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phatidylserine.  Analysis of the fatiy acid composition by gle
showed the expected composition of an equal amount of stearie
and oleie acid.

Anal. Caled for CoHgNORP: C, 63.85; H, 10.21; N, L.77;
P, 3.92. Found: C, 64.04; I, 10.02: N, 1.53; P, 3.76.

Biological Results.—The phosphatidyl-(oleoyl stearoyl)-serine
wis 2uspended in buffered saline solution or solubilized with bufi-
ered =odinm deoxycholate solution and tested in several tests of
blood coagulation described earlier.®** The resnlts indicated
thai the material had the same quantitative activity as the phos-
phatidyl-(aleoyl stearoyl)-serine prepared eurlier® hy a differeni
niethod, i.e., weak 1o moderate ncceleratory activity in siniple
suspensions, and antieoagulant activity when well solubilized.
Thix acrivity was present althongh the material was racemic.

Acknowledgment.--—Analysis of the fatty acids from
the phosphatidylserine was kindly performed for us by
S. F. Herb and Irancis E. Luddy of the Eastern
Regional Research Laboratory. U. S. Department of
Agriculture, Wyndmoor, Pa., using the technigues
developed by them. References to the publications
describing their techniques can be found in our earlier
paper.!  We wish to thank Muis, Pegey Moser for tech-
nical assistance.

(13) N.JLSilver, D, L. T'arner, I Rodalewiez, N, Giardano, R. Holbuen
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The discovery of 2-[bis(2-chloroethyl)nmino Jtetra-
hydro-2H-1,3,2-oxazaphosphorine 2-oxide (I)® as a
valunble antitumor drug has stimulated considerable
interest i derivatives of phosphorie ncid.t The stand-
ard procedure for the preparation of I and other closely
related heterocyclic ring systems of the sume general
type has been by the veaction of dinmines, diols, and
amino aleohols with phosphoramidic dichloride accord-
ing to Schenie [9

SCHEME 1§
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Although Scheme I 1s in general quite satisfactory,
it is limited in its scope due to the fact that phos-
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phoramidic dichlorides cannot be prepared from amines
containing other functional groups which are sensitive
to phosphorus oxychloride. In order to overcore this
difficulty, an alternate method for synthesizing I and
related heterocycelic molecules would be to use chloro-
dinzaphosphorine 2-oxides (II). chlorodioxaphosphor-
nate 2-oxides (1113, or chlorooxazaphosphorines (IV)
and allow them to react with the appropriate amine.
If the latter type chlorides were avaitable, this would
also atford the opportunity for the preparation of ruany
new amides (Scheme IT) that may be netive :antitumor
agents.
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A review of the Literature reveals little information
concerning the preparation of chiorophosphorine 2-
oxides. It wus therefore decided that a study should
he made to determine if a good general method could
be developed for making such chlorides.

The present investigation reveals that the chloro-
phosphorine 2-oxides IT and IV and the chlorophosphor-
ane III e be made in very satistactory yields
(Table I) by the general reaction shown in Scheme IT1.
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Compounds of tvpe II were the first to be synthestzed
in the hope of finding a more versatile route to the 1,3-
bis(aralkyl)-2-(N-arylamino)-1,3,2-diazaphosphorine 2-
oxides (VIII) which have been of interest as potential
antitumor agents in this laboratory.! The original
method used for making these latter compounds in-
volved the reaction of a diamine (VI) with a phosphor-
amidic dichloride (VII), as shown below in Scheme IV
in the equation labeled path A. Now that compounds
of type II are available, it is anticipated that the same
products VIII can be synthesized according to path B.
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ScueME IV
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TasLe I
Yield
(pure), —————G N —— Infrared assignment, u
Compd T Mp, °C Formula Caled Found P—0O POC PN
I1a 85.0 117-118 Ci:HisCLN,OP 6.95 7.01 7.62 13.60
ITh 55.7 151-151.5 C1oHCINO5P 7.10 7.02 7.79 13.92
I1c 42.0 155.5-157 CuHyCIN,OP 13.31 13.19 7.75 13.75
I11a 82.0 162-163 CH:CINO;P 6.53 6.66 7.62 9.52
IITb 70.0 94-96 C:H,CINO:P 6.24 6.12 7.62 9.51
v 63.5 63-65 C:H;;CINO,P 6.70 6.51 7.72 9.52 14.50
TasrLe II
Wt
Test Dose, change Thumor wt€ EDso,
Compd system? mg/kg Survivors (T — O)bg (T/Cye 9, T/Ct ug/ml Slope
Ila KB 26 ~1.10
FV 400 2/10 —53 90/517
FV 200 9/10 -7 1369/1076 127
HE 500 6/6 —13 939/713 131
HE 400 0/6
HE 200 3/6 —18 457 /672
HE 100 3/6 —28 352/725
SA 500 5/6 —4 1248/1102 113
IIb KB 1.0
KB 8.1 —0.58
KB 7.2 —0.49
KB 10
KB 28
KB 30 —1.19
CA 200 10/10 7 1109/1042 106
LE 200 6/6 -1 8.3/9.2 90
SA 250 6/6 —19 1627/1394 116
ITc KB 3.1 —0.36
KB 10
CA 200 9/10 2 1056/1042 101
LE 200 6/6 -1 8.5/9.2 92
SA 250 6/6 23 1088/1394 78
111 KB 95 —-0.73
LE 200 6/6 —-10 8.5/8.4 101
LL 100 5/6 3 676/584 115
SA 500 0/6
SA 125 6/6 —3 388/578 67
v KB 29 —-1.25
LE 200 6/6 -7 8.5/9.0 94
LL 200 5/6 —4 504/584 86
SA 500 3/6 —6 705/916
SA 250 5/6 —-25 560/578 96

@ Abbreviations are FV, Friend virus leukemia; HE, Hepatoma 129; SA, Sarcoma 180; LE, L1210 lymphoid leukemia; CA, Adeno-

carcinoma 775; LL, Lewis lung carcinoma; and KB, cell culture.

CA are in milligrams and LE is in grams.

® T stands for test animals, C for controls.

Compounds of type III were considered to be of
interest as intermediates similar to type II with the
exception that the heterocyclic nitrogen atoms are
replaced by oxygen atoms. In addition, there is a
nitro group in the 5 position which may be modified

¢<FV, HE, 84, LL, and

to expand the number of cancer-inhibiting moieties that
could be incorporated into the molecule.

Compound IV would be desirable not only in its own
right, but also as a valuable intermediate in the syn-
theses of potential antineoplastic agents closely related
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to I. Interest in this particular heterocyelic ring system
and already been displayed i another laboratory.f
However, the chlorooxazaphosphorine 2-oxide IV has
not been previously made. In addition to the above-
mentioned interests, IV was synthesized so that o
compartson might be made between it and types [T and
IIT with respect to animal toxicity, antihecoplastic
activity, as well as reactivity toward aniines.

The rate of the reaction of all of the above com-
pounds was qualitatively determined by observing the
rmte of formation of triethylamine hydrochloride during
the reactions with piperidine in nonpotar solvents cou-
taining tricthylamine. It was found that TIT and IV
were comparable inorte and faster than compounds of
tvpe I1.

The stinteture proof of compounds of types IT and 111
and of TV was based on thetr nitrogen analysis, ¢har-
acteristic infraved data (Table I), and the nitrogen
analysis of their piperidine derivatives.  The stracture
of compounds of type IT wns further charucterized by
comparing the product formed when paths A and B
i Scheme IV were investigated.  The identieal produet
VIIT was obtained, as shown by mixtare melting points
and identical infrared curves.

Biological.—According to all the awvailable data,
which is presented in Table I, none of the compounds
showed any appreciable n vivo activity according to
the criteria established by the Cancer Chemotherapy
National Service Center”  The systems used were
Iriend virus leukemin, Hepatoma 129, Sarcoma 180,
L1210 lvmphoid leukemia, Adenocarcinoma 775, and
Lewis lung careinoma,  On the other hand, IIh and
[T¢ showed appreciable activity in ccll culture (KB)
of human epidermoid caveinoma of the nasopharvux.

Experimental Section

2-Chloro-1,3-bis(aralkyl)-1,3,2-diazaphosphorine 2-Oxides (II ).
--"The synthesis of these compounds is typified by the prepara-
tion  of  2-chlora-1,3-bis( p-methoxybenzyl)-1,3,2-dinzaphospho-
rive 2eoxide.  Au ether zolntion of 1Q g (0.032 mole) of the desired
diamine and 6.5 g (1.064 mole) of triethyvlamine was added
drapwisce to 4.86 g (11.032 mole) of POCI, in 200 ml of cold ether
1= the mixture wax stirred. The triethvlamine hydrochloride
farmed at ance and, after stirring the mixture for 1 hr, the hyvdro-
chloride was remaved by filtration.  The ether was removed
under reduced pressure and 11.9 g (957, aude) of white solid
was abtained.  After one reervstallization from acetonitrile,
7.0 g of white solid melting at 151-152° wux collected; over-ull
vield 55.77 .

2-Chloro-5-alkyl-5-nitro-1,3,2-dioxaphosphorinane 2-oxide (III}
wix synthesized by a procedure related to that used by Lanham.®
The synthesix ix typified by the production of 2-chlora-3-methyl-
J-nitro-1,3,2-dioxaphosphorinane 2-oxide (IlTa).  2-Methyl-2-
nitro-1,4-propanediol (20 g, 0.148 mole) was placed in 33 g (0.200
mole) of POCL. The ~olid diol went into =¢lution after heating
al 70° avernight.  The =oliution wax allowed to cool and a solid
formed at once. Thix =alid was collected on a sintered-glass
funnel and wazhed with 200 ml of CCl followed by 200 ml of
potrolenm ether (hp 30-60°)  After drying overnight under
vacunn the produet weighed 31 g (977 vield). Recry=rallizu-
tion was carvied out in acetonitrile to give 26 g of pure sample
melting a1 162-163°, nver-all yield 82.007.

«6) L. Molpar and T. Wagner-Janregy, Swiss Patent 387,639 (1960).

iU Corver Chemotherapy Rept., 26, 171862). A componnd is active against
Walker 2465 it has a therapentic index Tl > 4, where TT = LD /EDw. A
componnd is confirmed active in (a) K13 cell enleure if the average EDsx >
1 ug sl for resnlts from twa lahoratories: (b) Sarcoma 180, Lewis Inng
cpreivoma, and solid Friend virns leukemia if the average T/C > 429 in
1bree confirming tests: and (¢) lymphod leukemia L1210 if T/C > 125

m a confirmation test.
18¢ W, M. Lanham, U. 8. Datent 2,842,862 (1939).
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2-Chlorohexahydro-1H,3H-pyrido!1,2-¢]11,3,2] oxazaphospho-
rine 2-Oxide (IV).—Phosphorus oxychloride (5.9 g, 0.030 moles
was dissolved in 100 ml of anhydrons diethy] ¢ther. A mixture
of 5.0 g (0L.039 mole) of 2-(2-hydroxvethylipiperidine and 7.9 g
{LA7S molevof triethylamine i 50 ml of diethy] ether was added
dropwize 1o the stirring solutinn, which was kepr ot 3% A
precipitate of 1riethylamine hydrochboride frmed ar onre aund
after all the amine ~olntion wax added, the mistire was stirred
roofn temperatnre for 2 hr. At the end of the this time, 5 g of
amine hydrochloride wis removed hy flivation. The crher was
removed nuder reduced prossive ro vield S g ol ernde prodiet
melting ot G2-65% Oue vecryvstallization fram a 30 b mixture of
ethyl avetate-perrolennm ether gave g (62,37 5 of pure produer
melting at 63 -65°

Synthesis of Potential Antineoplastic Agents.
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Cyuano  dertvatives ot both antimetabohtes and
alkylating agents have shown some promise as anti-
cancer agents in preliminary studies.? This fact coupled
with the observation'® that some dertvatives of 1,2,3,4-
tetrahydroquinoxaline showed nctivity in the KB line
tisgue culture screen prompted us to attempt to prepare
derivatives of 1,2,3 4-{etrahydroquinoxaline containing
i CYANO group.

A convenient route to such compounds would appear
to be the condensation®* of compounds such ns ethoxy-
nethyvlenematononitrile (I, X = Y = CN) with the
tetrahydroquinoxaline. A series of model renctions
were flist run with 1 and 1.2,3.4-tetrabydroquinoline
and  1.2,34-tetrahvdroisoquinoline.  The results are
shown i Table 1.

(He (<$ CH=C(CO,C:H. .
| ]
| X N X
CHOCH=CZLy ] ]
I N N
| I
R CH=C(CO.CHa.
I 1

When these reactions were extended to 1.2,3,4-
tetrahydroquinoxaline, 1t was fonnd that the products
obtained from the reactions with cthyl ethoxymethyl-
enecyanoacetate (I, X CN: Y = COCNp) and
ethoxymethylenemalononitrile (I, X = Y = CN) werc
the monosubstituted derivatives IT (R = H) (Table

11y daxy Part XV PO Sebavier, 1o DL Popp, A O Noble, 10 WL Alwans,
sl B R, Masters, J. Med. Chem., 9, 704 (1966).  (b) Snpnoried in part by
researcls grants from the American Cancer Society {T-17711 und from the
National Cancer lnstitnte, 7. 8. Pnblic Health Service (C'A 06606-03).
Presented in part at the 15011 Nwional Meeting of the American Chemjcal
Society, dtlantie City, N. J., Jept 1463, (¢} This work bas been abstracted
from the M, 8. Thesis of P. S,

(21 Yor leading references sece W. J. Rurke, J. I&. Brawn, ¢, Wealherbee,
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