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Abstract 

The reaction of HGaCI, with 1-octene yields 1-octylgallium(II1) dichloride in 77% yield, but with 2-octene a 2 : 1 mixture of 2- and 

3-octylgallium dichloride(lI1) is obtained in 88% yield, and the reaction of (E)-stilbene gives an even more complex mixture. 

Hydrogallation of 1,4_diphenylbutadiene with HGaCl, followed by hydrolysis yields 1,4_diphenylbutane in 53% yield. The reactions 

of diphenylacetylene and 4-octyne under the same conditions give (EI-stilbene and (E)-4-octene in 76% and 63% yield, 

respectively, while I-octyne undergoes polymerization, 2-Benzoylstyrene (calcone) reacts with HGaCI, to give, as the main product, 

a compound arising from 1,4-addition of the H-Ga bond across the enone system, together with a double hydrogallation product. 

1. Introduction 

The behaviour of hydroaluminium compounds, such 
as LiAlH, (LAH) and i-Bu,AlH (DIBAH), towards 
unsaturated hydrocarbons has been investigated in 
great detail and the usefulness of the “hydroalumina- 
tion” reaction as a synthetic tool in organic chemistry is 
well documented [l]. However, much less attention has 
been focused on the interaction of hydrogallium com- 
pounds with unsaturated compounds [2,3]. Some years 
ago, as part of our continuous studies of organogallium 
compounds [4], we showed that the reaction of 
gallium(II1) trichloride with trimethylsilane offered a 
convenient route to HGaCl,, and that the hydrogal- 
lane thus prepared reacts readily with both terminal 
and internal olefines, and with acetylene, acetone, and 
acetonitrile, to give high yields of products arising from 
the addition of the H-Ga bond across the unsaturated 
bond [3]. In a previous paper, we also indicated some 
clear limitations of the hydrogallation, namely that the 
reactions with styrene, phenylacetylene, and 2,3-di- 
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methyl-1,3-butadiene do not afford hydrogallation 
products but polymerization products [3a]. 

GaCl, + HSiMe, ---+ HGaCl, + Me,SiCl 

I 
;c=c: 

-A--A--GaCl 
I I 

2 

To explore further the scope of the hydrogallation 
reaction of unsaturated compounds, we have investi- 
gated the reactions of HGaCl, with unsaturated com- 
pounds, including carefully selected olefines, acetyl- 
enes, and cY,p-unsaturated ketones. 

2. Results and discussion 

2.1. Olefines 
From the reaction of 1-octene with HGaCl, in 

CH,Cl, at room temperature, 1-octylgallium dichlo- 
ride (1) was obtained in 77% yield as the sole volatile 
product. Compound 1 was isolated by distillation and 
characterized by ‘H and 13C NMR and mass spectro- 
metric analyses, as well as by elemental analysis (see 
Experimental section). This reaction proceeds with 
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remarkably high regioselectivity, no other regioisomers 
being detected by either ‘H or 13C NMR spectrometric 
analysis of the reaction mixture. 

(n-C,H,,)CH=CH2 + HGaCl, - 

(n-C,H,,)GaCI. 

(I) 

The analogous reaction with 2-octene. however, pro- 
ceeds with much lower regioselectivity and gives a 2: 1 
mixture of 2- and 3-octylgallium(II1) dichloride (2 and 
3), in a total yield of 88%. The ratio of’ the products 
was determined from the integraly of the signals in the 
‘H NMR spectrum. 

(n-C,H,,)CH=CHCH, + HGaCl, ----- 

(n-C,H,,)CH,CH(GaC12)CH, 

(2) 

+ (n-C,H,,)CH(GaC13)CH2CHi 

(3) 

By contrast, the interaction of HGaCl, with (E)- 
stilbene in CHzC12 leads to a complex mixture of 
products. Attempts to characterize the compounds in 
the mixture by direct NMR studies were unsuccessful, 
and so the reaction mixture was hydrolyzed and the 
resulting mixture of hydrocarbons investigated by ’ H 
and 13C NMR and GLC-MS, which revealed, very 

surprisingly, that the main volatile product was 
diphenylmethane. (ca. 11% yield), which was accompa- 

nied by traces of 1.2~diphenylacetylcnc and several 
unidentified volatiles (each in c 59 yield) and a large 
quantity of non-volatile species. 

Treatment of the reaction mixture with DzO gave 
diphcnylmethane containing about 50% of deuterium 
in the methylcne group (Ph,CHD). along with traces of 
1 -D-l .2-diphenylethnne. 

When carried out in toluene the hydrogallation re- 
action is very slow at room temperature. but is rapid at 
lOo”C, and hydrolysis of the reaction mixture affords 
1.2-diphenylcthaii~ .md I._-( p ’ li henyl- 1-t p-lolyl)cthane 
in 38”‘r and 33’;, yield, rrspectircly. Contrary to cxpcc- 
tation, quenching of the reaction mixture with D,O 
gave only the same undeuterated products. indicating 
that these IWO compounds were produced before 

quenching. 
Scheme I depicts a possible mechanism for the 

observed reaction. This mechanism involves the formn- 
tion of an intermcdiatc complex. I.?-diphcnylethylgal- 
lium(III) dichloride. produced from hydrogallation of 
(I:‘)-stilbenr. It ix likely that in CI-I,Cl, the intermcdi- 
ate undergoes a I,?-shift of a phenyl group accompa- 

nied by C--C bond cleavage to generate the diphcnyl- 
methyl moieties. The course of the reaction in toluene 
at iOO”C could bc accounted for in terms of homolytic 
cleavagcd of the C- Ga bond of the intcrmcdiatc fol- 
lowed by aromatic substitution of toluenc by the rcsult- 
ing diphenylcthyl radical. Thermal homolytic cleavage 
of Ga-C bonds at ?.o()“< has been rcportcd previously 
[S]. A phenyl group attached to the tu-carbon atom 
appears to favour the formation (If radicals. 

PhCH=CHPh + GaHCl, - PhCH ,CHPhGaCI 7 + 

PhqCH 2 

I” cl1 ,(‘I, r 
I rcarr;,ngemen, 

-! 
X70 

Ph ,CHGaCI J A Ph?CHX 

(X = t-1, D) 

l/2 Ga,CI 4 ?‘hC‘li ~ 
____ 

I” ‘I~olucne -B PhCH,<‘HPh - II PhCH ,CPh( /7-7‘01) 

PhCH ,CH 1 Ph ~- PhCH ; 
: 

Scheme 1 
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GaXCl * 
RC-CR + GaXCl, - - RCX = CRGaCl 2 - RCX=CXR 

- Ga,CI, 

(R = Ph, Bu; 
X=H, D) 

x;o 
+ RCX=CX’R 

9 

(R = Ph, Bu; 
X,X’=HorD) 

Scheme 2. 

The reaction of 1,4-diphenyl-1,4-butadiene with 
HGaCl, proceeds in a quite different manner com- 
pared with that of 2,3-dimethyl-1,3-butadiene (which 
gives only non-volatile products [3a]). Hydrolysis of the 
reaction mixture gives a 54% yield of 1,4-diphenyl- 
butane, as expected for a double hydrogallation reac- 
tion. Traces of 1,4_diphenylbutene derivatives and a 
large amount of non-volatile products are also present. 

PhCH=CH-CH=CHPh + 2HGaC1, - 

H20 
- Ph(CH,),Ph 

2.2. Acetylenes 
When diphenylacetylene is treated with HGaCl, in 

CH,Cl, at room temperature, and this is followed by 
hydrolysis, (E)-stilbene is obtained in 76% yield as the 
sole volatile product. None of the (Z)-isomer, which 
would be the expected result of a c&addition of the 
H-Ga bond to the triple bond, was detected in the 
reaction mixture by either GLC-MS or NMR spec- 
troscopy. Attempted distillation to allow isolation of 
gallium-containing complexes before hydrolysis re- 
sulted in decomposition of the products. Decomposi- 
tion of alkenylgallium complexes at elevated tempera- 
tures has been reported previously [2a]. 

When quenched with D,O, the reaction mixture 
obtained from HGaCl 2 and diphenylacetylene yielded 

(E)-stilbene in 20% yield, together with the expected 
1-D-(E)-stilbene (52% yield). 

PhC=CPh + GaHCl, - 

Do 
_\ PhCH=CDPh + PhCH=CHPh 

The reaction of diphenylacetylene with deuteriogal- 
lium(III) dichloride (DGaCl,) followed by hydrolysis 
gave 1-D-(E)-stilbene and 1,2-D,-(E)-stilbene in 61 

and 12% yield, respectively. 

PhC=CPh + GaDCl, - 

Hz0 
+ PhCH=CDPh + PhCD=CDPh 

These results clearly indicate that ca. lo-20% of the 
diphenylacetylene reacts with 2 equiv. of HGaCl, to 
form (E)-stilbene before hydrolysis (Scheme 2). 

In order to obtain additional information about the 
gallium-containing intermediates, the progress of the 
reaction of HGaCl, with diphenylacetylene in CD,Cl, 
was monitored by ‘H and 13C NMR spectroscopy. 
After 8 h, the ‘H and 13C NMR spectra of the reaction 
mixture showed the presence of (E)-stilbene in cu. 8% 
yield prior to hydrolysis. In addition to signals due to 
(E)-stilbene, the ‘H NMR spectrum showed two sig- 
nals at 7.58 and 7.69 ppm assigned to an olefinic 
function, with an intensity ratio of cu 1: 2, and the 13C 

PhCOCH=CHPh + GaXCl, ----+ 

GaXCl 2 

r---x- PhCH=CHCH,Ph + (Cl,Ga),O 

PhC(OGaCl,)=CHXPh - 4 1 Solv. > 

- + Ga&l, 
PhCOCH,CHXPh 

(X=H, D) 

Scheme 3. 



NMR spectrum exhibited four signals at 130.6. 141.3. 

145.6, and 146.1 ppm in the olefin region. and 16 

signals in the region for arene carbon (XC Etxperimon- 

tal section). These signals are attributable to (E)-l- 
phenylstyryl- and (Z)-I-phenylstyrylgallium(II1) dichlo- 

ride. Indeed, upon hydrolysis of the reaction mixtuw. 

these signals disappeared completely and only signals 

ascribed to (E)-stilbenc were observed in both the ‘II 

and the 13C NMR spectra. 
The reaction of -I-octyne unclcr similar conditions. 

followed by hydrolysis. gave 44 L;))-octenc in 63% yield 
as the sole volatile product. The lower yield compared 
to that of (El-stilbenc from diphenylacctylcne results 
from the formation of a dimer (IX. 5Y yield), which 
was detected in the reaction mixture by <;I~(.‘-MS (nl;r 
= 222). Monitoring the progress of the reaction by ‘H 
and “C NMK spectroscopy revealed the presence O! 
4-( E)-octenyl- and 4-( Z k)ct~nylgallium( 1 I I i dichloride 
and 4( E)-octcnc in it ratio of 76 : 10 : 1-l pr-ictr to hydra- 
lysis (set Experimental section). and hydrolysis of the 

mixture converted these gallium-containIn% cc~npound?; 

completely into 3-( F )-octenc. 
In contrast. the interaction ot’ IHGaCl 1 with 1 -octpe 

resulted in the formation of only non-volatile products 

even at -- 78”C, a:, in the cam of the rc;lct iOn of 
phenylacctylene reported previously [%I. 

2.3. LY, p- lhsirtumtt~d ketcmrs 

Standard hydroalumination of con,iugatcd enonc sys- 

tems proceeds in the f&ion of 1.2-addition [I]. By 
contrast, the reaction of calconc with HGaC’I 7 followed 
by hydrolysis gave 1 ,~-diphenyl-1-propanone, which 
corresponds to a 1,4hydrogallation of’ the enone sys- 
tern, in 30%: yield. In this reaction. a doubk reduction 

product, 1,3-diphenylpropene, was also obtaincci. in 

25% yield. Similar reactions ticrc zarril\d out in [he 
presence of a Lewis-base in the hope: that such a donor 

would reduce the I-eactivity of the hydrogallane, ho 

leading to higher selectivity. As cxpcctcci. the reaction 
in the presence of an equimolar amount of cthcr. 

pyridine. or tricthylaminc under the same conditions 

afforded only I ,.kiiphenyl-I -propanoIw ‘11 40--31)’ ;. 

yield. 

PhCOCH =CHPh -t HGaC‘l 1 mm------+ 
Ii .o 

____, PhCOCH ,CH L Ph + I’hCH = <‘HCH 2 Ph 

However, similar interaction of I -phenylhut-2-en- l- 
one with HGaCl, tn CH >Cl, gave a large amount of 
non-volatile products. No volatile products were ob- 
tain& and 2oc/ of the starting compound %as I-ccov- 

cred. 
To learn more about the hydropallation 01‘ calconc. 

we carried out the same reaction with IXaC’I :, fol- 
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of 1-octene was added at room temperature. The mix- 
ture was stirred for 15 h at room temperature. The 
solvent was distilled off and the residue distilled under 
reduced pressure to give 1.47 g of 1-octylgallium(II1) 
dichloride (77% yield), b.p. 105°C (1 mmHg). MS: m/e 
217 (M’- Cl). ‘H NMR (in C,D,): 6 0.95 (t, 3H, 
J = 6.84 Hz: CH,); 1.02 (t, 2H, J = 7.32 Hz, CH,Ga); 
1.25-1.34 (m, lOH, CH,); 1.50 (brq, 2H, J = 6.84 Hz, 

CH,). “C NMR (in C,D,): 6 14.3, 22.6 (br.), 23.0, 
24.4, 29.3, 29.4, 32.1, 33.3. Anal. Found: C, 37.43; H, 
7.15; Cl, 27.99. C,H,,GaCl, calcd. (253.85): C, 37.85; 
H, 6.75; Cl, 27.93%. 

3.3. 2- and .3-Octylgallium(III) dichloride (2) and (3) 
As described for 1, the reaction of 0.58 g (4.09 

mmol) of HGaCl, and 0.63 ml (4.04 mmol) of 2-octene 
yielded a 2: 1 mixture of 2- and 3-octylgallium(II1) 
dichloride, b.p. 130-160°C (1 mmHg). ‘H NMR (in 
C,D,): 6 0.86 (br. t, 3H, J= 6.91 Hz, CH,); 1.09 (brd, 
1.3H, J= 6.84 Hz, CH,(CHGa)); 1.16-1.55 (m, 13.7H, 
CH and CH,). 13C NMR (in C,D,): 6 14.17, 14.23, 
14.4, 16.3, 22.7, 22.9, 24.3, 29.5, 29.9, 30.1, 30.9, 31.9, 
32.1, 33.11, 33.12, 34.0. Anal. Found: C, 37.48; H, 6.60; 
Cl, 28.07. C,H,,GaCl, calcd. (253.85): C, 37.85; H, 
6.75; Cl, 27.93%. 

3.4. Reaction of (E)-stilbene with HGaCl, in CH,Cl, 
A mixture of 0.63 g (4.43 mmol) of HGaCl, and 0.80 

g (4.44 mmol) of (E)-stilbene in 5 ml of CH,Cl, was 
stirred for 15 h at room temperature and then hydro- 
lyzed with 5 ml of distilled water. The organic layer 
was separated and the aqueous layer was extracted 
with 2 x 5 ml of CH,Cl,. The organic layer and the 
extracts were combined and dried over anhydrous mag- 
nesium sulfate. After evaporation of the solvent, 
Kugelrohr distillation of the residue gave 0.10 g of oil 
(boiling range 150-200°C (1 mmHg)), leaving 0.28 g of 
residue. The oil was analyzed by ‘H and 13C NMR 
spectroscopy and GLC-MS, which showed the pres- 
ence of diphenylmethane (ca. 11% yield) and traces of 
1,2_diphenylethane in addition to many unidentified 
products (each in < 5% yield). Spectral data obtained 
for dimethyldiphenylmethane and 1,Zdiphenylethane 
were identical with those for authentic samples. 

3.5. Reaction of (E)-stilbene with HGaCl, in toluene 
As described for the reaction in CH,Cl,, 0.34 g 

(2.22 mmol) of HGaCl, and 0.39 g (2.17 mmol) of 
(E)-stilbene in 5 ml of toluene was kept at lOO”C, and 
subsequent hydrolysis and distillation gave 0.35 g of a 
62 : 38 mixture of 1.2-diphenylethane and l,Zdiphenyl- 
l-(p-tolyl)ethane (boiling range 150-200°C (1 mmHg)). 
All spectral data obtained for 1,Zdiphenylethane were 
identical with those for an authentic sample. 1,2-Di- 

phenyl-1-(p-tolyl)ethane: MS: m/e 181 (M+- Tol). iH 
NMR (in CDCl,): 6 2.24 (s, 3H, CH,); 3.32 (d, 2H, 
J = 8.86 Hz, CH,); 4.19 (t, lH, J= 8.86 Hz, CH); 
7.02-7.32 (aryl protons overlapped by signals due to 
1,2_diphenylethane). 13C NMR (in CDCl,): 6 37.8, 
42.2,52.6, 125.8, 126.0, 127.9, 128.0, 128.3, 128.4, 129.00, 
129.03, 135.5, 140.4, 141.5, 144.7. 

The hydrogallation of 1,4-diphenyl-1,3-butadiene, 
diphenylacetylene, 4-octyne, calcone, and l-phenylbut- 
2-en-l-one were carried out as described for the reac- 
tion of (E)-stilbene in CH,Cl, at room temperature. 
The products, (E)-stilbene and (E)-4-octene, were iso- 
lated by Kugelrohr distillation. In the reaction of 
diphenylacetylene with HGaCl, followed by deuteroly- 
sis, D,-stilbene was obtained as a mixture with (E)- 
stilbene, and similar reaction with DGaCl, followed by 
hydrolysis gave a mixture of D,-stilbene and D,-stil- 
bene. The ratios of these products were determined 
from the integrals of the resonances of the olefin 
protons and aryl protons in the ‘H NMR spectra. 
1,4_Diphenylbutane was obtained as a mixture with 
traces of 1 ,bdiphenylbutene derivatives. 1,3-Diphenyl- 
propanone and 1,3-diphenylpropene could not be sepa- 
rated and were analyzed as a mixture. All spectral data 
obtained for 1,4_diphenylbutane [6], 1,3-diphenylpro- 
panone [7] and 1,3-diphenylpropene [8] were in good 
agreement with literature values. 

3.6. Monitoring the reaction progress by NMR 
A mixture of ca. 100 mg of a substrate and an 

equimolar amount of HGaClz in 0.5 ml of CD,& was 
placed in a 5 mm NMR tube and the tube was sealed 
tightly. After 8 h the mixture was analyzed by ‘H and 
i3C NMR spectroscopy, and shown to contain products 
as follows: (E)- and (Z)-1-phenylstyrylgallium(III) 
dichloride: ‘H NMR (in CD,Cl,): 6 7.34-7.44 (phenyl 
protons, overlapping with signals of (E)-stilbene); 7.38 
(br, s, 0.33H, olefin proton); 7.69 (brs, 0.66H, olefin 
proton). “C NMR (in CD,Cl,): 6 126.8, 127.6, 127.8 
(br, 2C), 127.86, 127.93, 127.9, 128.3, 128.4, 128.7, 128.8, 
129.2, 129.4, 127.9, 128.3, 128.4, 128.7, 128.8, 129.2, 
129.4, 129.5, 129.6, 131.9, 139.6, 141.3, 145.6, 146.1. 
(E)- and (Z)-4-octenylgallium(II1) dichloride: ‘H NMR 
(in CD,Cl,): 6 0.87-2.03 (m, CH and CH,); 6.04 (br, t, 
O.l2H, J = 8.30 Hz, olefin proton); 6.28 (br, t, J = 7.32 
Hz, olefin proton). 13C NMR (in CD,Cl,): 6 13.7-32.3, 
130.8, 143.1, 146.0, 147.6. 
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