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added to the residue, and the solid collected; wt. 5.9 g.
(739), m.p. 270-271° dee. The product crystallized from
cthanol as colorless prisms; m.p. 279-280° dec., Amax 268
mu (E X 10-2 = 8.98).
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Anal. Caled. for C,H;IN:.O,: C, 20.2; H, 1.3: N, 118 I,
53.3. Found: C, 20.7; H, 1.5; N, 12.4; I, ()31

Derroir 1, MicH.
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The synthesis of 5-diazoacetyluracil (XI) from 5-acetyluracil (IIT) was accomplished by treatment of the oximino ketone
(X) of IIT with chloramine. In another attempted approach to XI, 5-bromoacetyluracil (V) was prepared and was converted
to a number of interesting 5-substituted uracils. A new synthesis of 6-acetyluracil (XX) was developed and unsuccessful at-

tempts were made to convert it to 6-diazoacetyluracil.

Most of the alkylating agents that have interest
as anticancer compounds possess the bis(2-chloro-
ethyl) amino moiety as the alkylating group.?
Azaserine (O-diazoacetyl-L-serine)?® and DON (6-
diazo-5-oxo-L-norleucine)? also have interesting
antitumor properties. It has been proposed? that
these diazoacetyl compounds and the nitrogen
mustards might be considered as members of a
broad class of anticancer agents which consist of
metaholites bearing an alkylating group that func-
tion by irreversible inhibition of the corresponding
enzymes. To test this hypothesis two diazoacetyl
derivatives of 3-phenylpropionic acid were prepared?
in order to compare their antitumor activities with
those of the analogous nitrogen mustards—e.g.,
chlorambuecil ® This manuscript descibes the prepara-
tion of 5-diazoacetyluracil (XI) in order that its
anticancer activity might be compared with that of
the corresponding nitrogen mustard, uracil mus-
tard.”

The reaction between sodium nitrite and the salt
()f an a-amino ketone constitutes one of the common

(1) This vmrk was carried out under the auspices of the
Cancer Chemotherapy National Service Center, National
Cancer Institute, National Institutes of Health, Public
Health Service, Contract No. SA-43-ph-1802. The opinions
expressed in this paper are those of the authors and are not
necessarily those of the Cancer Chemotherapy National
Service Center. For the preceding paper in this series, see
E. J. Reist, J. H. Osiecki, A. Benitez, L. Goodman, and B. R.
Baker, J. Org. Chem., 26, 0000 (1961).

(2) H. F. Gram, C. W. Mosher, and B. R. Baker, J. Am.
Chem. Soc., 81, 3103 (1959) and references therein.

(3) For a summary of chemical and biological data, see
Cancer Chemotherapy Reports, No. 7, 65 (1960), a publica-
tion of the Cancer Chemotherapy National Service Center,
National Institutes of Health.

(4) Ref. 3, page 86.

(5) W. A, Skinner, H. F. Gram, C. W. Mosher, and B. R.
Baker, J. Am. Chemn. Soc., 81, 4639 (1959).

(6) J. L. Everett, J. J. Roberts, and W. C. J. Ross, J.
Chem. Soc., 2386 (1953).

(7) D. A. Lyttle and H. G. Petering, J. Am. Chem. Soc.,
80, 6459 (1958), D. A. Lyttle and H. G. Petering, J. Nail.
Cancer Inst., 23, 153 (1959).

synthetic approaches to a-diazo ketones; this was
the preparative method for 6-diazo-5-oxo-L-nor-
leucine.? Accordingly, the initial sequence visualized
for the preparation of XI required the prior syn-
thesis of a salt of 5-glycyluracil (VIII). The use of
Johnson and Bergmann’s® method to cyclize ureido-
methylene acetoacetic ester (II),% which, in turn,
was prepared from ethoxymethylene acetoacetic
ester (I),1° gave a reasonable yield of 5-acetyluracil
(ITI). Bromination of the ketone (ITI), suspended
in methanol, proceeded readily to give 5-bromoacet-
yluracil (V.) That side-chain bromination to give V
had occurred rather than ring bromination at C-6
was demonstrated in two ways. Tirst, treatment of
V with dimethyl sulfoxide followed by the reaction
of the product with phenylhydrazine gave the
osazone (VII) of the glyoxal formed by oxidation of
V with dimethyl sulfoxide.!! Secondly, the reaction
of V with pyridine gave the pyridinium salt which
was cleaved with aqueous base to uracil-5-carb-
oxylic acid (IV),'? identical with an authentic
sample of IV,

The bromo ketone (V) underwent ready displace-
ment with azide ion to give the azido ketone (V1),
Hydrogenation of a suspension of VI in dilute hy-
drochloric acid solution using a palladium catalyst
afforded the hydrochloride of VIII which was best
characterized as the crystalline picrate. Alter-
natively, the action of an acetic acid solution of
hydrogen bromide!® on VI reduced the azide group
and yielded VIII, isolated as the picrate. Hydro-

(8) H. A. DeWald and A. M. Moore, J.
80, 3941 (1958). .

(9) T. B. Johmon and W. Bcrgmann, Ber., 66B, 1492
(1933).

(10) L. Claisen, Ann., 297, 1 (1897).

(11) N. Kornblum, J. W. Powers, G. J. Anderson, W, J.
Jones, H. O. Larson, O. Levand, and W. M. Weaver, J. Am.
Chem. Soc., 79, 6562 (1957).

(12) L. C. King, J. 4Am. Chem. Sec., 66, 894 (1944).

(13) P. A. 8. Smith and B. B. Brown, J. Am, Chem. Soc.,
73, 2438 (1951).
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genation of VI suspended in acetic acid which con-
tained acetic anhydride gave 5-(N-acetylglycyl-
uracil (IX).

The reaction of VIII with sodium nitrite under a
variety of conditions did not give 5-diazoacetyl-
uracil (XI). When exactly equimolar amounts of the
hydrochloride of VIII and sodium nitrite were
allowed to react, a solid precipitate formed that was
probably the free aminoketone (VIII). The infrared
spectrum of the solid was well defined and showed
the absence of —NH;* absorptions. The solid
could be converted to the picrate of VIII and to the
hydrochloride of VIII. Attempts to neutralize
aqueous solutions of the hydrochloride of VIII
with sodium bicarbonate or sodium acetate gave
intractable, colored materials which seemed to re-
sult from dimerization of the amino ketone (VIII).

The reaction of the hydrochloride of VIII with
excess sodium nitrite in aqueous solution led to the
recovery of a fair yield of uracil-5-carboxylic aeid
(IV) as the only isolated product. Recently Baum-
garten and Anderson'* described the conversion of
several a-amino ketones to the parent acids—e.g.,
w-aminoacetophenone to benzoic acid—and the
conversion of VIII to IV represents another example
of such a reaction.

Two other methods of preparation of a-diazo
ketones were investigated. An attempt was made
to prepare the mono-p-tolylsulfonylhydrazone from
the reaction product of V and dimethy! sulfoxide.
The decomposition with alkali of the mono-p-
tolylsulfonylhydrazone of the aldehyde function of
the uracil-3-glyoxal intermediate would be ex-
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(14) H. E. Baumgarten and C. H. Anderson, Abstracts
Aamerican Chemical Society 137th Meeting, Cleveland, Ohio,
p. 15-0,
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pected to yield the diazo ketone (XI).'* The
desired derivative could not be isolated, however.
Alternatively, 5-acetyluracil (III) was converted
in good yield to the oximino-

0
Jjaocm HN ‘COCH———NOH HN/“ECOCHNZ
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ﬁ d

II1 X XI

ketone (X) with a stoichiometric amount of butyl
nitrite and hydrochloric acid in N,N-dimethyl-
formamide.’* The reaction of X with chloramine
prepared in situ, as described by Cava, et al.'® gave
a non-homogeneous sodium salt of XI which was
characterized by a strong infrared diazo band at
4.75 u. Acidification of an aqueous solution of the
salt of XTI with acetic acid or with carbon dioxide
yielded the insoluble diazo ketone (XI) that gave
good elemental analyses. As a definitive structure
proof for XI, the salt of XI was treated with
aqueous hydrobromic acid to afford a fair yield of
the bromo ketone (V).

In an effort to exploit the a-bromo ketone (V) as
the source of a number of new, substituted uracil
derivatives, the ketone (V) was treated with a
variety of nucleophilic reagents. When strong
nucleophiles were used, clean-cut displacement re-
actions were observed and, in general, good yields of
the expected products were isolated. Thus, the reac-
tions of V with thiocyanate ion, with thicacet-
amide, with thiourea, and with 2,2’-iminodiethanol
gave the a-thiocyano ketone (XIII), the 2-methyl-
thiazole (XII), the 2-aminothiazole (XIV), and the
a-amino ketone (XV},'7 respectively. The conver-
sion of V to the a-azido ketone (VI) represents
another example of this class of reaction. However,
the reaction of V with cyanide ion, acetate ion,
potassium phthalimide, or hydroxide ion gave a
very insoluble solid as
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the common product of these reactions. The
identity of these products was shown by infrared
spectral and paper chromatographic comparison.
Although the material could not be adequately
purified, its structure seems best represented either
as the diketoethylenc derivative (XVI) or the
diketoethane derivative (XVII). The conversion of
V' to XVI would be similar to the conversion of w-
hromoacetophenone to 1,2-dibenzoylethylene by
the action of basic reagents.!s:1%

The successful synthesis of 3-diazoacetyluracil
(XI) was the stimulus to an investigation of the
synthesis of 6-diazoacetyluracil by way of 6-
acetyluracil (XX) and its derivatives. The prepara-
tion of XX was first described by Langley® using
the reaction between 2,4-diethoxy-6-pyrimidinyl-
lithium and acetaldehyde, followed by oxidation,
then hydrolysis. The description of the method
made it unlikely that this route could be utilized for
the large amount of XX that was required. A
synthesis of XX was devised that was patterned
after that used by Johnson and Schroeder to pre-
pare uracil-6-carboxaldehyde.?! The diethylketal of
ethyl pyruvate (XXI)22 was condensed with ethyl

O
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(15) M. P. Cavsa, R. L. Litle, and D. R. Napier, J. Am.
Chem. Soc., 80, 2257 (1958).

(16) The use of excess butyl nitrite gave rise to a com-
pound, CeH;N;O;, which was an oxidation product of X,
its structure was not determined.

(17) It is possible that compound XV exists as the hemi-
ketal since its ultraviolet spectrum at pH 1 differs con-
siderably from that of 5-glyeyluracil (VIII). Two analogous
bis(2-hydroxyethyl)amines have been shown to exist as
hemi-ketals by B. M. Mikhailov and A. N. Makarova, [J.
Gen. Chem. U. 8. 8. R. (Eng. Transl.), 28, 149 (1958)] and
W. A. Skinner, H. F. Gram, and B. R. Baker, J. Ora. Chem.,
25, 953 (1960).

(18) M. S. Kharasch, W. Nudenberg, and E. K. Fields,
J. Am. Chem. Soc., 66, 1276 (1944).

(19) B. M. Bogoslovskil, /. Gen. Chem. (U. 8. 8. R.), 14,
093 (1944).

(20) B. W. Langley, J. Am. Chem. Soc., 78, 2136 (1956).

(21) T. B. Johnson and E. F. Schroeder, .J. Am. Chem.
Soc., 53, 1989 (1931).

(22) C. L. Stevens and A. E. Sherr, J. Org. Chem., 17,
1228 (1952).
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acetate with the aid of sodium hydride to afford a
639, yield of the 4-diethylketal of ethyl 3,4-dioxo-
valerate (XXII). Condensation of XXII with
guanidine and hydrolysis of the intermediate prod-
uct gave a 54, yield of the pure aminopyrimidine
(XXIII). The reaction of XXIII with sodium
nitrite in an aqueous mixture of sulfuric and hydro-
chlorie acids then gave a 649 yield of G-acetiyl-
uracil (XX,

Alternatively, the condensation of XXII and
thiourea afforded the crystalline 2-thiouracil ketal
(XVIII). Stepwise hydrolysis of XVIII yielded
first 6-acetyl-2-thiouracil (XIX) and finally 6-
acetyluracil (XX); preparatively, it was more con-
venient not to isolate XIX. Both XVIII and XIX
were sharply melting, crystalline compounds.

All efforts to convert XX to 6-bromoacetyluracil
were unsuccessful. Although discrete compounds
could not be isolated, the lack of reactivity of the
brominated products to nucleophilic agents strongly
suggested that bromination of the ring at C-5 was
the predominant reaction.

The bromination of the aminopyrimidine
(XXIII) in acid solution was investigated with the
hope that the protonated form of XXIII might
resist substitution at C-5 by analogy with the be-
havior of aniline and permit the formation of an a-
bromo ketone. A solid compound was isolated
which had the correct analysis for a monobromo
derivative of XXIII. The bromine atom, however,
could not be displaced by nucleophiles such as
azide ion or thiourea, and the infrared spectrum
indicated the absence of the olefinic C—H absorp-
tion which was identifiable in XXIII, XVIII,
XIX and XX; the solid was therefore assigned
structure XXV,

The reaction of the ketone (XX) with butyl
nitrite, using the conditions that were successful for
the preparation of the 5-oximino ketone (X), did not
yield the desired oximino ketone (XXIV). A new
product resulted from the reaction as shown by
paper chromatography. Its analysis wasnot in agree-
ment with that of structure XXIV nor did it afford
a diazo ketone by reaction with chloramine.

"EXPERIMENTAL?Z2?

5-Acetyluracil (II1) was prepared by cyclization of ureido-
methylene acetoacetic ester® (II) in aqueous alkali using
the procedure of Johnson and Bergmann.? The recrystallized
product was obtained in 269, yield and had m.p. 293-295°
dec. (lit.® reported 25%, yield and m.p. 294° dec.); A5,

(23) Melting points and boiling points are uncorrected,
the latter were obtained with the Fisher-Johns apparatus.
Paper chromatography was done by the descending tech-
nique on Whatman No. 1 paper and the spots were detected
by vigsual examination under ultraviolet light. Adenine was
used as a standard and the spots were located relative to Rq
1.00. The solvent systems used were, A, 1-butanol-acetic acid-
water (5/2/3), B, water-saturated 1-butanol, C, 2-propa-
nol-2N aqueous hydrochlorie acid (65/35), D, 2-methoxy-
ethanol-water (9/1) and E, 5% disodium hy drogen phos-
phate (no organic phase).
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3.25 (NH), 5.80-5.97 (uracil and ketone C=0), 6.20 (uracil
(I==C), 6.65 (uracil ring); ASLEOH 224 (¢ 10,000) and 283 (e
10,600). Compound IIT moved as a single spot on paper
chromatography in solvent A with Raq 1.01.

5-Acetyluracil-p-tolylsulfonylhydrazone. A mixture of 1.0 g,
(6.5 mmoles) of 5-acetyluracil (I1T), 1.3 g. (7.0 mmoles) of p-
tolylsulfonylhydrazine, 30 ml. of ethanol, 10 ml. of water,
and 0.10 ml. of glacial acetic acid was heated on the steam
hath for 30 min. during which time all the solid dissolved.
The solution was chilled and the flask seratched, eausing the
precipitation of 1.8 g. (869) of a crystalline solid, m.p.
220-231° dee. The solid was recrystallized from 140 ml. of
hot water to yield 1.4 g. (69%) of material, m.p. 230-232°
dec.; Ahin 3.08 and 3.24 (NH), 5.62, 5.79, and 5.92 (uracil
C=0), 7.41 and 8.60 (80,N), 12.61 (p-disubstituted phenyl).
On paper chromatography in solvent A, the compound
moved as a single spot with Ra, 1.04.

Anal. Caled. for CsHiuN,OS: C, 48.4; H, 4.37; S, 9.94.
Found: C, 48.3; 48.1; H, 4.81, 4,52, S, 9.84.

&-Bromoacelyluracil (V). Bromine (2.2 ml.,, 42.4 mmoles)
was added dropwise to a stirred suspension of 5.0 g. (32.2
mmoles) of 5-acetyluracil (III) in 500 ml. of reagent metha-
nol at room temperature. After the addition, stirring was
continued until the solid had dissolved (about 30 min.) and
then the solution was evaporated to dryness in vacuo. The
residue was dissolved in 300 ml. of boiling methanol, the hot
solution was treated with Norit and filtered. The chilled
filtrate deposited 4.5 g. (609) of product, m.p. 240-245°
dec.; Aue 3,12 and 3.24 (NH), 5.62, 5.83, 5.94-6.02 (uracil
and ketone C=0); 6.21 (uracil C=C), 6.57 (uracil ring);
AE2s0H 227 (€ 6,600), 289 (e 10,200). The compound move as
a single spot on paper chromatography in solvent A with
Raa 1.25.

Anal. Caled. for CeH;BrN,O;: C, 31.0; H, 2.17; Br, 34.4.
Found: C, 31.4; H, 2.36; Br, 33.8.

Phenylosazone of uracil-5-glyoxal (VII), A mixture of 0.25
g. (1.07 mmoles) of 5-bromoacetyluracil (V) and 5 ml. of di-
methyl sulfoxide!! was allowed to stand at 10-15° for 18 hr.
Water (40 ml.) was added to the vellow solution which was
concentrated in vacuo at 60-70° to leave a viscous, yellow
liquid. A portion of the residue was added to a solution of
0.50 g. (4.7 mmoles) of phenylhydrazine in 10 ml. of ethanol
which contained 1 drop of glacial acetie acid, and the solution
was heated at 60-70° for 10 min. Hot water (10 ml.) was
added to the solution, causing the precipitation of a yellow
solid, m.p. 233-238° dec. The solid was recrystallized by
solution in 25 ml. of hot methanol, filtration of the solution,
and addition of 20 ml. of hot water to the filtrate. The
chilled solution precipitated the vellow, crystalline solid,
m.p. 236-238° dec.; Ao 3.15, 6.43 and 6.60 (NH), 5.77,
5.92, and 5.97 (uracil C=0), 6.25 (aryl and C=N), 13.50
and 14.60 (monosubstituted phenyl).

Anal. Caled. for C;sH,eNeOp: C, 62.1; H, 4.63; N, 24.4.
Found: C, 61.7; H, 4.86; N, 23.6.

Conversion of &-bromoacetyluractl (V) to uracil 5-carboxylic
actd (IV). A suspension of 0.50 g. (2.15 mmoles) of the bromo
ketone (V) in 10 ml. of dry pyridine!? was heated, with stir-
ring, for 30 min. at 70-80°. During this period the solid
completely dissolved and a new tan precipitate then ap-
peared. The mixture was chilled (0°) and filtered to isolate
the solid, 0.50 g., which failed to melt at 300° and was prob-
ably the quaternary pyridinium salt.

The solid was dissolved in a solution of 0.50 g. of sodium
hydroxide in 25 ml. of water and the solution was heated for
I hr. at 70-80°, treated with Norit and filtered. The filtrate
was chilled in ice bath and adjusted to pH 1 with 63/ hydro-
c¢hloric acid. A precipitate formed, which was separated by
filtration and washed with 30 ml. of water, vielding 0.08 g.
(247%) of product which did not melt below 300°. The solid
was reerystallized from 10 ml. of water to give 0.06 g. (1897)
of material which failed to melt at 300°. It showed a single
spot with Raq 0.77 in solvent A, behaving identically with a
commercial sample of 5-carboxyuracil (IV) hemihydrate in
both paper chromatography and infrared spectrum; Ay

max(p)
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2.90 (OH), 3.20 and 3.29 (NH), 4.10, 4.38-4.46, and 5.18
(carboxyl OH), 5.81 and 5.99 (uracil and carboxyl C==0),
6.19 (C=C), 6.59 (uracil ring), 6.98, 7.46, and 8.41 (COOH).

Anal. Caled. for CsH4N204'1/2H201 C, 363, H, 305, N,
16.3. Found: C, 35.5; H, 3.38; N, 16.3.

5-Azidoacetyluractl (VI). A solution of 0.56 g. (8.7 mmoles)
of sodium azide in 10 ml. of water was added to a solution of
1.0 g. (4.3 mmoles) of the bromoketoue (V) in 30 ml. of 2-
methoxyethanol. After the resulting solution had stood at
room temperature for 2 hr., it was chilled at 0°. The precipi-
tate, 0.25 g. (30¢%), was separated and recrystallized from 10
ml. of hoilin 1 methanol to yield 0.12 g. (15%,) of solid which
partially decomposed near 200° but did not melt on heating
t0300°; Aoty 3.21 (NH), 4.75 (N}), 5.80, 5.92 and 6.05 (uracil
and ketone C=0), 6.26 (C=C), 6.57 (uracil ring); \;*1t1 224
(£9,300), 287 (¢ 11,300). On paper chromatography in solvent
A, the product moved as a single spot with Raq 1.21.

Anal. Caled. for CeH;N;05: C, 36.9; H, 2.58; N, 35.8.
Found: C, 37.1; H, 2.78; N, 35.3.

On a preparative scale, 15.0 g. of the bromo ketone (V)
afforded 10.5 g. (859;) of azide (VI) that was suitable for
conversion to the amine (VIII).

5-Glycyluracil (VIII) picrate. A. By hydrogenation of the
azido ketone (VI). A suspension of 1.0 g. (5.1 mmoles) of the
azido ketone (VI) and 1.0 g. of 59, palladium-on-charecoal
catalyst in 100 ml. of 507, aqueous ethanol containing 4.0
ml. of 6} hydrochloric acid was stirred under 1 atm. of hy-
drogen for 8 hr. at room temperature, during which time
there was no apparent hyvdrogen uptake. The suspension was
filtered and the filtrate evaporated to dryness in vacuo, leav-

.ing 0.60 g. of amorphous solid which failed to melt at 300°.

A portion of the solid (0.20 g.) was added to a hot (70~
80°) solution of 0.25 g. (1.09 mmoles) of picric acid in 25
ml. of water. The vellow solution was chilled (0°) and a yel-
low precipitate slowly formed. The precipitate (0.30 g.,
m.p. 189-191° dee.) was dissolved in 10 ml. of hot water, the
solution treated with Norit, filtered and the filtrate chilled
to vield 0.15 g. (239, from V1) of pure picrate, m.p. 198-200°
dec.; AEET, 2.5-3.7 (NHy™), 5.75 and 5.85 (uracil and ke-
tone C=0). 6.20 (aryl and uracil C=C), 6.56-6.66 (uracil
ring), 6.40 and 7.50 (NO,).

Anal. Caled. for C2H;oNsOio: C, 36.2; H, 2.53; N, 21.1.
Found: C, 36.2, 36.3* H, 2.92, 2.64; N, 20.5.

When a supercooled solution of the above picrate in water
was seeded with the second form of the pierate, m.p. 224—
225° dee., (cf. below), the solution deposited the second
form of the pierate, m.p. 223-225° dec., which possessed an
infrared spectrum identical with that of the second form and
markedly different than that of the 198-200°-melting pic-
rate.

B. By treatment of the azido kelone (V1) with hydrobromic
acid. A suspension of 0.50 g. (2.56 mmoles) of the azido ke-
tone (VI)in 7.0 ml. of a 329 solution of hydrogen bromidc
in glacial acetic acid was stirred at room temperature for 20
min. during which time gas evolution was noted and the
solid gradually dissolved. When the solution had stood about
10 min, more, a yellow precipitate formed. I'ther (40 ml.)
was added to precipitate completely the solid, which was
then separated by filtration and added to 10 ml. of water.
The aqueous mixture was filtered to remove an unidentified
solid and to the hot (60-70°) filtrate was added a hot solu-
tion of 0.58 g. (2.56 mmoles) of picric acid in 40 ml. of water.
The vellow solution was chilled and seeded with the 198-
200°-melting picrate (see Method A, above) causing the pre-
cipitation of 0.20 g. (209%) of vellow solid, m.p. 200-204°
dee. This solid was reervstallized from 5 ml. of hot water to
give 0.10 g. (107) of the analytical sample, m.p. 224-225°
dec.; ASPr, 3.10-3.18 (NH), 3.3-3.7 (NH;*), 5.75-5.92
(uracil and ketone C==0), 6.15 (ary]l and uracil C==C), 6.60
(uracil ring), 6.35 and 7.50 (N O.).

Anal. Caled. for CH:NsOe: C, 36.2; H, 2.53; N, 21.1.
Found: C, 36.4; H, 2.82; N, 21.1.

5-Glycyluracil (VIII) hydrochloride. A suspension of 3.0
g. (7.5 mmoles) of 3-glycyluracil (VIII) picrate, 150 ml. of
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benzene, 60 ml. of water, and 7.8 ml. of coned. hydrochloric
acid was stirred vigorously for 1 hr. at room temperature.
The aqueous layver was separated and was extracted with
two 50-ml. portions of benzene. On standing at room temper-
ature the aqueous solution deposited 0.50 g. of the amine hy-
drochloride which did not melt below 300°; N\, 3,16 (NH),
3.59, 3.86, 4.91, and 5.22 (NH; %), 5.60, 5.76, 5.90, 6.10 (ura-
cil and ketone C=0), 6.27 and 6.36 (C=C and NH;*), 6.70
(uracil ring and NH; +); ML 227 (€ 10,200), 285 (¢ 12,300);
AR 227 (€ 10,300, 285 (e 12,500). The material streaked
badly in several paper ehromatographie solvent systems,

Anal. Caled. for CsHLCIN;O;: C, 35.0; H, 3.92; Cl, 17.2.
Found: C, 35.0; H, 3.90; Cl, 17.9;.

The mother liquors from the analytical sample were evapo-
rated in vacuo and left 1.0 g. of solid which did not melt be-
low 300° and had an infrared spectrum identieal with that of
the analyvtical sample. This material was readily recrystal-
lized from 63/ hydrochloric acid. The total yield of hydro-
chloride from the picrate was 1.5 g. (979%).

Conversion of o-glycyluracil (VIII) to wracil-5-carboxylic
acid (IV). A solution of 0.515 g. (7.26 mmoles) of sodium
nitrite in 5 ml. of water was added to a stirred solution of
0.50 g. (2.42 mmoles) of H-glveviuracil (VIII) hydrochloride
in 10 ml. of water. The solution was stirred for 3 hr. at room
temperature, during which time a solid, 0.15 g. (409,) and
m.p. 285-287° dec., precipitated. The solid was recrvstal-
lized twice from water to give 0.05 g. (139) of preduct,
m.p. >300°. It was identical in paper chromatographic be-
havior and in infrared spectrum with a commercial sainple of
the hemihydrate of uracil-5-carboxylic acid (IV).

5-(N-Acetylglycyluracil (IX). A suspension of 0.25 g.
(1.28 mmoles) of the azido ketone (V1), 10 ml. of glaecial ace-
tic acid, 0.10 g. of 57 palladivm-on-charcoal, and 0.27 g.
(2.56 mmoles) of acetic anhydride was stirred with hydrogen
at room temperature for 6 hr., during which time there was
no visible uptake of hydrogen. Methanol (20 ml.) was added
to the mixture, which was then heated to boiling on the
steam bath and the mixture filtered. The filtrate was evapo-
rated (n vaciwo at 40-50°, leaving a solid residue, m.p. 290—
205°. The produet was recrystallized from 30 ml. of hot
water, vielding 0.20 g. (749 ) of a solid which did not melt
below 300°; AN¥ ) 3,02, 3.18, 3.28 (NH), 5.81, 5.95, and 6.22
(uracil and ketone C=(), amide C=0, and C==C); there
was a broad, unassigned band at 3.70-3.82 u. On paper
chromatographv in solvents A and B the compound was
homogeneous with Kq 1.10 and 0.44, respectively.

Anal. Caled. for C\HNO. C, 45.4; H, 4.29; N, 19.8.
Found: C, 45.5: H, 4.51; N, 20.1.

2,4-Dioxo-1,2,3, 4-tetrahydro-5-pyrimidineglyoxyl aldehyde
aldorime (X). To a stirred, chilled (0-3°) solution of 1.0 g.
(6.4 mmoles) of 5-acetvluraeil (ITT), 0.72 ml. (6.4 mmoles)
of n-butyl nitrite, and 60 mi. of N,N-dimethylformamide
was added 0.52 ml. (6.4 mmoles) of coned. hydrochloric acid
over a period of ahout 2 min. The mixture was stirred at
room temperature for 18 hr. and was concentrated in vacuo
at 35-40° with the aid of an oil pump to about 10-12 ml.,
then poured nver 40-50 g. of ice. The precipitated solid (0.80

, 687%.) failed to melt helow 300°. The product was re-
crystallized from 30 mi. of hot water to give 0.50 g. (439)
of material which did not melt below 300°. From a previous
preparation, an analvtieal sample was obtained which had
AYeol 2.83, 2,95, and 3.053 (NH, OH), 5.81 and 5.98 (uracil

and 6.99 (pvrimidine ring); ANEI . 239 (broad) (e 8,500),
200 (e 10,200): X257 239 (€ 8,500), 313 (broad) (e 19,000);
NS 334 (€ 15,200). On paper chromatography in solvents
A and D, the producet moved as a single spot with Raq 0.84
and 1.30, respectively.

Anal. Caled. for C,H.N;04H0: C, 35.8; H, 3.50; N, 20.8.
Found: C, 36.2, 36.2; H, 3.36, 3.28; N, 21.0, 20.8.

5-Diazoacetyluracil (X1). To a chilled (0-3°), stirred solu-
tion of 2.0 g. (10.9 mmoles) of the oximino ketone (X), 0.88
g. (21.8 mmoles) of sodium hydroxide, 45 ml. of coned. am-
monium hydroxide, and 120 ml. of water was added dropwise
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20 ml. (10.2 mmoles) of 4.87, aqueous sodium hypochlorite
over a period of 20 min. After the addition, the mixture was
stirred at 0-3° for 1 hr., at room temperature for 3 hr., then
evaporated in vacuo to 15-20 ml.2* while maintaining the
bath temperature below 30°. The solution was chilled to af-
ford 0.60 g. of a yellow solid which failed to melt below 300°.
The infrared spectra of the products from a number of runs

. -
were identical: Ny, 2.76 and 2.98 (NH), 4.72 (—N=N\),
5.82 (C=0), 6.05, 6.17, 6.22 and 6.40 (C==C and pyrimidine
ring); N2 3095 NE, 335,

The sodium salt prepared as above (6.0 g.) from several
runs was dissolved in 150 ml. of water at room temperature,
the solution filtered, and the filtrate chilled to 0°. (ilacial
acetic acid was added dropwise to the cold solution to adjust
the pH to 7, at which peint the product precipitated. The
solid, 3.0 g. (159, from X), was collected and washed well
with cold water. It did not melt below 300° and had N

max ()

3.18, 3.22-3.29, and 6.50 (NH), 4.60, 4.70, 4.74, and 4.82

PO
(—N=N), 5.83-5.94 (ketone and uracil C==0), 6.16 (C=C).

Anal. Caled. for CsHN,Op: C, 40.0; H, 2.23; N, 31.1.
Found: C, 40.0; H, 2.64; N, 30.9.

Conversion of the sodium sall of X1 to the bromo ketone (V).
To a stirred solution of 1.0 g. of the crude sodium salt of XI
(see previous experiment) in 20 ml. of water, 25 ml. of 487
aqueous hydrobromic acid was added over a period of 10
min. The solution was allowed to stand at room tempera-
ture for 1 hr., then was evaporated te dryness in vacuo with
the bath temperature maintained at 30-40°. The residue
was triturated with 10 ml. of absolute ethanol which was de-
canted and the undissolved solid was washed with 25 ml. of
cold water, leaving 0.50 g. of a solid which partiall* decom-
posed near 210° and whose infrared spectrum and paper
chromatographic behavior agreed well with those of authen-
tic V. A portion of this residue, 0.100 g., was recrystallized
from 7 ml. of methanol to atford 0.020 g. of solid, m.p. 230~
234° dec., whose infrared spectrum and paper chromato-
graphic behavior in solvents B, C, and D were the same as
those of authentic V.

Anal. Caled. for CsH;BrN.O;: C, 31.0; H, 2.17; Br, 34.4.
Tound: C, 31.5; H, 2.59: Br, 34.4.

1,2,3,4-Tetrahydro-2,4 -diozo -5 - pyrimidinylearbonylmethyl
thiocyanate (XIII). To a warm (60°) solution of 0.53 g.
(2.28 mmoles) of the bromo ketone (V) in 10 ml. of 2-meth-
oxyethanol was added 0.30 g. (3.10 mmoles) of potassitim
thioevanate and the solution was maintained at 50-60° for 5
min., during which time a brown eolor developed. The solu-
tion was evaporated 7n vacvo with the temperature main-
tained below 50°, Water (10 ml.) was added to the brown
residue and the mixture was filtered, vielding 0.45 g. (049;)
of a solid which darkened near 200° but failed to melt below
300° and whose infrared spectrum was almost identical with
that of the analytical sample. The material was recryvstallized
from methanol (80 ml./g.) to vield 0.30 g. (63¢;) of the
analytical sample, m.p. >300°; A5 3.17, 8.25, ard 3.28
(NH), 4.65 (SCN), 5.77 and 5.96 (uracil and ketone C=0).
6.25 (C==C). On paper chromatography in water, the com-
pound moved as a single spot with R4 1.87.

Anal. Caled. for CH:N;058: C, 39.8; H, 2.39; N, 19.9.
Found: C, 40.0; H, 2.58; N, 19.5.

5-(8-Methyl-4-thiazolyl wracil (XII). To a warm (50°)
solution of 0.23 g. (1.0 mmole) of the bromo ketone (V) in
3.5 ml. of 2-methoxyethanol was added 0.09 g. (1.2 mmoles)
of thicacetamide. Within 1 min. the solution began to de-
posit a crystalline, white precipitate. After it had stood at
room temperature for 1 hr., the mixture was chilled and
filtered, vielding 0.18 g. (87%) of solid which failed to melt
below 300° and whose infrared spectrum was identical with
that of the analytical sample. The material was recrystallized

(24) If the solution was allowed to evaporate to dryness,
the infrared diazo band was weak or missing in the resultant
solid.,
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by dissolving it in 20 ml. of hot (90°) N,N-dimethylform-
amide, diluting the solution with 7 ml. of water, and chilling,
to yield the analytical sample, m.p. >300°; AJ4° 3.01, 3.18,
3.22 (NH), 5.82 and 5.95 (uracil C=0), 6.05 (C=N), 6.22
(C==C); there were strong, unassigned bands at 8.09 and
8.22 u and unexplained, broad absorptions at 3.6-4.2 p;
Ao 233 (¢ 9,700), 274 (e 11,500); N2E7 . 249 (e 11,800),
265 (e 8,700), 294 (shoulder, ¢ 7,500); N25h13. 249 (broad, €
11,700), 307 (broad, ¢ 9,700). On paper chromatography in
solvents A and C, the product moved as a single spot with
Raq 1.28 and 1.08, respectively.

Anal. Caled. for CsH:N;0.8: C, 45.9; H, 3.38; N, 20.1.
Found: C, 46.1; H, 3.56; N, 19.5.

5-(2-Amino-4-thiazolylyuractl (XIV) and the hydrobromide
and picrate salts. A mixture of 0.27 g. (1.20 mmoles) of 5-
bromoacetyluracil (V), 0.92 g. (12.0 mmoles) of thiourea,
and 10 ml. of 2-methoxyethanol was heated at 70-80° for 1
hr., during which time a heavy solid formed. This was sepa-
rated by filtration and washed with cold water, leaving 0.30
g. (879%) of the hvdrobromide salt of XIV which did not
melt below 300°. The solid was recrystallized from 300 ml.
of hot water, yielding 0.27 g. (78%;) of product, m.p. >300°;
ANuiel 3.00-3.22 (NH), 3.6-4.2 (broad absorptions, possibly
NH; 1), 5.81 and 5.93 (uracil C=0), 6.14 {C=C and C=N
or C=N*); N1 242 (¢ 12,800); N7 243 (e 12,000);
AR S 241 (broad, € 13,400), 316 (¢ 8,000). On paper chroma-
tography in solvent C, the product moved as a single spot
with Raq 0.83.

Anal. Caled. for C;HeN,O;S-HBr: C, 28.9; H, 2.43; S,
11.0. Found: C, 28.8, 29.2; H, 3.02, 3.02; S, 10.9, 10.7.

A solution of 0.200 g. of the hydrobromide salt of XIV in
25 ml. of hot water was adjusted to pH 7 with solid sodium
bicarbonate, causing the precipitation of 0.125 g. (919) of
the free base (XII) as a solid which did not melt below 300°.
The solid was recrystallized from 40 ml. of hot water to yield
0.075 g. (55%) of product, m.p. >300°; \}u. 2.92, 3.02 and
3.12 (NH), 5.81 and 5.92 (uracil C==0), 6.14 (C=N and
C=C); there was a strong, unassigned band at 8.30 u. On
paper chromatography in solvents A and C, the compound
moved as a single spot with Rq 0.81 and 0.81, respectively.

Anal. Caled. for C7H5N402‘x/2 H20: C, 384, H, 322, N,
25.6. Found: C, 39.0, 39.2; H, 3.41, 3.40; N, 25.2.

To a hot solution of 0.137 g. (0.600 mmole) of picric acid in
40 ml. of methanol was added 0.105 g. (0.500 mmole) of the
free base (XIV). The hot solution was filtered and the fil-
trate was chilled overnight to cause precipitation of the pic-
crate. The yellow solid was recrystallized twice from hot
methanol to give a crystalline solid which decomposed with-
out melting near 260°; Ao 2.84 298 3.13 (NH), 3.22
(NH and aryl), 5.76 and 5.86 (uracil C==0), 6.06 (aryl and
C==N*), 6.44, 7.46 and 7.56 (NO,).

Anal. Caled. for CisHN;0,8: C, 35.5; H, 2.06; N, 22.3.
Found: C, 36.0; H, 2.59; N, 22.6.

5-[Bis{ 2-hydrozyethyl)aminoacetylluracil (XV). To a warm
(55-60°) solution of 1.50 g. (6.44 mmoles) of 5-bromoacetyl-
uracil (V) in 150 ml. of methanol was added 1.68 g. (16.1
mmoles) of 2,2’-iminodiethanol. The solution was warmed at
55~60° for 5 min. and was then evaporated i» vacuo, leaving
a brown sirup. Water (30 ml.) was added to the residue and
the mixture was heated at 65-70° for 15 min. The solution
was chilled and the flask scratched, causing the precipitation
of 1.15 g. (709,) of crystalline solid, m.p. 135-137°. The solid
was recrystallized from 25 ml. of hot water, vielding 1.0 g.
(609¢) of product, m.p. 145-147° with darkening around
135°. From a previous run, a sample was obtained, after re-
crystallization from water, which had m.p. 144-146° with
prior darkening; ANS% 2.93, 2.99, and 3.11 (OH, NH), 3.24
(NH), 6.00, 6.08, 6.20 (uracil and ketone C=0 and C=C),
9.12, 9.27 and 9.43 (C—OH); N2, 258 (e 7,700), 287
(shoulder, e 3,500); 27, 250 (e 6,430), 302 (¢ 5,570);
NE S 244 (e 8,270), 302 (e 15,900). On paper chromatog-
raphy in solvents A and D, the compound moved as a
single spot with R4 0.40 and 1.10, respectively.

ROSS, ACTON, SKINNER, GOODMAN, AND BAKER

VOL. 206

Anal. Caled. for C,H; N0, H:0: C, 43.6; H, 6.23; N,
15.3. Found: C, 43.9; H, 6,55; N\, 4.9,

Ethyl 3,4-dioxovalerate 4-diethylketal (XXI1). In a three
neck, 100-ml. flask equipped with a condenser, dropping
funnel, stirrer, and drying tube was placed 15.0 g. (78.9
mmoles) of ethylpyruvate diethyl acetal (XXI),22 6.93 g.
(0.158 mole) of sodium hydride (as a 54.57, suspension in
mineral oil), and 10.3 g. (0.118 mole) of ethyl acetate and the
mixture was stirred at 20~25° (water-bath temperature) for |
hr. Lithyl acetate (10.3 g., 0.118 mole) was added dropwise
with stirring over a 20-min. period, then the resulting solu-
tion was stirred at room temperature for 3 hr. The flask
contents were poured over 40 g. of ice and the resulting
mixture was adjusted to pH 4 with cold 63/ hydrochloric
acid and extracted with three 50-ml. portions of ether.
The extracts were combined, washed with two 25-ml. por-
tions of water, dried over magnesium sulfate, and distilled
from a short Vigreux colnmn, after being filtered. After re-
moval of the ether at atmospheric pressure, a forerun of
ethyl acetoacetate was collected at 45-50° (4-6 mm.), fol-
lowed by 11.5 g. (63%7) of the g-keto ester (N XII) collected
at 81-83° (3 mm.), %' 1.4331. From an earlier run, a similar
fraction was collected, n% 1.4376 and Al 3.55-3.75 (broad,
enolic OH), 5.72-5.83 (ester and ketone C=0)), 6.05-6.13
(chelated C=0), 6.36 (C==C), 8.35 and 8.60-8.85 (ester
C—0—C), 9.60 (ester and ketal C—0O-—C), 12.30 (olefinic
H).
Anal. Caled. for C\/HyO5: C, 56.9; H, 8.68. Found: C,
57.0; H, 8.49.

2-Amino-6-acetyl-4(3H )-pyrimidinone (XXIII). A mix-
ture of 3.00 g. (12.9 mmoles) of the g-keto ester (XXII),
2.82 g. (15.7 mmoles) of guanidine carbonate, and 40 ml. of
absolute ethanol was stirred under reflux for 14 hr. The etha-
nol was evaporated in vacuo and to the residue was added
40 ml. of water. The solution was adjusted to pH 1 with 617
bydrochloric acid, heated with stirring at 90-100° for 15
min., cooled to 10-15°, and neutralized (pH 7) with 107,
aqueous sodium bicarbonate. A brown solid, 2.00 g. (839.),
separated and was dissolved in a solution of 5 ml. of 6./
hydrochloric acid and 50 ml. of water and the solution treated
with Norit. After filtration the filtrate was adjusted to pH 7
with 109 aqueous sodium hicarbonate solution, vielding a
tan solid, 1.30 g. (54G¢), m.p. >300°; A% 3.01 and 3.22
(NH., NH), 5.82 and 5.95-6.10 (ring and ketone C==0, NH,,
C=C), 6.48-6.70 (pyrimidine ring), 11.60 (olefinic H).
On paper chromatography in solvents A, C, and D), the comn-
pound moved as a single spot with R 1.05, 1.06, and 1.22,
respectively. The anhydrous solid was obtained by dissolv-
ing in N, N-dimethylformamide and reprecipitating with 2-
methoxyethanol.

Anal. Caled. for CeHNO.: €, 47.0; H, 4.60; N, 27.4.
Found: C, 47.1; H, 4.80; N, 26.7.

2-Amino-5-bromo-6-ucetyl-4(3H )-pyrimidinone (XXV).
To a stirred suspension of 3.00 g. (19.2 mmoles) of 2-amino-6-
acetyvl-4(3H)-pyrimidinone (XXIII) in 80 ml of glacial
acetic acid was added dropwise 1.00 ml. (19.6 mmoles) of
hromine over a period of 5 min. The solution was stirred at
room temperature for 4.5 hr. and was evaporated in vacuo at
40-50°. Tce water (80 ml.) was added to the solid residue and
the solution was adjusted to pH 8 with 109, aqueous so-
dinum bicarbonate. The solid produet, 3.00 g. (70%,), decom-
posed without melting at 215-217° and was recrystallized
from 200 ml. of absolute ethanol to yield 2.50 (609;) of
product with the same decomposition behavior as the crude
product; Al 3.02 and 3.19 (NH,;, NH), 5.80, 5.94, 6.06,
6.22 (ring and ketone C=0, NH,, C=C), 6.41 (pyrimidine
ring); there was no olefinic CH in the 11.5-11.8 u region;
ATE o 226 (e 9,000), 300 (e 5,200); N2ET ., 225 (¢ 10,700),
304 (e 4,900); M52, 296 (e 3,500). On paper chromatog-
raphy in solvent A, the compound moved as a single spot
with RAd 1.30.

Anal. Caled. for CeHgN;O:.Br: C, 31.1; H, 2.60; Br, 34.4.
Found: C, 31.7; H, 2.87; Br, 34.0, 3+.2.

6-(1,1-Diethoxyethyl)-2-thiouracy! (XVIII), A mixture of
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2.00 g. (8.61 mmoles) of the B-keto ester (XXII), 0.49 g.
(9.00 mmoles) of sodium methoxide, 0.76 g. (10.0 mmoles)
of thiourea, and 10 ml. of absolute ethanol was heated under
reflux with stirring for 7 hr. The mixture was evaporated in
nacuo at 50-60°, the red residue was dissolved in 15 ml. of
water and the solution heated at 70-80° for 10 min. After
treatment with Norit the hot solution was filtered, the filtrate
chilled and adjusted to pH 4 with 6 hvdrochlorie acid. A
gummy material precipitated which crystallized on standing
to vield 0.90 g. (439) of crystalline solid, m.p. 144-147°;
AT 203,27 (NH), 5.93 (C==0), 6.12 (C=C), 6.42 (px-
rimidine ring), 841 (C=8), 0.50 and 9.62 (C—0O—C),
11.77 (olefinie CH). On paper chromatography in solvent B,
the compound moved as a single spot with Raq 1.65.

Anal. Caled. for CiHigN=0,8: C, 49.1: H, 6.59; X, 13.1.
Found: C, 49.7; H, 6.89; 8, 12.6.

6-Acetyl-2-thiouractl (XIX). A mixture of 18.0 g. (77.5
mmoles) of the B-keto ester (XXII), 9.90 g. (0.183 mole)
of sodium methoxide, 11.8 g. (0.155 mole) of thiourea, and 90
ml. of absolute ethanol was stirred for 14 hr. at room tem-
perature. The solution was heated under reflux for 6 hr. and
evaporated 7n vacno. Water (80 ml.) was added to the resi-
due, the solution filtered and the filtrate adjusted to pH 3
with 61/ hydrochloric acid. The acid solution was heated on
the steam bath for 30 min., during which time crystallization
began. After chilling the mixture, 8.50 g (51%) of product
was obtained with nup. 274-276° dec.: this produect was
identical with that prepared from XVIII.

Previously, by heating a mixture of 0.20 g. (0.82 mmole)
of the diethylketal (XVIII), 5 drops of 617 hydrochloric
acid, and 15 ml. of water at 70-80 for 30 min., a vellow,
crystalline product, 0.14 g. (979%), m.p. 278-280° dec., had
been obtained. This was recrystallized from 35 ml. of boiling
water with the aid of Norit to vield 0.060 g. (58%) of solid,
m.p. 278-280° dec.; AU 3.18 and 3.22 (NH), 5.91 (thio-
uracil and ketone C=0), 6.15 (C==0), 6.40-6.50 (pyrimi-
dine ring), 8.57 (C==8), 11.70 (olefinic CH); M| 272 (e
20,200; N0 260 (e 13,400); AIHE 267 (e 14,700). On
paper chromatography in solvents A and B, the product
moved as a single spot with Raa 1.14 and 1.46, respectively.

Anal. Caled. for CeHeN0S8: C, 42.3; H, 3.54; S, 18.8.
IFound: C, 42.5; H, 3.64; X, 18.9.
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6-Acetyluracil (XX). A. From 6-(1,1-diethoxyethyl)-2-
thiouracil (XVIIT). A stirred suspension of 0.22 g. (0.90
mmole) of the diethylketal (XVIII), 0.43 g. (4.5 mmoles)
of chloroacetic acid, and 5 ml. of water was heated under re-
flux for 6 hr. The solution was chilled, causing the precipita-
tion of 0.094 g. (68%,) of product, m.p. 259-260° dec. This
was recrystallized from 5 ml. of hot water, yielding 0.080 g.
(58%) of solid, m.p. 265-266° dec. (lit.2? m.p 255-260°
dec.y; AN 3,00 and 3.19 (NH); 5.82 and 5.93 (uracil and
ketone C==0), 6.10 (C==(), 11.50 (olefinic CH); NE!
205 (e 6,600); AN 295 (e 5,400). On paper chromatog-
raphy in solvents A and B, the compound moved as a single
spot with Raa 0.97 and 0.92, respectivelyv.

Anal. Caled. for CéHsN:O;: C, 46.6; H, 3.92. Found: C,
16.5; H, 4.05.

In the same manner, the treatment of 7.0 g. of 6-acetyl-2-
thiouracil (XIX) with a solution of 13.6 g. of chloroacetic
acid in 130 ml. of water heated at reflux for 5 hr. gave 4.0
g. (639%) of 6-acetyluracil (XX), m.p. 264~265° dec., with
infrared spectrum and paper chromatographic hehavior
identical to those of the analytical sample.

B. From 2-amino-8-acetyl-4(3H)-pyrimidinone (XXIII).
To a stirred mixture of 2.00 g. (13.0 mmoles) of the amino-
pyrimidinone (XXIII), 10 ml. of 63/ hydrochlorie acid, 5
ml. of coned. sulfuric acid, and 15 ml. of water at room tem-
perature was added dropwise a solution of 3.58 g. (52 mmoles)
of sodium nitrite in 10 ml. of water over a period of 10 min.
The mixture was stirred at room temperature 1.5 hr. and
chilled to yield 1.40 g. (699%2) of crystalline 6-acetyluracil
(XX), m.p. 257-260° dec., which was identical with the
analytical sample in infrared spectrum and paper chromato-
graphic behavior.
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Syntheses of the disulfides of 6-mercaptopurine, 6-thioguanine, 6-thioinosine, and 6-thioguanosine from the corresponding
mercaptans are described. Cleavage of the S~—8 bond in the disulfide of 6-mercaptopurine and 6-thioguanine by agueous
alkali yields purine-6-sulfinate and 2-aminopurine-6-sulfinate respectively. These sulfinates also result from oxidation of the
mercaptopurines with alkaline iodine solution, while the corresponding sulfonates result from oxidation of the parent mer-
captans or sulfinates with alkaline permanganate. The sulfonates are also prepared by the direet replacement of the chlorine
atom in 6-chloropurine and 2-amino-6-chloropurine respectively by means of sodium sulfite. The sulfinates are useful in
various svntheses since the 6-sulfinate can be replaced by a chloro, hvdrogen, or hydroxyl with relative ease.  The shifts
in the ultraviolet speetra of the bis(6-purinyl) disulfides and their nucleosides and the influence of the sulfinates and sul-
fonates on the pIS, values of the imidazole dissoeiation, are discussed. A preliminary report of the effects of the disulfides,
stlfinates, and sulfonates on transplantable mouse tumor, Surcoma 180, is given.

In bacterial and mammalian systems, 6-mer-
captopurine (6-MP) has been shown to inhibit
de novo synthesis of nucleic acid, presumably
through blocking the conversion of inosinic acid into
other purine rihonucleotides.? Similarly, recent
investigations into the mechanism of the action

of 6-mercaptopurine, using microbiological systems?
and enzyme preparations,* have indicated that
in the form of its ribonucleotide, 6-mercaptopurine
inhibits the normal enzymic conversions of ino-
sinie acid. The complete metabolic mechanism in
mammals of the G-mercaptopurines (6-mercapto-



