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Abstract: The diastereoseiective synthesis of “"pre-activated” analogues of cyciophosphamide in the
3-[hig(2-chlaroethvilaminol-2-aza-4 9-dioxa-3-phosphabicyclo(4.3 O)nonane 3-oxide series is described,
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using cither the phospharylation of an azidoalcohol followed by a reductive cyclisation or the
phosphorylation of an acetal alcohol followed by an unprecedent direct Lewis acid catalyzed
intramolecular substitution. © 1998 Elsevier Science Ltd. All rights reserved.

Cyclophosphamide, an extensively used anticancer and immunosuppressive agent, is itself a prodrug
that is activated by the hepatic cytochrome P450 system.? The resuiting 4-hydroxycyclophosphamide is in
equilibrium with the opened form aldophosphamide which leads to the cytotoxic phosphoramide mustard and
acrolein by P-elimination. Acrolein, toxic to cultured tumor cells,> does not play a significant role in the
anticancer activity of cyclophosphamide but is responsibie for various side effects* which are dose limiting. For
this reason, many attemps have been made to trap acrolein or avoid its production during clinical treatment.3
We have previously described® the synthesis of analogues in the 3-[bis(2-chloroethyl)amino]-2-aza-4,10-dioxa-
de series, designed to performi an intramolecular trapping o
o,B-unsaturated carbonyl function formed after hydrolysis of the aminal function and B-elimination of the

phosphoramide mustard. Encouraging preliminary tests’ on P388 leukemia in mice prompted us to continue

xr

We describe herein the diastereoselective synthesis of epimeric cyclophosphamide analogues in the
3-[bis(2-chloroethyl)amino]-2-aza-4,9-dioxa-3-phosphabicyclo(4.3.0)nonane 3-oxide series. Taking into

account the synthetic methods used (vide infra), we expected a limited number of diastereomers for this

first synthetic method described is an optimization of previously reported route developed in this group. The
second approach is entirely new.

The treatment of the 2,3-dihydro-4-trichloroacetylfuran® 1 by methanol in the presence of potassium
carbonate according to conditions employed by Tietze et al? leads to the expected methyl

(2-methoxytetrahydro-3-furan)carboxylate 2.10 This acetal ester 2 is reduced in a conventional way by lithium
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aluminium hydride into (2-rmthoxytctrahydro-3-furanyl)methanoll1 3 with a yield of 68%. This pivotal
75 %),12 inseparable by

alcohol 3 is isolated in the form of two diastereomers ¢
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is (12 to 25 %) and trans (88 t

chromatography on silica gel. The mixture can be transformed into the (2-azidotetrahydro-3-furanyl)methanoll3
§ in a one pot procedure: titanium tetrachloride catalyzed reaction with azidotrimethylsilane (1.1 eq.) at room
temperature (4 h) followed by workup (hydrolysis of the trimethylsilyl ether at pH 4 for 30 mn) (60% yield). A
better procedure involves the successive protection of the hydroxyl group (TMS or TBDMS), trimethylsilyl
triflate catalyzed nucleophilic substitution of the exocyclic acetal methoxy group with azidotrimethysilane
(at 0°C for 4a and -60°C for 4b) followed by deprotection with tetrabutylammonium fluoride in tetrahydrofuran
(80% yield). The condensation of § with bis(2- chloroethyl)amlnophosphoryl dichloride (1.5 eq.) in the presence
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intermediate 6 (& 3P = 15.97 ppm). Reductive cyclisation of 6 (Hp/Pd/C) in the presence of ethyl-
diisopropylamine (leq.) led to the epimeric 3-[bis(2-chloroethyl)amino]-2-aza-4,9-dioxa-3-phosphabicyclo-
(4.3.0)nonane 3-oxides 7a (76%, & *'P = 8.02 ppm) and 7b (24%, § *'P = 11.14 ppm) with 50% overall yield.
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1) CH,OH, K,;CO,; 1) LiAlH,; iii) (a) TMSA, TiCl,, CHCly; (b) H,O; iv) () TMSN; or TBDMSCI,
imidazole, DMF; (b} TMSN,;, TMSOT{, CH,Cl,, {¢c) TBAF, THF; v) CL,P(O)Mu, (iPr).NEt, DMAP;
vi) Ha, Pd/C, (iPr),NEt; vii) CLP(O)Mu, (iPr),NEt, DMAP or (a) nBuLi, THF; (b) Cl,P(O)Mu; viii) NH,

or BnNHy; ix) TMSOT, CHCls; x) Hy, Pd/C.

Alternatively the phosphorylation of the alcohol 3, under the above conditions or by reaction of its

lithium alcoholate with bis(2-chloroethyl)aminophosphoryl dichloride, followed by aminolysis (ammonia or
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and 15.55 ppm). These analogues of aldophosphamide are neither separable by thin layer, flash
chromatography on silica gel, nor by HPLC.
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It is well reported that it is possible to substitute the exocyclic alkoxy group of a hemicyclic acetal by
the

various nucleophiles with a Lewis acid ¢
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atalyst.6:14 Although we did not find, to

best of our knowledge,
phosphoramidates among these nucleophiles, Vorbriiggen glycosylation15 showed that it is possible to
substitute an exocyclic acyloxy or alkoxy group in anomeric position by a silylated base in these conditions.
Recent work of Lipshutz et al.16 concerning the stereoselective intramolecular N-glycosylation starting from a
methyl glycoside prompted us to try the direct cyclization starting from the phosphorodiamidates 8 and 9.
Actually, when the reaction was attempted as in the work cited above, this reaction in dichloromethane failed.
Replacement of the latter by chloroform as the solvent led cleanly via the catalyzed TMSOTT cyclisation!? to
the bicyclic compounds 7 (7a: 67%, 7h: 33%) and 10 (10a: 23%, & *'P = 11.35 ppm and 10b: 77%, 8 *'P =
13.40 ppm) with 41% and 70% yield respectively. The subsequent debenzylation of 10 led to 7. In each case

only two of the four possible diastereomers were formed and isolated after HPLC.

It is noteworthy that the two synthetic procedures lead to a mixture with a cis ring junction!8 regardeless

invoke either an epimerisation at the level of the hemi-aminal before the cyclisation in the case of the reductive
cyclisation, or the stereoselective attack of the oxocarbenium intermediate ion in the case of the Lewis acid
catalyzed cyclisation. But it seems also reasonable to consider yet another mechanism, which can operate after
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tion (scheme beiow), reminesceni of that pimerisation of

cyciis:
spirocyclic aminals. Indeed we have already noted the stereochemical instability of this stereocenter in the
3-[bis(2-chloroethyl)amino]-2-aza-4,10-dioxa-3-phosphabicyclo(4.4.0)decane 3-oxide series® and in other

series.#Y

L S
Mu \

. /~ o .
SR NS - e

N 0" °N
Mu
frans junction n’J ‘pr,\;ﬂ ¢is junction
u
© 4
Scheme 2

Furthermore, we noted a slower epimerisation at the phosphorus atom (monitoring by 3P NMR in
CDCIl3). This phenomenon, for which we cannot yet propose a clear mechanism, was already mentioned by

athere2] far nmnt‘f' vatad"
WILINWwA T AR WwiA

In conciusion, we have demonstrated that new convenient synthetic pathways toward “preactivated”
analogues of cyclophosphamide are available, using a reductive cyclisation or a direct intramolecular

substitution on an acetal function. Further work is in progress in our laboratory to find new applications of these
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