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The reactions of a variety of trico-ordinate phosphorus compounds, Ar,,P(OR),_,, ( n  = 1 or 2), and 
cyclic analogues, with acrylonitrile, ethyl acrylate or ethyl phenylpropiolate and alcohols or phenols in low 
polarity media gives rise to a wide range of pentaco-ordinate phosphorus compounds. Attempts to extend 
this synthetic route to phosphoranes containing P-N or P-S bonds met with no success. 

INTRODUCTION 

Pentaco-ordinate phosphorus compounds may be prepared by a range of synthetic 
methods3 the most important of which are the insertion of trico-ordinate phosphorus 
compounds into weak sigma bonds (e.g. peroxides4 and sulphenate esters5) and the 
addition of trico-ordinate phosphorus to a-dicarbonyl compounds.6 The majority of 
phosphoranes now known are monocyclic or bicyclic (spirophosphorane) structures 
since incorporation of four- or five-membered rings apparently confers extra stabil- 
ity on the phosphoranes.’ Thus, although the sulphenate route offers a method of 
wide utility, general synthetic routes to acyclic phosphoranes are still somewhat rare. 

During a study of the reactions of trico-ordinate phosphorus compounds with 
activated alkenes it was noticed that in the presence of alcohols, pentaco-ordinate 
phosphorus compounds (5)  could be obtained from phosphinites and phosphonites* 
(Scheme 1). An investigation of the scope and utility of this reaction is the subject of 
this paper. 

RESULTS AND DISCUSSION 

The initial study was limited to the synthesis of oxygen-containing phosphoranes 
using a variety of alcohols, diols and catechols. The reactions were carried out in 
non-polar media (benzene or toluene) with the reactants in equimolar quantities and 
the results are recorded in Table I. 
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Each reaction was monitored by observing the gradual disappearance of the 
olefinic protons from the 'H nmr spectrum and hence an estimate of the time 
required for phosphorane formation was obtained before the 31P nmr spectra were 
recorded. In two cases independent syntheses by established procedures (Eqs. (A) 
and (B)) confirmed the proposed structures. 

Ph2PCH2CH2CN + Et20Z _.) Ph2P(OEt) 2 2 2  CH CH CN (A) 

CH2CH2CN 
I 

Ph2PCH2CH2CN + O b B U t  0 ___* (B) 

Table I reveals a gradual trend of 6 31P values from acyclic ( 8  31P = - 50) through 
monocyclic ( 6  31P, -20) to bicyclic ( 6  31P, +4.0) phosphoranes in which the 
phosphorus is most deshielded. These S 31P values are in accord with literature 
values for phosphoranes of similar  structure^'.^ and hence it is clear that dihydric 
alcohols and catechols can displace alkoxy or thioalkyl groups from phosphorus to 
form cyclic phosphoranes. A similar phenomenon has been reported by Denney in 
the exchange of alkoxy groups of acyclic phosphoranes with diols and ethanola- 
mines." 

Isolation and complete characterisation of the phosphoranes was not achieved 
since repeated attempts to separate the acyclic pentaco-ordinates by distillation or 
recrystallization resulted in breakdown of the pentaco-ordinate structure to starting 
materials and/or some P-cyanoethyldiphenylphosphine oxide. This result implies 
dissociation of the phosphorane 5, (R = Ph, R ,  R '  = Et, n = 2, X = CN) at least to 
an ion-pair 6, followed by a P-elimination or dealkylation (Scheme 1). A similar 
reaction is observed during the synthesis of 5 from 2-cyanoethyldiphenylphosphine 
and diethyl peroxide (see Experimental). In the absence of water and air all the 
phosphoranes were fairly stable although with the acyclic systems, a slow decom- 
position to oxide was observed over several days at room temperature. 

By analogy with similar systems" it seems reasonable to assume that the mecha- 
nism of the reaction involves nucleophilic attack by phosphorus on the a-carbon of 2 
followed by protonation of the intermediate betaine 3 and collapse of the resultant 
ion pair 4 to phosphorane 5-Scheme 1. 

A contrasting report revealed that the reaction of phosphtes with nitroethene 10 
in the presence of t-butanol gave phosphonates 11 with no evidence for phosphorane 
products." It may be significant that with t-butanol as the proton source, lower 
yields of phosphorane were obtained (Table I) and in fact there is reason to believe 
that steric crowding promotes instability in pentaco-ordinate  structure^'^ and there- 
fore that phosphoranes containing t-butoxy groups would decompose by dealkyla- 
tion via 8 or &elimination via 9 (Scheme 1). Further evidence for this is provided in 
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PENTACO-ORDINATE P-COMPOUNDS 289 

+ CH =CHX j Rn$(OR') CH -CHX 2 3-n 2 RnP (OR ' 1 3-n 

1 n = 1 or 2 2 X = CN or C02Et 3 

- 
Ph P(0Et) + CH2=CHCN + EtOH 

A 2  
.OEt .. 

A Ph2PCH2CH2CN +*' 

Ph P(0)CH2CH2CN + Et20 2 
I 

5 

n 2 2 ,  X = CN, R = Ph, OEt 

R' = R" = Et 6 7 

- t  
.OBu 

t 
Ph26&X2CH2CN - Ph P(0)CH2CH2CN + EtOBu 2 I / OEt 

5 8 7 
t 

n = i ,  ii i Ph; R' = BU ; 

R" = Et, X = CN 

\ t  OBu 

+ I  
2 ..# 2 2 

Ph PCH CH CN ---F Ph2P(0)CH2CH2CN + Me,C=CHz 

7 "  + EtOH -. - 
OEt 

9 

SCHEME 1 
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290 P. D. BEER et al. 

the catalytic dimerisation of a~rylonitrile'~ where the use of t-butanol led to short 
catalyst lifetimes due to the rapid formation of phosphine oxide. 

t Bu OH 
(RO) 3P + CH -CHNOZ - (RO) 2P(0)CH2CH2N02 2 

10 11 

An attempt was made to extend the method to the synthesis of nitrogen and 
sulphur containing phosphoranes by the use of proton sources such as ethanolamine, 
diethanolamine, o-aminophenol, L-ephedrine, o-phenylenediamine, ethanethiol and 
3,4-toluene-dithiol. Somewhat surprisingly no cyclic phosphoranes were observed 
but with some aminoalcohols low yields of what appeared to be acyclic phos- 
phoranes were obtained (Table I). With the thols and diamine, complete reaction 
was achieved within 24 h but the products were mainly phosphine oxide (7, from 
phosphinites) and phosphinates (from phosphonites) derived by dealkylation of the 
intermediate alkoxy-phosphonium salts. 

The results suggest either that the P-N and P-S bonds in the incipient 
pentaco-ordinate structures are less stable than the analogous P-0 bonds, or that 
with amines, aminoalcohols or thiols, dealkylation is more facile than collapse of the 
protonated betaine to a pentaco-ordinate structure. There are in fact very few 
examples of phosphoranes containing P-S links but numerous examples of phos- 
phoranes containing P-N bonds7 Hence the ease of dealkylation is the more likely 
explanation especially since the insolubility of aminoalcohols and o-phenyl- 
enediamine in non-polar media necessitated the use of dioxan as solvent which may 
have promoted ionisation of the incipient P(V) and hence the dealkylation. 

Thus an attempt was made to prepare phosphoranes containing P-N and P-S 
links by reacting trico-ordinates (12-17) containing these links with acrylonitrile. All 
the nitrogen containing molecules (1215) polyrnerised the acrylonitrile and the 
dithiophosphonites 16 and 17 showed no detectable reaction by 31P nmr after 24 h at 
room temperature. 

Et 

P h F < N )  0 

Ph 

T h Q C )  0 

12 13 14 

15 16 17 

The interaction of trico-ordinate phosphorus compounds with alkynes generally 
does not lead to phosphoranes" but an exception was reported by Burgada'' who 
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PENTACO-ORDINATE P-COMPOUNDS 291 

obtained monocyclic phosphoranes from cyclic phosphites and alkynes (Eq. (C)) 

However, the reaction of phosphinites and phosphonites with methyl propiolate in 
benzene in the presence of ethanol failed to produce phosphoranes. In each case the 
methyl propiolate polymerised to give a dark brown solution leaving the trico- 
ordinated phosphorus virtually intact. Greater success was achieved with ethyl 
phenylpropiolate 18 as substrate and Table I1 summarises the results as analysed by 
31P nmr. It seems that the presence of the phenyl group on the a-carbon of the 
alkyne sterically hinders the approach of the intermediate betaine to a second 
molecule of 18 thus inhibiting polymerisation and promoting the formation of the 
phosphorane 19. 

n = l o r 2  18 19 

As with the alkenes, attempts to isolate the phosphoranes resulted in decomposi- 
tion to reactants and hence the 'H nmr data is derived from the spectra of mixtures 
in which the phosphoranes were present in high yield. 

Thus the synthetic method appears to be limited to compounds containing P-C 
and P-0 bonds and it seems likely that a combination of the correct proton 
donating ability plus the weak nucleophilicity of the alkoxide ion relative to RS- or 
RNH, allows alcohols to be used more successfully in the synthetic procedure. 

EXPERIMENTAL 

The following compounds were available commercially from the sources indicated and were used without 
further purification. From BDH: ethyl acrylate; ethane-l,2-diol; butane-2,3-diol [66% meso, 34%( i )]; 
ethanolarnine; diethanolamine; ethane-1 ,Zthiol; ethanethiol; 2-aminophenol; o-phenylenediamine; 3,5-di- 
r-butylcatechol; methyl propiolate; from Fluka: 3,4-toluene-dithiol; from Aldrich: L-ephedrine and 
ethyl-3-phenylpropiolate. Methyl diphenylphosphinite, ethyl diphenylphosphinite and diethyl phenylphos- 
phonite were obtained from Maybridge Chemical Co., and were redistilled before use to give pure 
material containing only one "P nmr signal in each case at 6 116.4, 109.4, and 153.5 ppm (in C,D,) 
respectively. Acrylonitrile was a freshly distilled sample obtained from ICI (Corporate Laboratory) and 
stored over Gade 4A molecular sieves. Isopropyl di-p-isopropoxyphenylphosphinite and 2-cyanoethyl- 
diphenylphosphine were also gifts from ICI. Diethyl peroxide, 1,3,4-trimethyl-A'-phospholene and 1- 
ethanethio-3,4-dimethyl-A3-phospholene were all prepared as described previously.'6 

Prepurution o/ bis( diethylumino)phen.v/phosphine PhP( NEI , ) ,  12. Phenylphosphonous dichloride (17.9 
g, 0.1 mol) in dry (LiAIH,) benzene (80 ml) was added dropwise over a period of 1.5 h into a stirred 
solution of diethylamine (114.6 g, 0.2 mol) and triethylamine (20.2 g, 0.2 mol) in dry (LiAlH,) benzene 
(30 ml) at 0-5"C. The resulting mixture was stirred for another hour and subsequently heated to reflux for 
45 min. Triethylamine hydrochloride was removed by filtration and the solvent removed in uucuo. The 
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residue was distilled to give a colourless oil (20.1 g, 80'%), b.p. 105-110°C at 0.04 mmHg, lit.," 123-125°C 

Hz), and 7.1-7.7 (5 H, m). 
at 0.2 mmHg; 6 "P (c,D,) 97.2; 6 'H (C,D,) 1.05 (12 H, t, ,JHH 6 Hz), 3.05 (8 H, dq, 3JpH 4 Hz, ,.IHH 6 

Preparution of I ,  3,2-oxazuphospholidines 13 and 14. A mixture of bis(diethy1amino)phenylphosphine 12 
(2.52 g, 0.01 mol) and N-ethylaminoethanol (0.9 g, 0.01 mol) was heated for 3 h at 150-170°C and the 
resulting residue was distilled to give (1.4 g, 70%) of 13, b.p. 60°C at 0.05 mmHg, lit." b.p. 79-81°C at 1 
mmHg; S 31P (C,D6): 140.1; 6 'H (C,D,) 1.05 (3 H, t, ' J  = 6 Hz), 2.3-3.1 (4 H, m), 3.5-3.9 (2 H, m) and 
7.05-7.6 (5 H, m). 

Likewise a sample of 12 (2.52 g, 0.01 mol) when heated under reflux in xylene with N-phenyl- 
aminoethanol (1.37 g, 0.01 mol) for 2.5 h gave (1.8 g, 80%) of 14, b.p. 135°C at 0.05 mmHg and m.p. 
75°C. lit." b.p. 130-132°C at 0.03 mmHg and m.p. 75-76°C; S "P nmr (C,D,) 127.7; S 'H nmr (C,D,) 
2.7-3.15 (2 H, m). 3.454.15 (2 H, m) and 6.7-7.55 (10 H, m). 

Preparation of 2-chloro-3,4-dimethyl-5-phenyl-l,3,2-oxuzuphospholidin~ 20. A solution of phosphorus 
trichloride (2.75 g, 0.02 mol) in dry (LiAIH,) benzene (25 ml) was added dropwise to a stirred solution of 
L-ephedrine (3.3 g, 0.02 mol) and N-methyl morpholine (4.04 g, 0.04 mol) at 0-5°C. When the addition 
was complete the resulting mixture was allowed to warm to ambient and stirred for 1 h. N-methyl 
morpholine hydrochloride was removed by filtration and the solvent removed in uucuo. Distillation of the 
residue gave a colourless liquid, (1.88 g, 41%), b.p. 120-125°C at 0.05 mm, lit.,I9 130°C at 0.2 mm; S 31P 
(C,D6) 174.2; 6 'H (C,D,) 0.74 (3 H, d C-CH,, ?IH 7 Hz), 2.72 (3 H, d, N- CH,, 'JP 16 Hz), 3.35-3.85 
(1 H, m, N-C--_H), 5.85 (1 H, dd, O-c--_H, 'JH 7 Hz, 'JP 1 Hz) and 7.15-m5 (5 H, m). 

Preparation of 2-ethoxy-3,4-dimeihyl-5-phenyl-l, 3,2-oxazaphospholidine 15. A solution of ethanol (0.046 
g, 1 x lo-, mol) and triethylamine (0.11 g, 1 X mol) in dry (LiAlH,) benzene (10 ml) was added 
dropwise to a stirred solution of 20 (0.23 g, 1 X lo-, mol) at 5°C. The resulting mixture was stirred for 1 
h and the triethylamine hydrochloride filtered off. Removal of the solvent in uacuo and distillation of the 
residue gave a colourless oil, (0.16 g, 67%), b.p. 130-135°C at 0.05 mm, 6 31P (C,D,) 138.7, 6 'H (C,D,) 
0.5 (3 H, d, C-CH,, ,JH 7 Hz), 1.11 (3 H, t, OCH2CH3, ?IH 7 Hz), 2.48 (3 H, NCH,, 'JP 12 Hz), 
3.05-4.0 (3 H, m , X H ,  P-OCH,), - 5.61 (1 H, dd, P-F- - CH, ?IH 7 Hz, 'JP 1 Hz) and7.0-7.35 ( 5  H, - 
m). 

Preparation of 2-methyl-I ,3,2-dithiaphospholane 16. Methylphosphonous dichloride (5.85 g, 0.05 mol) in 
dry (LIAIH,) benzene was added dropwise to a cold solution of ethanedithiol (4.7 g, 0.05 mol) and 
triethylamine (10.1 g, 0.1 mol) at 0-5°C. The mixture was stirred for 1 h and allowed to warm to ambient. 
Triethylamine hydrochloride was removed by filtration and solvent removed in vacuo. The residue was 
distilled to give a colourless liquid, (4.7 88%), b.p. 70°C at 0.9 mmHg, lit.,,' 90°C at 5 mmHg; 6 31P 
(C6D,) 41.4; 6 'H (C,D,) 1.04 (3 H, d, JPH 11 Hz) and 2.7 (4 H, s). 

Preparation of 2,7-dimethyl[ 4,5]-benzo-l, 3,2-dithiophospholane 17. The same experimental procedure 
was adopted to repare 17 in 65% yield, b.p. 80-85°C at 0.05 mmHg, lit.,,' 11&114"C at 2 mmHg, 6 "P 
(C6D,) 55.4; 6 P H (C,D,) 1.2 (3 H, d, 'JPH 11 Hz) 1.92 (3 H, s) and 7.05-7.3 (3 H, m). 

The reuction of trico-ordinuted phosphorus compounds with ucrylonitrile and ethyl acrylute. In a typical 
reaction the trico-ordinated phosphorus compound (lo-, mol) was added to a solution of the alkene 
(10- mol) together with an alcohol or catechol (lo-, mol) in dry (LiAIH,) benzene (3 ml). The reactions 
were followed in the 'H nmr by observing the disappearance of the olefinic protons. The following 'H 
nmr data on the phosphoranes were deduced from reaction mixtures which contained a high proportion 
of the phosphorane product. 

CO,CH,CH,). 2.5-3.05 (4 H, m. PCH,CH,), 3.44.3 (6 H, m, 2 x POTTH,CH, - and CO,CH,CH,), - 
7.1-8.1 (1FH. m, aromatic protons). 

Ph,P(OEr),CH,CH,CN: 6, 0.8 (6 H, t, ' J  = 7, 2 X POCH,CH,), 2.3-2.85 (4 H, m. PCH,CH,), 
3.3-3.9 (4 H, m, 2 X POCH,CH,) and 7.0-8.0 (10 H, m, aromaticprotons). 

PhP(OEI),CH,CH2COEt: 8, 1.0 (9 H, t, 3 X POCH,CH,), 1.03 (3 H, t, COCH,CH,), 2.2-3.0 (4 H, 
m, PCH,CH2), 3.25-3.85 (6 H, m, 3 X POCH,CH,), 4 . 0 3 H ,  q. CO,CH,CH,) and7.1-7.7 (5 H, m, 
aromatic). I i 

Ph2(CNCH,CH2)P0CHMe. CHMeO: S ,  0.941.2 (9 H, m, 2 x C-CH, and CH,CH,OH dis- 
placed from P), 1.7-2.2 (4 H, m, PCH,CH,), 3.2-3.84 (5 H, m, 2 x POCH and CH,- m , O H  displaced 
from P) and 7.1-7.6 (10 H, m, aromatic). 

Ph,P(OEt),CH,CH,CO,Et: 6, 0.8 (6 H, t, ' J  = 7, 2 X POCHZCH,), 1.2 (3 H, t, 3J == 7, 
-- 

-- 

_- - - 

- _ _  
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I 1 
Ph,( EtO,CCH,CH,)POCHMe . CHMeO: 6, 0.97-1.21 (11 H, m, 2 X CCH,, CO2CH,CH, and 

CH,CH,OH displaced from P), 2.4-2.51 (4 H, m, PCH,CH,), 3.2-4.04 (7 H, m, 2 x  POCH. - -  CO,rH,CH, 
and CH,CH,OH displaced from P) and 7.0-7.6 ( l m ,  aromatic). 

Ph,(CNCH,CH,)~OC,H,Bu',i): 6, 1.05 (3 H, t, CH,CH,OH displaced from P), 1.25 (9 H, s, 
(CH,),C), 1.34 (9 H, s, (CH,),C) 1.9-2.2 (4 H, m, PCHFH,), _ _  3.5 (2 H, q, CH,CH,OH - displaced from 
P)d 6.9-7.7 (12 H, m, aromatic). 

6,1.0 (6 H, m, C02CH2CH, and CH,CH,SH displaced from 
P), 1.05 (6 H, d, 2 X CH,-CH), 1.5 (6 H, s, CH,C=CCH,), 2.1-m5 (10 c m ,  2 X PCH,, PCH,CH, 
and CH,CH,SH dispLed from P) and 3.3-4.15(4 H, m x  X POCH - and C02CH,CH,). - 

- - 

- 

I 1- 
CH,MeC=CMeCH,PO(CHMe),O: 

- -- 
CH,MeC=CMeCH,POC,H,Bu',O: 6, 0.9 (3 H, t, - CH,CH,SH displaced from P), 1.02 (3 H, t, 

I 
CH,CH,COl EI 

CO,CH,CH,), 1.25 and 1.30 (18 H, both S ,  2 X (CH,),C), 1.45 (6 H, s, CH,C=CCH,), 2.0-2.95 (10 H, 
m, 2 X P a , ,  PCH,CH, and CH3CH2SH - displaced from P), 3.85 (2 H,KCO,CHTH,) - and 6.9-7.3 (2 
H. m). 

The reaction of trico-ordinated phosphorus compounh with ethyl phenylpropiolate. The same experimental 
procedure was employed and the reactions were followed in the 'H nmr by observing the appearance of 
the olefinic proton of the products. The following 'H nmr data on the phosphoranes were deduced from 
reaction mixtures which contained a high proportion of the phosphorane product. 

(6 H, m, 2 X POCH,CH, and C02CH,CH,), - 6.6 (1 H, d, 'JpT25, PC=C_H) and 6.85-7=(15 H, m, 
aromatic). 

H, m, 3 X POCH,CH, - and C02CH,CH3), - 6.29 (1 H, d, ?IT= 25, PC=C_H) and 6.8-7.95 (10 H, m, 
aromatic). 

- -- 

Ph,P(OEt),CPh=CHC02Et~ 6,0.74 (6 H, t, 2 X POCHZCH,), 0.93 (3 H, t, C0,CH2CH3), 3.34.2 
- 

PhP(OEI)JPh=CHCO,Et: 6,0.8 (9 H, t, 3 X POCHZCH,), 1.0 (3 H, t, C02CH,CH3), 3.24.2 (8 

Ph2(Et0,CCH=CPh)hOCHMe. CHMeb: 6,  0.7-1.3 (12 H, m, 2 X CH,C, C02CH,CH, and 
CH,CH,OH displaced from P), 3.25-4.2 (7 H, m, 2 X POCH, C0,CH2CH, anCH,CH,OHxplaced - 
K m  P), 6.15 (1 H, d, ,JP = 19, PC=CH) - and 6.75-8.0 ( 1 5 ,  m, aromatic). 

Ph( EtO)(EtO,CCH=CPh)I;OC,H,BU',i): 6, 0.7-1.6 (27 H, m, POCH2CH,, 2 x (CH,),C, 
CO,CH,CH, and CH,CH,OH displaced from P), 3.34.1 (7 H, m, POCH,CH,,CO,CH,CH, and 
C H 3 C H 2 m  - d i s p l a a  from P), 6.2 (1 H, d, = 28, PC=CH) - and 6.85-7.95 (12 H, m, aromatic). 

The reaction of 2-cyanoethyldipheny~hosphine with 3,s-di-t-butyl-o-quinone. 2-Cyanoethyldiphenyl- 
phosphine (0.19 g, mol) in benzene (1 ml) was added to a solution of 3,5-di-t-butyl-o-quinone (0.22 
g, 10- mol) in benzene (2 ml). After 130 min the following "P and 'H nmr spectra were recorded: 6 "P 
(C,D,) -24.0; 6 'H (C,D,) 1.25 (9 H, s), 1.32 (9 H, s), 1.85-2.1 (4 H, m) and 6.8-7.7 (12 H, m). 

The reaction of 2-cyanoethyldiphenylphosphine with diethyl peroxide. 2-Cyanoethyldiphenylphosphine 
(0.196 g, lo-,  mol) was mixed with diethylperoxide (0.18 g, 2 X lo - )  mol) in perdeuterobenzene ( 2  ml) 
and allowed to stand at room temperature in a sealed nmr tube. After three days the mixture contained 3, 
(R = Ph, R = Et, n = 2, X = CN) at 6 - 52.3 (26%), 2-cyanoethyldiphenylphosphine (6 - 16.2, 39%), 
2-cyanoethyldiphenylphosphine oxide (6  28.7, 13%), ethyl diphenylphosphinite (6 110.8, 8%) and di- 
phenyltriethoxyphosphorane (6  - 43.6, 14%). The identity of the latter was confirmed by independent 
synthesis from ethyl diphenylphosphinite and diethyl peroxide and the remaining components of the 
mixture (except 3) were identified by addition of authentic samples of each compound and recording "P 
nmr data after each addition. 
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