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Seven group 13/15 four-membered-ring compounds of the general tylpE=fRBU,]» bearing the chromophoric
substituents (R) vinyl, allyl, and benzyl have been synthesized by treatméBuwPLi or t-Bu,AsLi with the
appropriate gallium or indium chloride ,RCI (preparedn situ), in EtO solution: 3 (R = vinyl, M = Ga, E=
P);4(R=vinyl, M =In,E=P);5(R=allyl, M =In, E=P);6 (R=allyl, M = Ga, E= As); 7 (R = benzyl,

M =In, E=P); 8 (R = benzyl, M= Ga, E= As); 10 (R = vinyl, M = Ga, E= As). The partially substituted
derivative [(vinyl)ClGaAst-Bu,], (9) was prepared by a similar one-pot procedure. All eight new compounds
were characterized by X-ray crystallography, NMR, and mass spectroscopy. ComtBdbsorb light at
relatively long wavelengths with cutoffs ranging frorB00 nm for the vinyl-substituted compounds+830 nm

for the corresponding allyl- and benzyl-substituted derivatives.

Introduction R R R___R
: . :  E. R E

The past several years have witnessed an increasingly strong RO AR |
. . ; ) M M R_ _M__ R
interest in electronic materials based upon 13/15 compound RZ g R SET E7
semiconductor. Typically, the production of thin films of these R R lll llz
materials involves the organometallic chemical vapor deposition
(OMCVD) reaction of a group 13 alkyl, such as Mga, with 1 2
a group 15 hydride, such as Agtat relatively high temperatures (M = group 13 element; E = group 15 element)

(~700°C) as exemplified by eq 1. Despite its commercial use,

A (TPD)# and film growtth—8 studies. Photoassisted growth
Me,Ga+ AsH;— GaAs+ 3CH, Q) represents a viable approach to even further reductions in
deposition temperatures yet one that is capable of sustaining

several problems are associated with the conventional OMCVD '€asonable growth rates. The so-called photoepftegthod
method, such as the safe handling of the pyrophoric and toxic has proved effective for the deposition of several 12/16 materials
feedstocks. Moreover, the drive toward three-dimensional Such as CdTe and HgT&. In addition to diminishing thermal
structures with abrupt interfaces, coupled with the need to Pudgets, photoassisted growth also offers the possibility of
minimize impurity migration, has made lower deposition Selective or patterned deposition. In this context, it is worth
temperatures highly desirable. noting that patterned growth of CdTe has been achieved at low
In an effort to address some of the problems inherent in temperature by irradiation with 256 nm Iig’fﬁ.SignificantIy

conventional OMCVD, the development of a single-source €SS is known, however, about the photoassisted growth of 13/
precursor approach for 13/15 materials was undertaken begin-15 materials. One of the issues here is that conventional
ning in the mid-19808. From the standpoint of gallium arsenide  alkylated group 13/15 precursors only absorb radiation in the
formation, the two most successful types of precursoflaned far-ultraviolet region €200 nmj}?**thus requiring the use of

2 (M = Ga; E= As) in the sense that epitaxial film growth has €XPensive excimer lasers for deposition. One way of extending
been achieved. A key feature of both precursor types is the
presence of alkyl groups (R orRwhich are capable of facile

(4) Ekerdt, J. G.; Sun, Y. M.; Jackson, M. S.; Lakhotia, V.; Pacheco, K.
A.; Koschmieder, S. U.; Cowley, A. H.; Jones, R.JACryst. Growth

pB-hydride and/or alkyl radical elimination reactions, thus 1992 124 158.
lowering deposition temperatures into the range-49880 °C. (5) Cowley, A. H.; Benac, B. L.; Ekerdt, J. G.; Jones, R. A.; Kidd, K. B.;
Insights into the deposition mechanismslaind2 have been © IKAeiﬁé rJ-JYE MIL'!SQ JK %J_- é?wlgyim-H$0$%%§ %QAG'ZéEér .
provided by pyrolysis, temperature-programed desorption Gysling, H. J.; Wernberg, A. A.; Blanton, T. IChem. Mater199Q
2,589.
® Abstract published i\dvance ACS Abstract€ctober 1, 1997. (7) Miller, J. E.; Ekerdt, J. GChem. Mater1992 4, 7.
(1) CVD of Compound Semiconductors: Precursor Synthesiselbp- (8) Lakhotia, V.; Heitzinger, J. M.; Cowley, A. H.; Jones, R. A.; Ekerdt,
ment and ApplicationsJones, A. C., O'Brien, P., Eds.; VCH: J. G.Chem. Mater1994 6, 871.
Weinheim, Germany, 1996. (9) For a review, see: Almond, M. J.; Rice, D. A; Yates, CChem.
(2) Forreviews, see: (a) Cowley, A. H.; Jones, RAfgew. Chem., Int. Ber. 1988 24, 1130.
Ed. Engl.1989 28, 1208. (b) Wells, R. LCoord. Chem. Re 1992 (10) See, for example: Irvine, S. J. C.; Mullin, J. B.; Tunnicliffe,JJ.
112 273. (c) Cowley, A. H.; Jones, R. Rolyhedron1994 13, 1149. Cryst. Growth1984 68, 188.
(3) Miller, J. E.; Mardones, M. A.; Nail, J. W.; Cowley, A. H.; Jones, R.  (11) For a review, see: Irvine, S. J. C.; Mullin, J. B.; Giess, J.; Gough, J.
A.; Ekerdt, J. GChem. Mater1992 4, 447. S.; Royle, A.; Crimes, GJ. Cryst. Growth1988 93, 732.
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the absorption wavelength into the UV lamp/normal laser range

is incorporation of a chromophoric substituent into the 13/15
precursor.

In the present paper, we describe the syntheses and charac-

terization of precursors of typ& bearing the chromophoric
substituents vinyl, allyl, and benzyl. It did not escape our

attention that the use of allyl and benzyl substituents was also

potentially beneficial from the standpoint of more facile thermal

deposition due to the stabilities of the corresponding radicals

and the consequent lowering of the elemeaityl and element
benzyl homolytic bond dissociation energiésWe also note
that, while the structure of trivinylgallium has been established
by gas-phase electron diffractidnheretofore no single-crystal
X-ray structural data were available for allyl- or vinyl-substituted
gallium or indium compounds.

Results and Discussion

Synthesis and Characterization. Compounds of structure
1 have been prepared by alkalfesilyl halide?® and salt
elimination reactiond’ Given that group 13 organometallics

Culp et al.
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Figure 1. View of [(vinyl) .GaP#Bu,], (3) showing the atom-labeling
scheme for3, 4, and 10. Thermal ellipsoids are shown at the 30%
probability level.

(M + 1)* peaks of5 and 6 correspond to digallium species,
and for 3—7, the fragmentation patterns are consistent with
dimer formation.

The observation that th&P NMR signals for3—5 and 7

with unsaturated ligands tend to undergo polymerization reac- comprise virtual triplets is consistent with the persistence of

tions at elevated temperatuféswe opted to use a salt

the dimeric structured,, in solution. These virtual triplets arise

elimination procedure (eq 2) because this can be carried out atfrom the coupling of a giveA'P nucleus both to the attached

-78 °C, E,0
iy

2MCl; + 4RLi + 2 +-BuELi —Ia

t-Bu  t-Bu

/
R E\ R
M 2
E/

AN
t-Bu  t-Bu
R=viny;, M=Ga,E=P3); M=In,E=P (4)

R=ally;, M=InE=P(5); M=Ga,E = As (6)
R=benzyl;,M=In,E=P(7); M=Ga,E =As (8)

N\
/M
R R

N/ N\ /

lower temperatures. An additional advantage of this procedure

is that it is a “one-pot” method, thus obviating the necessity of
isolating organometallic halides,,®X, which are prone to
rearrangement reactiots.It was also found that lithium alkyls

are the preferred alkylating agents; the use of Grignard reagent

results in considerable byproduct formation.

Compounds—7 are white, crystalline solids which, with the
exception of6, decompose upon melting. The highest mass
peaks in the Cl medium resolution mass spectra 8f6
correspond to the dimeric formulatiod, [either as M or
(M + 1)*]. In the case of7, the negative-ion mode was
employed and the highest mass pemiz= 975) is attributable
to (M + benzyly. The gallium isotope patterns for theMr

(12) Itoh, H.; Watanabe, M.; Mukai, S.; Yajima, Bl. Cryst. GrowthL988
93, 165.

(13) Fischer, M.; Luckerath, R.; Balk, P.; Richter, Whemtronics1988
3, 156.

(14) CRC Handbook of Chemistry and Physiééth ed.; Weast, R. C.,
Ed.; CRC: Boca Raton, FL, 1985; p F-185.

(15) Fjeldberg, T.; Haaland, A.; Seip, R.; WeidleinAtta Chem. Scand.
A 1981, 35, 637.

(16) Coates, G. E.; Graham,Jl.Chem. Socl963 233. Beachley, O. T.;
Coates, G. EJ. Chem. Socl965 3241.

(17) Arif, A. M.; Benac, B. L.; Cowley, A. H.; Jones, R. A.; Kidd, K. B.;
Nunn, C. M.New J. Chem1988 12, 553.

(18) Oliver, J. P.; Stevens, L. Q. Inorg. Nucl. Chem1961, 19, 378.

(19) Gmelin Handbook of Inorganic Chemistry: Organogallium Com-
pounds, Part 1Kruerke, U., Ed.; Springer-Verlag: Berlin, 1987. See
also: Visser, H. D.; Oliver, J. Rl. Am. Chem. S0d.968 90, 3579.
Fries, W.; Sille, K.; Weidlein, J.; Haaland, Apectrochim. Acta A
198Q 36, 611.

S

t-Bu group protons and to thteBu group protons on the other
ring phosphorus atom. The observed spacing of the virtual
triplets corresponds to the average’afy and®Jpy and ranges
from 6.8 to 7.2 Hz. Virtual triplets were also apparent in the
13C{1H} signals of thet-Bu carbons. Such virtual couplings
would not be anticipated for monomeric or trimeric structures.
The observation of only one set of resonances for the vinyl,
allyl, or benzyl substituents 08—7 suggests a symmetrical
solution structure for each compound.

Compound8 was preparedvia a route analogous to that
described foi3—7 (eq 2). Interestingly, however, the initially
formed product 8a) is a dark orange oil that solidifies slowly
to afford a pale yellow crystalline materia8lf). Since dimers
such as3—7 are typically colorless solids, the possibility that
8ais a monomer was entertained. Supporting this suspicion is
the fact that the monomer,Bu,GaAs+-Buy,, is reported to be
a yellow solid?® Confirmation of the monomeric nature 8&
was provided by a solution molecular weight measurement
(calcd for8a 441, found 460). The highest peak in thetCl
mass spectrum @b appeared ain/z691 and could be due to
the dimer minus a-Bu,As fragment or, less likely, to the
monomer plus a (benzylpa moiety. A second noteworthy
mass spectral feature is that the monomer plus H peé&kd4 1)
possesses a relative intensity that is an order of magnitude larger
than that of the analogous peaks f6r 7, and 10. The
implication of the mass spectral data is that the vapor consists
of a monomer/dimer mixture and that the dim@&b)(is relatively
weakly bonded. The latter surmise was confirmed by a
subsequent X-ray crystallographic studyde infra).

X-ray crystallographic studies &8 were undertaken both
to determine the degree of oligomerization in the solid state
and to provide information pertinent to a discussion of the group
13/15 bonding. The X-ray analyses revealed a8 are all
dimeric molecules with no abnormally short intermolecular
contacts. Selected bond distances and angles for the molecules
are assembled in Table 1. Compouldnd4 are isomorphic
and crystallize in the monoclinic space grol&m with two
molecules per unit cell (Figure 1). Each molecule possesses
an inner core of two group 13 and two phosphorus atoms that
have crystallographically imposed planarity. Individual mol-

(20) Higa, K. T.; George, COrganometallics199Q 9, 275.
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Table 1. Selected Bond Distances (A) and Angles (deg) for [(visGHP+-Buy]2 (3), [(vinyl) inP4-Buy), (4), [(allyl)2inP-Bu)s], (5),
[(allyl) 2.GaAs(t-Bu),]2 (6), [(benzylpInPt-Bu).)z (7), [(benzylyGaAs(-Bu).]. (8), [(vinyl)ClGaAs(t-Bu)]. (9), and [(vinylxGaAs(-Bu),]. (10)

Bond Distances for Compourgl

Ga(1)-P(1) 2.462(3) P(HC(5) 1.876(11) Ga(hCc(1) 1.96(2) Ga(LyC(3) 1.95(2)
Bond Angles for Compound
Ga(1)-P(1y-Ga(1A) 92.88(12) C(5yP(1)-C(5A) 109.8(7) C(2yC(1)-Ga(1) 131(2) C(4yC(3)-Ga(1) 134(2)
P(1)-Ga(1)}-P(1A) 87.12(12) C(LyGa(1)-C(3) 110.8(9)
Bond Distances for Compourt
In(1)—P(1) 2.6211(8) P(BHC(5) 1.894(3) In(1)-C(1) 2.166(6) In(1)-C(3) 2.163(6)
Bond Angles for Compound
In(1)—P(1)-In(1A) 93.58(3) C(5y-P(1-C(5A) 112.5(2) C(2yC(1)y-In(2) 131.1(7) C(4y-C(3)-In(2) 131.2(7)
P(1)-In(1)—-P(1A) 86.42(3) C(2yIn(1)—-C(@3) 110.3(3)
Bond Distances for Compourid
In(1)—P(1) 2.639(1) In(1)C(1) 2.204(4) P(yC(7) 1.895(4) P(3yC(11) 1.898(4)
In(1)—P(1A) 2.645(1) In(1}C(4) 2.218(4)
Bond Angles for Compouné
In(1)—P(1)~In(1A) 93.66(3) P(1)yIn(1)—P(1A) 86.34(3) C(1yIn(1)—C(4) 107.3(2) C(7P(1y-C(11) 112.2(2)
Bond Distances for Compourél
Ga(1)-As(1) 2.5377(10) Ga(H)C(1) 1.998(6) As(1yC(7) 2.020(7) As(1yC(11) 2.014(6)
Ga(1)-As(1A) 2.5466(9) Ga()yC(4) 2.017(6)
Bond Angles for Compouné
Ga(1)y-As(1)-Ga(1A) 94.47(3) As(LyGa(l}-As(lA) 85.53(33) C(1yGa(l}-C(4) 109.1(3) C(7rAs(1)-C(11) 109.6(3)
Bond Distances for Compourd
In(1)—P(1) 2.637(2) In(1XC(1) 2.212(7) P(1YC(15) 1.889(8) P(BC(19) 1.892(8)
In(1)—P(1A) 2.649(2) In(1)-C(8) 2.228(7)
Bond Angles for Compound
In(1)—P(1)-In(1A) 94.89(6) C(15yrP(1)-C(19) 112.8(4)  C(8yIn(1)—P(1) 112.7(2) C(2rC(1)—In(1) 121.5(5)
P(1)-In(1)—P(1A) 85.11(6) C(2yIn(1)—P(2) 125.9(2) C(8yIn(1)—P(1A) 113.8(2) C(9)C(8)—In(1) 111.5(5)
C(1)-In(1)—C(8) 105.0(3) C(2yIn(1)—P(1A) 113.6(2)
Bond Distances for Compour&d
Ga(1)-As(1) 2.5463(10) Ga(hC(1) 2.007(7) As(1)C(15) 2.007(7) As(LyC(19) 2.018(6)
Ga(1)-As(1A) 2.5746(10) Ga(1)C(8) 2.004(6)
Bond Angles for Compound
Ga(1)y-As(1)-Ga(1A) 95.09(3) C(15)As(1)-C(19) 109.1(3) C(8yGa(1)-As(1) 116.9(2) C(2C(1)-Ga(l) 121.4(5)
As(1)-Ga(1)}-As(1A) 84.91(3) C(1)Ga(1l)}-As(1) 121.6(2) C(8yGa(ly-As(1A) 109.3(2) C(9rC(8)-Ga(l) 117.1(5)
C(1)-Ga(1)-C(8) 109.6(3) C(1yGa(ly-As(1A) 111.4(2)
Bond Distances for Compourdd
Ga(1)-As(1) 2.512(2) Ga(2yAs(3) 2.519(2) Ga(3)Cl(1) 2.201(6) Ga(1yC(1) 1.965(15)
Ga(1)-As(1A) 2.524(3) Ga(3)yAs(2) 2.508(2) Ga(2)Cl(2) 2.203(5) Ga(2yC(11) 1.957(13)
Ga(2)-As(2) 2.517(2) Ga(3)As(3) 2.519(2) Ga(3)ClI(3) 2.200(5) Ga(3yC(21) 1.952(14)
Bond Angles for Compoun§l
Ga(ly-As(1y-Ga(1A) 92.7(1) As(2rGa(2)-As(3) 87.5(1) CI(3yGa(3)-C(21) 107.4(5) Ga(hC(1)-C(2) 117.3(17)
Ga(2y-As(2)-Ga(3) 92.6(1) As(2yGa(3)-As(3) 87.6(1) C(3)As(1)-C(7) 112.6(6) Ga(2C(11-C(12) 120.5(14)
Ga(2y-As(3-Ga(3) 92.3(1) CI(1yGa(1)}-C(1) 109.3(6) C(13yAs(2)-C(17) 110.9(7) Ga(3)C(21)-C(22) 124.3(18)
As(1)-Ga(1)-As(1A) 87.3(1) Cl(2y-Ga(2-C(11) 107.8(5) C(23YAs(3)-C(27) 112.7(7)
Bond Distances for Compourid
Ga(1)-As(1) 2.527(1) As(1)C(5) 2.021(5) Ga(:C(1) 1.969(8) Ga()yC(3) 1.958(9)
Bond Angles for CompountlO
Ga(1y-As(1)-Ga(lA) 94.6(1) C(5rAs(1)-C(5A) 110.9(3) Ga(1yC(1)-C(2) 135.0(10) Ga(HC(3)-C(4) 133.6(9)
As(1)-Ga(1}-As(1A) 85.4(1) C(1yGa(1)-C(3) 111.1(4)

ecules reside on sites @b, symmetry such that an inversion
center exists at the midpoint of the [MRhombus; both group
13 atoms and the vinyl carbon atoms lie on the mirror plane,

and 131.2(7A for 3 and4, respectively, exceed the ideal angle
of 12¢°, and the examination of models reveals that this is due
to steric effects.

and the phosphorus atoms are located on a 2-fold axis. The Compoundss and6 are also isomorphic and crystallize in

Ga—P and In-P bond distances of 2.462(2) and 2.6211(8) A,
respectively, are comparable to those in related dif#ér®

the monoclinic space group2;/n with two molecules per unit
cell (Figure 2). Both compounds are dimeric in the solid state,

and the group 13 and phosphorus atoms adopt approximatelyand the basic geometric features of the individual molecules of

tetrahedral geometries. The-MC=C bond angles of 132(2)

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

(22) Aichison, K. A.; Backer-Dirks, J. D.; Bradley, D. C.; Faktor, M. M.;
Frigo, D. M.; Hursthouse, M. B.; Hussain, B.; Short, R. L
Organomet. Chenl989 366, 11.

5 and6 are similar to those discussed above 3and4; viz.,
there is a four-membered heavy atom kernel and the ligands
are arrayed in an approximately tetrahedral fashion. However,
because the site symmetry is lower and6 (C;), there are

(23) Alcock, N. W.; Degnan, I. A.; Wallbridge, M. G. H.; Powell, H. R.;
McPartlin, M.; Sheldrick, G. MJ. Organomet. Cheni989 361,C33.
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Figure 2. View of [(allyl)2InP+-Buy], (5) showing the atom-labeling
scheme fob and6. Thermal ellipsoids are shown at the 30% probability
level.

CI5A

)
M’

Figure 4. Diagrams of7 (top) and8 (bottom) depicting the arrange-
ment of the benzyl ligands. Some atoms have been omitted for clarity.

Figure 3. View of [(benzylpInP+-Buy]. (7) showing the atom-labeling obtuse t_han the_ ideal tetrahed_ra! value. The ar_rangement ofthe
scheme foi7 and8. Thermal ellipsoids are shown at the 30% probability P€Nzyl ligands in botlY and8 is illustrated in Figure 4.
level. It was also decided to attempt the synthesis of precursors
that are suitable for both photolysis and thermolysis and are
two independent ME bond distances in the crystallographically thus potential candidates for multiprocessing techniques. The
imposed planar [ME], core. first steps in this direction have been taken by introducing
substituents that, in principle, are capable of theryiddydride
elimination and photochemical activation. As in the case of
3-8, the preferred synthetic approach was to use the salt

Individual molecules o7 and8 are both dimeric (Figure 3)
and crystallize in the monoclinic space groBg:/c with two
molecules per unit cell. The overall geometries of the dimers elimination methodolo
7 and8 are similar to those 08-6. Nevertheless7 and 8 The reaction of equgi]r)golar amounts of gallium trichloride
e e e ot o e Uy, and (aertbuylrsendolinum o715 °C

. . . affords [(HLC=CH)CIGaAst-Buy], (9) in modest (25%) yield
t2h§t7t4h6€(1,\g;|%z\l)3or:z Ctil'f’r?nfh?i agfgg‘:g:“{gﬁ':;f'Sgsgrgltoh)eand (eqg 3). It was anticipated th& would be dimeric, and this
threshold of division into monomers. Such a suggestion is ‘ 789C. Et
corroborated by the fact that, omitting As(1A), the geometry at 2 GaCls + 2 CH,=CHLi + 2 1-BupAsLi cho’

Ga(1) is midway between trigonal planar and tetrahedral (sum

of angles= 348.1(4}). Thus, As(1A) can be thought of as By ;B“

effecting a distortion of the otherwise trigonal planar geometry Cl /AS\ S~

of the monomer as dimerization takes place. The second Ga  Gi (3)
noteworthy feature relates to the conformations of the benzyl = \AS/ Nl

groups in7 and8. In both compounds, one of the benzyl groups B >Bu

(attached to C(8)) extends straight out from the Ga or In atom

and bisects two E-Bu moieties. This arrangement minimizes 9

steric interactions between thdutyl and benzyl groups; hence

the angles subtended at C(8) are close to the ideal tetrahedralvas confirmed by the chemical ionization mass spectrum
values. In the case of the other benzyl group, inter-aryl group (positive mode) which exhibits a peakratz641 corresponding
repulsion forces a conformation in which it is oriented toward to the dimer plus one proton. Moreover, the isotope pattern is
an Et-Bu group. As a consequence of the steric interactions appropriate for two gallium and two chlorine atoms.

between thet-Bu and benzyl groups, the M@ELC(1)—C(2) Clearly, 9 is capable of geometrical isomerism in the sense
angles in7 (121.5(2)) and8 (121.4(2Y) are considerably more  that the vinyl groups can be orientated in a mutueibor trans
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Figure 5. Molecular structures and atom-labeling schemes for both
independent molecules of [(vinyl)CIGamBu,], (9). Thermal ellipsoids
are shown at the 30% probability level.

fashion. Since théH NMR spectrum of exhibits only a single
set of resonances for thebutyl and vinyl groups, it was not

possible to delineate which isomer had formed and consequently™€'

an X-ray crystal structure became necessary.

Compound crystallizes in the monoclinic space groBgs/c
with two independent molecules and a total of six molecules
per unit cell (Figure 5). Each of the independent molecules is
dimeric, and the vinyl groups are arranged in a mututiins
fashion. For the most part, the two independent molecules are
very similar; nevertheless, there are some interesting structural
differences. Molecule 1 lies on a center of inversion, which
imposes planarity upon the [GaAsjore, and there are two
distinct Ga-As bond distances (2.512(2) and 2.524(3) A).
Molecule 2 has no crystallographically imposed symmetry;
however, the [GaAs]core is still planar within experimental
error (sum of angless 360.0(2)) with a maximum deviation
from the best mean plane of only 0.006 A. In this case, there
are four independent G&As bond distances (2.517(2), 2.519-
(2), 2.508(2), and 2.519(2) A). Another interesting feature is
that, unlike the cases & and4, where the metal atoms and
vinyl ligands are strictly coplanar, the vinyl groups of molecule
1 are twisted about the G& bond out of the analogous plane
such that the torsion angle defined by CI(1)Ga(C)1)C(2) is
16(2y. Interestingly, molecule 2 does not exhibit comparable
twisting and the torsion angles defined with respect to Ga(2)
C(11) and Ga(3)C(21) are only 1(2) and 4(2)respectively.
Another significant feature relates to the bond angle at the vinyl
o-carbon atoms. Because there are no serious steric interaction
between the vinyl group and the chlorine atom, the angles are
much closer to the ideal value of 12than those observed in
3, 4, and 10 (117.3(17), 120.5(14), and 124.3(18pr C(1),
C(11), and C(21), respectively).

29)
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The fully vinyl-substituted derivative [(vinyizaAst-Buy),
(10) was prepared by adding an additional 1 equiv of vinyl-
lithium to a cold diethyl ether solution & (eq 4). The dimeric

~78°C, Et0

[(VinyDC'G;AS't'BUz]z + 2CH=CHLIi — 5

[(vinyl) ,GaAst-Bu,], (4)
10

nature of10 was apparent from the presence of a peakat
624 in the negative-ion-mode Cl mass spectrum, and this was
confirmed by single-crystal X-ray diffraction. Compoud@
is isostructural witt8 and4, and the same atom-labeling scheme
has been employed.

Spectrophotometry of the Precursors. A preliminary
survey of the UV+visible spectra o8—8 has been made, and
a detailed spectroscopic/materials science study will be the
subject of a future publication. All of the compounds containing
unsaturated ligands absorb at relatively long wavelengths, with
cutoffs ranging from~300 nm for the vinyl-containing com-
pounds to~330 nm for the corresponding allyl- and benzyl-
substituted derivatives. In contrast, the saturated compound,
[Et,GaAst-Buy],, only absorbs strongly below 250 nm. In the
case of [BzGaAst-Buy] (8), the sole colored compound, a
broad, continuous absorption commencing~&00 nm was
observed. As pointed out earlier, this may be due to partial
dissociation into monomers.

Experimental Section

General Procedures. All reactions were carried out under a dry,
oxygen-free argon atmosphere utilizing standard Schlenk manifold
techniques or a Vacuum Atmospheres drybox. All solvents were
distilled under nitrogen from sodiuftbenzophenone immediately prior
to use. Unless otherwise noted, reagents were obtained from com-
cial suppliers and used without further purification. Solutions of
vinyl-,24 allyl-,?> and benzyllithiur®® were prepared by literature
methods. The concentrations of the organolithium solutions were
determined by quenching measured aliquots with water and titrating
with a standardized HCI solution. The compout@s,L,PLi?” andt-Bu,-
AsLi?® were preparedn situ, from t-Bu,PH?®3° and t-Bu,AsH,28
respectively.

Physical Measurements.NMR spectra were recorded on a GE QE-
300 spectrometetii, 300.16 MHz;*3C, 75.48 MHz 3P, 121.50 MHz).

IH and**C chemical shifts are referenced to the solvent and are reported
relative to Si(CH)4 (6 = 0.00). 3P chemical shifts are referenced to

an external standard (85%PiOs, 6 = 0.00). Low-resolution mass
spectra were obtained with a Finnigan MAT TSQ-70 triple-stage
guadrupole mass spectrometer operating in the chemical ionization
mode with CH as the ionizing gas. High-resolution mass spectra were
obtained using a VG Analytical ZAB2-E mass spectrometer operating
in the chemical ionization mode with isobutane as the ionizing gas.
Melting points were obtained in capillaries sealed under argon (1 atm)
and are uncorrected. Satisfactory elemental analyses were obtained
for all compounds from Atlantic Microlab, Norcross, GA. Molecular
weight determinations were made using the method described by Burger
and Bercaw with azobenzene as the standard and benzene as the
solvent.

(24) Seyferth, D.; Weiner, M. AJ. Am. Chem. So0d.961, 83, 3583.

(25) Seyferth, D.; Weiner, M. AJ. Org. Chem1961, 26, 4797.

(26) Gilman, H.; Rosenberg, S. D. Org. Chem1959 24, 2063.

(27) Issleib, K.; Krech, FJ. Organomet. Chenl968 13, 283.

(28) Tzschach, V. A.; Deylig, WZ. Anorg. Allg. Chem1965 336, 36.

Fild, M.; Stelzer, O.; Schmutzler, Raorg. Synth.1973 14, 4 and

references therein.

(30) Hoffmann, H.; Schellenbeck, Ehem. Ber1966 99, 1134.

(31) Burger, B. J.; Bercaw, J. E. Bxperimental Organometallic Chem-
istry: A Practicum in Synthesis and Characterizati®ayda, A. L.,
Darensbourg, M. Y., Eds.; American Chemical Society: Washington,
DC, 1987; pp 94-96.
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Preparation of Compounds 3-7. Similar procedures were used
for the preparation of all five compounds. A representative example
for [(vinyl)2InP+t-Buy]2 (4) is given below; characterization data for
each compound are also presented.

Preparation of [(vinyl) 2InP-t-Bug], (4). Indium trichloride (1.42

Culp et al.

341* (.M + H, 4.8), 299* {/,M — allyl, 16.1), 231 {-BuAs(allyl)
+ H, 20.7), 191 (Bu,AsH + H, 13.7), 189 {-Bu;As, 8.9) (* indicates
presence of appropriate (Gaotope pattern). Anal. Calcd forHse
GaAs,: C, 49.31; H, 8.28. Found: C, 48.77; H, 8.10.
Characterization of [(benzyl):InP-t-Buy], (7). Mp 225-8 °C dec.

g, 6.42 mmol) was placed in a 250-mL Schlenk flask and suspended *H NMR (CsD¢): ¢ 1.12 (t, 36 H,Jp-y = 7.1 Hz,t-Bu), 2.62 (s, 8 H,

in 25 mL of cold (78 °C) diethyl ether. The flask was placed in a
bath of dry ice/2-propanol, and 11.3 mL of a 1.14 M vinyllithium
solution (12.9 mmol) was added dropwise over a period of 1.5 h to the
InCl; solution. The reaction mixture was allowed to stir for an
additional 30 min, and then-a78 °C solution of 6.43 mmol of-Bu,-
PLiin 14 mL of THF was added slowly over 1 h. The stirred reaction
mixture was allowed to warm slowly to room temperature overnight.
The resulting tan solution containing a white precipitate was pumped
down and extracted with toluene (8 25 mL), and the extract was
filtered through a glass frit covered with diatomaceous earth. The
solvent was removed under vacuum, giving crddas a pale yellow
gummy solid. This solid was redissolved in warm (45) toluene,
and the solution was cooled slowly te20 °C overnight to give4 as
analytically pure colorless crystals in two batches (0.634 g, 31% yield).
Mp: 227-9 °C dec. 'H NMR (CgDg): 6 1.35 (t, 36 H,Jp-y = 7.1
Hz, t-Bu), 6.08 (dd, 4 HJyans = 21.0 Hz,Jgem= 4.0 Hz, vinyliccisto
In), 6.51 (dq, 4 HJcis = 14.2 Hz,Jgem= 4.0 Hz, vinylictransto In),
7.07 (dd, 4 H,Jyans = 21.0 Hz,Jss = 14.2 Hz, vinylicgemto In).
BC{H} NMR (CgDg): 0 32.97 (t,Jp-c = 2.3 Hz, CCHs)s), 36.00 (t,
Jp—c= 3.6 HZ,C(CHg)g), 134.00 (t,SJFL(; =23 HZ, CH=CH2), 153.44
(br, CH=CH,). 3P{*H} NMR (CsDg): 0 +44.97. MS (Cr): m/z
628 (M, 100.0), 571 (M— t-Bu, 25.6), 483 (M— t-Bu,P, 7.7), 341
(Y.M + Vi, 3.2), 314 t/;M, 0.8). MS (CI"): m/z629 (M + H, 3.8),
601 (M — Vi, 100.0), 483 (M— t-Bu,P, 12.7), 432 (M~ Vialn, 8.0),
287 .M — Vi, 0.8). 147 (-Bu,PH + H, 10.5), 169 (Viln, 0.4).
HRMS (CI), m/z calculated for GsHaglnP, (M™), 628.130 879;
found, 628.130 004. Anal. Calcd forElsln,Ps: C, 45.88; H, 7.70.
Found: C, 45.72; H, 7.66.

Characterization of [(vinyl) .GaP+-Buy]; (3). Mp: 175-8 °C dec.

H NMR (CsDg): 0 1.38 (t, 36 HJp_y = 6.8 Hz,t-Bu), 6.04 (dd, 4 H,

rans = 21 Hz,Jgem= 4.2 Hz, vinyliccisto Ga), 6.38 (dd, 4 H)is =
12 Hz,Jgem= 4.2 Hz, vinylictransto Ga), 7.00 (dd, 4 HJyans = 21
Hz, Jis = 12 Hz, vinylicgemto Ga). *3C{*H} NMR (CsD¢): 6 32.65
(t, prc =2 HZ, C(CH3)3), 36.36 (t,‘]pfc =6 HZ, C(CH3)3), 132.28 (t,
8Jp-c = 3 Hz, CH=CH,), 149.34 (br,CH=CH,). 3WP{'H} NMR
(CsDg): 0 31.43. MS (CI): m/z537* (M + H, 0.4), 509* (M— Vi,
1.7), 391* (M— t-BuP, 0.7), 269* {/,M + H, 0.5), 241* ¢{/,M — Vi,
0.9), 147 t-BuzPH + H, 100), 145 (-Bu,P, 13.2), 131tBu:P — Me,
5.2), 123* (ViGa, 0.6) (* indicates presence of appropriate iGatope
pattern). HRMS (Ct), m/z calculated for GiH4sGaP, (M),
536.174 291, found, 536.174 030. Anal. Calcd fouisGaP.: C,
53.58; H, 8.99. Found: C, 53.20; H, 9.05.

Characterization of [(allyl) InP-t-Bug]2 (5). Mp: 160—-73°C dec.
IH NMR (CgDg): 6 1.24 (t, 36 HJp—y = 7.2 Hz,t-Bu), 2.14 (d, 8 H,
J=8.7Hz, InCH), 4.88 (dd, 4 HJ:is = 9.9 HZ,Jgem= 2.1 Hz, CH=C-
(H)H), 5.07 (dd, 4 HJyans = 17.7 Hz,Jgem = 1.8 Hz, CH=C(H)H),
6.42 (m, 4 H, G1=CH,). 3C{'H} NMR (CsDg): 9 26.04 (br, InCHj),
33.22 (t,\]pfc = 2.1 Hz, CCH3)3), 35.79 (t,JP—C =26 HZ,C(CH3)3),
107.52 (CH=CH,), 140.74 CH=CH,). S3P{H} NMR (C¢D¢): &
53.81. MS (Ct, isobutane):m/z685 (M + H, 3.0), 643 (M— allyl,
100), 561 (M— 3allyl, 12.2), 539 (M— t-Bu,P, 2.5), 301 {-M —
allyl, 5.2). 187 {-BuP(allyl) + H, 18.9), 147 {Bu;PH + H, 52.3),
145 ¢-BwP, 7.3), 130%BuP — Me, 11.3). MS (Ct, CH,): m/z725
(M + allyl, 1.2), 684 (M, 2.0), 643 (M- allyl, 34.2), 627 (M— t-Bu,
3.6), 487 (M— (allyl).In, 32.6), 383 ¥-M + allyl, 100), 342 {/,M,
3.6), 301 {,M — allyl, 5.9). HRMS (CI"), m/z:calculated for GgHse-
InP, (M™); 684.193 479; found 684.193 291. Anal. Calcd fegHs
In,Py: C, 49.14; H, 8.25. Found: C, 48.88; H, 8.15.

Characterization of [(allyl) .GaAs+-Bu], (6). Mp: 157—-65 °C.

IH NMR (C¢Dg): 0 1.34 (s, 36 H}-Bu), 2.14 (dt, 8 H3) = 8.4, =
1.1 Hz, GaCHj), 4.98 (ddt, 4 HJus = 10.0 Hz,Jgem = 2.3 Hz,4 =
1.1 Hz, CH=C(H)H), 5.13 (ddt, 4 HJyans = 16.8 HZ,Jgem= 2.3 Hz,
43 = 1.1 Hz, CH=C(H)H), 6.31 (m, 4 H, GI=CH,). 3C{*H} NMR
(CsDg): 0 24.33 (GaCH), 33.06 (CCHs)s), 40.50 C(CHs)s), 110.23
(CH=CHy,), 139.28 CH=CH,). MS (CI*): m/z680* (M, 11.4), 639*
(M — allyl, 100), 491* (M — t-BuzAs, 10.8), 381* {/,M + allyl, 7.4),

INCHy), 6.8-7.5 (br m, 20H, aromatic) *C{'H} APT NMR (CsD):

0 28.18 (InCH), 33.07 (CCHa)3), 35.79 C(CHa)s), 122.89 pararing

CH), 128.17 (ring CH), 128.66 (ring CH), 146.4®<oring C). °C-

{*H} NMR (THF-dg): 6 28.28 (br, InCH), 33.50 (CCH3)3), 36.50 (t,
Jp-c = 2.1 Hz,C(CHzs)s), 123.02 pararing CH), 128.53 (ring CH),
128.85 (ring CH), 147.04igsoring C). 3P{'H} NMR (CsDs): 6 60.84.
MS (CI7): m/z975 (M + benzyl, 23.1), 884 (M, 2.1), 827 (M t-Bu,

63.2), 793 (M— benzyl, 55.1), 739 (M- t-Bu,P, 100), 587 (M—

(benzylyIn, 12.9), 533 ¥.M + benzyl, 14.6), 442%,M, 3.5), 297
((benzylpin, 1.0). HRMS (Cf), m/z calculated for GHzInP #/,M ™),

442.128 040; found, 442.127 759. Anal. Calcd fouHzdn,P,: C,

59.74; H, 7.29. Found: C, 59.55; H, 7.17.

Preparation of [(benzyl);.GaAs+-Buj], (8). Gallium trichloride
(1.03 g, 5.8 mmol) was placed in a 250-mL Schlenk flask and dissolved
in 25 mL of cold (78 °C) diethyl ether. The flask was placed in a
bath of dry ice/2-propanol, and 27.9 mL of a 0.42 M benzyllithium
solution (11.7 mmol) was added dropwise over a peribdl b to the
GaCk solution. The reaction mixture was allowed to stir for an
additional 1 h, and then &78 °C solution of 5.8 mmol of-Bu,AsLi
in 14 mL of THF was added slowly ovea 1 hperiod. The stirred
reaction mixture was allowed to warm slowly to room temperature
overnight. The resulting orange solution containing a white precipitate
was pumped down and extracted with toluenex(35 mL), and the
extract was filtered through a glass frit covered with diatomaceous earth.
The clear orange solution was pumped down to give a viscous dark
orange liquid that was identified as the monomer [(ben@dAst-
Buy]. *H NMR (CgDg): 0 1.44 (s, 18 Ht-Bu), 2.72 (s, 4 H, GaCh),
6.94 (t,J = 7.2 Hz, 2 H,para), 7.20 (t,J = 6.9 Hz, 4 H,metg, 7.43
(d,J=6.9 Hz, 4 H,ortho). 3C{'H} NMR (CsDg): 6 26.10 (GaCH)),
33.11 (CCHa3)3), 38.18 C(CHa)3), 126.16 pararing CH), 128.73 (ring
CH), 128.99 (ring CH), 141.86igso ring C). Molecular weight
determination (€De): found, 460(30); calcd, 441.14.

Upon standing, the orange liquid crystallized to give yellow
parallelepipeds which were identified as the dimer [(ben@dAst-
Bu],. Mp: 153-8°C. *H NMR (C¢De): 6 1.26 (s, 36 Hi-Bu), 2.71
(s, 8 H, GaCHj), 6.96 (t,J = 7.4 Hz, 4 H,para), 7.14 (t,J = 7.7 Hz,

8 H, metg, 7.26 (d,J = 8.0 Hz, 4 H,ortho). 3C{*H} NMR (C¢Ds):

0 26.48 (GaCH), 32.96 (CCHa)3), 40.73 C(CHg)s), 123.82 pararing

CH), 128.50 (ring CH), 129.35 (ring CH), 144.7@goring C). MS

(CI"): m/z691* (M — t-BuAs, 7.0.), 531* {/,M + benzyl, 21.7),
441* (Y,M + H, 56.5), 281 BuAs(benzyl) + H. 10.3), 251*
((benzyl}Ga, 4.0), 191 ttBuAsH + H, 100), 189 {-BuAs, 12.0).
HRMS (CI), m/z calculated for GH33GaAs ¢/,M + H), 441.105 403;
found, 441.103 959. Anal. Calcd fouflsGaAs,: C, 59.90; H, 7.31.
Found: C, 59.70; H, 7.13.

Preparation of [(vinyl)(Cl)GaAs-t-Bu;], (9). Gallium trichloride
(1.02 g, 5.78 mmol) was placed in a 250-mL flask and dissolved in 25
mL of cold (=78 °C) diethyl ether. The flask was placed in a bath of
dry ice/2-propanol, and 5.1 mL of a 1.14 M vinyllithium solution (5.8
mmol) was added dropwise over a period of 45 min to the @aCl
solution. The reaction mixture was allowed to stir for an additional
40 min, and then a @C solution of 5.78 mmol of-Bu,AsLi in 10 mL
of THF was added slowly ovea 2 hperiod. The stirred reaction
mixture was allowed to warm slowly to room temperature overnight.
The resulting pale yellow solution containing a white precipitate was
pumped down and extracted with tolueneq{35 mL), and the extract
was filtered through a glass frit covered with diatomaceous earth. The
solvent was removed under vacuum, giving crdes a pale yellow
powder. This solid was recrystallized from toluene to g®eas
analytically pure colorless crystals in three batches (0.466 g, 25% yield).
Mp: 192—6 °C dec. *H NMR (CgDg): 0 1.46 (s, 36 Ht-Bu), 6.30
(dd, 2 H,Jis = 13.5 Hz,Jgem= 3.5 Hz, vinylictransto Ga), 6.46 (dd,

2 H, Jyans = 20.1 Hz,Jgem= 3.6 Hz, vinyliccisto Ga), 6.76 (dd, 2 H,
Jrans = 20.1 Hz,Jss = 13.6 Hz, vinylicgemto Ga). 3C{'H} NMR
(CeDe): 6 32.43 (CCHa)s), 44.93 C(CHa)s), 134.11 (CH=CHy), 144.53
(CH=CH,). MS (CI*): m/z641* (M + H, 2.0), 613* (M— Vi, 38.6),
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Table 2. Crystal Data for [(vinylGaP{-Bu),], (3), [(vinyl)2InPE-Bu).]2 (4), [(allyl)2AnP{-Bu)]. (5), and [(allyl,GaAst-Bu),]. (6)

3 4 5 6
emp formula GaH1G P CaoaHaglN2P, CagHselnN2P2 CogHseGapAS,
fw 538.00 628.20 684.31 682.01
cryst syst monoclinic monoclinic monoclinic monoclinic
space group 12/m 12/m P2,/n P2:/n
a A 8.771(1) 8.933(1) 11.4704(7) 11.482(2)
b, A 11.484(1) 11.666(1) 11.2284(9) 11.120(2)
c A 14.321(3) 14.570(1) 13.2773(8) 13.122(3)
B, deg 90.27(2) 90.25(1) 98.234(7) 97.21(3)
Vv, A3 1442.5(4) 1518.4(2) 1692.4(2) 1662.2(6)
z 2 2 2 2
d(calc), g cnr® 1.239 1.374 1.343 1.363
u, cmt 19.86 16.31 14.70 36.09
cryst size, mrh 0.5%x0.4x0.1 0.7x 0.4x 0.3 0.4x 0.4x 0.2 0.6x 0.6 x 0.3
no. of tot. reflns 1140 1362 3815 3825
no. of ind reflns 896 1231 2954 2919
R(int) 0.0399 0.0233 0.0183 0.0561
abs cor SHELXA XABS semi-empirical none
max/min tansm 0.862 79/0.335 39 n/a 0.8900/0.7103 n/a
param/restr 79/0 79/0 174/12 174/12
R1/wR2 0.0686/0.1654 0.0236/0.0638 0.0293/0.0714 0.0581/0.1533
refined on F? F? F? F?
ext coeff,y? 0.0051(11) 0.0019(4) n/a n/a

aF* = F[L + 0.00%F%%(sin 29)] 4.

Table 3. Crystal Data for [(benzy}))nP({-Bu),]2 (7), [(benzylyGaAst-Bu)]. (8), [(vinyl)ClGaAst-Bu).]z (9), and [(vinyl,GaAs(-Bu).], (10)

7 8 9 10
emp formula G,4H64In2P2 C44H54GE\2ASZ Con4zc|2G@A52 Cg4H4gG&bASg
fw 884.53 882.23 642.7 625.9
cryst syst monoclinic monoclinic monoclinic monoclinic
space group P2,/c P2i/c P2i/c 12/m
a, 10.431(2) 10.862(1) 9.447(2) 8.838(1)

b, A 17.070(1) 15.691(3) 28.030(8) 11.625(2)

c, A 12.686(1) 13.393(3) 16.417(4) 14.425(4)

B, deg. 108.19(1) 110.02(1) 105.07(2) 90.68(2)

Vv, A3 2146.0(5) 2144.7(7) 4198(2) 1481.8(7)

z 2 2 6 2

d(calc), g cm® 1.369 1.366 1.525 1.403

u, cmt 11.77 28.15 44.67 40.42

cryst size, mrh 0.3x0.3x0.1 0.6x 0.6 x 0.2 05x0.5x 05 0.2x 0.2x 0.4
no. of tot reflns 3987 4751 6764 1825

no. of ind reflns 3768 3763 5221 1372

R(int) 0.0364 0.0372 0.0140 0.0219

abs cor none semiempirical semiempirical none
max/min transm n/a 0.999/0.440 0.8340/0.7080 n/a

no. of params 226 226 356 73

RRw 0.0533/0.0601 0.0381/0.0452
R1/wR2 0.0518/0.1037 0.0641/0.1274

refined on F? F2 F F

605* (M — ClI, 100), 583* (M— t-Bu, 5.3), 451* (M— t-Bu,As, 7.2),
321* (/M + H, 0.5), 293* ¢/,M — Vi, 3.8), 285* (/_M — Cl, 6.2), 100) (* indicates presence of appropriate Gatope pattern). HRMS
191 ¢-Bu,AsH + H, 12.5), 189 {-BuzAs, 7.6), 175 {(-Bu,As — Me, (CI*), m/z calculated for GH4?°Ga‘GaAs (M + H), 627.076 899;
5.6) (* indicates presence of appropriate Glaisotope pattern). HRMS found, 627.075 113. Anal. Calcd forpElsGaAs,: C, 46.05; H, 7.73.
(CI), m/z calculated for GoHssGaAs, (M + H), 640.967 036; found, Found: C, 45.62; H, 7.56.
640.968 535. Anal. Calcd forHaCl.GaAs,: C, 37.37; H, 6.59; X-ray Crystallography. X-ray-quality crystals of all compounds
Cl, 11.03. _Found: C 87.08; H, 6.60; Cl, 11'.45' - except8 and9 were grown from toluene solutions stored-&20 °C.
Preparation of [(vinyl) .GaAs{-Bu2], (10). Vlnylllth|u°m 0.4 mL, Crystals of 8 were obtained from the slow solidification of the
1.14 M, 0.5 mmol) was add(_ed by syrnge toa COJ‘GV_B C) solution monomeric oil. Crystals 09 were grown by slow evaporation of a
of 9 (0.116 g, 0.36 mmol) dissolved in 15 mL of diethyl ether. The benzene solution in an NMR tube with a needle-pierced septum.

stirred reaction mixture was allowed to warm slowly to room temper- . T .
y P Suitable crystals of all compounds were mounted inside thin-walled

ature overnight. The resulting colorless solution containing a white S
recipitate was pumped down and extracted with toluene gmL) glass capillaries and sealed under argon (1 atm). Data-f&rand9
P : were collected on a Siemens R2m/V diffractometer, while daté-f@

and the extract was filtered through a glass frit covered with diatoma- . .
ceous earth. After the volume was reduced under vacuum, the resulting®"d 10 Were collected on an Enraf-Nonius CAD4 diffractometer. In
all cases, the data were collected at room temperature in&he& 2

solution was cooled te-20 °C overnight. Colorless crystals df0 e - o
scan mode utilizing graphite-monochromated Ma Kadiation § =

were obtained. Mp: 20712 °C dec. 'H NMR (C¢Dg): ¢ 1.43 (s, 36 - .
H, t-Bu), 6.07 (dd, 4 HJrans = 20.7 Hz,Jgem= 4.1 Hz, vinyliccis to 0.710 73 A). The structures were solved by direct methods and refined
: y ' "y i using full-matrix least-squares calculationsfn(all except9 and10)

Ga), 6.38 (dd, 4 HJ.is = 14.3 Hz,Jgem= 4.1 Hz, vinylictransto Ga), '
7.04 (dd, 4 HJyans = 20.7 Hz,Jss = 14.4 Hz, vinylicgemto Ga). MS by the Siemens SHELXTL PLUS 5.0 (PC) software pacRégeonF

(CI"): m/z625* (M + H, 24.5), 597* (M— Vi, 73.3), 435* (M —
t-BuAs, 56.1), 312* {,M + H, 8.4), 285* {/,M — Vi, 12.3), 191
(t-BuAsH + H, 100.), 189 {-Bu.As, 63.6), 175Bu,As — Me, 14.9)

123* (Vi,Ga, 54.8). MS (Cl): m/z624* (M, 1.0), 567* (M— t-Bu,

(32) Sheldrick, G. MSHELXTL PC Version 5;®iemens Analytical X-ray
Instruments, Inc.: Madison, WI, 1994.
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(9 and 10) using the SHELXTL PLUS 4.2 (PC) software packd§e.  summaries of intensity data collection parameters are given in Tables
All non-hydrogen atoms were refined with anisotropic thermal param- 2 and 3.

eters in the later stages of refinement. All hydrogen atoms except those Acknowledgment. We are grateful to the National Science
of the methyl groups in the structures refined Bhwere placed in £ gation (Grant CHE-9629088), the Science and Technology
idealized positions and refined using the riding model with general . - .

isotropic temperature factors. The methyl hydrogensr8 were Center Program of the National Science Foundatlon' (Grant
placed by using a difference electron density synthesis to set the initial CHE-08920120), and the Robert A. Welch Foundation for
torsion angle and then refined as a ridimgtating model with general ~ 9enerous financial support. This material is based upon work
isotropic temperature factors. In each of the allyl-containing com- supported under a National Science Foundation Graduate
pounds5 and6, one of the allyl groups is disordered, and atoms C(5) Research Fellowship (R.D.C.).

and C(6) were refined with restrained anisotropic displacement  g,,n0rting Information Available: Listings of structure refine-
parameters over two sites with occupation factors of 0.65(3)/0.35(3) ment details, bond distances, bond angles, atomic coordinates, and
and 0.71(4)/0.29(4), respectively. Details of the crystal data and thermal parameters (45 pages). Ordering information is given on any
current masthead page.

(33) Sheldrick, G. MSHELXTL PC Version 4;5iemens Analytical X-ray
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