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structure V for the crystalline material. The non-
crystalline material was tentatively assigned VI on the
basis of its uv and nmr spectra but its elemental analy-

sis was poor. Anal. Caled for CyHui0wN: C,
65.71; H, 7.09; N, 2.19. TI'ound: C, 64.31; H, 7.33;
N, 1.88.

In a similar manner X was treated with CH,N, and
the crude product was treated with NaH-Mel. Again
two major products were formed and these were separa-
ted and purified by alumina chromatography to give an
119, yield of a erystalline material and a 399 yield of a
nonerystalline material. The two erystalline com-
pounds obtained from IT and X were identical in every
respect including elemental analyses (Anal. Caled for
Cg:,H%O]oN‘. C, 6571, H, 709, N, 2.19. Found: C,
66.04; H, 7.16; N, 2.44), mixture melting point, and
ir and nmr speectra; the two nonerystalline compounds
were identical by ir spectra.

Since both X and II are converted to identical de-
rivatives the stereochemistry of the sugar moieties of
the two compounds must be identical and X must be
O-demethyldecarbamoylnovobiocin (VII).
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Growth inhibitory effects are shown by a variety of
adenosine analogs in which either the ribose portion or
the purine ring skeleton is modified.? The inhibition
appears in many instances to be related to the tendency
for the adeonosine analog to become converted in vivo
to a nucleoside 5’-phosphate by adenosine kinase ac-
tion.2=* In addition to adenosine derivatives two ino-
sine derivatives, 7-deaza-®> and 8-aza-9-deazainosines®
(the 6-hydroxypurine analogs of tubercidin and formy-
cin, respectively), are also inhibitory to mammalian and
bacterial systems and it has been suggested? that these
effects may be associated with enzymatic conversion
of these analogs to their ribonucleotides. Support
for this possibility is provided by recent evidence”® for
the existence in mammalian cells of inosine kinase.

(1) (a) Presented in part at tlie 155th National Meeting of the American
Cliemical Society, Division of Medicinal Chemistry, San Francisco, Calif.,
April 1968. This work was supported by the National Cancer Institute of
Canada and the Medical Research Council (Canada) (Grant MA-1591).
(b) Author to whom enrjuiries should he addressed at The Institute for
Cancer Researcl, Philadelphia, Pa. 19111,

(2) J. J. Fox, K. A, Watanabe, and A. Blocli, Progr, Nucleic Acid Res.
Mol. Biol., 5, 252 (1966).

(3) H. T. Shigeura and S. D. Sampson, Nature, 215, 419 (1967).

(4) R. F. Nutt and E. Walton, J. Med. Chem., 11, 151 (1968).

(5) G. Acs, E. Reich, and M. Mori, Proc. Natl. Acad. Sci. U. S., 62, 493
(1964).

(6) S. Aizawa, T. Hidaka, N. Otake, H. Yonehara, K. Isono, N. Igarashi,
and 8. Suzuki, Agr. Biol. Chem. (Tokyo), 29, 375 (1965).

(v) K. J. Pierre, A. P, Kimball, and G. A. LePage, Can. J. Biochem., 48,
1619 (1967).

(8) I. C. Caldwell, prersonal communication,

Nores 1229
The present report describes the synthesis of some 5'-
substituted inosine derivatives, including 5’-amino-
and 5’-mereapto-5’-deoxyinosines (4 and 8, respec-
tively) which are potentially capable of becoming phos-
phorylated at the 5 substituent by an inosine kinase
and which might, therefore, exert growth inhibitory
effects.

Treatment of  5’-O-(p-tolylsulfonyl)-2’,3’-O-is0-
propylideneinosine (1) with sodium azide in dimethyl
sulfoxide furnished the 3’-azido nuecleoside 2 in good
yvield (Scheme I); a minor produet was 2’,3’-O-iso-
propylidene-3,5’-cycloinosine (9). 5’-Azido-5"-deoxy-
inosine (3) could be readily obtained by acidic cleavage
of the isopropylidene group of 2. Catalytic hydroge-
nation of 3 with Raney nickel resulted in essentially
complete conversion to &’-amino-3’-deoxyinosine (4)
which, as expected for an alkylamine, reacted with
ninhydrin and migrated as a cation upon paper electro-
phoresis at neutral pH. The nucleoside 4 was con-
veniently obtained also by hydrogenation of 2 followed
by acidie treatment of the resulting 5’-amino-2’,3’-O-
isopropylidene-5'-deoxyinosine which was not isolated.
This latter nucleoside could not be obtained by direct
amination of either 1 or 5.

Conversion of the tosyl derivative 1 to 5'-iodo-5’-
deoxy-2’,3’-O-isopropylideneinosine  (5) with Nal
in acetone at 100° was reported by Levine and Tipson®
but identification of the produet was inadequate.
Holmes and Robins detected the cyvelonucleoside 9
among products formed under the conditions of Levine
and Tipson and did not report isolation of the 5’-iodo-
substituted nucleoside 5. Treatment of 1 with Nal in
refluxing acetone furnished the nucleoside 5 in high
vield. Removal of the isopropylidene group of 5
occurred smoothly at pH 2 to give 5’-iodo-5"-deoxyino-
sine (6). The iodo derivative could be converted to
the corresponding 5’-thioeyanato derivative with so-
dium thiocyanate and to the 5’-mercapto derivative (7)
with NaSH. Acidie treatment of 7 furnished 5’-mer-
capto-5’-deoxyinosine (8) in small yield, and paper
chromatography indicated that this was due to exten-
sive concomitant fission of the glvcosidic bond. The
blocked nucleoside 7 was totally converted to hypo-
xanthine by acidic conditions which had no effect on
the glycosidic bond of 27,3’-O-isopropylideneinosine
(10).

Holmes and Robins' have shown that the tosyl
derivative 1 is converted to 2’,3’-O-isopropvlidene-
3,5’-cycloinosine (9) in refluxing dioxane. In the
present studies, this intramolecular reaction tended to
accompany bimolecular displacement reactions at
C-5" of 1 and 5, as noted above for the conversion of 1
to 2. Attempts to prepare 5’-cyano-5’-deoxy-2’,3’-O-
isopropylideneinosine by reaction of 1 or § with NaCN
were unsuccessful, as judged by ir spectroscopy of the
reaction produets, and in some instances yielded princi-
pally the cyclonucleoside 9. That formation of 9 is
promoted by basic conditions was confirmed by the
finding that 5 is converted to 9 at room temperature by
NH.OH; the ease of cyclonucleoside formation is pre-
sumably related to electron availability at N-3 in the
monoanion of 5 as illustrated by structure 12.

() P. A, Levine and R. 8. Tipson, J. Biol. Chem., 111, 313 (1935).
(10) R. E. Holmes and R. K. Robins, J. Org. Chem., 28, 3483 (1963).
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27.37-0-1sopropylideneinosine (10) wuas converted to | 0 0 0 091
the corresponding 5'-O-(p-nitrobenzenesulfonyl) deriva- - e 0.7 00l
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sulfonyl group may be of wider usefulness than the
p-toluenesulfonyl group inasmuch as it enhances re-
aetivity at C-5 without favoring 3,5’-cvelonucleoside
formation over bimolecular displacenment.

At a concentration of 1 nul/ the 5'-deoxyinosine
derivatives 4, 6, and 8 inhibited multiplication of
[.5178Y mouse lymphoma cells by 509 after 48 hr and
the 5'-deoxvinosine 3 inhibited by 209. TUnder these
conditions 6-mercaptopurine was tenfold more inhibi-
tory than 4,11

Experimental Section

was cartied ont on Whatitan No. |
paper. The sclvent systems were as follows: A, 4~PrOH-
H,0 (7:3); B, ~-PrOH-NH,OH-H,0 (7:1:2); C, n-BuOH-

AcON-H,0 (4:1: 5). Kvalnes are given in Table I. Uv spectra
were detertnined \\1111 a Cary Madel 15 spectrophotometer aud

I'aper elivomatography

i1l) The anthors are indebted 1y Drs. A, R. P, Paterson aud A. Mariwak:
ol these labaratories for these data. The cells were growi in snspellsion il
Fishers medinm enntaining 10%] horse seriuunl.

ir spectra were determined in KBr disks in a l'erkin-kler
137B spectrophotonieter.  AMicroanalyses were performed by
Dr. A. Beruhardt, Mulheint, Germany, ou samples dried 7n vacao
at 80° for 8 hr over PsO.. The valiies were within ==0.4¢; of
theoretical. Heagent grade pyridine was stored over CaH, aud
used direetlyv. MeyCO and MeCOEt were distilled afier drving
(K,CO;).  Alelting points (corrected) were deterttinted on a
Kofler niicre hot stage.

5’-0-Tosyl-2’,3’-O-isopropylideneinosine (1) wius prepared by
the method of Levine and Tipson.? It crystallized from MeOll-
H:0 as white flakes, mp 195-196° (lit.? 185-186°). I 0.01 M/
HCI it showed Auax 249 miu (e 10,910) and 229 miu (e 15,312
in 0.01 M NaOH, Annx 203 mu (e 11,410) and 228 mip (e 15,150).
It exhibited covaleut sulfonate absorption at 85 u'* and na
absorption at 2.8 (free OH) or at 9.8 u (SO;7). Anal. (CyolpNys-
0:3)C, H, N, 8

5’-Iodo-5'-deoxy-2’,3’-O-isopropylideneinosine  (5).~~T¢
solution of 1 (8.0 g, dried at 80° (0.1 mm) over Py(); for 10 hr) in
dry Me,CO (400 ml), was added Nal (20.0 g) aud the mixture

i1 Igo b Rews, 1 AL lan, L. Goodinan, and B, 1. Baker, J. ¢1rq.

Chem., 26, 1547 (1Y6 1.
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was refluxed for 8 Iir mider mihiydrous conditions,  With slorter
reaetion times econversion was incomplete as shown by the
persisteiice of absorption at 220 mu in the prodnet due to the
(osyl funetion.  Sodium tosylate (3.1 g, theoretical 3.11 g) was
removed by filtration. Na,80; (O ml of 105 aquecus solution)
was added to the acetoue solittion and solvent was rentoved nnder
reduced presstire at 30°, leaving a paste which was shakeu with
a mixtire of HyO (150 ml) and EtOAc (400 ml). The H,O was
saturated with NaCl and again extracted (EtOAc¢). The ethyl
acetate was concentrated to ca. 60 ml and chilled overnight to
vield fine needles of produect (5.20 g), mp 194-195°. The ma-
terial was hontogeneous o1 paper chronlatograms (solvetts
A, B, and C) and was used directly for stubsequent experiments.
The mother lignors gave an additional 0.4 g, nip 185-187° dec;
total yield 779. Crystallization front MeOH-H,O gave white
needles, mp 197-198° dec. Anal. (CuHiIN O, CH;0OH-0.5-
I.0)C, H, N, L.

Crystallization from Me,CO gave aunhydrons material as
fine needles: mip 203-204° dec; in 0.01 M HCI, Apax 248 1uip
(€ 12,150) and Apin 222 mu (e 2750); 111 0.01 M NaOH, Apax 253
mu (e 13,100) aud Awin 223 mpu (e 2066). Anal. (C3Hi:INOy)
C, I, N,

5’-Mercapto-5'-deoxy-2’,3’-O-isopropylideneinosine (7).—T1o
i stirred solution of NaSH (6.0 g) in MeOH (500 ml) and H.0
(100 ml) was added 5 (2.0 g) at room temperature. H,S was
bubbled in for 20 min. The flask was stoppered and the mixture
stirred at 4° for 72 hr.  Volatiles were removed in vacuo and the
gum was dissolved in ice-cold HyO (170 ml) containing S-mer-
captoethanol (2.0 ml) and acidified with 6 N AcOH to pH 4.5.
The suspension was concentrated to half-volume under reduced
pressure and the precipitate was collected by centrifugation and
washed with cold aquieons 0.05 37 g-mercaptoethanol. The prod-
net was dissolved in 0.05 M NHOH (175 ml) containing mer-
captoethanol (0.05 37), the solution was freed of insolubles, and
the pH was adjunsted to 4.5 to give product (980 mg), mp 199—
200° dec as a white amorphotts solid. This material was homo-
geneolls on paper chromatograms in solvents A, B, and C.
Vactm concentration of the ntother ligitors to 40 ml gave further
produet (350 mig) which contaiued ca. 5S¢ of 5. A suspension of
this product in 0.05 M g-mercaptoethanol (30 ml) was adjusted
to pH 7.0 with NH4OH and extracted (EtOAc, two 15-ml
portions). The pH of the aqueous phase was adjusted to 4.5 to
give a second crop (220 mg) of preduet, mp 204-205° dee, which
was chromatographically hontogeneous. The combined product
(1.2 g) was dissolved in 1.2 1. of boiling 0.05 M aqueous g-
mercaptoethanol aud the solution was concentrated under re-
duced pressure to ca. 80 ml. The white microcrystals were
washed (EtOH and Me.CO) to give 0.96 g of the monohydrate:
np 232-233° dec; in 0.01 M HCI, Anax 248 mu (e 11,600) and
Amiv 220 nip (2980); i1 0.01 37 NaOH, Amax 253 mu (€12,220) and
Amin 226 mip (e 3976). Anal. (C;Hi1eN.05-H,0) C, H, N, 8.

5’-Mercapto-5’-deoxyinosine (8).—A suspension of 7 (200 mg)
i aqueotts 2.5% AcOH (100 ml) containing 1 ml of g-mercapto-
ethanol wus heated nnder reflux for 30 min. The resulting solu-
tion was immediately cooled to 53°. Chromatography in i-PrOH-
NHOH-H,0 (70:5:25) showed two major nv-absorbing spots
with R¢ values 0.47 and 0.20 which corresponded to starting
niaterial and produet, respectively; a minor spot of R 0.38
corresponded to hypoxanthine. The solvent was removed from
the reaction mixture at 0.1 mm (finally at 20°). The residual
gum was dissolved in 10 ml of a mixture of -PrOH-NH,OH-H,0-
HSCH,CHOH (700:100:190:10), centrifuged from traces of
insolitble material, and applied to a 2.5 X 75 em column of
cellulose powder (Whatnian standard grade). The column was
developed with the same solvent mixtitre and fractions (11-12
ml) were collected. Chromatography (solvent B) showed that
fractious 36-50 contaitied niost of the desired material (R 0.2)
and also ecntained a sniall amonnt of a component (Re 0.5)
which was presuniably starting niaterial. IFractious with this
contposition front four such coliimus were conibined and evapo-
rated to dryuess ¢n vacuo. The residual gum was triturated
several times with EtOH and solvent was removed in vacuo to
give the criide mercapto compouttd as a semisolid. This was
dissolved in ca. 0.1 ml of water, g-mercaptoethanol was added,
aud after snccessive additions and evaporatious of EtOH a
white aniorphous powder was obtained; this was collected and
washed (Me,CO, two 3~-nil porticus) to vield ernde material
(150 mg), mp 194-196° dec. This material was about 959, pure
us judged by paper chromatography iun solvent B, Crystalliza-
tion front HyO (ca. 0.5 ml) and EtOH (ca. 10 ml) in the preseuce
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of g-mereap(oethanol gave a microcrystalline solid (70 mg):
mp 216-217° dee; in 0.01 M HCL, Apax 248 mpu (e 11,740
Awmin 219 mu (e 2884); in 0.1 N NaOH, A 253 mu (e 12,770),
Amin 225 mp (e 3709). Anal. (CoH:N,Os8-2H,0) C, N, 8;
H: caled, 5.00; found, 4.34.

When the reaction time was inereased to 1 hr the major produet
was hypoxauthine. Under similar couditions 2’,3’-O-isopropyi-
ideneinosine (10) even after 2 hr of reaction gave inosiie as the
ouly 1v-absorbing material in addition to 5-109; of starting
material.

5’-Thiocyanato-5'-deoxy-2’,3’-O-isopropylideneinosine.—To n
solution of sodiin thioeyanate (820 mg) in 30 ml of MeCOEt
was added 5 (420 mg), and the mixture was refluxed for 8 hr.
Solvent was removed at 30° under reduced pressure, and the
brown residite was dissolved in H;O (40 ml) and extracted into
EtOAc (three 100-ml portions). The EtOAc was washed with
Na;S0); (two 10-ml portions) thent Hy() and evaporated to dryness.
The residual solid (210.0 mg) vielded 80 mg of a microcrystalline
solid, mp 185-186°, from MeOH-H.). Two crystallizations
from EtOH then gave the product (60 mg) as colorless needles:
mp 189-190°; in 0.01 M HCI, Anux 249 mu (e 12,280) and Awin
220 mu (e 3072); in 0.01 3 NaOH, Amax 251 mu (e 13,520) and
Amin 220 mu (e 9768). Ir absorption diie to the thiocyvanate
group was present at 4.65 u. Anal. (C.aH;;N50.8) C, H, N, 8.

5’-Iodo-5"-deoxyinosine (6).—A suspension of 5.8 g of 5in 500
ml of HCl, pH 2, was stirred in a bath at 70-80° for 1.75 hr.
The resulting solution was concentrated under rediuced pressure
to ca. 80 ml and the crystalline precipitate was collected and
washed (H:0, Me,CO) to yield 4 g of product. The mother liquor
was neittralized (NH;OH) and concentrated to give an additional
0.5 g of product (total yield, 869). Paper chromatography in
systems A, B, and C showed only one spot. For analysis the
product was obtained from EtOH-H,O (9:1) as white needles:
mp 190° dec; in 0.01 & HCI, Amax 248 mu (e 11,960) and Amin
221 mu (e 3445); in 0.01 N NaOH, Amax 253 mu (e 13,371),
Amin 228 mu (E 5265). Anal. (CmHuIN404) C, H, I, N.

5’-Azido-5'-deoxy-2’,3’-O-isopropylideneinosine (2).—A mix-
ture of 1 (7 g, 15.2 mmoles) and NaN; (7 g, 108 mmoles) in 35
m! of anhydrous DMSO was stirred for 20 min in a bath at 90-
100°. Paper chromatography in n-BuOH-AcOH-H,O (5:2:3)
showed that ca. 809 of the starting material had beeu converted
to 2 and ca. 209, to 9. The reaction mixture was diluted with
H:0 (100 ml) and extracted with CHCl, (350 ml). Evaporation
of CHCl; and trituration of the residne with a small voliime of
H,0 yielded 3.8 g (739%) of crystalline produet which showed only
one spot on paper chromatography in systems A, B, C. Crystal-
lization from H,O gave white prisms, mp 222° dec. The product
showed stroug absorption at 4.75 u corresponding to the azide
function. At pH 4 Amex was 248 mu and Amin was 223 my;
at pH 11, Apax was 253 mu and Agia was 2235 mu. Anal. (CuHi-
N:0,-0.5H;0) C, H, N.

5’-Azido-5’-deoxyinosine (3).—A mixture of 2 (3.6 g) and 400
ml of HCI, pH 2, was heated under stirring in a bath at 70-80°
for 1.5 hr. The solution was evaporated to dryness in vacuo
(finally at 0.1 mm), the residue was dissolved (H:0), and traces
of HCl were neutralized with NH,OH. Removal of H;O gave
a gum which formed a white solid (2 g, 659, vield) after several
additions and evaporations of CHCl;. This material showed a
single spot on paper chromatography in systems A, B, and C
and was used directly for the preparation of 5’-amino-5 -deoxy-
inosine (4). Attempts to crystallize the product failed. It
separated as a gelatinous precipitate upon cooling its solution in
hot ethanol. After two siuch purifications it had mp 161° dec
(prior softening). At pH 4, Amux was 248 mu, Amiz 223 my;
at pH 11, Apax Was 233 my, Amia 225 mu.  Anal. (CoHN;O,)
C, H, N.

5’-Amino-5’-deoxyinosine (4). (a) From 3—Compound 3
(3 g) was dissolved in 100 ml of boiling H:O. Heating was dis-
continued and Raney nickel W2 (from ca. 4 g of Ni-Al alloy)
was added. When X, evolution ceased hydrogenation wus
carried out at a pressure of ca. 2.8 kg/em? The mixture was
warmed to dissolve precipitated amine and was filtered from
catalyst. Cooling gave 2.2 g (73.539%) of white needles which were
washed (H.O, EtOH). Paper chromatography of this product
in systems B and C showed a silgle uv-absorbing spot which gave
a positive ninhydrin spray test. After recrystallization from
H,0 it had mp 179° dec; at pH 4, Anax 248 mu (e 12,200), Anin
219 mu (e 1150); at pH 11, Anax 253 mu (e 13,200), Amin 224 mu
(e 2800) Anal. (C10H13N504'H20) C, H, N.

(b) From 2—Compound 2 (1 g) was dissolved in 20 ml of

)
)



11,0, and Rauey nickel W2 (from ca. 1.5 g of Ni—Al allov) was
added following which hydrogenation was earried out as in
utethod 1. After rentoval of catalyst | eqniv of HCL was added
and the solution wis extracted (CHCL;) to remove traces of
starting material.  The agueons laver was evaporated in racico
te small volunie and the amine hydrocliloride preeipitated with
acetone. To renove the isopropylidene group a selution of 0.3 ¢
ol this produet it 25 nil of HCl (pH 2) was heated for | hr mt
70-80°.  After remtoval of most of the H,0 the hydroehloride wus
precipitated with acetone.  Reprecipitation vielded 300 mg
(60, from the above hydrochlaride), nip 217°  Anal. (Cygli-
N:O;-HCL-11.0) C, 1, N.
2’.3’-O-Isopropylidene-3,5'-cycloinosine (9).-~A suspension of
5 (1 g)in 5 nil of coneentrated NHyOH was stirred for 24 lir.
The ervstallinte produet (039 g, 80.5¢) way filtered and washed
(11.01; upon chromatography in svstems A, B, aud C it showed
only one spot. Reervstallization (EZtOH) gave white plates:
up 206° dee: at pll 4, Aape 203 mp (e 34301 at pll 11, A
256 mp (e 8430). Anal. (CuHpNO,- 1,05 C 1 N Holimes
ad Robins® also obtained a monchydrate.
5’-0-(p-Nitrobenzenesulfonyl)-2’,3’-O-isopropylideneinosine
(11).- -p-Nitrobenzenesnlfonyl ehloride (850 mg) was added to a
=uspension of dry 2’3’-O-isopropylidencinosine (10) (800 mg) in
6 ml of anthyvdrons pyridiue cooled i ice. The mixture was shuken
mitil the 2°,3’-O-isopropylideneinosine dissolved (15 min) aud
st aside for 10 hr at 2°0 Pyridine was removed in vacuo and the
restdial gnm was dissolved at 2° with 80 ml of CHCL and the
soltition was extracted ut 2° with 0.01 A HCI (two 301l portions .
“the C1CL solution was dried (Nay,SO,) and concentrated in
racuo to ca 20l Cells (15 mtl) and Me.CO (15 ml) were added
aud (he volume was reduced @n vacio (o 10-15 ml to give 0.77 ¢
(60" () of white crystals, mp 181° dec. The produet gave only
otle nv-ahsorbing spot ot paper chromatography (solvents A and
Cyoand tle on siliea gel in CHCL-CH,OH (93:7) (R 0.45). In
1.0 (pl 4 or CHLOH, Mx was 248 mu. A1l pl 4, e was 15,900;
(his high valite is presumably dite to coutribution frem the
p-tiitrobenzenesulfonoxy  group, since methyl p-uitrobenzene-
stlfouate it EtOH has Max 250 mp (e 11,2000 Crystallization
1\1(‘ ¢ ()) gave 1eedles, mp 181°, Auafl (Cull N0 C, 1, N
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Acylations of Some 2-Amino-6-halo-
and 2-Amino-6-alkylthiopurines'
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The present work w a continuation of o study of
acylation of purines®? which involves the preparation
of derivatives of possible value in cancer chemotherapy.
Included in the current work are ecarboxylate deriva-
tives of 2-aminopurine-6-thione and of 2-amino-6-
chloropurine, both of which in the free state have
tumor-inhibitory properties.*?

The 2-amino group in purines is known to react with
both aliphatic and aromatic anhydrides®—? to yield the
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corresponding acylamido derivatives und. when the
work-up does not prevent iolation, the purine ring is
also acylated " This is similar to the reactivity of
the G-amino group of adenine.™- ' However, the 6-
amino group of adenine iz unreactive toward cthyl
chloroformate i aqueous baxe: acylation occurs on
the purine nuclens.?

The current results show that the 2-mmino group
also s unresctive toward alkyl chloroformates under
Schotten-Baunun conditions, A number of 2-umino-
G-halo- and 2-unino-6-alkylthiopurines yvielded mono-
acyl derivatives (Table 1) when treated with exeess
cthyl or methyl ehloroformate and the site of aevlation
was shown to be the imidazole ring.

X X
AN 20H° . N
L > + wcicor T /\f\l\>
HN-"SN7N N SNCN
H |
COR
2, N = NCILC K = Call; 5,X = (LI = Cll,
8 X = SCHy; R = Gl 9 X = 3CH,; It = ClI,
10, X = SCH,Cl1,; R = ClI, 1, X = Bl = Cull,
12, X = B i = Cll, 13,X = Cli Il = Cll,

The 2-aniino group was excluded as the site of neyla-
tion by an independent synthesis based on the known
2-ucetamido-6-benzylthiopurine® (3), since the reaction
of ethyl ehiloroformate with 3 gave the same compound
4 ax did the reaction of AcO) with ethyvl 2-amino-6-
benzylthiopurine-9-carboxylate (2) (Scheme I).

Senesme 1

SCH,CH SCH,C.H,
17 I\ w - N
e \> S IS
HN do  HNTSNTN
CO,C.H,
1 2
i Ac.O N
lu‘ NaOH-14,0 ‘ "‘“l
SCH.CH, SCH.C4H.
Jj: > CICO L H, 7%[ >
\I OH
Ac NH/l\ wo  Ac NH/k
co_ch,,
3 4

The preparation of carbethoxy derivatives of 2-
aminopurine-6-thione and 2-amino-G-selenopurine was
accomplislied by the action of thiourea and selenouren
on 5. Although these reagents have been widely used
with G-chloropurine and its derivatives, =1 little 1se
of this reagent hax been made with 2-aumino-6-chloro-
purine.?

In the current work the reaction of thiourea with 5
in refluxing LtOH gave 2-(2-amino-9-carbethoxypurin-
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