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Methylphosphazine [P,P-bis(2-methyl-1-aziridinyl)-N-2-pyrimidinylphosphinic amide] has been prepared by
chlorination of 2-aminopyrimidine with phosphorns 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 lenkemia 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 11 with ethanolic ammonia at 160~
165° gave a phosphoric triamide III.
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The > CNP(=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,* contains the same type
of arrangement. In addition to cytoxan, Friedman,
et al.’ 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]-
carbamates® (V) also possess antitumor activity.”
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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normal tissues®). 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 POCIl; to yield 4-chloro-3-nitro-2-
pyrimidinylphosphoramidic dichloride (VI) has been
reported in a previous communication from this
laboratory.® When 2-aminopyrimidine hydrochloride
(VII) was refluxed with POCI;, and the resulting 2-py-
rimidinylphosphoramidic dichloride (VIII) was treated
with ethylenimine by the procedure of Kropacheva
and Sazonov,?® P P-bis(1-aziridinyl)-N-2-pyrimidinyl-
phosphinic amide (IXa) was isolated as a hemihydrate.
Compound IXa (“phosphazine’), as reported by
Chernov, et al.,"! demonstrated high antitumor activity
against transplanted carcinoma in mice, rats, and
rabbits. According to these investigators, phosphazine
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is toxie, 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 rats!? (see Table I).
When both aziridinyl substituents were replaced by 2-
methylaziridinyl groups, the resulting P, P-bis(2-methyl-
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that they synthesized the pyrimidine phosphoramidic amide type com-
pounds for the first time. See ref 2.
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Tanre 1

COMPARISON OF ANTICANCER ACTIVITIES oF Crroxay aso Twmo-TEPA

WITH METUTLPRHOSIIAZINE AND RELATED CoMprorsps”

\niinp!
Test wi b
Comnpd s3'st9|1>b Dose SHIVIVOIrs [ R
IXD LK 100.0 14 —-i.2
200.0 4,4 e
100.0 174 27
R0 66 2.6
40,0 66 5.0
24.0 0BG -2
14.0 6,06 - 1.9
WM 67.0 6.6 - 12
67.0 6,6 - 11
67.0 G/6 =10
67.0 6,6 —4)
67.0 6,6 - 11
100 .0 5./6 -5
67.0 66 ~15
40,0 6/6 13
240 G/6 7
(4.0 66 2
INa SA H00 0 0.7
125.0 0,7
110 36 —N.2
15.0 6.0 ~1.3
15.0 6.6 -5.4
15.0 66 -4
10.0 6,/6 24
7.0 06,6 = 1.1
2330 676 ~4.3
15.0 576 o P
10.0 .0 -3.5
7.0 6.6 0.1
CA 15.0 10,10 -4
15.0 0,10 =03
.5 to. 10 —4.3
70 1010 ~4.1
joN 10, 10 —=0.7
T.I 5.0 6.6 -5
15.0 66 2.5
10.0 6.6 =y
7.0 16 ~1.5
23.0 6/6 2N
15.0 66 —20
100 6,6 -2
5.0 G/6 -2 N
5.0 6,6 -2.1
. 0 GG -1.2
2.0 66 -5
WM 500 16 —206
15.0 676 —24
.5 6,6 - 17
3.7 66 N
1.0 4G — 30
0.5 66 -4
0.5 G - 19
0.25 66 -2
0.12 66 2
0.06 56 1
120.0 0.6
3.7 66 -1
2.0 6.6 }
X1 LE 240 444 —5.2
12.0 14 —-2.7
6.0 44 —2.N
WM 120 66 -20
6. [FAt 9
5.0 66 =1
1.5 6.6 1
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1.5
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15
1.3
1.5
1.5
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Tex Conuol
100 N2
12.5 R
11.a N2
123 N4
128 8.5
10,8 K3
1033 N4
14.3 L
135.0 0.2
15.6 9.2
16.5 9.2
3.3 8.5
156 K&.5
19.0 R.H
16.2 8.0
13.7 8D
105 S0
9.2 8.5
13.5 8.6
11.3 ht
10.5 8.6
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165
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TaBLE I (Continued)

Test
systeml’

XI WM

Sirvivors
6/6
6/6
6/6
6/6
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
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6/6
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Animal
wt dif ~~—=Tmor wt-—- ~—8nrvival, days— 1,/C,
(T -~ ©O) Test Control Test Control %
5 1.1 7.4 14
3 3.6 7.4 48
-2 5.7 7.4 77
4 12.5 15.8 79
0.3 9.8 9.5 103
0.4 9.8 9.5 103
0.2 10.0 9.5 105
-35 1.8 H.2 34
—-20 3.9 6.0 65
—-3.2 14.8 9.9 149
—-1.8 15.0 9.1 164
—-3.4 14.0 9.1 153
—-2.8 14.7 9.2 159
2 1.0 6.1 16
7 0.3 4.7 6
0 0.3 5.3 5
7 1.9 6.1 31
6 0.7 7.5 9
3 1.5 11.4 13
2 1.0 8.5 11
3 1.2 8.1 14
8 0.2 6.4 3
0 140 846
-1.9 258 672 38
-0.1 347 672 51
—-6.9 84 1356 6
—4.5 194 1356 14
—-2.3 514 1356 37
—-1.5 1013 1617 62
—-2.0 11.0 9.5 115
—-1.6 10.7 9.5 112
—-3.2 14.5 8.7 166
—-2.2 10.7 8.7 122
-1.7 10.1 8.2 123
—-0.4 11.2 7.7 145
-5 0.5 10.5 4
—-13 1.9 10.5 18
—-12 1.6 10.5 15
-9 5.3 10.5 50
—14 0.0 4.9 0
0 0.0 4.9 0
2 1.8 4.9 36

e All test results presented in this table were provided by the Cancer Chemotherapy National Service Center of the National Cancer

Institute. 1
siibcutaneously in axillary region of BDF, mice.
mice.

b SA = Sarcoma 180, implanted subentaneously in axillary region of Swiss mice.

CA = Adenocarcinoma 755, implanted

LE = lymphoid leukemia L1210, ascitic fluid implanted intraperitoneally in BDF,
WM = Walker 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).

1-aziridinyl)-N-2-pyrimidinylphosphinic amide (IXb,
methylphosphazine) demonstrated excellent activity
against both the leukemia 11210 and Walker 2356.
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,

0
N I
{N\>_NHP(NHCH2CH20D2
X

is less active than the analogous aziridine derivatives
against Walker 256 and inactive in the leukemia 11210
systems.

The corresponding 2-pyridyl derivative of phospha-
zine,  P,P-bis(1-aziridinyl) - N - 2 - pyridylphosphinic
amide®® (deazaphosphazine, XI), was readily prepared
from 2-aminopyridine. This compound also demon-

N/
1
O=P—NH 7\
I N=
N
VAN
XI

(13) American Cyanamid Co., DBritish Patent 885,370 (Dec 28, 1661);
Chem. Abstr., 58, 7949 (1963).
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strated  antitnimor activity  against  both  leukemia
1.1210 and Walker 2506 svstems.  Ax expeeted, com-
pound XTI was nactive i1 KB cell cultire test svsten.
It 1= af interest that, although compound NI possesses
two aziridinyl groups, it fatled ta shaw netivity against
the Walker (subentancous) 256 tost svstem desighed
far the evaluation of alkylating agents.

Attempts to prepare the thione analogs of phos-
phazine and methylphosphazine were not siecessful in
onr hands,  Phosphochlorination of 2-amino-s-trinzine
and Z-aminc-as-trinzine with thiophaspharyl ehloride
aave only intractable materials,

Experimental Section!*

2-Aminopyrimidine Hydrochloride (VIL).-—Throngh a suspen-
stonn of 200 g (2.01 molex) of 2-auninopyrimidine!® (Eastinan) in
1600 mi of absolite EtO1T was passed, without cooling, a generons
stream of dry 1ICL The temperature of the reaction mixture
gradually roze almost o) boiling while the solid <lowly disxolved.
Afrer ca. 30 min the hydrochloride salt =rarted to precipitate
from the hot solution.  The stream of HCl wux continued for
another 15 min, and the resnlting niixtire wax allowed to cool (o
room temperatmre. The =olid was collected by filtration, washed
well with absolnte IXtO11, then dried at 70-80° to give 210 g (767
vield) of VII, mp 200-202°, pure enough for the next step.

2-Pyrimidinylphosphoramidic Dichloride (VIII).--A mixture
ol 190 g (1,445 molex) of VII and 1 1. of POCI; was refluxed for
6 Iy, then cooled 5 room remperature.  The resulting salid
wis collected by filcration and washed well with CiHu to give 204
¢ (007, vield) of VIIT, mp 171-173°. Thix produet was u=ed a<
snch in the next preparation after dvving in cacio at room tem-
peratre for 5 brin a mtary evaporator.  An analvtieally pure
<ammple, mp ISR=190° (lit.® mp 190%), can be abtained by re-
ervstallization of the ermde produer from o large volnme of
Cally.

P,P-Bis(1-aziridinyl)-N-2-pyrimidinylphosphinic amide (IXa)
was prepared es<entially by the procedure of Kropacheva and
Sazotnov i AP 299 0y (6 17,5000, 276 my (e P800),

P,P-Bis(2-methyl-1-aziridiny1)-N-2-pyrimidinylphosphinic
Amide (IXb)—To a =lirred mixtmre of 100 g (0.9 mole) of VIII

114) AN melting poinls {corrected) were taken on a Thomas-Hoove:
welting point apparatns. Tlie v absorption specira were (leferinined with a
Veekman DKN-2 specirophotometer,

115> X, Gabriel, Ber., 84, 3364 (1903,

Studies on Antiprotozoans.
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ne2 Lot anhydvons Calla cooled i aniee hath was added dropwise
125 ¢ (224 woles) of propylenimine (Interchemienl Corp.,
Organie Chemieals Department, Cavlstadt, N. L) and 226 ¢
1224 molex’ ol FoaN in 200 ml of avhydrons Callg my snel a pate
that the tamperaimre o the renetion mixture did nat exeeed 200,
The mixtnre was allowed 1o <tir for uuother 30 min in the ice
hath and Tor an additional 2 he withont eooliig. The =olvent
wias removed Qe vgcno atoca, 50°, and (he residne was swirled in
1IN0 ml ol Lot 1707 anhydrons Celle. The insolnble 16N 11T
wis removed by Glomiion and washed with 200 ml of hot (411,
The combined filoste and washings were nHowed (o cool, vielding
the fizst crop of IND. This wax xolated by filtration, and the
volnme ol the filtrate was redneed to 500 ml when another portion
of IND precipitated on cooling: total 96 g, mp 142-145°. Ay
slditional 41 g of pradunet was izolated when the volmne of rhe
Gltrate was redneed ro 250 mil, wmp 140-143°, towal yield 60¢,.
Ao analviienl sample was obtained by reerystallization fromn
Calle; mp 145-147°; A" 223 mu (e 17,000), 277 mu (e 2500).
Thix componnd s stable at voom temperatmre under ordinary
storage conditions.

dnals Caled for CplhN;0P:
Foind: ¢, 47.2: 11, 6.38; N, 27.4.

N ,N'-Bis(2-chloroethyl )-N"’-2- pyrimidinylphosphoric]Triamide
(X% —Phosphazine TXa 120 g) was added portionwise to 400 ml
of methanolic HCL Gsmnrared a1 5°). The resulting mixinre wias
left avernight a1 room temperatine and evaporated under re-
duced pressure 1o a elear viscous oil. The oil was dissolved in
1530 ml of 1,0, and the pll of the solntion was adjusted to 4 by
carelul addition of TN NaOI. After 15 hr the precipitate was
filtered, wished with cold 1,0, and dried ar 70° for 18 hr ta give
0.2 ool X, mp 103-104° Recervetallization from 1.0 afforded
an analviieal smnple: mp 105-106°: AR 223 1y (e 16,7000,
275 Mule 27007,

Al Caled Tor Gl CLN,OP: €, 32,20 H 4.54; X, 23.5:
ClLo2ss FPamd: C, 32.2; H, 4.56; N, 23.6; Cl, 23.5.

P P-Bis( 1-aziridinyl)-N-2-pyridylphosphinic amide (XI) wns

prepated by (he known procedure’ from 2-aminopyridine;'
A 906 mp (e 12,300, 280 mu (e 3000).
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A series of l-aminoalkyl- and l-aminoalkyl-2-methyl-5(4)-nitro-4(3)-styrylimidazoles were synthesized and

exaiined for biological activity.
and Candida albicans.

These compounds were tested on T'richomonas vaginalis, Entamoeba histolytica,
Their tn vitro activity against T. vaginalis was found particularly interesting. For the

F-aminoalkyl-5(4)-nitro-4(3)-styrylimidazoles, we have separated isomers and deterimined their activities. Dif-
ferent methods nsed to assign positions to the nitro group in the heteroeyclic ring are described.

IFor several years we have been carrying out in our
laboratories researeh on heterocyelie substances with
trichomonacidal activity as reported in a previous
publication.,’  Continuing our study with other hetero-
cvelic compounds, we have investigated some imidazole
derivatives, since this heterocyclic system proved to

(1) F. launa, V. Vecchietti, and 1. de Carneri, Farmaco (Pavia), Ed. Set.,
22, 470 (10671,

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

It is well known that the introduction of a styrvl
group into appropriate molecules gives substances
highly active ngainst trypanosomes; styrylquinolines
and styrylbenzothiazoles are also active in the presence

v2) L Cosar s L. Dol Anw, Inst, Pasteur, 96, 238 (1959).
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