described for 37a. 35 
(9.9 g) and 30 (16.8 g) gave 16.7 g (71%) of 39a. 

2-Chloro-9-[5-deoxy-5-(methylthio)-D-xylofuranosyljadenine 
(40b). A mixture of 35 (1.24 g, 6.54 mmol] and 34 (2.00 g. 6.54 
mmol I was heated in a 135° oil bath at 25 mm of pressure for 15 
min before it was cooled and p-toluenesulfonic acid (33 mg) 
added. The mixture was again heated in the 135° oil bath at 25 
mm of pressure for 40 min. A CHCI3 solution of the dark glass 
was washed with saturated NaHCO.-; solution and then with H 2 0 
before it was dried (MgS04) and evaporated to dryness: pmr 
(CDCI3) b 1.90 Is. CH3 of Ac of u anomer). 2.2 (several s. SCH3). 
2.85 <m. 2H 5 ) . 4.(5. 4.9, 5.2, 5.5 (m's. H2 . H3 . H4 ). 6.18 id. -J, ;; 

= 2 Hz, H r of 3 anomer). 6.65 (d. -h 2 = 5 Hz. Hi of 1, anom
er), 8.2 (s. Hg of a anomer), 8.35 (s. Hs of d anomer). The dark 
syrup 37b (2.31 g) was dissolved in ethanolic ammonia (saturated 
at 0°) and the solution allowed to stand at room temperature 
overnight before it was evaporated to dryness. The residue was 
chromatographed on a silica gel column. The column was eluted 
with CHC-I3 (600 ml). 99:1 CHCl3-Me0H (600 mil. and then 17:1 
CHCl3-MeOH. After 1425 ml of the 19:1 mixture, the 3 anomer 
was eluted in the next 510 ml. After an additional 450 ml. the u 
anomer was eluted in the next 600 ml. Evaporation of the trac
tions containing the ij anomer gave 402 mg (18%) of thi* com 
pound (ii-40b) as a glass: Amax nm (f x 10";!) ipH 1 and 7i 264 
(14.9); pmr (DMSO-rf6) & 2.12 !s. CH3>. 2.85 im. 2Hr, 1. 4.1 and 
4.35 (2 m, H2-, H3 . H4 ). 5.57 and 5.59 (2 d. OHi. 5.82 Id. -A 2 = 
<2 Hz, H r ) . 7.75 (s, XH2). 8.22 (H8). Anal. ( C n H 1 4 n \ s 0 3 S ! C. 
H, N. 

Evaporation of the column fractions containing o-4t)b gave a 
solid that was recrystallized from H 2 0: yield 120 mg (67c); mp 
190-192°; Amax nm U X 10'3) (pH 1 and 7) 264 (17.6); pmr 6 2.14 
is. CH3). 2.75 (m. 2H 5 ) . 4.15 (m. H2-, H 3 ) , 4.5 (m, H 4 ) , 5.5-5.9 
(OH), 6.26 (d. JV2 = 4 Hz. Hj 1, 7.7 (br s. XH2). 8.12 (Hs). 
Anal. (CiiH14ClN5O3S-0.4H2Ol C, H. X. 

9-[5-Deoxy-5-(methylthio)-D-xylofuranosylladenine (41b). A 
mixture of 34 (1.72 g. 5.62 mmol) and 6-chloropurine (36, 868 mg. 
5.62 mmol) was heated in a 135° oil bath at 25 mm for 15 min. To 
the cooled melt was added 30 mg of p-toluenesulfonic acid, and 
the mixture was heated at 135° again for about 1 hr. A CHCI3 so-
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lution of the cooled reaction mixture was washed with saturated 
NaHC0 3 solution, then H2O, and dried over MgSC>4. Evapora
tion of the CHCI3 gave a dark solid (1.53 g) that was dissolved in 
200 ml of ethanolic ammonia (saturated at 0°). This solution was 
heated at 80° for 16 hr before it was evaporated to dryness in 
vacuo. The dark residue (1.2 g) was purified by chromatography 
on thick silica gel plates developed twice in 9:1 CHCl3-MeOH. 
The two major bands were eluted with methanol giving two nu
cleosides (586 mg of the faster moving compound and 236 mg of 
the slower moving). These nucleosides were converted to their pi-
crates in H2O. The larger sample gave 450 mg (22%) of a picrate: 
mp 199-201°. Recrystallization from H2O did not change the 
melting point. Anal. ( C U H I S N S O S S - C S H S N S O T ) C, H, N. 

Treatment of a solution of the picrate in 9:1 MeOH-H20 with 
Dowex 1-X8 (CO32" form) gave a colorless solution which was 
combined with water washes of the resin and evaporated to dry
ness to give 0-4 lb as a white glass: yield 188 mg (90% from pic
rate); Xmax nm (« X 10"3) (pH 7 and 13) 259 (14.2); pmr (DMSO-
d6) a 2.14 (s, CH3), 2.8 (m, 2H 5 ) , 4.04 (m, H3.), 4.3 (m, H2-, 
H4 ' ) , 5.9 and 6.05 (2 d, OH), 5.9 (d, J r 2 - = <2 Hz, H r ) , 7.3 (br 
s, NH2), 8.16 and 8.25 (H2, H8). 

The picrate of the smaller sample was converted to the free nu
cleoside in the same manner: yield of essentially pure material, 77 
mg (6.8%). This material crystallized from water: mp 172-173°; 
Xmax nm U x 10-3) (pH 7 and 13) 259 (14.9); pmr (DMSO-d6) 5 
2.15 (s, CH3), 2.7 (m, 2H5 '), 3.3-3.8 (OH), 4.18 (m, H 2 S H3.), 
4.55 (m, H4-), 6.35 (d, Jvv = 4 Hz, H r ) , 7.18 (br s, NH2), 8.14 
(s, H2, Hs).Anal. (CnH15N5O3S-0.5H2O) C, H, N. 

2-Chloro-5'-deoxy-5'-(ethylthio)adenosine (42a). A solution of 
39a (3.3 g) in 250 ml of ethanolic ammonia (saturated at 0°) was 
allowed to stand at room temperature for 2 days before it was 
evaporated to dryness in vacuo. The residue was dissolved in 
water and treated with 1 equiv of picric acid in water. Treatment 
of the picrate with Dowex 1-X8 (C03

2~) gave a cream-colored 
glass that was chromatographed on a silica gel column using 9:1 
CHCl3-MeOH as the eluent. The product obtained from this col
umn finally crystallized from water on long standing: yield 561 
mg. An additional amount of pure material (292 mg) was ob
tained from the filtrate by chromatography on a thick plate using 
9:1 CHCl3-MeOH as developer: total yield 853 mg (36%); melting 
point indefinite; Xmax nm (t X 10 '3) (pH 7) 264 (15.3); pmr 
(DMSO-dg) 5 1.15 (t, CH3), 2.5 (m, CH2 + DMSO-d5), 2.9 (m, 
2H5 '), 4.1 (m, H3*. H r ) , 4.7 (t, H 2 ) , 5.85 (d, J r 2 ' = 5 Hz, H r ) . 
7.7 (br, NH2), 8.38 (s, Hg). Anal. (C12H16N5O3CIS) C, H, N. 

Elution of a second band on the thick plate gave 56 mg of an
other nucleoside identified by its uv, mass, and pmr spectra as 
2-chloro-5'-deoxy-5'-(ethylsulfinyl)adenosine: Xmax nm (e X 10 - 3) 
(pH 7) 264 (12.5); mass spectrum (70 eV) m/e 332 (M+ - Et), 
316 (M+ - OEt), 284 (M- - EtSO); 198 (B+ + CH 20) , 169 (B+ 
+ H); pmr (DMSO-d6) & 1.2 (sextet, CH3), 2.8 (m, CH2 of Et), 
3.3 (m, 2H5.). 4.3 (m, H3., H r ) , 4.75 (m, H2.), 5.9 (3, Jr2' = 6 
Hz, H r ) , 7.8 (br, NH2), 8.38 (s, H8). 

9-[2,3-Di-0-acetyl-5-deoxy-5-(methylthio)-/J-D-ribofurano-
syl]-2,(i-diazidopurine (43). A solution of 37a (921 mg, 2.12 
mmol) and sodium azide (277 mg, 4.24 mmol) in a mixture of 15 
ml of EtOH and 1 ml of H 2 0 was refluxed for 1 hr, filtered, and 
evaporated to dryness in vacuo. A CHCI3 solution of the residue 
was washed with H 2 0 , dried over MgS04 , and then evaporated to 
dryness in vacuo: yield 981 mg. 

2-Azido-5'-deoxy-5'-(methylthio)adenosine (46). A solution of 
43 (890 mg) in 50 ml of absolute EtOH containing 5% Pd/C (184 
mg) was hydrogenated at room temperature and atmospheric 
pressure. The hydrogen atmosphere was changed at 0.5, 1, and 2 
hr. Evaporation of the filtered solution in vacuo gave a cream-col
ored glass (45) that was dissolved in methanolic ammonia (satu
rated at 0°). After standing overnight at room temperature, the 
solution was evaporated in vacuo giving an orange syrup (655 
mg), which was converted to its picrate in water. The picrate was 
converted back to 46 by treatment with Dowex 1-X8 (CO32"). 
After much difficulty, a crystalline solid was finally obtained: 
yield 89 mg (17%); melting point indefinite; Xmax nm (* x 10 - 3) 
(pH 7) 231 (5.18), 272 (14.1), 310 (sh), 323 (sh); ir strong band at 
2230 c m - 1 (azide); pmr (DMSO-c/e) 6 2.1 (s, CH3), 2.85 (m, 
2H5 '), 4.1 (m, H3 ' , H r ) , 4.7 (t, H2 ' ) , 5.25 and 5.45 (2 d, OH), 5.82 
(d, Jvr = 6 Hz, H r ) , 7.55 (br s, NH2), 8.28 (H8). Anal. 
(CuH 1 4 N 8 0 3 S) C, H, N. 

2-Amino-5'-deoxy-5'-(methylthio)adenosine (49) Picrate. A 
solution of 43 (981 mg) in 50 ml of absolute EtOH containing 200 
mg of 5% Pd/C was hydrogenated at room temperature and at
mospheric pressure. The hydrogen atmosphere was changed at 

0.5, 1, and 2 hr. The procedure had to be repeated with fresh cat
alyst to obtain complete reduction of 43. After filtration, the solu
tion was evaporated to a cream-colored glass (47): yield 516 mg 
(61%). 

A solution of 47 in 28 ml of 0.28 N sodium methoxide in metha
nol was refluxed for 45 min and then neutralized with acetic acid. 
The residue from evaporation of the solution was dissolved in 
water and treated with 1 equiv of picric acid. The resulting solid 
was recrystallized from water: yield 227 mg (32%); mp 198° dec. 
Anal. (CnHwN6O3S.C6H3N3O7-O.2H2O) C, H, N. 

Treatment of the picrate (175 mg) with Dowex 1-X8 (C0 3
2") 

gave 76 mg of 49 as a white glass: Xmax nm (c X 10"3) (pH 1) 253 
(11.3), 293 (9.82); Xmax (pH 7) 256 (9.15), 280 (9.75). 

2-Amino-5'-deoxy-5'-(ethylthio)adenosine (50). Reaction of 39 
(12.6 g) with sodium azide as described for 37 gave 44: yield 12.09 
g (93%). Reduction of 44 (12.0 g) as described for 43 gave 48: yield 
9.9 g (92%). Treatment of 48 (1.25 g) with sodium methoxide as 
described for 47 gave 50: yield 531 mg (53%); mp 183-185°; Xmax 

nm (e X 10"3) (pH 7) 257 (9.75), 280 (10.4). Anal. (C^HigNeOgS) 
C, H, N. 

5'-Deoxy-5'-(ethylthio)-2-fluoroadenosine (51). A solution of 
52 (220 mg) in ethanolic ammonia (25 ml, saturated at 0°) was 
allowed to stand at 5° overnight before it was evaporated to dry
ness. The residue was recrystallized from ethanol: yield 100 mg 
(57%); mp 189-190°; Xmax nm (< X 10"3) (0.1 N HC1, 0.1 N 
NaOH) 262 (14.6), 267 (sh). Anal. (C12Hi6N503FS) C, H, N. 

5'-Deoxy-5'-(ethylthio)-2-fluoroadenosine 2',3'-Diacetate 
(52) and 5-Deoxy-5'-(ethylthio)isoguanosine 2,3'-Diacetate 
(53). To a suspension of 48 (1.11 g, 2.7 mmol) in fluoboric acid 
(14.5 ml) was added NaN0 2 (338 mg, 4.9 mmol) in H 2 0 (0.7 ml) 
with vigorous stirring at -20°. After 40 min, 50 ml of CHC13 was 
added and the mixture neutralized at -20° with ca. 5 ml of 5% 
NaOH. Evaporation of the dried CHC13 layer gave a cream-col
ored glass: yield 910 mg. A solution of this material in benzene 
was poured onto a silica gel column (300 g, Davidson, 140-200 
mesh). It was eluted with a linear gradient of 2 1. of ethyl acetate 
into 2 1. of benzene at a flow rate of 10 ml/min. From the column 
was obtained 405 mg of 52 (37%) and 170 mg of 53 (15%). Identifi
cation was based on their uv spectra. 

5-Deoxy-5'-(ethylthio)isoguanosine (54). Compound 53 (170 
mg) was deacetylated as described above for 52: yield 40 mg 
(30%); mp 205° dec; Xmax nm (e x 10~3) (0.1 .V HC1) 236 (5.66), 
282 (8.82); Xmax (0.1 N NaOH) 254 (6.57), 284 (7.55). Anal. 
(Ci2Hi7N504S-1.25H20) C, H, N. 

Methyl 2,3-Di-0-benzyl-5-0-tosyl-a-D-arabinofuranoside 
(56). A solution of methyl 2,3-di-O-benzyl-a-D-arabinofurano-
side19 (55, 4.5 g, 13.1 mmol) and tosyl chloride (3.7 g, 19 mmol) 
was allowed to stand at -20° for 4 days before 1.35 ml of H 2 0 
was added, and the solution was stirred at room temperature for 
45 min. It was then poured into 200 ml of saturated NaHC0 3 so
lution containing ice, which was then extracted with three 50-ml 
portions of CHCI3. The CHC13 solution was washed with H 2 0 , 0.1 
N H2S04> and then water and dried over MgS0 4 before evapora
tion to dryness: vield of syrup 6.3 g; mass spectrum (70 eV) m/e 
498 (M-) , 467 (M- - OMe), 439 (M* - Me02CH), 407 (M+ -
C6H5CH2), 375 (M+ - C6H6CH2 - CH3OH); pmr (DMSO-d6) <5 
2.4 (s, CH3 on phenyl), 3.24 (s, OCH3), 3.9 and 4.15 (m's, H2., 
H3 ' , H r , 2HV) , 4.5 (m, 2CH2 of benzyl), 4.9 (s. H r ) , 7.3 and 7.8 
(m's, phenyl). 

Methyl 2,3-Di-0-benzyl-5-deoxy-5-(methylthio)-«-D-arabi-
nofuranoside (57). A solution of 56 (6.3 g, 12.5 mmol) in 62 ml of 
1 N NaOMe in MeOH (saturated with MeSH at 0°) was refluxed 
for 5 hr before it was evaporated to dryness. A CHCI3 (200 ml) 
suspension of the residue was washed with saturated NaHC0 3 

solution and then with water before it was dried over MgS0 4 . 
Evaporation of the CHC13 gave a yellow oil: yield 4.0 g; mass 
spectrum (70 eV) m/e 343 (M + - OCH3), 283 (M+ - C6H5CH2); 
pmr (DMSO-de) 5 2.1 (s, SCH3), 2.75 (d, Ji5- = 6 Hz, 2 H 5 ) , 3.3 
(s, OCH3), 3.85 (q, H3.), 3.95 (m, H 2 ) , 4.1 (q, H r ) , 4.58 (m, 
2CH2 of benzyl), 4.97 (s, H r ) , 7.4 (m, phenyl). 

2,3-Di-0-benzyl-5-deoxy-5-(methylthio)-D-arabinose (58). A 
solution of 57 in 9:1 trifluoroacetic acid-water (40 ml) was allowed 
to stand at room temperature for 2 hr before it was poured onto 
400 ml of ice. The aqueous solution was extracted with methylene 
chloride which was washed twice with saturated NaHC0 3 and 
then twice with H 2 0 before it was dried over MgS0 4 and evapo
rated to dryness. The dark residue was purified by chromatogra
phy on a silica gel column: yield 1.24 g (51%). 

Methyl 2,3-Di-0-benzyl-5-0-benzoyl-a-D-arabinofuranoside 
(59). A mixture of 55 (12.8 g, 37.2 mmol) and benzoyl chloride 

CnHwN6O3S.C6H3N3O7-O.2H2O
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(6.3 g, 45 mmol) in dry pyridine (165 ml) was allowed to stir over
night at room temperature before it was poured into 420 ml of ice 
water. The water was extracted with three 250-ml portions of 
CHCI3, which were combined and washed with saturated 
NaHC0 3 solution (250 ml), three 300-ml portions of 3 N H 2 S0 4 , 
and four 250-ml portions of H2O before being dried over MgS0 4 

and evaporated to dryness: yield of syrup 16.1 g; pmr (CDC13) 6 
3.4 (s, CH3), 4 (m, 2H5), 4.5 (m, H2) H3, H4, CH2 of benzyl), 4.99 
(s, Hi), 7.3 and 8.0 (2 m, phenyl). The material was converted, 
without further purification, to the chloro sugar 60. 

9-[2,3-Di-0-benzyl-5-deoxy-5-(methylthio)-D-arabinofura-
nosyljadenine (63). A. A mixture of A'-benzoyladenine (84 mg, 
0.35 mmol), 64 [prepared from 100 mg (0.28 mmol) of 58], and 
Linde 4A molecular seive (1 g) in ethylene chloride (20 ml) was 
stirred at 55° for 11 days before it was filtered and the solids were 
washed with hot benzene. The residue from evaporation of the 
benzene (filtrate and wash) was purified by chromatography on 
thick silica gel plates developed twice in 99:1 CHCl3-MeOH. Elu-
tion gave 40 mg of A'-benzoyladenine and 45 mg of nucleosides 
that were refluxed for 0.5 hr in 10 ml of 0.1 A' sodium methoxide 
in methanol. The solution was neutralized with acetic acid and 
evaporated to dryness. The residue was purified by chromatogra
phy on a thick silica gel plate developed in 19:1 CHCl3-MeOH. 
Elution with MeOH gave an orange semisolid (35 mg): pmr 
(DMSO-ds) 6 2.10 (s, CH3 of 0), 2.16 (s, CH3 of a), 2.85 (d, Jw 
= 6 Hz, 2H5. of a), 2.55 (d, Jt-f = 6 Hz, 2H5- of 0). 4.2 and 4.4 
(2 m, H 2 S H 3 s H 4 ) , 4.4 (s, CH2 of 2'-0-benzyl of 0), 4.65 (s, CH2 

of 2'- and 3'-0-benzyl of a), 2.7 (s, CH2 of 3'-0-benzyl of 0), 4.8 
(t, H2- of a), 6.3 (d, J r 2 . = 3 Hz, Hi- of a) , 6.47 (d, J r 2 , = 4 Hz, 
H r of' 0), 7 and 7.4 (m's, phenyl and NH2), 8.19 and 8.20 (2 s, H2 

and H8 of 0), 8.22 and 8.27 (2 s, H2 and H s of a) . The ratio of 0 to 
a was about 3:2. 

B . A mixture of A'-benzoyladenine (480 mg, 2 mmol), 64 [pre
pared from 384 mg (1.07 mmol) of 58), and Linde AW-500 molecu
lar seive (1 g) in benzene (100 ml) was heated with stirring at 55° 
for 4 days before it was filtered and the solids were washed with 
benzene. The benzene (filtrate and wash) was evaporated to an 
orange syrup (300 mg) which was refluxed for 0.5 hr in 22 ml of 
0.1 ;V NaOMe in methanol. This solution was neutralized with 
acetic acid before it was evaporated to an orange syrup that was 
purified by chromatography on thick silica gel plates developed in 
19:1 CHCl3-MeOH. Elution of the major band with MeOH gave 
the product as a syrup (50 mg). The pmr spectrum was very simi
lar to that of the products obtained as described in A above, ex
cept that it showed the anomer ratio to be about lpJ:2«. 

2,3-Di-0-benzyl-5-deoxy-5-(methylthio)-«-D-arabinofurano-
syl Chloride (64). A solution of 58 (36 mg) in 5 ml of ethereal HC1 
(saturated at 0°) was allowed to stand at 5° for 3 days before it 
was evaporated to dryness. The residue was twice dissolved in 
benzene and the solution evaporated to dryness, giving a syrup 
whose identity was established by its reaction with methanol to 
give methvl 2,3-di-0-benzyl-5-deoxy-5-(methylthio)-jj-D-arabino-
furanoside: pmr (DMSO-d6) b 2.1 (s, SCH3). 2.7 (m, 2H5). 3.32 
(s, OCH3), 4.0 (m, H2, H3, H4), 4.55 and 4.65 (2 m, 2CH2 of ben
zyl), 4.92 (d, J12 = 4 Hz, Hi), 7.34 (m, phenyl). 

9-(5-0-Benzoyl-2,3-di-0-benzyl-/3-D-arabinofuranosyl)-A-
benzoyladenine (65). A solution of 59 (16.1 g, 36 mmol) in 225 ml 
of glacial acetic acid saturated with dry HC1 at 10° was allowed 
to stand for 3 hr before evaporation to dryness in vacuo. Toluene 
was added and the solution again evaporated to dryness in vacuo. 
A solution of the residue in 500 ml of ether saturated with HC1 at 
0° was allowed to stand 3 days at 4° before it was evaporated to 
dryness in vacuo. Three times the residue was dissolved in tolu
ene and the toluene removed in vacuo: pmr (CDC13) 6 4.03 and 
4.5 (2 m, H2, H3, H4, 2H5), 6.17 (s, Hi), 7.3 and 8.0 (2 m, phe
nyl). A solution of the residue 60 and A'-benzoyladenine (8.6 g, 36 
mmol) in dichloroethane (600 ml) containing Linde 4A molecular 
seive (72 g) was heated with stirring at 60° for 3 days. More seive 
(36 g) was added and the heating continued for 9 more days be
fore the mixture was filtered and the filtrate taken to dryness in 
vacuo. A solution of the residue in ethanol was treated, charcoal 
filtered through a Celite pad, and evaporated to dryness: yield 
19.5 g of beige foam that was used in the next step without fur
ther purification; pmr (CDCI3) i 4.2-4.8 (m's, H2., H 3s H 4 , 
2H5-), 6.58 (d, JVT = 4 Hz, H r ) . 6.9-7.6 and 8 (m's. phenvl). 
8.32 and 8.75 (2 s, H2, H8), 9.2 (br s, NH). 

jV-Benzoyl-9-(2,3-di-0-benzyl-5-0-tosyl-/3-D-arabinofura-
nosyl)adenine (67). A two-phase mixture of 65 (10 g, 15.2 mmol), 
pyridine (154 ml), and 2 N NaOH (154 ml) was stirred at room 
temperature for 1.5 hr before it was neutralized with Ag SOW X4 

resin to pH 7. The resin was removed by filtration and washed 
with CHC13, and the CHC13 was combined with the CHC13 used 
to extract the filtrate (three 300-ml portions). The CHCI3 solution 
was washed with H 2 0 and dried over MgS0 4 before concentra
tion to a small volume: pmr (CDCI3) <5 3.9 (m, 2H 5 ) , 4.15 (m. 
H 4 ) , 4.3 and 4.4 (2 m, H2, H3, CH2 of 2'-0-benzyl), 4.7 (s. CH2 

of 3'-0-benzyl), 6.4 (d, J r 2 . = 4 Hz, H r ) . 6.9, 7.2, and 7.4 (3 m. 
phenyl), 8.03, 8.27 (H2, Hg). A solution of this material (66) and 
tosyl chloride (4.5 g, 23.6 mmol) in 200 ml of pyridine was allowed 
to stand at -20° for 6 days before H 2 0 (2 ml) was added and 45 
min later the mixture poured into 350 ml of saturated NaHC0 3 

solution containing ice. This solution was extracted with three 
200-ml portions of CHCI3, which were combined and washed with 
water (250 ml), four 250-ml portions of ice-cold 1 N H 2 S0 4 , and 
then three 250-ml portions of H 2 0 before drying over MgS0 4 . 
Evaporation of the CHC13 gave a pale yellow foam (10.9 g) which 
was used in the next step without further purification: pmr 
(CDCI3) <5 2.44 (s, CH3), 4.2-4.7 (m's, H2 , H 3 s H4s 2H5-), 6.4 id, 
Ji-2- = 4 Hz. H r ) , 6.8-8.1 (m's. phenvl). 8.13 and 8.62 (C2, C«). 
9.1 (brs, NH). 

9-[2,3-Di-O-benzyl-5-deoxy-5-(methylthio)-0-D-arabinofura-
nosyljadenine (68). A solution of 67 (10.7 g, 15.2 mmol) in 25 ml 
of 1 A' sodium methoxide in methanol (saturated at 0° with 
methyl mercaptan) was allowed to stand at room temperature 
overnight before it was neutralized with glacial acetic acid and 
then evaporated to dryness in vacuo. A suspension of the residue 
in H 2 0 was boiled to remove methyl benzoate by steam distilla
tion. The cooled water suspension was then extracted with 
CHC13, which was dried over MgS0 4 before evaporation to dry
ness. The residue crystallized from MeOH (charcoal): yield 2.55 g 
(39%). Part of this material (718 mg) was recrystallized from 
MeOH: yield 641 mg; mp 126-127°; Xmax nm (e X K ) 3 ) (pH 7 
and 13) 260 (14.0); pmr (DMSO-d6) 6 2.51 (s. CH3), 2.91 (d. J = 6 
Hz, 2H 5 ) , 4.2 and 4.4 (2 m. H 2s H3 , H4s CH2 of 2'-0-benzyl). 
4.72 (s, CH2 of 3'-0-benzyl), 6.46 (d. Jvr = 4 Hz. H r ) . 7.0 and 
7.35 (2 m, phenyl), 8.18 and 8.21 (2 s. C2, C8). The difference in 
the positions of the signals from the benzyl methylene groups re
sults from the upfield shift of the benzyloxy group cis to and thus 
shielded by the purine ring.24 Anal. (C11H15N5O3S) C, H, N. 

9-[5-Deoxy-5-(methylthio)-/3-D-arabinofuranosyl]adenine 
(69). To a suspension of 68 (635 mg, 1.33 mmol) in liquid ammo
nia (25 ml) was added slowly with stirring tiny pieces of sodium 
(213 mg). After the ammonia had evaporated, the residue was 
purified by chromatography on thick silica gel plates developed in 
3:1 CHCVMeOH. Elution of the principal band with hot MeOH 
gave a white solid that was recrvstallized from water: yield 256 
mg (65%); mp 202-204°; \ m a x nm U x 10-3) (pH 7 and 13) 259 
(15.3): pmr (DMSO-d6) 5 2.1 (s. Me), 2.88 (d. Jr5. = 6 Hz. 2H 3 ) . 
3.9 (m. H4-). 4.14 (m. H2- and H3 ). 5.6 and 5.7 (2 d, OH), 6.3 (d, 
Jr2- = 4 Hz, H i ) . 7.2 (s, NH2). 8.13 and 8.15 (2 s. H2 and H8). 
Anal. (CiiH1 5N,,03S)C, H, N. 

Material from (he minor band was rechromatographed giving 
an additional 10 mg of 69 and 26 mg of another nucleoside (70): 
Xmax nm (f x 10~3) (pH 7 and 13) 259 (15.4); pmr (DMSO-ci6> b 
3.95 (d. </4.5. = 6 Hz, 2H5.), 4.0 (m, H 4 ) . 4.25 (m. H 2s H 30. 6.5 
(d, -h 2- = 4 Hz, Hi ), 8.6 (H8). 8.95 (H2). 9.18 (H6). 

9-[2-0-Benzyl-5-deoxy-5-(methylthio)-/3-D-arabinofuranosylJ-
adenine (71). To a suspension of palladium (from the reduction 
of 40 mg of PdCl2i in MeOH (15 ml) was added 68 (27 mg). Re
duction was carried out at 50 psi at room temperature in a Parr 
shaker. Two 20-mg portions of PdCl2 were added during the 
course of 2 hr. After removal of the catalyst, the solution was 
evaporated to dryness, and the residue was purified by chroma
tography on a thick plate developed in 9:1 CHCl3-MeOH. 68 (10 
mg) was recovered, and 6 mg of 71 was obtained by elution: pmr 
(DMSO-cz6) 5 2.1 (s, CH3), 2.9 (d, J 4 5 ' = 6 Hz. 2H5 •). 3.95 and 
4.3 (m's, H2, H3, H4, CH2 of benzyl), 6.48 (d, Jr2 = 4.5 Hz, 
H r ) , 6.8 and 7.3 (2 m. phenyl). 8.18 and 8.21 (2 s, H2. H4). The 
lower field signal from the CH2 group, the 3-O-benzyl group of 68, 
is missing from this spectrum, and the higher field signal from 
the CH2 of the benzyl group appears as an AB pair, indicating 
nonequivalence of the two protons. These facts are only compat
ible with the O-benzyl group at C-2 cis to the purine ring. 
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Nucleoside Peptides. 6. Synthesis of Certain 
N-[5-Amino-l-(/3-D-ribofuranosyl)imidazole-4-carbonyl]amino Acids Related to 
Naturally Occurring Intermediates in the Purine Biosynthetic Pathway 

Prem C. Srivastava,* Robert W. Mancuso, Robert J. Rousseau, and Roland K. Robins 

ICNPharmaceuticals, Inc., Nucleic Acid Research Institute, Irvine, California 92664. Received July 9, 1973 

Alkaline hydrolysis of AICA ribonucleoside has provided a new synthesis of sodium 5-amino-l-(/3-D-ribofuranosyl)i-
midazole-4-carboxylate in good yield. Selective acetylation of this product afforded 5-amino-l-(2,3,5-tri-0-acetyl-
/3-D-ribofuranosyl)imidazole-4-carboxylic acid. Various appropriately blocked amino acids have been coupled to the 
4-carboxy group of this compound via the 2V-hydroxysuccinimidyl ester. Subsequent deblocking procedures have 
provided good yields of the title compounds. 

AICAR [5-amino-l-(0-D-ribofuranosyl)imidazole-4-car-
boxamide S'-phosphate],1 an intermediate in the de novo 
purine biosynthetic pathway, has been synthesized enzy-
matically from 5-amino-l-(/3-D-ribofuranosyl)imidazole-4-
carboxylic acid 5'-phosphate via the amino acid nucleo
tide N- [5-amino-l-(0-D-ribofuranosyl)imidazole-4-car-
bonyl]-L-aspartic acid 5'-phosphate.2 These nucleotides, 
as well as the corresponding nucleosides, have been syn
thesized chemically, but in such small yields that the 
physical characteristics of these compounds for the most 
part have not yet been studied.t It was of interest to in
vestigate the laboratory scale synthesis of the nucleoside 
analogs of these interesting imidazole intermediates, as 
well as a number of their amino acid and peptide deriva
tives. It seemed reasonable that these nucleoside peptides 
might well possess special biological properties which 
would provide useful medicinal agents as discussed in the 
first paper of this series.4 5 The recent commercial avail
ability of 5-amino-l-(/3-D-ribofuranosyl)imidazole-4-car-
boxamidej (1, AICA ribonucleoside) provided the neces
sary source of starting material to initiate this study 
(Scheme I). 

It is well known that conversion of carboxamides to car-
boxylic acids can be effected either by alkaline or acid 

tFor a recent review of the subject of imidazole nucleosides and nucleo
tides, seeref 3. 

{Purchased from ICN Nutritional Biochemicals Corp., Cleveland, Ohio 
44128. 
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conditions.6 The use of acidic media was precluded be
cause the glycosyl linkage of 1 (Scheme I) is acid labile. 


