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and C4. For 4, the corresponding six-membered ring is in
a chair conformation. Atoms C1, C2, C4, and C5 are co-
planar to within +£0.002 A, with Si and C3 displaced in
opposite directions from the least-squares plane by dis-
tances of 0.601 and 0.697 A, respectively. In both 3 and
4, the nine atom fused-ring systems are essentially planar.
For 3, the atoms Si, 01, 02, and C11-C16 are coplanar to
within £0.046 A. For 4 this value is £0.027 A.

Despite the close similarity of 8 and 4,% distortions from
the ideal TBP geometry are different for the two. For 3,
distortions do not follow the Berry pseudorotation coor-
dinate, but are “anti” Berry in nature as a consequence of
the closing down of the C1-Si-C4 angle to 96.2 (2)° to
accommodate the five-membered ring. This is accompa-
nied by a nearly symmetrical opening up of the 02-Si-C
angles (131.2 (2) and 132.6 (2)°). The axial atoms O1 and
F are tipped toward the equatorial 02, resulting in a O1-
Si-F angle of 169.2 (2)°. For 4, distortions from the ideal

(59) Although the structures are reported in different settings, 3 and
4 are isomorphous. The packing is very similar in the two, and packing
effects are unlikely to account for any of the observed structural differ-
ences. The P2,/c cell for 4 can be transformed to a P2,/n settini(loo,
010, 107) with a = 10.082 (2) A, b = 13.676 (3) A, ¢ = 20.288 (4) A, and
8 = 106.13 (2)°, which corresponds to those of 3. After such a unit cell
transformation, the coordinates corresponding to those of 8 can be gen-
erated by !/, - x, 1/, + 3, 1/5 - 2.

TBP follow the Berry pseudorotation coordinate, where
atoms C1 and C5, although chemically equivalent, play
different roles in the process. By use of the dihedral angle
method with unit vectors,?? the geometry at silicon is
displaced 35.5% from the TBP (01 and F axial) toward
the RP (C5 apical), where C5 is the pivotal atom in the
pseudorotation process. This RP is the one that would be
involved as the transition state in an exchange process
leading to a TBP with an axial-equatorial ring. This
relatively large displacement for 4 suggests a small strain
energy difference for location of the six-membered ring at
diequatorial compared to axial-equatorial positions of a
TBP. As already noted, the K,18-c-6 salt of [(CH,);SiF;],
also containing a six-membered ring, has a somewhat low
pseudorotational barrier, 9.3 kcal/mol.13
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The reaction of InMes; with InXj in 2:1 and 1:2 molar ratios yields InXMes, [X = Br (2), I (3)] and
InX,Mes [X = Br (5), I (6)], respectively. Compound 2 is a dimer in solution, whereas 3 is largely monomeric
in benzene and CH,Cl; but dimeric in the solid state. The dihalides 5 and 6 are polymeric in the solid
state; however, 6 is a dimer in solution, while 5 is insoluble in noncoordinating solvents. The structures

of 3 and 6 have been confirmed bX X-ray crystallography. [InIMesX]E: monoclinic C2/c, a = 26.556 (4)
] B ’

A b=17.126 (3) A, ¢ = 8.092 (1)

= 104.70 (1)°, V = 3559.7 (9)

Z = 4, no. of chserved data 3060,

R =0.032, R,, = 0.044. [InIzMes;,: monoclinic P2;/c, a = 8.234 (2) A, b = 19.657 (3) A, c = 7.703 (1) A,

B =91.55(2)°, V = 1246.3 (4) A

, Z = 4 no. of observed data 2805, R = 0.030, R, = 0.044. Compounds

2, 3, 5, and 6 are compared to their chloro analogues InClMes, (1) and InCl,Mes (4).

Introduction

The chemistry of the group 13 elements aluminum,
gallium, and indium has been brought into vogue? by their
applications as electronic material® and ceramic precur-
sors, as catalysts,? and in radiopharmaceuticals.® These
applications notwithstanding, much research has been
centered on gaining an intimate understanding of the ef-
fects, often subtle, controlling the structure,” bonding,? and
reactivity® of their organometallic and coordination com-
pounds. As part of this latter endeavor, we have inves-
tigated the structural chemistry of organoindium com-
pounds containing the sterically bulky aryl group 2,4,6-
MesceHz (Mes).lo

*To whom correspondence should be addressed.

The reaction of InCl; with 3 equiv of MesMgBr yields
the monomeric InMes;, whose structure has been con-

(1) (a) Harvard University. (b) University of California, Irvine.

(2) See: Aluminum, Gallium and Indium, Barron, A. R., Ed. Poly-
hedron Symposia-in-Print No. 10, 1990, 9 (2, 3).

(3) See for example: (a) Jones, A. C. Chemtronics 1989, 4, 15. (b)
Manasevit, H. M. Appl. Phys. Lett. 1968, 12, 156. (c) Stringfellow, G.
B Semicon Growth Technol. 1982, 323, 67. (d) Kobayashi, N.; Makimoto,
T. Jpn. J. Appl. Phys. 1985, 24, L824. (e) Jones, A. C.; Roberts, J. S,;
Wright, P. J.; Oliver, P. E.; Cockayne, B. Chemtronics 1988, 3, 162. (f)
Bass, S. J.; Skolnick, M. S.; Chudzynska, H.; Smith, L. J. Cryst. Growth
1986, 75, 221.

(4) See for example (a) Yoldas, B. E. Cer. Bull. 1975, 54, 286. (b)
Yoldas, B. E. J. Mater. Science 1977, 12, 1203. (c) Williams, A. G.;
Interrante, L. V. Mater. Res. Soc. Symp. Proc. 1984, 32, 151. (d) Bradley,
D. C. Chem. Rev. 1989, 89, 134. (e) Apblett, A. W.; Cheatham, L. K.;
Barron, A. R. J. Mater. Chem. 1991, 1, 143.
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Figure 1. Structure of [InIMes,], (3). Thermal ellipsoids are
drawn at the 50% level, and hydrogen atoms are omitted for
clarity.

firmed by X-ray crystallography and indicates the presence
of a possible C-H—1In agostic interaction.!® In addition,
we have prepared the chloro derivatives [InClMes;], and
[InCl,Mes].. We report here the synthesis and charac-
terization of their bromo and iodo analogues, and a com-
parison of the homologous series.

Results

The reaction of InMes; with InX; in a 2:1 molar ratio
yields InXMes, [ X = C1 (1),1° Br (2) 1(3)] (eq1). The

2InMes; + InX;3; — 3InXMe, (1
X =Cl B 1
InMes; + HBr — InBrMes, + MesH (2)

purity of compound 2 prepared in toluene by this route
is variable; Et,0 has been found to give the best results.
Compound 2 can also be synthesized by the addition of
1 equiv of HBr to InMes; (eq 2).

(5) See for example: (a) Ziegler, K. Organometallic Chemwtry, Zeiss,
H., Ed.; Rheinhold: New York, 1960; Chapter 5. (b) Sinn, H.; Kaminsky,
W.; Vollmer, H. J.; Woldt, R. Angew. Chemistry, Int. Ed. Engl 1980, 19,
390 (c) Kammsky, W.; Luker, H. Makromolek. Chem., Rapid Commun.
1984, 5, 225. (d) Pellecchia, C.; Longo, P.; Grassi, A.; Ammendola, P.;
Zambelli, A. Makromolek. Chem., Rapid Commun. 1987, 8, 271.

(8) See for example (a) Welch, M. J.; Moerlein, 8. M. ACS Symp. Ser.
1980, No. 140, 121. (b) Green, M. A.; Welch, M. J.; Huffman, J. C. J. Am.
Chem. Soc. 1980, 106, 3689. (c) Clevette, D. J.; Lyster, D. M.; Nelson,
W. O,; Rihela, T.; Webb, G. A,; Orvig, C. Inorg. Chem. 1990, 29, 667.

(7) See for example: (a) Oliver, J. P.; Kumar, R. Polyhedron 1990, 9,
409. (b) Bulychev, B. M. Polyhedron 1990, 9, 387. (c) Robinson, G. H.;
Self, S. M.; Sangokoya, S. A.; Pennington, W. T. J. Am. Chem. Soc. 1989,
111, 1520. (d) Robinson, G. H.; Lee, B.; Pennington, W. T.; Sangokoya,
S. A.J. Am. Chem. Soc. 1988, 110, 6260. (e) Healy, M. D.; Barron, A. R.
J. Am. Chem. Soc. 1989, 111, 398. (f) Wengrovius, J. H.; Garbauskas, M.
F.; Williams, E. A.; Gom R. C,; Donahue, P. F.; Smlth J.F. J. Am.
Chem. Soc. 1986, 108 982 (g) Atwood J.L,; Hmclr, D. C,; Shakir, R;;
Dalton, M. S;; Pnester, R. D.; Rogers, R. D. Organometallzcs 1982, 1,
1021, (h) Schmidbaur. H. Angew. Chem., Int. Ed. Engl. 1985, 24, 893.

(8) See for example: (a) Healy, M. D.; Wierda, D. A.; Barron, A. R.
Organometallics 1988, 7, 2543. (b) Healy, M. D.; Ziller, J. W.; Barron,
A.R. J. Am. Chem. Soc. 1990, 112, 2949. (c) Power, M. B.; Barron, A.
R.; Bott, S. G.; Bishop, E. J.; Tierce, K. D.; Atwood, J. L. J. Chem. Soc.,
Dalton Trans. 1991, 241.

(9) See for example: (a) Byrne, E. K.; Parkanyi, L.; Theopold, K. H.
Science 1988, 241, 332. (b) Looney, A.; Parkin, G. Polyhedron 1990, 9,
265. (c) Cleaver, W. M.; Barron, A. R. J. Am. Chem. Soc. 1989, 111, 8966.
(d) Power, M. B.; Barron, A. R. Tetrahedron Lett. 1990, 31, 323. (e)
Maruoka, K.; Itoh, T.; Sakurai, M.; Nonoshita, K.; Yamamoto, H. J. Am.
Chem. Soc. 1988, 110, 3588. (f) Stern, A. J.; Swenton, J. S. J. Chem. Soc.,
Chem. Commun. 1988, 1255,

(10) Leman, J. T.; Barron, A. R. Organometallics 1989, 8, 2214.
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Table I. Selected Bond Lengths (A) and Bond Angles (deg)
in [InIMes,], (3)

In(1)-1(1) 2.988 (1) In(1)-C(1) 2.164 (4)
In(1)-C(10) 2.173 (4) In(1)-I(1") 2.900 (1)
I(1)-In(1)-C(1) 1144 (1) I{1)-In(1)-C(10) 96.6 (1)
C(1)-In(1)-C(10) 127.7 (1) I(D)-In(1)-I(1") 88.1 (1)
C(1)-In(1)-1(1") 106.4 (1) C(10)-In(1)-I{(1) 116.1 (1)

In(1)-1(1)-In(1) 89.5 (1)

Table II. Selected Bond Lengths (A) and Bond Angles
(deg) in [InI,Mes]. (6)

In(1)-1(1) 2.772 (1) In(1)-1(2) 2.760 (1)
In(1)-C(1) 2.137 (5) In(1)-I(1") 3.192 (1)
In(1)-1(2) 3.183 (1)
1(1)-In(1)-1(2) 99.3 (1) I(D-In(1)-C(1) 1308 (1)
In(2)-In(1)-C(1) 1299 (1) I(1)-In(1)-I(1) 86.0 (1)

1(2)-In(1)-1(1") 93.1(1) C(1)-In(1)-I(1") 88.9 (1)
I(1)-In(1)-1(2) 86.7 (1) I(2)-In(1)-1(2") 90.2 (1)
C(1)-In(1)-1(2") 941 (1) IM)»-In(1)-1(2) 1724 (1)
In(D)-In(1)-In(1)  94.0(1) In(D)-I(2)-In(1") 89.8 (1)

Figure 2. Structure of a section of the Polymerlc [InlgMes],
Inversion centers lie along the z axis (*/4, /5, 0;1/9, /3, 1/, etc.).
Thermal ellipsoids are drawn at the 50% level, and hydrogen
atoms are omitted for clarity.

Compounds 1-3 are colorless, crystalline solids that are
soluble in nonpolar organic solvents. Molecular weight
determinations indicate that 1 and 2 are dimeric in solu-
tion, whereas compound 3 is largely monomeric in both
benzene and CH,Cl, (see Experimental Sections). How-
ever, the dimeric nature of 3 in the solid state has been
determined by X-ray crystallography (see below).

The interaction of InMes; with 2 equiv of InX; yields
InX,Mes [X = C1 (4),° Br (5), I (6)]. Although insoluble
in noncoordinating solvents, 4 and 5 dissolve readily in
Et,0 and THF. The insolublility in nonpolar solvents
suggests that 4 and 5 are polymeric, possibly isostructural
to [GaCl,Mes].., reported by Beachley, Churchill and co-
workers.!!

Unlike colorless 1-5, compound 6 is pale yellow in the
solid state; however, upon dissolution in nonpolar solvents
a colorless solution is formed, from which the pale yellow
crystals may be reobtained. Molecular weight measure-
ments show 6 to be dimeric in both benzene and CH,Cl,;
however, in highly polar solvents such as pyridine and
nitromethane 6 is ionic. In the solid state 6, like 4 and 5,
is polymeric (see below).

X-ray Crystallography Studies. The molecular
structure of InIMes, is shown in Figure 1; selected bond
lengths and angles are given in Table I. The structure

(11) Beachley, O. T., Jr.; Churchill, M. R.; Pazik, J. C,; Ziller, J. W.
Organometallics 1987, 6, 2088.
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Figure 3. Unit cell packing diagram for [{InIMe,], (3), viewed
down the z axis.

consists of a noncentrosymmetric dimer with two bridging
iodide ligands. The indium atoms are in a distorted tet-
rahedral geometry with the C(1)-In(1)~C(10) plane pitched
100.6° with respect to the I(1)~In(1)-I(1’) plane. The In-C
distances [2.164 (4) and 2.173 (4) A] are within the range
reported for terminal In-C bonds [2.093 (6)-2.26 (2) A].12
The In-I distances [2.988 (1) and 2.900 (1) A] are slightly
longer than found for the bridging iodines in Inl, (2.84 A)1®
but within the range reported for {InI[M(CO);]o}, [M = Mn
(2.951 (1) A) and Re (2.986 (2) A)].14

Unlike the In(u-Cl),In unit in 1,19 the iodide bridges in
3 are asymmetric. Also, unlike 1, the indium halide core
is not planar but has a butterfly geometry in which the
“InMes,” units take the wing-tip positions. The magnitude
of folding from planarity, 23.2°, may be described by the
angle between the planes defined by In(1)-I(1)-I(1’) and
In(1)~1(1)-I(I'). The mesityl rings on each of the indium
atoms are oriented almost perpendicularly (66.4°) with
respect to each other, presumably in order to reduce steric
interactions between the o-methyl groups. However, the
mesityl groups above the In,l, core are nearly parallel,
while those below are almost coplanar, resulting in a close
C(9)--C(9’) intramolecular contact [3.425 (5) A).

The crystal structure of [Inl,Mes]. consists of theo-
retically infinite strands of a one-dimensional polymer. A
section of one of the strands is shown in Figure 2. In-
teratomic distances and angle are given in Table II. The
geometry around the indium atoms is close to trigonal-
bipyramidal. The axial sites are bridging iodides, while
the equatorial positions are occupied by two bridging
iodides and a mesityl group. The mesityl groups alternate
on each side of the [In(u-I),]. chain, giving rise to a
stair-step polymer. A similar arrangement was found in
the structure of [InCly(CH,CMey)]..18

(12) Tuck, D. G. In Comprehensive Organometallic Chemistry; Wil-
kinson, G., Stone, F. G. A, Abel, E. W,, Eds.; Pergamon: Oxford, Eng-
land, 1982; Vol. 1, Chapter 7.

(13) (a) Forrester, J. D.; Zalkin, A.; Templeton, D. H. Inorg. Chem.
1964, 3, 63. (b) Repaz, J. P.; Hallock, R. B.; Beachley, O. T., Jr. Inorg.
Synth. 1986, 24, 87.

(14) (a) Haupt, H. J.; Wolfes, W.; Preut, H. Inorg. Chem. 1976, 15,
33309 éb) Haupt, H. J.; Preut, H.; Wolfes, W. Z. Anorg. Allg. Chem. 1979,
(15) Beachley, O. T., Jr.; Spiegel, E. F.; Kopasz, J. P.; Rogers, R. D.
Organometallics 1989, 8, 1915,

Leman et al.

The iodine atoms in axial positions have significantly
longer In-I distances [In(1)-1(1) = 3.192 (1) A, In(1)-1(2)
= 3.183 (1) A] than those in equatorial positions [In(1)-I(1)
= 2.772 (1) A, In(1)-I(1) = 2.760 (1) A]. These values are
on either side of that found in 3, as would be expected from
a consideration of the relative In s and p character in the
respective In-I bonds, i.e., five-coordinate axial (p) >
four-coordinate (sp?) > five-coordinate equatorial (sp?).1®
In a similar manner the In—C distance in 6 [2.137 (5) A]
is shorter than found for four-coordinate mesitylindium
derivatives [2.163 (5)-2.239 (11) A).1® The mesityl groups
on each indium are oriented almost coplanar with respect
to the equatorial iodides (9.8°).

Discussion
Monohalides. The solid-state structure of InCiMe, as
determined by X-ray crystallography!? consists of stacked
alternating molecules, which give indium an apparent
coordination number of 5 (I). In the InBrMe, lattice the

Me:.,. .

Me/lln_(.;l R X
(:?l—I:n"'"Me X,,,,'I| .S Mesn,,,]n/ \ln _____ Mes
: =Me X ’"\x Mes™" N/ Mes

Me:,,.. l:n—(:jl R X

Me=""0

1 11 111

indium is six-coordinate with a linear Me—-In-Me unit,
surrounded by four equatorial bromines that are shared
by neighboring metal atoms (II).!# InIMe,!® and InXPh,?®
(X = CI, Br, I) have been shown to have structures
analogous to that of InBrMe, by nuclear quadrupole res-
onance (NQR), Raman, and IR spectroscopy.

Both InClMes, (1)1° and InIMes, (3) are purely dimeric
in the solid state (III), as determined by X-ray crystal-
lography, the lack of interdimer halide bridges being due
to the steric bulk of the mesityl ligands. Purely dimeric
structures have also been reported for InCl[Fe(CO),Cp],*
and InC1[M(CO);]; (M = Re, Mn).!* Due to the lack of
variation in structure between 1 and 3, we propose that
2 has an analogous solid-state structure.

As is commonly observed for In(u-X,)In bridges, the
In,Cl, core of 1 is planar. However, the In,l, core in 3 is
significantly distorted from planarity into a butterfly ge-
ometry (see above). The ability of the In,l, ring to sustain
such a distortion is undoubtedly due to the more polar-
izable nature of the bridging iodine atoms and the diffuse
nature of their valence orbitals, as compared to the
analogous chloride system. It is not apparent, however,
from a consideration of the structure of the dimer alone
why this distortion is observed, since it apparently max-
imizes the steric interaction between the dimer mesityl
groups. A study of the crystal packing diagram, however,
reveals that the distortion within the dimer allows for
interdimer stacking of the mesityl ligands. As can be seen
in Figure 3, the resulting crystal structure consists of
double “InMes,” stacked sheets, bridged by iodine atoms.

(16) Albright, T. A.; Burdett, J. K.; Whangbo, M. H. Orbital Inter-
actions in Chemistry; Wiley: New York, 1985; Chapter 14, p 273.

(17) Hausen, H. D.; Mertz, K.; Veigel, E.; Weidlein, J. Z. Anorg. Allg.
Chem. 1974, 410, 156.

(18) Hausen, H. D.; Mertz, K.; Weidlein, J.; Schwarz, W. J. Organo-
met. Chem. 1975, 93, 291.

(19) Patterson, D. B.; Carnevale, A. Inorg. Chem. 1974, 13, 1479.

(20) Miller, S. B,; Jelus, B. L.; Brill, T. B. J. Organomet. Chem. 1975,

96, 1.

(21) Norman, N. C.; Compton, N. A,; Fisher, G. A.; Webster, P. M.
Abstracts of Papers, 200th National Meeting of the American Chemical
Society, Washington, DC, 1990; American Chemical Society: Washington,
DC, 1990; INOR 512.
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No such interdimer interaction is found for 1.

Where solution molecular weight measurements have
been obtained, the monohalide compounds are dimeric.!
One exception is InBr(Nap), (Nap = C;,H;), which is re-
ported to be monomeric in benzene.Z2 Compounds 1 and
2 retain their solid-state dimeric structures in solution,
whereas 3 is largely dissociated to a monomer (see Ex-
perimental Section). As with InBr(Nap),, the steric bulk
of the aryl ligands undoubtedly contributes to the existence
of a monomeric species in solution. In the case of 3,
however, this is no doubt exacerbated by a weak In(u-I),In
bridge, given that dimeric structures exist for 1 and 2 in
which interaryl steric interaction must also be present.?

Dihalides. The monoalkyl dihalides of indium have
solid-state structures ranging from dimers, e.g., InCl,Me,
through associated dimers, to polymers, e.g., [InCl,-
(CH,CMe;)].14 For aryl compounds the dihalides are
polymeric in the solid state.?® The insolubility of com-
pounds 4 and 5 in noncoordinating organic solvents sug-
gests they have polymeric structures in the solid state
similar to their phenyl analogues. We have been unable,
however, to obtain crystals suitable for X-ray diffraction
to confirm this proposal.

Although compound 6 is polymeric in the solid state, it
is unlike other group 13 halide-bridged polymers in that
it is soluble in aromatic hydrocarbons. Molecular weight
measurements indicate that 6 is dimeric in benzene and
CH,CIl, (see Experimental Section). Dissolution of 6 in
nitromethane or pyridine results in the formation of a 1:1
electrolyte,?® presumably a result of a rearrangement re-
action (eq 3).%

2Inl,Mes = InMes,* + Inl,~ 3)

The methyl- and phenylindium diiodides have also been
reported to form 1:1 electrolytes in nitromethane. Several
groups!®20262 have suggested that this ionic formulation
is retained in the solid state. Given the ionic nature of 6
in polar solvents, but covalent nature in nonpolar solvents
and the solid state, it would seem plausible that InI,Me
and InL,Ph could also be covalent in the solid state. Un-
fortunately, no structural data are available to confirm this
proposition.

The most direct evidence for the ionic formulation for
“Inl,Me” and “InI,Ph” is their conductivity in nitro-
methane, which is found to be consistent with 1:1 elec-
trolytes. Tuck et al.# reported that In[,Et and InI,Bu also
formed conducting solutions and proposed a rearrange-
ment similar to that shown in eq 3. As we have seen, this
rearrangement does indeed occur for “covalent” iodides,
indicating that the conductivity of a nitromethane solution
of InI,R cannot be used as an indication of its solid-state
structure.

An IR and Raman spectroscopic study by Worrall and
co-workers® concluded that the bands assigned to the In-C
asymmetric (555 cm™) and In-C symmetric (483 cm™)
stretching vibrations were characteristic of compounds
containing two methyl groups attached to an indium atom.
The IR spectra of 3 and 6 are remarkably similar in the
metal-ligand region {(In—-C) 540 (3), 535 cm™! (6)] even
though their solid-state structures are vastly different.
Thus it would appear that IR spectral shifts are not con-
clusive evidence for determining the number of organo
groups attached to indium.

(22) Mertz, K.; Schwartz, W.; Zettler, F.; Hausen, H. D. Z. Natur-
fosch., B 1975, 30, 159.

(23) Tuck, D. G.; Yang, M. K. J. Chem. Soc. A 1971, 214,

(24) Poland, J. S.; Tuck, D. G. J. Organomet. Chem. 1972, 42, 315.

(25) Gynane, M. J. S.; Worrall, I. J. Inorg. Nucl. Chem. Lett. 1972, 8,
547.
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Patterson and Carnevale!® carried out an extensive 115In
nuclear quadrupole resonance (NQR) study of several
methyl indium halides. On the basis of a low symmetry
parameter, n, they proposed methylindium diiodide to be
the ionic {InMe,][In],]. Since n would become zero if the
[InMe,]* cation were linear, they proposed the Inl,” anion
to be coordinated to the indium cation (IV). A similar

Me, N T

S
Me” ™M

1v

structure was proposed for the phenyl analogue.? It is
interesting to note, however, that the 115In NQR spectra
for “Inl,Me” is very close to that of InC1Me,, in which the
indium is five-coordinate trigonal-pyramidal, i.e., the same
geometry found for 6 in the crystal structure. It is plau-
sible therefore that the 15In NQR data could be reinter-
preted for a five-coordinate indium center in “Inl,Me”.

On the basis of the above arguments, and with the
hindsight of the crystal structure and physical properties
of 6, we propose that the structures of InI;Me and InI,Ph
be described as being polymeric in the solid state and
dimeric in nonpolar hydrocarbons, with the ionic formu-
lation being retained only in polar solvents.

Experimental Section

Microanalyses were performed by Oneida Research Services,
Inc., Whitesboro, NY. Melting points were determined in sealed
capillaries and are uncorrected. IR spectra (4000-400 cm™) were
recorded on a Perkin-Elmer 137 grating spectrometer as Nujol
mulls. NMR spectra were recorded on Bruker AM-250 ('H) and
AM.-500 (13C) spectrometers (8 in ppm relative to SiMe,). Con-
ductivities were determined by previously described methods in
comparison with standard electrolytes.? Molecular weight
measurements were made either cryoscopically in benzene or in
benzene and CH,Cl; by using an isopiestic instrument similar to
that described by Clark.?” The relative uncertainties in the
molecular weight determination by either method are ca. £12%
of the stated values. All manipulations were carried out under
nitrogen. Solvents were dried, distilled, and degassed before use.
InI,** and InMes,!® were prepared by following literature methods.
InBrg was used as received (Strem).

InBrMes, (2). Method 1. Et,O (50 mL) was added to a
mixture of InMes, (2.00 g, 4.23 mmol) and InBr; (0.750 g, 2.12
mmol). The reactants dissolved completely over 5 min, after which
the reaction was stirred for 12 h. Removal of the solvent under
vacuum gave a white solid that was washed with cold pentane
(20 mL): yield 2.14 g, 78%.

Method 2. InMes; (1.00 g, 2.12 mmol) was dissolved in hexane
(20 mL), and a hexane solution of HBr (10.6 mL, 0.20 M) was
added dropwise over 30 min at 0 °C. A white precipitate formed
immediately. The reaction mixture was stirred overnight, after
which the solvent was removed under vacuum and the resulting
white solid washed with cold pentane (20 mL): yield 0.66 g, 72%;
mp 141 °C. Anal. Calcd for C;gHyBrIn: C, 49.9; H, 5.12. Found:
C, 50.1; H, 5.21. Mol wt [cryoscopic (CgHg)]: found 803, degree
of association = 1.85, at 0.025 m. IR: 1590 (m), 1540 (w), 1400
(w), 1285 (m), 1255 (m), 1085 (sh), 1070 (s), 1025 (s), 935 (w), 860
(w), 840 (8), 800 (m), 695 (w), 575 (m), 550 (w), 535 (m, In—C) cm™.
NMR (CDCly): 'H, 56.82 (2 H, s, CiH,), 2.46 (6 H, 5, 0-CH,), 2.27
(3H, s, p-CHy); C, § 147.5, 144.0, 139.8, 127.8 (C¢H,), 26.0 (0-CH,),
21.0 (p-CHy).

InIMes; (3). Toluene (50 mL) was added to a mixture of
InMes; (1.00 g, 2.12 mmol) and Inl; (0.524 g, 1.06 mmol). After
the mixture was stirred for 5 min, a clear colorless solution was

(26) (a) Barron, A. R.; Motevalli, M.; Hursthouse, M. B. J. Chem. Soc.,
Dalton Trans. 1987, 2947. (b) Barron, A. R.; Wilkinson, G.; Motevalli,
M.; Hursthouse, M. B. Polyhedron 1987, 6, 1089.

(27) Clark, E. P. Ind. Eng. Chem. Anal. Ed. 1941, 13, 820.
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Table [II. Summary of X-ray Diffraction Data

compd [InIMes,], [InI;Mes]..

empirical formula CggHloIn, CoHy LIn

crystal size, mm 0.33 X 0.43 X 0.26 X 0.36 X 0.46
0.50

cryst system monoclinic monoclinic

space group C2/c P2,/c

a, 26.556 (4) 8.234 (2)

5 A 17.126 (8) 19.657 (3)

¢, A 8.092 (1) 7.703 (1)

8, deg 104.70 (1) 91.55 (2)

V, A3 3559.7 (9) 1246.3 (4)

Z 4 4

D(calcd), mg/m® 1.792 2.800

obs coeff, mm™! 3.015 6.728

radiation (A, &) Mo Ka (0.71073)/ (graphite monochromator)

temp, K 173 173

26 range, deg 4.0-55.0 4,0-55.0

scan type 6-26 6-20

index range 0<h<3,0< 0L5h=<10,0<k
k<20,-9=<! <25 -10<1<
=9 10

no. of reflens colled 3350 3170

no. of independent reflcns 3060 2806

no. of obsd reflcns 3060 2805

weighting scheme wl=g(F)* wl=F) +
0.005(|F,|)* 0.0003(|F,))?

final R indices (obsd data) R =0.032, R, = R =0.030, R, =
0.044 0.044

goodness of fit 1.56 1.92

largest diff peak, § A~ 0.77 0.80

obtained that was further refluxed for 12 h. Removal of the
solvent under vacuum gave a white solid. Extraction with boiling
hexane (50 mL), filtration, and cooling to room temperature gave
large colorless crystals suitable for X-ray diffraction. The solvent
was removed and the crystals dried under vacuum: yield 0.76
g, 67%; mp 140-141 °C dec. Anal. Caled for C,gHylIIn: C, 45.0;
H, 4.62. Found: C, 44.0; H, 4.53. Mol wt [isopiestic (CH,Cl,)]:
found 600, degree of association = 1.25, at 0.068 m. IR: 1595 (m),
1540 (m), 1400 (w), 1290 (s), 1260 (w), 1235 (w), 1170 (w), 1030
(s), 920 (w), 880 (w), 840 (s), 700 (m), 580 (w), 540 (s, In-C), 490
cm™ (w). NMR (CDCl,): H, 5 6.80 (2 H, 5, CsH,), 2.48 (6 H, s,
0-CHy), 2.29 (3 H, s, p-CHj); 1°C, 6 146.3, 144.0, 138.9, 127.9 (C,H,),
26.2 (0-CHj), 21.1 (p-CHy).

InBr,Mes (5). Toluene (50 mL) was added to a mixture of
InMes, (0.40 g, 0.85 mmol) and InBr; (0.60 g, 1.7 mmol). The
reaction mixture was refluxed overnight, during which time a white
precipitate formed. The solvent was removed under vacuum, and
the residue was washed with hexane (10 mL), toluene (20 mL),
and again with hexane (10 mL): yield 0.55 g, 55%; mp 295 °C
dec. Anal. Caled for CgHyyBroIn: C, 27.4; H, 2.82. Found: C,
28.0; H, 2.83. IR: 1585 (w), 1550 (w), 1395 (w), 1285 (m), 1255
(w), 1015 (w), 1005 (w), 840 (s), 800 (w), 690 (w), 530 (m, In-C),
480 cm™ (w). 'H NMR (CDCl;/THF): 66.81 (2H,s, CH,), 2.77
(6 H, s, 0-CHj), 2.15 (3 H, s, p-CHS).

InI,Mes (6). To a mixture of InMes, (1.50 g, 3.18 mmol) and
Inl; (3.14 g, 6.34 mmol) was added toluene (50 mL). The solution
turned pale yellow, and a precipitate formed immediately. Upon
heating, the precipitate dissolved to give a clear yellow solution.
After the solution was refluxed for 24 h, the solvent was removed
under vacuum to give fine yellow needles. These were found to
be contaminated with unreacted InMes; (approximately 20% by
1H NMR). The needles were therefore washed with hexane (2
X 30 mL) and then dissolved in a minimum amount of hot toluene
(ca. 25 mL). Cooling to —20 °C resulted in the formation of yellow
needles: yield 3.22 g, 69%; mp 213-214 °C. Anal. Caled for
CoH, LIn: C, 22.2; H, 2.27. Found: C, 21.0; H, 2.24. Mol wt
[eryoscopic (CgHg)]: found 990, degree of association = 2.03, at
0.015 m. Mol wt [isopiestic (CH,Cl,)]: found 941, degree of
association = 1.93, at 0.020 m. Molar conductivity for 1 mM
solution in MeNOy: 461 Q! cm? IR: 1710 (w), 1585 (w), 1550
(w), 1395 (w), 1295 (s), 1255 (m), 1170 (w), 1065 (w), 1025 (m),
1005 (s), 940 (w), 925 (w), 845 (s), 800 (w), 630 (w), 575 (w), 535
cm™ (s, In-C). NMR (CDCly): H, 4 6.85 (2 H, s, C¢H,), 2.66 (6
H, s, 0-CHj), 2.30 (3 H, s, p-CH,); 1°C, 5 143.9, 140.9, 137.7, 128.6
(CeHg), 25.8 (O'CHQ), 21.1 (p-CHa).

Leman et al.

Table IV. Fractional Coordinates (X10¢) and Equivalent
Isotropic Thermal Parameters (A2 X 10%) of the
Non-Hydrogen Atoms in [InIMes,), (3)

x y 2 Uleq)®
In(1) 42716 (0.1) 7818.0 (0.2) 790.0 (0.1) 317 (1)
1(1) 4679.0 (0.1) 8066.2 (0.2) 4548.4 (0.4) 361(1)
C(1) 3807 (2) 8772 (3) -544 (5) 335 (13)
C(@2) 3375 (2) 8580 (3) -1913 (5) 350 (13)
C(3) 3042 (2) 9170 (3) -2717 (5) 392 (14)
C(4) 3126 (2) 9954 (3) -2239 (5) 360 (14)
C(5) 3556 (2) 10132 (3) -921 (5) 349 (13)
C(6) 3901 (2) 9561 (2) -83 (5) 324 (13)
C(T) 3264 (2) 7759 (3) -2562 (7) 525 (18)
C@®) 2771 (2) 10588 (3) -3132 (6) 463 (186)
CO) 4371 () 9811 (3) 1275 (6) 388 (14)
C(10) 4038 (2) 6610 (2) 936 (5) 321 (12)
C(11) 4278 (2) 5974 (3) 389 (6) 357 (13)
C(12) 4088 (2) 5220 (3) 517 (5) 376 (14)
C(13) 3662 (2) 5093 (3) 1153 (5) 362 (13)
C(14) 3416 (2) 5723 (3) 1667 (5) 381 (14)
C(15) 3607 (2) 6489 (3) 1580 (5) 346 (13)
C(16) 4731 (2) 6065 (3) -400 (7) 483 (18)
C(17) 3459 (2) 4266 (3) 1268 (6) 497 (17)
C(18) 3312 (2) 7150 (3) 2157 (7) 482 (18)

8 Equivalent isotropic U defined as one-third of the trace of the
orthogonalized U;; tensor.

Table V. Fractional Coordinates (X10%) and Equivalent
Isotropic Thermal Parameters (A2 X 10%) of the
Non-Hydrogen Atoms in [InI,Mes].. (6)

x y z Uleq)®
In(1) 4458.6 (0.5) 4578.0 (0.2) 2544.6 (0.5) 360 (1)
I(1) 3890.2 (0.4) 5833.8 (0.2) 1007.0 (0.4) 324(1)
1(2) 7403.9 (0.4) 4849.0 (0.2) 4196.8 (0.4) 382(1)
C(1) 3087 (6) 3656 (3) 2415 (7) 325 (14)
C(2) 1533 (6) 3677 (3) 1639 (7) 325 (15)
C(3) 651 (7) 3071 (3) 1445 (8) 390 (17)
C@4) 1293 (8) 2445 (3) 1993 (8) 419 (18)
C(5) 2839 (8) 2444 (3) 2756 (8) 429 (18)
C(6) 3755 (7) 3037 (3) 2999 (8) 382 (16)
C(7) 818 (7) 4322 (3) 933 (8) 409 (17)
C(8) 390 (10) 1788 (3) 1672 (10) 576 (24)
C(9) 5431 (8) 3000 (3) 3863 (10) 532 (22)

8 Equivalent isotropic U defined as one-third of the trace of the
orthogonalized U;; tensor.

X-ray Crystallographic Study. A crystal data summary is
given in Table III; fractional atomic coordinates are listed in Table
IV and V. X-ray data were collected on a Nicolet P3 diffrac-
tometer that is equipped with a modified L'T-2 low-temperature
system. Determination of Laue symmetry, crystal class, unit cell
parameters, and the crystal’s orientation matrix were carried out
by previously described techniques similar to those of Churchill. %

All data were corrected for absorption and for Lorentz and
polarization effects and placed on an approximately absolute scale.
The systematic extinctions observed for 3 were hkl forh + k =
2n + 1 and hO! for [ = 2n + 1; the diffraction symmetry was 2/m.
The two possible monoclinic space groups are Cc [C,;; No. 9] or
C2/c [C%,; No. 15). The centrosymmetric space group was chosen
and later shown to be the correct choice. The systematic ex-
tinctions observed for 6 were 0k0 for k = 2n + 1 and hOl for | =
2n + 1; the diffraction symmetry was 2/m. The centrosymmetric
monoclinic space group P2,/c [C3; No. 14] is thus uniquely
defined.

All crystallographic calculations were carried out by using either
the UCI modified version of the UCLA Crystallographic Com-
puting Package?® or the SHELXTL PLUS program set.*® The
analytical scattering factors for neutral atoms were used
throughout the analysis;?'® both the real (Af’) and imaginary (iAf”)

(28) Churchill, M. R.; Lashewycz, R. A.; Rotella, F. J. Inorg. Chem.
1971, 16, 265.

(29) UCLA Crystallographic Computing Package. University of Cal-
ifornia, Los Angeles, 1981. Strouse, C. Personal communication.

(30) Nicolet Instruments Corp., Madison, W1, 1988,



Organometallics 1991, 10, 1771-1778 1771

components of anomalous dispersion®? were included. The
quantity minimized during least-squares analysis was 3" w(|F,| -
IFe)?, where w™ = 0,(|F,|) + X(IF})? [X = 0.0005 (3), 0.003 (6)].

The structure of 3 was solved by direct methods (SHELXTL PLUS)
and refined by full-matrix least-squares techniques. The molecule
is located about a 2-fold rotation axis at '/5, y, 1/,; no atoms lie
on the axis, and thus, all site-occupancy factors are 1.0. Hydrogen
atoms were included by using a riding model with d(C-H) = 0.96
A and Ul(iso) = 0.08 AZ Refinement of positional and anisotropic
thermal parameters led to convergence; see Table III.

The structure of 6 was solved by direct methods (SHELXTL PLUS)
and refined by full-matrix least-squares techniques. Hydrogen
atoms were included by using a riding model with d(C-H) = 0.96
A and U(iso) = 0.08 A% Refinement of positional and anisotropic
thermal parameters led to convergence (see Table III). The (241)
reflection was omitted because of a large discrepancy between

(31) International Tables for X-ray Crystallography; Kynoch Press:
Birmingham, England, 1974: (a) pp 99-101; (b) pp 149-150.

|F,| and |F,| values. Including this reflection in the refinement
resulted in a significantly increased value for R, of 0.098.

The molecule of 6 is polymeric with repeating InI,Mes units
along the ¢ dimension of the unit cell. The repeat units are related
by inversion centers (/g, 1/s, =1/ Y9, }/2, 03 1/ 2, } /2, 1/ 5, €tc.; SCE
Figure 2).
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Dimesitylfluorenylidenegermane (1) reacts very readily with aldehydes and ketones, according to a [2
+ 2] cycloaddition, leading to the corresponding germaoxetanes. These four-membered-ring heterocycles
are quite stable, mainly due to the large steric hindrance of the substituents. In the case of acetone, reaction
with the enolic form has been observed, followed by a germanotropic rearrangement. Germaoxetanes 3
(monoclinic, P2,/n, a = 12.668 (5) A, b = 16.794 (6) A, ¢ = 14.600 (5) A, 8 = 90.25 (3)°, V = 3106 (2) A3,
Z = 4, R = 0.0525) and 4 (monoclinic, P2,/c, a = 22.807 (5) A, b = 17.713 (6) A, c = 18.425 (4) A, # = 102.64
(2)°, V = 7263 (3) A%, Z = 8, R = 0.0697), obtained from benzaldehyde and benzophenone, have been
characterized by X-ray diffraction methods and their data compared to those of the acyclic digermoxane
6 (triclinic, P1, a = 13.002 (3), A, b = 14.962 (2) A, ¢ = 16.094 (1) A, & = 98.92 (1)°, 8 = 95.90 (2)°, v =
114.52 (1)°, V = 2765 (1) A%, Z = 2, R = 0.0781) prepared by hydrolysis of germene 1.

Introduction

Germenes, R’;Ge=CR,, compounds with a germanium-
carbon double bond, have long been speculated to be re-
active intermediates; they were unambiguously first evi-
denced by Barton,! and then by other groups in trapping
reactions.?® Owing to the large steric hindrance around
the double bond and large mesomeric effects, we have
recently isolated the stable germene 2 as an adduct with
Lewis bases (Et,0, THF, Et;N).4®* The “free” germene
1 was further obtained by thermal decomposition of 2.5

(1) Barton, T. J.; Kline, E. A.; Garvey, P. M. J. Am. Chem. Soc. 1973,
95, 3078.

(2) (a) Barton, T. J.; Hoekman, S. K. J. Am. Chem. Soc. 1980, 102,
1584. (b) Riviere, P.; Castel, A.; Satgé, J. J. Am. Chem. Soc. 1980, 102,
5413. (c) Wiberg, N.; Kim, C. K. Chem. Ber. 1986, 119, 2966, 2980.

(3) For reviews see: (a) Satgé, J. Adv. Organomet. Chem. 1982, 21, 241.
(b) Wiberg, N. J. Organomet. Chem. 1984, 273, 141. (c) Barrau, J;
Escudie, J.; Satgé, J. Chem. Rev. 1990, 90, 283.

(4) Couret, C.; Escudie, J.; Satgé, J.; Lazraq, M. J. Am. Chem. Soc.
1987, 109, 4411.

(5) In the same year as us, Berndt et al. described the synthesis of two
other stable germenes: Meyer, H.; Baum, G.; Massa, W.; Berndt, A.
Angew. Chem. 1987, 99, 790; Angew. Chem., Int. Ed. Engl. 1987, 26, 798.
lB;g'?d;b A.;é\dleyer, H.; Baum, G.; Massa, W.; Berger, S. Pure Appl. Chem.

, 59, 1011,

Mes,Ge =CR, Mes,Ge =CR;

Mes2(I3e —CI:R2
1

B H H
2 1A
B = Et,0, THF, Et;N

An X-ray structure determination of 1 showed the
presence of a double bond between germanium and carbon
(Ge=C = 1.80 A) with a 10.4% shortening relative to the
single bond in the hydrogenated derivative 1A. The
germene 1 is very reactive toward protic reagents,? hy-
drides,* dimethyl disulfide,* nitrones,* dienes,* and diazo
derivatives.” In this paper we report the reactions of
germene 1 with aldehydes and ketones and the first

(6) Lazraq, M.; Escudie, J.; Couret, C.; Satgé, J.; Drager, M.; Dammel,
R. Angew. Chem. 1988, 100, 885; Angew. Chem., Int. Ed. Engl. 1988, 27,
828,

(7) Lazraq, M.; Couret, C.; Declercq, J. P.; Dubourg, A.; Escudie, J.;
Riviere-Baudet, M. Organometallics 1990, 9, 845.
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