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Antitumor Activity, Phosphorus Compounds 
A series of pentavalent phosphorus compounds containing the nitroxyl and/or aziridinyl 

moieties was evaluated for antitumor activity against P 388 and L 1210 lymphocytic 
leukemias, and compared to the clinical agent thio-TEPA (1). The compounds with the 
structures 5-13 were found to be active, with a T/C value greater than 125. The percent 
ILS was also determined. 
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Since 1971,whenRozantsev and coworkers ^ r e -
ported the synthesis of the spin-labeled phosphorus-
containing aziridine derivatives 2 and 3, we have 
been intrigued by the potential of spin labeled 
phosphorus compounds which could perhaps mimic 
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The biological activity of derivatives of penta-
valent phosphorus containing the aziridine moiety 
has been known for many years [1-7]. In fact, 
thio-TEPA (1, triethyleneimine thiophosphoramide) 
has been used clinically against ovarian carcinoma, 
Hodgkin's disease, carcinoma of the breast and 
other malignancies [8]. 

the biological activity of clinical alkylating agents, 
such as, thio-TEPA (1) and at the same time 
contain a reporter group which might be detectable 
by EPR [10, 11]. The usefulness of this approach 
for the study of anticancer drugs in vivo was 
subsequently demonstrated by Dodd and co-
workers [12]. 

Furthermore, it was hoped that the introduction 
of a long lived and comparatively non-toxic radical 
moiety, such as the nitroxyl radical, might result 
in a drug which is less toxic and/or more active than 
the parent compound 1. 

In 1973, Sosnovsky and coworkers reported [13] 
in this journal the preparation of nitroxyl labeled 
thio-TEPA analogs 4 and 5, which are more 
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Table. Results on the anti-tumor activity of selected pentavalent phosphorus compounds. 

Frequency of Dose 
Compound Tumor* doseb mg/kg T/C ILS [ % ] 

jc.d P A 5.7 253 153 
A 1.8 125 25 

gd.e L A 100 149, 104 49 
A 50 244, 119 144 
A 25 185, 200 100 
A 12.5 161 61 

7d,e L A 100 112, 128 41 
A 50 130, 110 31 
A 25 113, 104 65 
A 12.5 102 2 

P A 200 168 96 
A 100 147 48 
A 50 124 24 

118,h P A 200 209 109 
A 100 181 82 
A 50 130 30 

12, R = sitosteryl«-1 P A 200 171, 163 71 
A 100 149, 152 49.5 
A 50 130, 134 31 
A 25 126 26 

5d,e L B 200 150 50 
B 100 122 22 
B 50 112 12 

ßd.h P B 55 165 52 
B 27.5 150 50 
B 13.7 133 34 

7d,e L B 400 165 65 
10<U P B 400 187 88 

B 200 142 43 
B 100 160 61 

13D'J P B 27.5 155 56 
B 13.7 119 19 

5d-e P C 200 146, 198 98 
C 100 206, 169 107 
C 50 192, 133 92 

12, R = testosteryl«1-1 P C 400 144 45 12, R = testosteryl«1-1 

C 200 128 28 
C 100 110 10 

9«>h P D 200 88 0 
D 100 105 6 
D 50 194 94 

a P = P-388 lymphocytic leukemia, L = L-1210 lymphoid leukemia; b A — daily for 9 days, except for thio-
TEPA (1) which as injected daily for 10 days; B = one injection; C = every fourth day for a total of three 
injections; D = every fourth day for a total of two injections;0 vehicle used: saline, 3 % ethanol; d data evaluated 
be mean survival time; e vehicle used: water; f vehicle used: saline plus alcohol; s data evaluated by median 
survival time;h vehicle used: saline;1 vehicle used: saline plus tween 80; J vehicle used: hydroxypropyl cellulose. 

economically obtained than compounds 2 and 3 [9]. 
During the subsequent years, additional nitroxyl-
and/or aziridine-containing compounds were pre-
pared, and submitted to the National Cancer In-
stitute for evaluation as antitumor agents. In the 
present communication, our interpretations of these 

results are presented (Table). In addition, we have 
independently evaluated the clinical agent thio-
TEPA (1) [14] for comparison. 

The criterion of T/C, where T represents the mean 
survival time of the treated group, and C the mean 
survival time of the tumor bearing control group, 
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is used in evaluating the chemotherapeutic potency 
of a given compound. A value of T/C > 125 is 
considered as a minimum requirement for a com-
pound to be considered as active [14]. The percent 
increase life span (ILS) parameter was calculated 
using the formula [(T-C)/C] X 100. Clearly, the 
larger the value for the ILS, the more promising is 
the compound as an anticancer drug. 

The spin-labeled derivatives 5 [13, 15, 16], 6 [17], 
7 [15, 16], and 8 [15, 16] proved to be active. The 
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corresponding hydroxylamine derivatives 9 [18] and 
10 [18] also were active. This result is somewhat 
surprising, in view of the fact that compound 
4 [13, 15, 16], the nitroxyl parent of the hydroxyl-
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amine 9, appears to be inactive. As can be derived 
from the data, several derivatives appear to be 
superior to thio-TEPA with respect to the doses 
required for a given T/C to be obtained. 

The compounds 11, 12, R = testosteryl and sito-
steryl [19], and 13 [20] likewise are active. Surpris-
ingly, the sulfur derivative corresponding to 11, i.e. 
compound 14 [21] and the tocopheryl derivative 12, 
R = a-tocopheryl [19] were inactive, perhaps due 
to the instability of these compounds. 
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is claimed to have a lower toxicity and a higher 
antitumor activity than thio-TEPA. 
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During the course of our studies, there appeared 
a report by Emanuel and coworkers [22] on the 
antitumor activity of compounds 2 and 15. Com-
pound 2 was reported [22] to be less toxic than thio-
TEPA (1) towards certain carcinomas. Compound 2 

In summary, although the potential for anti-
tumor agents containing aziridine rings appeared to 
be exhausted, promising little new insights, on the 
basis of our present results, a revitalization of this 
field seems to be possible. It is conceivable that 
some of the analogs of thio-TEPA discussed here 
will present certain advantages over the clinical 
agent, perhaps by having lower toxicity and/or a 
more favorable therapeutic index. In addition the 
spin labeled analogs are particularly attractive 
since they have high activity, possess a group easily 
detectable by EPR spectroscopy, and thus be 
utilized for metabolic studies. The full details of our 
investigations with the more promising compounds 
presented in this communication will be published 
in forthcoming papers [23]. 

Materials and Methods 
Thio-TEPA was obtained from Lederle Labora-

tories of Pearl River, New York, and was used 
without further purification. The synthesis of the 
derivatives listed in the Table have been previously 
described [13, 15-21]. The results for these deriva-
tives were provided by the National Cancer In-
stitute. The results for thio-TEPA were obtained in 
our laboratory. The detailed description of our 
methodology will be published in subsequent 
publications [23], 

Preparation of 2-[Bis(2-chloroethyl)amino] 
N,N'-diimidazolyl phosphoramide (11) 

A solution of bis(2-chloroethyl)phosphoramide 
dichloride [24] (2.55 g, 1 mmol) in benzene (50 ml) 
was added dropwise at 8-10 °C to a suspension of 
imidazole (1.36 g, 2 mmol) and triethylamine (2.5 g, 
2.5 mmol) in benzene (25 ml). Following the addi-
tion, the reaction mixture was stirred at 15-20 °C 
for 15 h, the filtered. The filtrate was concentrated 
on a rotating evaporator at 20 °C/15 torr to an oil, 
which set to a solid on prolonged (several weeks) 
storage at 0°C, 3.15 g (99%), m.p. 60-62 °C (dec.). 

The microanalysis was within the limits of 
C ± 0.2%, H ± 0.3%, N ± 0.2%. 

We would like to thank the NCI for screenings of 
these compounds. One of us (G. S.) would like to 
thank the National Foundation for Cancer Research 
for their support of his work. 
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