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A 1-1. three-necked round bottom flask was equipped with a
reflux condenser, stirrer, and dropping funnel. The flask
was charged with 200 ml. of methanol, 116 g. (1 mole) of
2-thiophenethiol prepared by the method of Houff and
Schuetz,® and 138.5 g. (1.01 moles) of n-butyl bromide.
This reaction mixture was brought to reflux and then 56 g.
(1.0 mole) of potassium hydroxide in 200 ml. of methanol
was added dropwise. Refluxing and constant stirring was
continued for a total of 8 hr.

After cooling, the precipitated potassium bromide was
removed. Concentration of the alcoholic filtrate led to two
layers and the separation of an additional quantity of
potassium bromide. The organic layer was extracted with
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benzene and distilled. Procedure repeated two or three
times until all the salt was separated. Removal of solvent
and vacuum distillation gave rise to the desired products.
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Furthermore, thanks are also due Harry Rall,
Charles Thompson, Harold Coleman, and Norman
Foster, U. 8. Bureau of Mines, Bartlesville, Okla.,
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Pyrimidines. VI.

A Study of the Nuclear Reduction of Certain Pyrimidines’
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The nuclear reduction of chloro-, amino-, and methylpyrimidines (and their chloro derivatives) using platinum and sup-
ported palladium catalysts under acid conditions was investigated. The theoretical hydrogen consumption for the forma-
tion of the corresponding 3,4,5,6-tetrahydropyrimidine was observed whereupon hydrogenation ceased. The tetrahydro-
pyrimidines could not be isolated as the pure hydrochlorides but only as the picrate derivatives in low yields. The prepara-
tion of the benzoyl derivatives leads only to degradation products.

Paper chromatography was used to show that the nuclear reduction products are unstable in aqueous media yielding a

mixture of degradation products together with the desired tetrahydropyrimidine.

Nuclear reduction of substituted pyrimidines as a
practical procedure for the preparation of positional
isomers of the tetrahydropyrimidines has received
little attention. Isolated reports of catalytic
nuclear reduction of certain pyrimidines is to be
found in the literature.?~* Smith and Christen-
sen® initiated a systematic investigation of the
nuclear reduction reaction as a practical preparative
procedure. According to the report of their results,
the acid reduction of substituted pyrimidines is
straightforward yielding the expected products in
good yield. Recent attempts to use their procedure
for the preparation of the tetrahydropyrimidines
were unsuccessful. This together with certain
discrepancies in their analytical data necessitated
reinvestigation of the entire scope of nuclear reduc-
tion of substituted pyrimidines in acid media by
catalytic hydrogenation,

The catalyst-compound ratio necessary to effect
nuclear reduction of all substituted pyrimidines at
room temperature, low pressure, and aqueous acid
solutions was determined by a series of experi-
ments, the results of which are presented in Table I.

(1) Abstracted from a dissertation submitted by Harvey Aft to the
faculty of Oregon State University in partial fulfillment of the re-
quirements for the degree of Doctor of Philosophy. Published with
the approval of Monographs Publication Committee, Oregon State
University, as Research Paper No. 420, Department of Chemistry,
School of Science.

(2) W. H. Davies and H. A, Piggott, J. Chem. Soc., 347 (1945).

(8) B. Lythgoe and L. 8. Rayner, ibid., 2323 (1951).

(4) H. R. Henze and 8. O. Winthrop, J. Am. Chem. Soe., 79, 2230
(1957).

(56) V. H. Smith and B. E. Christensen, J. Org. Chem., 20, 829
(1955).

4-Amino-2,6-dichloropyrimidine absorbed only one
half the amount of hydrogen required to reduce the
compound to 4-amino-3,4,5,6-tetrahydropyrimidine
even when more than the suggested catalyst-to-
compound ratio was employed.® Since one half of
the starting material was recovered, it is evident
that the reduction does not yield a dihydropyrimi-
dine as reported by Smith and Christensen.?

The fact that hydrogenation stops after absorp-
tion of the amount of hydrogen required for con-
version to the tetrahydropyrimidine, yet requires
a high catalyst-to-compound ratio, suggests that
products are formed which are toxic to the catalyst.
The relative ease of reducing dichloronitropyrimi-
dines to the corresponding aminodichloropyrimi-
dines is demonstrated by the data in Table I.
Nitrodichloropyrimidines can be reduced stepwise
to aminodichloropyrimidines and these in turn to
aminopyrimidines,® both products being isolable.
Aminodichloropyrimidines and aminopyrimidines
will absorb the theoretical amount of hydrogen
necessary to form the amino-3,4,5,6-tetrahydropy-
rimidine derivative. Reduction beyond this state
cannot be effected under these conditions.

Both palladized charcoal and palladized barium
sulfate® were equally effective as catalysts for the
nuclear reduction of the substituted pyrimidines.
Adams’ catalyst, on the other hand, was effective
only in the nuclear reduction of the amino- and
methyl- substituted pyrimidines; it was inactive
in experiments with chloro-substituted derivatives.

(8) R. Mosingo, Org. Synthesis, Coll. Vol, III, 685 (1955)
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From the data in Table I it is evident that with
the exception of the reduction products of the 4-
amino-, 5-aminopyrimidines and their chloro deriv-
atives the product of the reduction is the mono-
hydrochloride.

Since it was not possible to isolate analytically
pure tetrahydropyrimidine hydrochlorides, both
benzoyl and picrate derivatives (employing the
usual procedures’) of the reduetion products were
prepared for characterization purposes. Isolation
and purification of these derivatives were tedious
and lengthy; the yields were low.

It is evident from the analytical data in Table I
that the monopicrate derivatives of the 2-amino-,
2-methyl-, and 4-methyl- 3.4,5,6-tetrahydropyrim-
idines were isolated. The melting points of the 2-
amino and 2-methyl-3,4,5,6-tetrahydropyrimidines
were in agreement with published data. Further-
more, a mixed melting point determination and
infrared spectral comparison with an authentic
sample of the picrate of 2-amino-3,4,5,6-tetrahydro-
pyrimidine showed the two materials to be identical.
The picrate of the 4-methyl-derivative has not been
previously reported.

Judging by the analytical data, it is the dipicrate
salt that is isolated from the reduction products of
the 4-aminopyrimidines. This, together with the
chloride data, strongly suggests that the 4-amino-
3,4,5,6-tetrahydropyrimidine is present in the
original reduction product as the dihydrochloride
salt.

On the other hand, the analytical data of Table I
shows the salt of the 2-amino-3,4.5,6-tetrahydro-
pyrimidine to be a monohydrochloride and a
monopicrate. The difference in behavior between
the 2-amino and 4-amino derivatives stems from
the fact that the 2-amino-3,4,5,6-tetrahydropyrim-
idine is actually a cyclic guanidine, and thus
would be expected to form only the monohydro-
chloride and picrate.

Infrared spectral and elemental analyses of the
benzoylated reduction products isolated in this
investigation showed these materials to be benzoyl-
ated degradation products. No benzoyl deriva-
tive corresponding to that of a tetrahydropyrimi-
dine could be isolated in an analytically pure form.
This observation is in accord with the report of
Branch and Titherley,® who found that 2-phenyl-
3,4,5,6-tetrahydropyrimidine undergoes degradation
in a Schotten-Baumann reaction. It is contrary to
the report of Smith and Christensen,’ who used the
benzoyl derivatives for characterization of the
3,4.5,6-tetrahydropyrimidines.

To confirm the suspicion that the tetrahydro-
pyrimidines were undergoing degradation in aque-
ous acid solution, as indicated by the analyses of

(7) R. L, Shriner and R. C. Fuson, *“The Systematic Identification
of Organic Compounds,” John Wiley and Sons, Inc., New York, 3rd
ed., 1948, pp. 88 and 180.

(8) G. E. K. Branch and A, W. Titherley, J. Chem. Soc., 101, 2342~
2352 (1912).
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the hydrochloride and picrate salts, the reduction
products were subjected to paper chromatographic
analysis. The results of these analyses are shown
in Table II.

The analyses indicated that the nuclear reduc-
tions of all the pyrimidines gave mixtures of
products. Tn an attempt to identify some of the
spots on the chromatograms, a sample ¢f the
picrate of 2-amino-3,4,5,6-tetrahydropyrimidine
was obtained from Boots Pure Drug Co., converted
to the hydrochloride, and then chromatographed.
This compound gave an R, value of 0.49 (plus a
faint spot at R, = 0.20) using iodine for detection.
Samples of analytically pure picrates of the 2-
amino, 2-methyl, and 4-methyl-3,4,5,6-tetrahydro-
pyrimidines obtained in these studies were treated
in the same manner. These compounds also gave
R, values of 0.50 using iodine vapor for detection.
It seems reasonable to conclude, therefore, that the
presence of a spot in the region of 0.49 to 0.51 as
detected by iodine vapor must be due to the
presence of a substituted 3,4,5,6-tetrahydropyrim-
idine monohydrochloride.

Spots corresponding to this are found in the
chromatograms of the final reduction products of all
the methylpyrimidines and their dichloro deriva-
tives, and the 2-aminopyrimidine and its dichloro
derivative. This would indicate that although no
analytically pure picrate derivative of the 5-methyl-

3,4,5,6-tetrahydropyrimidine was isolated, this
compound is present in its reduction product. No

such spot (B, 0.50) is found in the chromatograms
of the final reduction products of the 4-amino and
5-aminopyrimidines, their dichloro derivatives, or
the trichloropyrimidine,

The dipicrate of the 4-amino-3,4,5,6-tetrahydro-
pyrimidine converted to the hydrochloride and
chromatographed gave a spot at 0.06 (yellow with
ninhydrin and light brown with iodine). A cor-
responding spot is found in the chromatogram of
the final reduction products of the 4-aminopyrimi-
dine and its dichloro derivative. Large variations
in R, values of aliphatic mono aminohydrochlorides
and diamino hydrochlorides having the same num-
ber of chain atoms has been observed? by other
workers. The only other spot to be identified was
that of ammonium chloride at 0.32 found among the
products of the 5-aminopyrimidine reduction.

Trom Table IT it would appear that the reduc-
tion of II, III, IV, V, X, XI, and XII, yield the
corresponding 3,4,5,6-tetrahydropyrimidines along
with other products. Furthermore, I, VI, VII,
VIII and IX, yield a mixture of reduction prod-
ucts which may possibly contain a tetrahydro-
derivative with a different R, value.

In those experiments in which known tetrahydro-
pyrimidines were observed in the reduction with
palladized charcoal catalysts, these same compounds
were also present in the reduction products from

(9) J. M. Bremner and R. H. Kenten, Biochem. J., 49, 651 (1951).
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TaBLe 1
REesvrrs oF CaraLyric NUucLEAR REDUCTION OF CERTAIN PYRIMIDINES
% Chloride in Tetra-
hydropyrimidine — Picrate Derivative ——
~—~—Monohydrochloride—— ~—Theory— ~—Found— Foot-

Pyrimidine Reduced Caled. for Theory Found Caled. for % C % H % C % H M.P. note
4-Amino-2,6-dichloro!! CH;oN;Cl 26.2 38.8 CpHi:NsO; 345 2.7 34.2 2.8 201-202 a
4-Amino® CHN,Cl 26.2 39.2
2,4—Dichlor0-5-methy112 CgH]]Nzcl 26.4 28.5 CuH]aN507 40.4 4.0 41.3 5.1 b
2,6-Dichloro-4-methyli3 C:HuN.Cl 26,4 29.4 C,HpN:O: 40.4 4.0 40.2 4.2 106-107 ¢
4,6-Dichloro-2-methyl!4 C,HuN,Cl 26.4 28 8 C.HpN:O: 40.4 4.0 40.4 4.2 133-154 d
2—Amino—4,6-dichloro“ C4H10Nacl 26.2 28.5 C]oH12N507 36.6 3.7 36.8 3.8 183-184 ¢
2-Amino-5 C,HN;Cl 26.2 29.4 183-184
5-Amino-2,4-dichloro® CHEN,Cl 26.2 39.6 !
5-Amino® CH,N;,Cl 26.2 36.9 7
4,6-Dichloro-5-nitroté Reduction of nitro substituent only with 300 mg. Pd-C catalyst 4
2,4-Dichloro-5-nitros Reduction of nitro substituent only with 300 mg. Pd-C catalyst ¢
2,6-Dichloro-4-methyl-5-nitro” Reduction of nitro substituent only with 400 mg. Pd-C catalyst a,n

4,6-Diamino-5-nitrots No hydrogen uptake with 3600 mg. Pd-C catalyst

2 300 mg. 109, Pd-C catalyst, no hydrogen uptake; 900 mg. 109 Pd-C catalyst, absorbed 1/2 theoretical amount of
Ha, 1/2 starting material recovered; 1500 mg. 109, Pd-C ecatalyst, required 72 hr. to effect reduction; 4500 mg. 10%
Pd-C catalyst, required 2 hr. to effect reduction. No further hydrogen uptake after 4 additional hours. Spent catalyst
removed-—4500 mg. fresh catalyst added—no further hydrogen absorption observed during next 24 hr. Picrate deriva-
tive calculated as dipicrate. °a. 300 mg. 109 Pd-C catalyst, no hydrogen uptake in 24 hr. b. 4500 mg. 109, Pd-C
catalyst, required 75 min. No further hydrogen uptake after 4 additional hr. Analysis of picrate did not agree with
theory for mono-, di-, or tripicrate. ¢ Samples of propionaldehyde added after cessation of hydrogen uptake were not
reduced. ¢ Reported m.p. of picrate 153-153.5.2 ¢ Reported m.p. of picrate 183-184,'% 179-180.2! ' Theoretical value
for dihydrochloride, 41.39%, Cl. ¢ Product isolated and identified, yield 3-amino-4,6-dichloropyrimidine 499, 5-amino-
2,4-dichloropyrimidine 18%,, 5-amino-2,6-dichloro-4-methylpyrimidine 36%,—hydrogen uptake theoretical for conversion to

tetrahydro derivative, using 4500 mg. 109 Pd-C catalyst.
quired 72 hr.

experiments using both Adams’ and palladium-
barium sulfate catalysts.

Since the hydrogen consumption is theoretical
for formation of the tetrahydropyrimidine, it was
an unexpected discovery to find that mixtures of
products should result from the nuclear reduction
of the pyrimidines. The isomeric 2,3,4,5-tetra-
hydropyrimidines have been reported to be un-
stable in neutral and acidic aqueous media.®
Some of the products observed in these studies may
stem from the degradation of the isomeric 2,3,4,5-
tetrahydropyrimidines that could have been formed
in the nuclear reduction.

Experimental

The general procedure for the dehalogenation and nuclear
reduction of the chloropyrimidines was as follows: A mixture
of 0.025 mole of the chloropyrimidine in 50 ml. of water and
4500 mg. of 109, palladized charcoal was shaken with hy-

(10) F. Asinger, N. Thiel, and H. Baltz, Monatsch., Chem., 88, 464
(1957).

(11) E. Buttner, Ber., 86, 2227 (1903).

(12) 0. Gerngross, Ber., 38, 3408 (1905).

(13) 8. Gabriel and J. Coleman, Ber., 32, 1525 (1899).

(14) J. Baddiley, B. Lythgoe, D. McNeil, and A. R. Todd, J. Chem.
Soc., 383 (1943).

(15) M, Langerman and C. K. Banks, J. 4m. Chem. Soc., 73, 3011
(1951).,

(16) N. Whittaker, J. Chem. Soc., 1665 (1951).

(17) M. T. Begart and D. Davidson, J. Am. Chem. Soc., 85, 1667
(1933).

(18) R. K. Robins, K. J. Dille, C. H. Willits, and B. E. Christensen,
J. Am. Chem. Soc., 15, 263 (1953).

(18) P. Oxley, private communieation, 1961.

(20) J. F. Ahrens, U. 8, Patent 2,813,862 (November 19, 1957).

(21) K. Sugino, K, 8hirai, T. Sekine, and K. Odo, J. Electrochem.
Soc., 104, 667 (1957),

. % Reduction to 5-amino-2,6-dichloro-4-methylpyrimidine re-
* Nitrosubstituent of 4,6-diamino-5-nitropyrimidine has been reduced with Raney nickel catalyst.'®

drogen in a Parr low-pressure hydrogenation apparatus at
room temperature (20-26°) at au initial pressure of 45 p.s.i.
After cessation of hydrogen uptake, the catalyst was re-
moved by filtration, washed with two 5-ml. portions of water.
The washings and filtrate were combined and warmed 50—
60° with Norit. The Norit was removed and the aqueous
solution evaporated in vacuo using a bath temperature of
50-60°.

To aid in the removal of residual hydrochloric acid, 25
ml. of aleohol was added and removed ¢n vacuo. The proce-
dure was repeated with 25 ml. of dry benzene. The residue
was dried in vacuo, over potassium hydroxide using a vacuum
desiccator. The products could not be recrystallized from
absolute methanol-petroleum ether,? absolute methanol-
benzene, acetone, acetone-petroleum ether, acetone-ben-
zene, butyl aleohol, or buty!l aleohol-benzene. The reduc-
tion products, isolated as the hydrochloride salts, were
generally colored and very hygroscopic.

To accomplish the nuclear reduction of nonchloro-sub-
stituted pyrimidines, the same procedure was used with the
addition of a slight excess of concd. hydrochloric acid (suffi-
cient to neutralize all primary and secondary amino groups
present at the end of the reaction).

The dichloronitropyrimidines were reduced to the amino-
dichloropyrimidines by the following modified procedure.
A mixture of 0.025 mole of the dichloronitropyrimidine in
100 ml. of diethyl ether, 10~15 ml. of water, 0.05 mole of
coned. hydrochloric acid, and 300 mg. of 10% palladized
charcoal was shaken with hydrogen in the Parr apparatus at
room temperature and initial pressure of 45 p.si. After
cessation of hydrogen uptake, the catalyst was removed by
filtration. The ether layer was separated and the aqueous
layer made strongly alkaline with potassium hydroxide
pellets using an ice bath to control the temperature.

This alkaline solution was extracted with three 50-ml.
portions of ether. The combined ether extracts and the orig-
inal ether layer were washed once with 50 ml. of water and
then dried over anhydrous magnesium sulfate. The ether
was removed by distillation and the residue recrystallized
from benzene-petroleum ether.
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Tasre IT
CHROMATOGRAPHIC ANALYSIS oF REbpUCTION PRrODUCTS

M.P., Ry Values (23-26°) -
Crude HC1

Pyrimidine Salts No. Ninhydrin Todine vapor
2,4,6-Trichloro- I 0.43% 0.18¢ 0.43 0.29¢
2-Amino- 116-118 1II A9(bY 27 0.21(1)
2-Amino-4,6-

dichloro- I11 .21 (£ 51(hye 264 .22(£)d
4-Amino- IV .22¢ 188 0.14¢  0.06° .33(f)e 200 .18 0.13% 0.06°
4-Amino-2,6-

dichloro- 146-147 V .22¢ 17¢ 118 .04° L19()¢ 147 L04°
5-Amino- VI .30¢ 15 .06(f)° .20° .16°¢ .11¢ .06°
3-Amino-4,6-

dichloro- VII .35¢ 197 .33¢ ,25°¢ 19
5-Amino-2,4-

dichloro- 187 VIII  .29(f)F .18¢ J12(5)2 077 .29¢ .26° .16° .07
2,4-Dichloro-5-

nitro- 178-180 IX .357 197 .14 .11¢ 0.07° .33? .20° .15°¢ 128 05°¢
4,6-Dichloro-3-

nitro- 17 122 .05¢ .30° 214 13°
4,6-Dichloro-2-

methyl- 121-125 X .49(Fy  .30¢ 49(h)® . 294
2,6-Dichloro-4-

methyl- 88-91 XI 127 057 .50(h)? 314 .14¢ .06°
2,4-Dichloro-5-

methyl- 122-129 XII 217 J1o(f)r L07(f)e .49(h)? .27¢ .14°

Color of spots: @ Light blue. ? Dark brown. ¢ Light brown. ¢ Clear. ¢Yellow. 7 Dark purple. ¢ Light purple,

% Reddish purple. h = heavy,1 = light, f = faint.

For chromatographic analysis®?? Whatman No. 4 paper
was spotted with 0.1 M aqueous solutious. The spotted
chromatograms were allowed to equilibrate for at least 16
hr. in the developing solvent vapor prior to development.

The developing solvent was butanol-acetic acid-water
(4:1:5 v./v. organic phase); the descending method being
used. The chromatograms were dried, sprayed with nin-
hydrin solution, and placed in iodine vapor for spot detection.

Synthesis of Some 8-Substituted Bis(3-chloroethyl)amino Derivatives of
Naturally Occurring N-Methylated Purines!

Hexry C. Koprrer, RoBeRT H. SPRINGER, RoLanD K. RoBixs, F. HowaARrDp SCcHNEIDER, AND C. C. CHENG

Midwest Research Institute, Kansas City, Mo.

Recetved December 18, 1961

The derivatives of caffeine, theobromine, and theophylline containing a bis(8-chloroethyl)amino moiety attached either
directly or through a methylene or an iminomethylidene group at the 8-position have been synthesized.

Recent indication of the activity of 8-[bis(s-
chloroethyl)-triazeno]theophylline? (I) against a
spontaneous tumor in experimental mice® en-
couraged a systematic synthetic study of certain
derivatives of naturally occurring purine alkaloids
related to I for further biological evaluations.

Three types of derivatives in this general area
have been prepared in our laboratories: Type A
compounds are those of which the nitrogen mustard
moiety is attached directly to the 8-position of the
purine ring (II. X = Cl). In Type B compounds

(1) This investigation was supported by research contract SA-43-ph-
3025 from the Cancer Chemotherapy National Service Center, National
Cancer Institute of the National Institutes of Health, Public Health
Service.

(2) G. A. Usbeck, J. W. Jones, and R, K. Robins, J, 4m, Chem,
Soc., 88,1113 (1981).

(3) Testing data to be published.
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the nitrogen mustard moiety is separated from the
8-position of the ring by a methylene bridge (III,
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