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3a-Aminocholestane (2 g., 5.16 mmole.) was refluxed with
15 ml. of formic acid and 10 ml. of acetic anhydride for 12
hr. The solution was cooled, diluted with water, treated with
about one half equivalent of 109, sodium hydroxide solu-
tion, and extracted with methylene chloride. The methylene
chloride solution was washed with water and dried over
sodium sulfate. Removal of solvent and erystallization of
the residue from acetone gave 1.842 g. (86%) of feathery
needles, m.p. 179-181°. Repeated crystallization from ace-
tone gave 3a-formamidocholestane, m.p. 188-189°, [a]y
35.6° (chi,, ¢, 2.2).

Anal. Caled. for CyH,NO: C, 80.90; H, 11.88; N, 3.37.
Found: C, 81.02; H, 11.82; N, 3.27.

3a-Isocyanocholestane. 3a-Formamidocholestane (500 mg.,
1.2 mmole.) was covered with 10 ml. of dry pyridine, and
382 mg. (2 mmole.) p-toluenesulfonyl chloride was added.
The resulting orange solution was allowed to stand for 1.5
hr. at room temperature, cooled, treated with ice, and poured
into ice water. The product was extracted with ether, washed
twice with water, and dried over sodium sulfate. Removal of
solvent and crystallization of the pink residue from acetone
gave 442.6 mg. (93%) of flat needles, m.p. 139-141°. Fur-
ther crystallization from acetone gave 3a-isocyanocholes-
tane, m.p. 141-143°, [a]'y 27° (chf., ¢, 1.6).

Anal. Caled. for CuxHyN: C, 84.56; H, 11.91; N, 3.53.
Found: C, 84.67; H, 11.89; N, 3.47.
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The action of alcoholic ammonia on 2-methyl-
1,4-a-naphthopyrone has been studied by Wittig
and Blumenthal.! Recently Musante and Stener?
have studied the action of primary aliphatic amines
on the 2-methylchromone derivative Khellin.
Both groups of researchers agree that the reaction
products are 2-(G-aminocrotonyl)phenols (tvpe
).

The author has investigated the action of ethyl-
amine, butylamine, and benzylamine on 2-methyl-
1,4-a-naphthopyrone(I), and bhelieves that the
reaction products are the 2-(3-aminocrotonyl)-1-
naphthol derivatives I1a, ITb, and ITc.
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I II
a: R = CH,
b: R = CH.CH,CH,
c: R = C(;Hs

The alcoholic solution of these substances gives a
green color with alcoholic ferric chloride solution.

(1) G. Wittig and H. Blumenthal, Ber., 60, 1085 (1927).

(2) C. Musante and A. Stener, Gazz. chim. ital., 86, 297
(1956).
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This fact indicates that they contain a free
phenolic hydroxyl group. When Ila was refluxed
with dilute hydrochloric acid (1:1), 2-methyl-14-
a-naphthopyrone (I) was obtained on cooling.
The hydrolysis of IIb with aqueous alkali yielded
1-hydroxy-2-naphthoic acid.
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EXPERIMENTAL

2-(8-Ethylaminocrotonyl)-1-naphthol Ila. 2-Methyl-1,4-a-
paphthopyrone® (2 g.) was heated under reflux with two ml
of ethylamine solution in 20 ml. of ethyl alcohol on a steam
bath for 3 hr. The deep yellow crystalline solid that pre-
cipitated on cooling was filtered off and crystallized from
petroleum ether (b.p. 80-100°); m.p. 126°; yield 1.9 g. It
has a green fluorescence and is insoluble in aqueous sodium
hydroxide solution (10%). It gives a green color with aleo-
holic ferric chloride solution and a red color with concen-
trated sulfuric acid.

Anal. Caled. for C;eHy:NO,: C, 75.3; H, 6.7; N, 5.5. Found:
C,752;H,6.7; N, 5.4.

2-(B8-Butylaminocrotonyl)-1-naphihol 1Ib was obtained
from 2-methyl-1,4-a~naphthopyrone (2 g.) and butylamine
(2 ml.). This compound was crystallized from petroleum
ether (b.p. 80-100°) as deep yellow crystals with green
fluorescence, m.p. 106°; yield 1.8 g. It dissolved in concen-
trated sulfuric acid with an orange color and was insoluble
in cold alkali. Its alcoholic solution gave a color reaction
with ferric chloride solution (deep green).

Anal. Caled. for C;sHuNOQ;: C, 76.3; H, 7.4; N, 5.0, Found:
¢, 76.6; H, 7.5; N, 4.8.

2-(8-Benzylaminocrotonyl)-1-naphthol I1c. The same proce-
dure was followed with benzylamine. This compound was
erystallized from petroleum ether (b.p. 80-100°), as deep
yellow crystals with green fluorescence, m.p. 136°; yield
80%. It gives a red-orange color on treatment with con-
centrated sulfuric acid and a deep green color with ferric
chloride solution.

Anal. Caled. for CiH N Q,: C, 79.5; H, 6.0; N, 4.4, Found:
C, 79.6; H, 6.1; N, 4.5.

Action of hydrochloric acid on 11a. Half a gram of 1la was
heated under reflux with 25 ml. of dilute hydrochloric acid
(1:1) for 0.5 hr. The colorless crystalline solid that separated
on cooling was filtered off and proved, by melting point and
mixture melting point (178°), and the deep violet color
reaction? on adding alkali to its solution in dioxane contain-
ing m-dinitrobenzene, to be 2-methyl-1,4-a-naphthopyrone.

Hydrolysis of 1Ib with alkali. IIb (0.5 g.) and aqueous
sodium hydroxide solution (5%, 25 ml.) was heated under
reflux for 2 hr. The filtrate was acidified with dilute hydro-

(3) G. Wittig, Fr. Bengert, and H. E. Richter, Ann., 446,
155 (1926).

(4) A.Schonberg and M. M. Sidky, J. Org. Chem., 21, 476
(1956).
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chloric acid. The precipitate was filtered off and identified
as 1-hydroxy-2-naphthoic acid (m.p. and mixture m.p.
190°) and the green color with alcoholic ferric chloride solu-
tion).

DEPARTMENT OF CHEMISTRY
FAcCULTY OF SCIENCE

A’1u SHaMs UNIVERSITY
ABBassia, Catro, Egypr

Synthesis of Some
a- and B-(6-Purinylthio)carboxylic Acids

CuarLEs G. SKINNER, JaMEs R. CLAYBROOK,
Downarp L. Ross, AND WiLL1AM SHIVE

Recetved February 25, 1958

A number of 6-alkyl- and 6-(w-phenylalkyl)-
thiopurines have been found to possess biological
activity (in several assay systems) comparable to
the corresponding 6-(substituted)aminopurine ana-
logs.1? The unexpected biological activity of the
thiopurine derivatives led to the preparation of a-
(6-purinylthio)succinic acid! as an analog of N-(6-
purinyl)aspartic acid.® Subsequently, the thiosuc-
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The desired compounds were synthesized by a
condensation of the appropriate « or 8-halocarbox-
ylic acid with 6-mercaptopurine under alkaline
conditions, using either an equivalent amount of
dilute sodium hydroxide or an excess of triethyl-
amine as indicated in Table I. Although the re-
actants did condense slowly at room temperature
in most instances, several of the reactions were
carried out in a glass-lined steel bomb heated to
about 90°. The sodium hydroxide condensation
mixtures, upon acidification, yielded a precipitate
which was normally dissolved in alkali and repre-
cipitated with acid to yield a purified product.
In the triethylamine condensation, the reaction
mixture was reduced to dryness ¢n vacuo in order
to remove the excess amine, prior to crystalliza-
tion.

As in the case of a~(6-purinylthio)succinic acid,
the various purinylthiocarboxylic acids indicated in
Table I showed little or no response in several bio-
logical systems which did respond to 6-alkylthio-
and 6-alkylaminopurines. «-(6-Purinylthio)acetic
acid at concentration levels as high as 1 mg./ml
did not inhibit hydra tentacle regeneration.®® The
purinylthiocarboxylic acids also did not possess
either inhibitory or stimulatory effects on a pteri-

TABLE I
a- AND -(6-PURINYLTHIO)CARBOXYLIC ACIDS

SH

S—R—~COOH
Base N)\I;N

N~ N§ o NS
de:N/CH-kX R~COOH— | [ >CH
H N H

Analysis

Reaction Yield, M.p., Empirical N N
Halogen Acid Used Conditions % °C. Formula (Caled.) (Found)
a~-Bromoacetic NaOH, 25° 93° 235-260(dec.) CiHeN,0,8°¢ 26.65 26.81
a-Bromopropionic Triethylamine, 25° 59¢ 199-203 CsHgN,0,8 24.99 24.91
B-Bromopropionic NaOH, 90° 55% 219-220 CsHgN, 0,8 24.99 25.01
a-Bromobutyric Triethylamine, 25° 324 208-209 CoH1oN,O.S 23.52 23.21
a-Bromovaleric NaOH, 25° 48P 199-205 CoH;,N,0.8 22.21 22.29
a-Bromocaproic NaOH, 90° 64° 178-183 CuHi N 08 21.04 21.06
B-Bromocaproic Triethylamine, 25° 46° 182-184 Cy H1aN,0,8¢ — —

¢ Recrystallized from water. > Recrystallized from ethanol-water, ¢ Anal. Caled.: C, 39.99; H, 2.88. Found: C, 40.15; H,
3.25. ¢ Anal. Caled.: C, 49.61; H, 5.30. Found: C, 49.33; H, 5.09. .

cinic acid derivative was found to promote growth
of etiolated bean leaf disks either in the presence or
absence of light.4 In an effort to extend this latter
study, additional purinylthiocarboxylic acid deriva-
tives were prepared and their biological activity
on bean leaf expansion will be reported elsewhere.
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dine-inhibited Lactobacilius arabinosus at concentra-
tion levels up to 40 v/disk.” The presence of a car-
boxylic acid moiety in the alkyl group of 6-alkyl-
thiopurines appears to cause a loss of biological
activity of the compounds in many of these test
systems. A decrease in biological activity was also

(5) R. G. Ham, D. C. Fitzgerald, Jr., and R. E. Eakin, J.
Ezp. Zool., 133, 559 (1956).
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