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prepare VIII except that (1) the reaction time was 4 hr and (2)
the benzene solution of the reaction-mixture residue was washed
with water, dried (Mg80.), and treated with activated carbon
before the dilution with cyclohexane. The analytical sample
(from benzene-cyclohexane) melted at 55°; Amax [in mp (e X
10-3)] 227 (22.1), 260 (7.3), 289 (11.8) in ethanol.

Anal. Caled for CuHyiN:O4: C, 60.62; H, 5.31; N, 20.62.
Found: C,60.53; H, 5.29; N, 20.86.

N-(5-Amino-3-ethyl-3H-v-triazolo[4,5-d] pyrimidin-7-yl)aspar-
tic Acid (XI).—A mixture of 10.1 g of X, 1 L. of absolute ethanol,
and 2.0 g of 59 palladium-charcoal catalyst was treated with
hydrogen at atmospheric pressure and room temperature until
the calculated quantity of hydrogen had been absorbed. After
the catalyst had been removed by filtration and the ‘'ethanoli:
filtrate concentrated to about 150 ml and chilled, a white solid
precipitated; 5.16 g, mp 227-230° dec. A second portion of
540 mg (mp 225-235° dec) was obtained by evaporating the
ethanol from the filtrate, dissolving the white residue in 1 ¥
NaOH, and precipitating the product by acidification. A solu-
tion of the combined portions in 100 m!l of 1 N NaOH was acidi-
fied to pH 2 with 6 N HCI and refrigerated. The white crystal-
line XI, which was separated by filtration, washed with water, and
dried in vacuo, weighed 4.96 g (789,); mp 234-236° dec (cap.);
Mmax [in Mg (e X 1073)] 256 (16.0), 273 (13.3) in 0.1 N HCI;
230 (16.6 sh), 265 (sh), 291 (12.9) in phosphate buffer (pH 7);
230 (16.0 sh), 265 (sh), 291 (12.8) in 0.1 N NaOH.

Anal. Caled for CHisN;O4: C, 40.64; H, 4.44; N, 33.21.
Found: C,40.71; H, 4.66; N, 33.14.

N-(5-Amino-3-butyl-3H-v-triazolo[4,5-d] pyrimidin-7-yl )as-

partic acid (IX) was obtained by hydrogenation of VIII by the
procedure for XI. The white solid remaining after removal of
the catalyst and evaporation of the ethanol was recrystallized
twice from 509 aqueous ethanol; yield of IX, 339%; mp 175-
180° (cap.); Amex [in mu (e X 1073)] 256 (16.3), 274 (13.4) in
0.1 N HCI; 218(18.0), 230 (sh), 265 (sh), 290 (13.1) in phosphate
buffer; 230 (sh), 265 (sh), 290 (13.3) in 0.1 N NaOH.

Anal. Caled for C12H17N704: C, 4457, H, 536, N, 30.33.
Found: C, 44.37; H, 5.36; N, 30.09.
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6-Azauracil Derivatives of Fluoropyruvic Acid!
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The current interest in 6-azauracil [gs-triazine-3,5-
(2H,4H)-dione] and its derivatives as potential anti-
cancer agents®® and in thiosemicarbazones as antiviral
agents*’ has prompted the syntheses of the compounds
described in this paper.

5-Fluoromethyl-6-azauracil [6-fluoromethyl-as-tria-
zine-3,5(2H,4H)-dione] (II) was prepared by the ring
closure of the known fluoropyruvie acid semicarbazone

(1) Supported largely by the Research Grant CA 08095-02 from the Na-
tional Cancer Institute, Public Health Service.

(2) R. Lee Clark, Jr., “Cancer Chemotherapy,” Clarles C Thomas, Pub-
lisher, Springfield, Ill., 1961, pp 35-36.

(3) J. 8koda, Progr. Nucleic Acid Res., 8, 197 (1963).

(4) C. H. Stuart-Harris and L. Dickinson, "The Background to Cliemo-
therapy of Virus Diseases,” Charles C Thomas, Publisher, Springfield, Ill.,
1964, pp 65—70.

(8) R. L. Thompson, Advan. Chemotherapy, 1, 106 (1964).
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(I).® The classical base-catalyzed ring closure of a-
keto acid semicarbazones’” to 3,5-dione-as-triazines
failed, apparently due to the lability of the a-imino
fluorine. Finally ring closure to II was accomplished
by the method recently described by Heidelberger and
Dipple.t Since fluoropyruvic acid 3-thiosemicarbazone
(III) could not be cyclized to the as-triazine, fluoro-
pyruvic acid 3-methylisothiosemicarbazone (IV) was
used. Cpyeclization of IV to 3-(methylthio)-6-fluoro-
methyl-as-triazin-5(2H)-one (V) was effected in boiling
water.® The infrared!® and ultraviolet spectra!! of this
compound are similar to that of the known 3-(methyl-
thio)-as-triazin-5(2H)-one, indicating the structure
shown (V). The ease of cyclization of the semicarba-
zones I and IV indicates that they both have the syn
configuration,

These compounds have been submitted to the National
Institutes of Health, Cancer Chemotherapy National
Screening Center, for anticancer and antiviral screen-
ing. Antiviral screening of I based on its ability to in-
hibit or prevent cytopathic effect (CPE) in tissue cul-
ture as found by the Viral Chemotherapy Section,
Drug Evaluation Branch, CCNSC, National Cancer
Institute, is given in Table I.

TasLE I
Virus system Results?
Columbia SK +
Vaccinia +

Lymphocytes choriomeningitis —

e £ = 25-50% CPE (cytopathic effect), + = 0-50%, and
— = 50-1009%. Negative results were obtained when I was
tested in the ¢n vivo Columbia SK ¥irus system.

Experimental Section!?

Fluoropyruvic Acid Semicarbazone (I).5—To a solution of 5.65
g (0.051 mole) of semicarbazide hydrochloride in 35 ml of water

(6) P.V, Nair and H. Bascly, J. Org. Chem., 28, 137 (1958). The authors
reported the melting point and analysis of I; liowever, since tlie preparation
was not given, it is included in this paper.

(7) J. Gut, Advan. Heterocyclic Chem., 1, 204 (1963).

(8) C. Heidelberger and A. Dipple, Abstracts, 150th National Meeting of
the American Chemical Society, Atlantic City, N. J., Sept 1965, p 13D.

(9) The facile cyclization of glyoxylic acid 3-methylisothiocsemicarbazone
has been reported by (a) A. R. Restivo and F. A. Dondzila, J. Org. Chem., 27,
2281 (1962); (b) P. K. Chang and T. L. V. Ulbricht, J. Am. Chem. Soc., 80,
976 (1958); and (c) E. Catielain, Bull. Soc. Chim. France, 11, 256 (1944).

(10) M. Horak and J. Gut, Collection Czech. Chem. Commun., 28, 3392
(1963).

(11) J. Jonas and J. Gut, ibid., 27, 1886 (1962),

(12) Melting points were determined using a Kofler hot stage. TUltra-
violet absorption spectra were recorded by a Bausch and Lomb Spectronic
505 spectrophotometer. Infrared spectra were determined on a Perkin-
Elmer Infracord spectrophotometer. Analyses were performed by Micro-
Tech Laboratories, Skokie, I1l.
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was added 3.65 g (0.028 mole) of sodinm fluoropymvate.ts  On
cooling overnight at 0° the desired compound crystallized, was
removed by filtration, and washed with cold water, yielding 3.53
g (76%) of I.  The produet turned brown at ca. 185°, melting at
206-207° dec; lit.® turns brown at 198-200° and decomposes at
205°.

5-Fluoromethyl-6-azauracil (1I).--A iixture of 1.0 g 6
mmoles) of I, 50 mi of SOCl, and 1 drop of dry pyridine was
refluxed 1 hr (clear solution), allowed to stand overnight at room
temperature, and evaporated to 15 ml i vacuo. On cooling 11
crystallized and was removed by filtration through sintered glass
and washed with dry ether, vielding 550 mg (63%) after drying
at. 80° in vacuo, mp 127- 195" A portion was recrystallized for
analysis from chlombenzene and dried at 80° in racuo, needles,
mp 127.5-129°; A% 2O 965 my (log € 3.78); AN Bl 9oy my;
ANl s 0, 3,12, 5.82-6.00, 7.75, 8.17, 9.81, 10.06, 11.53, 12.65,
13.00, 13.50, 13.82 »

Anat. Caled for C4H4FI\'303: C, 33.11; H, 278, F,
Found: C,33.16; H, 2.89; F, 13.29

Fluoropyruvic Acid 3-Thiosemicarbazone (III).-—A solution of
915 mg (10 mmoles) of thiosemicarbazide, 11 ml of 1 ¥V HCI, and
640 mg (5 mmoles) of sodium fhieropyruvate® was allowed to
stand at room temperature for 1 min and then cooled in an ice
bath.  On cooling 600 mg (677%) of III crystallized as needles,
mp  186--189° dec. Recrystallization from water (prolonged
heating and standing at room temperature being avoided) gave

13.10.

needles; the product turned orange-red at 150-160° and melted
at 185-190° dec; A% FCM 230 my (log e 3.84), 301 my (log
e 4.13); A mON 217, 240 my; ANwel 2 92, 3,05, 3.10, 4.01, 6.00,

6.21, 6.32, 6.92, 7.15,
11.75, 12,40, 12.72

Anal. Caled for CHFN;0.8:  C, 26.81; H, 3.38; N, 23.45:
= 17.90. Found: C, 26.70; H, 3.40; N, 23.20, 23.43; &,
17.76.

Fluoropyruvic Acid 3-Methylisothiosemicarbazone (IV).---A
solution of 4.66 g (20 mmoles) of 3-S-methylisothiosemicarbazide
hydriodide!* and 1.28 g (10 mmoles) of sodium fluoropyruvate!s
in 30 ml of water was allowed to stand at room temperature for
10 min and then at 2° for 2 days, yielding IV which was dried
in vacuo at 60°; vield 1.35 g (709), transition to needles at 140-
150°, mp 182-184° dec. Recrystallization from ethyl acetate
tollo“ed by drying #n vacue at 70° did not change the melting
point; AM%EO" 262 my (log « 4.16); A 3.11, 3.21, 6.01, 6.60,
7.24, 8,25, 8.00, 9.71, 10.20, 11.35, 11.72, 13.15, 13.75, 14.08 4.

Anal. (‘alcd for C5H8FN302S: C, 31.08; H, 4.17; N, 21.75;
S, 16.60. Found: C, 30.95; H, 4.39; N, 21.55; 8, 16.35.

3-(Methylthio)-6-fluoromethyl-as-triazin-5(2H)-one (V). --A
misture of 320 mg (1.51 mmoles) of IV and 5 ml of water was
heated to boiling and tooled (prolonged heating being avoided).
()11 molmor 150 mg (575%) of V was obtained as needles, mp 130 -

°dec. Recry stalllzatmn of a portion of V from water followed
by drying at 70° in vacuo raised the melimg point to 185-1K87°
dec; A% EOM 935 my (log €4.26): AN 3.15,3.75, 6.25, 6.31, 6.6,
7.40, 7.61, 7.90, 8.08, 8.88, 9.70, li) ( 2, ll) 40, 10, b(), 12,58, 12, 56,
13.85 4.

Anad. Caled for CHFN08: €, 34285 H, 3.45; N, 23.09;
S 1831, Found; ) 34.54; H, 3.26; N, 24,08; S, 18.35.

7.00, 8102, 8.38, 881, 9.55, 9.97, 10.31,

13y (ummtlcmll\ available.
(1) M. Freund aud Th, Paradus, Chem. Ber., 34, 3110 {1401,

The Synthesis and Antitumor Activity of
Several Thiosemicarbazones Related to
Kethoxal Bis(thiosemicarbazone)!
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axp H. H. Busgirk
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A recent report from our laboratory? described the

S_\'lltllCSiS physical properti(\" and antitumor activity
of « series of a-ketoaldehyde biz(thiosemicarbazones).

Vol. 9

The most active tompounds were shown o be 2-keto-3-
cthoxybutyraldehyde bis(thiosemicarbazone)® (1) and
2-keto-3-cthoxybutyraldehyde bis(N4methylthioscni-
carbazone)® (11).  Both compounds were found to bave
high antitnmor activity in cice and i vitro.  Several
closely related compounds including  2-keto-3-¢th-
oxybutyraldehyde bis(Ni-dimethylthiosenicarbazone)
showed little or no in vivo activity.

We have vow prepared several udditional compounds
closely related to T and IT i order to explore further
the effects of structure on antitumor activity, several of
which do bave high biological activity. We wisb to
report here the synthesis of these compounds and some
prelininary biological data.

R.C==NNHCSNI
I
CH==NNHCSNR:

LI = CGHOCH(CHg)~; IRy = Hy

11, Ry = CG:HOCH(CH()-: Ry = H(CHy)
111, R = CH;OCH(CH.)-: Iy = Hy
IV, Ry = (HOCzHA)(‘H((H;)-- Ry = H
\'. :1 = 30() CH((/ ) s “_! = H;!
VI Ry = (‘H R = (CHy)

Chemistry.-—The uew conmpounds which were pre-
pared are listed in Table I together with their abbrevi-
ations, formulas, and physical and chemical properties.
The compounds were prepared by treating the appro-
priate a-ketoaldehyde with thiosemicarbazide or N4-
dimethylthioseniicarbazide in 2-39 acetic acid solu-
tions. The reactions were straightforward avd no
complications were experienced.

Three of the uew compounds, namely, I11, IV, and V),
mvolve modifications of the 3-cthoxy group of the
highly active kethoxal bis(thiosemicarbazone) (I).
Compound ¥ was prepared to complete the series of
pyruvaldehyde derivatives previously reported.?

Biological Results.—-The antitunior &vli\'ity of 111,
IV, and V i~ conpared with that of T i Table 11
The compounds were tested agaipst a 111tmgcn mustard
reststant variant of the Walker 256 carcinosarcoma hin-
planted in Sprague--Dawley male rats, under conditions
previously described.” VI was not available in suffi-
cient amounts to conduct antmal studics ob its activity.
but in zitro tests® indicated that this compound was
t-onsidt}rubl_\' less active thav any of the other com-
pounds deseribed hvr(

Lxpertrent A of Table 1T shows that 2-keto-3-acce-
toxybutyraldehyde bls(tlno.solnu-:u} azone) (V) when
given orally to rats bad the least activity of avy of the
compounds tested by this route, although its toxicity
was as great as any of the others.  However, whep V
was given intraperitoneally  (expt B) much highoer
activity wus obtained.  The low oral activity of this
compoubd way be due to its poor absorption frow the
intestinal tract or to the splitting of the ester grony.

Themost active componnd of this series was 2-keto-3-
methoxybutyraldehyde  bis(thiosemicarbazone) (111)
as indicated nexpt € and D, Because of its high oral
activity ITI was alzo tested by the intraperitoneal route.

(1) Reported in part at the 149th National Meeting of the American
Chemical Society, Devroit, Miclh., April 5-9, 1965, Abstracts, p 13N.

(2) H. Q. Petering. M. 1. Buskirk, and G. E. Underwood, Cancer Res., 24,
3657 (1964,

a3 2-Reto-d-ctbmsyladyraddehyde bas Leen designated kethosal,  Keth-
oxal his(thiosenilicarbazone) is generally ablireviated as KT&,

(4 Thesoe stidies were made using a4 modification of the mechad sleserilied

Ly ‘U Arad aned Mo Suzuki [, Antildaet. (Tokyoi, A8, 169 11936)]. Turther
etails are now being preqsarad for pabiieation,




