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New Biologically Active Cyclophosphazene Jkriva- 
tives 

TABLE I. Activity of the NonGeminal Rich Mixture, N3P3- 
C&(NHCH&H2Br)2 against L1210 Leukemia in Mice.’ 
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There has been considerable recent interest in the 
use of inorganic ring systems as anticancer agents. 
The study of the aziridino derivatives of hexachloro- 
cyclotriphosphazene, N3 P3 Cl6 [ 1 ] , and pentachloro- 
thlatriazadiphosphorme l-oxide, [(NPCl,),(NSOCl)] 
[2], has been the principal focus of this effort 
with the fully substituted derivatives, N3P3(NC2 - 
H4)6 131 and [WNGfLM dSONC2H4 [41 

being the most active species. Both of these materials 
appear to act as complex alkylating agents which 
interact with DNA at both ademne sites and the oxy- 
gen atoms of the ribose backbone [5]. Given the 
excitement which these materials have generated, 
we have begun to explore the synthesis and biological 
activity of cyclotriphosphazenes with various alkylat- 
ing groups as substituents. This communication 1s 
concerned with fi-haloethylamino derivatives of 
N3 P3 Cld. 

The series of fi-haloethylaminocyclotriphospha- 
zenes is prepared by the reaction of the amine hydro- 
halide with N3P3C16 in the presence of two equlv- 
alents of triethylamine. 

N3P3C16 + nHX*NH2CH2CH2X + 2n(CzH5)3N-+ 

-+ N3 P3 Cb,(NHCH2 CH2 X), + 2n(Cz H5)3 N-HX 

(X=Cl,Br;n= 1,2,4) 

The chromatographic separation of isomers is 
severely limited by the irreversible binding of the 
products to the silica surface. None of the products 
could be converted to the corresponding azlridmo 
derivative. The structures of all products were unamb- 

*Author to whom correspondence should be addressed. 

‘6BDFl mice per group were Inoculated with 1 X lo6 leuke- 
mia cells intraperitoneally. Treatment was started 24 hours 
later (day 1). The phosphazene was administered mtrapento- 
neally as a suspension in corn oil. b% T/C = 100 X mean 
survival time of drug treated animals/mean survival time of 
control ammals that received injections of corn oil vehicle 
but no drug. vreatment on days 1,2,5,6 and 9 following 
Inoculation of tumor. dTreatment on day 1 following 
inoculation of tumor; two mice died from acute drug toxi- 
city. 

iguously established using mass spectrometry and 
31P NMR spectroscopy. Details of the synthesis and 
characterization of these and related compounds will 
be presented in a forthcoming publication [6]. 

Initially, all compounds were screened for antl- 
tumor activity against L1210 leukemia cells in cul- 
ture**. If one employs an I.D.sO value of 10 /&ml 
as an upper hmit for activity of interest, the follow- 
ing compounds proved to be inactive: N3P3Cls- 
(NHCH2CH2X), geminal-N3 P3 CL(NHCH2 CH2 X), 
and geminal-N3P3 C12(NHCH2 CH2 X), (X = Cl, Br). 
The non-geminal bis isomers could not be completely 
separated from the geminal isomer, however non- 
geminal (2,4-N3 P3 Cl@HCH2 CH2 X),) rich samples 
showed moderate activity: X = Cl, I.D.50 = 4.8 pg/ 
ml; X = Br, I.D.sO = 5.2 I.cg/ml. There were no signifi- 
cant changes in activity when a microsome suspen- 
sion was added to the cell culture medium. 

The non-geminal rich sample was administered 
to mice bearing the L1210 tumor and the results of 

**L1210 leukemic cells are maintained in a suspension cul- 
ture consisting of McCoy’s 5A medium (GIBCO, Grand 
Island, N.Y.) supplemented with 10% horse serum, 100 &ml 
pemcilhn and 100 &ml streptomycin in a humidified atmo- 
sphere of 10% COz/90% air at 37 “C. The drug is added to 
4 ml of cell suspension (10’ L1210 cells/ml) at final drug 
concentrations of 0.01, 0.1 and 10 pg/ml. After 72 hours 
of mcubation, cell concentration is measured using a Coulter 
counter model ZBf (Coulter Electromcs, Hlaleah, FL) and 
percent growth inhibition calculated. The I.D.50 value in 
these studies refers to the drug concentration required to 
mhibit cell growth by 50%. 
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this experiment are given in Table I. Both the in 
vitro and in vivo experiments indicate that the 
non-geminal Ns I’s Cl4 (NHCH2 CH2 X), derivatives 
exhibit moderate antrtumor activity which, at high 
dose levels, is accompanied by toxic effects. The 
absence of activity of the mono substituted, com- 
pared to the disubstrtuted derivatives, is common for 
fl-haloethylamine derivatives and suggests that these 
materials function as bifunctional alkylating agents. 
The isomeric selectivity of activity is of particular 
interest in that this degree of subtle structural control 
has not been previously observed wrth anticancer 
agents derived from inorganic ring systems. The 
origin of this behavror may be related to the propos- 
ed bifunctional alkylatron mechamsm. The distance 
between the alkylating centers in the geminal isomer 
may not fit the geometrical requirements for bind- 
ing to the DNA molecule while the distance in the 
non-geminal isomer permits interaction with the 
target nucleic acid. The reason for the lack of actr- 
vrty of the tetra substituted material 1s less easy to 
rationalize. 

Our studies demonstrate that other alkylating 
substituents, in addition to the aziridmo moiety, are 
capable of producing biologrcally active phospha- 
zenes. Of greater interest is the observation that the 
biological activity can be modified by the geometrical 
disposrtion of substituents about the phosphazene 
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ring, thus allowing one to employ the structural com- 
plexrties of the phosphazenes in the design of new 
anticancer agent. 
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