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Abstract 

Reaction of Me,GaCl and LiCkCSiMe, or R,GaCl (R = Me, ‘Bu) and LiCkCPh (benzene, 70°C) gives [Me,GaC=CSiMe,], and 
[R,GaCkCPh], in 62%, 58%, and 71% yields, respectively. The gallium acetylides were characterized by IR, Raman, and NMR 
(‘H, 13C, 13C{*H}) spectroscopy. Reactions of the dimethylgallium acetylides and phosphines (RrPH, R = Et, ‘Pr) (toluene, 
llO-2OT) give HCkCSiMe, or HCkCPh and the corresponding dimethylgallium dialkylphosphides [MesGaPR,], (R = Et, n = 3, 
‘Pr, n = 2). 

1. Introduction 

The resurgence of interest in Group III-V com- 
pounds for the purpose of generating high purity elec- 
tronic materials from relatively benign sources has 
resulted in the revival of Group III chemistry. Al- 
though alkylgallium acetylides have been known for 
many years, little data are available about their reactiv- 
ity [1,2]. The previously reported gallium acetylides 
[Me,GaCKR], (R = Me, Ph) were shown spectroscop- 
ically to react with Lewis basic solvents to give base 
stabilized monomers [lb&]. [Me,GamPh], has been 
structurally characterized and was shown to have a 
gallium-ethynyl bridge [la]. In an effort to approxi- 
mate the relative gallium-carbon bond strengths in 
alkylgallium compounds, we report here the synthesis 
of the alkylgallium acetylides [Me,GaCKSiMe,], and 
[R,GaC=CPh], (R = Me, ‘Bu) from LiCl elimination 
reactions and the interaction of the acetylides with 
secondary phosphines. 

2. Results and discussion 

2.1. Synthesis of dimethyl and di-t-butylgallium acetylides 
The gallium chlorides R,GaCl (R = Me, ‘Bu) and 

the lithium acetylides LiC=CR’ (R’ = SiMe,, Ph) were 
combined in benzene and heated at 70°C. Workup 

Correspondence to: Dr. ICE. Lee 

0022-328X/93/$6.00 

gave the acetylenic gallium dimers [R,GaCXR’l, (1, 
R = Me, R’ = SiMe,, 62%; 2, R = Me, R’ = Ph, 58%; 
3, R = ‘Bu, R’ = Ph, 71%) (eqn. (1)). Acetylides l-3 
were characterized by elemental analysis, IR, Raman, 
and NMR (‘H, 13C, and i3C{‘H}> spectroscopy (Experi- 
mental section). Previously, 2 had been prepared by 
reaction of Me,Ga and HwPh with a yield of 41% 
[lc]. The preparation of [(‘Bu),GaCXSiMe,l, has 
been described previously 131. 

Benzene 

2 R,GaCl + 2 LiC=CR’ s 

[R,GaC=CR’], (1) 

1, R = Me, R’ = SiMe, 

2, R = Me, R’ = Ph 

3, R=‘Bu, R’= Ph 

The Nujol mull of acetylide 1 gave a weak absorp- 
tion for v(C=C) in the IR spectrum (2050 cm-‘) and a 
strong v(CXZ) in the Raman spectrum (2040 cm-‘> 
suggesting a symmetric structure. Acetylides 2 and 3 
gave strong absorptions for v(C=C) (2. 2090 and 3; 
2050 cm-‘) in the IR spectra suggesting less symmetric 
structures than for 1. In comparison, the terminal 
acetylide groups of the unsymmetrical dialkylgallium 
dialkylphosphides [(‘BuXMe,SiC=C)GaPR,], (R = Et, 
iPr, ‘Bu) gave strong v(m) (2068-2072 cm-‘> in the 
IR and Raman spectra [3]. The assignment of IR and 
Raman v(GaCC), v(GaG), and v(GaC) (Experimen- 
tal section) were derived from comparison with known 
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compounds [4]. The reaction of l-3 and Lewis basic 
solvents (THF, dioxane, Et,O) to give base stabilized 
monomers was evident from the solution IR spectra 
where the v(C=C) was shifted to higher frequency 
(40-60 cm-‘). However, the ‘H NMR spectrum of a 
THF-d, solution of 1 gave three methyl resonances. 
The ‘H NMR monitored reaction of 1 and THF in 
C&D, showed that at low concentrations of THF, the 
monomer/ dimer equilibrium was forced more toward 
the monomer. That was apparent from the observation 
of an upfield shift of the Me,Ga resonance and a 
downfield shift of the MesSi resonance. At higher 
concentrations of THF, the redistribution products 
TI-IF:Ga(Me),(C=CSiMe,), THF:GaMe,, and THF: 
Ga(MeXC&SiMe,), were evident from the observa- 
tion of three peaks in the MeGa region of the ‘H 
NMR spectrum. Addition of Me,Ga to the mixture 
forced the equilibrium towards the THF:Ga(Me)&C= 
CSiMe,) adduct and was evident from the disappear- 
ance of one peak in the MeGa region. Similar results 
were obtained for 2 [lc] and 3 [51. 

The r binding mode of 1 (empty gallium 3p, orbital 
to carbon-carbon 2pa orbitals, I) was evident from the 
r3C{lH} and 13C NMR spectra which gave broad sin- 
glets for both of the acetylenic carbons. Broad reso- 
nances are expected for carbons attached to gallium 
and reflects coupling with the two NMR active isotopes 
of gallium (69Ga and ‘lGa; I = 3/2). Alternatively, 
acetylenic carbons attached to trimethylsilyl groups are 
expected to display a decet in the 13C NMR spectrum 
(e.g., HeCSiMe,; doublet of decets, *J(HC) = 42.0 
Hz, 3J(HC> = 2.7 Hz). In addition, the acetylenic car- 
bon attached to the silicon of the terminal acetylenic 
group in [(‘BuXMe,SiC%C)GaPR,],, which bridges 
through a Ga-P interaction, appears as a triplet of 
decets in the 13C NMR spectra [3]. Therefore, the r 
coordination of the gallium to the triple bond in I 
effectively decouples the SiMe, protons giving similar 
13C{lH} and 13C NMR spectra. Thus, the 13C NMR 
spectra of alkylgallium trimethylsilylacetylides can be 
used to distinguish between terminal and bridging 
acetylide groups. 

I II 

For the phenyl derivatives 2 and 3, the r3C11H) 
NMR spectra gave the expected broad, upfield singlet 
(2, 98.1; 3, 92.8) for the acetylenic carbon on gallium 

TABLE 1. Bond energies for formation of hydrocarbon free radicals a 

H-R-+H’+R’ 

Bond &s Bond D%s 
(kcal/mol) (kcal/mol) 

H-C=CH 132 Ga-CXH ? 

H-CH, 10.5 Ga-CH, 63 

H-CH,CH, 100 Ga-CH,CH, 50 

H-CH(CH& 96 Ga-CH(CH,)Z ? 

H-CKH,), 93 Ga-CXCH,), ? 

a R.C. Weast (ed.), CRC Handbook of Chem&y and Physics, 70th 
edition, CRC Press, Boca Raton, FL, 1989, pp. F-206-F-209. 

and a downfield singlet (2, 121.5; 3, 121.5) for the 
acetylenic carbon on the phenyl group. However, in 
contrast to the results found for 1, the 13C NMR 
spectra of 2 and 3 displayed a triplet (3J(HC) = 8.0 Hz) 
for the acetylenic carbon on the phenyl group. Obser- 
vation of a triplet indicates coupling to the phenyl 
o&o protons, In comparison, the 13C NMR spectrum 
of HmPh displayed a doublet of triplets (*J(HC) = 
50.2 Hz, 3J(HC) = 5.5 Hz) for the acetylenic carbon on 
the phenyl group. The following conclusions were in- 
ferred from the data. First, the bridging mode of 2 and 
3 must be different from that of 1 in that either gallium 
of the dimer must be an adequate distance from the 
acetylenic carbon on the phenyl group. The broadening 
of that carbon resonance in the 13C NMR spectrum 
would then be precluded. Second, the gallium of the 
monomer does not couple to the p acetylenic carbon. 
Thus, the NMR data for 2 and 3 suggest either a 
monomeric structure or a more likely dimeric structure 
in which the (Y acetylenic carbon appears to be five 
coordinate (II). The crystal structure of 2 was drawn in 
a similar fashion [la]. An alternative allenic type struc- 
ture was previously proposed for 2 based upon IR data 
[ICI. 

2.2. Reactions of l-3 and secondary phosphines 
A consideration of the activation energies of forma- 

tion of hydrocarbon free radicals allows for the predic- 
tion of the gallium-carbon bond strength order shown 
in Table 1. In order to test the validity of the predic- 
tion, acetylides 1 and 2 were reacted with the sec- 
ondary phosphines R,PH (R = Et, ‘Pr) in toluene-d, 
at llO-120°C for 6-24 h giving dimethylgallium di- 
alkylphosphides [Me,GaPR,], (4, R = Et, n = 3; 5, 
R =‘Pr, n = 2) and HMSiMe, or HCKPh (eqn. (2)) 
[6*]. Note that the predicted products from the reac- 
tion are the unsymmetrical acetylide [(MeXR’C=C)Ga- 
PR,], and methane (CH,). Authentic samples of 4 

* Reference number with asterisk indicates a note in the list of 

references. 
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and 5 were prepared by reaction of the phosphines and 
Me,Ga (toluene, 130-140°C 20-96 h) [4f,7]. IR, Ra- 
man and NMR (‘H, 13C{lH}, and 31P{‘H}) spectra 
were obtained for 4 and 5 (Experimental section) and 
matched literature values when available [4f,7]. The 
reaction results illustrated in eqn. (2) are in contrast to 
the reaction of the phosphines with [(‘Bu),GaC=CSi- 
Me,], giving the expected unsymmetrical acetylenic 
gallium dialkylphosphides [(‘BuXMe,SiCX)GaPR,], 
and isobutane (Me,CH) [3]. Thus, the experimental 
results suggest that the Ga-CXXMe, and Ga-CZPh 
bond strengths are less than the Ga-CH, bond strength 
but greater than the Ga-C(CH,), bond strength. Note 
that the prediction of reaction products using bond 
energies for the formation of free radicals does not 
imply that the reaction proceeds by a free radical 
mechanism. 

Toluene 

[Me,GaCzzCR’], + 2R,PH w 

R’ = SiMe, , Ph 

[Me,GaPR,], + 2HC=CR’ (2) 

4, R = Et, n = 3 
S,R=‘Pr,n=2 

Initial combination of the reactants in eqn. (2) re- 
sulted in the formation of an acetylide-phosphine 
adduct (R,HP : Ga(Me),(C=CR’)). The adduct was ob- 
served in ‘H NMR monitored reactions as a downfield 
shift of the P-H resonance and an increase in the 
magnitude of the ‘J(PH) versu.r that of the free phos- 
phine 181. To illustrate, the results of reactions involv- 
ing t Bu,PH and alkylgallanes are shown in Table 2. 
Note that the reaction of 1 and 2 with ‘Bu,PH (toluene, 
llO-160°C 2-4 h) resulted in the decomposition of the 
acetylides even though the magnitude of the ‘J(PH) at 
room temperature indicated the presence of an adduct. 
The decomposition of 1 and 2 in this case is due to the 
fact that the adduct is not maintained at high tempera- 

TABLE 2. The ‘H NMR g(PH) and ‘J(PH) of ‘B+PH alone and in 
solution with alkylgallanes a 

Reactants g(PHl ‘J(PH) Reaction 
(vnm) (Hz) b result ’ 

‘BurPH 3.09 198 
Me,Ga 3.19 283 
‘BusGa 3.08 198 
[Me,GaCXSiMe& (1) 3.19 269 
[Me,GaOCPh], (21 3.30 305 
[‘Bu,GaC=CSiMe,],d 3.45 265 
[‘Bu,GaC=CPh], (31 3.37 255 

Slow 
None 
Decomposition 
Decomposition 
Fast 
Decomposition 

a In toluene-ds at 24°C. b The 3JJ(PCCHl displayed similar behavior 
but to a lesser extent. ’ Decomposition refers to that of the acetylide 
at elevated temperatures. d Ref. 3. 

ture (see below) and the necessary reaction tempera- 
ture exceeds the thermal stability of the acetylide. The 
reaction of Me,Ga and ‘Bu,PH (toluene, 16O”C, 240 
h) gave only a 17% yield of [Me,GaP(‘Bu),], (6) due 
to a weak adduct at high temperature and a strong 
Ga-CH, bond [9]. 

‘H NMR monitored reactions of 3 and the sec- 
ondary phosphines R,PH (R = ‘Bu, iPr, Et) in toluene- 
d, (140°C 2-24 h) showed that 3 redistributes to 
t BuGa(C=CPh), and t Bu ,Ga (eqn. (3)). Analogous re- 
sults were observed for Me,Ga(C,H,) in benzene solu- 
tions at room temperature [51. Subsequent reaction of 
Et,PH or ‘Pr,PH with the ‘Bu,Ga gave adducts which 
then decomposed to either [VBu),GaPEt,], (7) or 
[(‘Bu),GaP(‘Pr),], (8) (eqn. (3)). Authentic samples of 
7 and 8 were prepared by reaction of the phosphines 
and ‘Bu3Ga (toluene, 13O”C, 24-96 h). IR, Raman, 
and NMR (‘H, 13C11H), and 31P{1H]) spectra were 
obtained for 7 and 8 (Experimental section) and 
matched literature values when available [lo]. There 
was no reaction between the ‘Bu2PH and the redistri- 
bution generated ‘Bu,Ga. A separate reaction involv- 
ing ‘Bu,PH and ‘Bu3Ga (toluene, 130°C 50 h) re- 
sulted in the slow decomposition of ‘Bu,Ga (see Table 
2). Observation of the ‘H NMR ‘J(PH) for a solution 
of ‘BQPH and 3 (toluene-da, + 24 to + 1OO“C) showed 
that at low temperature, the adduct was present but at 
high temperature the free phosphine dominated. Thus, 
these results illustrate the requirement for a strong 
alkylgallium-phosphine adduct prior to dialkylgallium 
dialkylphosphide formation. 

Toluene 

[(‘Bu),GaC=CPh], 3 

(3) 

fBuGa(C=CPh)2 + ‘Bu3Ga (3) 

I 
R,PH 

-Me&H 

WK’O3u),GaPR,l, 

7, R-Et 
8, R =‘Pr 

Hence, the outcome of the reactions between di- 
alkylgallium acetylides and secondary phosphines is 
dependent upon the Lewis acidity of the acetylide 
while the bulkiness of the phosphine is less important. 
The electron accepting ability of the silyl group of 
[(‘Bu),GaC=C!SiMe312 imparts a high degree of Lewis 
acidity to the compound resulting in a strong 
acetylide-phosphine adduct at high temperature [ 111. 
The complex then has time to decompose to the un- 
symmetrical acetylenic gallium dialkylphosphide 
K’BuXMe,SiCX)GaPR,l, 131. The electron donating 
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ability of the phenyl group of [(‘Bu),GamPh], de- 
creases the Lewis acidity of the compound resulting in 
a weak acetylide-phosphine adduct at high tempera- 
ture and decomposition of the acetylide results. 

3. Conclusion 

Gallium acetylides have not been considered as ap- 
propriate precursors to semiconductor materials like 
gallium phosphide (Gap) because it was thought that 
the gallium-acetylide bond strength would be exces- 
sive. This study has shown that Ga-CZR (R = SiMe,, 
Ph) bond strengths are likely to be lower than the 
Ga-CH, bond strength and this has implications for 
the metal-organic chemical vapor decomposition of 
gallium containing semiconductor materials. The pru- 
dent choice of other electron withdrawing groups for R 
should further destabilize the gallium-acetylide bond 
and lead to more easily pyrolized gallium compounds. 
Finally, the acetylenic gallium dialkylphosphides 
[(‘BuXMe,SiC=C)GaPR,], (R = Et, iPr, ‘Bu) are cur- 
rently being investigated as single source precursors to 
Gap. 

4. Experimental section 

4.1. General 
All reactions were carried out under a dry nitrogen 

or argon atmosphere. IR spectra were recorded on a 
Perkin-Elmer 1300 spectrophotometer. Raman spectra 
were recorded using a 488.0 nm Ar+ laser (Lexel 
Model 95) and double monochromator (Spex Model 
1403) coupled to a photomultiplier tube (RCA Model 
C31034). Typical spectral resolution was 4 cm-‘. NMR 
spectra were recorded on a Bruker AMX 400 (27°C) or 
an IBM NR-80 (24°C) spectrometer. ‘H NMR spectra 
were obtained in C,D, and were referenced to resid- 
ual C,D,H (S 7.15). ‘H NMR obtained in CD&D, 
were referenced to residual CD,HC,D, (S 2.09). ‘H 
NMR obtained in C,DsO (THF-d,) were referenced 
to residual C,D,HO (6 3.58). 13C NMR spectra were 
obtained in C,D, and were referenced to solvent (128.0 
ppm). 31P{ ‘H} NMR spectra were obtained in C,D, 
and were referenced to external 85% H,PO,. Micro- 
analyses were performed by E + R Laboratories. Melt- 
ing points were determined in sealed capillaries (N2 
filled or evacuated) [12]. 

Benzene, toluene, pentane, hexanes, THF, dioxane, 
and Et,0 were distilled from Na/benzophenone. 
Deuterated solvents (C,D,, CD,C,D,, C,D,O) were 
trap-to-trap distilled from Na/benzophenone. 

Reagents were obtained as follows: Me,Ga (Al- 
drich), used as purchased. Et,PH and ‘PrzPH (Quan- 
tum Design, Inc.), used as purchased or prepared by 

reduction of Et ,PCl and ‘Pr,PCl (Aldrich) using LAH. 
tBu,PH was prepared by literature methods [13]. 
‘B+Ga, Me,GaCl, and ‘Bu,GaCl were prepared by 
literature methods [4d,14]. LiC=CSiMe, and LiCZCPh 
were prepared from HC=CSiMe, or HC=CPh and 
“BuLi in hexanes at -78°C and isolated by filtration. 

4.2. [Me,GaC3XMe,], (1) 
A 50 ml Schlenk flask was charged with Me,GaCl 

(4.00 g, 30.0 mmol), LiC&CSiMe, (3.10 g, 30.0 mmol), 
benzene (20 ml), and a stir bar. A reflux condenser was 
attached. The flask was heated at 70°C for 2 h. The 
resulting gold solution with white suspension was fil- 
tered through a fritted funnel that had been layered 
with 1 cm of celite. The benzene was removed (1 Torr) 
from the gold filtrate leaving an off-white powder. The 
powder was sublimed at 60°C (0.05 Torr) onto a 
COJacetone cooled probe. The somewhat heat sensi- 
tive (> llO”C), white solid was collected to give 1 (3.61 
g, 18.3 mmol, 62%). m.p. (N, filled): 76-79°C; m.p. 
(evacuated): 27-80°C sublimes. Anal. Found: C, 42.51; 
H, 7.55; Ga, 35.19; Si, 13.94. C,,H,,Ga#, calcd.: C, 
42.68; H, 7.67; Ga, 35.39; Si, 14.26%. IR (Nujol): 
v(C=C) 205Ow, v(GaC+ 610m, v(GaCH,) 542m cm-‘. 
Raman (solid): u(C=C) 204Os, V(GaC=) 604w, 
v(GaCH,) 544s cm-‘. ‘H NMR (400 MHz): 6 0.24 (s, 
GaCH,); 0.07 (s, ‘J(SiH) = 7.4 Hz, SKCH,),). 13C{lH] 
NMR (101 MHz): 130.3 (s, br, GaC+ 126.2 (s, =CSi); 
-0.38 (s, ‘J(SiC) = 56.4 Hz, Si(CH,),); - 1.68 (s, br, 
GaCI-I,) ppm. 13C NMR: 130.3 (s, vbr, GaW; 126.2 (s, 
br, KSi). 

4.3. [MelGaCzCPhIz (2) 
A 50 ml Schlenk flask was charged with Me,GaCl 

(3.07 g, 22.7 mmol), LiCKPh (2.50 g, 23.1 mmol), 
benzene (15 ml), and a stir bar. A reflux condenser was 
attached. The flask was heated at 70°C for 2 h. The 
resulting brown solution with white suspension was 
filtered through a fritted funnel that had been layered 
with 1 cm of celite. The benzene was removed (1 Torr) 
from the brown filtrate leaving a brown powder that 
was collected on a fritted funnel and washed with 
pentane to give 2 (2.63 g, 13.1 mmol, 58%). m.p. (N, 
filled): 95-103°C dec.; m.p. (evacuated): 95-115°C dec. 
Anal. Found: C, 59.70; H, 5.78; Ga, 34.73. C,H,,Ga, 
calcd.: C, 59.79; H, 5.52; Ga, 34.70%. IR (Nujol): 
v(W) 209Os, v(PhW 1190m, v(GaCH,) 580w cm-‘. 
Raman (solid): v(W) 2100s cm- ‘. ‘H NMR (400 
MHZ): 6 7.38 (m, 2H of C,D,, 0); 6.92 (m, 1H of 
C,D,, p>; 6.85 (m, 2H of C,D,, m); 0.37 (s, 2 GaCH,). 
13C{lH} NMR (101 MHz): 133.4 (s, o); 130.4 (s, p); 
128.7 (s, m); 127.3 (s, i); 121.5 (s, =CC,H,); 98.1 (s, 
GaC$; -2.29 (s, GaCH,) ppm. 13C NMR: 121.5 (t, 
3J(HC) = 8.0 Hz, =CC,H,); 98.1 (s, br, GaW [15*]. 
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4.4. [‘Bu,GaCdPhI, (3) 
tBu,GaC1 (1.74 g, 7.9 mmol>, LiCkCPh (0.89 g, 8.2 

mmol), and benzene (10 ml) were combined in a proce- 
dure analogous to that given for 2. An identical workup 
gave a brown powder which was collected to give 3 
(1.61 g, 5.6 mmol, 71%). m.p. (N, filled): 132-137”C, 
140°C dec; m.p. (evacuated): 132-137°C 140°C dec. 
Anal. Found: C, 67.61; H, 8.09; Ga, 24.50. C,,H,,Ga, 
calcd.: C, 67.41; H, 8.31; Ga, 24.46%. IR (Nujol): 
v(CX> 205Os, v(PhG) 1195w cm-‘. Raman (solid): 
v(CX) 2060s cm -l. ‘H NMR (400 MHz): 6 7.56 (m, 
2H of C,D,, o); 6.91 (m, 3H of C,D,, m, P); 150 (s, 
18H, 2 GaC(CH,),). 13C{1H1 NMR (101 MHz): 134.2 
(s, 0); 130.7 (s, p); 130.7 (s, i); 128.9 (s, m); 121.6 (s, 
=CC,H,); 92.8 (s, GaC+ 32.2 (s, GaC(CH,),); 28.3 (s, 
GaC(CH,),) ppm. r3C NMR: 121.6 (t, 3.J(HC) = 8.0 
Hz, aCC,H& 92.8 (s, br, GaW. 

4.5. [Me,GaPEt,I, (4) I4fl 
A 50 ml Teflon stoppered flask was charged with 

Me,Ga (0.617 ml, 0.71 g, 6.2 mmol), Et,PH (0.700 ml, 
0.55 g, 6.1 mmol), toluene (2.5 ml), and a stir bar. The 
solution was frozen N,(l) and the flask was evacuated. 
The flask was heated at 130°C for 20 h. After cooling 
to 25°C the toluene was removed (1 Torr) from the 
gray solution. The resulting gray residue was sublimed 
at 135°C (0.05 Torr) onto a COJacetone cooled probe. 
Trimer 4 was obtained as a colorless, waxy solid (0.60 
g, 1.1 mmol, 52%) m.p. (N2 filled): 120-130°C sub- 
limes, m.p. (evacuated): 120-130°C sublimes. Anal. 
Found: C, 38.26; H, 8.73; Ga, 37.21; P, 16.30. 
Cl,H,,Ga3P3 calcd.: C, 38.15; H, 8.54; Ga, 36.91; P, 
16.40%. IR (Nujol): v(PC) 740m err-‘. Raman (solid): 
u(GaCH,) 524s, v(GaP) 420w cm-‘. ‘H NMR (400 
MHz): 6 1.58 (quartet of triplet, spacing = 7.6 Hz, 1.9 
Hz, PCHJH,), 0.99 (m, PCH,CH,), -0.04 (q, spac- 
ing = 3.0 Hz, GaCH,) [16 * I. 13C{1H} NMR (101 MHz): 
11.9 (q, spacing = 5.4 Hz, PCH,CH,); 11.2 (q, spacing 
=0.7 Hz, PCHzCH,); -7.5 (m, GaCH,) ppm. 31P 
NMR (163 MHz): -56.8 (s) ppm. 

4.6. [Me,GaP(‘Pr),], (5) 171 
A 50 ml Teflon stoppered flask was charged with 

Me,Ga (0.434 ml, 0.50 g, 4.4 mmol), ‘Pr,PH (0.649 ml, 
0.51 g, 4.3 mmol), toluene (1.0 ml), and a stir bar. The 
solution was frozen N,(l) and the flask was evacuated. 
The flask was heated at 140°C for 96 h. After cooling 
to 25°C the toluene was removed (1 Torr) from the 
blue solution. The resulting white solid was sublimed at 
110°C (0.05 Torr) onto a CO,/acetone cooled probe 
leaving a light blue oil behind. Dimer 5 was obtained as 
a colorless, waxy solid (0.88 g, 2.0 mmol, 94%), m.p. 
(N, filled): 43°C glassy, 88-115°C melts; m.p. 
(evacuated): 43°C glassy, 147-150°C melts and sub- 

limes. Anal. Found: C, 44.39; H, 9.46; Ga, 32.10; P, 
14.20. C,,H,Ga,P, calcd.: C, 44.29; H, 9.29; Ga, 
32.14; P, 14.28%. IR (Nujol): u(PCC) 88Om, v(PC) 
745s cm-‘. Raman (solid): v(PCC) 884m, v(GaCI-I,) 
528s cm-‘. ‘H NMR (400 MHz): 6 2.16 (septet of 
triplet, 3J(HH) = 7.1 Hz, spacing = 2.1 Hz, PCH 
(CH,),); 1.16 (q, spacing = 7.1 Hz, PCH(CH,),); 0.13 
(t, 3J(PH) = 4.1 Hz, GaCH,). 13C1’H} NMR (101 MHz): 
23.1 (s, PCH(CH,),); 22.5 (t, spacing = 9.5 Hz, PCH 
(CH,),); -4.6 (t, 2J(PC) = 8.8 Hz, GaCH,) ppm. 31P 
NMR (162 MHZ): -9.0s ppm. 

4.7. [Me,GaP(‘Bu),], (6) [9] 
A 50 ml Teflon stoppered flask was charged with 

Me,Ga (0.339 ml, 0.39 g, 3.4 mmol), ‘Bu,PH (0.625 ml, 
0.50 g, 3.4 mmol), toluene (2.0 ml), and a stir bar. The 
solution was frozen N,(l) and the flask was evacuated. 
The flask was heated at 160°C for 240 h. After cooling 
to 25”C, colorless needles formed and were collected 
by filtration and dried on the fritted funnel. The toluene 
was removed (1 Torr) and the resulting white residue 
was crystallized from hexanes. Colorless cubes formed 
and were collected by filtration and dried on the fritted 
funnel to give 6 (0.14 g, 0.3 mmol, 17%), m.p. (N2 
filled): 225-235°C dec; m.p. (evacuated): 225-235°C 
sublimes. Anal. Found: C, 48.96; H, 10.11; Ga, 28.71; 
P, 12.55. C,,H,,Ga,P, calcd.: C, 49.03; H, 9.87; Ga, 
28.46; P, 12.64%. IR (Nujol): v(PCC) 81Om, v(PC) 
750s cm-‘. Raman (solid): v(PCC) 812m, v(GaCH,) 
528s, v(GaP) 400w cm- . ’ ‘H NMR (400 MHz): 6 1.33 
(t, spacing = 6.5 Hz, PC(CH,),); 0.34 (t, 3J(PH) = 3.1 
Hz, GaCH,). 13C{lH} NMR (101 MHz): 36.1 (t, spac- 
ing = 6.3 Hz, PC(CH,),); 32.9 (s, PC(CH,),); 2.6 (s, 
br, GaCH,) ppm. 31P NMR (162 MHz): 29.1s ppm. 

4.8. [(‘Bu),GaPEt,I, (7) 
A 25 ml Teflon stoppered flask was charged with 

‘Bu,Ga (0.68 g, 2.8 mmol), Et,PH (0.318 ml, 0.25 g, 2.8 
mmol), toluene (2.0 ml), and a stir bar. The solution 
was frozen N,(l) and the flask was evacuated. The flask 
was heated at 130°C for 24 h. After cooling to 25”C, 
the toluene was removed (1 Torr) and the resulting 
white solid was crystallized from warm benzene (75°C). 
Large, colorless cubes and needles formed which were 
collected by filtration and dried in uacuo to give 7 (0.71 
g, 1.3 mmol, 93%), m.p. (N2 filled): 150-18O”C, 200-220 
dec; m.p. (evacuated): 150-180°C sublimes, 200-220°C 
dec. Anal. Found: C, 52.86; H, 10.16; Ga, 25.58; P, 
11.38. C,H,,Ga,P, calcd.: C, 52.79; H, 10.34; Ga, 
25.53; P, 11.34%. IR (Nujol): v(GaCC) 805s, v(PC) 
760m cm-‘. Raman (solid): v(GaCC) 808s, v(GaC) 
52Os, v(GaP) 384~ cm- . ’ ‘H NMR (400 MHz): S 1.97 
(quartet, spacing = 7.4 Hz, PCH,CH,); 1.28 (s, 
GaC(CH,),); 0.99 (pentet, spacing = 7.2 Hz, PCH, 



58 ICE. Lee, K.T. Higa / New alkylgallium acetylides 

CHJ. 13C{iH} NMR (101 MHz): 32.9 0, 3J(PC> = 1.6 
Hz, GaC(CH,),); 27.2 (t, ‘J(PC) = 8.9 Hz, GaC 
(CH,),); 12.1 (t, spacing = 8.7 Hz, PCH,CH,); 11.9 (t, 
spacing= 2.9 Hz, PCH,CH,) ppm. 31P NMR (162 
MHz): -31.0s ppm. 

4.9. [(‘Bu),GaP(‘Pr),l, (8) [lOI 
A 50 ml Teflon stoppered flask was charged with 

‘Bu3Ga (1.02 g, 4.2 mmol), ‘Pr,PH (0.662 ml, 0.52 g, 
4.4 mmol), toluene (2.0 ml), and a stir bar. The solution 
was frozen N,(l) and the flask was evacuated. The flask 
was heated at 130°C for 96 h. After cooling to 25°C 
the toluene was removed (1 Torr) and the resulting 
yellow solid was crystallized from warm hexanes (60°C). 
Fine, colorless cubes and needles formed which were 
collected by filtration, washed with hexanes, and dried 
in uacuo to give 8 (0.20 g, 0.7 mmol, 16%), m.p. (N2 
filled): 164°C sublimes, 194-197°C dec; m.p. (evacuat- 
ed): 164°C sublimes. Anal. Found: C, 56.02; H, 10.40; 
Ga, 23.48; P, 10.22. C,H,,Ga,P, calcd.: C, 55.85; H, 
10.71; Ga, 23.16; P, 10.29%. IR (Nujol): v(PCC) 880m, 
v(GaCC) 805s, v(PC) 730s cm-‘. Raman (solid): 
v(PCC) 880m, v(GaCC) 804s, v(GaC) 524s, v(GaP) 
390w cm-‘. ‘H NMR (400 MHz): S 2.68 (septet, 
3J(HH> = 7.2 Hz, PCH(CH,),); 1.48 (q, spacing = 6.5 
Hz, PCH(CH,),); 1.40 (s, GaC(CH,),). 13C{1H1 NMR 
(101 MHz): 33.9 (s, GaC(CH,),); 28.2 (t, *J(PC) = 9.3 
Hz, GaC(CH,),); 27.3 (s, PCH(CH,),); 26.6 (t, spac- 
ing = 5.0 Hz, PCH(CH,),) ppm. 31P NMR (162 MHz): 
17.2s ppm. 

4.10. Monitoring of reacfions by ‘H NM? 
The following experiment is representative. A 5-mm 

NMR tube (Wilmad/Omnifit equipped with a 5-mm 
end cap and 2-way valve) was charged with 3 (0.05 g, 
0.17 mmol), ‘Pr,PH (0.02 g, 0.17 mmol), and toluene-d,. 
The solution was frozen N,(l), the tube was evacuated 
and sealed, then the solution was slowly warmed to 
room temperature. A ‘H NMR spectrum was recorded 
at 25°C and showed adducts of the starting materials. 
The tube was heated at 140°C for 1 h in an oil bath. 
After cooling to 25”C, a ‘H NMR spectrum was 
recorded and a new singlet was observed at 1.25 ppm 
which corresponds to the adduct (‘Pr),(H)P : Ga(‘Bu),. 
After an additional 7 h at 140°C a ’ H NMR spectrum 
was recorded and showed that the phenyl region was 
considerably more complicated, 3 was nearly con- 
sumed, a resonance was observed at 1.34 ppm which 
corresponds to the ‘Bu group of [(‘Bu),GaP(‘Pr),l,, a 
new singlet was observed at 1.28 ppm which may 
correspond to the methyl protons of ‘BuGa(MPh),, 
the singlet at 1.25 ppm was the most intense peak in 
the spectrum, and resonances were observed at 0.90 
and 0.82 ppm which correspond to isobutane (Me,CH). 
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