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Tasre I

ANTITUMOR AcTiviry® oF 1-SusstiTvred 3-HYDROXYUREAS (la-g)

Nores
Yield
Compd Mp (°C) (%) Formula Analysis
la 171—-173 29d CgHwNsz C, H, N
1b 146-147 43¢ CsH N0y C, H,N
le 134-136 46¢ C.H;CIN:O, C, H, N
1d 128-129 31e C4H10N202 C, H, N
le 116-118 164 C7H14N202 C, H, N
1f 140-142 284 CH.N,O, C,H,N
ig 125-126 43¢ CsHsN:0: C, H N

Tumor weight®

Test? Dose ~——S8urvival (days)——  Per cent
system (mg/kg) Survivors Test Control (T/C)
LE 400 4/4 9.5 9.5 100
WM 400 6,/6 4.5 5.7 78
LE 400 4/4 10.0 9.5 105
LE 200 4/4 9.5 9.5 100
LE 400 4/4 9.5 9.5 100
LE 200 6,/6 9.7 9.4 103
WM 400 4/6 1.0 5.7 17
LE 400 4/6 12.5 9.6 130
200 6/6 10.8 8.7 124
WM 400 6/6 6.8 8.9 76
LE 400 6/6 9.2 9.6 95
WM 400 6/6 5.0 5.7 87
LE/ 200 12.3 8.1 151
400 16.2 8.1 200
LE/ 200 6,/6 12.0 9.4 127
400 6/6 12.5 9.1 137
SAS 375 6/6 808 1185 68
CA/ 337 10/10 680 1536 44

« Testing was done at Cancer Chemotherapy National Service Center, National Cancer Institute, Bethesda, Md. See Cancer

Chemother. Rep., 25, 1, 10 (1962).
adenocarcinoma 755.
days.

equal vol of FeCl;-6H,0 (2.0557 g) in H.O. The gas that evolved
from the blue solution was bubbled through 10 ml of cold (0-5°)
Et,0 using a gas dispersion tube. Five minutes after mixing, the
reaction vessel was heated to 50° for 10 min, producing a nearly
colorless solution. An ir spectrum of the Et,O solution showed
strong absorptions at 2335, 665 (CO.), 2280 (N=C=0), and
2220 (N=N— O) cm™1.

Fe(III)-HU Complex.—A 7.06 X 10~ M solution (25 ml) of
FeCl;-6H,0 in abs EtOH was added to an equal vol of an EtOH
solution of 7.06 X 101 M HU. The solvent from the blue
solution was then evaporated off at reduced pressure and the
resulting dark blue oil dissolved in 2 ml of abs EtOH. The
colorless residue was filtered off and the filtrate on removal of
the solvent at reduced pressure gave a dark green oil. As before,
the formation of Fe(JII)-HU complex was shown by spectro-
photometric methods.

Spectrophotometric Determination of Fe(III)-HU and Fe(IIl)-
EHU Complexes. Continuous Variation Method. Fe(III)-HU
Complex in H:O.—Aqueous solutions (2350 ml) of 2 X 1072 M
FeCl;-6H,0 and HU were prepared and appropriate volumes of
each were added to ten 23-ml volumetric flasks to give the follow-
ing mole fractions of ligand: 0.8, 0.20, 0.28, 0.40, 0.48, 0.52,
0.60, 0.72, 0.80, and 0.92. The solutions were mixed immediately
prior to the determination of the absorbance at 560 mu. The
results are plotted in Figure 1 as absorbance vs. mole fraction of
the ligand.

Fe(III)-EHU Complex in EtOH.—Appropriate volumes of 1 X
10-% M abs EtOH solutions of EHU and FeCls-6H:O were
added to sixteeen 25-ml volumetric flasks such that the following
mole fractions of ligand, 0.40 0.08, 0.12, 0.16, 0.20, 0.40, 0.48,
0.52, 0.60, 0.80, 0.88, and 0.92 resulted. Each solution was
mixed immediately prior to the determination of absorbance at
610 mu. As before, the results are plotted as absorbance vs.
mole fraction ligand.

Molar Ratio Method.—The molar ratio method of Yoe and
Jones!! was applied to the Fe(II1)-HU and Fe(1I1)-EHU com-
plexes. The results, as shown in Figure 2, showed the formation
of 1:1 complex in each case.

Acknowledgment.—This work was supported by
Grants Ca-07333 and Ca-06140 from the National
Institutes of Health.

d.¢ Recrystallization solvents chloroform and 1,2-dichloroethane, respectively.

¢ LE, L-1210 lymphoid leukemia; WM, Walker carcinosarcoma 236; SA, sarcoma 180; CA,
¢ For test systems SA and CA total tumor weight in grams: for test systems LE and WM, survival time in

7 See ref 6.

Potential Antineoplastics. III. A Series of
1-Thiocarbamoyl-3-methyl-4-arylazo-5-
methyl(or phenyl)pyrazoles
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The discovery that isoquinoline-1-carboxaldehyde
thiosemicarbazone and its several congeners which

possess the N=N-8 or O-N-S tridentate ligand system,
exhibit substantial antineoplastic activity,’? and the

TasrLe I
1-THIOCARBAMOYL~3,5-DIMETHYL-4-ARYLAZOPYRAZOLES

RN=N | | Me
I N

Me IT/
CSNH,
Yield
No. R %  Mp, °C  Color* Formula Analyses
1 Ph 88 121-122 OYN C12H13NsS N, S
2 2-MePh 85 138-139 YN C1:HisNsS N, 8
3 4-MePh 82 142-143 YN C1sHisNsS N, S
4  3-ClPh 84 118119 YN Ci12Hi2CINsS N,8, Cl
5 4-ClPh 81 150-151 ON Ci12H12CIN:S N, §,C1
6 2-EtOPh 78 146147 YN CuH1N:08 N, S
7 4-EtOPh 75 132-133 YP CuHizN;08 N, S
8 2-MeOPh 79 147-148 YF CisHisNs08 N, S
9 2-NO:Ph 75 153-15¢ OYP C1oH12NsO28 N, 8
10 2,5-Me:Ph 75 192-193 ON CiusHirNsS N, 8
11 2-Cl-6-MePh 65 167-168 ON C1sHuCINsS N, 5, ClI

e B = bright; F = fibers; G = golden; N = needles;
O = orange; P = plate; Pe = pale; Y = yellow.

(1) R. W. Brockman, J. R. Thomson, M. J. Bell, and H. E. Skipper,
Cancer Res., 16, 167 (1956).

(2) F. A. French, and E. J. Blanz, Jr., ibid., 85, 1454 (1963); 26, 1638
(1966).



5380 Jowrnal of Medielinad Chemisivy, 1070, Vol 1.2, No.o

10
Il
12
13
14

Ph
2-NMePh
4-MePh
3-C1Ph
1-C1Ph
1-BrPh
2-AMeQPh
3-MeOPh
3-NO.Ph
4-140OPh
2,4-MeI’h
2.5-Me.Ph
2,6-Me.I’h

2-Cl-6-MePh

a See tootnote « of Table 1.

No.

Tabue 11

F=THIOCARBAMOY Le3=METHY L=0=PH N Y Le-b= A RY LAZOPY RAZO LIS

RN=N | J Me

Yield, ¢

NG

76

54
62
70
)

{ -
74
62
65
70
72

i)

i}

Survivors

Ph

AMp, 2C

144145
16:3-164
172-173
131133
L92-143
208-209
135136
153 -154
14903194
176-177
179180
91192
145144
128-129

N

CSNH

Tanoe I

VA ORS

-Thiocarbamoyi=3,5-dimethyl-4-arylazopyrazoless

|

2

10
11

Ph
2-MePh
1-MePh
3-C1Ph

1-ClPh
2-1510Ph
+-110Ph
2-MeOPh
2-N(),Ph
2,5-Me:Ph
2-Cl-6-MelPh

6
6
6t

107

95
1003
10
105
100

96

04
102

04
114
It
o
102

[-Thioearbamoyl-3-methyl-3-phenvl-4-arviazopyrazoless

|

6

-1

v Nee formula of Table L.
<400 mg kg,

ix 30 davs.

me kg, FNeervef 5.

Ph
2-MePh
4-MelPh
3-CLPPh
1-ClP’h

4-BrPh
2-MeOPh

4150 mg. ‘kg.
2 AN dosex for these compounds were 400 mg kg,

64
6

¢ 300 mg, k.

101
95
92
i)
90
44

101

104
94
92

106

775> mg kg,

No.

I-Thiocarbanoyl-3,5-diphenyl-d-arylazopyrazoles

Tl e LI —

Color

YN
OpP
BYN
YN
PeYl
YN
OYN
YN
PeYD
PeY
YN
YN
ON
OF

7 Iatio of mean =urvival time of test animals (7") o control animals ((7).
¢ Nee formula of Table 11.

Formula

(‘]TIII_]AV,',»\‘
CosHiaNS
I NGRS
CyHCINGS
CiHCINGS
CaHBrNS
CiIaN;O0R
CITENOR
Cra T NGO
CrHN;O8
(‘]‘\II]HN',S
CralTiaNG=
CroT N G=
CisHgCINGS

3-MeOPh

3-NO,Ph
1-1E1OPh

2 4-MePh
2,5-MeO,Ph
2,6-Me:Ph
2-Cl-6-MePh

RN==N

I’h N7

2-Mel’h
1-MePh
4-SO, N1, Ph
3-C1Ph
+-C1Ph
1-BrPh
3-N(:Ph
2-MeOPh
4-AMeOPh
2,4-MeyPh
2,5-NMePh
2,6-Me,Ph

1

167
6. 6"
i
6 6
6 6
(Ve
6.6
6.6
5
66

6

SUMMARY OF THE SCREENING RustvLrs sgaisst L-1210Lyveuon Levkevis, Ascrrie Fuoin IvpnaNten
INTRAPERITONEALLY 1N BDF, Micw

survivors

b 40 mg/kg.

[N
NOTE S

Analyses

PR A A A A A AV A AP

gk

101
31§
G2
NS
94

1033
a5
95
99

S8

hod

9N
By
89

93

Meun survival time of control
20 mg kg, ¢ 10



Norrs

essential role of azomethine linkages play in certain
biological reactions,®* led us to a study of compounds
having mixed structural features of these types.

The present investigation reports (a) the synthesis
of  several 1-thiocarbamoyl-3-methyl-4-arylazo-3-
methyl (or phenyl)pyrazoles and (b) the antinemethtic
potency and host toxicity of 3,5-dimethyl-, 3-oplasyl-
5-phenyl-, and 3,5-diphenyl’-1-thiocarbamoyl-4-aryl-
azopyrazoles against L-1210 lymphoid leukemia.

The new 1-thiocarbamoylpyrazoles (I, R’ = Jle
or Ph) which were prepared by using the conditions
for the preparation of 1-thiocarbamoyl-3,5-diphenyl-
{-arylazopyrazoles in our laboratory earlier,® are listed
in Tables I and II.

RN=NC—CMe

R=Substited phenyl
'=Me or Ph

Biological Results.—In a screen in BDF; mice for
antitumor activity against L-1210 lymphoid leukemia
(Table I1I) the compounds showed the following order
of decreasing potency: 3,5-dimethyl-, 3-methyl-5-
phenyl-, and 3,3-diphenyl-1-thiocarbamoyl-4-aryl-
azopyrazoles.  1-Thiocarbamoyl-3-methyl-5-phenyl-4-
(2,5-dimethoxyphenylazo)pyrazole was screened
against Human epidermord carcinoma in a nasopharynx
cell culture tube assay and found inactive.

Experimental Section

Melting points are uncorrected and were determined using a
Kofler hot-stage apparatus. Where analyses are indicated only
by symbols of the elements, analytical results obtained were
within £0.49; of the theoretical values.

3-Arylhydrazono-2,3,4-pentanetriones were prepared by the
method of Garg and Sharma.’

2-Arylhydrazono-1-phenyl-1,2,3-butanetriones were syithe-
sized by the procedure of Garg and Singh.8 Characteristics of

TasLe IV
CHARACTERISTICS OF
2-ARYLHYDRAZONO-1-PHENYL-1,2,3-BUTANETRIONES

COMe
RNHN=C
COPh
Yield,

No. R T Mp, °C Color® Formula Analyses
1 Ph 80 97-98 PeYN CisHuN:0: C,H N
2 4-BrPh 72 103-104 YN C1sHusBrN:0: N, Br
3 2,6-Me2Ph 65 90-91 GYP C1isH1sN:02 C,H,N
ks 2-Cl-6-MePh 70 101-102 GYP Ci7HisCIN:O: N, C]

5 3-ClPh 75 81-82 YN Ci1sH1isCIN:202 N, Cl

= See footnote a, Table 1.

(3) D.D. Metzler, M, Ikawa, and E. E. Snell, J. Amer. Chem Soc., 76, 648
(1954).

(4) E. E. Snell, Physiol. Rev., 38, 516 (1953).

(5) H.G. Garg, and R. A, Sharma, J. Med. Chem., 18, 1122 (1964).
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new derivatives are summarized in Table 1V,

1-Thiocarbamoyl-3-methyl-4-arylazo-5-methyl(or phenyl)-
pyrazoles were obtained by the route used for the preparation of
3,5-diphenyl congeners.® Characteristics of I-thiocarbamoyl-
3,3-dimethyl-4-arylazopyrazoles (I, R’ = 1\le) and 1-thio-
carbamoyl-3-methyl-4-arylazo-3-phenylpyrazoles (I, R’ = Ph)
are given in Tables I and II, respectively.
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(6) H. G. Garg, and P. P. Singh, J. Chem. Sve. C, 1141 (196Y).
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The observation®! that N,N-bis(2-chloroethyl)-2,3-
dimethoxyaniline, originally prepared in these lab-
oratories, caused significant inhibition of a number
of test tumors including carcinoma 755 and Walker
carcinoma 256 led us to synthesize the other dimethoxy
isomers as well as the analogous mono- and trimethoxy
derivatives for sereening as antitumor agents. Other
analogs including chloro and trifluoromethyl derivatives,
as well as some 2-chloropropyl homologs, are also de-
seribed.

The desired compounds were prepared in two steps
starting with the appropriately substituted aniline.
The latter compound was alkylated with ethylene oxide
or propylene oxide as described in a previous publica-
tion.? The diols not described in that paper are col-
lected in Table I.

The diols were converted into the desired dichloro
derivatives with PQOCIl; utilizing the procedures of
Ross? and Elderfield.* They are listed in Table II.

In agreement with an unproven but often-observed
rule, the activity of the other compounds in Table II
was of a lower order than that of N,N-bis(2-chlo-
roethyl)-2,3-dimethoxyaniline (4). The antitumor
screening data for many of the compounds in Table
II have been published.’

(1) J. Leiter, A. R. Bourke, 8. A. Schepartz, and I. Wodinsky, Cancer Res.,
20, 760 (1960).

(2) M, Freifelder and G. R. Stone, J Org. Chem., 26, 1477 (1961).

(3) W.C.J. Ross, J. Chem. Soc., 183 (1949).

(4) R. C. Elderfield, 1. S. Covey, J. B. Geiduschek, W. L, Meyer, A. B.
Ross, and J. H. Ross, J. Org. Chem., 28, 1749 (1958).

(5) J. Leiter, B. J. Abbott, 8. A. Schepartz, and 1. Wodinsky, Cancer Res.
24, 383, 1066 (1964); 26, 27, 164 (1965).



