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The Nucleophilic Reactivity of Organophosphorus Compounds. Part 4. t 
The Alkylation of Phosphorus Acid Anions with 'Onium Keten Acetals 
By Alexander T. Zaslona and C. Dennis Hall," Department of Chemistry, King's College, University of London, 

Strand, London WC2R 2LS 

The preparations of phosphonium and pyridinium keten acetals are reported and their reactions with a variety of 
phosphorus acid anions are described. The novel pyridinium keten acetals are useful reagents for the alkylation of 
various acid anions in aprotic, aqueous and aqueous-emulsion media. 

PKEVIOUS work in this area has shown that phosphorus 
acids react with keten acetals in aprotic media to give 
high yields of phosphorus e ~ t e r s . l - ~  The mechanism 
of this reaction involves a fast reversible protonation of 
the keten acetal, followed by nucleophilic attack by the 
phosphorus acid anion on the intermediate c a r b ~ c a t i o n . ~  
This is in marked contrast with the hydrolysis of keten 
acetals, which is a general acid-catalysed reaction in- 
volving rate-determining protonation of the acetal.* 
The objective of this work was to provide a means of 
alkylating ' aged ', phosphorus-inhibited acetylcholin- 
esterase (3) and hence to regenerate the phosphorylated 
enzyme (2) which would be susceptible to con\7entional 
osime (PAM-2) therapy (Scheme 1) .5 

In this respect the conventional keten acetals pro\ul  
to be ineffective presumably sincc, under physiological 
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that tlie latter two conditions might provide better 
models for the i n  vivo interaction between inhibited 
acetylclioliiicstcrLse aiid the alkylating agent. 
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conditions, the rate-limiting step for tlie keteii acetals 
(protonation) was followed by a rapid and totally indis- 
criminate attack by the surrounding nucleophiles, the 
bulk of which would be water. Hence it was reasoned 
that in order to achieve re-alkylation of aged, inhibited 
enzyme one would need an alkylating agent that (i) was 
fairly stable to water ; (ii) reacted by nucleophilic attack 
at the alkylating centre (rather than by protonation 
followed by nucleophilic attack); and (iii) would bind 
with the enzyme in question in order to bring the phos- 
phorus acid anion and the alkylating agent into close 
proximity. It has been postulated that the superior 
reactivating power of PAM-2 (4) is due to interaction 
with the cationic site of the enzyme6 and hence an 
'onium keten acetal, e.g. (5) ,  might be expected to inter- 
act in a similar manner with the enzyme-bound phos- 
phorus acid anion. The purpose of this paper is to 
describe the preparation of two types of 'onium keten 
acetals and their reactions with phosphorus acids and 
phosphorus acid anions under aprotic, aqueous, emul- 
sion, and phase-transfer conditions. It was considered 

t Part 3 is ref. 3b. 

RESULTS A N D  DISCUSSIUh' 

(1) Yreparatioiz apbd I'roperties.-(a) l'riphertylphos- 
phonitim kdteiz acetals. 'Two triylieiiylphosphonium keten 
acetals (7a,b) were prepared by the method outlined 
in Scheme 2. The overall yields were good (ca. 60%) 

2Ph3P + 2RCH2Br - 2Ph3&-CH2R Br- 
a ; R  = Ph 
b; R = p -MeOC6H4 

+ 

( i 1 BunLi 
( / i )C lC02Me I 

A Fso3 - + 
R OMe Ph36-CH2R Cl- 

(7a, bl 
SCHEME 2 

and the alkylation step for R = aryl, followed that re- 
ported by Bestmann ' y 8  (who used Et,O+ BF,-) and gave 
exclusive alkylation on oxygen. With R = H, however, 
the ylide (8) methylated exclusively on carbon to  give 
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(9) with both methyl fluorosulphonate and trimethyl- 
oxonium t et rafluoroborate. 

BleSO F or 
Ph31-'=CHC0,Me Ph,kH(Me)CO,Me X- 

(8) (91 . ,  \ ,  
X = S0,P or 131?4 

The phosphonium keten acetals ('ia,b) are insoluble in 
water but may be recrystallised from aqueous aceto- 
nitrile or aqueous diosan. They are hydrolytically 
stable in neutral or weakly ac-jdic media, (98cx rcco\reretl 
after heating under reflus in r > O ~ o  aclut'ous diosan at  pl i  
5 . 8 ) ,  E-iydrolyse slowly to tlic pliosphonium salt i n  r>O(<) 
aqueous acetone at  pH 1 (th 2.(; 11 a t  35 "C) ant1 dccompose 
in a conventional manner for pliosplionium salts to 
triplieiiylphospliiiie oxide under strcmgly basic conditions 
(aqueous dioxan at  pH 13). 

The preparation of 
N-pyridinium keten acetals (1 1) was accomplislicd by 
the route shown in Scheme 3. 7'lie ylide (10; K = Et)  

(b) N-Pyridinium keten acetals. 

a c e t o n e  0 + BrCHICOZR), ___e 
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was readily alkylated by triethyloxonium tetrafluoro- 
borate or ethyl fluorosulphonate in CH,Cl, to give the 
O-alkylated product (1 1) exclusively, in yields exceeding 
goo/,. The methyl analogue of (lo),  however, reacted 
with methyl fluorosulphonate to give mixtures (ca. 
4 : 3) of the 0- and C-alkylated material. Heating to 
35 "C or prolonged standing at  ambient temperature 
increased the amount of C-alkylation so that after 14 
days at  room temperature the ratio of 0- to C-alkylated 
material had fallen to 2 : 3, which presumably reflects 
the greater thermodynamic stability of the latter pro- 
duct. 

The keten acetals were obtained as viscous oils, which 
in the case of the ethyl compounds could be crystallised 
by trituration with dry ether. This was best achieved 
by using dimethyl ether at  -40 "C for the less stable 
fluorosulphonate keten acetal, whilst the tetrafluoro- 
borate salt crystallised using diethyl ether at  ambient 
temperature. 

The fluorosulphonate salt ( l l a ;  R = Et) was hygro- 
scopic and hydrated rapidly when solutions in polar 
organic solvents were exposed to moisture. The sensi- 
tivity to moisture accounts for the poor microanalytical 
results on this compound even though the n.m.r. data 
showed the compound to  be pure. The tetrafluoroborate 
keten acetal ( l l b ;  K = Et), however, was much more 
stable and could be recrystallised from water. 

Both keten acetals were readily dealkylated by inor- 
ganic bases (e.g. K,CO, or NaOH) and by organic bases 
(e.g. NaOEt, Et,N or I'hNH,). Under neutral or slightly 
acidic conditions, however, the compounds hydrolysed 
slowly enough for the reaction to be monitored by U.V. 

or lH n.m.r. spectroscopy and the latter techriique was 
used to determine the half-lives for hydrolysis at  35 "C 
under self-buffered conditions (the ph', of the product 
was 5.56) lo which were 3.6 h for ( l l a ;  K = Et)  and 28.4 h 
for ( l l b ;  1C = Et) .  'Hie hydrolysis of ( l l b ;  R = Et)  
was also catalysed by phosphate buffer and the rates were 
measured at  pH 7 . 2 ,  I O . 5  mol drn-,, and 25.0 "C by ob- 
serving the appearance of the ylide product (10) at 370 
nm. The results (Table 1) show a linear relationship 
between kobs. and [H,PO,-]. 

TABLE 1 

Kate of hydrolysis of ( l l b ;  R = Et) in phosphate 
buffer (pH 7.2, I = 0.5 mol ~ I r n - ~  and 25.0 "C) 

102[H,P0,-]/mol-1 5.26 4.21 3.15 2.10 1.05 0.263 
lOhk,b, / s  '1 1.14 0.962 0.778 0.589 0.405 0.265 

From the linear regression [equation (l)] and the 
expression for kol)S. [equation (a)]  assuming there is no 
dealkylation by water, one may derive the rate coeffi- 
cients for catalysis by buffer, kt, = 1.76 1 mol-I s-l and for 

dealkylation by OH-, koH- = 14.0 1 mol-1 s-1. It is not 
known whether the phosphate ion dealkylates (11) to 
form the monoester (12) or whether it merely acts as a 
nucleophilic catalyst via [(13)] as suggested in Scheme 4. 
In view of the results reported in the next section, how- 
ever, the latter seems the more likely. 

(2) T h e  Reaction of 'Onium Keten Acetals with Organo- 
phosphorus Acids  and Organophosphorus Acid Anions.- 
(a) 112 non-aqueous media. The reactions of the 'onium 
keten acetals ( 7 )  or (11) with phosphorus acids were 
carried out by mixing solutions of the appropriate keten 
acetal and the organophosphorus acid in chloroform or 
methylene chloride, and storing for up to twenty days 
at  ambient temperature before analysing by 31P n.m.r. 
In the case of the reaction between (7b) and 00-diethyl- 
phosphorodithioic acid, an 80% yield of the 00-diethyl- 
S-methylphosphorodithioate was isolated from the reac- 
tion mixture by fractional distillation. In all other 
cases the phosphorus esters were identified by IH and 31P 
n.m.r. Reactions of the 'onium keten acetals with 
phosphorus acid anions were carried out in methanol, 
dimethyl sulphoxide, or a mixture of solvents. Again 
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( 1 1  1 (10) 

0- 
I 

I I  
+ HO-P-OR + HBF4 

0 

( 1 2 )  

the products were analysed by 31P n.m.r. and the results 
from both sets of experiments are summarised in Table 
2. I t  is immediately ob\rious that, as observed with 
alkylketen acetaIs,l-3 the phosphorodithioic acids give 
excellent yields of the corresponding esters with both 
types of 'onium keten acetal. With the phosphonic 
acids, howelrcr, the yields of esters from the 'onium keten 
acetals were w r y  much lower (3-10yo) than with 
diethyl methylketen acetal (80%). This suggests a 
different mechanism for the 'onium keten acetals, and 

(70%) and ( l l a )  (looyo), whereas only low yields (7- 
13%) are observed with sodium ethyl methylphos- 
phonate. * Obviously the more nucleophilic dithioate 
anion would be the more reactive under these circum- 
stances. The co-products in these cases are of course the 
ylides (8) and (10). Table 2 shows that alkylketen 
acetals are totally unreactive towards phosphorus acid 
anions, as would be expected from a mechanism depen- 
dent upon protonation of the substrate. 

These experiments were carried (b) I n  aqueous media. 

TABLE 2 

Reactions of keten acetals with phosphorus acids and phosphorus acid anions in non-aqueous media * 

Keten Acetal 
( 7 4  
( 7 4  

( I l a ;  R = Et) 
( l l a ;  R = Et)  
( l l a ;  R = Et) 

CNCH=C(OMe), 
CNCH=C(OMe), 

( 7b) 
(7b) 
(7b) 

( l l a ;  R = Et) 
( l la ;  R = Et) 

MeCH=C(OEt) , 
MeCH=C(OEt) , 
( l l b ;  R = Et) 

P-acid /salt 
(EtO)MePS,- Na+ 
(EtO)MePO,- Na+ 

(EtO)MePS,- Na+ 
(EtO)MePO,- N a +  
(EtO)MePO,- Na+ 

(EtO)MePS,- Naf 
(EtO)MePO,- Na+ 
( E t  0) ,PSSH 
(Et  0) MePSS H 
(Et0)MePOOH 

(Et0)MePSSH 
(Et0)MePOOH 
(n-CI6H,,O)MePOOH 
( E to) ,PSS H 
(EtO) EtPOOH 

Solvent 
MeOH-MeCN (5  : 2) 
Me0 H-CH ,C1 ,-MeCN 

(11 : 2 : 2) 
DMSO 

MeOH-DMSO (1 : 4) 
MeOH-DMSO (1  : 4) 

MeOH 
MeOH 
CHCI, 
CHC1, 
CHCI, 

CH,Cl, 
CH,Cl, 
CHCI, 
C6H6 

C6H6 

Reaction 
conditions 

20 "C, 190h 
20 "C, 500h 

20 O C ,  96h 
20 "C, 96h 
20 "C, 96h 

ratio 2 : 1 
80 "C, 500h 
20 OC, 500h 
20 "C, 48h 
20 "C, 48h 
20 "C, 48h 

35 "C, 96h 
35 "C, 96h 
20 "C, 24h 
78 "C, 2h 
78 "C, 2h 

ratio 1 : 2 

P-ester 
(EtO)MeP(S)SMe 
(EtO)MeP(O)OMe 

(EtO)MeP(S) SEt 
( E t  0) MeP( 0) OEt 
(E to) MeP( 0) OEt 
(Et  O)MeP( S) SMe 
(EtO)MeP( 0) OMe 
(EtO) ,P(S) SMe 
(EtO)MeP(S)SMe 
(EtO)MeP(O)OMe 
(Et 0) MeP( S) SE t 
(EtO)MeP( 0) OEt 
(n-C,,H,,O)MeP(O)OEt 
(EtO) ,P(S)SEt 
(E t 0) E tP( 0) OE t 

Yield (%) 
75f 2 
7 f 2  

100 f 2 
13 f 2 
24 f 5 

0 
0 

98 & 2 
98 f 2 

< 3  
98 + 2 
10 rt 2 
30 % 4 

8 6 ' ~ ~  
801*' 

* Molar ratio of reactants, 1 : 1 unless stated otherwise. 

whereas the alkylketen acetals are known to react with 
organophosphorus acids in aprotic media by a fast re- 
versible protonation, followed by rate-limiting attack of 
the acid anion on the protonated ~ u b s t r a t e , ~ ~ ~  we suggest 
that the 'onium keten acetals react by nucleophilic 
attack on an alkyl group (R) of the acetal [equation (3)] 
to  generate the ester (14) and a salt (15). This proposal 
receives support from the observation that phosphono- 
dithionate anion in non-aqueous media gives high yields 
of O-ethyl S-alkyl methylphosphonodithioate with (7a) 

out in water or mixtures of water with acetonitrile or 
tetrahydrofuran by adding a solution of the keten acetal 
to a solution of the sodium salt of the appropriate phos- 
phorus acid in a 1 : 1 molar ratio at a pH of ca. 7.2. The 
results are summarised in Table 3 and i t  is again evident 
that the dithiophosphonate anions alkylate much more 
readily than the phosphonate anions. This serves to 

* It should be noted however, that introduction of a long alkyl 
chain (C16H33) onto the phosphonic acid improves the yield of 
ester to ca. 30%, presumably due to a micellar effect. 
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( 1 4 )  

dithiophosphonate anion very efficiently but is quite 
unreactive towards simple phosphonates. With hexa- 
decyl methylphosphonate however, the extent of alkyl- 
ation is the same (12%) as in aqueous medium and this 
reinforces the suggestion of reaction within the relatively 
aprotic environment of micelles for these particular acid 
anions. As expected, the conventional keten acetals 
gave no alkylation. 

Hexa- 
decyltrimethylammonium bromide was generally used as 
the phase-transfer catalyst for transporting the phos- 
phorus acid anions from water to methylene chloride 
solutions of the keten acetals and the results are shown 
in Table 5. No experiments were undertaken with the 
hexadecyl methylphosphonate anion but only the 

(d) Reaction under phase-trans f e r  conditions. 
z+ x- 

( 3  1 
\ 2  
' 'OR 

CH-C 

(151 

reinforce the hypothesis that the 'onium keten acetals 
behave as conventional alkylating agents in reactions 
with various nucleophiles. Once again the alkyl or 
arylketen acetals do not react without acid catalysis, and 
there is further evidence for a micellar effect with hexa- 
decylphosphonat e anion. 

phosphonodithioate reacted with the 'onium keten ace- 
tals to form esters. The conventional keten acetals as 
expected, were unreactive under these conditions. 

In general, therefore, 'onium keten acetals react with 
nucleophiles by a different mechanism to keten acetals, 
i.e. by nucleophilic attack on acetal carbon. In this 

TABLE 3 
Reactions of lteten acetals with phosphorus acid anions in aqueous media at pH 7.2 and molar ratio 1 : 1 

Keten acetal 
( 7 4  
( 7 4  

(llb; R = Et) 
(llb; R = Et) 
( l lb;  R = Et) 
( l l b ;  R = Et) 
(llb; R = Et) 
CNCH=C(OMe), 
CNCH=C(OMe) , 

P-salt 
(EtO)MePS,- Na+ 
(EtO)MePO,- Na+ 

(EtO)MePS,- Na+ 
(EtO)MePS,- Na+ 
(EtO)MePO,- Na+ 
(n-C,,H,,O)hfePO,- Na+ 
(n-C,,H,,O)MePO,- Na+ 
(EtO)MePS,- NH,+ 
(EtO)MePO,- NH,+ 

Solvent 
H,O-MeCN (2 : 1) 
H,O-MeCN (1 : 1) 

-t 
H2O 
H,O 
H2O 

H,O-THF (1  : 1) 
H20-THF (1 : 1) 
H,O-MeCN (4 : 1) 
H,O-MeCN (1 : 1) 

Reaction 
conditions 

38 "C, 600h 
45 "C, 240h 

-20 "C, 400h 
25 OC, 18h 
25 "C, 45h 
25 'C, 45h 
20 "C,  48h 
20 "C, 430h 
31.4 "C, 24h 
31.4 "C, 24h 

P-ester Yield (%) 
84 3 2 

6 f 2 a  

3 O & l b  
4 2 f l b  

(Et 0) MeP( S) SMe 
( Et 0) MeP ( 0) OMe 

(E t 0) MeP (S) SE  t 
(E t 0) MeP( S) S Et 

(n-C,,H,,O)MeP(O)OEt 12 & 2 
(n-C,,H,,O)MeP(O)OEt 32 5 2 

(Et0)MeP (0) OEt  O b  

(EtO)MeP(S)SMe O C  

(EtO)MeP( 0) OMe O C  

a 95% (7a) recovered. b KH,PO,-NaOH buffered. For comparison purposes, none of the four keten acetals used in these 
experiments [ i .e .  CNCH=C(OMe),, PhCH=C(OMe),, CH,=C(OEt),, and MeCH=C(OEt),] gave any phosphorus ester under these 
aqueous conditions. 

TABLE 4 
Reactions of keten acetals with phosphorus acid anions under emulsion conditions 

Keten Molar Initial Surfactant Reaction Yield 
acetal P-salt ratio p H  Medium yo w/v conditions P-ester ( % I  

( l l a ;  (EtO)MePS,- Na+ 1 : 1 8.9 H20-CH2C1, 2% Tween 20- 20 "C, 48h (EtO)MeP(S)SEt '39 & ti 

( l l a ;  (EtO)MePO,- Na+ 0.9 : 1 10.0 H,O-CH,Cl, 2% Tween 20- 20 "C, 96h (EtO)MeP(O)OEt 0 

R = Et) (1 : 1) cetyl alcohol 

R = Et) (1 : 1) cetyl acohol 

(1 : 1) 

(1 : 1) 
( l l b ;  (n-C,,H,,O)MePO,- 1 : 1 7.0 H,O-CH,Cl, None ' 20 "C, 48h (n-C,,H,,O)MeP(O)OEt 12 f 2 

R = Et) Na+ (1 : 1) 

( 4 :  1) C(OM4, 
W M 4 ,  (4 :  1) 

CNCH= (EtO)MePS,- NH,+ 1 : 1 8.5 H20-C,H, 1% Tween 20 20 "C, 24h (EtO)MeP(S)SMe 0 

0 CNCH= (EtO)MePO,- NH,+ 0.7 : 1 8.8 H20-C,H, 1% Tween 20 20 "C,  24h (EtO)MeP(O)OMe 

(c) Reaction under emulsion conditions. The salts of 
organophosphorus acids were dissolved in the water 
phase and emulsions made with either benzene or methyl- 
ene chloride solutions of the keten acetals. After stirring 
for 24 h at ambient temperature, samples of the emul- 
sions'were dissolved in acetone and the products were 
analysed by 31P n.m.r. The results (Table 4) reveal that  
the pyridinium keten acetal is capable of alkylating 

respect phosphoro- and phosphono-dithioates are much 
more effective nucleophiles than phosphonates, although 
there appears to be a micellar effect with long-chain 
alkyl (e.g. O-hexadecyl) phosphonates which enhances 
alkylation. There seems to be little prospect, however, 
of the 'onium keten acetals being useful as alkylating 
agents for simple phosphonate anions. On the other 
hand, the 'onium keten acetals may be useful for the 
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TABLE 5 

Reactions of lreten acetals with phosphorus acid anions under phase-transfer conditions 

P-salt ratio pH Catalyst conditions P-ester 
Molar Initial Reaction 

Keten acetal 
+ 

( 7 4  (EtO)MePS,- Na+ 1 : 1 6.5 C,,H,,NMe, Br- 20 "C, lOOh (EtO)MeP(S)SMe 

( 7 4  (EtO)MePO,- Kaf 1 : 1 6.5 CIGH,,NMe, Br- 20 'C, lOOh (EtO)MeP(O)OMe 
( l l a ;  R = Et) (EtO)MePS,- Na+ 1 : 1 8.9 C,,H,,NMe, Br- 20 "C, 75h (EtO)MeP(S)SEt 
( I la ;  R = Et) (EtO)MePO,- Na+ 1 : 1 10 .3  C,,H,,NMe, Br- 20 "C, 120h (EtO)MeP(O)OBfe 
CNCH=C(OMe), (EtO)MePS,- NH,+ 1 : 1 * 5.2 (EtO)MePS,- 20 'C, 40h (EtO)MeP(S)SMe 

CNCH=C(OMe), (EtO)MePO,- NH,+ 1 : 1 * 5 . 2  (EtO)MePO,- 20 "C, 4011 (EtO)McP(O)OMe 

t 

t 

+ 

+NH,CI,H,, 

+NH,C,,H,, 
* Includes the concentration of the anion from the catalyst. 

Yield (yo) 
96 & 5 

0 
94 * 3 

0 
0 

0 

alkylation of a range of ' soft ' nucleophiles (e.g. pheno- 
late ion, amines, or thiocarboxylate ions) under aqueous 
conditions which could be useful for analytical purposes, 
e.g. by g.1.c. 

EXPERIMENTAL 

1H N.m.r. spectra were recorded using either a 60 MHz 
Perkin-Elmer R12 1-3 or a Brulier H F X  90 spectrometer 
with SiMe, as internal standard. The 31P n.m.r. spectra 
were obtained a t  36.4 MHz (HFX 90) with H,PO, as ex- 
ternal standard ; downfield shifts are positive. Ultra- 
violet spectra and kinetic data were recorded using a Pye- 
Unicam SP 1700 spectrophotometer fitted with an AR 25 
recorder and a thermostatted cell-housing operating a t  
25.0 & 0 .1  "C. Melting points are uncorrected and micro- 
analyses were carried out by the microanalytical laboratory, 
University College, London. The emulsions were prepared 
using a Q.P. Laboratory Emulsifier (Ormerod Engineers 
Ltd., Rochdale) . 

Dialkyl cyanoketen acetals were prepared by established 
methods. 11?2 

2,2-Dirnethoxy- 1-( ~-nzetliox~phen~~1)vin~ltri~lzen~1~Jzos- 
phonium Fluorosulfikonate (7b) .-A solution of 4-methoxy- 
benzyl bromide l3 (18.4 g, 0.091 mol) in benzene (20 ml) was 
added dropwise t o  a vigorously stirred solution of triphenyl- 
phosphine (24.0 g, 0.091 mol) in the minimum amount of 
dry benzene ( ~ a .  100 ml) An exothermic reaction ensued 
and a white precipitate appeared. The mixture was stirred 
a t  ambient temperature for 24 h and the product was then 
filtered off, washed with benzene (3  x 50 ml), and dried 
under vacuum to  give 42.4 g (100yo) of 4-methoxybenzyl- 
triphenylphosphonium bromide, m.p. 234-236 "C (1it.,l4 
m.p. 235 "C); G(CDC1,) 6.48-7.88 (19 H, ni, Ar-H), 5.23 
(2  H, d,  ,Jp 14.0 Hz,  CH,C,H,OMe), and 3.65 (3 H, s, OMe). 

The 4-methoxybenzyltriphenylphosphonium bromide 
(41.7 g, 0.09 mol) was suspended in dry benzene (100 ml) 
and a solution of n-butyl-lithium (5.77 g, 0.09 mol) in n- 
hexane was added with vigorous stirring. After 1 h the 
deep red solution was filtered and a solution of methyl 
chloroformate (8.46 g, 0.09 mol) in dry benzene (20 ml) was 
added to the filtrate. A yellow suspension was produced 
and after stirring for 1 h a t  ambient temperature the 
mixture was filtered (to remove unwanted phosphoniuni 
salt) and methoxycarbonyl-4-methoxyphenylniethylenetri- 
phenylphosphorane was precipitated from the filtrate by 
addition of light petroleum (b.p. 40-60 "C). The crude 
product was recrystallised from ethyl acetate-light petrol- 
eum to give 13.1 g (66%) of the pure ylzde as colourless 
needles, m.p. 206-207 "C, (Found: C, 75.9; H, 5.8;  P, 

7.1.  C,,H,,O,P requires C, 76.4; H ,  5.7;  P, 7.0%); 8~ 
(CI)CI,) 6.48-7.!10 (19 H, m,  Ar-H), 3.48 (3 H, s, CO,Me), 
and 3.40 ( 3  H, s, OMe) ; Sp (CDC1,) 22.7. 

A solution of the ylide (8.81 g, 0.02 mol) in CH,Cl, (50 ml) 
was added dropkvise to an ice-cold solution of methyl 
ffuorosulphonate (2.28 g, 0.02 mol) in dry (from P,O,) 
CH2C1, (100 nil) under N,. After 15 min stirring a t  am- 
bient temperature, the solvent was retnoved under vacuum 
and the residual red-brown oil was triturated with light 
petroleum to  give a buff solid. The crude material was 
recrystallised from 500/;, aqueous acetonitrile to give 7.80 g 
(70.30,/,) of the title compound (7b) as colourless plates, m.p. 
185.5-187 "C (Found: C, 62.8;  H ,  5.1;  P, 5.6.  C2,Hze- 
F0,PPs requires C, 63.2; H, 5.1;  P, 5 .6%);  8~ (CDCI,) 7.25 

o-H of C,H,OMe), 6.64 (2 H ,  d, ,JH 8.7 Hz, in-H of C,H,OMe), 
3.72 [3 H ,  s, (E)-OMe], 3.68 [3 H, s ,  (2)-OMe], and 3.19 (3 H, 
s, F-OMe) ; S1, (CDCl,) 24.3. 

2 ,2-Diniet l~oq~- 2 - p J i e i z ~ ~ l v i ? ~ ~ ~ l t r a ~ J ~ e n y l p ~ ~ u s p h o l  Fluoro- 
sulpliunnte (7a) .-This was preparecl by an analogous route 
in an overall yield of 50% from triphenylphosphine, and 
was obtained as colourless cubic crystals from 50% aqueous 
acetonitrile, m.p. 200.5-201.5 "C (Found: C, 64.1;  H, 
5 .2 ;  P, 6.1. C2,H,,F05PS requires C, 64.1; H, 5.0; P, 
5.9%); SH (CDC1,) 7.33-7.92 (15 H, m, PPh,), 6.90-7.25 
(5 H, m, C-Ph), 3.67 [3 H, s, (E)-OMe], and 3.22 [3 H, s, 
(2)-OMe] ; Gp (CDC1,) 24.5.  

N - ( l - E t l i o x y c a r b o n ~ l - 2 , 2 - d ~ e t h o x y v i n y l ) j r i d ~ ~ i u ~ z  Juoro- 
sulphonate and Tetraflztoroborate ( 1  la,b) .-Pyridine (3.6 g, 
0.044 mol) was added dropwise to a solution of diethyl 
bromomalonate (10.6 g, 0.044 mol) in dry acetone (75 ml) 
and the mixture was stirred for 18 h a t  ambient temperature. 
Rapid cooling (solid CO, - acetone) precipitated a buff- 
coloured solid which was filtered, washed with dry ether, 
and dried under vacuum to  give 12.5 g (89%) of N-bis- 
(ethoxycarbony1)methylpyridinium bromide, m.p. 93-94 "C 
(lit.,15 m.p. 70-71 "C);  Sn (CDC1,) 9.73 (2 H, m, a-H of 
pyridinium ring), 8.97 (1 H, m, r-H), 8.35 (2 H, m, p-H), 

8.00 (1 H,  s,  NCH), 4.41 ( 4 H , q ,  J 7.0Hz, CO,CH,CH,), and 
1.40 (6  H ,  t, J 7 .0  Hz, CO,CH,CH,). 

A solution of potassium carbonate (13.8 g, 0 . 1  mol) in 
water (50 ml) was added to a solution of N-bis(ethoxy- 
carbony1)methylpyridinium bromide (6 .3  g, 0 .02  mol) in 
water (50 ml) and the resultant yellow-orange solution was 
extracted with chloroform ( 5  x 100 ml). The chloroform 
extracts were dried over sodium sulphate, the solvent 
removed under vacuum, and the yellow solid recrystallised 
from acetone to  give 4.6 g (97%) of bis(ethoxycarbony1)- 
methylene-X-pyridinium ylide (10; R = Et) as yellow 
needles, m.p. 176.5-177.5" (lit.,15 m.p. 170-171 "C); 

-7.78 (15 H ,  111, I'I'll,), 6.92 (2  H, dd, 3 J E  8.7,  3Jp 2.0 Hz, 

+ 
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(CDCl,), 8.53 (2 H, m, a-H) ,  8.03 (1 H, m, y - H ) ,  7.60 (2 H, 
m, P-H), 4.08 (4 H I  q, J 7.0 Hz, CO,CH,CH,), and 1.20 (6 
H, t, J 7.0 Hz, CO,CH,CH,). 

The ylide (10; R = Et) (10.2 g, 0.043 mol) was dried under 
vacuum, stored under N,, methylene chloride (150 ml) was 
distilled from P,O, onto tlie ylide, and freshly distilled ethyl 
fluorosulphonate (6.1 g, 0.047 mol) added. The flask was 
sealed under N, and stored a t  ambient temperature. All the 
suspended ylide dissolved during 2 h and tlie mixture, which 
was originally orange, became pale yellow. After 7 days 
the solvent was removed a t  35 "C and the residual yellow 
syrup was triturated ( x 3) with dry dimethyl ether a t  -40 
"C. The resultant white crystalline solid was dried under 
vacuum (0.01 Torr) a t  26 "C for 4 h to give 15.7 g (99%) 
of l-ett~oxycarbonyl-2,2-diethox~~vz'n;yl-N-pyridinium fzuoro- 
sulphonate (1 l a )  as white needles, m.p. 83-86 "C. Attempts 
to iecrystallise 'the product resulted in extensive hydrolysis 
and satisfactory analyses were not obtained, apparently hue  
to partial hydrolysis; SH (CDCl,) 8.85 (2 H, d, J 5.6 Hz, ct- 
H),  8.63(1H,m1y-H) ,8 .16(2H,rn,p-H) ,4 .71  [ 2 H , q ,  J7.0 
Hz, (E)-OCH,CH3], 4.27 (2 H, q, J 7.0 Hz, CO,CH,CH,), 
4.20 [2 H, q, J 7.0 Hz, (Z)-OCH,CHJ, 1.54 [3 H, t, J 7.0 Hz, 
(E)-OCH,CH,], 1.20 (3 H,  t, J 7.0 Hz, CO,CH,CH,), and 

The ylide (10; R = Et) (6.4 g, 0.0f7mol) was added to a 
solution of triethylosonium tetrafluoroborate (4.7 g, 0.085 
mol) in dry CH,Cl, (175 nil) and tlie solution was stirred 
a t  ambient temperature for 7 days. 'The solvcwt was then 
removed under vacuuni (0.01 Torr) a t  45 *C aiicl the pale 
orange syrup was triturated with dry dietliyl etlier in a dry 
box. The yellow solid which precipitated was filtered off, 
washed with ether, and dried under vacuum (0.01 Torr, 25 
"C). An aqueous solution (ca. 0 . 5 ~ )  of the crude product 
when cooled to 4 "C gave 4.7 g (540/,) of N-(l-ethoxycarbonyl- 
2,2-diethoxyvinyZ)pyridinium tetrafluoroborate (1 1 b)as colour- 
less needles, m.p. 91.5-92.5 "C (Found: C, 47.0; HI  5 .8 ;  N, 
3.9. C1,H,,BF4N0, requires C, 47.6; H ,  5.7; N, 4.0%); 
vlllaX. (KBr disc) 1 705 G O )  and 1 630 cn- l  (C=C) ; (H,O) 
249 (log E 4.23) and 300 nni (shoulder); SH (CDCl,) 8.77 

m, P-H), 4.70 [2 H, q, J 7.0 Hz, (E)-OCH,CH,], 4.27 (2 HI q, 

1.16 [3 H, t, J 7.0 Hz, (Z)-OCH,CH,]. 

(2 H,  dd, J 4.5, 1.5 Hz, ct-H), 8.61 (1 H ,  111, y-H), 8.12 (2 H, 

J 7.0 Hz, CO,CH,CH,), 4.19 [ a  H, 4, J 7.OHz, (Z)-OCII,CHJ, 
1.53 [3 H ,  t, J 7.0 Hz, (E)-OCH,CHJ, 1.20 (3 H ,  t, J 7.0 Hz, 
CO,CH,CH,), and 1.15 [3 H, t, J 7.0 Hz (2)-OCH,CH,]. 

Reactions of Keten A cetals with Organophosphorus Acids 
and Acid anions.-Typical results are reported below. 

(1) With acids in aprotic media. A solution of O-ethyl 
methylphosphonodithioic acid (2 nil, 0 . 5 ~ )  in CHCl, was 
added to  a CDCl, solution of (7a) (2 ml, 0 . 5 ~ )  and the mix- 
ture was stirred at ambient temperature for two days before 
analysis by 31P n.m.r. Calibratiori curves were set up for 
each phosphorus ester produced using authentic samples of 
the esters and either triethyl phosphate or O-ethyl O-methyl 
methylphosphonate as standards and constructing graphs 
of molar ratios vs. peak height ratios. 

A solution of 
( l l a ;  R = Et) (0.73 g, 2 x 10 -3 mol) in dimethyl sulphox- 
ide (5  ml) was added to a solution of sodium O-ethyl methyl- 
phosphonate (0.29 g, 2 x 10-3 mol) in methanol-dimethyl 
sulphoxide (2 : 3) (5 ml) and the mixture was sealed in a 

(2) With acid anions in non-aqueous media. 

Reacti Vial and stored a t  a temperature between 25 and 
40 "C for 4 days before analysis by 31P n.m.r. 

A 
solution of cyanoketen dimethyl acetal (0.34 g, 3 x lo-, 
mol) in acetonitrile (2 ml) was added rapidly to  a solution 
of ammonium O-ethyl methylphosphonothionothiolate (0.52 
g, 3 x lo-, mol) in phosphate buffer (8 ml) a t  pH 7.2 and 
was maintained a t  31.4 "C for 24 h before analysis by 31P 

n.1ii.r. (examination by U.V. spectroscopy revealed that the 
Iceten acetal liad disappeared completely after 8 h). 

(4) With acid anions under emulsion conditions. A 
solutioii o f  cyanoketen diinethyl acetal (0.85 g, 7.5 x 
mol) in dry benzene (5 nil) was slialtcn vigorously with a 
solution of aiiimoiiiuiii O-ethyl metliylpliosplionate (1.06 g, 
7.5 x mol) in water (20 nil, pH 8.8) for about 30 s 
before the mixture was emulsified by three passes through 
the emulsifier. The resultant emulsion, of mean droplet 
size cu.  1.5pm, was stirred magnetically a t  20 "C in a sealed 
bottle for 24 11. A sample (1 ml) of the emulsion was 
witlidrawii and diluted with acctone (2 nil) to  give a homo- 
geneous solution which was analysed by 31P n.ii1.r. 

(5) WitJi acid anions under pliuse-transfer conditions. A 
solution of  ( l l a ,  I< = Et)  (0.66 g, 1.8 x mol) in CH,Cl, 
(10 nil) was added over 15 s to ;I rapidly stirred solution of 
sodium O-ethyl metliylyliosplionothionothiolate (0.7 1 g, 
4 x niol) i n  water (10 ml, pH 8.9) containing cetyltri- 
nietliyla~iiinoriiuni broiiiide (0.15 g, 4 x 10 mol) and thc 
inisture was stirrcrl magnetically a t  cu. 500 r.p.in. a t  20 "C 
€or tlirce days in a scaled bottle. 'I'he iiiisture was then 
allowed to settle and 0.5 nil of cacli layer was carefully 
reiiiovetl by pipctie, diluted with nietlianol, and the homo- 
gencous solutions were analysed by 311' n.1n.r. 

(3) With acid anions in aqueous media at pH 7.2. 
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