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Addition of Phosphorus-Hydrogen and Arsenic-Hydrogen Bonds to Vinyl 
lsocyanide 
By R. Bruce King and Avi Efraty, Department of Chemistry, University of Georgia, Athens, Georgia 30602, 

Addition of diphenylphosphine or diphenylarsine to vinyl isocyanide catalysed by potassium t-butoxide gives the 
liquid 2-diphenylphosphinoethyl (I) or diphenylarsinoethyl isocyanide (11). However, a similar addition of 
phenylphosphine to vinyl isocyanide in tetrahydrofuran solution gives 4,5-dihydro-3-phenyl-1,3-azaphosphole 
rather than phenylphosphinediylbis(ethy1 isocyanide). Reactions of compounds (I) and (11) with tetracarbonyl- 
norbornadienechromium at room temperature give the yellow polymetal derivatives [Ph2E*CH,*CH2*NC]4Cr,( CO) 12 

(E = P or As) rather than the simple monometal derivatives [Ph2E.CH2.CH2-NC] Cr(CO),, in accord with the relative 
orientations of the two lone pairs in the ligand (I) or (11). 

U.S.A. 

RECENT publications from this laboratory have de- 
scribed the preparation of compounds containing 
P*CH,*CH,*P units by the base-catalysed addition of 
phosphorus-hydrogen bonds to vinylphosphines and 
vinylphosphonates.3 Similar base-catalysed additions 
of phosphorus-hydrogen bonds across the carbon- 
carbon double bond of vinyl isocyanide have now been 
investigated in attempts to prepare compounds con- 
taining both isocyanide and tertiary phosphine functions. 

The reaction between diphenylphosphine and vinyl 
isocyanide proceeded normally according to equation 
(i) (E = P). The product (I) was a pale yellow vacuum- 

Ph,EH + CH,=CH*NC + Ph,E*CH,*CH,-NC (i) 
(I) E = P (11) E = AS 

distillable liquid, v,, 2154s cm-l [v(CN)], T 6.72 and 
7-66 (nonequivalent CH,) and 2.74 (aromatic). The 
mass spectrum did not exhibit a molecular ion; that of 
highest m/e value was Ph2PC2H3+ (M - HCN) . Further 
fragmentation processes are as expected for compounds 
containing Ph,P units.6.6 
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The reaction between diphenylarsine and vinyl iso- 
cyanide in the presence of potassium t-butoxide also 
proceeded normally [equation (i), E = As]. The pro- 
duct (11) exhibited the characteristic v(CN) band at 
2155 cm-l and the lH n.m.r. spectrum was essentially 
identical with that of the phosphorus analogue, although 
triplet rather than quartet multiplicity was observed for 
the resonance around T 6.9 arising from the inability 
of the arsenic atom (spin 3/2) to couple with these 
protons, in contrast with the phosphorus atom (spin 1/2). 
A very weak molecular ion was observed in the mass 
spectrum under carefully controlled conditions but 
rapid decomposition in the mass spectrometer prevented 
a reliable mass spectrum from being obtained. 

The reaction between phenylphosphine and vinyl 
isocyanide was investigated in an attempt to prepare 
phenylphosphinediylbis(ethy1 isocyanide) . However, this 
reaction proceeded according to equation (ii) to give the 
1,3-azaphosphole (111), lacking isocyanide i.r. absorption 
in the range 2100-2200 cm-l. A medium intensity 
broad band at ca. 1560 cm-l can be assigned to v(C=N). 
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The proton n.m.r. spectrum exhibited resonances at 
T 1.73, 2-78, 5.8, 8.05, and 8.16 arising from the single 
olefinic proton, the five phenyl protons, the CH,*N 

PhPH, t CH2=CH*NC - c3 ( i i )  
P 
Ph 

cm, 
system, and the two non-equivalent PCH, protons, 
respectively. The splitting patterns were complex, 
but a large P,H-2 coupling (56 Hz) was clearly observed. 
The mass sDectrum exhibited the molecular ion as well 
as the ion -PhP*CH,*CH,+ (M - HCN; supported by 
observation of the expected metastable ion). 

Compounds (I) and (11) are of potential interest as 
ligands in co-ordination chemistry ; tertiary phosphines 
and isocyanides8 both form extensive series of metal 
complexes. However, the linear sfl hybridization of 
both the carbon and the nitrogen atom of the isocyanide 
group directs the lone pair on the isocyanide carbon atom 
so that it cannot co-ordinate with the same metal atom 
as the lone pair on the phosphorus or arsenic atom. This 
effect should prevent the compounds from acting as 
simple bidentate ligands on a single metal atom.9 In 
accord with this view, the reactions of (I) and (11) with 
tetracarbonylnorbornadienechromium did not give the 
simple monometal complex [Ph,E*CH,*CH,-NC]Cr(CO), ; 
instead yellow crystalline polymetal products, [Ph,E*- 
CH,*CH,*NC],Cr,(CO),,, were obtained. The i.r. spectra 
of these products exhibited the v(C0) bands expected 
for a cis-L,Cr(CO), derivative,1° indicating that the 
stereochemistry of the norbornadiene complex had been 
retained. The compounds can be formulated as (IV) 
(E = P or As), in which three cis-Cr(CO), units are 
bridged by two Ph,E*CH,*CH,*NC ligands, with two 
additional monodentate Ph,ECH,*CH,*NC ligands as end 
groups. 
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EXPERIMENTAL 
Microanalyses and molecular weight determinations were 

carried out by Pasoher Mikroanalytisches Laboratorium, 
Bonn, Germany, and by Schwrtrzkopf Microanalytical 
Laboratory, Woodside, New York. 1.r. spectra were taken 
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for liquid films (Perkin-Elmer 621 spectrometer with grating 
optics) and lH n.m.r. spectra for solutions in CDC1, [Varian 
HA-100 (100 MHz) or Hitachi-Perkin-Elmer R-20 (60 MHz) 
spectrometer]. Mass spectra were taken a t  70 eV and 210" 
chamber temperature with either the University of Georgia 
Hitachi-Perkin-Elmer RMU-6 spectrometer or the Rutgers 
University RMU-7 instrument; only the most abundant 
ions are listed. A nitrogen atmosphere was generally 
used for carrying out reactions and for handling organo- 
phosphorus and organoarsenic compounds. 

Diphenylphosphine,'l diphenylarsine,lZ phenylphos- 
phine,13 and vinyl isocyanide were prepared by published 
procedures. Potassium t-butoxide was used as received 
from MSA Research Corp., Pittsburgh, Pennsylvania. 
Benzene and tetrahydrofuraii were purified before use by 
distillation under nitrogen over sodium benzophenone ketyl. 

Reaction of Diphenylphosphine with Vinyl Isocyanide.-A 
mixture of diphenylphosphine (1 1.0 g, 59.3 mmol) , vinyl 
isocyanide (4.75 g, 90 mmol), potassium t-butoxide (0.8 g, 
7.1 mmol), and benzene (100 ml) was boiled under reflux for 
20 h with stimng. Solvent was then removed at 50" and 
40 mmHg. The residue was extracted with a mixture of 
dichloromethane (ca. 40 ml) and hexane (ca. 60 ml). Sol- 
vent was removed from the filtered extracts a t  25" and 
40 mmHg. The liquid was then vacuum distilled to give 
yellow viscous 2-diphenylphosphinoethyl isocyanide (I) (7.5 g, 
53y0), b.p. 133-144" a t  0.07 mmHg. This product still 
contained a small amount of diphenylphosphine, as indicated 
by a weak v(PH) band at ca. 2280 cm-l. A sample of b.p. 
139-142" a t  0-05 mmHg was obtained by a second vacuum 
distillation [Found: C, 75.1; 75.7; H, 6.2, 5.7; N, 5.6, 5-3; 
P, 13.1%; M ,  238 (vapour pressure osmometer; solvent 
benzene). C,,H,,NP requires C, 75.4; H, 5.9; N, 5.9; P, 
12.9% ; M ,  2391 ; v(CH) 3066m, 3052m, 3023vw,sh, 3012vw, 
2999vw, 2930w,br, and 2853vw,br cm-l; v(CN) 2154s cm-l; 
other bands a t  1660m, 1650m, 1686w, 1573vw, 1483m, 
1454w, 1437s, 1350w, 1307vw, 1274vw, 1228vw, 1214vw, 
1185vw, 1158vw, 1119vw, 1097m, 1071w, 1027m, lOOOw, 
954w, 929w, glow, 740s, and 698s cm-1; T 2.74 (complex m), 
6.72 (apparent q, J 8 Hz), and 7.66 (t, J 8 Hz) (ca. 10 : 2 : 2, 
respectively) ; mass spectrum (sample temp. 50") Ph,PCH,- 
CH,NC+ (< l%),  Ph,PC2H3+ (GO), Ph,PH+ (25), Cl,H8P+ 
(27), PhPCN+ and/or C8H,P+ (23), PhPf (loo), C,H,P+ 
(51), C,H3P+ (36), C4H2Pf (39), C4HP+ and/or C,H8+ (56), 
PCN+ and/or PC,H,+ (29), and C,H,N+ (135). 

A similar reaction in boiling tetrahydrofuran rather than 
boiling benzene gave only a 12% yield of (I). 

Reaction of Diphenylarsine with Vinyl Isocyanide.-A 
mixture of diphenylarsine (6.0 g, 26 mmol), vinyl isocyanide 
(7.0 g, 133 mmol), potassium t-butoxide (0-6 g, 5.4 mmol), 
and benzene (75 ml) was boiled under reflux for 24 h. 
Isolation of the product by a procedure similar to that for 
compound (I) gave pure 2-diphenylarsinoethyl isocyanide (11) 
(2.3 g, 31%), b.p. 153" and 2 mmHg after a single distilla- 
tion [Found: C, 63.8; H, 5-1; As, 26.4; N, 5.1%; M ,  284 
(vapour pressure osmometer ; solvent benzene). C15H14- 
AsNP requires C, 63.6; H, 5-0;  As, 26.4; N, 4.9%; M ,  
2831 ; v(CH) 3076m. 3061m, 3034vw, 3020vw, 3004vw, 
2937w, and 2872vw,br cm-1; v(CN) 2155s cm-l; other 
bands a t  1584m, 1487s, 1453m, 1439s, 1351m, 1308w, 
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1287w, 119Ow, 1161vw, 1085m, 1080m, 1074w, 1030m, 
1003m, 924m, 895m, 853vw, 743s, and 702s cm-l; T 2.90 (m), 
6.80 (t, J 8 Hz), and 7-87 (t, J 8 Hz) (ca. 10 : 2 : 2, respec- 
tively). Instability of the compound in the mass spectro- 
meter prevented a reliable mass spectrum from being 
obtained. A weak molecular ion peak was detected at m/e 
283. Other more abundant ions were Ph,AsC,H,+, 
Ph,AsH+, Ph,As+, C,,H,As+, C12Hlo+, C,,H,As+ and/or 
PhAs+, CeHe+, CeH5+, and C,H,N+ ; the relative intensities 
changed continuously as the sample decomposed. 

Reaction of Phenylphosphine math Vinyl Isocyanide.-A 
mixture of plienylphosphine (4.3 g, 39 mmol), potassium 
t-butoxide (0.75 g, 6-7 mmol), and tetrahydrofuran (100 ml) 
was treated gradually with vinyl isocyanide (8.0 g ,  150 
mmol). After the initial exothermic reaction had subsided, 
the mixture was boiled under reflux for 12 h. Tetrahydro- 
furan and the excess of vinyl isocyanide were then removed 
at 25" and 0.3 mmHg. Distillation of the residue gave a 
pale yellow air-sensitive liquid (6.0 g, 950/,), b.p. 64' a t  
0.07 mmHg, shown to be 4, 5-dihydro-3-phenyE- 1,3-azaphos- 
fihole (111) [Found: C, 66-3; H, 6.0; N, 8.5; P, 19.0%; M ,  
186 (vapour pressure osmometer ; solvent benzene). 
C,HloNP requires C, 66.4; H, 6.1; N, 8.6; P, 19.0%; M ,  
1631; v(CH) 3055w, 2980w, 2932m, and 2856w cm-l; no 
v(CN); other bands at 1594sh, 1583sh, 1566m, 1482w, 
1431m, 1304w, 1264m, 1168w, 1132vw, 1092m, 1065w, 
1020w, 993w, 955s, 9OOw, 852w, 781w, 733s, and 684s cm-l; 
T (neat liquid) 1.73 (dt, J 56 and 2 Hz),  2-78 (complex m), 
5.80 (complex m), 8.05 (m), and 8.16 (m) (ca. 1 : 5 : 2 : 1 : 1, 
respectively) ; mass spectrum (sample temp. 100") PhPC,- 
H,N+ (320/,), PhPC,H4+ (35), PhP+ (loo), C,H4P+ (36), and 
C,H,N+ (89). 

When benzene rather than tetrahydrofuran was used as a 
solvent, no identifiable organophosphorus compounds were 
obtained. 

Attempted Reactions of Phosphine with Vinyl Isocyanide.- 

Phosphine generated from aluminium phosphide (20 g, 
345 mmol) and an  excess of water was passed during 4 h 
into a mixture of vinyl isocyanide (10 g, 189 mmol), potas- 
sium t-butoxide (1.0 g, 8.9 mmol), and tetrahydrofuran 
(100 ml) at the b.p. under reflux. Attempts t o  isolate a 
product from this mixture or from a mixture obtained 
after a similar reaction in boiling benzene rather than boil- 
ing tetrahydrofuran failed. 

Reaction of Compounds (I) and (11) with Tetracarbonyl- 
norbor.leadienechrornium.-A mixture of compound (I) or (11) 
(3 mmol), the norbornadiene complex (0-69 g, 3.2 mmol), 
and benzene (40 mi) was stirred for 18 h at room tempera- 
ture. Solvent was then removed at 40" and 35 mmHg. 
Unchanged norbornadiene complex was removed by wash- 
ing with boiling cyclohexane (500 ml) in several portions. 
The residue was dissolved in diethyl ether. Solvent was 
removed from the filtered solution at cu. 25" and 40 mmHg 
to  give yellow solids of the approximate stoicheiometries 
[Ph,ECH,CH,*NC],Cr,(CO),, (E = P or As) in the indi- 
cated yields. The phosphine complex (1-1 g, 100%) had 
m.p. 125-127" (decomp.) [Found: C, 59-6; 59.4; H, 4.5; 
4.4; N, 3.3; 0, 14.2. 13.9; P, 7.8%; M ,  1040 (vapour 
pressure osmometer ; solvent benzene). C,,H,,Cr,N,0,,P4 
requires C, 59.7; H, 3.9; N, 3.9; 0, 13.3; P, 8.6%; M ,  
14481 ; v(CN) 2144m,br cm-l (KBr) : v(C0) 2010s, 192Ovs, 
1905vs, and 1883vs cm-l (CS, solution). The arsine cornplex 
(0.65 g, 49%) had m.p. 157-160" (decomp.) [Found: C, 
53.2; H, 3.7; As, 16.8; Cr, 11.2; N, 3-1; 0, 12.2; M ,  1776 
(vapour pressure osmometer ; solvent benzene). C,,H5,- 
As,Cr,N,O,, requires C, 53.2; H, 3.4; As, 18.5; Cr, 9.6; 
N, 3.4; 0, 11.8% ; M ,  16241; v(CN) 2143m,br cm-1 (KBr) ; 
v(C0) at 2011s, 1940vs, and 1905vs cm-l (CS, solution). 
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