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Reactions of Carbonyl Compounds with Tervalent Phosphorus Reagents. 
Part V1.l Benzoate Esters and Halogenophosphines 
By Norman J. De'ath, S. Trevor McNeilly, and J. Allen Miller," Chemistry Department, The University, 

Dundee DDI 4HN 

Chloro(di-t-butyl) phosphine reacts with alkyl benzoates to give phosphine oxides, alkyl chlorides, and aroyl 
chlorides. Kinetic and other evidence is presented for a mechanism involving rate-determining, competing nucleo- 
philic attack by the phosphine at the alkyl and carbonyl carbon atoms of the esters. Reactions of methyl diphenyl- 
phosphinite with benzoyl and acetyl chlorides are discussed, and the products are related to addition reactions of 
acyldiphenylphosphine oxides. 

ALKYL benzoates (la and b) have previously been shown 
to be dealkylated on heating with chlorodiphenyl- 
phosphine (2a), to give an alkyldiphenylphosphine oxide 
(3), an aroyl chloride (4), and an alkyl chloride 
The isolation of benzoyl chloride and the oxide (3a or b) 
in similar yields was taken as evidence that they were 
both formed by initial attack at the alkyl group of (la 
or b) by chlorodiphenylphosphine (2a) (path a in 
Scheme 1);  the alkyl chloride (5) was believed to result 
from attack by (2a) a t  the carbonyl group of the ester 
(path b). 

However, distinction between the pathways shown in 
Scheme 1, and other reasonable alternatives such as 
rate-determining nucleophilic attack by an ester (1) on 
a halogenophosphine (2), was tentative, and partly 
based on the fact that the ester (lc) reacted twice as 
rapidly as the ester (la).2 Another unsatisfactory 
feature of the earlier work was that aroyldiphenyl- 
phosphine oxides (6) were never isolated from these 
reactions, despite the fact that the overall stoicheio- 
metry of the dealkylations suggested that they were 
formed2 This paper is concerned with both these 
aspects of the previous work, and describes dealkylation 
reactions with chloro(di-t-buty1)phosphine (Zb), and 
attempts to prepare benzoyldiphenylphosphine oxide 

Chloro(di-t-buty1)phosphine (2b) was found to  react 
(64  * 

Part V, J. A. Miller and R i .  J .  Nunn, J.C.S. Pcrkh  I ,  1976, 
535. 

with methyl benzoate (la) a t  180 "C over 30 h, and to 
form products analogous to  those observed for (la) 
and (2a) at 180 "C. The isolated yields of benzoyl 
chloride (54%) and di-t-but yl(met hy1)phosphine oxide 
(3c) (57%) were similar, and methyl chloride (5a) was 
detected in lesser amounts (37%), along with traces of 
isobutene. Thus whereas chlorodiphenylphosphine (2a) 
showed a preference for attack at  the carbonyl group of 
(la), the more hindered chloro(di-t-buty1)phosphine (2b) 
reacted more slowly and predominantly a t  the methyl 
?PUP- 

When these studies were extended to benzyl benzoate 
(lc), the picture was less clear, since the major product 
was dibenzyl-(t-buty1)phosphine oxide (7) [64% based 
on ester (lc)], and benzoyl chloride (38%) and a small 
yield of benzyl(di-t-buty1)phosphine oxide (3d) were also 
isolated. Clearly two benzyl groups had been added to 
the phosphorus of (Zb), and the ' missing ' t-butyl group 
was accounted for by the formation oi isobutene (52%). 
It seems likely that the loss of isobutene occurs from a 
phosphonium intermediate, and there is precedent €or 
this3 Phosphonium intermediates have been described 
previously in halogenophosphine-ester reactions,2 and 
the isobutene loss might occur from a salt such as (8), 
giving benzylchloro-(t-buty1)phosphine (9), which could 
be benzylated by further reaction with the starting 
benzyl ester (Scheme 2). It is not possible, however, to 

a S. T. McNeilly and J. A. Miller, J .  Ckem. SOC. (C), 1971, 

A. P. Stewart and S. Trippett, J .  CJzcat. SOC. (C), 1970, 1263. 
3007. 
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rule out other benzylating species, such as benzyl 
chloride, which might be available during the reaction. 
At no stage of the reaction was benzyl chloride detected, 
but this may simply mean that the carbonyl-attack 

yields roughly the same as those found for (la). An 
equimolar mixture of (la), (lc), and (2b) was then 
pyrolysed at  180 “C in a sealed n.m.r. tube, and the 
gradual loss of the ester methoxy-absorptions was 

CL path  a +/ 
+ OR’ - 

R2P, \path b 
R2PCl + AtCO?R‘,-- 

COAr 
(2) 111 

Cl 

a; R=Ph ajAr=Ph,RLMe 
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R P  C l  * ‘COAr ‘CCOAr 

(10) 

0 .1 If Rkl + ArCOPF?, 
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b j R( CH,P h 

a; R = Ph , Ar-P h 

SCHEME 1 

pathway was not favoured, as might be expected if the 
trend observed for (2a) applies to (2b). 

BUiPCl f PhCOjCH2Ph 

(2bJ ( I b )  

11 
0 0 

BUi;<cL f 6!Ph _I, BuiPCH2Ph II t PhCOCl CH,Ph 

( 3d ! 

C l  

\C  H,Ph 
82P’ + CHFCMe2 + PhC02H 

(91 

82P’LL + CHFCMe2 + PhC02H 
\C H,Ph 

(91 

( 7 )  
SCHEME 2 

Dealkylation of methyl P-cyanobenzoate (lc) by 
chloro(di-t-buty1)phosphine (2b) was then studied, and 
shown to give methyl(di-t-buty1)phosphine oxide (3c) 
and 9-cyanobenzoyl chloride (4b) as main products, in 

0 
i l  

R,PR’ 4- ArCOCl 

(31 (41 
a;RLMe,R=Ph a; Ar=Ph 
b; RiCqPh,R=Ph b; Ar=4-CN*sHL 

d; R k H  Ph,R=E3ut 
C ;  R / - M ~  R= BJ 

followed. On completion of the reaction, methyl 
benzoate (la) was found to have reacted relatively little 
(8%) whereas methyl p-cyanobenzoate (lc) was almost 
wholly consumed (94% reacted). This competitive 
experiment confirmed the rate-enhancing effect of the 
+-cyano-group, and the likely electrophilic role of the 
esters in the rate-determining step of these dealkylations. 

Since our previous study of these dealkylations it has 
been suggested4 that both sets of products could have 
been formed by chloride ion attack on two different 
centres in the intermediate (lo), as in Scheme 3. While 
the work described above allows one to rule out path- 
ways involving electrophilic phosphorus in the rate- 
determining step, it does not provide any evidence 
against Scheme 3. However it seemed to us that an 

( 5 1  + ( 6 )  
OR alkyl , 

Ph2PCl t PhC02R + Ph ;’ 
+cl-2 attack 

(101 

car bony1 
attack 

0 II -1 
Ph,PR Jheat Ph2POR + PhCOCl 

( 3 )  (11) 
a; R=Me 

SCHEME 3 

alkyl phosphinite (ll), formed from (lo), would be 
likely to react with benzoyl chloride before it isomerised, 

B. J. Walker in ‘Organophosphorus Chemistry,’ ed. S. 
Trippett, Chem. SOC. Specialist Periodical Report, 1970, vol. 2, 
p. 74. 

b; R=CH,Ph 
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a necessary step to explain the formation of an alkyl- 
diphenylphosphine oxide (3). 

We therefore examined the reaction of methyl di- 
phenylphosphinite (1 la) with benzoyl chloride (4a) and 
found it to be extremely vigorous, even at 0 "C, with or 
without solvent. The initial reaction released copious 
amounts of methyl chloride (5a) almost instantaneously, 
and a red-orange colouration was observed. When the 
reaction was performed under nitrogen in the absence 4 
of solvent, this colouration persisted as long as the 
mixture was undisturbed, and an i.r. spectrum showed a 
band at 1650 cm-l. This was presumably due to 
benzoyldiphenylphosphine oxide (6a), * formed as shown 
in Scheme 4. Addition of solvent, such as dry ether, to 
the red mixture resulted in rapid loss of colour, until the 
mixture was a very pale cream colour, by which time a 
copious white precipitate had formed. This was shown 
to consist of a mixture of [w- (dipheny1phosphinyloxy)- 
benzyl]diphenylphosphine oxide (12) and [a-benzoyl-a- 
(diphenylphosphinyloxy) benzylldiphenylphosphine 
oxide (13), both of which have been described.6 The 
isolation of oxides such as (12) from attempted prepar- 
ations of acyldiphenylphosphine oxides has been ob- 
served several t i r n e ~ , ~ - ~  and their formation is believed *,9 

to result from reaction of adventitious water with the 
acylphosphine oxide, to produce diphenylphosphine 
oxide (14), which then adds to the carbonyl group of the 
acylphosphine oxide. However a recent study5 of the 

MeOPPh MeCl (5a) 0 0 
I I  II  

(Ila) --+ + 0 Ph,POC H(Ph)P Ph, 

(12) 
l l  + PhCOCl PhCOP Ph, ( 6a) 

+ 
0 0 
ii il 

Ph,PO CIPhIPPh, 

COPh 
I 

(13) 
SCHEME 4 

deliberate hydrolysis of the oxide (6a) indicates that the 
oxygen of water attacks not at phosphorus but at the 
carbonyl carbon atom in (6a). Thus the origin of the 
second phosphorus group in the oxides (12) and (13) is 
not clear, and the problem appears to require further 
study. 

The related reaction of methyl diphenylphosphinite 
(l la)  with acetyl chloride was found to take a similar 
course. The main products were the oxides (15) and 
(17), which have been described,* and n.m.r. evidence 
was obtained that the oxide (16) was also formed, 

This work 
was published after our study was completed, and describes an 
essentially identical route to benzoyldiphenylphosphine oxide. 

C .  Brown, R. F. Hudson, and R. G. Searle, Phosphorus, 1973, 
2, 287. 

* This oxide has been described, but not isolated.5 

R. S. Davidson, R. A. Sheldon, and S. Trippett, J .  Chem. 
SOC. (Cl. 1967. 1647. 

K: Issleib and E. Priebe, Chem. Ber., 2969, 92, 3183. 
* R. S. Davidson, R. A. Sheldon, and S. Trippett, J. Chem. 

Soc. (C), 1968, 1700. 

although we were not able to separate (15) and (1.6). 
Once again these products seem to have arisen by further 

0 0 
I t  II 

Ph2POCH(Me)PPh2 
0 (15) 

/ 0, Me OPPh, MeCl (5a)  II * P l P H  + jPh2~~CIMe)0.COMe 
(lla) I__, + 

(16) 0 
II n 

-MeCOC1 

Ph2PCOMe (18) ii 
-k ( Ph,P ) C(Me)OH 

2 
(171 

reaction of an acylphosphine oxide, in this case acetyl- 
diphenylphosphine oxide (18). These observations sug- 
gest that the reactivity of a-oxo-phosphoryl compounds 
is greatest for the diphenylphosphine oxides, such as 
(6a) and (IS), since the corresponding dialkylphosphine 
oxides are isolable, as are the related phosphonates.ll 

These experiments are significant on two counts to the 
results of the ester dealkylations discussed above. First 
they demonstrate the great reactivity of benzoyldi- 
phenylphosphine oxide (6a), and suggest that its isolation 
from reactions at 180 "C would be most unlikely. 
Furthermore, in the presence of benzoyl chloride, the 
alkyl diphenylphosphinites, e.g. (1 la), would probably 
not survive long enough to be isomerized to alkyl- 
diphenylphosphine oxides (3). Isomerizations of this 
type are well known,12 but usually require more vigorous 
conditions than do the acylation reactions of phos- 
phinites described above. On balance, it would seem 
that Scheme 3 is unlikely to be the route to the main 
products of the benzoate dealkylations, and that the 
sequence shown in Scheme 1 still provides the best 
available rationalisation of the kinetic and structure- 
reactivity data discussed in this and earlier papers2 

EXPERIMENTAL 
1.r. spectra were recorded on a Perkin-Elmer 137 spectro- 

meter, and n.m.r. spectra on a Perkin-Elmer R-10 spectro- 
meter. The benzoates, either purchased or synthesized by 
standard methods, were redistilled before use, as was 
chlorodiphenylphosphine. The phosphine oxides were 
purified by column chromatography on silica gel (May and 
Baker) and identified by comparison with samples prepared 
independently. Chloro(di-t-buty1)phosphine l3 and methyl 
diphenylphosphinite 6 were made by standard methods and 
stored under nitrogen. All reactions were performed in dry 
conditions, under nitrogen. 

Reaction of ChZoro(di-t-butyl)phos$hine (2b) with Methyl 
Benzoate.-Chloro(di-t-buty1)phosphine (3.6 g, 2 x 
mol) and methyl benzoate (2.72 g, 2 x 10-2 mol) were 

E. Lindner, H. D. Ebert, and P. Junkes, Chem. Ber., 1970, 
103,1364. 

lo Y. Ogata and H. Tomioka, J .  Org. Chew., 1970, 35, 696. 
11 K. Sasse, in ' Methoden der Organischen Chemie ' (Houben- 

Weyl), Thieme, Verlag, Stuttgart, 1963, vol. 12/!, p. 464. 
These have been reviewed by V. Mark, in Mechanisms of 

Molecular Migrations,' ed. B. S. Thyagarajan, Wiley-Interscience, 
p w  York, 1969; and by L. A. vamilton and P. S. Landis in 

Organic Phosphorus Compounds, ed. G. M. Kosolapoff and L. 
Maier, Wiley-Interscience, New York, 1972, vol. 4, p. 491. 

l3 W. Voskuil and J. F. Arens, Org. Synth.. 1968, 48, 47. 
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sealed in a dry Carius tube under nitrogen and the tube was 
heated at  180 "C for 48 h. Fractional distillation of the 
residue yielded benzoyl chloride (1.5 g ,  54%), b.p. 40-43 "C 
at 1.5 mmHg, identified by its i.r. spectrum, and di-t- 
butyl(methy1)phosphine oxide (3c) (2.0 g, 57%), b.p. 74- 
75 "C at 1.5 mmHg; z 8.65 (3 H, d, J 10 Hz, MeP) and 
8.72 (18 H, d, J 13.5 Hz, ButP). A sample of (3c), prepared 
by treatment of (2b) with methyl-lithium, then hydrogen 
peroxide, gave identical data. 

When the same reaction (1 x lo-, mol scale) was repeated 
in a sealed n.m.r. tube, it was found that all the methyl 
benzoate had reacted after 30 h. As the contents of the 
tube were cooled to 0 "C, a strong signal a t  z 7.2 (s) for 
methyl chloride was observed, along with a small ab- 
sorption for isobutene (7 5.3 and 8.3). Both absorptions 
disappeared when the tube was opened and left in the 
n.m.r. preheater for 1 h. The weight loss due to evapor- 
ation of the methyl chloride (18 mg) was compatible with 
an estimate of the methyl chloride yield (37%) by n.m.r. 
integration. The signal assignments for methyl chloride 
and isobutene were checked by careful addition of each 
gas to the opened n.m.r. tube a t  0 "C. 

Reaction of Chloro (di-t-buty2)phosphine (2b) with Benzyt 
Bemode.-This experiment was carried out as above (scale 
2 x 10-2 mol) a t  180 "C. The n.m.r. spectrum of the crude 
product showed that no ester remained, and the most 
notable features were absorptions at z 6.70 and 6.80 (each 
d, each J 11 Hz). Distillation yielded benzoyl chloride, 
b.p. 62-65 "C at  6 mmHg (0.95 g, 38y0), identified by its 
i.r. spectrum. 

The residue was chromatographed with ether as solvent. 
Early fractions were traces of red oily material, but 
methanol-ether (1 : 50) eluted a series of fractions which 
contained varying proportions of the materials responsible 
for the 7 6.7-6.8 absorptions. These were separated by 
fractional crystallization from petroleum (b.p. 60-80 "C), 
since the major component was much less soluble than the 
minor one. The insoluble material was identified as 
dibenzyl-(t-buty1)phosphine oxide (1.8 g, 64% based on the 
benzyl ester), m.p. 156-158 "C (lit.,3 159-162 "C), T 2.70 
(10 H, s), 6.95 (4 H, d, J 12 Hz), and 8.9 (9 H, d, J 14 Hz). 
The mother liquor yielded, after further recrystallization 
from petroleum (b.p. 60-80 "C), benzyl(di-t-buty1)- 
phosphine oxide (55 mg, 1.3y0), m.p. 110-113 "C (lit.,3 
115-117 "C), z 2.7 (5 H, s) ,  6.88 (2 H, d, J 11 Hz), and 
8.8 (18 H, d, J 14 Hz). 

Repetition of this experiment in a sealed n.m.r. tube 
(scale 1 x mol) revealed that reaction was complete in 
40 h, and that isobutene (52%) was a component of the 
product mixture. The isobutene was identified as in the 
previous experiment, and the yield calculated and checked 
similarly-it is quoted on the basis that 1 in01 of chloro- 
(di-t-buty1)phosphine can give 1 mol of isobutene. 

Reaction of Methyl p-Cyanobenzoate with Chloro(di-t-buty1)- 
phosphine. This was carried out exactly as for the corre- 
sponding reaction of methyl benzoate. Distillation yielded 
p-cyanobenzoyl chloride ( 1.7 g, 5 1 yo), and methyldi-t- 
butylphosphine oxide (2.1 g, 60%). Analysis of an n.m.r. 
tube reaction (scale mol) revealed that methyl chloridc 
(30%) and isobutene (7%) were also formed. 

In a further experiment, chloro(di-t-buty1)phosphine 
(0.180 g, 10-3 mol), methyl benzoate (0.136 g, low3 mol), and 
methyl P-cyanobenzoate (0.161 g, lo-, mol) were sealed 
under nitrogen in an n.m.r. tube. The methoxy-absorp- 
tions of the esters were distinguishable a t  z 6.10 and 6.17 

J.C.S. Perkin I 
(methyl benzoate) and the results of integration [comparison 
with the t-butyl absorptions (z 8.85)] were as expected. 
The mixture was heated for 28 h at 190 OC, a t  which time 
the ester methoxy-signals had ceased to decline. Inte- 
gration (comparison with the aromatic signals) showed that 
reaction had resulted in loss of methyl benzoate (8%) to a 
much lesser extent than methyl p-cyanobenzoate (94y0), 
and that methyldi-t-butylphosphine oxide (76%) and 
methyl chloride (20%) were the major products. Traces of 
isobutene were also detected by n.m.r. (in yields below 6%). 

Reactions between Methyl Diphenylphosphinite and Benzoy l 
Ch1wide.-(a) With no solvent. Benzoyl chloride (1.4 g, 
0.01 mol) was added dropwise to methyl diphenylphos- 
phinite (2.16 g ,  0.01 mol) stirred under nitrogen a t  0 "C. 
A rapid and vigorous exothermic reaction occurred, with 
simultaneous development of a strong red colour in the 
mixture and evolution of methyl chloride. Analysis by 
i.r. showed complete loss of the G O  absorption due to 
benzoyl chloride, and an intense new band at 1650 cm-l. 
The thick oily product could not be induced to form 
crystals, but its colour and consistency did not alter with 
time. When the oil was triturated with ether (anhydrous 
or otherwise) the colour faded, first to yellow, then to off- 
white, and a copious crystalline precipitate was formed. 
T.1.c. in ether-ethanol (25:  1) indicated that two com- 
ponents were present, with similar RF values. The mixture 
was then chromatographed on silica in benzene-chloroform 
( 4 :  l), and a white crystalline solid was eluted with this 
solvent. After two recrystallizations from ethanol-benzene 
(1  : l),  this solid was identified as a-benzoyl-w(dipheny1- 
phosphiny1oxy)benzyldiphenylphosphine oxide ( 13) ( 1 0 -  
20% yield), m.p. 208-210 "C (lit.,* 207-208 "C) (Found: 
C, 74.35; H, 5.0; P, 9.8. Calc. for C3,H,,0,P2: C, 74.5; 
H, 4.9; P, 10.1%); v,,(Nujol) 1680 ( G O ) ,  1268, 1245 
( F O ) ,  1200 and 1 192 ( P O ) ,  1 110, 1025, and 864 cm-l; 
m/e 612, 395, 217, 201, and 105. The 1H n.m.r. spectrum 
showed complex multiplets in the aromatic region. 

Further chromatography, with chloroform as solvent, 
yielded the second coniponent. After repeated crystalliz- 
ation from benzene-ether this was identified as [ct-(di- 
phenylphosphinyloxy) benzyl]diphenylphosphine oside ( 12) 
(32-40% yield), m.p. 199-200 "C (lit.,6 190-191 "C) 
(Found: C, 72.85; H, 5.35; P, 12.35. Calc. for C,,H,,O,P,: 
C, 73.2; H, 5.1; P, 12.2%); v,,(Nujol) 1 2 2 0  (ester 
P O ) ,  1205 (oxide P O ) ,  1135, 1118, 1015, 996, and 
840 cm-1; m/e 508, 307, 217, and 201; T 2.1-3.0 (25 H, m) 
and 3.7 (1 H, dd, JpH 11 and 2 Hz). 

In further similar experiments direct chromatography of 
the oily product yielded the same two oxides, (13) and 
(12). Attempted distillation of the crude oil in va.czc0 
resulted in gradual loss of colour and the collection of a 
pale yellow oily distillate. When dissolved in organic 
solvents this was found to consist of a mixture of (13) and 

When methyl diphenylphosphinite was added to either 
equimolar or five-fold excess amounts of benzoyl chloride, 
the same oxides were formed. The temperature did not 
appear to be critical, since the reaction a t  the reflux tem- 
perature of benzoyl chloride gave the same crude products. 

Benzoyl chloride (1.4 g ,  0.01 
mol) dissolved in sodium-dried ether was added dropwise 
to a stirred solution of methyl diphenylphosphinite (2.16 g, 
0.01 mol) in dry ether under nitrogen. A pale yellow 
colouration was observed during the addition, but this 
faded slowly, as a white precipitate formed. After stirring 

(12) (t.1.c.). 

(b) I n  organic solvents. 
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for a further 15 min, the mixture was filtered, and the 
residue (2.1 g)  found (t.1.c.) to consist of the oxides (13) and 
(12). Similar experiments a t  0 and -78 "C gave similar 
results. 

Reactiovz of Methyl DiphenyZphosphirnite with Acetyl 
CIdoride.-Acetyl chloride (1.70 g, 0.022 mol) was added 
dropwise to methyl diphenylphosphinite (4.32 g, 0.02 mol) 
stirred under nitrogen at 0 "C. The mixture rapidly turned 
yellow and methyl chloride was evolved steadily. The 
thick oily yellow product did not solidify on removal of 
unchanged acetyl chloride (traces) under nitrogen in 'uuczco, 
but was decolourized almost instantaneously on addition of 
ether, and white crystals were formed. The crystals were 
removed; t.1.c. [benzene-chloroform (5 : l)] showed three 
components, the more mobile two of which were only just 
resolved (other solvents failed to separate these com- 
pounds). Column chromatography on silica (same solvent) 
gave three main fractions. 

The first was an oil (0.4 g), identified as l-diphenyl- 
phosphinyl- 1-diphenylphosphinyloxyethane ( 15) ; * 7 2.0- 
3.1 (20 H, m), 3.5 (1 H, m), and 8.5 (3 H, dd, JHH 7, Jp= 
14 Hz); v- (film) 1235 and 1 200 cm-1 ( P O ) .  The 
second was also an oil (0.9 g),  tentatively identified as 
1,l-bisdiphenylphosphinylethyl acetate (16) ; 7 2.1-2.9 (m), 
7.85 (s, acetate), and 7.95 [t, J P H  15 Hz, MeC(O:P<)J. 
Despite repeated chromatography, this oil did not crystal- 
lize, probably owing to the presence of small amounts 
(<5% by n.m.r. and t.1.c.) of (15). The third component 
was 1,l-bisdiphenylphosphinylethanol (17). m.p. 159- 
160 "C (lit.,8 159-160 "C) (2.4 g); 7 2.0-3.1 (21 H, rn) 
and 8.5 (3 H, t, JPM@ 15 Hz); v,, (mull) 1212, 1 186, 
1 122, 1 115, 907, and 805 cm-l. 

We thank the S.R.C. for financial help and Mr. G. Ogg for 
technical assistance. 

[6/1746 Received, 11th September, 19751 


