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XXII

Inhibition of

Succinoadenylate Kinosynthetase by 6-Mercapto-9-purinylalkanoic

Acid Derivatives of 4- and 5-Aminosalicylic Acid

By B. R. BAKER and PRAFULLCHANDRA M. TANNA

4- and 5-(6-Mercapto-9H-purine-9-ylvaleramido)salicylic acids (VII and XII)
were relatively good inhibitors of succinoadenylate kinosynthetase, being about

one-fourth as effective as thioinosinic acid (IX).

The only further structural

change that allowed retention of inhibition was variation of the valeryl bridge.
Removal of the phenolic hydroxyl of VII, replacement of carboxyl group of XII

by nitro, or replacement of the salicylic aci

moiety by v-butyric acid led to a

decrease in inhibitory properties, thus indicating that both the phenolic hydroxyl

and the carboxyl of the salicylate moiety are complexed with the enzyme.

The bind-

ing of VII and related molecules was finally traced to the acylamino salicylate

moiety, and there was no purine binding. Whether the salicylate moiety is simu-

lating the enzyme binding of the phosphate moiety cannot as yet be certain, but
appears unlikely.

ALTHOUGH the simulation of the binding of
the phosphate moiety of a nucleotide such
as IX or X by a more weakly ionized moiety is a
goal worthy of pursuit (1-4) for its utility in
chemotherapy (1), the solution of this problem
is not as simple as the initial results portended
(1). 9H-Adenine-9-ylvaleric acid could mimic
the ability of 5'-adenylic acid to inhibit both lac-

Received July 2, 1965, from the Department of Medicinal
Chemistry, School of Pharmacy, State University of New
York at Buffalo.

Accepted for publication August 9, 1965.

This investigation was supported by grants CA-05845
and CA-05867 from the National Cancer Iamstitute, U. S.
Public Health Service, Bethesda, Md. i

The authors thank the Cancer Chemotherapy National
Service Center and Starks Associates, Inc., for large-scale
preparation of some intermediates mediated by contract
SA-43-ph4346.

The authors are indebted to Dr. John A, Montgomery,
Southern Research Institute, for a sample of sodium thio-

inosinate.
aper: Baker, B. R., and Tanna, P, M., J. Org.

Previous
Chem., 30, 2857(1965).

tic dehydrogenase and glutamic dehydrogenase
(1), but l-uracilvaleric acid failed to mimic 2’-
deoxyuridylate (X) in its binding to thymidylate
synthetase (2); the latter result led to two de-
tailed studies, namely, on the relative contribu-
tion of phosphate versus other oxygen functions
of the 5’-phosphoribosyl moiety of 5’-adenylic
acid when it inhibits succinoadenylate kinosyn-
thetase (3) and on whether the phosphate moiety
would complex to enzymes through hydrogen
bonds only (4). It was concluded (4) that the
most likely mode of binding of phosphate to an
enzyme was by one anionic—cationic interaction
and one hydrogen bond. There are four such
possible modes of binding (I-IV), although III is
merely an ionized form of IL

It is possible for the salicylate structure to
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simulate hinding of I-III to an enzyme (E) by
structure V and to simulate binding of IV by
structure VI. Although the salicylate moiety is
only slightly larger than the methylene phosphate
moiety, the latter has a greater degree of rota-
tion of the two bonds about the —CH,- group
compared to the bond to the phenyl ring of sali-
cylate. Thus, although salicylate may have the
functional groups necessary for simulation of
phosphate binding, the substituted salicylate
may not in all cases be able to assume the proper
conformation for binding to an enzyme. Consid-
eration of the latter fact led the authors to syn-
thesize a molecule such as VII where 6-mercapto-
purine is attached to p-aminosalicylic acid through
a valeryl bridge, then investigate its inhibitory
properties toward succinoadenylate kinosynthe-
tase (inhibited by 1X), even though the corre-
sponding 1l-uracilvaleramide derivative (VIII)
did not simulate binding of 2’-deoxyuridylate (X)
to thymidylate synthetase.

DISCUSSION

As can be seen in Table I, VII did show 509
inhibition of succinoadenylate kinosynthetase at
four times the level required for thioinosinate
(IX); however, VII was about twice as effective
as 6-mercapto-9-purinylpentanol phosphate (XI)
(3), whereas neither VII nor X1 have the binding
properties of the missing 2’-hydroxyl group of IX
(3).

In order to determinec some of the structural
requirements of the purinyl salicylic acid (VII)

for binding to succinoadenylate kinosynthetase, a
number of related structures were investigated,
the following five of which led to decreased activity
(Table I).

(a) Salicylic acid was only about one-fourth as
effective as VII, indicating that this moiety could
bind to the enzyme, but that the remaining purinyl-
valeramide moiety of VII also contributed to bind-
ing in some fashion.

(b) Changing the amide linkage of VII from the
4-position to the 5-position (XII) allowed retention
of activity.

(¢) Shortening the bridge from the purine to the
5-aminosalicylic acid from wvaleryl (VII) to acetyl
(XII1) allowed retention of activity. With an
a-toluyl bridge (XIV), which has a more rigid
demand on allowable conformations for binding,
activity was still unchanged.

(d) Removal of the phenolic hydroxyl of VII,
as in XV, or replacement of the carboxyl of VII
by nitro (XVII) led to a decrease in activity, in-
dicating that both the phenolic hydroxyl and an
ionized carboxyl group are binding points to the
enzyme. This conclusion is also supported by the
decreased activity of XVIII.

(e) Alkylation of the thiol function as in XXXII
allowed retention of activity.

The lack of specificity when the bridge between
the 6-mercaptopurine and the salicylic acid moieties
is varied, along with the almost equal inhibition of
the 6-methylthiopurinyl salicylate (XXXII) and
VII, made it seem unlikely that the purine ring was
involved in binding to the enzyme. The only re-
maining structural feature was the amide linkage
on the salicylate moiety. Therefore 4-(iodoacet-
amido)salicylic acid (XIX) (7) was checked as
an inhibitor of succinoadenylate kinosynthetase;
it was about as effective as VII, confirming that the
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amide linkage made salicylic acid a better inhibitor
either by direct binding of the amide or by increasing
the binding of the salicylic moiety.

In order to determine whether a longer bridge
between the aminosalicylate and 6-mercaptopurine
moieties would allow both moieties to bind to the
enzyme, the heptanoyl bridged compounds, XXXIII
and XXXIV, were synthesized. As can be seen
in Table I, these two compounds did not bind
significantly better than VII.

The failure to achieve binding of both the 6-
mercaptopurine and salicylate moieties of the candi-
date inhibitors to succinoadenylate kinosynthetase
could be attributed to the inability of both moieties
to bridge to their respective binding sites. It is
also possible that the anomalous salicylate binding
invelves one or more of the binding points required
for the 6-mercaptopurine moiety, thus making
binding of the two moieties mutually exclusive.

The fact that 4-iodoacetamidosalicylic acid
(XIX) reversibly complexes with succinoadenylate
kinosynthetase about one-eleventh as well as sub-
strate could be used for seeking an active-site-
directed irreversible inhibitor (8) of this enzyme.

CHEMISTRY

Methods.—Two routes can be envisioned for the
synthesis of a purine bridged from its 9-position to

1611

the amino group of an aminobenzoic acid by an
acyl group in a molecule such as XVI. One route
would be activation of the carboxyl of a purine-9-
alkanoic acid (XXIII) followed by coupling with
an aminobenzoic acid. Alternately, an acylated
aminobenzoic ester derivative bearing an w-halogen
group such as XXI could be condensed with 6-
chloropurine, then converted to XVI wia the ester
(XXVI); this method was investigated first.

Reaction of 6-chloropurine (XX) with ethyl
4-(chloroacetamido)benzoate (XXI) (15) in di-
methyl sulfoxide in the presence of potassium
carbonate by the general method of Montgomery
and Temple (9) gave a 759, yield of product (XXII).
The latter was proved to be the 9-isomer by reaction
with ethanolic diethylamine to give the 9-substi-
tuted-6-diethylaminopurine (XXIV) with an ultra-
violet maximum of 277 mu (1); the corresponding
7-isomer would have a maximum at a longer
wavelength (10, 11).

When the chloropurine (XX11I) was reacted with
ethanolic ammonia for 1 hr. at 100°, selective
conversion of the 6-chloro to 6-amino (XXV)
took place in 889, yield without concomitant
conversion of the ester to an amide (1). Reaction
of XXII with thiourea in boiling ethanol proceeded
smoothly to give a 929, yield of the 6-mercapto-
purine derivative (XXVI). In contrast, selective
conversion of the 6-chloropurine ester (XXII)

TABLE 1.—INHIBITION OF SUCCINOADENYLATE KINOSYNTHETASE BY

SH
CLY
&

Compd. Ra
IXe B-p-Ribofuranosyl-5’-phosphate
XIe ~—(CH;);OPO{OH),
VII —(CH,)sCO-4-ASA
XI1 —(CH;)sCO-5-ASA
XI1I —CH,CO0-5-ASA
X1V $-CHCsH,CO-4-ASA
XV —(CH,):CO-PAB
XVII —(CH,)CONH(CsH;-4-OH-3-NO;)
XVIII —CH,CONH(CH,)sCOOH
XXXIII —(CH;)sCO-5-ASA :
XXXIV —(CH;)eCO-4-ASA
Compd.
v Salicylic acid
XIiX Todoacetyl-4-ASA/
SMe
N
N: \
XXXII . Y
N- N
(éH?) {L£0—4—ASA

mM Concn. %% Estimated

Inhibitor Inhibition I/8b
0.070 50 2.3
0.83 50 27
0.30 50 9.8
0.29 50 9.5
0.30 50 9.8
0.25 50 8.2
0.25¢ 0 >24¢
0.254 0 >24¢
0.603 0 >60°
0.30 50 9.8
0.22 50 7.2
1.4 50 82
0.35 50 11
0.20 50 6.5

Succinoadenylate kinosynthetase was isolated from Escherichia coli B as previously described (3).

Assays were performed

with 30.6 M inosinate, 3.75 mM vL-aspartate, 100 uM guanosine triphosphate, 10 mM magnesium chloride, and 0.6 mg./ml.
of streptomycin sulfate by the previously described modification (3) of the methods of Fromm (5) and Wyngaarden and Green-

land (6).

By plotting Vo/ VI against I for several concentrations of I, the concentration of I necessary to give 50% inhibition

was determined (Vo—VI = 2), where Vo = velocity of enzyme reaction with no inhibitor, VI = velocity of reaction in the

presence of inhibitor, and I = concentration of inhibi‘tor 1). _
e ASA, aminosalicylic acid; PAB, p-aminobenzoic acid.
¢ Data from Reference 3.

Herrmann.
to IMP showing 507, inhibition (Is0).

The authors acknowledge the technical assistance of Shirley
b 1/S is the ratio of the concentrations of inhibitor
¢ Maximum concentration still allowing light transmission.

¢ Since 209 inhibition is readily detectable, the concentration necessary for 509, inhibition is estimated at four times greater

than the concentration measured; I/S is calculated accordingly.

Reference7.

/ Preparation of this material previously recorded in
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with 0.1 N hydrochloric acid in 859, ethanol (1)
proceeded in only 129, yield to the hypoxanthine
ester (XXVII); observations to be described later
could be used to attribute the low yield to the
abnormally high sensitivity of the amide linkage of
XXVII to hydrolysis,

When the adenine ester (XXV) was allowed to
react with 109}, aqueous sodium hydroxide at room
temperature until solution was complete (2.5 hr.),
cleavage to 9H-adenine-9-ylacetic acid occurred
in 839, yield. When the hydrolysis was attempted
with 1.1 equivalents of sodium hydroxide in hot
2-methoxyethanol, a mixture of unchanged ester
(XXV), 9H-adenine-9-ylacetic acid and the desired
p-(9H-adenine-9-ylacetamido)benzoic acid (XXIX)
was obtained; 39, of the unchanged ester (XXV)
could be recovered due to its insolubility in aqueous
sodium bicarbonate. Since 9H-adenine-9-ylacetic
acid was readily soluble in 1 N hydrochloric acid
and the p-(adenine-9-acetamido)benzoic acid
(XXIX) was not, XXIX could be separated in 139,
yield. The activation of the carbonyl group of
acetic acid derivatives substituted on the a-position
by the nitrogen of a heterocycle such as uracil has
been previously observed (2). With the less basic
p - (6 - mercapto - 9H - purine - 9 - ylacetamido)-
benzoic ester (XXVTI), base cleavage of the amide
group was not as rapid; a study of nine different
sets of reaction conditions showed that the best
conditions for hydrolysis of XXVI and XVI were
at room temperature with excess 1 N aqueous
sodium hydroxide for 1 hr., in which case a 509,
yield of XVI was obtained.

The second route started with 6-mercapto-9H-
purine-9-ylacetic acid (XXIII), which is readily
available from 86-chloropurine in three steps (9).
Activation of the carboxyl group of XXIII to the
mixed anhydride by reaction with ethyl chloro-
formate (12, 13) and triethylamine in N, N-dimethyl-
formamide, followed by reaction with aniline at
ambient temperature, gave a mixture of ethyl ester
of XXIII and the desired anilide (XXX). Ap-
parently, disproportionation (14) of the mixed
anhydride to the ethyl ester and carbon dioxide
occurs more readily than usual; such an easy dis-
proportionation was previously observed with
uracil-1-acetic acid (2). When the mixed anhydride
was prepared at —40° and reacted with aniline
at —20°, the desired anilide (XXX) was obtained
in 629, yield. Unfortunately, the less reactive
amino group of p-aminobenzoic acid failed to react
at —20° and at higher temperature, the ethyl
ester of XXIII was obtained. (Scheme 1.)

Since uracil-1l-acetic acid also showed such a dis-
proportionation, it was activated as its p-nitro-
phenyl ester and could then be converted to an
amide (2). Reaction of 6-mercapto-9H-purine-9-
ylacetic acid (XXIII) with p-nitrophenol in the
presence of a water-soluble carbodiimide (16) gave
a p-nitrophenyl ester (XXVIII) in 509, yield.
The p-nitrophenyl ester (XXVIII) could be coupled
with aniline in boiling feri-butyl alcohol to give a
789 yield of 8-mercapto-0H-purine-8-ylacetanilide
(XXX). Similarly, the triethylammonium salts
of p-aminobenzoic acid and 4-aminobutyric acid
were condensed with the nitrophenyl ester (XXVIII)
to give an over-all yield of XVI and XVIII of
32 and 439, respectively, for the two steps. Al-
though the 6-mercapto-9H-purine-9-ylacetyl de-

Journal of Pharmaceutical Sciences

rivative of 5-aminosalicylic acid (XIII) could be
prepared in the same manner in 419, yield, the
condensation with 4-aminosalicylic acid gave a
product (XXXI) that could not be purified.

Since 6-mercapto-9H-purine-8-ylvaleric acid (1),
6-mercapto-9H-purine-8-ylheptanoic acid, and a-
(6-mercapto-9H-purine-9-yl)-p-toluic acid (1) gave
mixed anhydrides from ethyl chloroformate with

I
a NHCCH,CI
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X111, R = 5-Salicylic acid
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XXXI, R = 4-Salicylic acid

Scheme I
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the normal stability, the amides, VII, XII, X1V,
XV, XVII, XXXIII, and XXXIV (Table I),
were prepared with no untoward difficulties other
than the differences in problems of purification.

Synthesis.—Melting points were determined in
capillary tubes in a Mel-Temp block, and those
below 230° are corrected. Infrared spectra were
determined in KBr pellets with a Perkin-Elmer
137B spectrophotometer. Ultraviolet spectra were
determined with a Perkin-Elmer 202 spectro-
photometer.

Ethyl p - (6 - Chioro - 9H - purine - 9 - ylacet-
amido)benzoate (XXII).—To a solution of 4.83
Gm. (20 mmoles) of XXI (15) in 40 ml. of reagent
dimethyl sulfoxide was added 2.76 Gm. (20 mmoles)
of powdered anhydrous potassium carbonate and
3.09 Gm. {20 mmoles) of B-chloropurine. After
being magnetically stirred for 6 hr. protected from
moisture, the mixture was diluted with 50 ml. of
water and extracted with chloroform (4 X 50 ml.).
The combined extracts were washed with water,
dried with magnesium sulfate, and spin-evaporated
in vacuo; the last of the dimethyl sulfoxide was
removed at 1 mm. The residue was triturated with
10 ml. of ethanol, collected on a filter, and washed
with two 10-ml. portions of ethanol; yield, 5.41
Gm. (75%,), m.p. 211-213° dec., that was suitable
for further transformations. Recrystallization of
a sample from 2-methoxyethanol-water gave the
analytical sample, m.p. 220-223° dec.; Amas.
(EtOH) 271 mp; wmex. 3300, 3200 (NH); 1720
(ester C==0); 1680, 1610, 1600, 1570, 1550 (amide
I and II, C=C, C=N); 1270, 1180 (ester
C—0—C); 860 cm.™! (p-CgHy).

Anal.—Caled. for C,sHuCIN;Os: C, 53.4; H,
3.92; N, 19.5. Found: C, 53.6; H, 3.90; N, 19.5.

Ethyl p - (6 - Diethylamino - 9H - purine - 9-
ylacetamido)benzoate (XXIV).—A solution of 180
mg. (0.5 mmole) of XXII and 110 mg. (1.5 mmoles)
of diethylamine in 10 ml. of absolute ethanol was
refluxed for 2 hr., then spin-evaporated iz vacuo.
Trituration of the residue with 10 ml. of water and
recrystallization of the insoluble material from 509
aqueous ethanol gave 125 mg. (639, of pure product,
m.p. 183-184°; Amex. (EtOH) 277 mp;  vmax
3300 (NH); 1720 (ester C=0); 1680, 1600, 1580,
1560, 1540 (amide I and II, C=C, C=N); 1270,
1175 (ester C—O0—C); 860 cm.! (p-CsHa).

Anal.—Caled: for CyHaaN:O;: C, 60.6; H, 6.10;
N, 21.2. Found: C, 60.7; H, 6.00; N, 21.2.

Ethyl p - (9H - Adenine - 9 - ylacetamido)-
benzoate (XXV).—A mixture of 720 mg. (2 mmoles)
of XXII and 20 ml. of ethanol previously saturated
with ammonia at 0° was heated in a steel bomb at
100° for 1 hr. The bomb contents were spin-
evaporated <n wacuo. ‘Trituration of the residue
with water gave 600 mg. (88%) of product, m.p.
300-303° dec. Two recrystallizations of a sample
from ethanol gave white needles, m.p. 314-315°
dec.; Amax. (EtOH) 269 mp; wvmex. 3320, 3150
(NH); 1700 (ester C=0); 1670, 1600, 1580, 1525
(amide I and II, C=C, C=N); 1280, 1170 (ester
C—0—C); 855 cm. ! (p-CsHa).

Anal.—Caled. for CeH1sN¢Os: C, 56.5; H, 4.74;
N, 24.7. Found: C, 56.6; H, 4.86; N, 24.6.

Ethyl p - (6 - Mercapto - 9H - purine - 9 ~ ylacet-
amido)benzoate (XXVI).—A mixture of 720 mg.
(2 mmoles) of XXII, 152 mg. (2 mmoles) of thio-
urea, and 25 ml. of ethanol was refluxed with mag-
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netic stirring for 3 hr. When solution was nearly
complete (0.5 hr.), the product began’to separate.
The cooled mixture was filtered and the buff-
colored crystals were washed with water; yield,
662 mg. (92%), m.p. 323-327° dec. For analysis a
sample was recrystallized from 759, aqueous ethanol
to give opaque needles, m.p. 330-332° dec.; A
max. (EtOH) 273, 326 myu; wmex. 3300, 3150
(NH); 1710 (ester C==0); 1675, 1600, 1575, 1540
(amide I and II, C=C, C==N); 1280 (ester
C—0—C); 855 cm.™! (p-CsHy).

Anal.—Caled. for CeHisNsOs: C, 53.8; H, 4.24;
N, 19.6. Found: C, 53.9; H, 4.46; N, 19.4.

Ethyl p - (6 - Hydroxy - 9H - purine ~ 9 - ylacet-
amido)benzoate (XXVII).—A solution of 360 mg.
(1 mmole) of XXII in 50 ml. of ethanol and 5 ml.
of aqueous 1 N hydrochloric acid was refluxed for
6f_hr., then the solvent was spin-evaporated ¢n vacuo.
Trituration of the syrupy residue with 25 ml. of
water gave a solid that was collected on a filter and
washed with 5 ml. of acetone; yield, 127 mg. (37%)
of crude product, m.p. 302-313° dec. Recrystal-
lization from 25 ml. of 2-methoxyethanol gave 40
mg. (129%,) of white crystals, m.p. 330-333° dec.
A second recrystallization gave the analytical
sample, m.p. 335-336° dec.; Amax. (EtOH) 270
my (broad); wmaz. 3260 (NH); 2800-2400 (acidic
H); 1710 (ester C=0); 1660, 1600, 1580, 1540,
1525 (amide I and II, ring C=0, C=C, C=N);
1280 (ester C—0—C); 860 cm. ! (»-CeHy).

Anal.—Caled. for C;gHisN:Qs: C, 56.3; H,
4.43; N, 20.5. Found: C, 56.6; H, 4.65; N, 20.3.

p - Nitrophenyl 6 - Mercapto - 9H - purine-
9-yl-acetate (XXIII).—Ethyl 6-mercapto-9H-purine-
9-ylacetate, m.p. 273-275° dec., was prepared in
27% over-all yield from 6-chloropurine according
to the method of Montgomery and Temple (9);
if the difficultly purifiable ethyl 6-chloro-9H-
purine-9-ylacetate was not purified, but the crude
ester reacted with thiourea, an over-all yield of
579, was obtained. Amn over-all yield of 309, and
melting point greater than 260° has been recorded
(9).

Saponification to XXIII (9) proceeded in 967,
yield, m.p. 310-313° dec. A yield of 949, and
melting point greater than 264° has been recorded
9).

A warm solution of 841 mg. (4 mmoles) of XXIIT
in 25 ml. of N,N-dimethylformamide was cooled
to rcom temperature, then 616 mg. (4.4 mmoles)
of p-nitrophenol and 907 mg. (4.4 mmoles) of
dicyclohexylcarbodiimide were quickly added. After
being magnetically stirred for 2.5 hr., the mixture
was diluted with 25 ml. of ethyl acetate. The
solid was collected on a filter and washed with
ethyl acetate (3 X 5 ml.); yield, 2.1 Gm. of a
mixture of XXVIII and dicyclohexylurea with »
mex. 1760 cm.™? (ester C=O0) that could be sep-
arated only inefficiently and was best converted
to amides directly as described later.

The pure nitrophenyl ester (XXVIII) was best
prepared by using a water-soluble carbodiimide
reagent, but the over-all yields of an amide such as
XI1II were lower than by the dicyclohexylcarbodi-
imide method.

A warm solution of 210 mg. (1 mmole) of XXIII
in 6 ml. of N,N-dimethylformamide was cooled to
room temperature; then 154 mg. (1.1 mmoles) of
p-nitrophenol and 466 mg. (1.1 mmoles) of 1-cyclo-
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hexyl-3-(2-morpholinoethyl)carbodiimide metho-p-
toluenesulfonate (16) were quickly added. After
being magnetically stirred for 3.5 hr., the mixture
was spin-evaporated in vecuo to a syrup. Tritura-
tion with 509, aqueous acetone gave a solid that
was collected on a filter and washed with water
(2 X 10 ml.), then acetone (5 X 10 ml.); yield,
166 mg. (509,), m.p. 263—265° dec. Recrystalliza-
tion from N,N-dimethylformamide gave light
yellow crystals of unchanged melting point; wmax.
1760 (ester C=0); 1660, 1600, 1590, 1570
(C=C, C==N); 1520, 1350 (NO;); 1220 (ester
C—O0—C); 860 cm.? (p-CeHy).

Anal.—Caled. for C;3HgN;O,S: C, 47.2; H, 2.74;
N, 21.2. Found: C,-47.2; H, 2.91; N, 21.4.

a - 6 -~ Mercapto - 9H - purine - 9 - ylacet-
anilide (XXX).—Preparation A.—A suspension of
331 mg. (1 mmole) of XXVIII (prepared by the
soluble CMC carbodiimide method) (16) in 20 ml.
of tert-butanol containing 0.5 ml. (5.5 mmoles) of
aniline was refluxed for 22 hr. The sdlvent was
spin-evaporated to dryness in vacuo; the residue
was stirred with 25 ml. acetone and the white
crystalline solid collected on a filter, then washed
with acetone (3 X 10 ml.); yield, 222 mg. (78%),
m.p. 338-342° dec. Recrystallization from aqueous
N,N-dimethylformamide gave white crystals; yield,
151 mg. (63%), m.p. 350-353° dec. One more
recrystallization gave the analytical sample of
unchanged melting point;  wvmax. 1660, 1600,
1575, 1540 (amide I and II, C==C, C==N); 755,
690 cm. 7! (CeHs); Amax. 236, 326 mu.

Anal.—Caled. for CisH;N;OS: C, 54.7; H,
3.88; N, 24.5. Found: C, 54.6; H, 4.00; N, 24.4.

Preparation B.—A warm solution of 105 mg.
(0.5 mmole) of XXIIT in 3 ml. of N,N-dimethyl-
formamide was quickly cooled to about 25°, then
0.10 ml. (1.1 mmoles) of aniline and 155 mg. (0.75
mmole) of dicyclohexylcarbodiimide were added.
After 5 hr. at ambient température, the mixture
was diluted with 10 ml. of water, the solids were
collected on a filter, then washed with water. The
solids were stirred with 25 ml. of 0.1 N aqueous
sodium hydroxide for about 30 min., then the
mixture was filtered to remove dicyclohexylurea.
Acidification of the filtrate gave 78 mg. (48%,) of
product, m.p. 350-355° dec. Reprecipitation from
basic solution by addition of acid gave an analytical
sample as buff crystals, m.p. 350-353° dec., identical
with Preparation 4.

Preparation C.—A hot solution of 105 mg. (0.5
mmole) of XXIII in 2 ml. of N,N-dimethylform-
amide was cooled to room temperature, then 0.14
ml. (1 mmole) of triethylamine was added. To
the magnetically stirred mixture cooled to —40°
and protected from moisture was added 0.06 ml.
(0.6 mmole) of ethyl chloroformate. After being
stirred at —40° for 20 min,, 0.5 ml. (5.5 mmoles)
of aniline was added. The reaction mixture was
stirred at —20° for 6.5 hr. and then overnight at
room temperature. Then 10 ml. of cold water
was added to the reaction mixture, and the pH
was adjusted to 1 with 1 N hydrochloric acid. The
colorless solid was collected on a filter, washed with
5%, sodium bicarbonate solution (3 X 5 ml.),
water (3 X 5 ml.), and finally acetone (2 X 5 ml.);
yield, 88 mg. (629), m.p. 344-348° dec. Re-
crystallization from aqueous N,N-dimethylform-
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amide gave needles, m.p. 350-353 dec., identical
with Preparation A.

p - (6 - Mercapto - 9H - purine - 9 - ylacetamido)-
benzoic Acid (XVI).—A solution of 178 mg. (0.5
mmole) of XXVI in 4 ml. of 1 N aqueous sodium
hydroxide was allowed to stand at room tempera-
ture for 1 hr. Acidification to pH 1 with 1 N
aqueous hydrochloric acid gave a precipitate that
was collected on a filter and washed with water;
yield, 98 mg. (609,), m.p. 312-316° dec. A clarified
solution of 88 mg. of crude product in 5% aqueous
sodium bicarbonate gave on acidification, 77 mg.
(509%,) of pure product, m.p. 314-316° dec. The
melting point was unchanged after one more pre-
cipitation; wmax. 3300 (NH); 2800-2200 (broad
acidic H); 1700 (carboxyl C==0); 1680, 1600,
1540, 1525 (amide I and II, C=C, C=N); 850
em. 7 (p-CeHy); Amax. 268, 326 mp.

See Table I for analytical data; this is listed in
Table I as method A.

With 2-methoxyethanol as a diluent and reaction
at 30-90° with varying base concentrations and
reaction times, yields were 0-349,. Saponification
with 109, sodium hydroxide at ambient tempera-
ture for 24 hr. gave a 669, yield of the cleavage
product (XXIII). Similarly, 6 N sodium hy-
droxide on the steam bath for 3 hr. gave 509, of
XXIII.

5 - (6 - Mercapto - 9H - purine - 9 - ylacetamido)
salicylic Acid (XII[).—A mixture of the crude
p-nitrophenyl ester (XXVIII, contains dicyclo-
hexylurea) from 40 mg. (0.2 mmole) of XXIII,
76.6 mg. (0.5 mmole) of 5-amirasalicylic acid, 0.14
ml. (1 mmole) of triethylamine, and 5 ml. of tert-
butyl alcohol was gently refluxed with magnetic
stirring for 20 hr. The solvent was removed by
spin-evaporation 7 vacuo. The residue was tritu-
rated with 10 ml. of acetone to remove p-nitro-
phenol, the mixture filtered, then the solid was
washed with acetone. The solid was stirred with
59, aqueous sodium bicarbonate for about 30 min.;
the mixture was filtered from dicyclohexylurea,
then the filtrate was acidified with 1 N hydrochloric
acid. The product was collected on a filter and
washed with water; yield, 27 mg. (419% from
XXIII), m.p. 310-313° dec. For analysis, the
sample was reprecipitated once more from aqueous
sodium bicarbonate to give a buff-colored solid,
m.p. 314-316° dec., vmax. 3400 (NH); 2600-2300
(broad acidic H); 1700-1660 (broad), 1600, 1540
cm. 7! (broad) (C=0, NH, C=C); Anax. (EtOH)
250, 325 my.

Other compounds prepared in this way are listed
in Table 1I under method B.

5 - (6 - Mercapto - 9H - purine - 9 ~ ylvaler-
amido)salicylic Acid (XII).—A hot solution of 126 mg.
(0.5mmole) of 6-mercapto-9H-purine-9-ylvaleric acid
(1) in 3 ml. of N,N-dimethylformamide was cooled
to room temperature, then 0.21 ml. (1.5 mmoles)
of triethylamine was added. To the magnetically
stirred mixture cooled in an ice-salt bath to —5°
and protected from moisture was added 0.10 ml.
(1 mmole) of ethyl chloroformate. After being
stirred at —5° for 20 min., a cold solution of 76.6
mg. (0.5 mmole) of 5-aminosalicylic acid and 0.14
ml. (1 mmole) of triethylamine in 1 ml. of N,N-
dimethylformamide was added. After being stirred
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TABLE 11.—PHYSICAL PROPERTIES OF

SH

o0
oL

|
R,

—CONHR,
%, M.p., Anal

Compd.a R, Re Method Yield °C. dec. Caled. Found
VII —(CH,)¢— 4-SAY c 86 212-216 C, 52.8 53.1
H, 4.43 4.76

N, 18.0 17.6

XII —(CHg)— 5-SAb C 67 255-259 C, 52.8 52.6
H, 4.43 4.49

N, 18.0 18.0

XII1I —CH,— 5-SAP B 41 314~316 C, 48.8 48.9
H, 3.21 3.49

N, 20.3 20.3

X1V —p-CHCeHy— 4-SAb (o 43 2563-257 C, 57.1 57.0
H, 3.59 3.75

N, 16.6 16.9

b. 4% —(CHz)s— #-CeH,COOH C 19 280-283¢ C, 55.1 54.9
H, 4.62 4.86

N, 18.8 18.4

XVI —CH,— p-CH.COOH A 50 314-316 C, 51.1 50.9
H, 3.36 3.45

N, 21.3 21.0

B 32 314316 Ce N

XVII —(CH;)¢i— —C¢H;3-4-OH-3-NO; C 43 248-2504 C, 49.5 -49.2
H, 4.16 4.24

N, 21.6 21.4

XVIII —CHy— —(CH,);COOH B 43 266269 C, 44.8 44.8
H, 4.44 4.60

N, 23.7 23.6

XXXVI —(CHj)¢e— CeHy— C 81 298-302¢ C, 58.8 58.7
H, 5.25 5.34

N, 21.4 21.6 -

XXXIII —(CHs)e— 5-SA? C 34 258-261¢ C, 54.9 54.9
H, 5.09 5.20

N, 16.9 17.0

XXXI1V —(CH;)s— 4-SAb C 39 235-236¢ C, 4.9 54.9
H, 5.09 5.26

N, 16.9 17.1

XXXV —(CHz)e— CeH;— C 93 270-271¢ C, 60.9 60.6
H, 5.97 6.09

N, 19.7 19.5

@ All compounds had ultraviolet and infrared spectra that agreed with the assigned structures.
d Reprecipitated from 0.1 N aqueous sodium hydroxide with 1 N kydrochloric acid.

crystallized from 509, aqueous ethanol.
¢ Recrystallized from aqueous N,N-dimethylformamide.

for 24 hr. at ambijent temperature, the mixture
was spin-evaporated i# vacuo and the residue
stirred with 20 ml. of water; after standing for
about 18 hr.,, the gum had solidified. The solid
(190 mg.) was collected on a filter and washed with
water, then dissolved in 19, aqueous sodium bi-
carbonate. The clarified solution was acidified with
0.1 N hydrochloric acid, then the product was
collected on a filter and washed with water; yield,
130 mg. (67%), m.p. 251-257° dec. One more
reprecipitation gave a buff-colored solid, m.p.
255-259° dec.; vmsx. 3300 (OH, NH); 2700-2300
(broad acidic H); 1700-1650, 1600, 1590, 1850,
1540 cm.”! (C=0, NH, C=C, C=N);
(EtOH) 250, 325 my.

Other compounds prepared by this method are
listed in Table I under method C.

4 - (6 - Methylthio - 9H - purine - 9 - ylvaler-

Amax.

b 8A, salicylic acid. ¢ Re-

amido)salicylic Acid (XXXII).—To a solution of
387 mg. (1 mmole) of VII in 30 ml. of 0.1 N aqueous
sodium hydroxide was added 0.065 ml. (1 mmole)
of iodomethane. After being stirred for 2 hr.,,
the solution was acidified; the product was collected
on a filter and washed with water; yield, 336 mg.
(849,), m.p. 167-174° dec. The solid was dis-
solved in 5%, aqueous sodium bicarbonate, then
the filtered solution was acidified. The bufi-
colored solid was collected on a filter and washed
with water; yield, 280 mg. (689,), m.p. 169-173°
dec.; Amax. (EtOH) 270-295 mu (broad); wmax.
3300 (OH, NH); 2400-2100 (acidic H); 1660
(C=0); 1600, 1575, 1540 em."! (C=C, C=N,
amide II).

Anal.—Caled. for CiH;pN;OsS: C, 53.9; H,
477; N, 17.4. Found: C, 53.6; H, 4.83; N,
17.2,
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4 - (6 - Benzylthio - 9H - purine - 9 - ylvaler-
amido)salicylic Acid.—This compound was pre-
pared from VII and a-chlorotoluene as described
for the preparation of XXXII; crude yield, 412
mg. (829%), m.p. 160-164°. Recrystallization
from aqueous N,N-dimethylformamide gave 240
mg. (48%), m.p. 180-181°. A second crop of 160
mg. (32%), m.p. 166-170°, was isolated. A second
recrystallization of the first crop gave the analytical
sample, m.p. 180-181°; Amax. (EtOH) 270-295
mp (broad); vmax. 3300 (broad OH, OH); 1680~
1650 (C==0); 1600, 1560, 1540-1500 cm. ! (C=C,
C=N, amide II).

Anal.—Caled. for CouHuNiOS: C, 604; H,
4.85; N, 14.7. Found: C, 60.2; H, 4.86; N, 14.5.

6 - Chloro - 9H - purine - 9 - ylheptanonitrile.—
This compound was prepared from 6-chloropurine
and 7-bromoheptanonitrile as described for the
preparation of 6-chloro-9H-purine-9-ylvaleronitriie
(1); it was obtained as an oil that could not be
crystallized, but had the proper ultraviolet and
infrared spectra and was probably contaminated
with a lesser amount of the 7H-7-alkyl isomer.
The crude material was used for the other trans-
formations described below.

6 ~ Amino - 9H - purine - 9 - ylheptanonitrile.—A
solution of 3.32 Gm. (12.7 mmoles) of crude 6-
chloro-9H-purine-9-ylheptanonitrile in 44 ml. of
ethanol previously saturated with ammonia at 0°
was heated in a steel bomb at 110° for 1 hr. The
bomb contents were spin-evaporated iz vacuo and
the residue partitioned between 20 ml. of water
and 40 ml. of chloroform. The aqueous layer was
further extracted with chloroform (2 X 40 ml.).
The combined chloroform extracts were dried with
magnesium sulfate, then spin-evaporated iz vacuo.
The residual syrup was dissolved in 5 ml. of ethyl
acetate and cooled at 5°. The amorphous solid
was collected on a filter and washed with two 5-ml.
portions of ice cold ethyl acetate; yield, 1.69
Gm. (559%,), m.p. 112-115°, with previous softening,
that was suitable for the next step. Two recrystal-
lizations from ethyl acetate gave an amorphous
white solid, m.p. 135° with previous softening;
rmax. 3300, 3150 (NH); 2250 (C=N); 1660,
1600, 1570 cm.~! (NH, C=C, C=N); Amax.
(EtOH) 262 my.

Anal—Caled. for CiHisNe: C, 59.0; H, 6.60;
N, 34.4. Found: C, 58.8; H, 6.66; N, 34.4.

6 - Amino - 9H - purine - 9 - ylheptanoic Acid.—A
solution of 100 mg. (0.41 mmole) of 6-amino-9H-
purine-9-ylheptanonitrile in 4 ml. of 12 N hydro-
chloric acid was refluxed for 5 hr., then spin-
evaporated iz vacuo. The residue was dissolved
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in 1 ml. of water and diluted with 2 ml. of saturated
aqueous sodium acetate. The product was collected
on a filter and washed with a small amount of
water; yield, 60 mg. (569,), m.p. 220-223°. Re-
crystallization from water gave 37 mg. (349%,) of
white crystals, m.p. 230-234°; wmax, 3300, 3150
(NH); 2700-2100 (acidic H); 1700 (carboxyl
C=0); 1680, 1600, 1575 cm. ! (C=C, C=N, NH).

Anal.—Calcd. for C12H17N502: C, 547, H, 652,
N, 26.6. Found: C, 54.4; H, 6.34; N, 26.3.

6 - Mercapto ~ 9H - purine - 9 - ylheptanoic -
Acid.—A mixture of 2.64 Gm. (0.01 mole) of 6-
chloro-9H-purine-ylheptanonitrile, 30 ml. of ethanol,
and 0.76 Gm. (0.01 mole) of thiourea was refluxed
with magnetic stirring for 3 hr. The cooled mixture
was filtered and the product washed with ethanol;
yield, 1.36 Gm. (52%) of 6-mercapto-9H-purine-9-
ylheptanonitrile, m.p. 245-250°; » max. 2250
(C=N); 1600, 1580, 1550 cm.~! {(C=C, C=N);
the nitrile was not purified further.

A solution of 261 mg. (1 mmole) of the nitrile
in 10 ml. of 12 N hydrochloric acid was refluxed 13
hr., then spin-evaporated ¢z vacuo. After addition
of 5 ml. of water to the residue, the spin-evaporation
was repeated. The residue was recrystallized from
50 ml. of water; yield, 100 mg. (36%), m.p. 232~
233°, No attempt was made to obtain a second
crop. A second recrystallization from water gave

white crystals, m.p. 233-235°; Amax. (EtOH)
326 my;  vmax. 2800-2200 (acidic H); 1700
(carboxyl C==0); 1595, 1570, 1540 cm.—! (NH,
C=C, C==N).

Amnal.—Caled. for C;H;eN.O:S: C, 51.4; H,
5.76; N, 20.0. Found: C, 51.3; H, 5.69; N, 20.3.
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