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Reactions of Carbonyl Compounds with Tervalent Phosphorus Reagents. 
Part 12.1 Aromatic Aldehydes with Bromophosphines and Phosphorus 
Tr i - i od i de 

By Jacqui K. Michie, J. Allen Miller,* M. John Nunn, and Denis Stewart, Chemistry Department, The 
University, Dundee DD1 4HN, Scotland 

The reactions of aromatic aldehydes with phosphorus tribromide (4a), with phosphours tri-iodide (3), and with 
bromodiphenylphosphine (4b) have been investigated in detail. Both the trihalides react as electrophiles to 
produce high yields of the appropriate benzylidene dihalide. Thereafter, these reactions differ from each other 
and from that of phosphorus trichloride. Bromodiphenylphosphine (4b) reacts in biphilic fashion to produce 
(a-bromobenzy1)diphenylphosphine oxide (1 5). This oxide is readily dehalogenated under the reaction conditions 
and in model studies. Cyanodiphenylphosphine is unreactive towards benzaldehyde These halogenophosphine 
reactions confirm the generality of the trends first observed with chlorophosphines and that the nature of the other 
two ligands on phosphorus determines the mode of reaction with aldehydes. 

CHLOROPHOSPHINES and aldehydes are known to react 
under thermal conditions to give (a-chloroalky1)pho.s- 
phoryl compounds (l), as shown in equation (1). The re- 
action is a general one, but its course is largely dependent 
upon the nature of the phosphine. Thus, when the 
chlorophosphine is phosphorus trichloride (2a), the 
phosphorus role is that of an electrophilic ~ e n t r e , ~  but 
with chlorodiphenylphosphine (2b) and its alkyl 
analogues, the phosphorus atom is believed to act 
initially as an electron-pair donor.* 

heat 
R,PC1 + R'CHO v R,P(:O)CHClR' (1) 

(2) 
a ;  R =  C1 
b; R = P h  

This picture would lead one to speculate that these 
reactions might well apply to bromo- and iodo-phos- 
phines. However, literature on such systems is rather 
sparse and, to say the least, confusing. Thus phos- 
phorus tri-iodide (3) and formaldehyde were shown by 
Butlerov,6 in 1859, to produce di-iodomethane. How- 
ever, Conant et uL6 in 1923 stated that the tri-iodide (3) 
did not undergo reaction with benzaldehyde. On the 
other hand, phosphorus tribromide (4a) was shown, as 
part of a general study of aldehyde-phosphorus(iI1) 
halide reactions,' to produce a very low (7.6%) yield of 
bromomethylphosphonic dibromide (5)  when heated with 
paraformaldehyde. A subsequent report * that this 
reaction does not give compound (5 )  only adds to the 
confusion. At first sight, this suggests that benzalde- 
hyde might be the source of these inconsistencies, but 
this seemed unlikely in view of our previous experience 
of its facile reactivity and good yields of products of 
type (1). This situation encouraged us to look at  the 
reactivity, if any, of the phosphorus trihalides (3) and 
(4a) with benzaldehyde. Furthermore, in view of the 
lack of any literature on substituted phosphine deriv- 
atives, we decided to extend this study to bromodi- 
phenylphosphine (4b) and cyanodiphenylphosphine (6). 

R,PX BrCH,P( :O)Br, Ph,PCN 
(5 )  (6) (3) X = R = I  

(4) a ;  X = R = Br 
b; X = B r , R =  Ph 

Phosphorus Tribromide. -Phosphorus t ri bromide (4a) 
and benzaldehyde (1 mol equiv.) reacted steadily at 
20 "C under nitrogen until, after 24 h, all the aldehyde had 
been consumed. Since the lH n.m.r. spectrum of the 
mixture at this state showed only aromatic absorptions, 
the reaction was repeated using pentadeuteriobenzalde- 
hyde. This revealed that the aldehyde had been con- 
verted into a compound resonating at tjH 7.25 and that 
this accounted for more than 95% of the aldehyde. 

The product of this reaction is sensitive to moisture, 
benzaldehyde being regenerated by hydrolysis. Gentle 
heating of the main reaction resulted in the formation of 
benzylidene dibromide in nearly quantitative yield. We 
therefore deduce that the initial reaction product is bis- 
(a-bromobenzyl) ether (7), although it was too reactive 
to be isolated from this reaction. 

If the reaction mixture is then heated at 150 "C for 
several hours, the initially clean reaction becomes 
complex, several new, but weak, signals appearing in the 
lH n.m.r. spectrum, although benzylidene dibromide 
remains the predominant component in the mixture. 
The most important of the new absorptions was a 
broadened singlet (6H 5.45), but it never accounted for 
more than one-third of the mixture, despite considerable 
efforts to increase this fraction. Moreover, a hydrolytic 
work-up of the mixture led only to complete loss of this 
compound. 

It therefore appears that phosphorus tribromide (4a) 
and benzaldehyde react initially in exactly the same way 
as found with phosphorus trichloride (2a), i .e  v ia a bis- 
(a-ha1ogeno)benzyl ether (7) and a gem-dihalide, as 
shown in Scheme 1. A minor difference between com- 
pounds (2a) and (4a) is that the latter is somewhat more 
reactive. Once the gem-dihalide is formed, the systems 
are not comparable, since benzylidene dibromide is much 
more resistant to further reaction. If one makes the 
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( 4 4  (7) 

keat 

In view of the noticeably increased reactivity towards 
phosphorus trichloride displayed by p-methoxybenzalde- 
hyde relative to benzaldehyde, it seemed sensible to see 
how the former would react with phosphorus tribromide. 
Once again p-methoxybenzaldehyde is very reactive and 
was completely consumed within 1 h a t  20 "C. There is 
no sign of a bis-ether in this system and p-methoxy- 
benzylidene dibromide is the major product. The other 
product is obviously the analogue of compound (8),  but 
once again the conversion of the gem-dibromide was 
sluggish, being >40%. When the temperature was 
raised above 100 "C, evidence of demethylation of the 
ether function was apparent. 

Phosphorus Tri-iodide.-The results with phosphorus 
tribromide (4a) implied that phosphorus tri-iodide (3) 
might be even more reactive. This turned out to be the 
case, but was accompanied by an increased difficulty in 
controlling the course of the reaction and, more im- 
portant, of obtaining reproducible results. Since it was 
suspected that some of these difficulties were of a photo- 
chemical origin, most of our studies were undertaken in 
dark, oxygen-free conditions, in carbon disulphide as 
solvent, and were monitored by lH n.m.r. spectroscopy. 

In reactions where the molar ratio of aldehyde to 
compound (3) varied in the range 1-1.5 : 1, the aldehyde 
was fully consumed within 3 4  h at  20 "C. Two pro- 
ducts were always formed, although their relative 
amounts varied considerably. The major product was 
the previously unreported benzylidene di-iodide (lo), 
tSH 6.15(s). This was independently prepared by a 
recently developed heterogeneous halogen-exchange 
procedure [see equation (2)]. 

PhCHCl, + 2NaI 
FeCl I 

CS* 
__t 2NaC1 

The second product of the reaction of phosphorus tri- 
iodide (3) showed a doublet (aH 5.55, J 8.5 Hz) in its lH 
n.m.r. but was not isolated because of its sensitivity to 

both moisture and light. Its formation appeared to 
proceed via benzylidene di-iodide (lo), since the addition 
of more phosphorus tri-iodide (3) to the initial product 
mixture resulted in conversion of benzylidene di-iodide 
(10) into the unknown adduct. This conversion would 
seem to support the n.m.r. data, which suggests that the 
unknown compound has an a-iodobenzyl moiety linked 
to a phosphorus atom, but further speculation would 
seem unjustified in the absence of a pure sample. 

Attempts to use other aromatic aldehydes were of 
little help in resolving this structural problem. Thus 
p-nitrobenzaldehyde is unreactive towards the tri- 
iodide (3) a t  room temperature. On the other hand, p- 
methoxybenzaldehyde is more reactive than benzalde- 
hyde itself and rapidly forms an adduct which is clearly 
the analogue of the unknown compound discussed above. 
Once again we were unable to handle this type of com- 
pound. There was no evidence for the intermediacy of 
p-methoxybenzylidene di-iodide in this reaction, which 
therefore resembles that of compound (4a) with 9- 
methoxybenzaldehyde, in that an intermediate appears 
either to be omitted from the sequence or to be too 
reactive to be detected. Although these substituted 
aldehyde reactions were not helpful in the above aspect, 
they did at  least confirm the view that the phosphorus(r1r) 
halides all react initially as electron-pair acceptors in 
these systems. 

These complexities were compounded when a number 
of reactions of benzaldehyde with the tri-iodide (3) gave a 
different doublet ( 6 H  5.70, J 3.5 Hz) , as well as the singlet 
for benzylidene di-iodide. The former absorption was 
always of relatively lower intensity and it disappeared 
from the spectrum after prolonged stirring of the reaction 
mixture. Its formation was usually associated with 
reactions in which the tri-iodide (3) was added gradually 
to the aldehyde (inverse addition) and in which the rate 
of loss of the latter was very much slower than in the 
normal mode of addition. The transient nature of this 
unknown compound meant that we were unable to 
investigate it further. 

Despite gur inability to characterise the final product 
of the reactions of the tri-iodide (3) with aromatic alde- 
hydes, it does seem fairly clear that the phosphorus tri- 
halides initially display the same basic chemistry in these 
systems. In each case, the trihalide is an electrophilic 
reagent and, like other inorganic, non-metal halides,l* 
converts the aldehyde into the corresponding gem- 
dihalide, the reactivity of which determines the final 
outcome of the reaction. 

Bromodiphenylphosphine (4b) .-Our initial studies of 
the reaction between benzaldehyde and the phosphine 
(4b) revealed that several products were formed and that 
their preponderance at  any stage of the reaction was 
essentially dependent upon the initial reactant ratio 
and on the reaction temperature. Only when the 
phosphine (4b) was at least 60 mol yo of the starting 
mixture and only after heating the mixture to 100 "C for 
2 h was the aldehyde wholly consumed. Under these 
circumstances, the only observable (lH n.m.r.) products 
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1746 J.C.S. Perkin I 
were benzylidene dibromide and benzyldiphenylphos- 
phine oxide (11). These were formed in equal amounts 
and accounted for all the aldehyde initially present. 
Our subsequent efforts therefore centred on identifying 
the intermediates leading to benzylidene dibromide and 
the oxide (11) and on the sequence of reactions linking 
them together. 

Significant reactions were those in which 2 mol equiv. 
or more of benzaldehyde were used and lower temper- 
atures were maintained. Under these conditions, the 
initial loss of aldehyde (40% during 15 min) resulted in 
the development of new lH n.m.r. signals, a t  8H 6.89 (s) 
and 6.19 (d, J 7.5), of equal intensity. These were 
rapidly followed by the appearance of another singlet 
(aH 6.72) and another doublet (8H 5.14, J 8.5 Hz), their 
formation clearly being linked to the gradual loss of the 
first new absorptions. T.1.c. and careful n.m.r. signal 
augmentation studies confirmed that the secondary inter- 
mediates were benzylidene dibromide and bis-[ (a- 
diphenylphosphinoyl) benzyl] ether (12). 

Subsequent warming of the reaction mixture resulted 
in the loss of the absorptions due to the ether (12) and 
the gradual increase in singlet ( 6 ~  6.13), and doublet (6H 

3.76, J 14 Hz) absorptions. The latter was due to 
benzyldiphenylphosphine oxide (1 1) which was usually 
present in amounts equal to benzylidene dibromide in 
the final product. 

The sequence of intermediates clearly reflects a com- 
plex reaction pathway, the key to which would seem to 
be the bis-oxide ( I  2), previously isolated 11s4 from reac- 
tions of chlorodiphenylphosphine (2b) with benzalde- 
hyde. Its presence suggests a close analogy between the 
reactions of compounds (2b) and (4b) and that the 
initial absorptions were due to a-bromobenzyl a-[a- 
(diphenylphosphinoyl) benzyl] ether (13). These com- 
pare well with those of the a-chlorobenzyl analogue 
(17), which shows 8~ 6.6 ( s )  and 6.1 (d, J 7.5 H z ) . ~  
Completion of the analogy suggested that the decom- 
position of the ether (12) leads to (a-bromobenzy1)- 
diphenylphosphine oxide (15), responsible for the singlet 
a t  aH 6.13. 

Ph,PBr Ph,P(:O).CHPh.OCHBrPh + 
(41)) (13) 

[Ph,P(:O)*CHPh],O 
(12) + 

PhCHBr, 

Ph,P(:O)H + Ph,P(:O)CHBrPh + PhCHO 
(15) 

Y 
(16) J 

Jheat 
Ph,P(:O)Br + Ph,P(:O).CH,Ph 

(14) (11) 
SCHEME 2 

This was confirmed by an independent synthesis of the 
oxide (15), by bromination of the anion of benzyldi- 
phenylphosphine oxide (1 l ) ,  as shown in equation (3). 

Ph,P(:O) *CHPh*O*CHClPh 
(17) 

In our hands this route is superior to that using the oxide 
(1 1) and N-bromosuccinimide.12 The benzylic proton of 
compound (15) appears as a broad singlet. The form- 

(16) 
(15) + (11) + (14) 

(11) 
JMeoH (4h) CHCI, 

Ph,P( :O)OMe 
+ 

SCHEME 3 

ation of the oxide (15) suggests that this is the source of 
the oxide (11) in the benzaldehyde reaction. We have 
shown that this reductive dehalogenation can be 
achieved using either compound (4b) or diphenylphos- 
phine oxide (16), as in Scheme 3. In the former reaction 
a proton source is required and this is believed to be the 
chloroform solvent used in the conversion. The latter 
reaction should, to retain stoicheiometry, also produce 
diphenylphosphinic bromide (14), and this was con- 
firmed by quenching the reaction with methanol. 

i, MeLi 

11, Br, 
Ph,P(:O)CH,Ph Ph,P(:O)CHBrPh (3) 

(15) (11) 
We suggest that the overall sequence of reactions 

leading to benzyldiphenylphosphine oxide (10) is that 
depicted in Scheme 2. This Scheme is not only com- 
patible with all the data described above, but also 
emphasises the relationship between the reactions of 
compounds (2b) and (4b) with benzaldehyde. The 
sequence depends upon the presence of traces of hydrogen 
bromide, presumably formed as a result of moisture in 
the system, capable of cleaving the benzylic-ether linkage 
in compound (12) a t  high temperatures. The final 
stage is unique to the reaction of the bromide (4b), but 
the electrophilic behaviour of bromine in the oxide (15), 
not observed for the chlorine in (a-chlorobenzy1)diphenyl- 
phosphine oxide (9), is in keeping with the known ability 
of phosphorus(rI1) reagents to attack higher halogens 
more readily than ch10rine.l~ 

A further aspect of this reaction is that the bromo- 
ether (12) seems to be one diastereoisomer only as, 
indeed, was the chloro-ether ana l~gue .~  This suggests 
that the reaction of compound (4b) may also occur via 
a phosphorane, (18), to give the bromo-ether (13). 
Attempts to react cyanodiphenylphosphine (6) with 
benzaldehyde failed, even after prolonged heating. 

O O  1 
Ph. I 
Ph Op<ph I 

Br 

(18 )  

Conclztsions. -These studies demonstrate that the 
phosphorus( 111) halide-aldehyde reaction is indeed a 
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general one and not restricted to phosphorus chlorides. 
It is also clear, however, that the ease with which the 
expected products (1) may be prepared is dependent 
upon the properties of intermediate halogeno-ethers or 
gem-dihalides, as with compounds (2a), (3), and (4a), or 
upon the stability of the products (1) under the reaction 
conditions, as with compound (4b). The basic modes of 
reaction in these systems are not, in the first instance, 
related to the nature of the halogen in the phosphorus(Ir1) 
reagent, but are controlled by the nature of the other two 
ligands on phosphorus. Thus the present results con- 
firm that the trihalides all react initially via electro- 
philic phosphorus, whereas the monohalogenophosphines, 
like (2b) and (4b), prefer a pathway in which the phos- 
phorus displays biphilic properties. 

EXPERIMENTAL 

All experiments were conducted in dry solvents and in 
a dry nitrogen atmosphere. Where indicated, reaction 
vessels were completely enclosed in heavy aluminium foil. 
Aldehydes were purified before use and all the halogeno- 
phosphines were redistilled as required or recrystallized. 
Brom~diphenylphosphine,~~ cyanodiphenylpho~phine,~~ and 
phosphorus tri-iodide l6 were prepared by standard methods. 
All 1H n.m.r. spectra were determined for solutions in deu- 
teriochloroform using tetramethylsilane as internal standard, 
unless otherwise stated, and using a Perkin-Elmer R-10 
instrument. 

Reaction of Phosphmus Tribromide with Benzaldehyde .- 
Phosphorus tribromide (2.71 g, 10 mmol) was added to 
benzaldehyde (1.06 g, 10 mmol) under nitrogen a t  0 "C. 
The mixture was allowed to come to room temperature and 
was then stirred for 30 h. During this period, analysis by 
lH n.m.r. revealed the steady loss of the benzaldehyde (con- 
sumed after 24 h), but no new non-aromatic resonances 
appeared. The mixture was then heated to 60 "C and during 
the next 2 h the formation of a new signal a t  8~ 6.63 (s) was 
observed. Careful signal augmentation and t.1.c. studies 
suggested that this was due to benzylidene dibromide. 
This signal remained the only non-aromatic one observable 
as the temperature was slowly increased to 140 "C. After 
12 h at 140 OC, some benzylidene dibromide had been con- 
sumed, and new, weaker signals appeared a t  8 8  5.45 (br s), 
5,62 (d, J 7 Hz), and 4.43 (s). The first of these new signals 
was by far the strongest and i t  was shown by t.1.c. and by 
1i.m.r. signal augmentation that it was not due to meso- 
stilbene dibromide, ( f)-stilbene dibromide, or to 1,l- 
diphenylethene. The peak at 6 4.43 coincided with benzyl- 
idene dibromide. When the crude reaction product was 
dissolved in ether, washed with water, dried over magnesium 
sulphate, and the solvent removed, an oil was obtained. 
Distillation of this yielded benzylidene dibromide, b.p. 
122-125 "C a t  20 mmHg (lit.,17 156 "C a t  23 mmHg), 
identified by its i.r. spectrum, which was indistinguishable 
from a pure sample. 

When benzaldehyde (10.6 g, 0.1 mol) and phosphorus tri- 
bromide (27.1 g, 0.1 mol) were stirred a t  20 "C in a further 
experiment, all the aldehyde was consumed after 32 h 
although no benzylidene dibromide had been formed. The 
mixture was then poured into water-ether (250 ml each) and 
stirred vigorously for 15 min. Upon work-up of the ether 
layer benzaldehyde (9.5 g) was recovered. 

Reaction of Phosphorus Tribromide with Pentadeuterio- 

benzaldehyde.-Phosphorus tribromide (0.55 g, 2 mmol) and 
pentadeuteriobenzaldehyde l8 (0.22 g, 2 mmol) were dis- 
solved in deuteriochloroform (0.3 ml) containing tetra- 
methylsilane. The tube was sealed under nitrogen and 
left a t  room temperature for 5 d. During this time most 
(ca. 96%) of the aldehyde was slowly consumed and the 
only new signal was a t  6~ 7.35 (s) in the n.m.r. spectrum of 
the mixture. Prolonged gentle heating resulted in the 
gradual loss of this new signal, which was ultimately com- 
pletely replaced by that due to pentadeuteriobenzylidene 
dibromide, 8~ 6.66 (s). 

Reaction of Phosphorus Tribromide with p-Methoxybenz- 
aldehyde.-Phosphorus tribromide (2.71 g, 10 mmol) and p -  
methoxybenzaldehyde (1.36 g, 10 mmol) were mixed under 
nitrogen in a flask cooled externally a t  -10 "C. The tem- 
perature of the mixture was allowed to come to 20 "C during 
ca. 30 min and 1H n.m.r. analysis revealed that cu. 20% of 
the aldehyde remained. The major signals were a t  BH 7.46 
(2 H) and 6.76 (2 H) for a double doublet ( J  9 Hz), 6.44 (1 H, 
s, CHBr,), and 3.7 (3 H, s, OMe), and were fully augmented 
by a sample of p-methoxybenzylidene dibromide added to  
the mixture. 

When this experiment was repeated and the mixture 
heated to 100 "C for 2 h, p-methoxybenzylidene dibromide 
remained the major component. During this period, weak 
signals also appeared a t  8E 5.40 (s) and 5.65 (d, J 7 Hz), and 
subsequently a t  6 2.65 (s). The last of these was due to  
bromomethane. 

Reations of Phosphorus Tri-iodide with Benza1dehyde.- 
(a) Equimolar, in the dark. Phosphorus tri-iodide l6 (5.15 g, 
125 mmol) was dissolved in carbon disulphide (dry, 20 ml) 
under nitrogen a t  0 "C. Benzaldehyde (1.32 g, 12.5 mol) 
was added via a syringe and serum cap. The mixture was 
then allowed to come to 20 "C and stirring was continued 
until 1H n.m.r. spectra of aliquots indicated that all the 
aldehyde had reacted (ca. 4 h). A t  this stage the spectrum 
showed, in addition to aromatic absorptions, peaks a t  8H 
6.16 (s) and 5.55 (d, J 8.5 Hz). The ratio of these signals 
was quite variable, although the former was usually the 
stronger of the two. In any one experiment, the ratio of 
these signals did not change once all the aldehyde was con- 
sumed. Addition of successive aliquots of phosphorus tri- 
iodide to the mixture, after the aldehyde was wholly con- 
sumed, resulted in a slow decrease in the 6~ 6.16 (s) peak and 
a simultaneous increase in the 8E 5.55 (d) peaks. The 
singlet signal was assigned to benzylidene di-iodide (lo),  
on the basis of n.m.r. augmentation and t.1.c. studies. Evap- 
oration of the solvent from any of these reaction mixtures 
led to light and moisture sensitive residues, which were black 
and tarry. 

(b) 1.5 Mol equiv. of benzaldehyde with inverse addition. 
A solution of phosphorus trichloride (4.12 g, 10 mmol) in 
carbon disulphide (15 ml) was added, in the dark, to a 
solution of benzaldehyde (1.59 g, 15 mmol) in carbon di- 
sulphide (5 ml). The mixture was kept a t  0 "C under 
nitrogen during the addition and once this was completed 
the temperature was allowed to rise slowly to 20 "C. A lH 
n.m.r. spectrum revealed that the aldehyde was only 
partially consumed and that new signals were present a t  
8~ 6.19 (s, benzylidene di-iodide) and 5.7 (d, J 3.5 Hz). The 
latter was noticeably weaker than the former and, after 
stirring for a further 12 h, the doublet had disappeared, 
leaving the singlet for benzylidene di-iodide as the only 
observable signal outside the aromatic region. 

An equimolar mix- (c) With pentadeuteriobenzuldehyde. 
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1748 J.C.S. Perkin I 
ture of phosphorus tri-iodide and pentadeuteriobenzalde- 
hydele was made up and stirred a t  20 "C in carbon di- 
sulphide, exactly as in (a). After 3.5 h it was found, by f H  
n.m.r. spectroscopy, that all the aldehyde had been con- 
sumed and that there were new signals a t  6~ 6.20 (s) and 
5.61 (d, J 8.5 Hz), in an integrated ratio of 5 : 7. No other 
signals were detected prior to the appearance of these and 
no changes were detected after the mixture had been stirred 
for a further 24 h. 

Reactions of Phosphorus Tri-iodide with Other Benzalde- 
1tydes.-(a) p-Nitrobenzaldehyde. A reaction was performed 
a t  20 "C exactly as in (a) above, except that deuteriochloro- 
form-hexadeuteriobenzene (1 : 1) was used as solvent. 
There was no evidence of reaction ( fH  n.m.r.) after 3 d. 

(b) p-Met hoxybenzaldehyde. p-Methoxybenzaldehyde 
(1.36 g, 10 mmol) was added, in the dark, to a solution of 
phosphorus tri-iodide (4.12 g, 10 mmol) in carbon disulphide 
(15 ml) with stirring, under nitrogen a t  0 "C. After 0.5 h 
lH n.m.r. spectra of the mixture showed 50% loss of the 
aldehyde and after 3 h a t  20 "C the aldehyde was wholly 
consumed. The only new signals to appear during this 
period were at 7.36 (d, J 9 Hz) and 6.85 (d, J 9 Hz) for a 
p-disubstituted benzene ring, a t  8H 5.62 (d, J 8.5 Hz), and 
a t  8, 3.81 (s, OMe). When the mixture was refluxed for 
5 h there was no change in this spectrum. 

Reactions of Bromodiphenylphosphine with Benzaldehyde .- 
(a) Molar ratio 3 : 2. Bromodiphenylphosphine l4 (4b) 
(3.97 g, 15 mmol) and benzaldehyde (1.06 g, 10 mmol) were 
stirred at  20 "C in deuteriochloroform under nitrogen for 2 h 
and then a t  100 "C for 2 h. Analysis by n.m.r. showed that 
all the aldehyde had been consumed and that new signals 
were present a t  6~ 6.68 (s) and 3.72 (d, J 14 Hz).  These 
were assigned to benzylidene dibromide and benzyldi- 
phenylphosphine oxide ( 11) , respectively, on the basis of 
t.1.c. and n.m.r. augmentation studies. Dilution of the 
reaction mixture gave a white precipitate which was 
recrystallized from light petroleum-chloroform to give 
benzyldiphenylphosphine oxide (1 1) , m.p. 192-1 94 "C 
(lit.,f@ 195-196 "C). The yield was 1.09 g (46%, based on 
aldehyde). The mother liquor was freed from volatile 
solvents and then distilled to give benzylidene dibromide 
b.p. 110-112 "C a t  15 mmHg, whose i.r. spectrum was 
identical to that of a pure sample. The yield was 0.93 g 
(42%, based on aldehyde). 

Careful integration of the final lH n.m.r. spectrum of the 
crude reaction mixture gave a ratio of 1 : 1 for the two 
product absorptions and showed that all the original 
aldehydic protons were accounted for by the two products. 

Benzaldehyde (2.12 g, 20 mmol) and 
bromodiphenylphosphine (2.66 g, 10 mmol) were mixed in 

TABLE 

(b) Molar ratio 1 : 1. 

16 min, 20 "C: 6~ 6.89 (s) and 6.19 (d, J 7.5 Hz) (equal 
intensity) ; PhCHO loss ca. 40. 

1 h, 20 "C: as above, plus BH 6.72 (s, PhCHBr,), 5.14 (d, 
J 8.6 Hz, [Ph,P(:O)CHPh],O}, and 3.76 [d, J 14 Hz, 
Ph,O(:O)CH,Ph]. 

1 h, 20 "C and 1 h, 100 "C: 6~ 6.74 (s, PhCHBr,), 6.13 [s, 
PhCHBrP(:O)Ph,], 5.18 (d, J 8.5 Hz, [Ph,P(:O)CH- 
Ph],O}, and 3.76 [d, J 14 Hz, Ph,P(:O)CH,Ph]; Ph- 
CHO loss 60%. 

1 h, 20 "C; 10 h 100 "C and 3 h 150 "C: as above, except 
for loss of 6 5.18 (d). The ratio of signals a t  8~ 6.74 
(s), 6.10 (br s), and 3.74 (d) was approximately 3 : 2 : 3; 
PhCHO loss ca. 56%. 

deuteriochloroform (1 ml) and stirred in a dry nitrogen 
atmosphere at  20 "C in the dark. The mixture slowly 
became yellowish-brown in colour. Periodic lH n.m.r. 
analyses revealed the sequence of changes in the Table as the 
temperature was increased to 150 "C. The assignment of 
signals was based on the preparative work in (a) above, and 
on careful t.1.c. and n.m.r. signal augmentation studies with 
samples of (a-bromobenzyl) diphenylphosphine oxide ( 15) 
(see below), bis-[(a-diphenylphosphinoyl)benzyl]ether (12) ,l1 
and benzyldiphenylphosphine oxide (1 I ) .  

Reaction of Cyanodiphenylphosphine (6) with Benzaldehyde. 
-A mixture of benzaldehyde (1.06 g, 10 mmol) and cyano- 
diphenylphosphine 15 (2.11 g, 10 mmol) was stirred a t  20 "C 
in deuteriochloroform (0.8 ml) under nitrogen ; no reaction 
was observed ('H n.m.r. and i.r. spectroscopy). Heating t o  
100 "C for 10 h did not result in any reaction. 

Preparation of (a-BromobenzyZ)diphenylphosphine Oxide 
( 15) .-Benzyldiphenylphosphine oxide (1 1) (3.9 g, 10 mmol) 
in 1,2-dimethoxyethane (dry, 10 ml) was treated with a 10% 
excess of methyl-1ithiu.m in hexane a t  - 30 "C for 30 min. A 
solution of bromine (1.6 g, 10 mmol) in 1,2-dimethoxyethane 
(dry, 5 ml) was added, in drops at  -10 "C, to the mixture. 
After stirring overnight, the mixture was filtered and the 
crude solid recrystallized from chloroform-toluene to give 
(a-bromobenzy1)diphenylphosphine oxide ( 15), m.p. 204- 
205 "C (lit.,f2 204-206 "C). The yield was 3.02 g crude and 
1.6 g purified (46%). When tetrahydrofuran was tried as 
solvent in this preparation, very low conversion was 
observed. The oxide (15) showed 6~ 2.2-2.9 (15 H, m, 
Ph) and 6.12 ( 1 H, br s, PhCHBr) . 

Debromination Reactions of (a-BromobenzyZ)diphenylphos- 
plzine Oxide (15) .-(a) With bromodiphenylphosphine (4b), 
Bromodiphenylphosphine (1.50 g,  5.5 mmol) and the oxide 
(15) (1.16 g, 4 mmol) were heated a t  100 "C for 3 h in 
deuteriochloroform ( 1 ml) under nitrogen. Complete con- 
version of the oxide (15) into benzyldiphenylphosphine 
oxide (ll), aa: 3.78 (d, J 14 Hz), was observed. 

(b) With dipksnylphosphine oxide (16). Diphenylphos- 
phine oxide (0.91 g, 4.5 mmol) and the oxide (15) (1.16 g, 
4 mmol) were heated for 16 min a t  90 "C in deuteriochloro- 
form. This resulted in 96% conversion of the oxide (16) 
into benzyldiphenylphosphine oxide ( l l ) ,  6~ 3.76 (d, J 14 
Hz). When methanol (dry, 0.13 g, 4 mmol) in deuterio- 
.chloroform (0.25 ml) was added and the mixture was left a t  
20 "C for 1 h, a second doublet, 8, 3.69 (d, J 11 Hz) appeared 
in the spectrum. This doublet was identical to that of 
methyl diphenylphosphinate. 
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