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A Ga-P-Ga-Cl ring containing compound, Ph2GaP(SiMe3)zGa(Ph)2C1 (I), is reported. Compound 1 
is an example of a four-membered ring system with mixed bridging of the two gallium centers and was 
prepared via the reaction of Ph2GaC1 with P(SiMe3)3 in a 2:l mole ratio in either toluene or pentane. 
Curiously, 1 was originally isolated as a minor product (ca. 5% yield) from the reaction of LiP(SiMeS)z 
with PhzGaCl in a 1:l mole ratio. X-ray crystallographic analyses show the Ga-P-Ga-Cl ring of 1 to be 
nonplanar. The reaction of PhzGaCl and P(SiMe& in a 1:l mole ratio in either toluene or pentane yields 
Ph2(C1)Ga-P(SiMe3)3 (2): Compound 3, Ph3Ga.P(SiMe&, was also originally isolated as a minor product 
(ca. 10%) from the rea&on of LiP(SiMe& wth Ph2GaCl in a 1:l mole ratio and is an additional reported 
example of an adduct formed through ligand redistribution involving LiE(Sie& (E = P or As) as a reactant. 
The straightforward synthesis of 3 can be accompliihed by the 1:l mole reaction of Ph Ga and P(SiMeS), 
in pentane. Both 2 and 3 are structural examples of adducta containing a Ga-P bond with aryl ligands 
on the gallium center. Compound 1 belongs to the monoclinic system, space group R1/c ,  with z = 4, a 
= 10.579 (2) A, b = 15.653 (5) A, c = 20.428 (4) A, and B = 91.80 (2)O. Compound 2 crystallizes in an 
orthorhombic system, space group P212121, with z = 4, a = 9.3320 (10) A, b = 9.768 (2) A, and c = 30.581 
(6) A. Compound 3 belongs to the monoclinic system, space group R J n ,  with z = 4, a = 18.81 (3) A, b 
= 19.25 (2) A, c = 18.93 (2) A, and 

. 

= 112.8 (1)O. 

Introduction 
Previous research in our laboratory has shown the utility 

of dehaldylation and lithium halide elimination reactions 
to prepare compounds containing the Ga-As bond.' 
Subsequently, we have employed reactions of this type to 
prepare analogous compounds containing In-As? In-P,3 
and AMs4 bonds. From this line of investigation we have 
been able to isolate compounds whose core fragments 
contain two group 13 metals bridged either by two pnic- 
togen atoms [i.e., M-E-M-E (M = Ga, E =  AS;^^ M = In, 
E = As2 or P3)], or by one pnictogen and one halogen atom 
[i.e., M-E-M-X (M = Ga, E = As, X = Cl>" or Br;" M 
= In, E = As2 or P,3 X = Cl)]. As an ongoing effort in this 
area, we have begun to investigate similar gallium-phos- 
phorus systems. Herein we report our initial findings, the 
syntheaea and characterizations (partial elemental analyses, 
melting points, 'H, '%('H), and 31P(1HJ NMR spectra and 
X-ray analysis) of three compounds containing Ga-P 
bonds: PhzGaP(SiMe3)2Ga(Ph)2C1 (l), Ph2(C1)Ga.P- 
(SiMeJ3 (2), and Ph,Ga-P(SiMe& (3). Compound 1 is a 
structural example of a gallium-phosphorus mixed bridge 

. 
. 
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system. Compounds 2 and 3 are examples of adducts 
containing the Ga-P bond and are the only adducts which 
contain aryl groups on the gallium center to be structurally 
analyzed. The original isolation of 3 involved an unusual 
ligand-exchange process in which the symmetrization of 
both the metal and pnictide centers occurred. This re- 
arrangement phenomenon has been observed previously 
in analogous gallium-arsenic and indium-phosphorus 
chemistry with the isolation of such compounds as 
Ph3Ga.As(SiMe3)3 and (Me,SiCHz)In.As(SiMeS)sp 

Experimental Section 
General Considerations. All manipulations were performed 

using general Schlenk, drybox, and/or high-vacuum techniques. 
Solvents (including those for NMR spectra) were appropriately 
dried and distilled under argon prior to use. Literature methods 
were used to prepare PhSGas and P(SiMe&.lO GaC13 was pur- 
chased from Alfa F'roducta and purified by sublimation. PbGaC1 
was prepared via the equilibration of Ph3Ga and GaC13 in toluene 
in a 21 mole ratio and purified by recrystallization. LiP(SiMe&J 
was prepared via the 1:l mole ratio of MeLi with P(SiMe&. 'H, 
13C('H), and 31P(1HJ NMR spectra were obtained on a Varian 
XL-300 at 300.0,75.4, and 121.4 MHz, respectively. lH and '9c 
spectra were referenced to TMS via the reaidual protone or carbons 
of CP,. 31P spectra were referenced to external 80% HsPOl at 
6 0.00 ppm. Melting points (uncorrected) were taken in sealed 
capillaries (Thomas-Hoover Unimelt). Elemental analyses were 
performed by E + R Microanalytical Laboratory, Inc., Corona, 
NY. 
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Table I. CryskllograpMc Data and Measurements for Ph2GaP(SiMe,),Ga(Ph)2Cl (l), Ph,(Cl)Ga *PSiMea)* (2), and 
PhaGa P( SiMea)a (3) 

1 2 3 
mol formula C&IgSi2Ga2C1 C21HSaC1GaPSi3 CaH,PzSbGaz 
formula w t  660.67 508.9 1103.16 
cryst syet 
space group 
a, A 
b, A 
c. A 
6, deg 
vA3 
z 
D d ,  g 
cryst dimens, mm 
~ O O 0  
I r t  an-' 

type 
ne-, deg 
scan rate 
wan width 
R; R p  
goodnese-of-fit* 

monoclinic 

10.579 (2) 
15.653 (5) 
20.428 (4) 
91.80 (2) 
3381 (1) 
4 
1.298 
0.5 X 0.4 X 0.7 
1360 
18.00 

50 
8.0 O/min in w, 2 rescans 

0.046; 0.042 
1.31 

w 

(0.98 + 0.30 tan e)o 

orthorhombic 

9.3320 (10) 
9.768 (2) 
30.581 (6) 
90 
2787.6 (8) 
4 
1.213 
0.5 X 0.4 X 0.15 
1068 
12.68 
28-8 
55 
variable 4.0f315.00°/min in w 
0.80O plua Ka sep 
0.062; 0.043 
1.32 

f%-w1 

monoclinic 

18.81 (3) 
19.25 (2) 
18.93 (2) 
112.8 (1) 
6319 (9) 
4 
1.160 
0.4 X 0.4 X 1.0 
2336 
10.41 

55.0 
8.0°/min in w, 2 rescam 

0.084; 0.090 
2.50 

m / n  

w 

(1.26 + 0.30 tan e)o 

t I 

Preparation of Ph,GaP(SiMe,)2Ga(Ph),Cl(l). Method a. 
Ph9GaC1(0.379 e. 1.46 "011 in 25 mL of toluene was Dlaced in 
thilower bulb oia two-bulb &action flask equipped wiih Teflon 
valvea and a microstirbar. P(SiMe3):, (0.180 g, 0.73 mmol) in 10 
mL of toluene was placed into the upper bulb. The lower bulb 
and ita contenta were degassed via a freeze-pump-thaw cycle. 
Next, the P(SiMed3 solution was slowly dripped into the stirred 
Ph2GaC1 solution held at  85 'C in an oil bath. The flask was 
attached to a Nz bubbler, and allowed to stir a t  100 OC overnight. 
From the resulting clear solution, the volatilee were removed in 
vacuo, affording a white solid. The volatilea were then hydrolyzed 
and deionized water and titrated with NaOH (0.107 M, 6.90 mL, 
corresponding to the elimination of 0.73 m o l  of Me3SiC1). The 
white solid was dieeolved in a mall amount of warm toluene, and 
slow evaporation of the solvent in the drybox resulted in the 
formation of a clear crystalline product. Recrystallization from 
a 5050 hexane/toluene solution afforded pure crystals of 1 (0.108 
g, 22.4% yield); mp 171-180 OC. Anal. Calcd (found) for 

'H NMR 6 -0.06 (d, 18 H, SiMe, = 5.92 Hz)), 7.23-7.93 
(m, 20 H, Ph). WI'H) NMR: 6 2.81 [d, P S i e 3  (Jpc = 8.60 Hz)], 
l a 7 3  (e, Ph), 128.32 (partiauy obscured by solvent, 8, Ph), 135.88 

Method b. Compound 1 was prepared in a higher yield via 
the reaction of Ph&aCl(O.465 g, 1.80 "01) and P(SiMed3 (0.235 
g, 0.94 mmol) in 150 mL of dry pentane in a one-neck 250-mL 
round-bottom flask equipped with a Teflon valve. The reaction 
was placed for 49 h in a sonicating water bath, volatilea were then 
removed in vacuo, and the crude product was recrystallized from 
hot toluene to give 1 (0.251 g, 40.4% yield) as a crystalline product. 

Ilolation of 1 from the Reaction of PhzGaCl and LiP- 
(SiMe& In an apparatus simii to that used for 1 (method a), 
Ph&aC1(0.305 g, 1.17 "01) in 30 mL of toluene was placed into 
the lower bulb and LiP(SiMe3)z (0.217 g, 1.17 mmol) in 20 mL 
of THF was placed into the upper bulb. The LiP(SiMe& solution 
was slowly added with stirring to the PbGaC1 solution at -78 OC. 
The mixture was allowed to stir and warm to room temperature 
for 14 h, after which time a clear yellow solution was obtained. 
The solution was filtered, and the volatilea were removed in vacuo, 
affording a viscoue yellow oil. Addition of 10 mL of hexane to 
the oil resulted in the transitory formation of a white precipitate 
which quickly rediseolved. Upon standing for several days at -15 
OC, a yellow eemicryetalline material formed. This was collected, 
washed with hexane, and upon recrystallization from the same 
afforded clear X-ray quality crystals of 1 in ca. 5% yield. 

Method a. 
PhpGaCl(O.097 g, 0.37 "01) in 20 mL of toluene and P(SiMed3 
(0.098 g, 0.39 mmol) in 20 mL of toluene were combined in a 
1WmL round-bottom flask equipped with a Teflon valve and 

C&&lG@Sb: C, 54.54 (54.54); H, 5.79 (5.96); C1,5.37 (5.28). 

(be, Ph). s'P{'HJ NMR 6 -214.74 (E). 

Preparation of Ph2(C1)Ga.P(SiMea)8 (2). 

a microstirbar. The contents of the flask were allowed to stir 
overnight a t  room temperature, after which the volatiles of the 
clear solution were removed in vacuo, affording a white solid. This 
was redissolved in a small amount of warm toluene and upon 
standing for several days at -15 OC afforded clear needles, which 
were subsequently dissolved in a small amount of pentane. Upon 
evaporation, pure crystals of 2 were obtained (0.071 g, yield 47.5%); 
mp 143-145 OC. Anal. Calcd (Found) for C21HSsC1GaPSi3: C, 
49.56 (49.80); H, 7.12 (7.37). 'H NMR 6 0.19 (d, 27 H, SiMe3 

= 4.94 Hz)) 6 7.22-8.18 (m, 10 H, Ph). '%('HI NMFk 6 2.82 
[d, PSiMe3 (Jpc = 7.50 Hz)], 128.34 (8,  Ph), 128.23 (partially 
obscured by solvent, s, Ph), 137.22 (bs, Ph). 31P(1H} NMR: 6 

Method b. Ph2GaC1 (0.337 g, 1.30 "01) and P(SiMed3 (0.33 
g, 1.30 mmol) were similarly treated as with the preparation of 
1 (method b) for 72 h in the sonicating bath. Upon recrystalli- 
zation in toluene, needlea of 2 (0.470 g, 71.0% yield) were collected. 

Preparation of PhaGwP(SiMe&, (3). Ph3Ga (0.250 g, 0.83 
mmol) and P(SiMe3)3 (0.208 g, 0.83 mmol) were each dissolved 
in 10 mL of pentane and combined in a 25-mL glass vial in the 
drybox. The clear solution was capped and stirred for 8 b Upon 
evaporation of the solvent, clear crystals of 3 formed in quanti- 
tative yield, mp 192-197 OC. Anal. Calcd (Found) for 
CnH42GaPSi3: C, 58.79 (59.29); H, 7.67 (7.35). 'H NMFk 6 0.14 
(d, 27 H, SiMe3(JPH = 4.77 Hz)) 6 7.25-8.13 (m, 15 H, Ph). %'('HI 
NMFk 6 3.25 [d, PSiMe3 (Jpc = 7.90 Hz)], 127.62 (8, Ph), 127.79 
(partially obscured by solvent, 8, Ph), 139.12 (bs, Ph). 31P(1HJ 

Isolation of 3 from the Reaction of Ph2GaC1 and LiP- 
(SiMe&. In a setup similar to that used for the preparation of 
1 (method a), PhzGaC1, (1.049 g, 4.05 "01) was dissolved in 50 
mL of toluene and placed in the upper bulb, and LiP(SiMe3)2 
(0.746 g, 4.05 mmol) was dissolved in 100 mL of an 80:20 tolu- 
ene/THF mixture and placed into the lower bulb. The lower bulb 
and its contents were cooled to -78 OC, and the PhzGaC1 solution 
was slowly added dropwise, with stirring. The mixture was allowed 
to stir and warm to ambient temperature overnight, after which 
the volatiles were removed in vacuo. Toluene (ca. 100 mL) was 
vacuum distilled onto the remaining yellowish-white semisolid. 
The solution was filtered, and the solvent removed to yield a yellow 
viscous solid. This was recrystallized from hot pentane, reaulting 
in a small crop of colorless crystals of 3 (0.110 g, 10% yield). 

S t ruc tura l  Analyses for 1-3. Single crystals of 1-3 were 
mounted in 0.7-mm thin-walled glass capillaries under an inert 
atmosphere of argon and flame sealed. Relevant crystdographic 
data are given in Table I. For 1 and 3, data were collected on 
a Rigaku AFCGS (Mo Ka, 0.71069 A) diffractometer a t  23 O C .  

The structures were solved by direct methods and refiied by 
full-matrix least-squares to convergence.12 Neutral atom scat- 

-214.78 (8 ) .  

NMR 6 -232.01 (E). 
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3 

Figure 1. Thermal ellipsoid diagram (30% probability level) 
showing the solid-state conformation and atom numbering scheme 
of Ph2&F'(SiMe3)2Ga(Ph)2C1 (1). 

h 

Y 

b 

Figure 2. Thermal ellipsoid diagram (20% probability level) 
showing the solid-state conformation and atom numbering scheme 
of Ph2(C1)Ga.P(SiMe& (2). 

tering factors were taken from Cromer and Waber.'3 Anomalous 
dispersion effects were included in P d 0 ;  the values for 4' and 
At'' were those of Cromer.14 All calculations were performed 
wing the TEXSAN16 crystallographic software package of Mo- 
lecular Structure Corp. 

For both 1 and 3, cell constants and an orientation matrix for 
data collection, obtained from a least-squares refinement using 
the eetting anglea of 25 carefully centered reflections (in the range 
22.77O < 20 < 27.75O for 1 and 30.09' < 20 < 33.89' for 21, 
corresponded to a monoclinic cell. Intensity data were corrected 
for the usual Lorentz and polarization effects. A total of 4582 
reflections for 1, and 14 863 reflections for 3 were recorded. An 
empirical absorption correction, based on azimuthal scans of 

(12) Structure Solution Methods: MITHRIL, Gilmore, C. J. J. Appl. 
Cryst. 1984,17,42. DIRDIF, Beurekene, P. T.; Technical Report 1984/1, 
Crystallography Laboratory, Temooiveld, 6525 Ed Nijmegen, Nether- 
lands. 

(13) Cromer, D. T.; Waber, J. T. International Tables for X-ray 
Crystallography; The Kynoch Press: Birmingham, England, 1974; Vol. 
IV, Table 2.2A. 

(14) Cromer, D. T.; Waber, J. T. International Tables for X-ray 
Crystallography; The Kynoch Press: Birmingham, England, 1974; Vol. 
IV, Table 2.3.1. 

(15) TEXSAN-TEXRAY Structure Analysis Package, Molecular 
Structure Corp., 1985. 

Table 11. Non-Hydrogen Atom Fractional C o o r d l ~ t e ~  and 
Equivalent Isotropic Thermal Parametera for 1, with 

Estimated Standard Deviations in Paremtheses 
atom x Y 2 U, (A2) 

Ga(1) 0.8123 (1) 0.23547 (8) 0.28673 (7) 6.32 (8) 
Ga(2) 0.5222 (1) 
c1 0.6054 (3) 
P 0.7222 (3) 
Si(1) 0.7216 (3) 
Si(2) 0.8100 (3) 
C(l1) 0.636 (1) 
C(12) 0.644 (1) 
C(13) 0.887 (1) 
C(21) 0.975 (1) 
C(22) 0.717 (1) 
C(23) 0.805 (1) 
C(ll1) 0.915 (2) 
C(112) 1.041 (2) 
C(113) 1.117 (1) 
C(114) 1.063 (3) 
C(115) 0.942 (2) 
C(ll6) 0.869 (1) 
C(121) 0.862 (2) 
C(122) 0.783 (1) 
C(123) 0.826 (2) 
C(124) 0.953 (2) 
C(125) 1.032 (1) 
C(126) 0.988 (2) 
C(2ll) 0.396 (1) 
C(212) 0.371 (1) 
C(213) 0.287 (1) 
C(214) 0.225 (2) 
C(215) 0.242 (2) 
C(216) 0.328 (2) 
C(221) 0.480 (1) 
C(222) 0.418 (2) 
C(223) 0.387 (2) 
C(224) 0.415 (3) 
C(226) 0.477 (2) 
C(226) 0.509 (1) 

0.15113 (9) 
0.2940 (2) 
0.0967 (2) 
0.0403 (3) 
0.0028 (2) 
4.0629 (9) 
0.112 (1) 
0.0284 (9) 

4.0191 (8) 
0.0958 (8) 
0.0501 (8) 
0.2620 (8) 
0.2240 (8) 
0.234 (1) 
0.273 (1) 
0.299 (1) 
0.289 (1) 
0.2912 (7) 
0.330 (1) 
0.373 (1) 
0.379 (1) 
0.343 (1) 
0.2980 (9) 
0.139 (1) 
0.200 (1) 
0.182 (1) 
0.107 (2) 
0.047 (1) 
0.063 (1) 
0.136 (1) 
0.066 (1) 
0.056 (1) 
0.117 (2) 
0.185 (2) 
0.196 (1) 

0.25291 (8) 5.91 (9) 
0.2613 (2) 6.6 (2) 
0.2908 (2) 5.0 (2) 
0.3937 (2) 6.2 (2) 
0.2201 (2) 5.7 (2) 
0.3936 (7) 10 (1) 
0.4494 (7) 11 (1) 
0.4211 (6) 9 (1) 
0.2467 (7) 9 (1) 
0.2188 (7) 10 (1) 
0.1390 (6) 7.7 (9) 
0.2108 (8) 6 (1) 
0.2115 (7) 6.7 (9) 
0.157 (1) 9 (1) 
0.102 (1) 10 (2) 
0.099 (1) 10 (1) 
0.154 (1) 8 (1) 
0.3688 (6) 5.0 (8) 
0.413 (1) 10 (1) 
0.4675 (9) 12 (1) 
0.4814 (8) 10 (1) 
0.440 (1) 9 (1) 
0.3869 (8) 7 (1) 
0.3196 (8) 7 (1) 
0.367 (1) 8 (1) 
0.4171 (8) 10 (1) 
0.417 (1) 12 (2) 
0.372 (1) 10 (1) 
0.3233 (8) 9 (1) 
0.1605 (7) 7 (1) 
0.138 (1) 12 (2) 
0.072 (1) 15 (2) 
0.027 (1) 14 (2) 
0.048 (1) 12 (2) 
0.114 (1) 8 (1) 

t 3 E  
CUE 

Figure 3. Thermal ellipsoid diagram (30% probability level) 
showing the solid-state conformation of one of the molecules in 
the asymmetric crystal unit and atom numbering scheme of 
Ph3Ga-P(SiMeJ3 (3). 

several reflections, was applied. Rht = 0.085 on Z to yield 4229 
reflections and Ri, = 0.138 on Z to yield 144 23 retlectiom, of which 
those 1615 with I > 3u(n and those 3511 with I > 3u(4 were 
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Table 111. Non-Hydmgem Atom Fractional Coordinates and 
Equivalent Inotropic Thernul Psruaeten (Xlo')  for 2, with 

Estimated Standud Deviationr ih Parenthem 
atom x Y z 

0.7568 (1) 
0.6663 (3) 
1.0152 (2) 
1.0758 (3) 
1.0743 (3) 
1.1529 (3) 
0.6931 (9) 
0.6207 (11) 
0.5699 (14) 
0.5873 (16) 
0.6562 (12) 
0.7086 (9) 
0.7004 (8) 
0.7208 (11) 
0.6682 (15) 
0.5915 (15) 
0.5696 (12) 
0.6246 (11) 
0.9353 (10) 
1.0775 (12) 
1.2515 (10) 
0.9763 (10 
1.2700 (10) 
1.0158 (12) 
1.1433 (10) 
1.0767 (9) 
1.3399 (9) 

0.6124 (1) 
0.7704 (3) 
0.6416 (2) 
0.5294 (3) 
0.8670 (3) 
0.5536 (3) 
0.4307 (10) 
0.4150 (10) 
0.2911 (13) 
0.1780 (14) 
0.1876 (11) 
0.3119 (10) 
0.6664 (9) 
0.5799 (10) 
0.8089 (14) 
0.7239 (16) 
0.8082 (14) 
0.7811 (11) 
0.5709 (11) 
0.3447 (10) 
0.5869 (10) 
0.9607 (10) 
0.8932 (9) 
0.9274 (9) 
0.6723 (10) 
0.3819 (9) 
0.5321 (10) 

0.1326 (1) 
0.0873 (1) 
0.1199 (1) 
0.0569 (1) 
0.1129 (1) 
0.1751 (1) 
0.1116 (3) 
0.0729 (3) 
0.0688 (4) 
0.0836 (5) 
0.1223 (4) 
0.1369 (3) 
0.1928 (3) 
09267 (3) 
0.2695 (4) 
0.2773 (5) 
0.2431 (5) 
0.2019 (4) 
0.0152 (3) 
0.0693 (3) 
0.0371 (3) 
0.1566 (3) 
0.1191 (3) 
0.0681 (3) 
0.2230 (3) 
0.1903 (3) 
0.1555 (3) 

retained for analysis of 1 and 3, reapectively. In 3, two qoleculee 
which are structurally identical but cryatallographidy inde- 
pendent lie in the four general pdions of the asymmetric unit. 
The non-hydrogen atoms were refined using anisotropic thermal 

hydmgen atoms, in calculated positions, were included 
in structure factor calculations. The weighting scheme was based 
on counting statistia, and included a factor 0, = 0.03) to down- 
weight intense reflections. The fiial difference Fourier map of 
1 contained a maxima and minima of 0.34 and -0.28 e A-3, re- 
spectively, whereas that of 3 contained a maxima and minima 
of 1.27 and -0.98 e- A3, respectively. Final fractional atomic 
CoordinatSearegivainTablea IIandlV. selectedbonddistances 
and angles are given in Table V and VII. Thermal ellipsoid 
diagrams are presented in Figures 1 and 3. 

For 2, data were collected on a Siemens R3m/V (Mo Ka, 
0.710 73 A) diffractometer at 23 "C. Cell constanta and an ori- 
entation matrix for data collection corresponded to an ortho- 
rhombic cell. Intensity data were corrected for the usual Lorentz 
and polarization &e&. A total of 3849 reflections were recorded. 
An empirical absorption correction was applied (Rht = 0.04 on 
1) to yield 3779 reflections out of which 2043 with F > 3.0a(F) 
were retained. The structure was solved by direct methods and 
refined using full-matrix least-squares to convergence using 
SHELXTL PLUS." Non-hydrogen atom were refiied using 
anisotropic thermal parameters; hydrogen atoms, in calculated 
positions, were included in structure factor calculations. The 
weighting echeme (w-l=$(F) + O.ooo2F) was baaed on counting 
statiatica The final difference map contained "n and "A 
of 0.90 and -0.47 e-/As, respectively, located in close proximity 
to the Ga atom. Final fractional atomic Coordinates are given 
in Table III. Selectd bond distances and anglea are given in Table 
VI. A thermal ellipeoid diagram is presented in Figure 2. 

Results and Discussion 
Dehaloeilylation reactions between an organogallium 

halide and a silylarsine to form gallium-arsenic bonda now 
have ample precedent.' However, analogow reactions to 
form compounds containing the gallium-phoaphorus bond 

(16) Sheldrick, G. M. SHELXTL PLUS, Crystdlcgmphic Computing 
Syetem Revirion 3.42 Nicolet Inntrument Corporation: Madison, WI, 
1986. 
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Table IV. Non-Hydrogen Atom Fractional Coordinates and 
Equivalent Isotropic Thermal Parameterr for a, with 

Emtimated Standard Deviation8 in P a r e n t h  
atom X Y z B,  (A9 

3.7 (1) -0.1020 (1) Ga(1) 0.2529 (1) 
Ga(2) 0.2613 (1) 
P(l) 0.2561 (3) 
P(2) 0.2636 (3) 
Si(1) 0.1718 (3) 
Si(2) 0.3747 (3) 
Si(3) 0.2250 (3) 
Si(4) 0.3127 (4) 
Si(5) 0.3354 (3) 
Si@) 0.1424 (3) 
C(1A) 0.337 (1) 
C(1B) 0.149 (1) 
C(1C) 0.270 (1) 
C(1D) 0.343 (1) 
C(1E) 0.155 (1) 
C(1F) 0.284 (1) 
C(2A) 0.335 (1) 
C(2B) 0.142 (1) 
C(2C) 0.212 (1) 
C(2D) 0.420 (1) 
C(2E) 0.134 (1) 
C(2F) 0.351 (1) 
C(3A) 0.394 (1) 
C(3B) 0.069 (1) 
C(3C) 0.225 (1) 
C(3D) 0.476 (1) 
C(3E) 0.067 (1) 
C(3F) 0.371 (1) 
C(4A) 0.455 (1) 
C(4B) 0.007 (1) 
C(4C) 0.297 (2) 
C(4D) 0.457 (1) 
C(4E) 0.015 (2) 
C(4F) 0.319 (1) 
C(5A) 0.459 (1) 
C(5B) 0.009 (1) 
C(5C) 0.353 (1) 
C(5D) 0.382 (1) 
C(5E) 0.034 (1) 
C(5F) 0.249 (1) 
C(6A) 0.400 91) 
C(6B) 0.080 (1) 
C(6C) 0.341 (1) 
C(6D) 0.327 (1) 
C(6E) 0.104 (1) 
C(6F) 0.232 (1) 
C(11) 0.175 (1) 
C(12) 0.201 (1) 
C(13) 0.072 (1) 
C(21) 0.390 (1) 
C(22) 0.387 (1) 
C(23) 0.448 (1) 
C(31) 0.196 (1) 
C(32) 0.310 (1) 
C(33) 0.145 (1) 
C(41) 0.280 (1) 
C(42) 0.422 (1) 
C(43) 0.281 (1) 
C(51) 0.426 (1) 
C(52) 0.362 (1) 
C(53) 0.281 (1) 
C(6l) 0.091 (1) 
C(62) 0.144 (1) 
C(63) 0.093 (1) 

0.06560 
0.0731 (1) 
0.0561 (2) 
0.0591 (3) 
0.1308 (3) 
0.0833 (3) 

-0.0515 (3) 
0.1532 (3) 

-0.0331 (3) 
0.0428 (3) 
0.126 (1) 
0.105 (1) 

-0.033 (1) 
0.140 (1) 
0.111 (1) 

-0,023 (1) 
0.202 (1) 
0.165 (1) 

-0,067 (1) 
0.137 (1) 
0.179 (1) 

-0.033 (1) 
0.245 (1) 
0.192 (1) 

-0.131 (1) 
0.181 (1) 
0.207 (1) 

-0,097 (1) 
0.220 (2) 
0.159 (1) 

-0.161 (1) 
0.236 (1) 
0.166 (1) 

-0.150 (1) 
0.152 (1) 
0.101 (1) 

-0.130 (1) 
0.244 (1) 
0.101 (1) 

-0.143 (1) 
0.110 (1) 
0.075 (1) 

-0.066 (1) 
0.197 (1) 
0.072 (1) 

-0.079 (1) 
0.213 (1) 
0.147 (1) 
0.094 (1) 
0.180 (1) 
0.055 (1) 
0.041 (1) 

-0.048 (1) 
-0,110 (1) 
-0,0861 (9) 
0.231 (1) 
0.150 (1) 
0.156 (1) 

-0.037 (1) 
-0.026 (1) 
-0.117 (1) 
0.127 (1) 
0.010 (1) 

-0.019 (1) 

0.4026 (1) 
0.0330 (3) 
0.5369 (3) 
0.0554 (3) 
0.1224 (3) 
0.0637 (3) 
0.6128 (3) 
0.6020 (3) 
0.5329 (3) 

-0.0962 (9) 
-0.165 (1) 
-0.127 (1) 
0.409 (1) 
0.342 (1) 
0.373 (1) 

-0.077 (1) 
-0.208 (1) 
-0.188 (1) 
0.458 (1) 
0.343 (1) 
0.367 (1) 

-0.076 (2) 
-0.253 (2) 
-0.212 (1) 
0.460 (1) 
0.294 (1) 
0.343 (1) 

-0.091 (1) 
-0.260 (2) 
-0.179 (2) 
0.408 (2) 
0.240 (2) 
0.330 (1) 

-0.106 (1) 
-0.219 (2) 
-0.119 (1) 
0.359 (1) 
0.231 (1) 
0.335 (1) 

-0.106 (1) 
-0.170 (1) 
-0.096 (1) 
0.360 (1) 
0.279 (1) 
0.359 (1) 
0.005 (1) 
0.159 (1) 
0.018 (1) 
0.128 (1) 
0.219 (1) 
0.093 (1) 
0.148 (1) 
0.085 (1) 

-0,022 (1) 
0.553 (1) 
0.650 (1) 
0.684 (1) 
0.584 (1) 
0.708 (1) 
0.566 (1) 
0.508 (1) 
0.624 (1) 
0.456 (1) 

have as yet been unreported. Reaction of Ph2GaCl with 
P(SiMe3)3 in a 21 mole ratio in toluene at 100 OC also 
afforda 1 via a dehalosilylation reaction (eq 1). The core 
2PhzGaCl + P(SiMe& - 

I t 

Ph2GaP(SiMeS)2Ga(Ph)2Cl + Me3SiC1 (1) 
1 . 

of 1 ia that of a Ga-P-Ga-Cl ring and is another example 
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Novel Organogcrllium-Pho~phorue Compounds 

angle about ring bonds of 6.4O. These effects are more 
pronounced in 1 than in 4 due to the shorter bond lengths 
involving phosphorus (mean Ga-P = 2.390 A and mean 
P-Si = 2.272 A) whereas for 4, the mean Ga-As and M i  
bonds are 2.466 and 2.363 A, respectively. The C1 atom 
is displaced by 0.2'71 A from the Ga-P-Ga plane. The 
mean Ga-Cl bond length of 2.410 A is virtually identical 
to the mean Ga-Cl bond length of 2.411 A in 4. The 
Ga-P-Ga, Ga-Cl-Ga, and mean P-Ga-Cl angles of 90.4 
(1)O, 89.4 (1)O, and 89.7O, respectively, exhibit a slight 
rhombic distortion. The mean C-Ga-C bond angle of 
120.3O is similar to that of 4 (mean C-Ga-C = 121.3') and 
is likewise indicative of both steric effects and electronic 
factors. 

The reaction of Ph2GaCl with P(SiMe& in a 1:l mole 
ratio at room temperature in toluene yields 2. It is in- 
teresting that 2 is quite stable under an inert atmoephere 
at room temperature for extended periods of time even 
though it contains both a C1 atom and SiMes groups. 
However, when 2 is heated in deuterated toluene to reflux 
in an NMR tube for 46 h, the multant lH NMR spectrum 
is complex and undecipherable but does not exhibit r e s  
onanca belonging to the parent compound. This behavior 
tends to demonstrate that 2 will undergo further thermal 
reaction to give additional Ga-P oligomers. 

Surprisingly, compound 3 was originally isolated as the 
result of a ligand exchange process in the reaction of 
Lip(SiMqJ2 and Ph2GaC1. This is an additional example 
reported by us of such a ligand redistribution product 
reeulting from a lithium pnictide reaction [Ph3Ga*As- 
(SiMe& (a) and (Me&3iCH2)In~As(SiMes)S (6) were pre- 
viously reported8]. Though the precise pathway of these 
transformations is sti l l  not known, the isolation of 3,5, and 
now 6 demonstrates the complex nature of these lithium 
chloride elimination reactions. As is expected, 3 can also 
be directly prepared from the reaction of PhSGa and P- 
(SiMe& in pentane. 

A review of the literature reveals that there are currently 
five structurally characterized neutral Ga-P adduds;"-21 

(17) Schmidbaur, H.; Lauteechlager, S.; Muller, G. J.  Organomet. 

(18) Boardman, A,; Small, R W. H.; Worall, I. J. Inorg. Chem. Acta 

(19) Bradley, D. C.; Chudzynnlsn, H.; Factor, M. M.; Frigo, D. M.; 
Hunthow, M. B.; Hwein ,  B.; Smith, L. M. Polyhedron 1988,7,1289. 

(20) W. M. A,: Beachlev. 0. T., Jr.: Molonev, J. D.: Ropers, R. D. 

Chem. I W ,  281,25. 

1986,119. L13. 
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however, none have been reported which contain aromatic 
ligands on the gallium center. The Ga-P bond length of 
2.469 (2) A in 2 and the mean for 3 of 2.540 A are well 
within the eatabliahed range of length previously observed 
[the shortest being 2.363 (2) A in ClSGa*PMeaaO and the 
longest being 2.683 (6) A in (MesCCH&Ga*P(H)Ph21." 
The slight elongation of the Ga-P bond length in 3 as 
compared with that of 2 is certainly due to ita decreased 
Lewis acidity [Ph8Ga versus PhGaCl]. The Ga-Cl bond 
length in 2 of 2.240 (3) A is shorter than that ohrved for 
the mean (2.410 A) in 1 and is to be expected given the 
nature of the bonding (terminal C1 versus bridging). The 
geometry about the gallium centers of 2 and 3 is that of 
a distorted tetrahedron. The steric demands of the bulky 
phenyl groups on each gives rise to enlarged C-Ga-C an- 
gles of 117.3 (4 )O in 2 and a mean of 113.4' in 3, the ste- 
rically leee demending C1 atom in 2  allow^ greater distance 
between the two remaining phenyl groups, thus the angle 
is larger. 

Conclusions 
The isolation of 1 from a dehaloeilylation reaction fur- 

ther expands the number of compounds which contain 
mixed bridging of two group 13 atoms with a halogen and 
a pnictide atom. Certainly, compounds of this type, 
through the bridging halide, wil l  come to fore as reegenta 
for the introduction of other functionalities into the ring 
eystem. Additionally, the presence of the chlorine atoms 
and SiMeS group in 1 and 2 could provide an avenue for 
further oligomerization through elimination reactions. 
Finally, the fact that 3 was originally isolated from the 
reaction of LiP(SiMeJ2 and Ph2GaCl again showe that 
these reactions are not as straightforward as one would 
tend to believe. Further study in this area is warranted. 
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