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Phosphorus—-Nitrogen Compounds XVI:

Phosphoramantadine Derivatives

LINDLEY A. CATES* and ROBERT L. GALLIO

Abstract O Nine derivatives containing adamantyl moieties were
synthesized and screened for antileukemic properties. Five 1-N-
adamantylphosphoramidate esters, phenyl N-1-adamantylphos-
phoramidochloridate, phenyl P-1-aziridinyl-N-1-adamantylphos-
phonamidate, and N,N’-diadamantyl-N”-bis(2-chloroethyl)phos-
phoric triamide were inactive. P,P-Bis(1-aziridinyl)-N-1-ada-
mantylphosphinic amide, however, showed good activity when
tested against L-1210 lymphoid and P-388 lymphocytic leukemia,
giving %T/C values of 225 (20 mg/kg) and 244 (10 mg/kg), respec-
tively.

Keyphrases O Phosphoramantadine derivatives—synthesized
and screened for antileukemic properties O Phosphorus—nitrogen
compounds—synthesis and screening of phosphoramantadine de-
rivatives for antileukemic properties 0 Amantadines, phosphoryl-
ated—synthesis and screening for antileukemic properties O Anti-
cancer agents, potential—synthesis and screening of phosphor-
amantadine derivatives O Antileukemic agents, potential—syn-
thesis and screening of phosphoramantadine derivatives

Amantadine (1-aminoadamantane, I) has been
shown to inhibit the penetration of Rous Sarcoma
virus in chick embryo cells (1) and to decrease mito-
sis and DNA synthesis in sea urchin ova (2), chick
embryo fibroblasts, and Hela cell cultures (3). It also
displayed activity in vitro against angiosarcoma and
pancreatic sarcoma (4). The N-methyl, N-acetyl, and
N-formyl derivatives of amantadine also gave an ef-
fect in the latter tumor system (4). Other compounds
containing the adamantyl! moiety which have shown

! This name for the radical, rather than the Chemical Abstracts nomen-
clature of tricyclo(3,3,1,137)dec-1-yl, is used in this paper.
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antineoplastic activity include those classified as
thiosemicarbazones (5) and pyrimidines (6). Also, the
insertion of an adamantyl grouping into cytarabine
resulted in an immunosuppressant effect twice that
of the parent molecule (7).

This paper reports the synthesis (Schemes I and 11
and Table I) and anticancer screening results (Table
IT) of nine phosphorylated amantadines. New ester
derivatives (II-V) were synthesized by the phospho-
nate—carbon tetrachloride—amine method, while VII
and XI were prepared by amidation of VI and IX, re-
spectively. Compound VIII was synthesized by the
reaction of I and bis(2-chloroethyl)phosphoramidic
dichloride.

EXPERIMENTAL

Phosphoramantadine Diesters (II-V)—These compounds
were synthesized by the reaction of I, carbon tetrachloride, and the
appropriate phosphonate as previously reported for the diphenyl
ester (8).

Di-o-chlorophenyl N-1-Adamantylphosphoramidate (X)—
This derivative was prepared from IX, triethylamine, and o-chloro-
phenol according to a previously described procedure (8).

Phenyl N-1-Adamantylphosphoramidochloridate (VI)—To
a stirred solution of 7.5 g (0.05 mole) of I and 5.0 g (0.05 mole) of
triethylamine in 50 ml of anhydrous ether was added 10.5 g (0.05
mole) of phenyl phosphorodichloridate at 30° over 45 min. After
remaining overnight, the reaction mixture was filtered and the res-
idue was washed free of chloride with water. Recrystallization from
ethanol gave the pure product.

Phenyl P-1-Aziridinyl- N-1-adamantylphosphonamidate
(VII)—A solution of 3.3 g (0.01 mole) of VI and 1.3 g (0.03 mole) of
aziridine in 50 ml of dioxane was refluxed for 4 hr and then left
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overnight at room temperature. The dioxane solution was decant-
ed from the water-soluble oil and treated with water to yield the
crystalline product.

P,P-Bis(l-aziridinyl)- N-1-adamantylphosphonic Amide
(XI)—A solution of 3.9 g (0.09 mole) of aziridine in 50 ml of anhy-
drous ether was placed in a two-necked, round-bottom flask
equipped with a dropping funnel and a condenser fitted with a
drying tube. A solution of IX in 75 ml of ether was added dropwise
with magnetic stirring at a rate sufficient to maintain reflux condi-
tions. After remaining overnight, the precipitate was collected and
washed free of chloride with water. Recrystallization of residue
from acetone yielded the white crystalline product.

N,N’-Diadamantyl- N” -bis(2-chloroethyl)phosphoric Tri-
amide (VIII)—To a solution of 13 g (0.05 mole) of bis(2-chlo-
roethyl)phosphoramidic dichloride (9) in 60 ml of chloroform was
added dropwise a solution of 15.1 g (0.1 mole) of I in 300 ml of
chloroform, with stirring and cooling to 0-5°. The reaction mixture
was warmed to room temperature and refluxed for 2 hr. The chlo-

Table I-—Phosphoramantadines

roform was removed by spin evaporation, the residue was washed
with water, and the remaining solid was dissolved in hot ethanol.
The product precipitated in the form of white needles when the
ethanol solution was cooled.

RESULTS AND DISCUSSION

The substitution of an adamantyl moiety for that of an azirid-
inyl results in a pronounced change in physical properties. Trieth-
ylenephosphoramide, for example, is extremely soluble in water,
with a melting point of 41° (10), whereas XI has low water and
high lipid solubility and melts at 177-178°. This increase in lipid
solubility due to the introduction of an adamanty! fragment in any
of the derivatives is expected to facilitate passage of the agents
from the blood into the central nervous system (CNS). The pene-
tration of the blood-brain barrier is achieved by only a few an-
tineoplastic compounds such as 1,3-bis(2-chloroethyl)-1-nitros-
ourea. Leukemic cells in the CNS, which occur in about 80% of pa-

Analysist, % NMR Spectracd

Melting
Compound Pointe Formula Calc. Found 5, ppm Signal Protons
II 94.5-96.5° C1:HNO,P C 58.52 58.67 3.95 m 4
H 9.12 9.13 1.30 t 6
N 4.87 4.94
III 68-71° CHyxNO;P C 60.93 60.86 4.54 m 2
H 9.59 9.59 1.32 d 12
N 4.44 4.50
v 36-39°¢ CisHuNOP C 62.95 62.50 3.98 m 4
H 9.98 9.77 0.95 m 10/
N 4.08 3.99
v 96-97.5° C.HxNOP C 70.06 69.87 7.30 s 13
H 7.35 7.41 5.08 d 4
N 3.40 3.44
VI 135-137° C,:H CINO,P Cl 10.88 10.78 7.30 s 5
N 4.30 4.25
VII 114-115° CsH5N0,P C 65.25 65.33 7.25 s 5
H 7.54 7.67 2.18 d 4
VIII 178-180° C.H4CLN,OP Cl 14.51 14.01 3.18 to m 8
N 8.60 8.50 3.82
X 159-161.5° C,.H»CLNO;P Cl 15.68 15.78 7.75 m 8
N 3.10 3.13
X1 177-178° C:H,:N;0P C 59.77 59.44 2.20 d 8
H 8.60 8.58
N 14.94 14.87

a Performed on a Fisher-Johns apparatus and are corrected. b Performed by Atlantic Microlab, Inc., Atlanta, Ga. ¢ Taken on a Varian T-60 spectrometer
using deuterated chloroform as the solvent and tetramethylsilane as the internal reference. Singlet, doublet, triplet, and multiplet splitting is abbreviated s, d,
t, and m, respectively. 4 All products gave the characteristic three NMR signals for the adamantyl grouping which integrated for 3 (5 2.00-2.04), 6 (5 1.80-1.90),
and 6 (3 1.60-1.68) protons. ¢ Bp 156-159° /0.2 mm. / The signal for the remaining four protons occurs at about § 1.20—1.60 and overlaps with a portion of the

signal from the adamantyl protons.
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Table II—Antileukemic (L-1210 Lymphoid) Activitys

Dose?, Toxicity Day* T/C,
Compound mg/kg Survivors %
II 4004 5/6 90
2004 98
1004 93
II1 4004 100
2004 96
100¢ 95
v 4004 96
2004 5/6 92
1004 100
\' 300- 95
150¢ 90
75¢ 97
VI 75¢ 0/6 —
50¢ 5/6 —
25¢ 100
VII 260/ 90
130/ 98
65/ 93
VIII 400/ 5/6 98
200/ 94
100/ 105
X 400 95
200 101
100 101
X1 804 5/6 —
404 _
204 225
20¢ 5/6 —
13.34 152
10¢ 145
94 138
64 125
5e 132
44 107
10¢.0 244
6.6°0 211
4.4¢9 183

@ Performed by the screening contractors of the National Cancer Institute,
Bethesda, Md. ¢ All initial injections were given at Day 1. ¢ Number of
survivors of total number of animals started on test (recorded on Day 5 in
survival systems as a measure of drug toxicity); six out of six survivors
unless otherwise indicated. 4 Three injections were administered at 4-day
intervals. ¢ Nine injections were administered on consecutive days. / One
Injection. ¢ P-388 lymphocytic leukemia.

tients (11), can metastasize even though the disease is controlled
peripherally, and the eradication of these cells is an important as-
pect in the chemotherapy of the disease (12).

Similar reasoning is applied to the series II-V? but with regard
to the ester portion. As the carbon content of the ester grouping
increases, so does lipid solubility and these changes in the hydro-
philic-lipophilic balance are expected to produce differences in
their in vive distribution. The anticipated anticancer effect in
these types of compounds is based on that shown by amantadine
and/or adamantylphosphoramidic acids, both of which are possible
hydrolytic products of the parent structures; the latter compounds
are related to acylated amantadine with proven activity. Four de-
rivatives possess moieties, in addition to the adamantyl, with de-
monstrated cytotoxic properties. Two of the groupings, the bis(2-
chloroethyl)amino (in VIII) and the aziridinyl (in VII and XI), are
well recognized for these activities.

Anticancer screening (Table II) indicates that a good antileuke-
mic effect is produced by XI. The highest %T/C value was 225 (20
mg/kg), while acute toxicity was not noted until a fourfold dose
was reached. Against lymphocytic P-388 in more limited testing,
XI gave a %T/C value of 244 (10 mg). The other compounds have
not, as yet, given indication of beneficial effect in this tumor sys-
tem. As anticipated, the phosphoramidochloridate VI was the
most toxic compound. The lack of activity by the aziridinyl deriva-
tive VII may be attributable to its operating as a monofunctional

2Compound II was independently synthesized and reported by V. D.
Warner, D. B. Mirth, A. 8. Dey, S. S. Turesky, and B. Soloway, J. Med.
Chem., 16, 1185(1973).
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alkylator. It has been established (14) that tumor systems vary in
their sensitivity to these two chemical types. On this basis, how-
ever, it is difficult to rationalize the absence of activity in VIII, a
nitrogen mustard derivative.
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