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Abstract: A very mild and facile method for the preparation of phosphinic 

acids via Michael addition of phosphonous acids as well as 

esters, through an intermediate silyl alkyl phosphonite, to 

activated conjugated systems is described. 

The preparation of phosphinic acid esters via Michael addition of 

phosphonous esters to activated double bonds is a known procedure that fre- 

quently requires the use of metal alkoxide bases in alcoholic solvents, 192 

During the course of our continuing search for methods to prepare phosphinic 

acids, we reported a procedure 
3. 

involving Arbuzov alkylation of phosphonous 

acids via an intermediate silyl phosphonite. 

Herein we describe yet another mild and convenient procedure to access 

phosphinic acids, involving Michael addition of phosphonous acids and esters 

to activated conjugated systems involving the same silyl phosphonite inter- 

mediate. 
3 

When phosphonous ester 2 is treated with methyl acrylate in 

chloroform in the presence of trimethylsilyl chloride (TMS-Cl) and triethyl- 

amine, the 1,4-addition product 4 is obtained in 82% yield. Similar treat- - 
ment of acid 1 with methyl acrylate afforded the 1,4-addition product 3 in - 
88% yield when two equivalents each of TMS-Cl and triethylamine were 

present; with one equivalent of each reagent, no 3 was obtained. - 
Due to the above requirement, the silyl ester 5 is presumed to be the - 

initial intermediate in the conversion of 1 to 3 - _* These transformations 

may well proceed through the same mechanistic pathway previously described 

for the reaction of silicon phosphite esters with conjugated systems. 
4 
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8 
Ph(CH2)4-PH 

(CH3)3SiCl 

Et3N > Ph(CH2)4-P, + Et3:HClQ 

OR 
- 

AR=H 

sR=Et 

3 R = Si(CH3)3 

OCH3 

8 
Ph(CH,),-y-CH,CH,CO,CH3 

OR 

zR=H 

4R=Et - 

Examples of this procedure utilizing a variety of Michael acceptors 

are summarized in the Table. While acrylonitrile, acrylic acid, and 

acrylic esters react with 1 or 2 to give the 1,4-addition product, croton- - 

aldehyde reacted with 1 and 2 to give primarily the 1,2-addition products - - 

6 and 1, respectively, as shown below. While cyclopentenone afforded 

mainly 1,4-addition products, mesityloxide gave a misture of both 1,2- 

8 YH 
1 or 2 

1) (CH3)3SiCl/Et3N 

- - 2) CH3CH=CHCHO 
Ph(CH,),-y-CH-CH-CHCH3 

3) H20 
OR 

6R=H - 

IR=Et 

and 1.4-addition products. As can be seen in entries 13 to 16, al- - 

ternate silylation reagents, eg. bis-trimethylsilyl acetamide (BSA) are 

also suitable. 
5a 

Typical Experimental Procedures 

(a) Using trimethylsilyl chloride (run #4): To a solution of phos- 

phonous acid & (0.44 g, 0.0022 moles) in chloroform (15 ml) was added 
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Table 1 

R -8-H silylating , Michael 
1, agent ' acceptor 

OR2 

Products 

Silylating 
Run R1 R2 - Agent Michael Acceptor Product 

1 - 

2 - 

3 - 

4 - 

5 - 

6 - 

7 - 

8 - 

9 - 

WCH2)4 Et (CH3)3SiC1 

Ph(CH2)4 Et (CH3)3SiC1 

ph(CH2)4 Et (CH3)3SiC1 
b 

Ph(CH2)4 H (CH3)3SiC1 
b 

Ph(CH2)4 H (CH3)3SiC1 
b 

Ph(CH2)4 H (CH3)3SiC1 
b 

Ph(CH2)4 Et (CH3)3SiC1 

PhWH2)4 Et (CH3)3SiC1 

ph(CH2)4 H (CH3)3SiC1 
b 

A / C02CH3 

ACN 

AC02H 

ACN 

A / C02CH3 

AC02CH3 

AC02CH3 

10 - Ph(CH2)4 Et (CH3)3SiC1 CH3CH=CHCH0 

11 - Ph(CH2)4 H (CH3)3SiC1 b CH3CH=CHCH0 

12c - Ph(CH2)4 H (CH3),SiClb (CH3)2C=CHCOCH3 

13 - Ph(CH2)4 Et BSAd AC02CH3 

14 BSAb'd - Ph(CH2)4 H ACN 

15 CH3 Et BSAd 2 
02CH3 

- 

IPh 

16 CH3 Et BSAd - 6 CN 

1,4e 

194 

1,4 

174 

194 

194 

194 

1,4e 

194 

1,2e 

192 

{Ue 
194 

194 

194 

1,4e 

1,4 

Yield" 

93% 

97% 

61% 

90% 

88% 

88% 

87% 

89% 

77% 

92% 

88% 

52% 
37% 

69% 

74% 

81% 

63% 

aCrystallized or chromatographed. b 
2 equivalents of silylating 

agent. CThe corresponding phosphonous ethyl ester gave 75% yield 

of a mixture of 1,2- and 1,4-addition products with an undetermined 

ratio. 
d. 
Bis-trimethylsilylacetamide. eMixture of two diastereomers. 



4744 

triethylamine (0.68 ml, 0.0049 mole), trimethylsilyl chloride (0.61 ml, 

0.0049 moles) and acrylonitrile (0.17 ml, 0.0024 mole), and the reaction 

mixture was stirred at room temperature for 18 hours. Standard extractive 

aqueous work-up followed by crystallization from ether produced phosphinic 

acid, the 1,4-addition adduct in 90% (0.5 g) yield, m.p. 80-82'C. 
5b 

(b) Using bis-trimethylsilyl acetamide (run #‘15): To a solution of 

phosphonous ester (0.66 g, 0.006 mole) in methylene chloride (7.5 ml) was 

added the acrylate (0.9 g, 0.0047 moles) and bis-trimethylsilyl acetamide 

(1.03 g, 0.00474 moles) and the reaction mixture was stirred at room temp- 

erature overnight. Standard extractive aqueous work-up followed by chro- 

matographic purification (neutral alumina activity 3) produced 1,4-addition 

adduct in 80.7% yield (1.14 g).5b 
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Satisfactory IR, NMR (lH and l3 C), MS and/or elemental analysis were 

obtained for all new compounds. 
13 C NMR (15 MHz, INEPT) data for i and ii. - - 

1 'b3', 5 

0 0 

eH ?$d 

/(I> 

10 

0 

CH2-;H2-~H2-~H2-~-~H2-~H2~N 
d 2 8’ 9’ 

AH 

:H -&~H~-cH-~~~$H~ 
31 

2 3 o-$H2-$H3 
i ii - - 

& (CDC13): 6 141.35 (C4,s); 128.04 (C2,C3,C2,,C3,Zs); 125.57 (Cl's); 

118.81 (Cll, d,14.64 Hz); 39.98 (C5,s); 31.9 (C7,d,14.65 Hz); 28.29 

(C8,d,28.29 Hz); 24.07 (Cg,d,91.80 Hz); 20.88 (C6,d,3.91 Hz); 10.14 

(C10,d,3.0 Hz). g (CDC13): 174.15 (C4,b.d); 137.4 (C7,s); 128.70 

and 128.20 (C8,Cg,C8,,Cg,,s); 126.50 (Clo, s); 59.7 (Cll,d,7 Hz); 

51.4 (C5,s); 41.2 (C3,b.s); 39.80 and 39.0 (C6,s); 30.7 (C2,d,93.0 

Hz), 16.15 (C12,d,6.0 Hz); 14.30 and 14.10 (Cl,d,93.0 Hz). 
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