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Abstract-The addition of sodium of set-benzylphosphine oxide la or lb as well as sodium O-ethyl 

benzylphosphonite lc IO a$-unsaturated ketones, followed by intramolecular aldol condensation has been 

described. The stereochemistry of the reaction and the structure of 2-phospholene-l-oxides 6a-h thus formed is 

INIROLWCTlO~ 

Although chemistry and biological properties of hetero- 

steroids have been studied extensively, synthesis of 
phosphasteroids has received scant notice.‘.’ 

In an effort to find a convenient route to 17- 

phosphasteroid system we have been interested in new 

synthetic approaches to five-membered heterocycles 
containing phosphorus. Recently we have demonstrated 
that phospholan-3-one-l-oxides can be readily obtained 

by the reaction of set-benzylphosphine oxides with 

a,p-unsaturated esters.2 
It is the purpose of the present paper to describe a 

simple method for preparation of 2-phospholene-l-oxides 
by the reaction of set-benzylphosphine oxides and related 

compounds with Q-unsaturated ketones. 
Sodium salts of see-benzylphosphine oxides and their 

analoques 1 are well known to react with Q-unsaturated 

ketones to yield I A-adducts 3.’ However, in aprotic 
solvents these adducts could be expected to become 
transformed in carbanions 4, which should further 

undergo intramolecular aldol condensation to afford 2 - 
phenyl - 2 - phospholene - I -oxides 6 (Scheme 1). In order 

to receive representative data concerning synthetic utility 
as well as the steric course of cyclization the starting 

materials used in the reactions examined were diversified 
both in chemical properties and structure. 

RI1 p 5.’ 
.e 

PhHzC’ 

4 

18: R’ = PhCH, 
lb: R’= Ph 
lc: R’= OEt 

Heating of equimolar amounts of the reagents in THF, 

followed by neutralizing the reaction mixture with 

hydrochloric acid, leads to exclusive formation of the 
cyclic products 6a-6h listed in Table I. 

The structure of the products is strongly supported by 

spectral evidence. IR spectra of 2-phospholene-l-oxides 
6a-6h exhibit absorptions attributable to the double bond 
and the phosphoryl group. Details are summarized in 

Table 2 
‘H and “P NMR spectra provide substantial informa- 

tion on the geometry of a phospholene ring and establish 

the composition of those 2-phospholene-I-oxides which 
are niixtures of the corresponding stereoisomers. The 

most characteristic chemical shifts and coupling constants 

are listed in Table I. 
One of the typical features of proton resonance in I - 

phenyl - 2 - phospholene - I - oxides is the shielding effect 
of phenyl on a vicinal substituent located on the same side 

of a ring.’ This effect is well seen in the spectrum of 6b. 
The signal due to the Me group cis to P-Ph is shifted 

upfield as compared with that due to the trans Me. With 
benzyl substituted for phenyl, as in the case of 6a, the Me 

group has the same chemical shift, whether cis or trans to 
P-CHlPh. 

A singlet in the “P spectrum of 6e obtained upon 
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&: R’=R’=Me 
2b: R’R’ = l (CH&- 
2~: R’=H;R’=Ph 
2d: R’=Me; R’=Ph 
2e: R’ = Me; R’R’ = -(CH&- 
2f~ R’ = Me; R’R’ = _(CI%).- 
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Table 1. Yields’ andphysicaidataforthe 2-phospholcne-l-oxides&h 

Elemental analysis 

No Product 
mng 

materials 

M.p. or Calculated Found 
Yield b.p./mmHg 
WI [“cl ‘SC %H %P %C %H %P 

6l 

6b 

trans l&24 10.0 131 80.5 6.5 8.7 80.2 6.3 8.7 

tmns 37.2 191-2 80.4 6.5 8.6 80.4 6.7 8.6 

lb, 2d 

C& 24.8 162-3 80.4 6.5 8.6 80.6 6.6 8.5 

tram 21 

lb, k M-43 78.2 7.2 9.6 78.7 7.3 9.5 

CL 

trolls 

ci.l 

7 

lb, 21 220-35 78.5 7.5 9.2 77.8 7.4 9.2 

11, 2s 48.5 117 77.3 7.4 9.9 77.1 7.5 IO.1 

lb, 2r 58.0 140 77.0 7.1 10.2 77.0 7.0 10.2 

lc, 2a 41.0 112/0*4 68.5 7.9 11.8 68.1 7.5 II.9 

lb, 2b 67.5 151-3 78.5 7.5 9.2 78,5 7.4 9.2 

‘Percentage of stereoisomers were determined by integration of ‘H NMR and “P NhfR spectra. 
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Table 2. Major IR absorption maxima of 

the 2-phospholene-l-oxides 6a-h 

Products 

cm-’ 

C=C 

cm-’ 

P=O 

63 
6b 
6e 
64 
6e 
6f-trans 

Q-cis 

ap 
6h 

1607 
1612 

1612 

1640 

1605 

1638 

1630 

1630 

1180 

1175 

1205 

1180 

1195 

1195 

1175 

1160; 1182 

1187 

Me group in the other oxide corresponds to the 
configuration cis (5-Me trans to P-Ph). The chemical 
shifts of the signals due to “P in the cis and tram 
stereoisomers are not identical. Integration of the ‘H and 
“P NMR spectra of 6f shows the tram: cis ratio of the 
oxides to be 6 : 4. 

Both 6g and 6h are mixtures of two out of the four 
possible stereoisomers. Although the mixtures were not 
separated into individual components the spectra of 6g 
and 6h exhibit signals due to two Me groups bonded with 
the tetrahedral carbons. On the basis of the criteria 
already mentioned, the upfield and the downfield signals 
of the Me groups can be attributed to the stereoisomers 
with the respective configurations cis (S-Me cis to P-Ph) 

Table 3. ‘H NMR and “P NMR spectra of the 2-phospholene-l-oxides 6a-h 

‘H NMR” “P NMRb.’ 

3-CH,d 5-CH,d CH,Ph“ 

S[ppml 
Opml JPCCCHIHZI 6 [ppml JXCHIHZI Opml JPTHFJZI 

6a I .88 2.0 

6lJ 2.02 1.8 

6e 

6d 

6e 

tram 
61 

Pans 
61 
cis 
ss 
tram 
6g 
cis 

6h 

lrans 

6b 

cis 

1.87 

2.05 

1.92 

2.16 

2.16 

1.98 

1.98 

1.96 

I.% 

I.9 

24 

2.0 

2.1 

2.1 

2.2 

2.2 

2.2 

2.2 

I.31 

I .26 

0.95 

I.34 

I.29 

1.27 16.0 

1.85 13.5 

149 13.2 

0.9 15.8 

1.35 14.3 

0.9 16.0 

13.8 

13.2 

15.8 

14.8 

14.0 
- 

- 

3.18 13.8 -67.25 

- - -64.5 

- - -68.5 

- - -64.2 

3.24 16.5 -64.7 

- - -61.1 

- - -59.9 

- - -640 

- - -66.4 

- - -59.7 

- - -62.0 

“Spectra taken in CDCI, solution with internal TMS. 

bSpectra taken in CLICI, solution with external H,PO,. 
‘Spectra taken with ‘H decoupling; singlets. 

dDeoublets due to “P coupling. 

‘Spectra obtained on a mixture of cis and trans oxides. 

decoupling of protons indicates that 6e is one of the two 
possible stereoisomers. The chemical shift of benzyl 
protons in 6e corresponds to that in 6a, in spite of 6e 
having a phenyl substituent at the tetrahedral carbon C-5. 
It appears that, for steric reasons, interactions of phenyl 
with benzyl protons in 6e should be closely related to 
those between phenyl and Me groups in 6b. With no 
shielding effect due to phenyl on the chemical shift of 
benzyl protons in 6e, one may suppose that in this 
compound phenyl is in the truns-position to the P-CH2Ph 
bond. 

The product 61 constitutes a mixture of the two possible 
stereoisomers. To receive accurate spectral data, each 
isomer was isolated by crystallization and analyzed 
individually. ‘H NMR spectra show that the chemical 
shift of the signal due to the Me group at C-5 is different 
for each isomer. Consideration of the shielding effect due 
to phenyl, leads to the conclusion that the oxide with an 
upfield signal of the Me group has the configuration frans 
(S-Me cis to P-Ph). The position of the signal due to the 

and trans &Me trans to P-Ph). Consequently each of 
the products 6g and 6h is believed to contain one oxide 
with the configuration tram and another with the 
configuration cis. This conclusion is borne out by the “P 
NMR spectral data. Upon decoupling of protons, spectra 
of 6g and 6h consist of two singlets. Integration of these 
singlets compared with integration of the Me groups in the 
‘H NMR shows that the contributions of the trans and cis 

oxides are in 6g identical, whereas in 6h the trans-oxide: 
cis-oxide ratio is 7:3. 

DiSCUSSION 

It is well known that the molecule of an a$- 
unsaturated ketone may possess a plane of symmetry 
corresponding with the double-bond plane, and that 
nucleophilic addition to the CO carbon of the ketone is 
likely to occur on either side of this plane. When the 
nucleophilic reagent contains a chiral atom and a,@- 
unsaturated ketone possesses a prochiral carbon in /3 
position, two stereoisomers may be often expected to be 




