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Synthesis and Evaluation of Esters of N,N-Bis(2-chloroethy1)-p-aminophenol 
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-4 series of benzoate esters of SjS-his(2-chloro- (or hromo-) ethyl)-p-aminophenol have been synthesized and 
evaluated as antitumor agents against the Walker 256 carcinosarcoma to further test the hypothesis that hydrol- 
ysis of the ester linkage may be a prerequisite for antitumor activity. The 2,6-dimethylbenzoate of 4-(S,S- 
diethy1amino)phenol was not hydrolyzed by crude rat liver esterases, and the toxicities and antitumor activities 
of the corresponding mustards were much reduced relative to  the parent unsubstituted benzoate. These results 
lend some support t o  the previously expressed hypothesis that  hydrolysis t o  the free phenolic mustards is a 
necessary step for antitumor activity. I n  a series of meta- and para-substituted benzoates of 4(X,K-diethyl- 
amino)phenol, hydrolysis by the rat liver esterase preparation was dependent upon the electronic effects of the 
substituents but this dependence did not extend to  the toxicities or antitumor activities of the corresponding 
nitrogen mustard?. 

As part of an investigation into the design of nitrogen 
mustard with latent activities it was decided to syn- 
thesize substituted benzoate esters of 4-[K,K-bis(2- 
chloro- (or bromo-) ethyl)amino]phenol. ROSS*& has 
shown that the benzoate and acetate of 4-[X,K-bis(2- 
chloroethyl)amino]phenol, although chemically less 
reactive, were more effective against the Walker 256 
tumor system than the parent 4-[N,I\;-bis(2-chloro- 
ethyl)amino]phenol. Hebborn and DaniellPb showed 
that the Kalker tumor contains enzymes capable of 
hydrolyzing these esters and concluded that the esters 
were converted in vivo to the free phenol and that the 
latter exerted the antitumor action. The greater degree 
of selectivity of these esters, as indicated by their 
superior chemotherapeutic index relative to the parent 
phenol, was in part attributed to activation by esterases 
in the tumor cells, However, this conclusion was not 
substantiated completely and the possibility remained 
that the more favorable antitumor action of esters of 
4-[N,N-bis(2-chloroethyl)amino]phenol was perhaps due 
to a more favored transport into the tumor cells where 
they could exert an alkylating effect in toto. 

In  an attempt to distinguish between these possibil- 
ities, the 2-methyl- and 2,6-dimethylbenzoates of 
44 N, X-bis (2-c hloroethyl) amino] phenol and 4- [ N, N-bis- 
(2-bromoethyl)amino]phenol were prepared and their 
activities against the Walker 256 system were deter- 
mined and compared with the unsubstituted benzoate. 
If hydrolysis of these compounds to the parent phenol 
is a prerequisite for effective biological activity then the 
ortho-substituted compounds should be less toxic than 
the parent benzoate because of their less rapid hydrol- 
ysis. 

On the assumption that the antitumor activities of 
esters of 4-[N,N-bis(2-chloro- (or bromo-) ethyl)amino]- 
phenol do depend upon enzymatic hydrolysis it was 
decided t o  determine whether any general relationship 
existed between the ease of enzymatic hydrolysis, the 
toxicities, antitumor activities, and the electronic 
effects of substituents in a series of meta- and para- 
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substituted benzoate esters of 4-[N,K-bis(2-chloro- 
(or bromo-) ethyl)amino]phenol. 

Experimental Section3 
Synthetic Procedures.--Where one method is used to  prepare 

more than one compound in a series, a procedure is described and 
a summary of the details for other members of the series is 
presented in Tables I-I-. 

4- [S,N-Ris( 2-chloroethyl)aminojphenol Hydrobromide ( I ) .  - 
The following procedure proved to  be considerably more 
convenient than that described in  the literature.4 Benzyl 
4- [ S,S-bis  ( 2-~hloroethyl)amino]phenyl ether (13.0 g, 0.04 
mole), prepared from benzyl 4 [K, S-bis (2-hydroxyethy1)am- 
inolphenyl ether4 by the method of Cohen and Tipson,5 was 
stirred a t  room temperature in 32% HBr-AcOH (100 ml) for 
4 hr. The solution was poured into Et20 (1000 ml), and the 
precipitate was filtered and crystallized from A4cOH to  give I, 
mp 202-210", in 75q0 yield. The analysis was not completely 
satisfactory, probably due to halogen exchange in the above 
procedure, but this material proved to  be completely satisfactory 
for subsequent reactions. Anal. (CloHl4BrCl~SO) Br: calcd, 
25.37; found, 26.91, 27.01. 

4-[S,N-Ris( 2-bromoethyl)amino]phenol hydrobromide (11) was 
prepared similarly to I and had mp 214-215" (AcOH), in 7 7 7  
yield. Anal. (Ci~H14Br3KO) C, H, Br. 

4- [S,S-Ris( ethyl- (or 2-haloethyl-) aminolphenyl benzoates 
(1-49, Tables 1-111) were prepared by esterifying the appropriate 
phenol with the substituted acid chloride in the presence of 
either pyridine or Et3li. 

A. Using Pyridine.-4 [S,N-Bis(2-bromoethyl)amino]phenol 
hydrobromide (11, 1.1  g, 0.003 mole) was suspended in dry 
pyridine (10 ml) and warmed in a steam bath. To the warm 
solution was added 3-chlorobenzoyl chloride (500 mg, 0.003 mole). 
hfter 45 min at  room temperature, H20 (10 ml) was added 
followed by sufficient HCI (10%) to neutralize the pyridine. 
The precipitated ester was filtered and recrystallized. 

B. Using Et~S.-4-[N,X-Bis(2-bromoethyl)amino]phenol was 
liberated from its HBr salt by the addition of S a H C 0 3  solution 
and extraction (EtzO). The free phenol (650 mg, 0.002 mole) was 
dissolved in E t& (10 ml) and 4methosybenzoyl chloride (450 mg, 
0.0026 mole) was added. After 20 min at  room temperature, the 
ester was isolated according to the procedure described under A. 

Enzyme Assay.-The source of the esterase employed was a 
crude rat liver homogenate. Male Holtzman rats were decapitated 
and the liver was rapidly removed, placed on ice, weighed, minced, 

(3) Melting points were determined with a ThornaRKofler hot stage and 
are corrected. Analyser are by Dr. A. Bernhardt, Mulheim, West Germany, 
and, where indicated only by symbols of the elements, the results are within 
*0.40/, of the calculated values. 
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T . m m  I\. 
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I<NZYMIC HYDROLYSIS OF SCBSTITV~ED 

(0.5 ml, SO'/;) and centrifuged. The supernatant was removed, 
saturated with SaC1, and extracted with n-BuOH (2  ml). An 
0.5-ml aliquot of the BuOH extract was made up to  5.75 ml with 
ISt,OH (4 ml, 207; aqueous solution), Folin reagent (0.25 ml), 
and Sa?CO1 (1.0 ml. 10Cn). Color was develowd t)v warmine the 4 - ( S , S - D I E r l l Y L . \ ~ I E ; O ) P l ~ E ~ Y I ,  BEiYZO.\TES 
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tube to  95" for 5 min. The solution was clarified 1)y centrifugation 
and the optical density was determined at 750 mp using a Perkin- 
Iclmer 202 spectrophotometer. The amount of 4( S,S-diethyl- 
amino)phenol released was determined from a previously obtained 
standard curve. Control experiments were run in parallel t o  
determine the amount of spontaneous hydrolysis of the compounds 
and the amounts of color contributed by the homogenate. In 
these experiments, conditions were identical with those desrril)ed 
save that s u h t r a t e  or homogenate was ahsent. Additional 
control experiments demonstrated that the BuOH extracntion 
tecbhnique gave recoveries of 90-100";. 

Hiological Test hfethods.-Toxicity determinations were per- 
formed using male Swiss mire (20-25 g). The compound dis- 
solved in cottonseed oil was administered hy intraperitoneal 
injections to groups of three t o  six miceidose level. Deaths 
within a 21-day period were recorded and I,D;o values were 
estimated using the method of Iitchfield and LVilcoxon.' 

.intitumor activities of the compounds against the Walker 
256 carcinosarcoma were determined as follows: .\ctively growing 
tumor tissue (200 mg) obtained from a tumor-hearing rat killed 

and homogenized in sucrose (0.25 .I!) t o  give a 30' homogenate. 
I.kter:tse activity was determined colorimet rically using the 
Folin-Cicocalteau reagent6 to  determine the amount of 4( S,S- 
diethy1amino)phenol released on hydrolysis of the benzoate esters 
of 4-( N,X-diethy1amino)phenol which were used as analogs of the 
corresponding alkylating agents. The incubation mixture con- 
tained the substrate ( d l  final concentration), DlISO (150 p i ) )  
Tris buffer (2 ml, 0.1 .lf, p H  8.51, and homogenate (0.5 ml). The 
homogenate had previously been incubated with KCX (150 pl, 
1.0 m l l )  for 5 min to  prevent oxidation of the suhsequently 
liberated aminophenol. After incuhation (5 min) at 32", an 
aliquot of the mixture (2  ml) was added t o  trichloroacetic arid 

(fi) R. C. I ' e te rwn,  .I. Pharm. Srt. 55,  rt28 (1966). 
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by cervical fracture was implanted into the right flank of anesthe- 
tiAed male Holtzman rats by means of trochar and cannula. On 
the day following implantation of the tumor, the drugs were 
administered intraperitoneally in cottonseed oil. Each drug was 
administered a t  three different dose levels with each dose level 
heing administered to three rats. Ten days after implantation 
the animals were killed and the tumors were excised and weighed. 
Tumor growth in drug-treated animals was compared with tumor 
growth in control animals which received the vehicle only. 

(7)  J. T. J,itchfi~ld and  13'. Wilroxon, J .  Pharmacol. Rzpll. Therap. ,  96, 99 
(1940). 




