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Methylphosphazine [P,P-bis(2-methyl-l-aziridinyl)-N-2-pyrimidinylphosphinic amide] has been prepared by 
chlorination of 2-aminopyrimidine with phosphorus oxychloride followed by treatment with propylenimine. 
This compound was found to be more active and less toxic than Cytoxan, thio-TEPA, or phosphazine in pre
liminary screening tests against leukemia L1210 in mice and Walker carcinosarcoma 256 in rats. 

Johnson in 19052 chlorinated 2-ethylthio-4-hydroxy-
5-aminopyrimidine (I) with phosphorus oxychloride 
and isolated a very stable phosphorus-containing inter
mediate II. This intermediate, as he reported, could 
be warmed with water without noticeable decomposi
tion. Treatment of II with ethanolic ammonia at 160-
165° gave a phosphoric triamide III. 
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The > C N P ( = 0 ) N < system in compound III is of 
special interest, since Cytoxan (cyclophosphamide, 
IV)3, one of the many important anticancer agents 
which is being used clinically,4 contains the same type 
of arrangement. In addition to Cytoxan, Friedman, 
et al.,b have studied a number of phosphorodiamidic 
acid mustards and found that they exhibit an unusual 
degree of biological activity in experimental assay 
systems. Some alkyl N-[bis(l-aziridinyl)phosphoro]-
carbamates8 (V) also possess antitumor activity.7 

With compounds of this category, the cytotoxic 
moieties are usually liberated by the action of phos-
phamidases or phosphatases (greater amounts of phos
phatases have been detected in cancerous than in 
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(3) H. Arnold and F. Bourseaux, Anoew. Chem., 70, 539 (1958); H. 
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P. R. Coggins, R. G. Ravdin, and S. H. Eisman, Cancer, 13, 1254 (1960); 
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normal tissues8). This probably explains the lack of 
cytotoxicity of compounds of this type in vitro. 
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The chlorination of 2-amino-4-hydroxy-5-nitro-
pyrimidine with POCl3 to yield 4-chloro-5-nitro-2-
pyrimidinylphosphoramidic dichloride (VI) has been 
reported in a previous communication from this 
laboratory.9 When 2-aminopyrimidine hydrochloride 
(VII) was refluxed with POCl3, and the resulting 2-py-
rimidinylphosphoramidic dichloride (VIII) was treated 
with ethylenimine by the procedure of Kropacheva 
and Sazonov,10 P,P-bis(l-aziridinyl)-N-2-pyrimidinyl-
phosphinic amide (IXa) was isolated as a hemihydrate. 
Compound IXa ("phosphazine"), as reported by 
Chernov, et al.,n demonstrated high antitumor activity 
against transplanted carcinoma in mice, rats, and 
rabbits. According to these investigators, phosphazine 
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is toxic, but its toxicity is much less than that of thio
phosphamide (triethylenethiophosphamide or thio-
TEPA) or Dipin [N,N'-bis(diaziridinylphosphinyli-
dyne)piperazine]. Compound IXa has now been 
shown to have confirmed activity against Sarcoma 180, 
Adenocarcinoma 755, and leukemia L1210 tumor sys
tems in mice, and the Walker (intramuscular) carcino
sarcoma 256 tumor system in rats12 (see Table I). 
When both aziridinyl substituents were replaced by 2-
methylaziridinyl groups, the resulting P,P-bis(2-methyl-

(8) G. Gomeri, Proc. Soc. Exptl. Biol. Med., 69, 407 (1948). 
(9) D. E. O'Brien, C. W. Noell, R. K. Robins, and C. C. Cheng, J. Med. 

Chem., 9, 121 (1966). 
(10) A. A. Kropacheva and N. V. Sazonov [Zh. Obshch. Khim., 11, 3601 

(1961); / . Gen. Chem. USSR, 31, 3357 (1961)] have erroneously claimed 
that they synthesized the pyrimidine phosphoramidic amide type com
pounds for the first time. See ref 2. 

(11) V. A. Chernov, A. A. Grushina, and L. T. Lytkina, Farmakol. i 
Toksikol., 26, 102 (1963). 

(12) Test results were provided by the Cancer Chemotherapy National 
Service Center of the National Cancer Institute. 
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T A U L E I 

C O M P A R I S O N O F A N T I C A N C E K A C T I V I T I E S O F C Y T O X A N \ M > T H I O - T E I ' A 

WITH M E T H Y L P H O S P I I A Z I X E SXI) I I E L A T E I ) C l l M I ' l i r M l ^ ' 
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TABLE I {Continued) 

Compd 

XI 

X 

IV 

V7 
N 

S = P — N ^ 

N 

Test 
system 

WA 
LE 

WM 

LE 

W M 

SA 

CA 

LE 

Dose 

1.0 
0.5 
0.25 
1.0 

400.0 
200.0 
100.0 
400.0 
400.0 
100.0 
100.0 
100.0 
100.0 

5.0 
5.0 
5.0 
5.0 
2.5 
2 .5 
2 .5 
2.5 
2.5 

16.0 
8.0 
4 .0 
2.0 
6 .0 
3.0 
1.5 
0.6 

10.0 
5.0 
3.13 
1.57 
2.4 
2.4 

10.0 
5.0 
2 .5 
1.25 
2.4 
0.6 
0.3 

Survivors 

6/6 
6/6 
6/6 
6/6 
4/4 
4/4 
4/4 
6/6 
6/6 
4/4 
4/4 
4/4 
6/6 
6/6 
6/6 
6/6 
6/6 
4/4 
6/6 
6/6 
6/6 
6/6 
0/6 
1/6 
6/6 
5/6 
7/10 
8/10 

10/10 
9/10 
6/6 
6/6 
6/6 
6/6 

10/10 
10/10 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 
6/6 

Animal 
\vt (lif 

(T - C) 

5 
3 

- 2 
4 
0 .3 
0.4 
0.2 

- 3 5 
- 2 0 

- 3 . 2 
- 1 . 8 
- 3 . 4 
- 2 . S 

2 
7 
0 
7 
6 
3 
2 
3 
8 

0 
- 1 . 9 
- 0 . 1 
- 6 . 9 
- 4 . 5 
- 2 . 3 
- 1 . 5 
- 2 . 0 
- 1 . 6 
- 3 . 2 
- 2 . 2 
- 1 . 7 
- 0 . 4 
— 5 

- 1 3 
- 1 2 

- 9 
- 1 4 

0 
2 

. Tumoi 
Test 

1.1 
3.6 
5.7 

12.5 

1.8 
3.9 

1.0 
0.3 
0.3 
1.9 
0.7 
1.5 
1.0 
1.2 
0.2 

140 
258 
347 

84 
194 
514 

1013 

0.5 
1.9 
1.6 
5.3 
0.0 
0.0 
1.8 

• wt . 
Control 

7.4 
7.4 
7.4 

15.8 

5.2 
0.0 

6.1 
4 .7 
5.3 
6.1 
7.5 

11.4 
8.5 
8.1 
6.4 

846 
672 
672 

1356 
1356 
1356 
1617 

10.5 
10.5 
10.5 
10.5 
4.9 
4.9 
4.9 

.—Surviva 
Test 

9.8 
9.8 

10.0 

14.8 
15.0 
14.0 
14.7 

11.0 
10.7 
14.5 
10.7 
10.1 
11.2 

1, days—-
Control 

9.5 
9.5 
9.5 

9.9 
9.1 
9.1 
9.2 

9.5 
9.5 
8.7 
8.7 
8.2 
7.7 

T/C, 

% 
14 
48 
77 
79 

103 
103 
105 
34 
65 

149 
164 
153 
159 

16 
6 
5 

31 
9 

13 
11 
14 
3 

, , , 
38 
51 

6 
14 
37 
62 

115 
112 
166 
122 
123 
145 

4 
18 
15 
50 

0 
0 

36 

WM 

WA 

° All test results presented in this table were provided by the Cancer Chemotherapy National Service Center of the National Cancer 
Institute. b SA = Sarcoma 180, implanted subcutaneously in axillary region of Swiss mice. CA = Adenocarcinoma 755, implanted 
subcutaneously in axillary region of BDFi mice. LE = lymphoid leukemia L1210, ascitic fluid implanted intraperitoneally in BDFi 
mice. W M = WTalker 256, implanted intramuscularly in thigh of noninbred albino rats. WA = Walker 256, implanted subcutane
ously in axillary region of noninbred albino rats (for alkylating agents only). 

l-aziridinyl)-N-2-pyrimidinylphosphinic amide (IXb, 
methylphosphazine) demonstrated excellent activity 
against both the leukemia L1210 and Walker 256. 
In the case of the latter test system, compound IXb 
was found to be more active and less toxic than the 
clinical drugs, thio-TEPA or Cytoxan, or phosphazine 
(see Table I). Furthermore, unlike most alkylating 
agents, compound IXb is very stable under ordinary 
storage conditions. 

N,N'-Bis(2-chloroethyl)-N"-2-pyrimidinylphos-
phoric triamide (X) was prepared by the acid cleavage 
of IXa. The 2-chloroethylamino derivative, however, 

\ = v / 

0 
II 

•NHP(NHCH2CH2C1)2 

X 

is less active than the analogous aziridine derivatives 
against Walker 256 and inactive in the leukemia L1210 
systems. 

The corresponding 2-pyridyl derivative of phospha
zine, P,P-bis(l- aziridinyl) - X - 2 - pyridylphosphinic 
amide13 (deazaphosphazine, XI), was readily prepared 
from 2-aminopyridine. This compound also demon-

V 7 

1 
O - P - N H -

N 
LA 

XI 

(13) American Cyanamid Co., British Patent 885,370 (Dec 28, 1961); 
Chem. Abstr., 58, 7949 (1963). 
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strafed ant i tumor activity against both leukemia 
1,1210 and Walker 2o(i systems. As expected, com
pound XI was inactive in KB cell culture test system. 
It is of interest that , although compound XI possesses 
two aziridinyl groups, it failed to show activity against 
the Walker (subcutaneous) 2.">(> test system designed 
for the evaluation of alkylating agents. 

At tempts to prepare the thione analogs of phos-
phazine and methylphosphazine were not successful in 
our hands, Phosphochlorination of 2-ainino-s-triazine 
and 2-amino-a,s-triazine with thiophosphoryl chloride 
gave only intractable materials. 

Experimental Section14 

2-Aminopyrimidine Hydrochloride (VII).-—Through a suspen
sion of 200 g (2.01 moles) of 2-aminopyrimidine15 (Eastman) in 
1000 ml of absolute EtOH was passed, without cooling, a generous 
stream of dry I TCI. The temperature of the reaction mixture 
gradually rose almost to boiling while the solid slowly dissolved. 
After ca. 30 min the hydrochloride salt started to precipitate 
from the hot solution. The stream of MCI was continued for 
another to min, and the resulting mixture was allowed to cool to 
room temperature. The solid was collected by filtration, washed 
well with absolute EtOH, then dried at 70-80°'to give 210 g (7(>'",' 
yield) of VII, nip 2\ 0-202°, pure enough for the next step. 

2-Pyrimidinylphosphoramidic Dichloride (VIII).--A mixture 
of lilt) g (1.445 moles) of VII and 1 1. of POC'U was refiuxed for 
0 hi1, then cooled t> room temperature. The resulting s-ilid 
was collected by filtration and washed well with CJT; to give 29+ 
g (()()'; yield) of VIII, mp 171-17::!°. This product was used a~ 
such in the next preparation after drying in vacuo at room tem
perature for 5 hi' in a rntarv evaporator. An analytically pure 
sample, mp 188-190° (lit.1" mp 190°), can be obtained by re-
crvstallization of the crude product from a large volume of 
Cdl R . 

P,P-Bis(l-aziridinyl)-N-2-pyrimidinylphosphinic amide (IXa) 
was prepared es-entiallv bv the procedure of Kropacheva and 
Sazonov:10 xK,!"" 222 mM (Vl7,50O), 276 mM U 2800). 

P,P-Bis(2-methyl-l-aziridinyl)-N-2-pyrimidinylphosphinic 
Amide (IXb).--To a stirred mixture of 190 g (0.9 mole) of VIII 

(14) All mel t ing po in t s (corrected) were t a k e n on a T h o m a s - U o o v e : 
mel t ing point a p p a r a t u s . T h e uv absorp t ion spect ra were d e t e r m i n e d with a 
i t e c k m a n D K - 2 s p e c t r o p h o t o m e t e r . 

Mo) S. Gabr ie l , Bee. 34, 336-1 (1901). 

For several years we have been carrying out in our 
laboratories research on heterocyclic substances with 
trichomonacidal activity as reported in a previous 
publication.1 Continuing our study with other hetero
cyclic compounds, we have investigated some imidazole 
derivatives, since this heterocyclic system proved to 

(1) F . Lat tr ia , V. Veechiet t i , a n d I. de Carner i , Farmaco ( P a v i a ) , E<1. Sr.i., 
22, 47!> (19(i7). 

a HI 2 1. of anhydrous C,,l IB cooled in an ice hath was added dropwise 
128 g (2.24 moles) of propylenimine (Interchemical Corp.. 
Organic Chemicals Department, Carlsladl, N. J.) and 220 g 
'2.24 molest of KuN in 200 ml of anhydrous C J lfi at Mich a rate 

~̂ ihat the temperature <4 ilie reaction mixture did not exceed 20°. 
( The mixture ira- allowed lo stir for another 30 min in Ihe ice 
| balh and for an additional 2 hr without cooling. The solvent 

was removed in vacuo at ca. ,'i()°, autl the residue was swirled in 
1800 ml of hot i.70°) anhydrous C,Jlfi. The insoluble Et:lX • IK'l 
iviis removed by till ration and washed with 200 ml of hot (All,-,. 

4 The combined filtrate and washings were allowed to cool, yielding 
?• llie first crop of IXI>. This was isolated by filtration, and the 
;-. volume of the filtrate was ted need to 500 ml when another portion 

of IXb precipitated on cooling: total ill) g, mp 142-145°. An 
additional 41 g of product, was isolated when the volume of the 
filtrate was reduced lo 250 nil, mp 140-143°, total yield GO',. 
An analytical sample was obtained bv recrvstallization from 
(All,-,: mp 145-147°; X*"" 223 mM (e 17,000)^ 277 mM (e 2500). 
This compound i> stable at room temperature under ordinary 

! storage condition.-. 
Anal. Calcd for Ci„H!,,X.-,OP: (•', 47.4; It, (i.37; X, 27.7. 

? Found: C, 47.2: 11,6.38; X", 27.4. 
N,N'-Bis(2-chloroethyl)-N "-2-pyrimidinylphosphoricjTriamide 

:. ;X).-Phosphazine IXa (20 g) was added portionwise to 400 ml 
]• of melhanolic IIC1 (saturated at ,V°). The resulting mixture was 
i left overnight at room temperature and evaporated under re-
1 duced pressure to a clear viscous oil. The oil was dissolved in 

lot) ml of 114), and the pll of the solution was adjusted to 4 by 
careful addition of I A XaOII. After lo hr the precipitate was 

. filtered, washed with cold IbO, and dried at 70° for 18 hr to give 
9.2 g of X, mp 103-104°. Reerystallization from ]!,,(> afforded 

1 an analytical sample: mp 105-106°: X*!,"" 223 HIM (e 10,700). 
1 277 nifi u 2700). 

Anal. Calcd for C,H,Ad2X,OP: C, 32.2: 11, 4.74; X, 23..1: 
CI. 23.8. Found: C, 32.2; 11,4.50; N, 23.6; CI, 23.5. 

P,P-Bis(l-aziridinyl)-N-2-pyridyIphosphinic amide (XI) was 
prepared by the known procedure13 from 2-ammopyridmc;" i 

\!;','!" 22(i DIM ie 12.300!, 280 mM (e 3900). 

j Acknowledgments. -The authors wish to express 
I their appreciation to Airs. Margaret L. Rounds, Air. 

John H. (Iravatt, and Air. Leland It. Lewis for the 
' analytical and instrumental measurements. They are 

also grateful to Dr. Harry P. Wood, Jr., and Dr. 
Robert R. Engle of CCXSC for providing the screening 
results of Cytoxan and thio-TEPA. 

Hi) A. I-:. Tsdi i t schi i .a l j in and (). A. Seide, ./. I{u™. I'hys.-Client. .S«c, 46, 
l'21(i l It! 14 l : K. Zieitler a n d H. Zeiser, B e e , 6 3 , 1847 (1930). 

have a marked trichomonacidal activity in compounds 
like azomycine and metronidazole.2 

It is well known that the introduction of a styryl 
group into appropriate molecules gives substances 
highly active against trypanosomes; styrylquinolines 
and styr) Ibenzothiazoles are also active in the presence 

(2) ( ' . Cosa r and I,. .lulou. Ann. Inst. Pasteur, 96, 238 (1959). 

Studies on A n t i p r o t o z o a l . Synthesis and Biological Activity 
of Some Styrylimidazole Derivatives 

P. .V GlKALDI, X. AlARIOTTI, AXJ) I . 1)E C A K N E K I 

Chemixtrii Research Department and Microbiology Department, htihtio Carlo Rrbn per Iliecrche Terapeulichc, Milan, Italy 

Received March 23, Uifti 

A series of 1-aminoalkyl- and l-ammoalkyl-2-methyl-5(4)-iiitro-4(5)-styrylimidazoles were synthesized and 
examined for biological activity. These compounds were tested on Trichomonas vaginalis, Entamoeba histolytica, 
and Candida albicans. Their in vitro activity against T. vaginalis was found particularly interesting. For the 
]-aminoalkyl-5(4)-nitro-4(5)-styrylimidazoles, we have separated isomers and determined their activities. Dif
ferent methods used to assign positions to the nitro group in the heterocyclic ring are described. 
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