814 Nores

wethylformamide-water gave an off-white solid, m.p. 228.5~
230.5° dec. (resolidifies at ca. 232° and remelts at ca. 286.5~
289°).

Anal. Found: C, 54.62; H, 4.29; N, 16.89.

This product was shown to be identical with the original
sawnple by mixture melting point and infrarved spectrun, and by
spectrophotometric and paper chromatographie comparisons.
Compound V gave a negative Bratton--Marshall test.

N-(2-Methoxy-4-quinazolyl)benzenesulfonamide was prepared
from I and sodium benzenesulfonamide in 27% yield by the
procedure given for IT1; ni.p. 230-232°,

Anal. Caled. for C;;H,3N30:8: N, 13.30; 8, 10.17.
N, 13.11; 8, 10.25,

When a similar reaction was run with sodium N-mnmethvlbenzene-
sulfonamide and I, no product was isolated. The only erystal-
line solid isolated was 2-methoxyguinazolin-4{3H j-oue.

Found:
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The reaction between ethyl orthoformate (EOL)
and hydrazines has not yet been thoroughly investi-
gated.?~* It is known that hydrazine hydrate itself
gives 4-amino-4H-1,2 4-triazole? and that the reaction
between EOF and phenylhydrazine, in the presence of
acetic acid, produces N-formylhydrazine and 1,5-
diphenylformazan.’* We have therefore studied sys-
tematically the reactivity of the arylhydrazines with
EOF and other orthoesters.

2-Nitro-, 4-nitro-, and 24-dinitrophenylhydraziic
and their hydrochlorides react with EOF and other
orthoesters to produce arylhydrazones of the ethyl
esters of the corresponding carboxylic acids (I)3 (Table
I). 1In some cases, with EOI, the corresponding hy-
drazidines, 7.e., the N N'-big(arylamino)formamidines
(II), may also be forined as by-products.

The presence of the ethoxy group in I is proved by
their reactivity with aniline and with arylhydrazines.
In this case compounds IT are produced again.

R

ArNHN=COC.H;, ArNHN=CHNHNHAr
I I1
Phenylhydrazine and the
chlorides present, however,

tolylhydrazine hydro-
a completely different

(1) Paper V of tlis serjes: €. Rontj, C. Nisi, and I.. Sindellari, dnx.
Clim., 81, 719 (1961).

(2) R. Stollé, J. prakt. Chere., [2] 68, 467 (1903): see also C. F. Allen
and A. Bell, "Orzanie Syvntbeses,”’ Coll, Vol. T1I, Jolm Wiley and Sous, Ine.,
New York, N, Y., 1455, p. 6.

(3) L. Claisen, Ann., 287, 360 (18951,

(4) R, ~v. Walther, J. prakt. Chen., {2] 53, 475 (1896}.

(5) Only two examples of coupounds of tlis type, chtained by E. Sclnuidt
[Ber., 47, 2545 (1914)] by reactinon between phenvllivdrazine bydrochloride
abd an i etlier, are Jnentioned jn literatury, to vur knowledze, Ciener-
ally iwiny ethiers and aryllivdrazines react to give fomnazans aml/or wuidra-
zones [see A, W. Niuebain, Chem. Fer., 88, 355 (1455) 1.
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behavior. Two products were isolated by reaction
between excess IKOF and  phenylhydrazine hydro-
chinride: the first (nup. 198-198.5°) corresponds to the
already known 14-dihydro-1,4-diphenyl-1,2,4,5-tetra-
zine (IT1); the second, obtained as the main produet,
melts at 210° des. and has the moleeular formula C -
HCING Tt s slightly soluble in water, contains lonic
chloride, and yields a nitrate (n.p. 167.5-168°) which is
hardly soluble in water. It 18 impossible to 1solate the
corresponding base, cven under mild reaction condi-
tions (Ag0).

For the sceond product the following constderations
supported the structure 4-anilino-1-phenyl-111-1,2,4-
triazolium (4) ehloride (IV, K = H). {(a) By hydro-
venolysis with palladium on carbon in ethanol, aniline
hydrochloride and 1-phenyl-1H-1,2,4-triazole (V, K ==
1I) are obtained. (b)) By the action of aqueous an-
monia on IV (R = H) a hydvolysis product, Cullie-
N4O, m.p. 163.5-164° dee., i+ obtained. Elementary
analysis and the presence of an absorption band at
1676 ¢t i the infrared speetrum led us to assign
the structure of N-{anilino)-N’-(formylanilino)forni-
amidine (VI. R = ) to the compound. I'urther
evidence was given by oxidizing VI (R = 1I) with
hyvdrogen peroxide in alkadine medium, whereby 1,5-
diphenylformazan (VIT, R = 11) was obtained.

CHE=N
/
H.,Cy—N N—UeH;
\ /
N=CH
111

Quite similar results were obtained starting from p-
tolylhydrasine hydrochlovide and EOF. Even in
this case the structurc was confirmed by a scries of
similar reactions. Compounds IV so obtained are
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listed in Table I1.

The stricture of compounds IV is vather unexpeeted,
since they arc triazolium derivatives in which a quater-
uary hitrogen is bound to an arylamino group. They
present in the infrared spectrunt a vather broad absorp-
tion banid at 1810 em.~*, attributable to the structural
clement 2N*-H (inumonium band).® The compounds
possess surfacc-active propertics (concentration 4 mg./
100 ml. at 23°), even though mueh lower than an equi-
concentrated solution of dodecyl-p-tolyltrimethylam-
monium methylsulfate.®

Ny B, Witkop, J. B, Pawiek, wnl 11 M, Kissman, Chem. Ber., 85, 019
952y see J, T, Potts, Chem. ffer., 81, 87 (1961).
(7) Desogen®,
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\
ArNHN=COC,H,
Yield, ~——~—Caled., & Found, ¥ —
1@ Ar R AM.ap., °C, T Formula C H N C H N
a 4-0,NCeH - H 147 45 CoH11N;0; 51.67 5.30 20.09 51.57 5.49 20.41
b 4-0,NCsH o~ CH; 140.5 86 C1oH13N;0; 53.80 5.87 18.83 33.53 5.74 18.90
¢ 2-0,NC¢H,- H 51 86 CoHiN;0; 51.67 5.30 20.09 52.11 5.44 20.05
d 2-0,NCsH .~ CH; 78.5 75 CioHsN;0; 53.80 5.87 18.83 33.95 5.87 18.83
e 2-0,NCsH o~ CeH; 99 52 CisH1:N303 63.14 5.30 14.73 63.13 5.17 14.58
f 2,4-(0;N),CeH— H 125.5 55 CoH1oNOs 42.53 3.97 22.04 42.96 3.91 22.21
Py 2,4-(04N ).CeH~ CiH; 156.5 31 C1sH1:NLO; 54 .54 4.27 16.96 54.39 4.19 17.18
¢ All the compounds listed were recrystallized fromn ethanol except Ia which was recrystallized from benzene.
TaBrr II
+ -~
NH—ll\ll—l(le Cl
HC.,..N
N
R
R
Mo, Yield, Caled., % VYound, % —
Ive Rr °C.b % Formula C H Cl N C H Cl N
a C¢Hs 210 61 CuHsCIN, 61.65 4.80 13.00 20.54 61.98 4.99 13.00 20.21
b p-CH;CeH, 187.5 46 CisH17CING 63.89 5.69 11.79 18.63 63 .82 5.83 11.66 18.28
¢ m-CH,;CsHy 198 85 CeH,1:CIN, 63.89 5.69 11.79 18.63 63.67 3.79 18.75
d o-CH;C¢H: 168 28 CsH1:CIN, 63.89 5.69 11.79 18.63 63.99 5.57 18.60

« All the compounds listed were recrystallized from ethanol and ether.

Finally, by the reaction between 2-quinolylhydrazine
and EOF, s-triazolo[4,3-a]quinoline (VIII) was ob-
tained; this compound had been prepared by Marck-
wald and Meyer® from 2-quinolylhydrazine with formic

acid.
/)
~N

N
90
~
VIII

Screening Data.—Compounds IVa-d lower the
carotid blood pressure when injected (5-10 mg./kg.
i.v.) into anesthetized rats. The hypotensive effect
seems to be due to ganglionic blocking, since they
prevent, to different degrees, the hypertensive action
of ganglionic stimulants like dimethylphenylpiperazin-
ium iodide. These compounds are devoid of anti-
epinephrine and atropine-like properties (up to 10 mg./
kg. i.v.). KB human tumor cells in logarithmic
growth have been used to test the cytotoxic activity
of IVa—d.®* The four compounds at 1 y/ml. are very
active growth inhibitors. Compounds V (R H)
(as hydrochloride), VI (R = H), and VII (R = H)
are inactive; apparently, the ecytotoxic activity
seems to be connected with the presence of the aryl-
amino—triazoliuny structure.'® The compounds IVa
and b do not prevent growth of Mycobacterium pyogenes
var. aureus, Muycobacterium flavus, Escherichia coli,
and Klebsiella pneumoniae (tryptose broth, 24 hr.
at 37°) at 1000 v/ml. Preliminary toxicity data for
compounds IVa—d give the following LDg (mg./kg.,
in mice, i.p.): IVa, 125: IVb, 150; IVe, 115; IVd,
90.

(8) W. Marckwald and E. Meyer, Ber., 88, 1885 (1900).

(9) L. Morasca, Rev. Franc. études clin. bjol., in press.

(10) The antitwuor activity of several tetrazoliuiu salts has been pointed
out recently by K. C. Tsou and H. C. ¥. Sv, J. Med. Chem., 6, 693 (1963).

5 All melting points are with decomposition.

Experimental!!

Arylhydrazones of Ethyl Formate (Ia, ¢, and f).—To the aryl-
hydrazine or the corresponding hydrochloride (2 g.) 20 ml. of
ethyl orthoformate was added and the mixture was heated and
stirred; the ethanol was distilled as it formed. Compounds Ia
and f were isolated by filtering the reaction mixture and by con-
centrating the filtrate. Compound Iec was obtained after re-
moving excess EOF at reduced pressure. The crystallization
solvents are listed in Table 1.

Arylhydrazones of Ethyl Acetate and Ethyl Benzoate (Ib,
d, e, and g).—A suspension of 2 g. of the arylhydrazine in 5-6
ml. of orthoester was heated with stirring, and the ethanol and
the low-boiling fractions were distilled as they formed. The re-
action was completed in a few minutes. If the reaction mixture
did not solidify easily by cooling, excess petroleum ether (b.p.
45-70°) was added, as in the case of Ie. The crude products
were recrystallized from ethanol; Id was washed thoroughly
with petroleum ether, and Ig with ethyl ether before the crystal-
lization.

N,N’-Bis(arylamino)formamidines (II).—The best method to
obtain these compounds was by refluxing Ia, ¢, and f in ethanol
with the equivalent amount of the corresponding arylhydrazine.
These compounds were also obtained as by-products in the prepa-
ration of the arylthydrazones of ethyl formate (but starting from
the arylhydrazines, not from the corresponding hydrochlorides)
and could be separated in this case (Ia and f) due to their in-
golubility in the common organic solvents. The following com-
pounds were obtained.

II, Ar = 4-nitrophenyl, dark brown powder, m.p. 265-26
purified by washing with benzene and finally with ethanol.

Anal. Caled. for C;HiN«Os: C, 49.37; H, 3.82. Found:
C, 49.68; H, 3.68.

11, Ar = 2,4-dinitrophenyl, dark red microcrystalline powder,
nm.p. 229.5-230°; purified as above.

Anal. Caled. for C:Hio)N:Os: C, 38.44; H, 2.48. Found:
C, 38.60; H, 2.63.

II, Ar = 2-nitrophenyl, red needles, m.p. 195°; crystallizated
from ethyl acetate.

Angl. Caled. for Ci;HeNeOs: C, 49.37; H, 3.82. Found:
C, 49.25; H, 3.54.

= >0

3.8°%;

(11) Melting points are corrected. They were obtained with a Bilichi
capillary melting point apparatus. Infrared absorption spectra were de-
terinined in pressed potassiuii bromide disks with a Perkin-Elmer Model 13
spectrophotoineter,
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N-(p-Nitroan ilino )-N’-phenylformamidine.—An excess (151l )
of aniline was added 1o 2 g. of Ia and the mixture was heated 11«
steant bath for 3 lir.  After cooling, a dark red precipitate was
obtained; it was renmioved by filtration and washed with ethyl
ether. The product, m.p. 206-206.5°, was obtained by crystal-
lization from ethanol, yield 47¢7.

Anal. Caled. for CyHpNO C, 60.06; H, 4.72; N, 2087,
Found: C,61.04; H,4.91; N, 21.37.

1-Aryl-4-arylamino-1H-1,2,4-triazolium (4) Chlorides (IV).—
A suspeusion of 5 g. of the arylhyvdrazine hydrochloride (freshly
reervstallized) in 50 ml. of EOF was heated, while being stirred,
by distilling the ethanol and the low-boiling fractions as they were
forming. In the case of IVa and b it was not convenient to distill
the formed ethanol cowmpletely. The reaction mixture was
filtered at once and the residue was washed on the fiiter with
boiling KOF, in order to remove some by-producets.  1n the case
of phenylhydrazine hydrochloride the by-product (abont 0.5 g.)
wus identified as ITI, m.p. 198-198.5°, alreandy described.’? lu
the case of IVe the reaction was interrupted when 2 ml. of ethannl
had distilled and reaction mixtire was filtered in order to obtain
the crude material.  For IVd, the substance went into solution
nt the beginning of the reaction; as soon as a precipitate formed,
the reagction mixture was filtered munediately.,  Compounds TV
consist of crystalline colorless powders, slightly soluble in water
and ethanol, practically iusoluble in ether and acetone.  Sol-
vents of recryvstallization are listed in Table L.

Alkaline Degradation Products of IVa and b.—T'v a saturated
aqueous solution of IVa and b, respectively, an equal volume of
dilute aqueous aununonia was added in small portions with stirring.
A vellow-orange precipitate was formed, which was filtered at
once, washed thoronghly with water, and dried n vacwo. The
erude material was crystallized repeatedly from ethyl acetute.
Compound VI (R = H) was biained ag a white crystalline
powder, m.p. 163--164° dec.

Anal. Caled. for CLHUN,O:
Found: €, 66.20; H, 5.63; N, 21.70

Under the same conditions, VI (R = 4-CH;) was obtained as
1 white erystalline powder, m.p. 160-161° dec.

Anal. Caled. for CHisNO: ) 68.06; H, 6.43; N, 19.84.
Found: C, 67.99; H,6.59; N, 19.00.

By oxidative hydrolysis of componuds VT (R = H and 4-CH,)
the corresponding formazans VII (R = H aund 4-CHj) were «b-
tained as follows: 1 ml of 339 hydrogen peroxide wus added
drop by drop with stirring to 300 mg. of VI suspended in 5 ml. of
2 N NaOH. The suspension was allowed to react while being
stirred for 1520 hr. A red mass was formed, which was filtered
and erystallized?  The identity of these compounds was proved
by comparison of their ultraviolet spectra with those of the
authentic samples.

Hydrogenolysis of IVa and b.—A solution of 5 g. of IVa and iy,
respectively, in 500wl of ethanol was hydrogenated with 100,
palladinm on carbon (100 mg.) in a low-pressure apparatis.
In 5-10 hr. the theoretical amount of hydrogen was absorbed.
The completion «f the rexction was indicated by the fact that a
sample of the solutiva, treated with 2 & NaOH, no longer gave
a red color. The renction mixture was filtered to remove the
catalyst, and the ethanol was evaporated to dryness. In the
vase of IVa the residual oil was taken up in a mixture of ethyl
cther and water (1:1). T'rom the aqueous layer, by evaporating
to dryness, auiline hydrochloride was recovered. Removing the
solvent from the ether layer, an oil was obtained. The plerate
of this substance (lemon yellow crystals, n.p. 160-160.5",
from water) was compared with an anthentic specimen obtained
{rom l-phenyl-1H-1,2,4-triazole (V, R = H), prepared according
to ghe literature.!d  The two picrates were found to give identical
wfrared spectra.

Anal.  Caled. for (',TSIIN\T.'K'(15}{:;2\:3()71 (,(';
N, 2246, Found: () 44.83; H, 2.60; N, 22.62,

The hydrochloride of V (R = H), w.p. 170-179.5° (sabl.},
wus also prepared.

Anal. Caled. for CsHCINg: €, H2.00;
C,53.03; H, 4.54,

In the case of IVh, the residue wuas solid and was taken up in
200 ml of water; the suspeusion so obtained was stirred and
filtered.  The residite was erystallized from diluted methanol
(1:3), giving white needles, nip. 67-67.5°.  Cowpared as above

6643 H, 3.53; N, 22.04.

44.04; H, 2.60;

H, 444, Found:

12y W, Baker, W, D Olis, woul Vo Dl Poote, S, Chene, S, G589 019000
(13) G Pellizzari, Gase. chim, (tal.. 24, 222 (1891},
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with an authentic sanple,V the copoand proved 1obe the 1-p-
tolyl-111-1,2 4-triazole (V, R = 4-CH;).

Anal. Caled. for CJHNg: C, 6744 H, 0.7 N,
Found: ¢, 67.81; H,5.60; N, 26.51.

By cevaporating the filtrate to drybess, p-tolnidine hydrochlie-
ride was obtained.

2011,
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Fluorine-Containing Potential Anticancer Agents,
III.*+ Syntheses of Sonie
Trifluoromethylpyrazolo{3,4-d]pyrimidines'”

Suoar Inove, Hivro Nacaxo, Epwarb A Novlvr,
AND ANDREW J. SaGGIoyMol

Lhe Research Dustiide of Tomple U nivepsity,
Philudelphia, Pennsylvania 19144

Bevetverdd May 145, 196

The purpose of this work was to prepare derivatives
of G-trifluoromethylpyrazolo[3,4-dpyrimidine as part
of a general program in these laboratories to synthesizc
potential anticancer agents containing the fluoro
and trifluoromethyl groups. Prior to this work fluo-
rine-containing derivatives of the pyrazolo{3,4-d]-
pyrimidine ring system had not been reported.

The method of synthesis outlined in Scheme 1 is
analogous to the route used by Cheng and Robins?

Senesmk [
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VI, R = NH,

VII, R = NHCH;

VIII, R = NHC.H,
IX, R = NHC.H,
N, R = NHCH.Cll,
XL, R = SH

(1) GO Paper 1Y of )lox sevies: 1L Nagono, S0 Tuoae, AL Saggiornoe, wol

I A Nodiff, 7, Med, Chen, T, 215 {19645, (b) Tlis investigution was 8110+
ported by Resoarcl Cripat CY-1270, frowm the National Cancer lustitoce,
Natioual Institotes of Heolh, U, 8. Pobbe Nephil Serviee.  {¢) Roeprini
reaqoesia should be addressed to this avthor.

12) ¢ CL Clieng and R. I, Robius, J. Ocy. Chew., 28, 191 11055,
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