Tetrahedron Letters No. 10, pp 883 - 886. 0040-4039/79/0301-0883802,00/0
C)Pergamon Press Ltd. 1979. Printed in Great Britain.

SYNTHESIS OF ACTIVATED CYCLOPHOSPHAMIDE DERIVATIVES

BEARING FUNCTIONAL GROUPS

Takasni Hirano, Wolfgang Klesse, Joerg H. Heusinger,
Gabriele Lambert and Helmut Ringsdorf

Institute of Organic Chemistry, University of Mainz,
J.J.-Becher-Weg 18-20, DB-6500 Mainz, West-Germany

This paper describes the synthesis of stabilized 4-hydroxy-cyclophosphamide
derivatives with functional groups for the further modification of these active

anti-tumor agents, sspecially for their fixation to polymeric carriers,

One of the serious short comings of most anti-tumor agents used in cancer
chemotherapy is the fact that they are cell cycle specific and thus not only
active against tumors with a high rate of growth, but also against normal
cells, especially rapidly growing ones, e.g. of the bone marrow and the gastro-
intradermal spithelium 1. Thus to increase tnse specificity of anti-tumor drugs
the role of drug delivery systems in cancer chemotherapy has become of interest
during thes last years. Attempts with natural 2 and synthetic polymers 3, along
with tumor cell-specific immunoglobulins 4 and liposomes ~, as a carrier
system have been described. For cell-specific drugs of low molecular weight

the problem and the selectivity of alkylating cytostatics has been recently
discussed by Brock and Hohorst based on the studies on cyclophosphamide 8, one
of the most widely used anti-tumor agents 7 together with melphalan, chloro-
ambucil, methotrexate and 5-fluorouracil. A

To use cyclophosphamide in a drug delivery system suitable cyclophosphamide
derivatives bearing functional groups should be synthesized. But in such a
synthesis the metabolism of the drug must be kept in mind, because the pharma-
cological activities might be lost by the modification. Cyclophosphamide is

active against tumor cells only in vivo 8

, while other alkylating anti-tumor
agents such as melphalan and chloroambucil are active both in vivo and in
vitro. The initial activation step in the metabolism of cyclophosphamide (1) is
the hydroxylation by the liver microsomal oxidase at the C-4 position to give
4-hydroxycyclophosphamide (2) as the first metabolite g’ which is active both

in vivo and in vitro.
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4-Hydroxycyclophosphamide (2) is in equilibrium with aldophosphamids (3) and
these tautomsrs are unstable under physiological conditicns to decompose into
phospnamide mustard (4) and acrolein {5), the former metabolite is most likely
responsible fﬁr the alkylating and cytotoxic action of cyclophosphamide 6.

Because the drug in a carrier system should be active directly after its re-
lgase in tumor tissue, it is necessary to use the primary activated metabolite
of cyclophosphamide, 4-nydroxycyclophospnamide (2). 4-Hydroxycyclophosphamide
was synthesized for the first time by Takamizawa via 4-hydroperoxycyclophosph-

10

amide (6) . The stabilization of 4-hydroxycyclophosphamide by the reaction

with mercaptans forming corrssponding 4-alkyl-sulfido-cyclophosphamide was

11

reported by Peter + These derivatives are stable at room tempsrature but

found to undergo reversible hydrolysis to 4-hydroxycyclophosphamide and mer-

11

captans under physiological conditions « The 4-alkyl-sulfido-cyclophosph-

amide showed nearly the same cytotoxic activity as cyclophosphamide against

Yoshida ascites tumor cells 11.

In the present work the synthesis of activated derivatives of cyclophosph-
amide bearing functional groups is described. 4 Hydroperoxycyclophosphamide(6)
was synthesized by the direct ozonization of cyclophosphamide according to

the method of Peter 11.
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After reducing 4-Hydreperoxycyclophosphamide (6) with triethyl phosphite,
the resulting 4-hydroxycyclophosphamide (2) was treated with mercaptoalkane
bearing functional groups (HS-R-X, X=COOH, OH and CDOCZHS) in the presence of
trifluoroacetic acid. The preparsed derivatives ars summarized in Table 1 and
the synthesis of 4-(S-hexane-6-0l)-sulfidocyclophosphamide (7) (in Table 1
(7)-h) is described below. (7)-h has been proved to be highly cancerotoxic
against Yoshida ascites tumor in rat 12. *)

*) Anti-Tumor Activity 12.5 mg/kg 5/6 cure (i.p. injection)

25.0 mg/kg 6/6 cure
50.0 mg/kg 6/6 cure
Tumor; Yoshida Ascites Tumor AH13 in Rat
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The 4-(S-alkyl)-sulfidocyclophosphamide should be exist a pair of disastereo-
isomers and thess are obsserved by following the reaction by means of thin
layer chromatography. On the other hand only one isomer was iscolated as a
stable derivative. In the case of 4-(S-alkyl)-sulfidoisophosphamide two stereo-

13

isomers were isolated . The stereochemistry of the isolated 4-(S-alkyl)-

sulfidocyclophosphamide may be elucidated to be less hindered axial as already

discussed by Peter on the basis of NMR mesasurement 14.

The fixation of these activated derivatives of cyclophosphamide bearing

functional groups to polymeric carriers and tumor-cell specific immuno-
1

globulins will be described elsewhers 5.

Synthesis of 4-(S-hexane-1-ol)-cyclophosphamide. To a stirred solution of 4-
hydroperoxycyclophosphamide (879 mg,3 mmol) in 10 ml of methylene chloride was
added triethylphosphite (0.50 g, 3 mmol) in 3 ml of methylene chloride at o°c.
After stirring for 2 h at 0°C, a cold solution of 6-mercaptohexane~1-o0l

(0.39 ml, 3 mmol) in 2 ml of methylens chloride followed by 0.34 g of tri-
fluoroacetic acid (1,3 mmol) in 3 ml of methylene chloride wers added and the

salution stirred for 2 h at 0°C. The solution was concentrated in vacuo below
4°C to give an o0ily residue. To the residus were added 2 ml of msthylene
chloride, 10 ml of diethyl ether and a small amount of petroleum sther until

a slight turbidity appeared. After standing for 12 h at -25°C the white
crystals deposited wers filtered and washed with cold diethyl ether (yield

56.5 %). Recrystallization from methylene chloride at 0°c gave white crystals
(mp 67.5-699C). The purity of the product was tested by thinlayer chromato-
graphy in ethyl acetate at room temperaturs [RF=D.19). The NBP (p-nitro-benzyl-
pyridine) spray test was used for the detection of alkylating activity and the

iodine-sodium azide spray test for the detection of sulfur.

IR (KBr disk) max cm-1, 3260(-0H),3200(-NH),1210,990,975,945,750; NMR (60MHz in
DMSU-ds, TMS as internal standard) ppm; 1.38(m].1.7-2.2(m),2.37-2.76(m,C4-S-CH2-
and DMSO), 3.0-3.7(m,N‘CH2CH2-Cll,4.1(t,-DH,JCHz_UH'4.BHZ),4.82-5.00(m,C4‘H),

5.48 (d of d'Jp-NH'21'B'JC4-H-NH=4'S' dstermined after 0,0 exchange) Anal. cald.
for C13H27N2038PC12: Cy 39.89, H; 6,92, N3 7.12, Cl; 18.03, found: C; 39.58,

H; 6.97, N; 7.02, Cl,; 17.86, FD-MS m/e = 394/393.
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4-(S-Sulfidoalkyl)-cyclophosphamide derivatives (7)

Substituent Yield R, value mp Elemental Analysis
S Rex f {°c)

(%) { calecd. / found)

a, -CHZ-COOH 86.0 0.45 123-12% C;30.78, H;4.88, N;7.98, C1;20.19
30.67 4.91 7.87 19.71

b. -(CNZ)Z-COOH 58.0 0.00 119-120 C;32.89, H;5.24, N;7.67, €1;19.41
32.67 5.00 7.50

c. -(CHz)a-COOH 57.0 0.00 111-120 C;34.84, H;5.58, N;7.39, C1;18.70
34.69 5.36 7.44

d, -(CHZ)IO-COOH 75.0 0.00 112,113 C;45.28, H;7.39, N:;5.87, C1;14.85
44.86 7.49 5.88

e, -CHZ-C6H4-C00H 67.0 0.00 134-136 C;42.17, H;4.95, N;6.59, C1;16.59
42.17 4.87 6.48

f. -(CH2)3-0N 37.5 0.12 79-81 C;34.19, H;6.03, N;7.98, C1;20.19
33.93 5.96 7.81 19.82

g. -(CH2)4-UH 43.3 0.10 65-65.5 €3;36.17, H;6.35, N;7.67, C¥;19.491
36.16 6.45 7.87 19.42

h. -(CHZ)S-OH 56.5 0.19 67.5-69 €;39.69, H;6.92, N;7.12, C1;18.03
39,58 6.97 7.02 17.86

i. -CHZ-COOCZHS 57.3 0.44 71-71.5 €:34.83, H;5.58, N;7.39, C1;18.69
34.73 5.70 7.34 18.40

]. -(CHZ)z-COOCzHS 63.2 0.56 68-69 C;36.65, H;5.89, N;7.12, 61;18.03
36.51 5.72 7.02 18,34

K. =(CHy)p-0-(CHy)p-0H 53.8 0.18 67-68 €:34.65, H;6.08, N;7.35, C1;18.41
34,53 6.14 7.48 18.60

R¢s thin layer chromatography in ethylacetat at rt, mp; uncorrected,
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