


-411 products mentioned a'bove are listed in Table I. 
Pharmacological Methods.-Because of the obvious 

physical limitat'ions, only two of the 21 experiniental 
t'umor systems maintained in these laboratories were 
employed for preliminary antitumor t,estirig of this series 
of compounds. The tit-o systems were selected because 
of their responsiveness to the carbamates, and the fact 
that both are used to predict useful candidates for clini- 
cal evaluation. Those carbamates showing a high de- 
gree of pot'ency against these two systems were then 
subject'ed to more extensive studies. 

One of t,he tumors, X.5563, is a slow-growing, plasnia- 
cell tumor, t,he other, an atypical, myelogenous leu- 
kemia known as C1.298. Procedures for animal-I unior 
testing in our laboratories have been previously de- 
scribed by Johnson, et c ~ l . ~  However, in brief, for the 
solid tumor. a tumor fragment was implanted sub- 
cutaneously by trocar in CaH inice and after 7 2  hr, 
treatment was initiated and continued until a tot'al of 10 
injections had been given. Two-dimensional measure- 
ments were taken after the tenth injection; the ac- 
tivity is reported as a coniparison of the tumor sizes of 
test ariimals to that of saline controls. -4 100% ac- 
tivity would mean that' no measurable tumor was 
present in the test, animals at  the end of the treatment 
period. This plasma-cell tumor exhibits some of the 
same characteristics associated with multiple myeloma 
in man, including the presence of an abnormal protein 
found in the serum froin animals bearing the disease. 

The other t'est system, the myelogenous leukemia, is 
maintained in C-57B1/6 mice in the solid form. The 
test, animals are injected with a tunior cell homogenate. 
Inoculation was by t,he intraperitoneal route at  known, 
standard-cell concentrations. Inoculated animals usu- 
ally survive for 11-18 days. Treatment mas initiated 
24 hr after inoculation, and a total of ten treatments 
with the compound mas given. Act'ivity was deter- 
mined by prolongation of life of treated animals cs. that  
of saline controls. Those living for 45 days were con- 
sidered "cured" and were designated as indefinite sur- 
vivors. These were not calculat,ed in the per cent ac- 
tivity. This tumor system is naturally resistant' to 
many knoxn clinically useful anticancer agents. 

The insolubility of the carbamat'es in most vehicles 
used for antitumor testing, acacia, salitiz, sesame oil, 
and carboxymethylcellulose, did not prevent their eff ec- 
tiveness as antitumor agents. Suspensions of the car- 
bamates using 1 : 10 dilut'ions of EmulphorF7 were used 
successfully throughout the series. 

Prior to testing the compounds against the tumor sys- 
tems, subacute toxicity studies were conducted using 
normal Swiss ICR mice. Compounds were ad- 
ministered daily at four different levels for 5 days. 
Antitumor testing was then initiated at  t,he maximum 
tolerated level and at t\vo lower levels, usually one-half 
and one-fourth of the high dose. Dose-response stud- 
ies on the compounds demonstrating the most potent' 
antitumor properties in the primary screen were then 
undertaken. I n  this study, dose levels were given that 
usually determined the minimum effective dose, and 
then dosage was increased until evidence of toxicity was 
seen. The toxic effects wcw tiotcci hy (wIy de:iths of 
the test animals and weight loss :is compared to con- 

( 6 )  I. s. Johnson, e/  d., Ciincer lfes., 20, 1016 (1860). 
( 7 )  Emulpiror@ is a polgoa&-etliylated fa t ty  acid available from General 

.iniline Film Corp., Melrose Park ,  Ill. 

trol animals. T'isual observations of the general :~p- 
pearance of the animals such as lack of mobility atid 
rough coat were helpful in determining toxicity of the 
compound tested. The dose levels for maximum anti- 
tumor effects were obtained from the dose-response re- 
sults. These are reported in Table I. For those coni- 
pounds not included in the extended tests, the best ac- 
tivities indicated by the initial screen are reported. 

Structure-Activity Relationships.-Xntituiiior act iv- 
ity against the X.3563 and C1498 systems was found for 
nlniost all of the l,l-diaryl-2-propynyl carbamates 
tested. However, for niaximuni potency, certain struc- 
tural requirements were found t o  be necessary. To  
help in assessing the importance of each functional por- 
tion of the molecule. the carbamate structure  vas 
divided into three main areas-the ethynyl (A), the 
1,l substituents (B), and the carbanioyl portion (e)- 
and the effect of structural changes on antitumor ac- 
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tivity is discussed separately for tlie three are:ts. The 
activity discussed here will refer to the results reported 
in Table I. 

The acetylenic group (A) of the molecule was foutid 
to  be essential to obtain potent antitumor effects. Re- 
duction of this group to the ethylenic derivative gave 
compounds with much less activity (compare 82 arid 83 
with 20 and 24, respectively). Substitution on the ter- 
minal position of the triple bond did not appear to alter 
the antitumor effect significantly (compare 79 arid 80 
with 4).  

One of the important features of portion €3 ivab  tli:it 
R and R1 must both be aromatic groups for the car- 
bamates to show significant antitumor effects. Coni- 
pounds that deviated from these requirements such as 
1, 2, and 3 showed little if any effects. When R and R1 
were both phenyl, compounds with varying degrees of 
potencies were obtained depending upon substituents 
on the remainder of the molecule. Although the effects 
of substituents on these phenyl groups upon potency 
were of a lesser degree, certain variations in this area 
mere inore beneficial than others. I n  general, halogen 
substitution on  the phenyl rings gave compounds that 
demonstrated good antitumor effects. Of the group, 
chloro, bromo, and iodo, the p-chlorophenyl derivatives 
were the most benefickt1 in pronioting antitumor a(*- 
tivity. Of particular interest were tlie fluoropheiiyl 
derivatives (52, 54, 58, and 59), since they were the 
most potent of the hdopheriyl compounds. Other sub- 
stitution on the phenyl ring such ab methyl, nitro, tri- 
fluoromethyl, and phenyl did not semi to  enhance ac- 
tivity. When R ~vaq phenyl and 11' wn.: 1ietero:u-o- 
inatic (72 and 76). less potent compound': were oh- 
tained. Howcvet, \\-hen It1 w i +  01- or @-ii:tphtliyl, po- 
tency was retained (68-70). The same wa- true when 
the R and R1 Lvere joiiicd together forming tlie fluorcnyl 
moiety (77 and 78). 
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ACETYLESIC C/ARnAhfATES AS ONCOLYTIC AGENTS 

TABLE I (Continued) 
RfP, -% calcd- -% found- Dose,' Tumor system 
"C  Formula C H C H mg/kg X5563 C1498 

153-151 C I ~ I I U X O ~  77 55 4.97 77 26 5 13 10 47 (10) 2!4 

182-183 CieHisSOz 77.96 5 . 4 5  78.24 5.57 18 lOO(8) i 7  

147-llY CliHisNOn 7 6 . 4 6  5.9G 7 6 . 7 4  5 , 0 5  GO Z i ( 1 0 )  28 

150-152 ClsHlpBrNOa 58 .20  3 . 6 G  58.80 3.GO 45 80 (6) 66 

60 25(10) 0 135-136 Ci7HisNOa h 

102-104 CiaHisNOz 76.84 6.81 7 7 . 2 1  6.83  30 4 3 ( 6 )  0 

111-113 CisHiaCIN02 66 68 4 90 6 6 . 9 i  5 . 0 3  7 . 5  0 39 

47-48 ClsHuClO i 4  23 4.56 i 4  23 4 86 60 0 0 

4:: 

, 
8.5' (CsHs) ? C C s C  H 76-78 CmHisOs 80.47 4 .91  80.75 5 .20  60 35 (9) 0 

A total of ten treatments were given, by daily injections intraperitoneally, at each dose level indicated, and the reported activities 
of these compounds against the two systems are the results of a specific dose-response test for each compound and shoidd be considered 
in a q\ialit,ative manner in comparing relative potencies. RIyleran 
at SO mg/kg inhibited the X5563 system 100% and did not inhibit the C1498 system. H S 2  at  0.15 mg/kg did not inhibit the X5563 

Cytoxan (cyclophosphamide) a t  50 mg/kg inhibited the X5563 
Those compounds with R2 and R3 being hydrogen were made by method A as described 

in the Experimental Section. Lit.4 mp 66-68'. 
The number given is t,he per cent inhibition of the t'umor, and the number in parentheses indicates total siirvivors out of ten at  the end 

of the treatment. period. e The number given is the per cent prolongation of life of treated animals us. saline controls and the number in 
parentheses is the number of animals surviving for 45 days from date of inocnlation and are considered cures. These animals are not 
calculated in the per cent activity. f W. Logemann, et al. [Farmaco (Pavia), Ed. Sei., 8 ,  406 (1953)l report mp 87". 0 Made by 
method C as described in Experimental Section. Anal. Calcd: N, 4.98. Found: S, 5.18. Intermediate described in method A 
recrystallized from benzene-petroleum ether (bp 35-60'). 

Activity must be greater than 20yo to be considered significant. 

t,em brit gave a 3 4 5  prolongation of life against the C1498 system. 
tem 10070 and the C1498 system 397,. 

The compounds with one or both R2 and R3 being alkyl were prepared by method B. 

TABLE I1 
IXTR \PERITONE \IJ US. O R  i L  TREATMENT USING COMPOUND 14 

O C O N H O  I 
(CeHS)&C=CH 

Indefi- 
Dose Route nite 

Tumor leiel ,  of Ai W t  70 sur- 
system mg/kga admin change, T I C  activity vivors 
C14SX 7 . 5  I p  -1.5/1.9 61 0 

10.0 I p  - 0 . 4 p . 9  83 1 
12 .0  I p  -2.8/1.9 98 3 
15.0 I p  -2.7/1.9 0 7 

15.0 Oral -3.6/0.5 107 1 
20.0 Oral -2.6/0.5 99 2 
25.0 Oral -3.7/0.5 35 4 

10.0 I p  - 1.2/2.0 95 
12.0 I p  -3.1/2.0 100 
15.0 Oral -2.0/1.2 97 
20.0 Oral -2.2/1.2 100 
25.0 Oral -2.7/1.2 100 

Q The dose was administered once daily for 10 days. 

X5568 1 7 . 5  I p  - 0.9/2.0 92 

A comparison of the R2 and R3 substituents revealed 
that they could be varied widely with high potency be- 
ing maintained. These variations included compounds 
where R2 and R3 were hydrogen, the N-methyl, N-allyl, 
K-propynyl, and N,S-dimethyl derivatives, and com- 
pounds where the substituents with the nitrogen 
formed a pyrrolidine ring. However, the N-phenyl 
derivative (18) was much less effective. 

When R2 n-as hydrogen and R3 cyclohexyl (14), very 
high potency was found. This group was particularly 
effective when R and R' mere p-fluorophenyl (58). 
Also, other K-cycloalkyl groups such as cyclopentyl, 
cycloheptyl, and cyclooctyl (13, 15, and 16) gave coni- 
pounds of high potency. 

Intraperitoneal us. Oral Treatment.-In Table 11, a 
comparison of intraperitoneal and oral administration 
of compound 14 against the X5563 and C1498 systems 
is given. I n  both systems, it appears that an equiv- 
alent antitumor effect can be seen using oral doses ap- 
proximately twice that used by the intraperitoneal 
route. Other carbamates have also demonstrated this 
type of oral activity. 

Definite requirements also have been demonstrated 
for the "C" portion of the carbamates. If this portion Experimental Sections 
Was e'g'j the ' 7 '-diary1-2-propyn-'-01s, no l,l-Diaryl-2-propyn-l-ols were prepared by known procedures9 
significant antitumor effect was found- 

carbaniate 81. 

This was true 

It could therefore be concluded that 

from the appropriately substituted benzophenones and were 

(8) 411 melting points were determined using a 11Iel-Temp melting point 
for the phenylcarbonate intermediate 85 and the thio- 

the carbamoyl portion O=CN< is necessary to produce a p s ~ s ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~ ~ l ,  and Ehy, ,,. A m .  Chpm. 2882 
compounds with significant activity. (1938). 




