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allowed to stir at room temperature overnight. A slow rise in
temperature to 35-40° usually occurred during the first 2
hr., and a very fine precipitate of sodium chloride could
be observed. The mixture was filtered with the aid of Hyflo
and solvent was removed from the filtrate in vacuo. The vis-
cous residue was treated with 100-200 ml. toluene and
filtered again, to recover unchanged I. The toluene solu-
tion was washed with 109, sodium carbonate solution until
the washings gave no precipitate when acidified. Finally
solvent was allowed to evaporate in an air stream, where-
upon the product usually crystallized.

Method B. Equimolar quantitics of the sodium salt of I
and 0,0-dialkyl phosphorochloridothicate were used.
Otherwise the procedure was the same as in Method A.

Method C. Equimolar amounts of potassium hydroxide and
I were dissolved in a minimum veolume of water. Then a
109, cxcess of 0,0-dialkyl phosphorochloridothioate was
added and the emulsion was stirred vigorously for 3 to
4 hr. The mixture was treated with an equal volume of
toluene and filtered to remove unreacted 1. The two-phase
filtrate was separated and the aqueous portion was extracted
with additional toluene. Evaporation of the organic solution
vielded erystalline product. Acidification of the aqueous
portion gave additional 1.

The compounds (II) prepared are shown in Table I. In
most cases it was possible to recover sufficient I from the
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reaction mixtures to bring the material balance of starting
I to 90-95%,.

0,0-Diethyl O-(6-chloro-3-pyridazinyl) phosphorothioate { X -
LI). XLI was obtained in 459, yield from XL by Method C.
After recrystallization from heptane-ether, 2 m.p. 46.5-
47.5° was observed.

Anal. Caled. for CsH2CIN:0;PS: P, 10.96 Found: P, 10.56.

XLI changed to a green gum on standing overnight in air,
and even samples stored under nitrogen in the dark
turned green after several months. The decomposed mixture
no longer dissolved completely in ether.

0,0-Diethyl O-{1,6-dihydro-1-(hydroxymethyl)-6-oxo-3-pyri-
dazinyl] phosphorothioate (XVI). IV (31.7 g., 0.12 mole)
was added to 379 methanol-free formaldehyde solution
(39.0 g., 0.48 mole) to give a thick white paste. Two im-
miscible liquid layers appeared above 49°, and the mixture
was heated at 70-72° for 2 hr. The mixture was cooled and
the lower organic layer was separated. The aqueous portion
was extracted with ether and the latter combined with the
main organic fraction. This was then washed repeatedly with
saturated sodium chloride solution and dried. Removal of the
solvent in vacuo yielded crystalline product, which after
extensive drying in vacuo over caleium chloride, showed a
formaldehyde content of 10.79, (theory 10.2%).

Stamrorp, CoNN.

[CoNTRIBUTION FROM THE KETTERING-MEYER LABORATORY,! SOUTHERN RESEARCH INSTITUTE]
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An improved procedure for the preparation of purine-8-thiols by the reaction of 4,5-diaminopyrimidines with carbon di-
sulfide in N,N-dimethylformamide is described. Application of this procedure to 4,5-diaminopyrimidines containing a group
in the 6-position susceptible to nueleophilic attack resulted in intramolecular displacement of this group by the intermediate
dithiocarbamate anions to give thiazolo[5,4-d] pyrimidine-2-thiols.

The general utility of this ring closure for the preparation of other heterocyclic systems is also demonstrated.

It became necessary to prepare some purine-8-
thiols (ITI) as intermediates in the synthesis of
hemisulfur mustard derivatives of purines® which
might prove to be of intcrest as anticancer agents.

Purine-8-thiols are most commonly prepared
form 4,5-diaminopyrimidines by reaction with
carbon disulfide in pyridine*® or fusion with thio-
urea.’=% In an effort to improve the preparation of
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ing Foundation and the Cancer Chemotherapy National
Service Center, National Cancer Institute, National In-
stitutes of Health, contract no. SA 43-ph-1740.

(3) R. W. Balsiger, A. L. Fikes, C. I.. Kussner, T. P.
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(7) A. Albert and D. J. Brown, J. Chem. Soc., 2060
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purine-8-thiol (II1a)®7 itself, the reaction of 4,5-
diaminopyrimidine (Ia) and carbon disulfide in
N,N-dimethylformamide was investigated and,
indeed, an almost quantitative yield of the purine
was obtained in this manner. This marked improve-
ment in yield over that reported in the literature’
encouraged us to attempt to extend the application
of this procedure. A good yield of 9-ethyl-9H-
purine-8-thiol (ITIb) was obtained from 5-amino-4-
ethylaminopyrimidine (Ib),'® but when the pro-
cedure was applied to 4,5-diamino-6-chloropyrimi-
dine (Ie),!! the expected product—6-chloropurine-
8-thiol-—was not obtained. Instead, a compound
containing no chlorine was isolated in good yield.
The same compound resulted when 4,5-diamino-6-

(9) M. Ishidate and H. Yuki, Pharm. Bull. (Tokyo), 5,
240 (1957).

(10) J. A. Montgomery and C. Temple, J. Am. Chem.
Soc., 79, 5238 (1957).

(11) R. K. Robins, K. J. Dille, C. H. Willits, and B. E.
Christensen, J. Am. Chem. Soc., 75, 263 (1953).
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(benzylthio)pyrimidine (Id)'2 was allowed to react
with carbon disulfide in N,N-dimethylformamide.
Elemental analyses and spectral data establish the
identity of this compound to be 7-aminothiazolo-
[5,4-d Jpyrimidine-2-thiol (Va). Although the ultra-
violet spectrum is not definitive, the presence of
bands in the infrared spectrum due to a primary
amino group at 3400, 3290, and 1645 cm.™}, and
heterocyeclic bands in the double bond region of the
spectrum at 1590, 1530 (sh.), and 1495 cm.—!
are good confirmatory evidence. The thiazolo[5,4-d]-
pyrimidine apparently results from the intramo-
lecular displacement of a relatively labile group, such
as the 6-chloro group of the pyrimidine, by the
intermediate dithiocarbamate anion II in pref-
erence to the more usual ring closure on the 4-
amino group of the pyrimidine. 5

Application of the reaction to 2,5-diamino-i-
chloro-6-ethylaminopyrimidine!® (Ie) gave 5-amino-
7-ethylaminothiazolo [5,4-d]pyrimidine-2-thiol
(Vb), again by displacement of the chlorine atom.
These reactions constitute the first reported prep-
aration of a thiazolo{5,4-d]pyrimidine-2-thiol and
represent a rather unusual ring closure.

Attempted Raney nickel desulfurization of 7-
aminothiazolo[5,4-d [pyridine-2-thiocl (Va) to the
known  7-aminothiazolo[5,4-d]pyrimidine!?  re-

(12} G. B. Elion, W. H. Lange, and G. H. Hitchings, J.
Am. Chem. Soc., 78, 2838 (1956).

(13) Y. F. Shealy, R. F. Struck, and J. A. Montgomery,
unpublished procedure.
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sulted in removal of the sulfur from the ring also,
giving 4,3-diaminopyrimidine as the only product.

The reaction of 4,5-diaminopyrimidin-6-ol (If)
with carbon disulfide in N, N-dimethvlformamide
gave only a 209, vield of 8-mercaptohypoxanthine
(IfTe).* The major product of this reaction is a
compound that we have teutatively identified as
1,3-bis(4-amino-6-hvdroxypyrimidin-5-ylthiourea
(IV) formed by the reaction of the dithiocarbamate
anion IT with a second molecule of the pyrimidine.
This compound is very intractable, being insoluble
in all the organie solvents tried, and would dissolve
only in aqueous base from which it precipitated on
acidification. This treatment, however, failed to
give a sample that analyzed consistently correctly
for the proposed thiourea structure. Still, the
carbon, hydrogen, nitrogen, and sulfur values
were fairly close to the calculated values, and the
ultraviolet and infrared spectral data also support
this strueture. The ultraviolet spectrum is very
similar to that of 4-amino-5-formamidopyrimidin-
6-ol and the infrared spectrum shows bands due to
NH at 3300 and 3120 e¢m.—! and pyrimidine car-
bonyl absorption at 1640 cm.—! Also, the general
appearance of the infrared spectrum is very similar
to that of 4,5-diaminopyrimidin-6-ol.

The general applicability of the carbon disulfide-
N, N-dimethylformamide ring closure to other
heterocyclic ring svstems was demonstrated by the
preparation of 5(6)-nitrobenzimidazole-2-thiol in
889, yield (lit."* wyield, 479,) from 4-nitro-o-
phenylenediaimine and of imidazo[4,5-d |pyridine-2-
thiol in 789 wield (lit.¥ yield 589%) from 2,3-
diaminopyridine.

Alkylation'® of the thiazolo[5,4-d]pyrimidine-2-
thiols with 1-bromo-2-chloroethane gave the cor-
responding 2-chloroethylthio derivatives. These
compounds failed to exhibit any interesting biologi-
cal activity, possibly because of the chemically
inert nature of the chlorine atom of the 2-chloro-
ethylthio group, in contrast to the chemical behavior
of similar compounds which do show biologic ac-
tivity.s

EXPERIMENTAL

General procedure for the carbon disulfide ring closure.
A mixture of the 4,5-diaminopyrimidine and an excess of
carbon  disulfide in .V, N-dimethyHormamide was stirred
until the reaction was complete (sce Table I for time and

(14) A. T James and 1. L5 Turner, J. Chene. Sec., 1515
(1950).

(15) V. Petrow and J. Saper, JJ. Chem. Soc., 1389 (1948).

(16) T. . Johnston, I.. B. Holum, and J. A. Mont-
gomery, J. Am. Chem. Soc., 80, 6265 (1958).
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temperature). The solution was then cooled (if necessary)
and poured into cold water from which the excess carbon
disulfide was evaporated. The product that separated
was recrystallized either from the N, N-dimethylformamide-
water mixture or from the specified solvent (see Table T)
and dried 7n vacwe over phosphorus pentoxide. The yields,
melting points, and analyses are reported in Table I. The
ultraviolet absorption spectra of these compounds are re-
corded in Table II.

TABLE 1I

ULTRAVIOLET ABSORPTION NPECTRA®

Con- pH 1 pH T pH 13
pound Apax, € Ainnce € N €
No. mu X 103 mu X 1079 ng X103
I1[a? 237 15.1 228 12.6 230 15.8
326 18 .6 312 23 1 315 2007
L 241 13.4 234 12.5 236 138
329 188 313 253 313 2008
c 2335 9.3 234 124 233 205
289 241 291 19.1 284 218
Va 240 13 .4 225 16 7 224 15.9
322 220 241 163 242 15.0
304 17.1 303 16 6
b 241 16 4
320 24 4 313 20.3 313 21.8
Via 203 15.3 240¢ 14 4 210¢ 15.0
2849 120 284 12.2
305 12.0 305 121
b 224 17.2 240 14.2 240 1143
291 15.0 286 11.3 286 11.5
303 10.2 303 10.3
d 234 18 .1 232 13.8
306 15 .4 305 15.6

296 17.6

2 These spectra were determined in aqueous solution with
a Beckman DK-2 speetrophotometer (optical densities at
the maxima with a Beckman DU), or with a Cary Model 14
spectrophotometer. ? In agreement with literature values.
See ref. 7. ¢ Shoulder.

General procedure for the alkylation of the thiazolols,4-d]-
pyrimidine-2-thiols. A mixture of the thiazolo[5,4-d]py-
rimidine, organic halide, and potassium carbonate (mole
ratio—1:1:1) in N,V-dimethylformamide (10 ml./g. thia-
zolo[5,4-d1pyrimidine) was stirred at 40-50° for 2 hr.
The reaction mixture was cooled and poured into three times
its volume of cold water. The agqueous mixture was nentra-
lized and the precipitate that formed was collected and re-
crystallized from the specified solvent. The recryvstallization
solvent, yields, melting points and analvses are given in
Tuable 1. The ultraviolet absorption speetra of these com-
pounds are recorded in Table II.
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