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The trimers [¢-Bu,Ga(u-EH,)]; (E = P, As) have been prepared via the reaction of ¢-BuyGa with EH,q
at low temperatures. The structure of [t-Bu,Ga(u-PH,)]5 has been established by X-ray crystallography.
These are the first u-PH, and u-AsH, derivatives of gallium to be reported. Both compounds react with
H,0 to give the hydroxygallium trimer [¢-Bu,Ga(u-OH)];. The structure of [¢- BuzGa(u-PHz)]s features
a planar six-membered Ga,P, ring. Crystal data for [t-Bu,Ga(u-PHy)ls: CoHgGagPs, M, = 650.83, hexagonal,
space group P82m (No. 189), a = 11.127 (4) A, ¢ = 16.506 (6) A, V = 1769.7 (5) A%, Z = 3, D = 0.867
g em™3, u(Mo Ka) = 13.4 em™1, 880 unique reflections measured over the range 3.0 < 20 < 55.0° (0—20 scan
mode) 446 reflections with I > 30(1’) used in the refinements to give R and R,, = 0.064 and 0.075, respectively.
Thermal decomposition studies in solution and in the solid state show that both compounds afford the
corresponding III/V semiconductor material at a relatively low temperature. [t-Bu,Ga(u-PH,)]; produces
GaP at 248 °C in the solid state and at 110 °C when heated in toluene solution. [t-Bu,Ga(u-AsH,)}; gives
GaAs at 250 °C in the solid state and slowly at room temperature in hexane but more rapidly at 110 °C
when heated in toluene solution. The products are polycrystalline, as shown by X-ray powder diffraction

studies.

Introduction

There is currently considerable interest in compounds
containing group 13 and group 15 elements as these may
serve as single source precursors to compound semicon-
ductors such as GaAs and InP.! The original studies of
Coates? and Beachley?® et al. established that compounds
of the formula [Me;MER';]); (M = Ga, In; E = P, R’ = Me,
Et; E = As, R’ = Me) may be prepared by the thermal
reaction of Me;M with R’,;EH. More recent work by Wells
and others showed that if the steric demands of the alkyl
groups are increased, dimeric materials e.g.
[(Me;SiCH,),AsGaPh,],,* [(Me;SiCH,),InPPh,],,5 and
{{(Me4SiCH,),;As],GaBr},® may be characterized. In ad-
dition to these oligomers, Wells and co-workers” have also
characterized novel group 13 and group 15 binary com-
pounds such as Ga[As(Mes),];® (Mes = mesityl) and
[Ga(AS(CstiMea)g){;]g.

We recently reported the use of the dinuclear complexes
[MeyGa(u-As(t-Bu),)l, and [MegIn(u-P(t-Bu),)], for the
organometallic chemical vapor deposition (OMCVD) of
thin films of GaAs and InP, respectively.? These com-
pounds and other analogues of the type [Me,M(u-E(¢-
Bu),)l; (M = Al, Ga, In; E = P, As) offer advantages over
the currently employed OMCVD processes, which typically

(1) For a review, see: Cowley, A. H.; Jones, R. A. Angew. Chem., Int.
Ed. Engl. 1989, 28, 1208 and references therein.

(2) Coates, G. E.; Graham, J. J. Chem. Soc. 1963, 223,

(3) Beachley, O. T.; Coates, G. E. J. Chem. Soc. 1965, 3241.

(4) Wells, R. L.; Purdy, A. P.; McPhail, A. T,; Pitt, C. G. J. Organomet.
Chem. 1986, 308, 281.

(5) Beachley, O. T.; Kopasz, J. P.; Zhang, H.; Hunter, W. E.; Atwood,
J. L. J. Organomet. Chem. 1987, 325, 69.

(6) Purdy, A. P.; Wells, R. L.; McPhail, A. T.; Pitt, C. G. Organo-
metallics 1987, 6, 2099.

(7) Wells, R. L.; Purdy, A. P.; Higa, K. T.; McPhail, A. T,; Pitt, C. G.
J. Organomet. Chem. 1987, 325, C1.

(8) Pitt, C. G.; Higa, K. T.; McPhail, A. T.; Wells, R. L. Inorg. Chem.
1986, 25, 2483.

(9) Cowley, A. H.; Benac, B. L.; Ekerdt, J. G.; Jones, R. A,; Kidd, K.
B.; Lee, J. Y.; Miller, J. E. J. Am. Chem. Soc. 1988, 110, 6248. Bradley
et 'al. have also investigated the deposition of InP from [Me,In(u-P(t-
Bu),)], (usmg the MOMBE technique): Aitchinson, K. A.; Backer-Dirks,
J. ; Bradley, D. C.; Factor, M. M.; Frigo, D. M; Hursthouse, M.B;
Hussam. B,; Short, R. L. J. Organomet Chem. 1989 366, 11.

employ mixtures of group 13 alkyls (e.g. Me;Ga, Me;ln)
with group 15 sources such as AsH; or AsMe; (e.g. eq 1).1°

Me;Ga + AsH; — GaAs + 3CH,t o))

The major advantages are increased stability toward air
and moisture, hydrocarbon solubility, and decreased tox-
icity, yet sufficient volatility for OMCVD processes. Our
deposition studies indicate that an important feature of
such precursors is the availability of a low-energy decom-
position pathway.’ In the case of the ¢-Bu-substituted
compounds the primary decomposition mode involves the
elimination of isobutylene. Since the ¢t-Bu substituent can
therefore be considered to be a “masked” hydrogen, there
was obvious interest in preparing precursors with group
15~hydrogen bonds. It was anticipated that such hydro-
gen-substituted precursor clusters would possess even
lower decomposition temperatures than the corresponding
alkylated compounds. We were also aware of the signif-
icance that compounds of this class might have in regard
to the mechanism of the reaction of Me;Ga with PH,!! or
AsH;.!'? With these points in mind we investigated the
chemistry of single-source precursors that feature ¢-Bu
substituents on the group 13 elements (Al, Ga, In) in ad-
dition to -PH, and ~AsH, groups. We report here the
synthesis, characterization, and preliminary decomposition
studies of {¢t-Buy,Ga(u-EH,)]; (E = P (1), As (2)). To the
best of our knowledge, 1 and 2 constitute the first examples
of group 13/15 precursors bearing -EH, (E = P, As) units.

Results and Discussion

Synthesis and Structure of [£-Bu,Ga(u-PH,)]; (1).
The condensation of excess PH; onto frozen (-196 °C)
t-BusGa (neat or in a benzene solution), followed by
warming to 25 °C, results in the formation of 1 in essen-
tially quantitative yield based on Ga. Interestingly when
THF was employed as solvent, no reaction took place.
Colorless 1 may be recrystallized from toluene at -20 °C.

(10) Manasevit, H. M. Appl. Phys. Lett. 1968, 12, 156.
(11) Schlyer, D. J.; Ring, M. A. J. Electrochem. Soc. 1977, 124, 569.
(12) Schlyer, D. J.; Ring. M. A. J. Organomet. Chem. 1976, 114, 9.
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Figure 1. 3'P NMR spectrum of 1 at 121.47 MHz in THF/C¢D;

(10%) at 35 °C. Signals marked with asterisks are due to traces
of free PHj,.

Table I. Bond Lengths (A) for [¢-Bu,Ga(u-PH,)], (1)°
Ga-P 2.439 (3) C1-C2 1.56 (2)
Ga-C1 2.02 (2) Ci1-C3 1.56 (3)

¢ Numbers in parentheses are estimated standard deviations in
the least significant digits.

Table II. Bond Angles (deg) for [¢-Bu,Ga(u-PH,)]; (1)°

P-Ga-P 101.5 (3) Ga-C1-C3 111 (1)
P-Ga-C1 107.9 (3) C2-C1-C2 111 (2)
C1-Ga-C1’ 122.0 (7) C2-C1-C3 111 (1)
Ga-P-Ga’ 138.5 (4)

¢Numbers in parentheses are estimated standard deviations in
the least significant digits.

The compound is extremely air and moisture sensitive and
must be handled with care, since it liberates phosphine gas
(PHj) upon hydrolysis. Infrared spectroscopic data in-
dicate the presence of the PH, units {vp_y(sym) 2343 cm™
and sp_y(asym) 2335 cm™!]. The computed H-P-H angle
is 96 (3)°.13 The 'H NMR spectrum exhibits a singlet at
8 1.08, assigned to the ¢{-Bu units. Attempts at locating
the phosphine protons were unsuccessful due to the
spectral complexity and also because of the presence of
traces of overlapping signals due to (t-Bu,Ga(u-OH)]; (3).1¢
No resonances corresponding to the solvent of crystalli-
zation were detected. The 3'P{'H} NMR spectrum of 1 in
THF/10% C¢Dg at 35 °C comprises a singlet at § -249.3.
The corresponding proton-coupled spectrum is a broad
multiplet characteristic of the nine-spin system
[AA’A"XX XXX " X!""] (see Figure 1), consistent with
the presence of the trimeric species in solution. Moreover,
very little changes are apparent in the variable-tempera-
ture $1P{'H} NMR spectrum, thus indicating that 1 exists
in the same state of aggregation from —20 to +80 °C. The
13C{*H} NMR data are also consistent with the proposed
structure.

(13) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 4th
ed.; Wiley: London, 1980; p 1074. The reverse assignment was considered
by us, but the calculation of the enclosing H-E~-H angle (where E = P,
As) gave the values 84 (3)° for 1 and 79 (3)° for 2, both of which are
ug)realistically small. This assignment is not uncommon (see figure in ref
13).
(14) Details of the synthesis and characterization of 3 will be the
subject of a future publication.
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Figure 2. ORTEP view of 1, showing the atom-numbering scheme.

Table III. Summary of Crystal Data, Collection Data, and
Refinement for [t-Bu,Ga(u-PH,)]; (1)

Description of Crystal
color clear
habit prism
max cryst dimens, mm 0.30 X 0.30 X 0.20

cryst system hexagonal
space group Pé2m
unit cell params
a A 11.127 (4)
c, 16.506 (6)
V, A3 1769.7 (5)
VA 3
formula CyHgoGagP;
M, 650.83
D yed, & cm™ 0.867
w(Mo Ka), em™! 13.4

Data Collection
radiation (A, A) Mo Ka (0.71073)
scan technique 0/26
scan width, deg 0.80 + 0.35 tan ¢

range of indices h,k,! +14,+14,%£21
20 range, deg 3.0-55.0
no. of reflens measd 1644
std reflens
intens 525, 0,0,12
orientation 409, 049
decay of stds, % -27.6
agreement factor for averaged reflens 5.3 (1)
3.3 (F,)
Structure Determination
no. of reflections used 446
I > 3a(l)
no. of params varied 42
data/param ratio 10.6
esd of an observn of unit wt 2.736
Re 0.064
R,? 0.075
highest peak of resid electron  0.86 (due to disordered toluene)
density, e A

SR and R,, are defined as R = Y |F,| - |FJ/Z|F, and R, =
[Zw(Fo| = IF?/ Zw(F )22,

In the solid state 1 crystallizes in the hexagonal space
group P62m as a planar trimer, consistent with the solu-
tion-phase spectroscopic data. A view of the molecule is
shown in Figure 2, and important bond lengths and angles
are presented in Tables I and II. Crystallographic details
are given in Table III. The molecular geometry is Dy,
and the structure comprises a planar GagP; ring with the
t-Bu groups eclipsed above and below the molecular plane.
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The coordination geometry at each Ga atom is approxi-
mately tetrahedral; however, there is a wide scatter of
angles (P-Ga-P = 101.5 (3)°, P-Ga—C(1) = 107.9 (3)°,
C(1)-Ga-C(1)' = 122.0 (7)°). The Ga-P distance (2.439
(8) A) is shorter than that of [t-Bu,Ga(u-P(CsHg)H)],
(2.451 A)'5 but is not significantly different from those
found in the trimer [Me,Ga(u-P(i-Pr),)]3, which was re-
cently synthesized in these laboratories!® and in which the
Ga-P distances range from 2.43 to 2.44 A. The Ga-C
distance of 2.02 (2) A is comparable with those found in
the dimeric complexes [R,Ga(u-P(t-Bu),)]; (R = n-Bu, Me;
ca. 2.02 A).17 Another point of interest is the large angle
subtended at the P atom (Ga-P-Ga = 138.5 (4)°). This
is significantly larger than the In-As-In angle in the planar
conformer of [Me,In(u-As(Me),)]; (126.64 (9)°).18 Of re-
lated interest is the aluminum amide [(¢-Bu),Al(u-NH,)],
recently characterized by Interrante and co-workers in
which the AI-N-Al angle is 133.9 (5)°.1°

Synthesis and Characterization of [¢-Bu,Ga(u-
AsH,)]; (2). Colorless crystalline 2 can be prepared in
virtually quantitative yield by replacing PH; with AsHj;
in the procedure described above for 1. Compound 2 can
be recrystallized from toluene at -20 °C. In the solid state
2 is stable for several months in the dark under an inert
atmosphere. However, toluene or hexane solutions of 2
are light sensitive. Exposure of these solutions to normal
light (fluorescent tube) at 25 °C results in coloration over
a period of several hours and deposition of an orange film.
Compound 2 is extremely moisture and air sensitive and
liberates AsH; upon hydrolysis and must therefore be
handled with extreme caution.

On the basis of the spectroscopic data for 2, we propose
a similar structure to that of 1. In order to confirm this,
we attempted to determine the molecular weight of 2 in
solution by the isothermal distillation method using a
modified Signer apparatus.?® A variety of solvents was
tried, including diethyl ether, toluene, and dichloro-
methane. No value of meaningful accuracy could be ob-
tained, due to the poor solubility and inherent instability
of 2. However, the chemical ionization mass spectrum
(CIMS) confirmed the trimeric nature of 2 in the gas phase
(m/e for M* = 782 amu). Infrared spectroscopy confirms
the presence of AsH, units [v4, y(sym) 2145 ¢cm™ and
vas-n(asym) 2132 em™] and leads to a calculated H-As-H
angle of 101 (3)°.13 This is the same (to within experi-
mental error) as the corresponding H-P-H value for 1.
The 'H NMR spectrum in C4Dg at 35 °C exhibits a singlet
at 6 1.16, assigned to t-Bu protons, and a less intense
singlet at 6 1.04, which is attributable to the As—H protons.
The spectrum remains unchanged from +35 °C to -90 °C,
indicating that 2 is either planar in solution or undergoes
an interchange of conformers (e.g. boat, chair, twist-boat,
etc.) that is rapid on the NMR time scale. The *C{*H}
NMR spectrum contains a singlet at § 29.96 assigned to
the (As—C-CH,) groups; the quaternary carbons were not
observed.

(15) Heaton, D. E.; Jones, R. A; Kidd, K. B.; Cowley, A. H.; Nunn, C.
M. Polyhedron 1988, 7, 1901.

(18) Cowley, A. H.; Jones, R. A.; Mardones, M.; Nunn, C. M. To be
published.

(17) Arif, A. M.; Benac, B. L.; Cowley, A. H.; Geerts, R.; Jones, R. A,;
Kidd, K. B.; Power, J. M.; Schwab, S. T. J. Chem. Soc., Chem. Commun.
1986, 1543.

(18) Cowley, A. H.; Jones, R. A,; Kidd, K. B.; Nunn, C. M.; West-
moreland, D. L. J. Organomet. Chem. 1988, 341, C1. This compound was
originally synthesized by Coates et al.: see ref 3.

(19) Interrante, L. V.; Sigel, G. A.; Garbauskas, M.; Hejna, C.; Slack,
G. A. Inorg. Chem. 1989, 28, 252.

(20) Standard Methods of Chemical Analysis, 6th ed.; Welcher, F. J.,
Ed; Vol. 2, Part A, pp 445-448,

Couwley et al.

Thermal Decomposition Studies of 1 and 2. (a)
Solid State. Solid-state pyrolysis studies were carried out
under a low pressure (ca. 100 Torr) of nitrogen gas in a
static system, Under these conditions both 1 and 2 pro-
duced a mirror on the internal surfaces of the decompo-
sition vessels. Compound 1 decomposes slowly at 200 °C
but rapidly at its melting point (243-248 °C). The layer,
deposited onto an unetched silicon wafer, was analyzed by
XPS. The corrected Ga(3d) and P(2p) signals, at 20.3 and
128.6 eV, respectively, compare well with the literature
values of 19~20 and 129 eV.2l The XPS experiment also
revealed the presence of carbon (ca. 10%), which varied
from sample to sample. We have, so far, made no attempts
to optimize the decomposition conditions in order to lower
the carbon content, since our main goal was to demonstrate
a lower temperature route to the semiconductors than had
previously been described. The film did not give an X-ray
diffraction pattern, thus indicating that an amorphous
layer had been grown. Mass spectroscopic and 'H NMR
analysis of the volatiles produced during decomposition
revealed the presence of mostly isobutane and isobutylene.
NMR analysis showed the isobutane to isobutylene ratio
to be 3.67:1.00.

Compound 2 decomposes slowly at 155 °C in the solid
state. However, the rate of decomposition is significantly
more rapid at 250 °C. The residual film was also analyzed
by XPS. The corrected Ga(3d) signal at 20.2 eV compares
well with the literature value of 19.5 eV. The corrected
As(3d) region showed two overlapping signals, one at 41.0
eV attributed to GaAs (literature value 40.7 eV)?! and a
shoulder at 44.1 eV assigned to elemental arsenic (litera-
ture value 44.0 eV).22 XPS again revealed significant
carbon incorporation; however, the carbon-containing
species could not be identified. This film was also shown
to be amorphous by X-ray diffraction. The volatile by-
products consisted mainly of isobutane, which suggests a
reaction pathway involving the evolution of alkane groups
from adjacent ¢-BuGa and EH units (E = P, As).

(b) Solution. Compounds 1 and 2 both undergo de-
composition in solution. Thus, vigorous refluxing of 1 in
toluene solution for 24 h produces a yellow-orange sus-
pension. Examination of the resulting solid by EI mass
spectrometry indicated the presence of organophosphorus
oligomers. Low-intensity tert-butyl C~H stretching vi-
brations were evident in the infrared spectra. Refluxing
of a toluene solution of 2 for 20 min resulted in quanti-
tative conversion to a red-brown suspension. Infrared
spectra of the dried solid again showed only low intensity
tert-butyl vibrations. While EI mass spectrometry of this
material shows peaks consistent with the presence of or-
ganoarsenic oligomers, subsequent annealing under N, at
350-400 °C resulted in positive identification of the residue
as polycrystalline GaAs by X-ray power diffraction. We
therefore conclude that in solution, 2 decomposes to
amorphous GaAs, which contains trapped organic im-
purities. Of related interest are materials prepared by
Theopold et al. via the reaction of Cp*;GaAs(SiMeg), with
t-BuOH.22  Exposure of hexane solutions of 2 at room
temperature to room light over a period of hours also af-
fords amorphous GaAs.

In studies of reactions of MeyGa with PH; or AsHj it
was concluded that, while several different mechanisms
may be in operation under different conditions, the
prevalent mechanism is of the Langmuir-Hinshelwood

(21) Handbook of X-ray Photoelectron Spectroscopy; Perkin-Elmer
Corp.: Norwalk, CN, 1979,
(22) Bryne, E. K.; Parkanyi, L.; Thopold, K. H. Science 1988, 241, 332.



II1/V Precursor Clusters with P-H or As-H Bonds

type, in which the surface bound species undergo the
following reactions:

MeyGa + EH; — Me,GaEH, + CH,
Me,GaEH,; — MeGaEH + CH,
MeGaEH — GaE + CH,

The isolation of [t-BuyGaEH,]; in this present work sup-
ports the idea that the Me;Ga/EHj, reactions proceed via
the formation of [Me,GaEH,], species. Attempts at iso-
lating species of composition [¢-BuGaEH],, analogous to
the iminoalanes [RAINR’],,2 by careful heating gave only
insoluble residues.

Experimental Section

All manipulations were performed under dry, oxygen-free N,
under vacuum (with standard vacuum-line techniques) or in a
Vacuum Atmospheres drybox under argon. Microanalyses were
conducted by the Schwarzkopf Microanalytical Laboratory,
Woodside, NY. Pentane and THF were distilled from sodium
benzophenone ketyl under N,. Toluene was distilled from sodium
under N,. C¢D; was dried initially over 4-A molecular sieves,
stirred over Na/K alloy overnight, and then vacuum-transferred
for storage over Na/K alloy. Instruments: IR, Digilab FTS-40;
NMR, GE QE-300 (*H, 13C, 3'P); EI-MS, Bell & Howell CEC
24-491; 70-eV CI-MS, Finnigan MAT 4023; XPS, Leybold-Heraeus
LHS-12 surface analysis system equipped with a rapid entry
load-lock system (base pressure 1.5 X 10 Torr). IR spectra were
run as KBr pellets, and the solvent of crystallization was removed
under reduced pressure before sample preparation. NMR spectra
recorded in CgDg at ambient temperature unless otherwise stated
and are in ppm referenced to Me,Si (3 0.0, 'H, ¥C) and 85%
H,PO, (aq) (5 0.0, 3'P). The solvent of crystallization was again
removed under reduced pressure before sample preparation, and
there was no evidence of toluene in any of the spectra. XPS
spectra were taken by using a dual X-ray anode (Mg and Al) and
an EA-11 hemispherical analyzer. The data were obtained with
Mg Ka radiation (1253.6 eV) at 200 W (10 keV, 20 mA) along with
40-eV pass energy, which gave an overall energy resolution of 0.95
eV. The resolution was checked by measuring the line width of
the Ag 3d;/; peak. No sample charging was observed in any of
the samples, as evidenced by the constant position of the
“adventitous” carbon (1s) peak (binding energy = 284.9 eV).
Melting points were determined on an Electrothermal melting
point apparatus in sealed capillaries under argon (1 atm) and are
uncorrected.

t-BuyGa was made in accordance with the literature.?* PH,
and AsHj; gases were purchased from Scott Specialty Gases and
Linde (division of Union Carbide), respectively, and used as
supplied. Satisfactory elemental analyses (C, H) were obtained
for both compounds.

Caution! AsH,and PH; are colorless, highly toxic gases, and
compounds 1 and 2 liberate these gases upon contact with
moisture. All manipulations should be carried out in a drybox
or in a well-ventilated hood. Procedures for the manipulation
of PH; and AsH, have been described. 58

Synthesis and Characterization of [¢-Bu,Ga(u-PH,)]; (1).
Onto a frozen benzene solution of ¢-BugGa (1.0 mL of a 1.83 M
solution, 1.83 mmol) at -196 °C was condensed excess PH; (0.50
mL, 11 mmol). The mixture was allowed to warm until the PH,
melted and exerted ca. 0.5 atm of pressure, as measured by a
mercury manometer, before being recooled to ~196 °C. This cycle
was repeated 2-3 times to ensure completion of reaction. Excess

(23) Iminoalanes [RAINR’], are known; a recent example is the trim-
eric, planar species [MeAIN(2,6-i-Pr,C¢H;)l5. See: Waggoner, K. M,;
Hope, H.; Power, P. P. Angew. Chem., Int. Ed. Engl. 1988, 27, 1699.

(24) Kovar, R. A.; Derr, H.; Brandau, D.; Callaway, J. O. Inorg. Chem.
1975, 14, 11.

(25) Drake, J. E.; Riddle, C. In Inorganic Syntheses; Cotton, F. A,,
Ed.; McGraw-Hill Book Co.: New York, 1972; Vol. XIII, Chapter 1, pp
14-17.

(26) The Merck Index, 10th ed.; Windholz, M., Budavari, S., Blumetti,
R.7F., Otterbein, E. S., Eds.; Merck & Co., Inc.: Rahway, NJ, 1983; pp
117-118, 1058.

Organometallics, Vol. 10, No. 3, 1991 655

PH; was allowed to boil off under a vigorous stream of nitrogen
into a sodium hypochlorite bubbler solution (1% w/w), as the
mixture was warmed to room temperature (3 h). Benzene was
removed under reduced pressure, the colorless residue was ex-
tracted with toluene (30 mL), the solution was filtered, and the
filtrate was concentrated under vacuum (15 mL). Upon cooling
(=20 °C), clear colorless crystals of 1 were formed in essentially
quantitative yield. Mp: 243-248 °C dec. IR (KBr disk): 2948
m, 2923 w, 2861 w, 2838 m, 2712 w, 2342 m, 2335 m, 1464 s, 1456
s, 1394 w, 1360 s, 1258 w, 1182 w, 1167 w, 1047 s, 1009 s, 939 w,
810 vs, 651 w, 523 w, 515 cm™ w. 'H NMR (300.15 MHz,
THF/10% C¢Dg, 35 °C): 6 1.08 (s, 18 H, t-BuGa); PH protons
not observed. 3'P{!H} NMR (121.47 MHz): 6 -249.30 (s, u-PH,).
8P NMR: 6 -249.30 (br mult, u-PH,). 3C{'H} NMR (75.48 MHz):
4 30.70 (s, (H3C)3CGa); (HyC)3CGa quaternary carbons not ob-
served. EIMS: m/e 593 amu (Cy0H;;GasP3, M* - {t-Bu))

Synthesis and Characterization of [£-Bu,Ga(u-AsH,)]; (2).
An excess of AsH; was condensed onto frozen neat t-BuyGa (0.5
mL, ca. 4 mmol) at -196 °C. The mixture was allowed to warm
to 0 °C, whereupon it rapidly solidified before being recooled to
-196 °C. This cycle was repeated 2-3 times to ensure completion
of the reaction. Excess AsH; was allowed to boil off under a
vigorous stream of nitrogen into a series of sodium hypochlorite
(1% w/w) and bromine-water (1% w/w) bubblers, as the mixture
was warmed to room temperature (1 h). The colorless residue
was extracted with toluene (80 mL), the solution was filtered, and
the filtrate was concentrated under vacuum (50 mL). Upon
cooling (~20 °C), clear colorless crystals of 2 were formed in
essentially quantitative yield. Mp: 155-162 °C dec. IR (KBr
disk): 2950 s, 2925 s, 2916 s, 2864 s, 2842 s, 2761 w, 2733 w, 2706
w, 2703 w, 2145 m, 2132 m, 1464 s, 1438 w, 1387 w, 1360 s sh, 1262
w, 1189 w, 1167 m, 1094 w br, 1008 s, 942 m, 845 w, 808 s, 594
cm™ m. 'H NMR (300.15 MHz, C;Dg, 35 °C): 6 1.16 (s, 18 H,
t-BuGa), 1.04 (s, 2 H, AsH). *C{'H} NMR (75.48 MHz): § 29.96
(s, (CH,);CGa); (H3C)3CGa quaternary carbons not observed.
CIMS (Me+): m/e 782 amu (C24H60G83A83, M+)

X-ray Experimental Details for 1. Crystals of 1 were ob-
tained by careful cooling of a saturated toluene solution. A
colorless, prismatic crystal (0.30 X 0.30 X 0.20 mm) was mounted
into a thin-walled glass capillary with Dow-Corning high-vacuum
grease. The capillary was sealed under argon. Crystallographic
details are given in Table III. Cell constants, their standard
deviations, and the orientation matrix were obtained by least-
squares treatment of the angular coordinates of 25 intense in-
dependent reflections in the range 28° < 26 < 30°. Data were
collected on an Enraf-Nonius CAD-4 diffractometer at 24 £ 2 °C,
employing graphite-monochromated Mo Ka radiation. The in-
tensities of two check reflections were measured after every 100
reflections. Corrections were made by assuming linear decay, and
the data were also corrected for Lorentz and polarization effects.
An empirical absorption correction was also applied to the data,
based on ¢ scans (¢ 0-360° every 10°) of suitable reflections with
x values close to 90°. Of the 880 unique reflections measured,
446 reflections were considered observed with I > 3o(I).

Calculations were performed on a MICROVAX II computer
using the “SDP-PLUS" software package.?’ Since the X-ray data
displayed no systematic absences, the structure was refined under
all five possible space groups (P6m2, P62m, P6émm, P622, and
P6/mmm) by direct methods (Patterson)® using successive cycles
of difference Fourier maps followed by least-squares refinement.
The best agreement (goodness of fit = 2.736) was obtained for
the hexagonal space group, P62m (No. 189). When the refinement
was terminated, the maximum shift of any parameter was 3%
of its estimated standard deviation, and at this point R and R,
were 0.064 and 0.075, respectively. On this basis, the space group
was assigned as P62m. The presence of poorly resolved and badly
disordered toluene, intercalating the trimers, was evident in the
final difference Fourier map. We were unable to find a satisfactory
model for it. A non-Poisson contribution weighting scheme, with
an instability factor P set at 0.08, was used in the final stages of

(27) SDP-PLUS, 4th ed.; B. A. Frenz and Associates: College Station,
TX 77840, 1981.

(28) Germain, G.; Main, P.; Wolfson, M. M. Acta Crystallogr., Sec. A:
Cryst. Phys., Diffr., Theor. Gen. Crystallogr. 197}, A27, 368.
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refinement.® No hydrogen atoms were located in the structure,
but their contributions were included in the refinements.
Scattering factors were taken from ref 30. Supplementary ma-
terial is available.’!

(29) P is used in calculation of o(J) to downweight intense reflections
in the least-aquares refinement. The function minimized was S w-
(|F}‘| D2, where w = 4(F, )2/[Z:(Fo)2]2 [T(F)%2 = [SC + R*B) +
5 Lp and § is the scan rate, C is the total integrated peak count,
R is the ratio of scan time to background counting time, B is the total
background count, and Lp is the Lorentz-polarization factor.
(30) International Tables for X-ray Crystallography; Kynoch: Bir-
mingham, England, 1974; Vol. IV.
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Compounds Me(SiMe,);;Me (Si10), Me(SiMe é)lsMe (Si16), and Me(Me,Si),,Me (Si22) were synthesized

by coupling a toluene solution of Me;SiSiMe,

1 and Cl(SiMe,)¢Cl with sodium- 29pot,assxsum alloy. The
H, BC, and #Si NMR spectra of Si10 were fully assigned by 2D 'H-1%C and 'H-

Si NMR spectroscopy;

the latter method is useful for obtaining Si~Si as well as Si-H connectivities. Si-Si coupling constants
for Sil0 were determined with use of INEPT-INADEQUATE NMR spectroscopy.

Introduction

The linear permethylpolysilane oligomers Me-
(SiMe,),Me (n = 2-12) were prepared in the 1960s by
Kumada and his students,! but polysilane oligomers with
longer chains are almost unknown. The only exceptions
are the compounds Me(SiMe,),;Me and Me(SiMe,),,Me,
which were reported by Boberski and Allred from the
coupling reaction of eq 1.2 Oligomeric polysilanes of this
type can serve as model compounds for the polysilane
polymers, which have now acquired considerable interest.?

Me(SiMe,)sCl + Cl(SlMeZ)GCl Me(SlMe2)6nMe
=2-4

(1)

Me;SiSiMe,Cl + Cl(SlMe2)601 Me(SlMez) Me
n = 10, Si10
n = 16, Sil6
n= 22, Si22

(2)

We have synthesized permethylsilane oligomers Si10,
Si186, and Si22 according to eq 2 and studied these mole-
cules by 'H, °C and #Si NMR spectroscopy. The NMR
spectra of Sil0 were reported earlier but could not be
decisively assigned. This has now been accomplished with
use of two-dimensional NMR methods. One-, two-, and

(1) Kumada, M. Adv. Organomet. Chem. 1969, 6, 19.

(2) Boberskl, W. G,; Allred, A. L. J. Organomet Chem 1968, 6, 80.

(3) For reviews see: West, R. J. Organomet. Chem. 1986, 300, 327.
West, R. In The Chemistry of Organosilicon Compounds; Patax, S,
Rappoport Z., Eds.; Wiley: New York, 1989; Chapter 19, pp 1207-1240.
Miller, R. D,; Mlchl J. Chem. Rev. 1989, 89 1359.

(4) Ishxkawa, M.; Iyoda, J.; Ikeda, H.; Kotake, K.; Hashimoto, T.;
Kumada, M. J. Am Chem. Soc 1981, 103 4845,

(5) Stanislawski, D. A.; West, R. J. Organomet Chem. 1981, 204, 295.

three-bond coupling constants between silicon atoms in
Si10 were determined with use of INEPT-INADEQUATE NMR
spectroscopy,f modified for #Si.’® The coupling constants
may be important for understanding the electron delo-
calization in polysilanes.?

Experimental Section

NMR Spectroscopy. NMR spectra were recorded on a Bruker
AM-500 spectrometer at 125.3 MHz for '3C and 99.36 MHz for
#Si. Silicon-29 NMR spectra were recorded with use of the
proton-decoupled INEPT pulse sequence D1 = 3.0 s, D2 = 37
ms, and D3 = 12 ms. 2D NMR spectra were acquired with the
XHCORR microprogram D1 = 3.0 s, D3 = 74 ms, and D4 = 24 ms.
The coLoC microprogram gave similar results. Experimental times
were 2.5 h.

The INEPT-INADEQUATE pulse sequence was used for 2Si-2°Si
couplings with repetition delay 3.0 s, 7, = 37 ms, 7, = 10 ms, and
73 = 74 = 7.2 ms. The notation corresponds to that in Figure 1.
Acquisition time was 12 h. Experimental manipulations were
carried out in oven-dried glassware under a nitrogen atmosphere.

1,6-Dichlorohexasilane (1). Dodecamethylcyclohexasilane,
(Me;Si)g (30 g, 0.082 mol), synthesized from Me,SiCl; by a
standard procedure,® was treated with Cl, in CCl, at 0 °C to give
1 and smaller chlorinated permethylsilanes.!® After Kugelrohr
distillation of the mixture, 6.3 g (18%) of 1 was isolated pure.

Pentamethylchlorodisilane (2). Me,PhSiCl (17 g, 0.10 mol)
was added to 1.75 g (0.25 mol) of Li wire in 150 mL of THF to

(6) Serensen, O. W.; Freeman, R.; Frenkiel, T.; Mareci, T. H.; Schuck,
R. J. Magn. Reson. 1982, 46, 180.

(7) Yokelson, H. B,; Millevolte, A. J.; Adams, B. R.; West, R. J. Am.
Chem. Soc. 1987, 109, 4118.

(8) Maxka, J.; Adams, B. R.; West, R. J. Am. Chem. Soc. 1989, 111,
3447,

(9) Chen, S.-M,; Katti, A; Blinka, T. A.; West, R. Synthesis 1985, 684.

(10) Wojnowski, W.; Hurt, C. J.; West, R. J. Organomet. Chem. 1977,
124, 271.
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