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SYNTHESIS AND CONFIGURATIONAL ASSIGNMENT 

OF BICYCLIC “PREACTIVATED”1 ANALOGUES OF CYCLOPHOSPHAMIDE 
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E.S.C.I.L., Universiu? Claude. Bernard, Laboratoire de Synthese Grganique Appliqk 

43, bd du 11 Novembre 1918,6%22 Villeurbanne, France. 

Summary : The synthesis of a new class of bicyclic “preactivated” analogues of Cyclophosphamide, 
3-[bis(2-chloroethyl)MlinoJ-2-aza-3-phospha_4.10.4.O)&cane 3-oxide is described. 
The configurational assignment of the stereoisomers was made by 31P and IH NMR. 

Studies on the metabolism of Cyclophosphamide (CPA)2, one of the most widely used anticancer agentd, 

have shown that 4-hydroxycyclophosphamide (4-hydroxy-CPA) is a major metabolite in the process which leads 

to the liberation of the ultimate cytostatic agent “phosphoramide mustard” in tumor cells‘t. Unfortunately, 

hydroxycyclophosphamide itself is very unstable5 and many attempts have been made to synthesize more stable 

derivative&. One of the most successful was accomplished by the Asta Gruppe which introduced Mafosfamide 

(4-sulfoethylthio-cyclophosphami&)7 as a stable derivative of 4-hydroxy-CPA (this was clearly less toxic than 

CPA with respect to the bone marrow, the immune system and the urinary tract)*. However the. application of thii 

stabilized Y&ivated” cyclophosphamii is limited by severe local toxicity9 due to its rapid decomposition. 

We have undertalmn the synthesis of bicyclic “preactivated” analogues of cyclophosphamide of the type : 

x=o.s 

R = H, CH#H$l 

RI = H, CH2CH2Cl 

n= 1.2 

Compounds of this kind are “preactivated” analogues of CPA since the. hydrolysis of the aminal function 

can lead to an intermediate which has the potentiality to &compose to “phosphor-amide mustard”. Because of the 

bicyclic structme of these compounds we can expect a different behaviour as compared to the known monocyclic 

“preactivated” analogues of CPA. The cis or trans fusion of the rings, the configuration at the phosphorus atom, 

the size of the ring adjacent to the oxaxaphosphorinane cycle, the anomeric effect on the hydrolysis are many 

factors which may affect the pharmacokinetics and the biological availability of the drug. Furthermore, the 

presence of an hydroxyl or a thiol group, which could react intramolecularly with either the half-aminal function 

of the intermediate formed after hydrolysis or with the c+msaturated system of the substituted acrolein after a 

p-elimination, is another important factor which might influence the biological properties of these analogues. 

We describe hem the synthesis of three diastereoisomers of 3-[bis(2-chloroethyl)amino]-2-az.a-3-phospha- 

4.10~dioxabicyclo(4.4.O)decane 3-oxide 5. The scheme below outlines the pathway we have used to obtain the 

target molecules. 

The preparation of the aminoalcohol precursor, 2-amino-3-hydroxymethyltetrahydropyran 6 proved to be 

not straightforward. After several attempts were made to obtain this relatively unstable compoundlo directly as the 



Mu = N(C&CH$21)2 

starting material, we decided to use the azido group as a masked amine function. The 3,4_dihydro-5- 

hydroxymethyl-2H-pyran 3. obtained from 3,4-dihydro-2Wpyran-5-carboxylic acidtt by lithium aluminium 

hydride reduction, gave neither the methoxyalcohol2 nor the azidoalcohol4 by either acid catalysed addition of 

methanol or hydrazoic acid, respectively12. 

Alternatively, 3,4-dih~5-trichloroacetyl-2H-pyran11 1 was converted to 2-methoxy-3-hydroxymethyl- 

tetrahydropyran 2 (cis : 8W, mu : lZO%)l3 by reaction with methanolic sodium hydroxide (yield 70%). The 

reaction proceeds probably by a Michael type addition of methanol followed by the second step of the haloform 

reaction. The reaction of 2 with axidotrimethylsilane (1 eq.) at room temperature (4 h) in the presence of a 

catalytic amount of titanium tetrachloride followed by the workup (addition of sodium bicarbonate to pH = 4, 

stirring 30 mn, neutralisation at pH = 7) led to the 2-a&lo-3-hydroxyrnethyltetrahydropyran 4 with a 65% overall 

yield (cis : 60%, tram : 40%). This reaction is an adaptation of the acid catalysed substitution of methoxy groups 

by axide in linear acetals or ketalst4*ts. It was not possible to separate the cis and trans isomers at this stage. 

The condensation of the cis-trans mixture of 4 with the bis(2-cbIoroethyl)aminophosphoryl dichloride in 

the presence of one equivalent of triethylamine. isolation of the phosphorylated a&e, and the subsequent 

reduction of the axido group by hydrogenation over palladium on charcoal in the presence of another equivalent of 

triethylamine, led to a mixture of four stereoisomers of 5 with a 60% yieldte. Three of these isomers were 

separated by high performance liquid chromatographyt7 as oils. 

The configurational and conformational analysis were. derived from the first order analysis of the tH NMR 

spectra obtained at high field (300 MHz) and confirmed by 3*P chemical shifts. Selected NMR parameters are 

listed in the table below. 



889 

The cis-trans relationship of the rings was firmly established by comparison of the ~JJ.J~.H~ values : 

8,6 Hz for 5a, 3.3 Hz for SC and < 2 Hz for 5d. 

The structure of the compound 5a was assigned on the basis of the large value of Jm_p (24.0 Hz) and the 

small values of Jm_p and JH~_p (3.3 and c 2 Hz respectively) combined with JHS_H~ = 11.5 Hz and Jm_~e = 4.0 

Hz. These 3J H_P coupling constants are consistent with an oxaxaphosphorinane ring existing exclusively in a 

chair conformationl*s 19. The known preference of the bis-(2-chloroethyl)amino group for the equatorial 

orientation in bicyclic oxazaphosphorinane 2-one 18.19 further supports the structural assignment given to 5a with 

the p-0 bond being axially oriented (scheme). 

The configurational assignment of the cis isomers is not as easily deduced as in the tram case. Jndeed. the 

cis fusion of the bicyclic system allows conformational mobility and the compounds Se and Sd can experience 

chair-chair equilibrium in such a way that the bis-(2-chloroethyl)amino group can be in an equatorial prefered 

orientation (5c’, 5d”). We have here to take into account the other exocyclic substituents (relative to the 

oxasaphosphorinane ring), namely alkoxy and alkyl parts of the tetrahydropyran ring. A decisive feature in the 

structural assignment of one compound was the ‘w” 4J coupling constant (1.4 Hz) between H1 and Hg (or Hy). 

In this case we assign 5d” conformation, where the preference of the bis-(2~chloroethyl)amino group is 

preserved. Additionnal ptoof is provided by the J~y_p (3.0 Hz), JHS_P (25.4 Hz) and JH~_p (22.1 Hz) values 

combined with Jm_J.uj = 11.5 Hz and Jm_~e = 4.0 Hz indicating of a conformationaly biased compound. 5c 

experiences conformational mobility between 5c’ and 5c” (the ~JH_p and 3J~_~ are population-weighted averaged 

values) due to the fact that their is a balance between the prefered orientations of the substituents around the 

oxaraphosphorinane ring. Further conclusive arguments could be found in the tH and 3tP chemical shifts values. 

For example, we notice only the 6 Hg’ = 4.87 ppm value in the case of Sd”, which denotes the well known 

deshielding effect of the p-0 bond, and the expected order of 3tP chemical shiits (S 3tP = 8.6 ppm for 5d > 

6 JIP = 7.8 ppm for 5c)t*-m in accordance with the Jnefered conformation of 5d and the equilibrimn between 

two chair conformations for 5c. 
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