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Introduction Results 

Members of the class of homo-aza-steroidal esters of 
carboxylic derivatives of the nitrogen mustard N,N- 
bis(2-chloroethyl)aniline have demonstrated interest- 
ing results against a variety of experimental animal 
tumors and leukemias [l-4]. In this paper we report 
the synthesis and the evaluation of antineoplastic 
activity against lymphoid leukemia P388 of the iso- 
merit esters 1, 2, and 3. In these compounds, 3p- 
hydroxy-17a-aza-D-homo-5a-androstan-l7-one has been 
joined through an ester bond with the 3 isomeric nitro- 
gen mustards of cinnamic acid, namely the ortho-, 
meta-, and para-[NN-bis(2-chloroethyl)amino]cinn- 
amic acid. These esters, due to the presence of an ex- 
tended conjugation system, are suitable for the study 
of steric and electronic effects on the anticancer ac- 
tivity of this class of compounds. 

Chemistry 

The isomeric mustards of cinnamic acid were pre- 
pared by a previously described method [5]. The con- 
densation reaction of the 3P-hydroxy group of the 
steroidal lactam 3P-hydroxy-17a-aza-D-homo-5a- 
androstan-17-one with each mustard was effected in 
dichloromethane in the presence of p-dimethylamino- 
pyridine as catalyst and of presence of p-dimethyl- 
aminopyridine as catalyst and of dicyclohexylcarbodi- 
imide (DCC) as dehydrating agent [6]. Physical and 
spectral properties of the esters prepared are given in 
table I. 

The percent hydrolysis (table II) of compounds l-3 
in H20/CH,CN 6/4 mixture under standard conditions 
(incubation for l/2 h at 66°C) set by Ross [7] was de- 
termined by HPLC by the decrease in the peak area 

Table I. Physical and spectral properties of the esters 1, 2, 3. C, H, N analytical results obtained for the esters 1, 2, and 3 were 
within + 0.4% of the theoretical values. Melting points were determined on a Fisher-Johns apparatus and are uncorrected. 

Ester Formula Yield 
W) 

w CC) Recryst 
solvent 

IR (cm-l) 
c=o c=c NHC=O 

:. C,,H,CbN@~ CdLCbN~Q 62 80 215-217 221-222 CH3COOC2H, CH$OOC,H,-CHCl, 1705 1700 1630 1635 1660 1675 
3 W%.&1,N~O, 70 230-23 1 CH,COOC,H, 1695 1625 1655 
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Table II. % Hydrolysis (average of 2 runs) of compounds 
1, 2, 3 (concentration of 1, 2, and 3 was c/a 1.5 x 104 M) 
after l/2 h in H20/CH3CN 6/4 at 66°C as determined by 
HPLC (C-18 u-Bondapak column, eluent CH,OH/H,O 9/l, 
UV absorbance monitored at 254 nm). 

:. 
40+3 
16f2 

3 <3 

corresponding to starting material. CH,CN was used 
as a co-solvent due to the limited solubility of the 
esters in H,O. In all cases the product of hydrolysis 
was isolated and characterized as the corresponding 
N,iV-bis(2-hydroxyethyl)amino derivative 4. Under 
the reaction conditions no hydrolysis of the ester bond 
was observed. 

Pharmacology 

Screening against P388 leukemia was carried out by 
the National Cancer Institute (Bethesda, MD, USA). 
Compounds were administered intraperitoneally sus- 
pended in saline stabilized by Tween 80. Schedule 
and dosage details are given in table III. P388 leu- 
kemia was maintained by weekly IP passage of 106 
cells in CDF, male and female mice. 

Out of the 3 isomers tested, only 1 was active 
against P388 leukemia with a maximum activity of 
T/C = 140% achieved at the dose level of 400 mg/kg. 

At the same dose level, compound 2 gave T/C of 
111% and compound 3 gave T/C of 110%. Table III 
summarizes the screening data for compound 1. 

The LDSO’s for compounds 1,2, and 3 are 900,450 
and 900 mg/kg respectively. 

Discussion 

A good correlation exists between antineoplastic 
activity and chemical reactivity assessed by deter- 
mining the % hydrolysis of the nitrogen mustard 
moiety under standard conditions. Specifically, com- 
pound 1 bearing the nitrogen mustard moiety in the 
ortho position is active against leukemia P388 and 
also hydrolyzes to the corresponding hydroxy ana- 
logue considerably faster than the nonactive isomers 2 
and 3. 

The higher chemical reactivity of the ortho- 
substituted nitrogen mustards as compared to their 
meta and para isomers is not uncommon and has been 
attributed to steric hindrance of mesomerism between 
the aromatic ring and the nitrogen of the mustard 
group [8]. It has been established that in the aromatic 
nitrogen mustard series an increase in the basicity of 
the nitrogen results in an increase in chemical 
reactivity towards hydrolysis [9]. It is important to 
note that the chemical reactivity of the mustard group 
towards hydrolysis cannot account alone for the 
observed antineoplastic behavior of the isomers since 
special enzymatic mechanisms are probably involved 
during transport, penetration into the malignant cell, 
activation etc. However, structure-activity studies 
indicate that the ease of hydrolysis may be an 
important factor in antileukemic efficacy [lo]. 

Table III. Activity of compound 1 against P388 lymphocytic leukemia in CDF, mice. 

Dose injection 1 
(mgfkg) 

Experiment I, male mice 
400 
200 
100 

0 

Schedule 

Day 1 
Day 1 
Day 1 

- 

Median 
survival time (d) 

14.3 
12.8 
12.3 
10.2 

TIC 2 
@IO) 

140 
125 
120 

Animal weight (g) 
diference 3 

-2.4 
-0.7 

0.2 
1.2 

Survivors 

616 
616 
616 
- 

Experiment II, female mice 
400 
200 
100 

0 

Day 1 14.0 134 -1.9 616 
Day 1 12.3 118 -1.3 616 
Day 1 11.0 105 -1.1 616 

- 10.4 1.1 - 

‘Six male or female mice in each group. 2Ratio of test (T) evaluation to control (C) evaluation expressed in %. 3Average 
weight change (weight on toxicity evaluation day minus weight on initial day of treatment) of test group minus average weight 
change of control. 



661 

Experimental protocols 

3-P-Hydroxy-17a-aza-D-homo-5a-androstan-17-one ortho-[N,N- 
bis(2-chloroethyl)amino]cinnamate (I), 3-PHydroxy-I 7a-aza- 
o-homo-5a-androstan-I7-one meta-fl,N-bis(2-chloroethyl)amino]- 
cinnamate (2), 3-j?-Hydroq-I 7a-aza-D-homo-5a- androstan-I 7-one 
para-[N,N-bis(2-chloroethyl)amino]cinnamate (3) 
Compounds 1, 2, and 3 were prepared according to published 
procedure [6]. Physical and spectral properties of the esters 
prepared are given in table I. 

Hydrolysis of the esters 1,2, and 3 in H,OICH,CN 614 solution 
A 2-ml aliquot of a 3.75 x 10-3 M stock solution of starting 
material in purified CH,CN was brought to a volumetric flask 
and 18 ml of CHCN was added followed bv 30 ml of 
deionized H,O to achieve a final concentration of i 5 x lw M 
(a lower concentration was employed in the case of the meta 
isomer due to limited solubility). The solution was immediately 
incubated in a water bath at 66°C and a 5-pl aliquot was 
subjected to HPLC analysis (y-Bondapak C- 18 reverse-phase 
column, CH?OH/H70 9/l eluent, UV absorbance monitored at 
254 nm). After 30-min another S-p.1 aliquot was subjected to 
HPLC analvsis and the % hvdrolvsis was determined bv the 
decrease in>he peak area co&esponding to starting mateGal as 
compared to the peak area recorded at the beginning of the re- 
action. 

The reaction was allowed to reach completion and for all 
isomers HPLC analysis indicated the formation of 1 main 
product. The reaction mixture was cooled and extracted with 
CHCl,. The organic extract was evaporated and the residue was 
chromatographed on silica gel column with CHCl, as eluent. In 
all cases the main product was characterized by IR and ele- 
mental analyses as being the corresponding N,N-bis(hydroxy- 
ethyl)-derivative. 

SD-Hydroxy-I 7a-aza-o-homo-Sa-androstan-I 7-one o-(N,N- 
bis(2-hydroxyethyl)amino]cinnamate 4a. mp = 217-219°C. 
IR (KBr): 3500-3100,1700,1640,1593,1166,755. 

3@Hydroxy-I 7a-aza-o-homo-5a-androstan-17.one m-m,N- 
bis(2-hydroxyethyl)amino]cinnamate 4b. mp = 221-223°C. 
IR (KBr): 3500-3100,1710,1635, 1597,1503, 1180,840,780, 
587. 

3pHydroxy-I 7a-aza-o-homo-5a-androstan-l7-one p-INN 
bis(2-hydroxyethyl)amino]cinnamate 4c. mp = 260-262°C. 
IR (KBr): 3500-3100, 1700,1640,1595,1519,1165,812. 
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