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Compd 

l a  

l b  

I C  

Id 

l e  

If 

1g 

il-173 

46-147 

34-136 

28-129 

116-118 

140-14'2 

125-126 

Formula 

C,Hio?r'nOj 

CsHioNsOe 

C7HjClNnOy 

Analysis 

C, H,  1; 

C, H, K 

C, H, N 

C, H, K 

C, H, N 

C, H, N 

C, H, N 

Testb Dose 
system (mglkg) 

LE 400 
WAI 400 
LE 400 
LE 200 
LE 400 
LE 200 
WRI 400 
LE 400 

200 
WhI 400 
LE 400 
W l I  400 
LE' 200 

400 
LEI 200 

400 
SA/ 375 
C Af 337 

Tumor weightc 
--Surrivsl (days)-- Per cent 

Test 

9 . 5  
4 . 5  

10.0 
9 . 5  
9 . 5  
9 .7  
1 .0  

12.5 
10.8 
6 . 8  
9 .2  
5.0 

12 .3  
16.2 
12 .o 
12.5 

808 
680 

Control (T/C) 

9 .5  100 
5 . 7  78 
9 . 5  105 
9 . 5  100 
9 .5  100 
9 . 4  103 
5 .7  17 
9 . 6  130 
8 . 7  124 
8 . 9  76 
0 . 6  95 
5 .T 87 
8 . 1  151 
8 . 1  200 
9 . 4  127 
9 . 1  137 

1185 68 
1536 44 

Teiting was done at Cancer Chemotherapy Xatioiial Service Center, National Cancer Iiistitute, Bethesda, ?\Id. See Cancer 
Chtmother. R P ~ . ,  25, 1, 10 (1962). LE, L-1210 lymphoid leukemia; WM, Walker carcinosarcoma 256; SA, barcoma 180, C.4, 
adenocaicinoma 753. For tezt systems SA and CA total tumor weight in grams: for test systems LE and W X ,  survival time in 
days. e Recr>stalliLation solvents chloroform and 1,2-dichloroethane, respectively. See ref 6. 

equal vol of FeCl3.6H20 (2.0557 g) in H20. The gas that evolved 
from the blue solution was bubbled through 10 ml of cold (0-5") 
E t 2 0  using a gas dispersion tube. Five minutes after mixing, t'he 
reaction vessel was heated to 50" for 10 min, producing a nearly 
colorless solution. An ir spectrum of the Et20 solution showed 
strorig absorptions at 2335, 665 (Con), 2280 (N=C=O), and 
2220 (N=K+ 0) cm-1. 

Fe(II1)-HU Complex.-A 7.06 X 10-l JI solution (2.5 ml) of 
FeCl3.6H20 iti abs EtOH was added to an equal vol of an Et,OH 
d u t i o n  of 7.06 X 10-l AI HU. The solveiit from the blue 
bolution was then evaporat,ed off at reduced pressure arid t'he 
result.iiig dark blue oil dissolved in 2 nil of abs EtOH. The 
colorless residue was filtered off and the filt~rat,e on removal of 
t,he solvent at reduced pressure gave a dark green oil. As before, 
the formation of Fe(II1)-HU complex was shown by spectro- 
photometric methods. 

Spectrophotometric Determination of Fe(II1)-HU and Fe(II1)- 
EHU Complexes. Continuous Variation Method. Fe(II1)-HU 
Complex in HnO.-Aqueous solutions (2.30 ml) of 2 X .I1 
FeCl8.6H20 and HG were prepared and appropriate volumes of 
each were added to ten 25-ml volumetric flasks to give t,he 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 t,o the det.ermination of the absorbance at 560 mp. The 
results are plotted in Figure 1 as absorbance us. mole fract>ion of 
t,he ligand. 

Fe(II1)-EHU Complex in Et0H.--Appropriate volumes of 1 X 
ill abs EtOH solutions of EHU and FeCl3.6H20 were 

added to sixteeen 2.5-ml volumetric flasks such t,hat, t,he following 
mole fractions of ligand, 0.40 0.08, 0.12, 0.16, 0.20, 0.40, 0.48, 
0..72, 0.60, 0.80, 0.88, and 0.92 resulted. Each solution was 
mixed immediately prior to the det,ermination of absorbance at 
610 m,u. As before, t,he results are plot,ted as absorbance us. 
mole fract,ion ligand. 

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

Potential Antineoplastics. 111. A Series of 
1-Thiocarbamoyl-3-methyl-4-arylazo-5- 

methyl(or pheny1)pyrazoles 
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The discovery that isoquinoline-1-carboxaldehyde 
thiosemicarbazone arid its several congeners which 
possess the S-S-S or 0-K-S tridentate ligand system, 
exhibit substantial antineoplastic and the 

TABLE I 
l -T€I IOC.~RH.~M~YL3,5 -DIMbTHYL4-AKk.L .~ZOPYR.~ZOLES nMe RN=N 

Me 
I 

CSNH, 
Yield 

No. R 70 Mp, OC Colora Formula 
1 Ph 88 121-122 OYK CizHiapisS 
2 2-MePh 85  138-139 Y N  CiaHisNsS 
3 4-MePh 82 142-143 YS CiaHisNoS 
4 3-C1Ph 84 118-119 YS CizHizClNsQ 
5 4-C1Ph 81 150-151 ON CizHizClNsS 
6 2-EtOPh 78 146-147 Y N  Ci4Hi7NsOS 
7 4-EtOPh 75 132-133 Y P  CirHl?XsOS 
8 2-hleOPh 79 147-148 Y F  CisHisNsOS 
9 2-NO2Ph 75 153-154 OYP Ci*HiaK60~S 

10 2,5-MezPh 75 192-193 O K  C14HnNss 
11 2-CI-6-hIePh 65 167-168 OK ClaHirClNnS 
5 B  = bright; F = fibers; G = golden; N = 

0 = orange; P = plate; Pe = pale; Y = yellow. 

dnalyses 
N. s 
s, s 
pi, s 
K, s, C1 
4, s, Cl 
N. s 
N ,  s 
pi, s 
pi, s 
N, s 
N ,  s ,  C1 

needles ; 
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essetit,ial role of azomethirie linliages play in certain 
biological  reaction^,^,^ led us to a study of compounds 
having mixed structural feat,ures of these types. 

The present investigat8iori reports (a) the synthesis 
of several 1-thiocarbamoyl-3-methyl-4-arylazo-3- 
methyl (or phe1iy1)pyrazoles and (b) t'he antintmethtic 
pot'ericy and host toxicity of 3,5-dimethyl-, 3-oplasyl- 
5-phenyl-, and 3,5-dipheny15-l-thiocarbamoyl-4-aryl- 
azopyrazoles against L-1210 lymphoid leukemia. 

The new 1-thiocarbamoylpyrazoles (I, R' = :\le 
or Ph) which were prepared by using the conditions 
for the preparation of l-thiocarbamoyl-3,5-diphenyl- 
4-arylazopyrazoles i n  our laborat,ory earlierj5 are listed 
in Tables I and 11. 

RN=NC-CMe 
II I1 

R'C N 
' I4  

I 
H,Nk=S 

I 
R=Substited phenyl 
R = M e  or P-h 

Biological Results.-In a screen in BDl;l mice for 
antitumor activity against L-1210 lymphoid leukemia 
(Table 111) the compounds showed the following order 
of decreasing potency: 3,5-dimethyl-, 3-methyl-3- 
phenvl-, and 3,5-diphenyl-l-thiocarbamoyl-4-aryl- 
azopyrazoles. l-Thiocarbamoyl-3-methyl-S-phenyl-4- 
('2,j-dimethoxypheny1azo)pyrazole was screened 
against HUVWL epidermoid  carcinoma in  a nasopharynx 
cell culture tube assay and found inactive. 

Experimental Section 

lieltiiig points are uncorrected and w-ere determilied iisiiig a 
Kofler hot-stage apparatus. Where analyses are indicated only 
by symbols of the elements, analytical results obtained were 
within =t0.4cj, of the theoretical values. 

3-Arylhydrazono-2,3,4-pentanetriones n-ere prepared by the 
method of Garg and Sharma.5 

2-Arylhydrazono-l-phenyl-1,2,3-butanetriones were syiithe- 
sized by the procedure of Garg and Singh.6 Characteristics of 

TABLE IT 
CHAKACTI;RISTICS O F  

COlIe 
2-ARYLHYDR.iZOSO-l-PHENY L-1,2,3-sUT.iSETltIon-l:s 

/ 

\ 
RSHPI'=C 

COPh 
Tield, 

K O .  R cj;, M u ,  " C  Colora Formula .inttlyaea 
1 PI1 80 Yi-YS Pel" CisHiaSrOr C, H ,  S 
2 I-UrPh 72 103-104 T N  C d h ~ r ~ n o ~  N , U r  
3 2.6-RIe?PIi 65 9&91 GYP C I B H M N ~ O ~  C , H , N  
4 2-CI-6-MePh 70 101-102 G Y P  C1:HuClNzOz N ,  C1 
5 3-ClPh 7 5  81-82 Yh- C1eHuC1Nz0z S3 c1 
See footnote a, Table I. 

( 3 )  D. D. Metaler. 11. 1kan.a. and E. E. Snell. J .  Amer. Chem Soc . ,  7 6 ,  648 
( l Y  54). 
(1) E .  E .  h e l l ,  Phyaio l .  Kea., 33, 516 (1Y53). 
(a)  LI. G. Garg, and R. .I. Yharrna, J .  .Ired. Chem., 12, 1112 (IYGY). 

iie~r derivatives are sunmariced iii Table IV. 
1-Thiocarbamoyl-3-methyl-4-arylazo-5-methyI(or phenyl)- 

pyrazoles were obtaiiied by the route used for the preparation of 
3,j-diphenyl coiigeners.5 Characteristic6 of l-thiocarbamoyl- 
3,j-dimethyl-4-arylazopyl.axoles (I, H' = l I e )  a i d  l-thio- 
ca rbamo~l -3 -me th~ l -4 -a r~ lazo - j -yhe~1~ lp~r~~o les  (I, It' = Ph) 
are given in Tables I aiid 11, respectively. 
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Synthesis of Mono-, Di-, and Trimethoxy 
Derivatives of N,N-Bis(2-chloroethyl)aniline and 

Related Compounds as  Antitumor Agents 
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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 236 led us to synthesize the other dimethoxy 
isomers as well as the analogous mono- and trimethoxy 
derivatives for screening as antitumor agents. Other 
analogs including chloro and trifluoromethyl derivatives, 
as well as some 2-chloropropyl homologs, are also de- 
scribed. 

The desired compounds were prepared in two steps 
starting with the appropriately substituted aniline. 
The latter compound wa5 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 POC13 utilizing the procedures of 
Ross3 and Elderfield.4 

In  agreement with an unproven but often-observed 
rule, the activity of the other compounds in Table I1 
was of a lower order than that of N,N-bis(Zch10- 
roethyl)-2,:3-dimethoxyaniline (4). The antitumor 
screening data for many of the compounds in Table 
I1 have been published.; 

They are listed in Table 11. 

(1) J. Leiter, .I. R. Bourke, S. A. Schepartz, and I. Wodinsky, Cancer Res., 
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( 3 )  11.. C. J. Ross, J .  Chem. Soc.,  183 (1949). 
(4) R. C. Elderfield, I. S. Coyey, J. R. Geiduschek. IT. L. Xeyer ,  .i. E. 
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( 5 )  J. Leiter, U. J. h b b o t t ,  S. A. Scheparta. and I. Wodinsky, Crmcer R e s .  
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