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Summary: N,N'-Diaryl-N"-(Z-chloroethyl)phosphorotriamidates undergo base- 

promoted 1,3 and 1,5 cyclizations, yielding the N-phosphorylated aziridines 

and 1,3,2-diazaphospholidines, respectively. The former products are stable 

towards bases, while the latter undergo base-promoted ring contraction, 

resulting in the isomeric aziridine derivatives. 

Intramolecular 1,5 displacement of chloride ion in the NPNCCCl system, 

yielding the 1,3,2-diazaphospholidine derivative, has been postulated' as 

the first step in the nonenzymatic hydrolysis of cyclophosphamide. The 

existence of such intermediate uaa later supported 2 by its preparation from 

this substrate upon treatment with NaH. For an N-(2-chloroethyl)substituted 

phosphorodi- (or tri-) amidate of the type RNH-P(O)(X)NHCH,C&Cl (A) base- 

promoted displacement of chloride ion can, in principle, lead to the I,3 

and 1,5 cyclization with the endo- or exo-cyclic location of phosphorus in 

the reaction product. The proportion of these two products should be 

governed by the relative acidity of the two NH hydrogen atoma, and by the 

relative rates of the aubgequent 1,3 vs. 1,5 ring closure. We have tested 

the base-promoted reactivity of (1) using N,N' -diaryl-N"-(Z-chloroethyl) 

phosphorotriamidates (la, b, c) as substrates.3 The two cyclization routes 

available for these substrates are presented below. 
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It is difficult to predict the regioselectivity of the cyclieation in I, as 

the structural effects on the deprotonation and the ring closure steps 

operate in opposite directions. Although it is known‘ that the 

stereoelectronic factors favour the formation of three membered rings over 

larger structures, the relative acidity of the hydrogen atoms in L should 

favourz the conjugate base I", necessary as a precursor of 2. We have found 

that when substrates la - 2 are treated with bases in the presence of the - 

PTC catalyst,' both cyclic products, & - c, and & - c are formed in 

comparable quantities. For each substrate the corresponding products 2 and 

1 were separated by column chromatography and characterized by 1H (300 MHz) 

and 3lP n.m.r. spectroscopy, and elemental analyses.0 The typical results 

of cyclization of substrates L under variable.conditions are given in the 

Table. 

Table Base-promoted cyclization of triamidates (1) in benzene 

Substrate Reaction conditions Conversion 2 3 
(%) (%)' (%)a 

la - NaH (2 equiv), TBABb 100 53 47 
(5 mole-%), r.t., 15 ain 

la NaH (1 

mole-% 1 
la - NaH (2 

mole-% 1 
L!? NaH (1 

mole-% 1 
lb - NaOH/&CO3 (4 equiv), TBAB 92 92 

(10 mole-%), reflux, 19 h 
lb - t-BuOh (2.5 equiv), TBAB 93 92 1 

(10 mole-%), reflux, 18 h 
lc - NaH (1.1 equiv), TBAB (10 85 48 37 

mole-%), reflux, 5 h 
Ic t-BuOK (2.5 equiv), TBAB 100 100 

(10 mole-%), reflux, 18 h 

equlv), THAB (5 

, reflux, 5 h 
equiv), TBAB (5 

, reflux, 8 h 
5 equiv), TBA8 

, reflux, 18 h 

88 67 21 

100 100 

(10 91 65 26 

a Determined by SIP n.m.r. spectroscopy. 
b Tetra-n-butylammonium bromide. 
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The first, fourth, and seventh entries in the Table indicate that both 

cpclizations occur with similar rate@. The ratio g/2 increaees however with 

time and temperature, and can vary from e.g. 1.1 to a (1st and 3rd entry). 

These results suggest subsequent interconversion of the primary producte 

under reaction conditiona" The possibility of secondary reactions was 

tested by investigating independently the effect of base (NaH) and of PTC 

(TBAB) on the reaction products, 2a and 3a. - - While k was unaffected by TBAB 

in refluxing benzene, 2a was gradually converted under these conditions - 

into 2, presumably via the nucleophilic opening of the aziridine ring,' 

internal proton tranafer, and the 1,s ring closure: 

+ Br- PhNH - Br- 

za (PhNH),P(O)N/LBr - 'P(O)NH\Br -----"* 

- Br- - PhN/ 

With respect to the base, the situation is reversed: k remained unchanged 

when heated in benzene solution in the presence of NaH, while 2 was 

quantitatively converted under these conditions into 2a. The absence of the - 

intramolecular opening of the aziridine ring upon deprotonation of & 

illustrates the rule, according to which the "S-Bndo-Tet" cyclization 

process is disfavoured on etereoelectronic grounds. 4 The interconversion of 

s to 2a upon treatment with NaH (or in the presence of the excess of base - 

in the cyclization of lJ can be explained by the following sequence. 

NaH 
3a - - 

,NHPh H' 
___> 

c 
N-P(O) - 2a - 

'NPh 

3a’ - 

Although the 3a'+ 2a' interconversion corresponds to the known'@ 

preference for the formation of a three membered ring, we observe in our 

case an unueual example of a "3-Exe-Tet" ring closure with the eyn 

orientation of the nucleophilic center and the departing group. 
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