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In  connection with some work on organophosphorus 
systems containing nitrogen, we have had occasion to 
study the reaction of polyniethylenebis(dipheny1phos- 
phines) with phenyl azide. The isolation of pphenyl- 
enebis(dipheny1phosphinimine) from the reaction of 
1,4-bis(diphenylphosphino) benzene with phenyl azide 
was reported recently. 

It was found that an ether-tetrahydrofuran solution 
of phenyl azide and 1,2-ethylenebis(diphenylphosphine) 
in 2:  1 mole ratio evolved nitrogen to give a product 
which exhibited an elemental composition, molecular 
weight, infrared spectrum, and n.m.r. spectrum expected 
for l12-ethylenebis(diphenylphosphinimine) (I, eq. 1). 

2PhKj, + (PhzPCH2)n + [PhzP(?iPh)CHz]z ( I )  (1) 

Hydrolysis of I produced lJ2-ethylenebis(diphenyl- 
phosphine) dioxide as expected (eq. 2).  
[PhzP(NPh)CHz]z + 2H20 + 

[PhzP(O)CHz]z + 2PhNHz (2)  

However, a 2 : 1 mole ratio of phenyl azide to methyl- 
enebis(dipheny1phosphine) in ether did not lead to the 
isolation of a diphosphinimine. After a mildly ex- 
othermic slow gas evolution there occurred deposition 
of crystals of diphenylphosphinic acid anilide in 20.6% 
yield. The remaining solution gave more anilide when 
evaporated so that 78Y0 was isolated. Column chro- 
matography of the remaining sirup resulted in the iso- 
lation of iiiethyldiphenylphosphine and its oxide in 64y0 
yield as demonstrated by comparison with material 
produced froin the reaction of lithium diphenylphos- 
phide and methylchloride. Apparently the diphos- 
phine was cleaved by phenyl azide (eq. 3).  
IPhzP)zCHz + PhS3 + 

air 

Hz0 
X + PhzP(0)NHPh + PhZP(O)CH3 ( 3 )  

Thc reaction was carried out under an atmosphere of 
prepurified nitrogen ; therefore, the origin of the oxygen 
in the diphenylphosphinic acid anilide crystallizing out 
of the reaction solution poses a problem. AIolecular 
oxygen and water were most probably present in very 
small amounts in the reagents and nitrogen used. Ex- 

(1) To uhom inquiries regardlng this article should be aent a t  Tulane 

~ 2 )  D I. Herring J Org Chent 26, 3998 (1961) 
University h-eu Orleans 18 La 

posure to air after deposition of crystals and gas evolu- 
tion had ceased did not cause any further gas evolution 
or precipitation. The significant fact, however, is that  
under similar reaction conditions essentially no cleavage 
of the ethylenebis compound occurred. 

Although only 1 mole of phenyl azide appeared in the 
isolated products, an excess of azide helped in gaining 
cleavage. An equimolar solution of methylenebis(di- 
phenylphosphine) and phenyl azide in ether evolved gas, 
but attempts at isolation of products resulted in the 
isolation of methylenebis(dipheny1phosphine) dioxide 
(5770) and a small amount of diphenylphosphinic ani- 
lide. The presence of methyldiphenylphosphine oxide, 
determined by gas-liquid partition chromatography, 
presented further evidence that some cleavage of the 
diphosphine had occurred. 

Horner, et al., have shown that halogen atoms CY to a 
phosphorus carrying a positive charge are not readily 
displaced by a nucleophile but can be replaced by a 
proton in the presence of triphenylphosphine. Sucleo- 
philic attack on the partially positive a-halogen with 
the concurrent displacement of a resonance stabilized 
carbanion can be proposed as an explanation (eq. 4). 
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Methyldiphenylphosphine oxides are known to form 
anlons In the presence of strong It is therefore 
reasonable to expect the monoiniine or diiinine of 
methylenebis(dipheny1phosphine) (A) to cleave in the 
presence of a nucleophile (Xuc.) to give a resonance 
stabilized anion B (eq. 5 ) .  

9 h  

I 
PhzPh " PhzPh i 

+ 
''" B 

( 5 )  
X = NPh or a pair of electrons 

The reaction of anion B with water (below) would 
result in a mixture of the N-phenyliniine of niethyldi- 
phenylphosphine (D) and the tautomeric phosghine- 
methylene (E) (eq. 6). Further hydrolysis would be 
expected to lead to niethyldiphenylphosphine oxide and 
aniline (eq. 7). 
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If the cleavage is due to instability of the diiniine to 
water, cation C would be protonated diphenylphos- 
phiiiic anilide. One niight expect the methylenebis- 
(diphenylphosphininiine) to be more stable than the 
corresponding ethylenebis compound due to the possi- 
bility of intramolecular hydrogen bonding (structure 1). 

H 
Structure 1 

Staudinger reported in 1921 that phenyl azide reacted 
with neither phosphorus trichloride nor phenylphos- 
phonous dichloride.6 I n  view of this fact it does not 
seem likely that phenyl azide should exhibit sufficient 
nucleophilicity to displace anion B from a tertiary 
phosphine. Phenyl azide can be seen to behave as an 
electrophile toward tertiary phosphines from the order 
of reactivity as reported by Staudinger : triethylphos- 
phine > diethylphenylphosphine > triphenylphos- 
p hine . 7  

Spontaneous decomposition of monoiniine A to give 
the products eventually s e e m  unlikely. Support for 
this point of view is provided by the lesser extent of 
cleavage of the diphosphine in the reaction of equimolar 
amounts of methylenebis(dipheny1phosphine) and 
phenyl azide. 

Reaction of tertiary phosphines with phenyl azide 
have been reported to lead to phosphazides (in which the 
terminal nitrogen is bonded to the phosphorus) which 
then lose nitrogen producing phosphinimines6S7 (eq. 8). 

It3P t PhN3 --f R3P=?;-S=T;'-Ph + 
N P  t + R3P = R-Ph ( 8 )  

Reaction of monimine A with another mole of 
phenyl azide would be expected to lead to  a phosphini- 
mine phosphazide which could lose nitrogen producing a 
diphosphinimine (eq. 9). 
Ph2P(KPh)CH,PPh, + PhN3 + 

A PhzP(SPh)CHgP(NaPh)Phz + 
[PhzP(NPh)l PCHP (9) 

The possibility of intramolecular reaction of the 
phosphinimine phosphaside exists when the number of 
bridging methylene groups is such as  to allow a favor- 
able five- or six-membered cyclical intermediate (struc- 
ture 2) .  

Decomposition of such an intermediate niight lead 
to cleavage of a phosphorus to carbon bond, loss of 
nitrogen, and, after hydrolysis, to methyldiphenyl- 

Structure 2 

(0) H. Staudinger and J. Meyer, H e l a .  Chim. Acta, 2,  635 (1919). 
(7)  H. Staudinger and E. Hauser. ibid.. 4,  861 (1921). 

phosphine oxide and diphenylphosphinic acid anilide. 
Although ethylenebis(dipheny1phosphine) niight form 
a seven-membered intermediate similar to that postu- 
lated in structure 2 ,  cleavage to form ethyldiphenyl- 
phosphine is not favored by the possibility of 3d-2p 
overlap in the ejected fragment. Olefinic elimination 
apparently involves a higher energy of activation. The 
reported isolation of a diphosphinimine from the reac- 
tion of pphenylenebis(dipheny1phosphine) and phenyl- 
azide is not surprising, since no cydic intermediate is 
possible. 

The niild conditions under which this cleavage occurs 
coupled with the general ease of preparation of sub- 
stituted methylenebis(dipheny1phosphine) make the 
reaction potentially useful in the synthesis of substi- 
tuted tertiary phosphine oxides. 

Experimental 

Methylenebis(diphenylphosphine).-A solution of dichloro- 
methane (8.5 g., 0.05 mole) in 50 ml. of tetrahydrofuran was 
added dropwise to a rapidly stirred, refluxing tetrahydrofuran 
solution of lithium diphenylphosphide prepared from 0.1 mole of 
triphenylphosphine.* The reaction mass was then refluxed in a 
nitrogen atmosphere for 0.5 hr.  and cooled to  room temperature; 
it was then added to 1000 ml. of water with stirring. 
The solid thus obtained was filtered off, water watihed, and re- 
crystallized from ethanol and water. After drying, the material 
weighed 17.3 g.  (SO%, yield based on starting triphenylphos- 
phine) and had 1n.p. 12&121", lit. m.p.  122,9 120-121.5.10 

The infrared spectrum was that  expected for niethylenebis- 
(diphenylphosphine). The Tarian A-60 n.m.r.  spectrum of a 
deuteriochloroform solution of this material exhibited a triplet a t  
6 = 2.8 p.p.m. and a set of aromatic peaks centering a t  6 = 7.25 
p.p.m. in a ratio of 1 :  10. The coupling constant was J p - c ~  = 
1.5 c.p.s. 

Oxidation of Methylenebis( diphenylphosphine) .-A solution 
of the above compound in acetone was treated with 3% hydro- 
gen peroxide until it became cloudy and then allowed to stand. 
Concentration of this acetone solution by slow evaporation at  
room temperature gave crystals which were filtered off and re- 
crystallized from ethanol and water. This material exhibited 
phosphoryl peaks in the infrared and melted at 180-181", lit. 11,12 

m.p.  180-182'. 
The Varian A-60 n.m.r.  spectrum of a deuteriochloroform 

solution of this material showed a triplet centered a t  6 = 3.57 
p.p.m. with a coupling constant Jp-ca  = 15 c.p.5. and phenyl 
hydrogens centered a t  7.42 and 7.8 p.p.m. in the ratio of 1 : 10. 
An internal standard of tetramethylsilane was used. 

Ethylenebis( diphenylphosphine) .--Substitution of 1,2-di- 
chloroethane for dichloromethane in the procedure described 
above led to ethylenebis(dipheny1phosphine) in 80c/L yield based 
on starting triphenylphosphine. The material exhibited a 
melting point of 140-141 O ,  lit.l09l3 m.p. 143-144", and an infrared 
spectrum that fit the structure assigned. Since Issleib and Mul- 
ler9 report m.p.  159-161°, it was felt that  other supporting evi- 
dence for the assigned structure was needed. 

A n d .  Calrd. for C ~ ~ H P ~ P Z :  C, 78.4; H ,  6.03; P ,  15.55. 
Found: C, iS.9; H ,  6.00; P, 15.15. 

1)etermin:ition of the Tnrian A-60 n.m.r.spectrumof a deuterio- 
chloroform solution of this material revealed a case of "virtual 
coupling" in that a triplet a t  6 = 2.12 p.p.m. and the phenyl 
complex centering a t  7 .25  p.p.m. in the ratio of 1:5 were ob- 
served. The coupling constant was J p - c ~  = 4.2 c.p.5. All 
shifts are relative to an internal standard of tetrrtmethylsilane. 

Ethylenebis( diphenylphosphine) Dioxide .-The acetone-3 yc 
hydrogen peroxide oxidation of the above compound gave a new 
material exhibiting phosphoryl peaks in the infrared and having 

An internal standard of tetramethylsilane was used. 

(81 A.  M .  Aguiar. J .  Ileisler, and 4 .  Mills, J .  Org .  Chem., 27, 1001 (1902)  
(9) K. Issleib and D. Muller, Chem. Ber. ,  92, 317.5 (19.59); Chem.  Abstr., 
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(13) . J .  C h a t t  and 1'. .2. Hart,  J .  Chem. Soc., 1384 ( 1 9 G O ) .  

64, 0S03f(t900). 

Am.  Chem. Soc., 83, 1722 11902). 



1662 NOTES VOL. 29 

a melting point of 267-2685', lit. m.p. 276-278",14 273-275".15 
Issleib and Muller8 reported m.p. 252-254'. Thus i t  was felt 
essential to obtain further support for the assigned structure. 

Anal. Calcd. for CZGHMOZPZ: C ,  72.56; H, 5.58; P ,  14.04. 
Found: C, 72.64; H ,  5.58; P, 13.52. 

The n.m.r. Varian A-60 spectrum of a deuteriochloroform 
solution of this material showed the methylene hydrogens as a 
doublet a t  6 = 2.6 p.p.m. with a J*-cH of 2.5 C.P.S. and phenyl 
hydrogens centered a t  7.5 and 7.8 p.p.m. in the ratio of 1:5.  
All shifts are relative to an internal standard of tetramethylsilane. 

Reaction of Ethylenebis( diphenylphosphine) with Phenyl 
Azide.-A slurry of 4.0 g. (0.01 mole) of ethylenebis(dipheny1- 
phosphine) in 17.5 ml. of anhydrous ether was brought to complete 
solution with 75 ml. of anhydrous tetrahydrofuran, then placed 
under a nitrogen atmosphere. Dropwise addition of 2.5 g. 
(0.021 mole) of phenyl azide in 23 ml. of anhydrous ether to the 
stirred reaction solution produced a slight exothermic reaction. 
Immediately after completion of the addition, the reaction mass 
was colored an opaque yellow. In  a week, 3.15 g. of cubic 
crystals, m.p. 194-198", separated. The filtrate was stripped of 
solvent on a steam bath just short of dryness, and an air stream 
was directed onto the remaining sirup for 15 hr.  The residue 
was triturated with ether-pentane (50:50) which yielded 1.2 g.  of 
a solid, m.p.  169-187". Repeated recrystallization from an- 
hydrous benzene gave an analytically pure sample, m.p.  196-198'. 

Anal. Calcd. for C38H34N~P2: C, 78.7; H, 5.87; S ,  4.83; 
P, 10.69. Found: C, 78.21; H, 5.96; N ,  4.83; P, 10.55. 

An over-all yield of 75% was therefore obtained. The in- 
frared spectrum of a chloroform solution of the material showed 
absorption a t  3.15 (w),  6.21 (s), 6.90 (m),  7.46 (s) ,  7.55 (s) ,  8.50 
(m) ,  8.95 (s)  and 9.53 1.1 (m) .  The Varian A-60 n.m.r .  spectrum 
of a deuteriochloroform solution of this material showed a split 
peak a t  6 = 2.7 p.p.In. and a complex set of peaks between 6.7 
and 7.9 p.p.m. The relative areas were 1:7.5, respectively. 
All shifts are relative to an internal standard of tetramethylsilane. 

The residual oil from the work-up was shown to contain ethyl- 
diphenylphosphine oxide by comparison of the retention time 
(on high temperature gas chromatography) with that of an 
authentic sample made from lithium diphenylphosphide and 
ethylbromide.lG Comparison of proton n.m.r. spectra also 
showed them to be identical. This compound exhibits a 1,3- 
coupling of the P31 and the methyl hydrogens in that the latter 
show up as a quintuplet centered a t  6 = 1.18 p.p.m. The 
methylene hydrogens show up as a complex set centered a t  6 = 
2.31 p.p.m. while the phenyl hydrogens appear as a complex 
centered a t  about 7.65 p.p.m. Integrated areas are in the ex- 
pected ratio. 

The Acid Hydrolysis of Ethylenebis(phenylirninodipheny1- 
phosphine.-A purified sample of ethylenebis( phenyliminodi- 
phenylphosphine), m.p.  196-198" (0.52 g., 0.897 mmole), waa 
combined with 15 ml. of 4 N hydrochloric acid and enough 957, 
ethanol to just dissolve the solid a t  75'. The temperature was 
maintained a t  75" for 40 hr.  and then cooled. 

Fine white crystals (0.22 g.) of ethylenebis(dipheny1phosphine) 
dioxide, m.p.  268-269', crystallized from the reaction. Mixture 
melting point with an authentic sample prepared by direct oxida- 
tion of ethylenebis(dipheny1phosphine) with 3% hydrogen per- 
oxide showed no depression. Evaporation of the ethanol solvent 
of the reaction mixture on a steam bath gave a second crop of 
solid (0.06 g.) ,  m.p.  263-268", bringing the total yield to 737,. 
The remaining aqueous solution was evaporated almost to dryness 
on a steam bath with the aid of an air stream. Residual water 
was removed azeotropically with benzene. The tan powder 
which remained did not melt below 270". A small sample of this 
material was sublimed at atmospheric pressure and 200' to give 
crystals of aniline hydrochloride, m.p. 197-199". Mixture melt- 
ing point with an authentic sample produced no depression. 
The bulk of the powder was dissolved in 15 ml. of water ( a  small 
amount of insoluble material was filtered and discarded), made 
basic with concentrated sodium hydroxide solution, and ether 
extracted. After drying the combined ether extracts over cal- 
cium oxide, the solvent was evaporated leaving 0.087 g. (52%) of 
a liquid whose infrared spectrum was identical with that of ani- 
line. 

The Reaction of Methylenebis( diphenylphosphine) with 2 
Moles of Phenyl Azide.-The diphosphine (2.98 g., 0.00776 

(14) R Struck, dissertation, Auburn University. 1961. 
(15)  P. T. lieough and hl. Grayson. J .  O w .  Chem., 2 1 ,  1817 (1962). 
(10) A .  11. Apuiar, H. J. Greenberg. and K. E. Ruhenstein. ibzd., 28. 

2091 (19Ii3). 

mole) was dissolved in 250 ml. of anhydrous ether and to this 
was added 1.85 g.  (0.0155 mole) of phenylazide in 30 ml. of 
anhydrous ether under a nitrogen atmosphere. A mildly ex- 
othermic reaction ensued, accompanied by slow gas evolution. 
The reaction solution was left standing for a week a t  room tem- 
perature. Large crystals (0.47 g.)  slowly formed. The material 
was identified by its melting point (236-237"), infrared spectrum 
comparison, and mixture melting point with an authentic sample 
of diphenylphosphinic acid anilide." The ethereal reaction 
solution was evaporated leaving a sirup from which 1.3 g. more of 
anilide, m.p. 23&237', was obtained by ether trituration. The 
total yield of anilide isolated, therefore, was 78%. The triturate 
was stripped of solvent leaving 2.1 g. of a sirup which was chro- 
matographed on a 1.5 X 37 em. column of silica gel. Elution 
with n-hexane, benzene, and chloroform did not move the bands 
down the column. Elution with 750 ml. of chloroform saturated 
with water separated brown oils. When 100 ml. of chloroform- 
ethanol (10: 1 )  was used as the eluent, 1.61 g. of a semicrystalline 
material was obt,ained. Recryst>allization from cyclohexane 
yielded 1.07 g. of solid, m.p. 97-104". Repeated recrystalliza- 
tion raised the melting point to 108-109". The material showed a 

.retention time identical with that of methyldiphenylphosphine 
oxide, lit.l* m.p.  108-log", synthesized from lithium diphtnyl- 
phosphide and methyl chloride, on gas-liquid partition chromato- 
graphic analysis on silicone a t  240".16 The Varian A-60 n.m.r.  
spectrum of a deuteriochloroform or carbon tetrachloride solution 
of this solid showed a complex signal centered around 6 = 7.60 
p.p.m. corresponding to the aromatic protons and a doublet' 
centered a t  1.9 p.p.m. (J = 14 c.P.s., relative to an internal 
tetramethylsilane standard) which could be assigned to the 
methyl protons. Therefore, i t  can be concluded that niethyldi- 
phenylphosphine oxide was produced in about 64% yield. 

The Equimolecular Reaction of Methylenebb( diphenylphos- 
phine) and Phenyl Azide.-A solution of 1.96 g. (0.00511 mole) 
of methylenebis( diphenylphosphine) in 250 ml. of anhydrous 
ether was treated with 0.61 g. (0.00512 mole) of phenyl azide in 
15 ml. of anhydrous ether under nitrogen. Stirring was con- 
tinued for 1 hr.  after completion of the addition. The reaction 
mass was allowed to remain under nitrogen for 1 week. A small 
amount of solid material that  had formed was filtered from the 
reaction solution and discarded. After evaporation, the ethereal 
solution yielded a sirup from which 0.50 g.  of solid was obtained 
by trituration with ether-pentane (50 :  50). After the triturate 
had been st,ripped of solvent and allowed to stand 2 weeks, 0.55 
g.  of solid, m.p.  174-178", was obtained by a similar trituration. 
The infrared spectra of both crops were identical with methylene- 
bis(dipheny1phosphine) dioxide, m.p.  184-185', produced by a 
hydrogen peroxide oxidation of the parent biphosphine. The 
residual oil from t,he second triturate was chromatographed on a 
13 mm. x 21 cm. column of silica gel eluted first with n-hexane 
and then with mixtures of n-hexane and benzene. The resulting 
fractions when combined gave 0.16 g.  of methylenebis(dipheny1- 
phosphine) after one recrystallization from benzene-hexane; 
a total yield was 5 7 7 , .  Stripping the column with methanol- 
benzene (2 :3 )  gave an oil which was shown to contain methyldi- 
phenylphosphine oxide and benzene-phosphinic acid anilide by 
comparison of retention times with authentic samples using high 
temperature gas-liquid partition chromatography.16 In addi- 
tion, 0.05 g.  of the anilide was isolated from the oil by recrystal- 
lization from methanol-water (m.p.  234-235"). 
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