
Organometallics 1989,8, 1915-1921 1915 

Decomposition of an unstable C ~ * R U ( C O ) ~ S O ~ H  could 
conceivably lead to the formation either 1 or 2. A possible 
route for the synthesis of C ~ * R U ( C O ) ~ S O ~ H  (1) parallels 
the decomposition pathway of organic sulfinic acids 
(RS02H). These acids are known to disproportionate to 
give the corresponding sulfonic acids (RS03H).2s Also, 
an unstable -S02H insertion product has been proposed 
as an intermediate in the synthesis of the thiosulfate- 
containing Cp2MoS203 from the reaction of Cp2MoH2 with 

A comparison with the known reaction chemistry of 
-SOpH systems, however, reveals that  the unstable or- 
ganometallic-S02H compounds that we have isolated7 
undergo autoredox reactions to give complexes containing 
bridging dithionite and sulfide ligands rather than -S03H 
and -S203 ligands. The ultimate formation of S-bridged 
products, and especially the formation of the SO2 adduct 
compound [Cp*W(C0),(p-S-SO2)1, from the reaction of 
Cp*W(CO),H and suggests that  complexes such as 
[ C ~ * R U ( C O ) ~ ] ~ ( ~ - S )  or [ C ~ * R U ( C O ) ~ ] ~ ( ~ - S O )  could also 
be intermediates in the formation of [ C ~ * R U ( C O ) ~ ] ~ ( ~ -  
szo3). 

Formation of a p-S203 system from a bridging sulfide 
is not without precedent. We have noted that the S- 
bridged C ~ * , M O ~ ( ~ - S , ) ( ~ - S ) ~ ,  which we had previously 

S02.5 

(28) Oae, S. Organic Chemistry of Sulfur; Plenum Press: New York, 
1977; Chapter 11 and references therein. 

studied as a catalyst for the reduction of SO2 by hydrogen: 
also mediates oxygen transfer from SO2 under mild con- 
ditions? Initial reaction of Cp*2M02(p-S2)(p-S)2 with SO2 
leads to the formation of Cp*2M02(p-S2)(p-S)(p-S.S02). In 
the continued presence of SO2,  a new complex, 
Cp*2M02(p-S2)(p-S)(p-S-S03), is formed. In this reaction 
system also, labeling studies have confirmed that the ox- 
ygen for the formation of the thiosulfate ligand comes from 

Our future work in this area, which will focus on un- 
derstanding how the oxygen transfer ligands are formed 
in M-H/S02 reaction systems, will, no doubt, lead to a 
clearer understanding of the Mo-SH catalysis system,2 
where oxygen transfer from SO2 and the formation of a 
reactive thiosulfate may be the basis of the catalytic cycle 
(eq 1). 
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The neopentylindium(II1) derivatives In(CH2CMe3)3, In(CH2CMe3)zC1, In(CHZCMe3)Cl2, and In- 
(CH2CMe3)2Me have been repared and characterized by elemental analyses, cryoscopic molecular weight 

suggest that In(CH2CMe3)3 and In(CHzCMe3)zMe are monomeric molecules whereas In(CH2CMe3)2C1 is 
dimeric in benzene solution. The dichloro derivative In(CH2CMe3)C12, which has insufficient solubility 
in benzene for molecular weight studies, crystallizes in the acentric space group P212121 with a = 6.717 
(4) A, b = 12.217 (4) 8, c = 22.658 (7) A, V = 1859 A3, and 2 = 8 (formula units). Diffraction data (Mo 
Kar, 20 = 2-50°) were collected with a Enraf-Nonius CAD-4/0-20 diffractometer. Full-matrix least-squares 
refinement led to a final R value of 0.062 for 1584 observed [F, 2 5u(F,)] reflections. Dichloroneo- 
pentylindium(II1) is a one-dimensional polymer with no short contacts between strands. Each indium 
has distorted trigonal-bipyramidal geometry. 

studies in benzene, IR and P H NMR spectroscopic data, and Lewis acidity studies. Molecular weight studies 

Introduction 
Organometallic chemical vapor deposition (OMCVD) is 

one of the most useful techniques for making compound 
semiconductors2 such as InP. The most desirable or- 

ganometallic sources for OMCVD should be easily pre- 
pared, readily purified volatile liquids with excellent sta- 
bility a t  room temperature. A number of homoleptic or- 
ganoindium(II1) compounds (InR3, R = Me,3 Et+5 n-Pr,5 

(1) (a) State Univeristy of New York at Buffalo. (b) Northern Illinois 
University. 

0276-7333/89/2308-1915$01.50/0 

(2) Kuech, T. F. Mater. Sci. Rep. 1987, 2, 3. 
(3) Dennis, L. M.; Work, R. W.; Rochow, E. G. J. Am. Chem. SOC. 

1934,56, 1047. 
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i-Pr,5 ~ - B u , ~  ~ - B u , ~  ~ e c - B u , ~  ~ - B u , ~  and CH2SiMe37) a re  
known, but only InMe3 a n d  InEt3 are readily available for 
use in electronic applications. However, neither InMe, nor 
InEta has  all of the desirable physical properties. Tr i -  
methylindium, has  the disadvantage of being a solid with 
a relatively high melting point  of 89.5 "C. I n  contrast ,  
t r i e t h y l i n d i ~ m ~ ? ~  is a liquid at room temperature  (mp  -32 
"C), but t h e  presence of @-hydrogen atoms on t h e  ligands 
reduces i t s  t he rma l  stability. Bo th  compounds  have t h e  
disadvantage of being prepared by  relatively involved 
t ime-consuming procedures.  In an a t t e m p t  t o  provide 
alternative indium sources t h a t  can be  prepared and pu- 
rified easily, the chemistry of indium compounds  with 
neopentyl ligands was investigated. T h e  neopentyl ligand 
might  have t h e  inherent  disorder necessary to provide a 
homoleptic compound that would be a liquid at room 
temperature. Furthermore, this organic substituent should 
have sufficient steric bulk to destabilize a diethyl  e ther  
adduc t  so that t h e  homoleptic compound could be easily 
synthesized by a simple Grignard reaction. Lastly, the  lack 
of @-hydrogen a toms  on  t h e  organic subst i tuent  should 
serve t o  enhance the the rma l  stabil i ty of t h e  compound 
so that i t  could be readily purified by distillation. T h u s ,  
in this paper we describe the  synthesis and characterization 
of InNp, ( N p  = CH2CMe3), InNp,Cl, InNpCl,, a n d  
InNp,Me. The characterization data  include 'H NMR, IR, 
and mass spectroscopic data, molecular weight studies, and 
Lewis acidity studies. In addi t ion,  an X-ray s t ructural  
s tudy  of InNpCl,  is described. 

Organometallics, Vol. 8, No. 8, 1989 

Experimental Section 
All compounds described in this investigation were extremely 

sensitive to oxygen and moisture and were manipulated in a 
standard vacuum line or in a purified argon atmosphere. All 
solvents were purified before use. Indium(II1) chloride was 
purchased from Johnson Matthey, Inc., and was used as received. 
The neopentyl Grignard reagent was prepared as previously 
described.8 The compound 11-11, was prepared from indium metal 
and iodine in diethyl ether.g Neopentyl chloride was purchased 
from Fairfield Chemical Co. and was distilled prior to use. El- 
emental analyses were performed by Schwarzkopf Microanalytical 
Laboratory, Woodside, NY. Infrared spectra of Nujol mulls 
between CsI plates were recorded by means of a Perkin-Elmer 
683 spectrometer. Absorption intensities are reported with the 
abbreviations vs (very strong), s (strong), m (medium), w (weak), 
and sh (shoulder). The 'H NMR spectra were recorded at 90 MHz 
by using a Varian Model EM-390 spectrometer. All samples for 
NMR spectra were contained in sealed NMR tubes. Chemical 
shifts are reported in 6 units (ppm) and are referenced to SiMe, 
as 6 0.00 and benzene as 6 7.13. Melting points were observed 
in sealed capillaries. Molecular weights were measured cryo- 
scopically in benzene by using an instrument similar to that 
described by Shriver and Drezdzon.lo 

Synthesis of InNp,. A flask charged with 29.1 g (58.3 mmol) 
of I d 3  dissolved in 100 mL of dry diethyl ether (from Na/ 
benzophenone) was fitted with a condenser, magnetic stir bar, 
and a pressure-equalizing addition funnel. Under a cover of argon, 
approximately 80 mL of a solution containing 0.232 mol of neo- 
pentyl magnesium chloride in diethyl ether was transferred to 
the addition funnel. The Grignard reagent was then added to 
the In13 solution over a period of 20 min. After the addition was 
complete, the reaction mixture was stirred at room temperature 

Beachley et al. 

for 18 h. The condenser and addition funnel were then replaced 
by a stopper and a Teflon valve adapter, and the diethyl ether 
was removed by vacuum distillation a t  room temperature. The 
crude product, a InNp,-Et,O mixture, was isolated by vacuum 
distillation a t  110 "C. The distillation was continued for ap- 
proximately 8 h. The diethyl ether was then removed from the 
InNp,-Et20 mixture by simple vacuum distillation a t  room 
temperature for 8 hours. The product, a crystalline solid, was 
finally purified by vacuum sublimation a t  30 "C with the receiving 
flask at -10 "C. The yield of purified InNp, was 17.7 g (54.0 mmol, 
92.6% based on In13). InNp3:'l colorless crystalline solid; mp 
54-55 "C; sublimes a t  27 "C (0.01 mm). Hydrolysis: 3.02 mol 
of CMe4/mol of In(CH2CMe3)% Cryoscopic molecular weight, 
benzene solution, formula weight 328 (obsd molality, obsd mol 
wt, association): 0,0940,312, 0.951; 0.0628, 332, 1.01; 0,0472,338, 
1.03. 'H NMR (benzene): 6 1.11 (s, 9 H, CMe,), 1.07 (8, 2 H, 
InCH,). IR (Nujol mull, cm-'): 1379 (s), 1371 (s), 1228 (vs), 1212 
(s), 1091 (m, sh), 1007 (s), 990 (m), 922 (w), 800 (w), 734 (m), 685 
(s), 570 (s), 446 (m), 372 (m), 275 (w), 260 (m), 250 (m), 245 (m), 
240 (m). Anal. Calcd C, 54.89; H, 10.13. Found: C, 54.66; H, 
10.12. In(CH2CMe3), is not pyrophoric, but the compound is 
extremely sensitive to oxygen and water. 

Synthesis of InNpgl.  The compound InNpzC1 was prepared 
by a ligand redistribution reaction. Stoichiometric quantities of 
Inel, (2.21 g, 10.0 mmol) and InNp, (6.56 g, 20.0 mmol) were 
placed in a reaction tube equipped with a stir bar. Approximately 
50 mL of dry diethyl ether was distilled into the reaction tube. 
The reaction tube was placed in an oil bath (40 "C) and stirred 
for 48 h. The reaction tube was removed from the bath and fitted 
with a sintered glass frit which was attached to a 1WmL Schlenk 
flask (equipped with a stir bar). The solution was filtered to 
remove any insoluble impurities, and then the diethyl ether was 
removed by vacuum distillation. The product was finally dried 
in vacuo to leave 8.067 g (27.59 mmol, 91.9%) of InNp2C1. 
InNp2C1: colorless, crystalline solid; mp 162-165 "C; sublimes 
at 110 "C, 0.01 mm; 'H NMR (benzene) 6 1.09 (s, 9 H, CMe,), 
1.56 (s, 2 H, InCH2); IR (Nujol mull, cm-') 3180 (w), 1360 (s), 1259 
(w), 1233 (s), 1120 (s), 1111 (s), 1088 (s), 1000 (s), 594 (m), 574 
(m), 448 (m), 377 (m); IR (Kel F mull, cm-') 2950 (m), 2924 (m), 
2860 (s), 1460 (s), 1376 (m), 1360 (s), 1354 (8 ) .  Cryoscopic mo- 
lecular weight, benzene solution, formula weight 292 (obsd mo- 
lality, obsd mol wt, association): 0.0374, 643, 2.19; 0.0297,611, 
2.09; 0.0209, 566, 1.93. Solubility: soluble in benzene, pentane, 
E t O ,  andTHF. Anal. Calcd: C, 41.06; H, 7.58. Found C,41.34, 
H, 7.57. 

Synthesis of InNpC12. In a ligand redistribution reaction, 
InCl, (0.844 g, 3.99 mmol) and InNp, (0.658 g, 2.00 mmol) were 
weighed and quantitatively transferred to a reaction tube equipped 
with a stir bar. Approximately 25 mL of dry diethyl ether was 
distilled into the reaction tube. The reaction tube was placed 
in an oil bath (40 "C) and stirred for 5 days. The reaction tube 
was then removed from the bath and attached to a 100-mL 
round-bottom flask. The reaction mixture was transferred to the 
evacuated flask, and the solvent was removed by vacuum dis- 
tillation. The product was finally purified by vacuum sublimation 
to produce a total of 1.20 g (4.56 mmol, 77.6%). The product 
InNpC1, sublimes in two fractions, one a t  110 "C (0.01 mm) and 
the other a t  140 "C (0.01 mm). InNpClz (110 "C fraction): 
colorless, crystalline solid; mp 122-125 "C (partial melting), 
208-210 "C (phase change with complete melting); 'H NMR 
(solvent THF-d,; reference benzene) 6 1.00 (s, 9 H, CMes), 1.17 
(s, 2 H, InCH,); IR (Nujol mull, cm-') 3178 (w), 2715 (m), 1302 
(m), 1238 (s), 1168 (m), 1155 (m), 1120 (m), 1093 (m), 1015 (m), 
1000 (m), 915 (w), 890 (w), 842 (w), 767 (w), 733 (s), 590 (w), 450 
(w), 385 (w), 306 (m), 278 (m); IR (Kel F mull, cm-') 2960 (s), 2939 
(s), 2865 (m), 2310 (w), 1733 (w), 1464 (m), 1384 (m), 1368 (m), 
1360 (s), 308 (m), 280 (m), 278 (m). Solubility: soluble in EhO 
and THF and slightly soluble in benzene. Anal. Calcd: C, 23.38; 
H, 4.28. Found: C, 23.51; H, 4.22. This fraction was 12% of the 

&) (a) Runge, F.; Zimmerman, W.; Pfeiffer, H.; Pfeiffer, I. 2. Anorg. 
(b) Hartmann, H.; Lutsche, H. Naturzuissen- Chem. 1951, 267, 39. 

schaften 1962, 49, 182. 
(5) Todt, E.; Dotzer, R. 2. Anorg. Allg. Chem. 1963, 321, 120. 
(6) Bradley, D. C.; Frigo, D. M.; Hursthouse, M. B.; Hussain, B. Or- 

ganometallics 1988, 7,  1112. 
(7) Beachley, 0. T., Jr.; Rusinko, R. N. Inorg. Chem. 1979, 18, 1966. 
(8) Beachley, 0. T., Jr.; Pazik, J. C. Organometallics 1988, 7,  1516. 
(9) Beachley, 0. T., Jr.; Kopasz, J. P. Inorg. Synth. 1985, 24, 87. 
(IO) Shriver, D. F.; Drezdzon, M. A. The Manipulation of Air Sen- 

sitiue Compounds; Wiley: New York, 1986, p 38. 

(11) Beachley, 0. T., Jr. US.  Patent 4,621,147; Chem. Abstr. 1987,106, 

(12) Sheldrick, G. M., SHELX, A system of computer programs for 

(13) International Tables for X-Ray Crystallography; Kynoch Preea, 

575. 

X-ray structure determination as locally modified, 1976. 

Birmingham, England, 1972; Vol. 11, pp 72, 99, 149. 
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Table I. Crystal Data and Summary of Intensity Data 
Collection and Structure  Refinement 

compd [ I ~ ( C H Z C M ~ ~ ) C ~ Z I ,  
color / shape colorless/ parallelepiped 
fw 256.9 
space group p21212' 
temp, "C 20 
cell constants' 

a, A 6.717 (4) 
12.217 (4) 
22.658 (7) 

b, A 
c, A 

cell vol, A3 1859 
formula units/unit cell 8 
Ddcd,  g cm4 1.84 
P d e d ?  cm-' 28.3 
diffractometer/scan Enraf-Nonius CAD-4/8-26 
range of re1 transm factors, % 
radiatn, graphite monochromator 
scan width 
standard reflctns 

reflctns measd 1908 
26 range, deg 2 I 26 I 50 
range of h,k,l +8,+14,+26 
reflctns obsd [ F ,  1 5a(F,)]* 1584 
computer programs' SHELX', 
struct soln heavy-atom techniques 
no. of parameters varied 145 
weights [U(F,)~I-' 
GOF 12.6 
R = XllFOl - l ~ c 1 1 / X l ~ o l  0.062 
RVJ 0.063 
R inverse configuratn 0.062 
largest feature final diff map, e A-3 

OLeast-squares refinement of ((sin S ) / M 2  values for 25 reflec- 
tions (6 > 21"). *Corrections: Lorentz-polarization and absorp- 
tion (empirical, psi scan). Neutral scattering factors and anoma- 
lous dispersion corrections from ref 13. 

overall yield. InNpC1, (140 "C fraction): colorless, crystalline 
solid; mp 208-210 "C; 'H NMR (solvent, THF-d8; reference 
benzene) 6 1.03 (s, 9 H, CMe3), 1.13 (s, 2 H, InCH,); IR (Nujol 
mull, cm-') 3180 (w), 2730 (m), 1305 (m), 1169 (m), 1155 (m), 1125 
(m), 1118 (m), 1095 (m), 1017 (m), 1003 (m), 970 (m), 932 (m), 
920 (w), 890 (w), 848 (w), 800 (w), 770 (w), 735 (s), 599 (w), 450 
(w), 380 (w), 310 (m), 271 (m); IR (Kel F mull, cm-') 2952 (vs), 
2930 (s), 2880 (s), 2860 (s), 2320 (m), 1468 (s), 1457 (s), 1383 (s), 
1370 (vs), 1360 (vs), 300 (s), 280 (s), 270 (vs). Solubility: soluble 
in Et,O and T H F  and slightly soluble in benzene. Anal. Calcd 
C, 23.38; H, 4.28. Found: C, 23.52; H, 4.49. This fraction was 
88% of the overall yield. 

X-ray D a t a  Collection, S t r u c t u r e  Determination, a n d  
Refinement for  InNpC1,. A transparent single crystal of In- 
NpC1, was mounted in a glass capillary under argon and trans- 
ferred to  the goniometer. The space group was determined to 
be the acentric space group P212121 from the systematic absences. 
A summary of data collection parameters is given in Table I. 

Least-squares refinement with isotropic thermal parameters 
led to  R = 0.139. The methylene hydrogen atoms were placed 
in calculated positions 0.95 8, from the bonded carbon atom and 
allowed to ride on that atom with B fixed at  5.5 A2. The methyl 
hydrogen atoms were not located. Refinement of the non-hy- 
drogen atoms with anisotropic temperature factors led to final 
values of R = 0.062 and R, = 0.063. The final values of the 
positional parameters are given in Table 11. 

Synthesis of InNp,Me. In a typical synthetic reaction freshly 
sublimed InNp,Cl (5.847 g, 19.99 mmol) was reacted a t  0 "C in 
EtzO with LiMe (11.78 mL, 20.0 mmol, 1.7 M solution in EhO) 
in a round-bottom flask equipped with a magnetic stir bar. The 
LiMe solution was slowly added with stirring over a 10-min period. 
After the reaction mixture had stirred for 2 h, the Et20 was 
removed by vacuum distillation. The flask was then fitted with 
a sintered glass frit which was attached to a 100-mL Schlenk flask 
equipped with a magnetic stir bar. The product InNpzMe was 
immediately separated from LiCl by extraction and filtration by 
using 30 mL of pentane. In order to ensure that the last traces 
of solvent (Et20 or pentane) had been removed, the sample was 

751100 
0.15 X 0.25 X 0.70 
0.80 + 0.35 tan 6 
600; 0, 12, 0; 0, 0, 16 

decay of stds *3% 

1.0 

Table 11. Final Fractional Coordinates for 
[In(CH2CMel)C12I, 

atom % / a  Ylb z/c B(eq)," A2 
141) 1.0012 (3) 0.3314 (1) 0.39877 (6) 2.80 
In(2) 0.5052 (2) 0.4876 (1) 0.40981 (7) 2.89 
Cl(1) 0.8335 (8) 0.4727 (5) 0.3414 (3) 3.62 
Cl(2) 1.1686 (7) 0.4372 (4) 0.4736 (2) 3.08 
Cl(3) 0.6677 (8) 0.3400 (5) 0.4652 (3) 3.56 

0.3341 (8) 0.3962 (5) 0.3314 (3) 3.40 
3.83 

CU4) 
1.028 (3) 0.162 (1) 0.380 (1) 

3.83 
C(1) 
C(2) 0.928 (3) 0.121 (2) 0.324 (1) 
C(3) 0.996 (6) 0.178 (2) 0.2704 (8) 4.41 

0.970 (5) -0.005 (2) 0.323 (1) 5.51 
5.04 

C(4) 
0.701 (3) 0.133 (2) 0.333 (1) 

4.48 
C ( 5 )  

0.528 (4) 0.657 (1) 0.437 (1) 
3.44 

C(6) 
0.436 (3) 0.739 (2) 0.396 (1) 

6.41 
C(7) 

0.521 (7) 0.734 (2) 0.334 (1) 
4.96 

(38) 
C(9) 0.206 (3) 0.715 (2) 0.392 (1) 

0.491 (7) 0.850 (2) 0.426 (1) 8.04 
(iso) 

C(10) 
H(l)[C(l)] 0.978 0.123 0.414 
H(2)[C(l)] 1.165 0.147 0.376 (iso) 
H(l)[C(6)] 0.665 0.674 0.441 (iso) 
H(2)[C(6)] 0.465 0.664 0.475 (iso) 

'B(eq) = 4/3[aa2B(ll) + b2B(22) + c2B(33) + ab(cos y)B(12) + 
ac(cos /3(13) + bc(cos (u)/3(23)]. 

continuously evacuated for 3 h a t  room temperature. Further 
purification was achieved by a vacuum distillation by using a 
short-path still with a bath temperature of 80 "C and a head 
temperature of 55 "C. The final product InNp2Me (3.35 g, 12.3 
"01) was isolated in 61.6% yield based on InNp2C1. InNp2Me:14 
colorless liquid; bp 55 "C (0.01 mm); 'H NMR (benzene) 6 -0.07 
(s, 3 H, In-Me), 0.89 ( 8 ,  4 H, InCH,), 1.06 (s, 18 H, CMe3); IR 
(neat liquid, cm-') 2958 (vs), 2905 (s), 2880 (s), 2860 (s), 1465 (m), 
1457 (s), 1382 (w), 1360 (m), 1260 (w), 1234 (m), 1109 (m), 1090 
(m), 1055 (w), 1012 (m), 995 (w), 797 (w), 737 (w), 688 (m), 575 
(w), 482 (m), 450 (w), 372 (w). Cryoscopic molecular weight, 
formula weight In(CHzCMe&Me 272 (obsd molality, obsd mol 
wt, association): 0.0875,318, 1.16; 0.0598, 314, 1.15; 0.0167,324, 
1.19. Solubility: soluble in benzene, pentane, Et20,  and THF. 
Anal. Calcd C, 48.72; H, 9.19. Found C, 48.58; H,  9.19. 

Attempted Synthesis  of InNpMe,. In a typical synthetic 
reaction, freshly sublimed InNpCl, (2.569 g, 10.00 mmol) was 
reacted a t  -78 "C in Et20 with LiMe (12.05 mL, 20.5 mmol, 1.7 
M solution in EhO). The LiMe solution was slowly added while 
stirring over a 10-min period. The reaction mixture was stirred 
a t  low temperature for 15 h. The reaction mixture was then 
warmed to -10 "C (ice/2-propanol), and the Et20  was removed 
by vacuum distillation. The apparatus was then fitted with a 
sintered glass frit which was attached to a 100-mL Schlenk flask. 
Separation of the product InNpMez from LiCl was attempted by 
extraction and filtration by using 50 mL of pentane. The product 
was a clear liquid. The 'H NMR spectrum of a benzene solution 
of this liquid revealed a 1:l ratio of indium methyl groups to EhO. 
'H NMR (benzene): 6 -0.30 ( s ,3  H, InMe), 0.79 (t, 3 H, Me of 
EhO), 0.94 (s, 2 H, InCH2), 1.31 (s, 9 H, CMe3), 3.03 (9, 2 H, CH2 
of EGO). After 20 h, a solid precipitated from the liquid product. 
This liquidsolid mixture was transferred to a round-bottom flask 
and was extracted with fitration a second time with pentane. The 
pentane-soluble liquid was again collected, and the 'H NMR 
spectrum revealed the same results as previously noted. After 
24 h a solid had again precipitated from the liquid and another 
extraction/filtration was repeated. Each time the solid that had 
precipitated out of the liquid was collected, and tests (flame test 
and halogen test) suggested this solid was LiC1. When the liquid 
was left for 48 h after the last extraction, no solid appeared. The 
liquid was then transferred to a Schlenk flask, which in turn was 
attached to a second Schlenk flask by using a glass V-neck. The 
receiving flask was cooled to -196 "C and the liquid was pumped 
on dynamically for 2 h. After this time a clear liquid was collected 
a t  -196 "C and a solid remained behind. A 'H NMR spectrum 
was observed for each fraction. Solid fraction 'H NMR (solvent 
THF-d,, reference benzene): -0.77 (s, 3 H,  InMe), 0.38 (s, 2 H, 

(14) Beachley, 0. T., Jr. US. Patent 4,710,575. 
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Table 111. Lewis Acidity Studies of InNp, and InNp,_,X, 
Lewis base 

compd Et20 THF NMe, TMEDA 
InNp, no no 1:l 1:l 

InNpC1, no no 1:l 1:l 
InNp,Me no 1:l 1:l 1:1, 2:l 

InCH,), 0.99 (t, 3 H,  Me of Et,O), 1.09 (s, 9 H, CMe3), 3.24 (4, 
2 H ,  CH2 of Et20). Liquid fraction 'H NMR (benzene): 6 0.03 
(s), 1.13 (s). The two prominent lines of the liquid portion (6 1.06 
and 1.13) correspond to the 'H NMR spectrum recorded for InNp,. 
The 'H NMR spectrum indicated that disproportionation oc- 
curred. Diethyl ether could not be completely removed from the 
product. 

Lewis Acidity Studies  of InNp, a n d  InNp,-,X, (X = C1, 
n = 1,Z;  X = Me, n = 1). The Lewis acidity of the neopentyl 
indium compounds was determined by reacting a stoichiometric 
quantity of the desired acid with excess base. The bases used 
in this study were Et,O, THF,  NMe3, and TMEDA. A reaction 
tube (equipped with a Teflon valve) was tarred, and a weighed 
amount of the desired acid was transferred to the tube in the 
drybox. The valve was closed, and the reaction tube was brought 
out of the drybox, evacuated, and then weighed. Excess base was 
then distilled into the reaction tube. After the reaction mixture 
had warmed to room temperature, it was left for 12 h. The volatile 
components were removed by pumping on the sample dynamically 
for typically 2 h. Due to the volatility of the In(CH2CMe3)2Me, 
dynamic pumping was only carried out for 20 min. After this 
amount of time, the reaction tube was reweighed. If a stoichio- 
metric quantity of the base was retained by the acid, then the 
adduct was removed from the reaction tube and characterized. 
Stable adducts were characterized by mass measurements, melting 
point, and 'H NMR and/or IR spectra. No stable room-tem- 
perature adducts were formed for InNp2C1 with EGO, THF, NMe3 
or TMEDA. The possibility of forming two to one (2:l) adducts 
of InNp, and InNpC1, with TMEDA were not investigated. 

InNp3.NMe3: forms a stable 1:l adduct; colorless solid; mp 
120-122 "C; 'H NMR (benzene) 6 0.86 (s, 2 H,  InCH,), 1.26 (s, 
9 H,  CMe3), 1.73 (s, 9 H,  NMe3). InNp3.TMEDA: forms a stable 
1:l adduct; colorless solid; mp 100-107 "C; 'H NMR (benzene) 
0.95 (s, 2 H, InCH,), 1.21 (9, 9 H, CMe3), 1.88 (s, 3 H, CH3 of 
TMEDA), 2.33 (s, 2 H, CH2 of TMEDA). InNpClz.NMe3: forms 
a stable 1:1 adduct; tan solid; mp 70-73 "C; 'H NMR (benzene) 
6 1.06 (s, 9 H, CMe3), 1.16 (s, 2 H, InCH,), 1.83 (s, 9 H, NMe3). 
InNpC1,STMEDA forms a stable 1:l adduct; colorless solid; mp 
113-117 "C; 'H NMR (benzene) 6 1.23 (s, 2 H, InCH,), 1.28 (s, 
9 H, CMe3), 1.85 (s, 4 H, CHp of TMEDA), 2.08 (s, 1 2  H, CH3 of 
TMEDA). InNp2Me.THF: forms a stable 1:l adduct; colorless 
liquid; 'H NMR (benzene) 6 0.01 (5, 3 H, In-Me), 0.89 (s, 4 H,  
InCH,), 0.99 (m, 2 H, THF),  1.21 (s, 9 H ,  CMe3), 3.29 (m, 2 H, 
THF); IR (neat, cm-') 2920 (vs), 2818 (s), 1461 (vs), 1440 (s), 1410 
(m), 1380 (s), 1358 (vs), 1344 (s), 1293 (m), 1234 (vs), 1215 (s), 
1150 (m), 1110 (s), 1096 (m), 1070 (m), 1010 (vs), 996 (s), 914 (m), 
880 (vs), 800 (vs), 740 (m), 680 (vs), 573 (s), 510 (m), 480 (s), 450 
(s), 380 (m). InNp2Me-NMe3: forms a stable 1:l adduct; colorless 
liquid; 'H NMR (benzene) 6 -0.12 (s, 3 H, InMe), 0.79 (s, 2 H, 
InCH,), 1.13 (s, 9 H,  CMe3), 1.66 (s, 9 H, NMe,); IR (neat, cm-') 
2950 (vs), 2892 (vs), 2860 (vs), 2800 (s), 1466 (vs), 1458 (m), 1383 
(m), 1359 (m), 1252 (vs), 1232 (m), 1212 (vs), 1155 (m), 1110 (w), 
1100 (m), 1010 (m), 998 (s), 925 (m), 910 (w), 813 (w), 739 (s), 680 
(m), 568 (s), 510 (m), 471 (m), 460 (s), 447 (s), 410 (m), 380 (m). 
InNp,Me.TMEDA forms a stable 1:l adduct; colorless semisolid; 
'H NMR (benzene) 6 -0.04 (s, 3 H, InMe), 0.78 (s, 2 H, InCH,), 
1.17 (s, 2 H, InCH,), 1.21 (s, 9 H, CMe3), 1.87 (s, 12 H, Me of 
TMEDA), 2.22 (s, 8 H, CH2 of TMEDA); IR (neat, cm-') 2950 
(vs), 2892 (vs), 2860 (vs), 2812 (vs), 2677 (vs), 1460 (vs), 1409 (m), 
1380 (m), 1358 (vs), 1290 (m), 1260 (m), 1237 (s), 1216 (s), 1180 
(m), 1155 (m), 1135 (m), 1095 (s), 1040 (m), 1030 (s), 1010 (s), 998 
(m), 935 (m), 925 (m), 904 (w), 870 (m), 832 (m), 800 (m), 790 (m), 
766 (m), 752 (w), 740 (m), 680 (m), 565 (m), 550 (m), 510 (m), 470 
(w), 450 (m), 378 (m). [InNp,Me],-TMEDA: forms a stable 2:l 
adduct; colorless solid; 'H NMR (benzene) 6 -0.04 (s, 3 H, InMe), 
9.78 (s, 2 H, InCH,), 1.15 (s, 2 H, InCH2), 1.22 (s, 9 H, CMe,), 
1.82 (s, 12 H, Me of TMEDA), 2.25 (s, 8 H, CH2 of TMEDA); IR 

InNp2C1 no no no no 

Table IV. lH NMR Study of Various Mixtures of 
NeoDentvl Indium ComDounds 

'H NMR lines obsd 
reagents CHs CHs CH, CH, 

benzene 
InNp, + InNpCl, - 21nNp2C1 

InNp, 1.11 1.07 
InNpC1, 0.89 1.46 
InNp3/InNpC12 (1:l) 1.08 1.57 

Conclusion: ligand redistribution to form InNp2C1 occurred 
readily 

InNp2C1 + InNpC1, E no apparent reaction 

InNp,Cl 1.10 1.59 
InNpCl, 0.89 1.46 
InNpzC1/InNpC12 (1:l) 0.93 1.00 1.41 1.61 
InNp,C1/InNpClz (2:l) 0.93 1.03 1.41 1.60 
InNpzC1/InNpClz (1:2) 0.93 1.00 1.41 1.61 

Conclusion: rapid ligand redistribution of neopentyl groups did 
not occur 

(Nujol mull, cm-') 1358 (vs), 1347 (s), 1285 (m), 1232 (vs), 1212 
(s), 1163 (s), 1153 (s), 1132 (s), 1104 (sh), 1095 (s), 1020 (s), 1010 
(s), 1000 (s), 970 (m), 928 (m), 896 (m), 839 (s), 789 (m), 740 (m), 
720 (m), 693 (vs), 680 (vs), 658 (s), 565 (s), 512 (m), 475 (s), 448 
(m), 380 (m); IR (Kel F mull, cm-') 3010 (w), 2960 (vs), 2939 (sh), 
2883 (s), 2860 (vs), 1469 (s), 1455 (sh), 1410 (m), 1382 (m), 1359 
(SI. 

'H NMR Study of Various Mixtures  of InNp,, InNpzC1, 
a n d  (InNpCl,),. A 'H NMR study of different mole ratios of 
neopentylindium compounds was investigated in order to  de- 
termine if ligand redistribution reactions occur on the NMR time 
scale. Stoichiometric quantities of the desired compounds were 
weighed and transferred to vials. A measured amount of benzene 
was placed in each vial with a magnetic stir bar. All reaction 
mixtures were stirred for equal amounts of time. Then, a lH NMR 
spectrum of each solution was recorded. The results of this study 
are listed in Table IV. The solvent and reference for each 'H 
NMR spectrum was benzene. 

Results and Discussion 
A series of neutral organoindium(II1) compounds that 

incorporate the neopentyl ligand, InNp,X,-, (where X = 
C1, n = 1 , 2 ,  and X = Me, n = 2), have been prepared and 
fully characterized. These new organoindium(II1) com- 
pounds exhibit high thermal stability, a property which 
is characteristic of c o m p ~ u n d s ' ~ ~ J ~  with bulky organic 
ligands without @-hydrogen atoms. The elemental analy- 
ses, 'H NMR and IR spectroscopic data, molecular weight 
data, and Lewis acidity and solubility properties suggest 
the molecular formulas InNp,, (InNpzCl)z, and InNp,Me. 
In contrast, the X-ray structural study of (InNpClz)z 
demonstrates that the bulky neopentyl ligand introduces 
an apparently novel polymeric structure with five-coor- 
dinate indium. 

The simplest compound of the series InNp," was readily 
prepared in greater than 90% yield from 11-11,, an easily 
prepared starting material,g by a standard Grignard re- 
action in diethyl ether solution. After the ether had been 
removed by vacuum distillation, the resulting crystalline 
product was readily purified by sublimation. The obser- 
vation that InNp, was a crystalline solid was unexpected 
because In(CH2SiMe3), had been previously observed to 
be a l i q ~ i d . ~  These observations suggest that either Lon- 
don dispersion forces or intermolecular interactions with 
bridge bondingI6 as in InMe, are sufficiently strong to 
induce the necessary order for InNp, to be a solid a t  room 
temperature. I t  is regrettable but crystals of InNp, were 

(15) Beachley, 0. T., Jr.; Victoriano, L. Organometallics 1988, 7, 63. 
(16) Amma, E. L.; Rundle, R. E. J. Am. Chem. SOC. 1958, 80, 4141. 
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Neopentylindium Derivatives 

unsuitable for X-ray structural studies. Thus, it is not 
possible to definitively answer the question. The prop- 
erties of hydrocarbon solutions of InNp, are indicative of 
a simple three-coordinate indium compound. The cryo- 
scopic molecular weight data showed the presence of mo- 
nomeric species in benzene solution. The 'H NMR and 
IR spectroscopic data are also consistent with this for- 
mulation. I t  is of interest that even though the neopentyl 
group is a bulky ligand, it is of insufficient size to prevent 
the formation of simple adducts. Even though diethyl 
ether and THF do not form adducts, the strong Lewis 
bases NMe3 and TMEDA form adducts which are stable 
a t  room temperature. 

The chloro-substituted derivative InNp,Cl was readily 
prepared by reacting stoichiometric quantities of InNp, 
and InCl, in a ligand redistribution reaction (eq 1). 

Organometallics, Vol. 8, No. 8, 1989 1919 

EtlO 
21nNp3 + InCl, - 31nNpzCl 

This preparation was initially attempted by using benzene 
as the solvent but the yields were low. Further studies 
revealed that the best solvent for this reaction was diethyl 
ether. The highest yield (92%) was obtained when the 
reaction mixture was refluxed for 48 h. The product from 
the preparative reaction mixture was readily purified by 
filtration or sublimation a t  110 OC. 

The new compound InNp,Cl is a colorless, crystalline 
solid a t  room temperature. Molecular weight studies in- 
dicate that this chloroindium compound exists as a dimer 
in benzene solution. The most likely structure of the dimer 
would involve chlorine bridges as observed for other organo 
group 3 halogen compounds. The gallium and indium 
monochloride derivatives GaNpzCl,8 In(CHzSiMe3)2C1,7 
and Ga(CSMe5),Cl1' also exist as dimers in solution. The 
'H NMR spectrum of InNp,Cl in benzene solution shows 
two singlets with the resonances of the CH2 protons being 
downfield of the CH, protons. The presence of the 
methylene proton resonances being downfield of the 
methyl resonance has been observed for all dineopentyl- 
and bis( (trimethylsilyl)methyl)gallium8 and dineopentyl- 
and bis((trimethylsily1)methyl)indium monochloride' de- 
rivatives. No stable adducts with Et,O, THF, NMe,, or 
TMEDA were formed for InNpzC1. These observations 
suggest that  the dimer molecules remain intact in the 
presence of the various bases. 

The dichloro derivative InNpCl, was prepared by re- 
acting stoichiometric quantities of InNp, and InCl, in a 
ligand redistribution reaction. The solvent of choice for 
this reaction is diethyl ether. Poor yields of an impure 
product were obtained when benzene was used. Due to 
the limited solubility of InCl, in diethyl ether, the reaction 
mixture was refluxed for a period of 5 days for the reaction 
to go to completion. Careful sublimation of the product 
led to the separation of two fractions. One fraction sub- 
limed at  110 "C (12% of the overall yield) and the other 
at  140 OC (88% of the overall yield). Each fraction was 
characterized by IR and 'H NMR spectroscopic data, el- 
emental analyses (C, H), and melting point data. Each 
fraction was soluble in diethyl ether, dibutyl ether, and 
tetrahydrofuran but was not sufficiently soluble in benzene 
to enable molecular weight measurements to be completed. 
The fraction that sublimed a t  110 "C showed partial 
melting with a phase change at  122-125 "C and complete 
melting a t  208-210 "C. The fraction that sublimed at  140 
"C exhibited no phase change but melted a t  208-210 "C. 
The elemental analyses of each fraction were consistent 

(17) Beachley, 0. T., Jr.; Hallock, R. B.; Zhang, H. M.; Atwood, J. L. 
Organometallics 1985, 4 ,  1675. 

F igure  1. ORTEP drawing of [In(CH2CMe3)C12],. The thermal 
ellipsoids are at the 50% probability level. The hydrogen atoms 
for methyl groups were not located. 

Table V. Bond Distances (A) and Angles (deg) for 
TIn(CH9CMer)Clrlv 

Cl(l)-In( 1)-Cl(2) 
C1(2)-In( 1)-C1(3) 
C1(2)-In(l)-C1(4)" 
Cl(l)-In(l)-C(l) 
Cl(3)-In(l)-C( 1) 
Cl(l)-In(2)-C1(2)b 
C1(2)*-In(2)-C1(3) 
C1(2)b-In(2)-C1(4) 
Cl(l)-In(2)-C(6) 
C1(3)-In(2)-C(6) 
In( l)-Cl(I)-In(2) 
In(l)-C1(3)-In(2) 
In(l)-C(l)-C(2) 
C(l)-C(2)-C(4) 
C(l)-C(2)-C(5) 
C(4)-C(2)-C(5) 
C(6)-C(7)-C(8) 
C(8)-C(7)-C(9) 
C(8)-C(7)-C(lO) 

Bond Distances 
2.436 (5) In(l)-C1(2) 
2.700 (6) In(l)-C1(4)" 
2.12 (2) In(2)-C1(1) 
2.752 (5) In(2)-C1(3) 
2.393 (6) In(2)-C(6) 
1.52 (3) C(2)-C(3) 
1.56 (3) C(2)-C(5) 
1.50 (3) C(7)-C(8) 
1.58 (3) C(7)-C(lO) 

2.410 (5) 
2.821 (6) 
2.701 (6) 
2.452 (5) 
2.17 (2) 
1.47 (3) 
1.55 (3) 
1.52 (3) 
1.56 (3) 

Bond Angles 
102.2 (2) Cl(l)-In(l)-C1(3) 
88.5 (2) Cl(l)-In(l)-Cl(4)" 
82.0 (2) Cl(3)-1n(l)-Cl(4)" 

128.8 (6) Cl(2)-In(l)-C(l) 
102.6 (6) C1(4)"-In(l)-C(l) 
163.0 (2) Cl(l)-In(2)-Cl(3) 
86.1 (2) Cl(l)-In(2)-Cl(4) 
83.8 (2) C1(3)-In(2)-C1(4) 
99.9 (7) C1(2)b-In(2)-C(6) 

121.7 (6) C1(4)-In(2)-C(6) 
96.8 (2) In(l)-Cl(2)-In(2)" 
96.5 (2) 111(l)~-C1(4)-In(2) 

116 (1) C(l)-C(2)-C(3) 
105 (2) C(3)-C(2)-C(4) 
107 (2) C(3)-C(2)-C(5) 

113 (2) C(6)-C(7)-C(9) 
108 (3) C(6)-C(7)-C(lO) 

106 (2) In(2)-C(6)-C(7) 

110 (2) C(9)-C(7)-C(lO) 

83.4 (2) 
83.1 (2) 

161.5 (2) 
128.5 (6) 
95.7 (6) 
83.1 (2) 
86.3 (2) 

104.5 (2) 
96.9 (7) 

133.8 (6) 
97.7 (2) 
96.3 (2) 

114 (2) 
113 (2) 
112 (3) 
116 (2) 
108 (2) 
102 (2) 
115 (3) 

"Atoms related to those in Table I1 by 1 + x ,  y ,  z .  b x  - 1, y,  z.  

with the empirical formula In(CH2CMe3)C1,. 
The crystal of InNpCl, (fraction subliming at  140 "C) 

consists of (theoretically infinite) strands of the one-di- 
mensional polymer [InN~(p-C1)~1,. There are no short 
contacts between strands. A section of one such strand 
with atomic labeling is shown in Figure 1. Interatomic 
distances and angles are collected in Table V. Each in- 
dium atom has distorted trigonal-bipyramidal coordination 
geometry that is achieved by four chlorine atoms and one 
(terminal neopentyl) carbon atom. The axial groups are 
bridging chlorine atoms, whereas the equatorial positions 
are occupied by two chlorine atoms bridging two different 
metal centers and one neopentyl group. Alternatively, the 
polymer can be considered to be constructed from InNpC1, 
dimers that are linked by chlorine bridges. Thus, the 
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stable trans arrangement of neopentyl groups. The ob- 
servations that the melting points of the two fractions was 
identical, 208-210 "C, would support the hypothesis of 
isomerization. An alternate arrangement of groups in the 
110 "C fraction could involve bridging neopentyl groups, 
but this would seem less likely. Chlorine bridge bonds 
should be stronger than carbon bridge bonds. 

The Lewis acidity of InNpC1, (140 "C fraction, but not 
the 110 "C fraction) was investigated. This study showed 
that InNpC12 formed stable 1:l adducts a t  room temper- 
ature with NMe, and TMEDA but did not form stable 
adducts with Et20 or THF. Clearly, InNpC12 is a stronger 
Lewis acid than InNp2C1, a compound which formed no 
adducts with any of the bases studied (Table 111). 

The ligand exchange reactions between pairs of reagents 
selected from InNp,, InNp,Cl, and InNpC12 have been 
examined by 'H NMR spectroscopy. When InNp, and 
InNpCl, were combined in benzene at  room temperature, 
the initially benzene-insoluble InNpC1, disappeared and 
InNp,Cl formed. Similarly, when equimolar amounts of 
InNp,Cl and InNpC12 were combined, a solution was ob- 
served and the 'H NMR spectrum, four lines (Table IV), 
revealed the presence of both reactants. When InNp,Cl 
and InNpC1, were mixed in a 1:2 mol ratio, only half of 
the InNpCl, dissolved. Thus, it appeared that the solu- 
bility of InNpCl, was limited by the amount of InNp,Cl 
present in the solution. These results suggest that InNpzC1 
and InNpC1, react to form each other. However, after the 
product is formed, solvation hinders further association 
of InNpCl, dimers to form the insoluble polymer. No new 
species such as a sesquihalide dimer InpNp,C13 was sug- 
gested by the 'H NMR spectra. 

The methyl-substituted derivative InNp,Me14 has been 
readily prepared by reacting a slight excess (3%) of the 
stoichiometric quantity of LiMe with InNp,Cl in diethyl 
ether solution at 0 OC. The ether was readily removed, and 
the compound was easily purified by vacuum distillation 
at  55 "C (0.01 mm). The derivative InNp2Me is a clear, 
colorless liquid that is extremely air and moisture sensitive 
but not pyrophoric. After a neopentyl group in InNp, was 
replaced with a methyl group, the physical and chemical 
properties changed. The physical state changed from solid 
to liquid. Related observations have been made for 
InMe,Et,,, also a liquid at  room temperature. However, 
the existence of InMe2Et as a single compound has been 
q~est ioned. ,~ The Lewis acidity of the indium in 
InNp,Me (Table 111) also increased as stable 1:l room 
temperature adducts were formed with THF, NMe,, and 
TMEDA. No adduct was formed with EbO. A stable 2:l 
adduct [InNp,Me] ,-TMEDA was also formed by reacting 
two moles of InNp2Me with one mol of TMEDA. It is 
significant that InNp, did not form a stable adduct with 
THF. 

Since InNp,Me might be used to make semiconductor 
fiims, the thermal and photolytic stability of the compound 
was investigated. In an attempt to learn more about the 
thermal stability of InNp,Me, a sample contained in a 
previously evacuated tube was heated at  100 "C for 13 
days. Neither disproportionation nor decomposition oc- 
curred. The compound was also heated in the presence 
of mercury, and still no decomposition occurred. The 
photolytic properties of InNp2Me were examined in a 
qualitative experiment. The compound contained in sealed 

0 Id 

" .  I 

Figure 2. Unit cell of [In(CH2CMe3)C12],. 

chlorine atoms that would have been terminal atoms in 
a trans arrangement of a dimer are bridging chlorine atoms 
in the polymer. This trans arrangement of groups leads 
in turn to a stair-step polymer. 

The four chlorine atoms form bridges between indium 
atoms. The chlorine atoms that are in axial positions have 
significantly longer distances (In(l)-C1(3) = 2.700 (6) and 
In(l)-C1(4a) = 2.821 (6) A; In(2)-C1(1) = 2.701 (6) and 
In(2)-C1(2b) = 2.752 ( 5 )  A) than those in equatorial pos- 
itions (In(1)-Cl(1) = 2.436 ( 5 )  and In(1)-Cl(2) = 2.410 ( 5 )  
A; In(2)-C1(3) = 2.452 (5) and In(2)-C1(4) = 2.393 (6) A). 
The In-C distances are In(l)-C(l) = 2.12 (2) A and In- 
(2)-C(6) = 2.17 (2) A. Both the In-C1 and In-C distances 
are comparable to those determined for other compounds 
such as InMe3,16 InMe2Cl,l8 InMeC12,19 (Me21nNMez)2,20 
[Me21nN(Me) (Ph)],,21 and [ (Me3SiCH2)JnPPh~l~.22 

Each indium atom has a rather distorted trigonal-bi- 
pyramidal coordination environment. The two axial 
chlorine and indium atoms form angles (C1(4a)-In( 1)-C1(3) 
and Cl(l)-In(2)-C1(2b)) of 161.5 (2)" and 163.0 (2)", re- 
spectively. The atoms in the equatorial positions form 
angles (Cl(l)-In(l)-Cl(2), C(l)-In(l)-Cl(l), C(1)-In(1)- 
Cl(2)) of 102.2 (2), 128.8 (6)", and 128.5 (6)", respectively, 
and (C1(3)-In(2)41(4)), C1(3)-In(2)-C(6), C(6)-In(2)-C1(4) 
of 104.5 (2)", 121.7 (6)", and 133.8 (6)", respectively. 

The structural study of a crystal from the 140 "C sub- 
limation fraction of (InNpCIJx permits speculation about 
the structure of the species comprising the 110 "C fraction, 
even though no X-ray quality crystals were obtained. One 
possible structure is a polymer composed of chlorine- 
bridged InNpC1, dimers which have the cis orientation. 
The cis orientation of neopentyl groups would lead to 
increased interactions and the observed lower sublimation 
temperature. Thus, the phase change observed at  122-125 
"C for the 110 "C fraction might be related to the isom- 
erization of the dimeric repeating unit to form the more 

(18) Hausen, H.-D.; Mertz, K.; Veigel, E.; Weidlein, J. 2. Anorg. Allg. 
Chem. 1974,410, 156. 

(19) Mertz, K.; Schwarz, W.; Zettler, F.; Hausen, H.-D. 2. Natur- 
forsch., B 1975, 30B, 159. 

Hausen, H.-D. Z. Anorg. Allg. Chem. 1977, 429, 99. 
(20) Mertz, K.; Schwarz, W.; Eberwein, B.; Weidlein, J.; Hess, H.; 

(21) Beachlev, 0. T., Jr.: Bueno, C.; Churchill, M. R.; Hallock, R. B.; 
Simmons, R. G: Inorg. Chen. 1981, 20, 2423. 

Atwood, J. L. J .  Organomet. Chem. 1987,325, 69. 
(22) Beachley, 0. T., Jr.; Kopasz, J. P.; Zhang. H.; Hunter, W. E.; 

(23) (a) Fry, K. L.; Kuo, C. P.; Larsen, C. A.; Cohen, R. M.; String- 
fellow, G. B.; Melas, A. J. Electron. Mater. 1986,15,91. (b) Hui, B. C.; 
Lorberth, J.; Melas, A. A. US. Patent 4,720,560. 

(24) Bradley, D. C., Chudzynska, H.; Frigo, D. M. Chemtronics 1988, 
3, 159. 
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glass capillary tubes was exposed to sunlight for 60 days. 
After this time the colorless liquid phase turned yellow and 
a gray residue deposited on the walls. These observations 
suggest photolytic decomposition. This presents another 
interesting and useful feature of this compound for the 
electronics industry as InNp2Me could be used to deposit 
a thin indium film directly onto a substrate by a laser- 
assisted decomposition. 

Since InNp,Me was a volatile liquid that was readily 
purified by distillation and might possibly be a useful 
starting material for making semiconductor films, an at- 
tempt wm made to synthesize InNpMez from InNpC12 and 
LiMe in a 1:2 mol ratio in Et,O a t  -78 "C. After the 
reaction was complete, removal of the last traces of Et20  
proved difficult. The organoindium product was then 
partially separated from LiCl by pentane extraction. 
However, the liquid product so obtained was observed to 
produce small amounts of solid LiCl upon standing a t  25 
"C. This observation suggests the presence of 
LiInNpMezC1.nEt20. Repeated pentane extractions pro- 
duced a colorless liquid from which more LiCl formed. 
Vacuum distillation was then used to separate a volatile 
organoindium compound from LiC1. However, 'H NMR 
spectra demonstrated that the ratio of neopentyl to methyl 
groups was not one to two as required by the formula 
InNpMe2. Thus, it was not possible to obtain a pure 

sample of InNpMe2 by using this preparative procedure. 
A redistribution/symmetrization reaction as shown by eq 
2 apparently occurred during distillation. Thus, it is of 

(2) 
significance that we were able to distill InNp2Me and ob- 
tain an analytically pure product. Either InNp2Me does 
not redistribute/sy"etrize or the appropriate experiment 
that might define the occurrence of a redistribution/sym- 
metrization reaction has not been investigated. 
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Reactivity of Alkynes toward M-q2-CS2 Metal Complexes. 2. A 
Theoretical Discussion on the Coupling Products Obtainable with 
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Complexes of the type (C0)2(PR3)zFe-$"Wz, known to yield different coupling products with alkynes, 
are studied. In particular two products, the metallocycle L,Fe-C(S)C(R)C(R)S and the 1,3-dithiol-2-ylidene 
L4Fe-CSC(R)C(R)S, isomerize easily and, for an appropriate choice of the phosphine ligands, are in 
equilibrium. Extended Huckel calculations and qualitative MO theory are used to analyze the electronic 
features of these compounds and their possible interconversion pathways. The study illustrates the major 
orbital effects and, indirectly, the electrostatic effects that may become selective at a certain point of the 
reaction. 

Introduction 
After about 20 years of experimental and theoretical 

work it is now well established that the reactions of co- 
ordinated C02 and CS2 are governed by a complex inter- 
play of  factor^.^ One would like to elucidate the subtle 

(1) Cornell University. 
(2) ISSECC, CNR. 
(3) Rhbne-Poulenc Agrochimie. 
(4) (a) Butler, I. S.; Fenster, A. E. J. Organomet. Chem. 1974,66,161. 

(b) Baird, M. C.; Hartwell, G., Jr.; Wilkinson, G. Inorg. Phys. Theor. 1967, 
2037. (c) Fenster, A. E.; Butler, I. S. Inorg. Chem. 1974,13,915. (d) Le 
Bozec, H.; Gorgues, A.; Dixneuf, P. H. J. Am. Chem. Soc. 1981,100,2486. 
(e) Grundy, K. R.; Harris, R. 0.; Roper, W. R. J. Organomet. Chem. 1975, 
90, C34. (0 Collins, T. J.; Roper, W. R.; Town, K. G. J. Organomet. 
Chem. 1976, 121, C41. (g) Fachinetti, G.; Floriani, C.; Chiesi-Villa, A.; 
Guastini, C. J. Chem. Soc., Dalton Trans. 1979,1612. (h) Bianchini, C.; 
Mealli, C.; Meli, A.; Orlandini, A.; Sacconi, L. Imrg. Chem. 1980,19,2968. 
(i) Touchard, D.; Le Bozec, H.; Dixneuf, P. H. J. Organomet. Chem. 1978, 
156, C29. 6) Southern, T. G.; Oehmichen, U.; LeMarouille, J. Y.; Le 
Bozec, H.; Grandjean, D.; Dixneuf, P. H. Inorg. Chem. 1980,I9,2976. (k) 
Herberhold, M.; Suss-Fink, M.; Kreiter, C. G. Angew. Chem., Int .  Ed. 
Engl. 1977, 16, 193. 
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correlation existing between charge and orbital control of 
their reactivity and to learn how geometrical rearrange- 
ments govern their reactions. The use of semiempirical 
methods5 accounts poorly for the electrostatic effects. On 
the other hand, the use of more sophisticated methods6 
does not allow the flexibility necessary to test all of the 
effects over a large range of geometric rearrangements. 
The nature of the metal fragment, the mode of coordina- 
tion, and the amount of bending of the triatomic itself 
determine a plethora of conditions which is difficult to 
untangle. While it has become clearer that the reactivity 
of COz is significantly charge-controlled, that of CS2 is 
more likely to be monitored by evolution of the frontier 
MOs. Discussions of various coordination modes of met- 

(5) Mealli, C.; Hoffmann, R.; Stockis, R. Inorg. Chem. 1984, 23, 56. 
(6) (a) Sakaki, S.; Kitaura, K.; Morokuma, K. Inorg. Chem. 1982,21, 

760. (b) Sakaki, S.; Dedieu, A. J .  Organomet. Chem. 1986, 314, C63. 
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