
HETEROCYCLES. Vol. 9. No.12. 1978 

ACID CATALYZED METHANOLYSIS OF N-SUBSTITUTED 2-AMINO-1,3,2-DIOXA- 

PHOSPHORINANE-2-OXIDES. AN OBSERVATION OF RETENTION PROCESS 

Toru Koizumi*, Yoshiko Kobayashi, and E i x i  Yoshii - - -- -= 

Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceutical 

University, Sugitani, Toyama 930-01, Japan 

Acid catalyzed methanolysis of cis N-substituted 2-amino- 

1,3,2-dioxaphosphorinane-2-oxides revealed that H' catalyzed 

reaction proceeded by the complete inversion process while 

BE catalysis proceeded by the intervention of retention 3 

process. 

1 
Contrasting to the well investigated solvolysis of phosphinamides , 

the stereochemical course of acid catalyzed P-N bond cleavage of phospho- 

ramidates has been little studied. The inversion of configuration has 

2 
been assumed tacitly without strong stereochemical evidences. Recently 

Hall and Inch disclosed an exceptional case against the assumption in 

which the retention process was observed by the reaction of chiral 0,s- 

dialkyl phosphoramidothioates with various alcohols, and pointed out 

3 the assumption is no longer justified. 

We here describe our results on the acid catalyzed methanolysis of 



N-substituted 2-amino-1,3,2-dioxaphosphorinane-2-oxides which not only 

support their proposal but indicate that the course of the reaction is 

affected by the nature of the acid catalyst itself. 

When cis N-substituted 2-amino-1,3,2-dioxaphosphorinane-2-oxides, 

4 5 cis &(R=Phenyl) and cis E(R=CH2Ph), were treated with 1M H2S04-MeOH 

for 22-24 hr under reflux, only trans 2-methoxy-1,3,2-dioxaphosphorinane- 

6 2-oxide(trans 2) was obtained in a fair yield. 

cis & ( R=Ph) 
lb ( R=CH2Ph) - 

trans g ., 

Similarly the corresponding trans amides4" afforded cis methyl ester 2 

exclusively but in poor yields under stronger reaction conditions. 

Since no isomerization between cis and trans ester 2was observed under 

the reaction condition, the solvolysis of la, must have proceeded 

through A-2 mechanism with complete inversion of configuration. 

On'the contrary, BF3catalyzed methanolysis (2% or 20% BF3 under reflux) 

of both cis and trans amides la,b did afford a mixture of cis and trans 
7 ester 2, though the ratios were susceptible to the structure of amides as 

shown in Table. 

Since the control experiments of ester 2 with various cis/trans 

ratio(Tab1e) indicate that the equilibrium lies far to the trans ester 

side(trans/cis ca the observed cis ester formation with the cis 

amides la, should be interpreted as that arising mostly under kinetic 

control, and therefore indicates the participation of a retention process 

besides the inversion process. 
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Table BF3 Catalyzed Methanolysis of N-Substituted 2-Amino- and 

2-Methoxy-1,3,2-dioxaphosphorinane-2-oxides 

Substrate Reaction Conditions trans/cis ratio 

BF Concentration Reaction Time of 2 
($1 ( hr of reflux) 

cis amide la 2 50 

lb - 2 25 

trans amide 20 120 

methyl ester 2 (cis) 20 120 0.84 

Z(trans/cis 5.5) - 2 120 11 

2(trans/cis 29) - 20 120 83 

2 (trans) - 20 120 8 1 

In those cases of the trans amides, it is not certain whether the 

solvolysis is merged with a retention process, because in this case the 

interpretation of the experimental results is complicated due to the 

difficulty in estimating the extent in which the more stable trans ester 

was formed directly by the solvolysis not by the isomerization of cis 

isomer. 

In order to find out whether the effect of BF to cause the retention 
3 

process is valid to other phosphoramidates, the BF3 catalyzed methanolysis 

of diastereomeric ethyl phenyl phosphoramidate2a of L-proline ethyl ester 



has been carried out. The product methyl ester was proved to be almost 

9 100 % pure inversion product , suggesting the effect appears depending 

on the structure of the substrates, and that the six membered dioxa- 

phosphorinane ring system might be responsible for this mechanistic 

3 change1? As Hall and Inch pointed out, more experimental data are 

required to provide an unifying explanation for these changes in the 

stereochemical course of the reactions. The BE3 catalyzed alcoholysis 

of other stereochemically defined phosphoramidates are along this line 

and are now being investigated in this laboratory. 
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