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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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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., 

(2) 31. Freifelder and G .  R. Stone, J Org. Chem., 2 6 ,  1477 (1961). 
( 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. 

Ross. and J. H. Ross, J .  Org. Chem., 28, 1749 (1958). 
( 5 )  J. Leiter, U. J. hbbo t t ,  S. A. Scheparta. and I. Wodinsky, Crmcer R e s .  

20, i 6 0  (1960). 

24,383, 1066 (1Y64); as ,  27, 164 (1965).  



l i t . 6  hpAl2!1-13O0 ( l ( j 1 ~ l i ~ ~  I. 
.Y,.Y-Bis(2-hvdroxvethi 1 )aniline and .\ ,.Y-Bis(L-hydroxy- 
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Yield, 
R' R2 R' R' R5 R6 70 Bp, OC (mm) n% PIP, "C Formula Anal. 

CIIHL~CIZNO C ,  H 
Ci.HiaClzK0 C ,  H 

I* CHaO H H H H H 72 1 3 0 ( 0 . 5 )  1.5471 
ZC H CHaO H H H H 83 1 3 2 ( 0 . 1 )  1 .5690 
3d H H CHaO H H H 62 1 4 6 ( 0 . 5 )  50-51 
4 CHiO CHaO H H H H 73 1 4 2 ( 0 . 2 )  1 ,5483 37-38 CizHiiChXOz C ,  H, N 

CiZHiiClZ'iOP C. H 5 CHaO H CH30 H H H 84 128 ( 0 . 1 )  1 ,5422 
CizHiiCIzNOz C ,  H 6 CHaO H H CHaO H H 83 1 3 2 ( 0 . 2 )  1.5493 

7 CHaO H H H CHaO H 53 lZg(O.1) 75-78 ClzHiiClzNOz C ,  H 
8 H  CHaO CHsO H H H 70 1 4 7 ( 0 . 2 )  1.5646 45-45.5 Ci.Hi7CIzNOz C. H 
9 H  CHsO H CH*O H H 83 155(0 .1)  1,5655 64-67 CizHiiCIzNOz C, H 

C~SHIQCIZNOI C. H ,  N 10 CHsO CHsO CHsO H H H 54 147(0 .1)  1.5365 
11 CHs0 CHIO H CHaO H H 6 90-92 CiaH1~C1zNoa c, H 

CiaHi~CIzN03 C. H ,  N 12 CHaO CHjO H H CHaO H 55 1 6 2 ( 1 . 0 )  1.5389 
13 CHa0 H CHaO CHJO H H 57 159(0.1) 68-69 CiaHioC12NOa C ,  H 

75-77 CiaHiuClnNOa C ,  H ,  N 14 CHjO H CHa0 H CHaO H 65 
15 H CIIaO CHjO CHsO H H 57 169 (0.1) 1.5555 51-53 CisHipClrPU'Os C ,  H, N 

CisHiiCIzNO C, H 16 CHg=CHCH90 H H H H H 23 1 3 6 ( 0 . 3 )  1.5563 
CiZHi7CIZNO C, H 17 CzHaO €I H H H H 70 141 (0 .4)  1.5381 
C14HnCI.NO C. H 18 CHd(CHz)aO H H H H H 94 156 ( 1 . 5 )  1,5281 
CI~HZICIZNO C, H 19 H CHa(CHz)rO H H H H 4 2 1 7 2 ( 1 . 9 )  1.5434 

20 H H CH3(CHr)aO H H H 60 172(1.0) 1.5425 CI,H,ICIINO C ,  H 
21 CoHsO H H H H H 82 139(0 .1)  1.5829 CisHiiCliNO c, H 
22 CI H H H H H 77 1 3 2 ( 0 . 4 )  1.5672 C1oHi~ClsN C. H 
2Se H c1 H H H H 95 1 5 8 ( 2 . 0 )  1.5837 36-38 CioH12ClsN C. H 

CiiHizCI2FaN C, H 
26* CHs H H H H H 82 118(0 .3)  1.5409 C1IHiaCI.N C, H 
2 i h  H CHs H H H H 90 125(0 .1)  1.5654 CiiHiPCIzN C. H 
28 H CI CI H H H 54 57-59 CioHilCI,N C, H ,  CI 
29 H CI H C1 H H 71 104-106 CioHiiClrN C ,  H ,  N 
30' H CI CHa H H H 55 162-166(0.8) 1.5777 CiiHidChPU' C, H 

CiaHivClnNO C. H 3 l i  H H CH80 H H CHz 78 154-157(0.8) 1.5430 
Ci~HziClrNOz C, H. N 32 CHaO H H CHaO H CHa 65 137-138(0.3) 1.5355 
Ci4HziClzNOz C, H 

24( H H CI H H H 66 71-72 
H CFs H H H H 80 1 3 8 ( 3 . 0 )  1.5170 

33 H CHsO CHaO H H CHs 69 1 4 6 ( 0 . 2 )  1.5459 
Those 

compounds which solidified were crystallized from CsH14 or CsHs-C6H,,. The required diols not described in Table I are described in 
ref 2. This compound has been described by Ross, ref. 3, as the picrate. W. C. J. Ross, G. P. Warwick, and J. J .  Roberts, J. Chem. 
Soc., 3110 (1955), have reported n Z 5 ~  1.5708 for this compound. E W. Schulze and H. Willitzer, 
J .  Prakt. Chem., 31, 136 (1966) found mp 36" for this compound. This compound has been re- 
ported in British patent 948.766, A. S. F. Ash, A. M. Creighton, and W. R. Wragg, to May and Baker, Ltd., Feb. 5, 1964, Chem. Abstr., 
60, 12028 (1964). i The recorded bp is 
182-183' (4 mm). I' The reported melting point for this compound is 68-70' according to J. I,. 
Everett and W.  C. J. Ross, J .  Chern. Soc., 1972 (1949). 

These dichloro compounds were obtained by the action of POC13 on the corresponding diols as described in ref 3 and 4. 

Ross, ref 3, reported mp 52'. 
J Ross, ref 3, reported mp. 74-75'. 

Ross, ref 3, has described the starting diol. He reported mp 33" for the dichloro compound. 
For reference see Table I, footnote n. 
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Based on reports of antitumor activity of aromatic 
Schiff b a ~ e s , l - ~  the N-mustards shown in Table I were 

( 1 )  M. G. Dhapalapur, S. S. Sabnis, and C .  V. Deliwala, J .  M e d .  Chem., 
11, 1014 (1968); C. T. Rahner. D. Rrotherton, and M. I<. Brotherton. 
ib id . .  11, 405 (1968); S. S. Sabnis, Indinn J .  Chem., 6, 610 (3967); F. D. 
POPL J .  .%fer/. Chem.,  7, 210 (1964). 

(2 )  R. C. Elderfield. I. 9. Covey. J. B. Geiduschek, W. L. Jleyer.  A .  B. 
Ross, and J. H. Ross, J .  Ow. Chem., 23, 1749 (1958); R. C. Elderfield and 
T. E;. Lido, ib id . ,  26, 4996 (1961). 

( 8 )  x G.  Dhapalapur, S. S. SaLnis, and C. V. Deliwala, J .  .%led. Chem., 
11, 164 (1868). 

prepared from substituted N-phenylanthranilic acid 
 hydrazide^,^ as described in the Experimental Section. 
They were evaluated by the CCNSC, National Cancer 
Institute, Bethesda, >Id. against L1210 lymphoid 
leukemia in mice by i.p. injection, and were found to be 
nontoxic and inactive in this test. 

Experimental Section 

All melting points were obtained on a Thomas-Hoover Uni- 
melt and are uncorrected. Satisfactory ir spectra were recorded 
for all compounds. The ir spectra were recorded using a Perkin- 
Elmer Model 337 spectrophotometer. Elemental analyses were 
performed by Galbraith Laboratories, Knoxville, Tenn. Where 
analyses are indicated only by symbols of the elements, analytical 
results for these elements were within &0.4Yc of the theoretical 
valries. 

N-Phenylanthranilic Acid p-Bis(2-chloroethyl)aminobenzyl- 

(4) S. H. Bernor, R. S. Varma, and D. K. Boykin, J r . ,  ibzd. ,  13,  562 
(1  9 70). 


