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The reaction of InBr/InBr3 or InBr/BrIn[ (CH2),NMe2]2 with compounds were characterized by elemental analysis, infra- 
the transition metal dimers [L(CO),M], (L = CO, Cp, red v(C0) spectroscopy, NMR, and mass spectrometry. An X- 
C5H4[(CH2)2NMe2]; M = Fe, Co, Ni; n = 1-3) in THF or di- ray single crystal structure determination of (q5-C5H5)(CO)- 
oxane gives in almost quantitative yield the transition metal Ni-InBr2(NC7H13) ( la)  revealed a short Ni-In bond of 
indium complexes L(CO),M-lnBr,(Do) (Do = THF, NC7H13) 246.3(1) pm. 
and L(CO),M-In[(CH2),NMe2](Br) respectively. The new 

The chemistry of transition metal indium compounds has 
a long tradition and dates back to the early work of W. 
Hieber and U. Teller on I~[CO(CO)~]~[ ' ]  in 1942. Other 
more recent work deals with compounds of groups 6-8, 
e.g. [L(CO),M],,InX,-,(Do) (M = d-block element; L = 
CO, Cp, PPh,; n = 1-4; m = 1-3; X = C1, Br, I; L = THF, 
py or other Lewis The majority of those com- 
plexes can be viewed as derivatives of indium trihalides, 
(L,M),InX3-,. In contrast to this, very few compounds 
exist with an indium center bearing alkyl groups such as 
[Cp(CO)3M]21n[(CH2)3NMe2] (M = Mo, W) and L(CO),- 
M-In[(CHJ3NMe2I2 (M = Mn, Re, Co, L = CO; n = 

4, 3; M = Fe, Ni; L = Cp; n = 2-1)l41, mer- 
C[(CH,),P],(H)(C,H,)Ir-In(CzH5)2}[51 and cis-[(Cy2- 
PCH2CH2PCy2){ (CH3)&3iCH2)Pt -In(CH2Si(CH3)3f2] 
(Cy = ~ y c l o - C ~ H ~ ~ ) [ ~ I .  However, some of those alkylindium 
transition metal complexes are sufficiently volatile and have 
been shown to serve as single-molecule precursors for the 
growth of the respective phase-pure thin alloy films by or- 
ganometallic chemical vapor deposition (OMCVD), for ex- 
ample &-NiIn from Cp(CO)Ni-In[(CH2)3NMe2]2[7]. In this 
paper we report on the synthesis and the characterization 
of some new (intramolecularly adduct-stabilized) transition 
metal-substituted indanes. 

Results and Discussion 
Treatment of a deep red-brown solution of [Cp(CO)Ni], 

in THF with an equimolar amount (based on indium) of 
an 1 : 1 mixture of InBr and InBr3 at reflux for 4 h gave a 

[*I Part XIII: See 
['I New address: Anorganisch-chemisches Institut, Ruprecht- 

Karls-Universitat, Im Neuenheimer Feld 270, D-69120 Heidel- 
berg, Germany. 

dark brown solution over traces of a non-identified precipi- 
tate. Addition of one equivalent of quinuclidine and recrys- 
tallization from THFln-pentane afforded well-shaped ortho- 
rhombic crystals of l a  (62% yield). The Lewis donor- 
functionalized nickel dimer [CpN(C0)Ni], { CpN = 
C5H4[(CH2),NMe2])[*] reacts similarly to give 1 b, the intra- 
molecularly base adduct-stabilized congener of la .  Com- 
pounds 2, 3 of Scheme 1, Table 1 were synthesized by anal- 
ogous procedures. 

A number of related compounds of the general type 
L(CO),M-InX2(Do) had been reported previously[2p31. 
These compounds were synthesized by salt elimination from 
[L(CO),M](Na/K), insertion of In'X into M-X bonds of 
L(CO),M-X or by reaction of the dimer with an excess of 
In'X. However, those common methods suffer from several 
disadvantages which may lower the yield with respect to 
both metals substantially, down to 30-40% in certain 

The insertion reactions are sometimes ac- 
companied by unwanted redox side reactions. Also, the suc- 
cess of the synthesis depends on the reaction conditions, in 
particular on the choice of the solvent[ga]. Moreover, the 
transition metal starting complexes [L(CO),M](Na/K) or 
L(CO),M-X are usually derived from the djmers 
[L(CO),M],, adding one synthetic step, which is especially 
detrimental, if a somewhat more precious ligand L is in- 
volved (e.g. CpN). Also, salt elimination reactions are often 
complicated by "ate-complex'' formation. This is indicated, 
for example, by the reaction of l a  with Z+Br- to give 
[Cp(CO)Ni-InBr3][Z] ( lc :  Z = [HNC7HI3]+ Id: Z = 
PhP'). l c  was formed as a minor byproduct (monoclinic 
crystals) in the synthesis of 1 a and its structure was verified 
by X-ray single-crystal structure determination (see Exper- 
imental). 
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All the above-mentioned problems can be avoided by us- 
ing a simplified one-step method. A 1 : 1 mixture of InBr/ 
InBr, is used as a synthetic equivalent of In2&. Attempts 
to use isolated [In2X4 . Me2N(CH2)2NMe2fgb1 in order to 
transfer an InBr2 unit failed. We suppose that in the first 
step of the reaction InBr inserts into the metal-metal bond 
of the dimers [L(CO),,MI2. In the second step InBr3 synpro- 
portionates with the resulting trinuclear complexes 
[L,Ml21nBr via (solvent-dependent) dissociatiodassoci- 
ation equilibria to form the binuclear complexes lb,  2-3. 
As expected, the Ni complex 4 is formed by using In'Br 
alone. A quantitative Br/I exchange is achieved by treat- 
ment of the bromide compounds with an exccss of sodium 
iodide in THF, e.g. the synthesis of 3a (see Experimental). 
This is important if the starting compounds L(CO),M- 1 
are used, which are often more easily derived than the C1 
or Br derivatives. Thus, formation of a statistic mixture of 
halide substituents at the moiety InX,Ib (X =+ I: a + b = 
2) of the compounds 1-3 can be avoided. 

Scheme 1 

Do 

Bl 
I 

i InBr3 

Tablc 1 .  Numbering scheme of the complexes 1-7 (Scheme 1)["] 

Com- l a l b  2 3 4 5 6 7 
pound 

CpN co c p  c p  co c p  
n ? I  3 2 ? 2  3 1 
L 

Ni Ni Co Fe Ni Fe Co Ni 
- - - 

M 
Do Q ['I Q Q - 

La] Cp = q5-C5H5; CpN = rl':~'-{(C,H,)[(CH,),NMe,l); Q = 
quinuclidine, NC7HI3. - Lb1 See Figure 2. 

An alkylation of the transition metal-substituted indium 
halides [L(CO),M],,,InX3-,,(Do) with conventional meth- 
ods (alkyllithium reagents or alkyl Grignard reagents) is 
possible (as indicated by the expected shifts of the v(C0) 
bands to lower wave numbers). But those reactions to ob- 
tain 5-7 are not very clean and selective, the yields are 
poor, and the products are difficult to purify. Instead, the 

smooth, redox-neutral and solvent-independent alkyl ex- 
change between indium centers proved to be a very efficient 
strategy to introduce the desired dimethylaminopropyl sub- 
stituent as exemplified by the synthesis of 6 (Scheme 1). 
Again, a 1 : 1 mixture of InBr/BrIn[(CH2)3NMez]2 was 
used, which behaves as a synthetic equivalent of 
[BrInf(CH2)1NMe2)]2. However, we could not isolate this 
proposed In" intermediate. A 1:l  mixture of InBr and 
B ~ I ~ I [ ( C H ~ ) ~ N M ~ ~ ] ~  was heated at reflux for 12 h in toluene. 
Besides much elemental indium deposited in the reaction 
flask only the dialkyl fragment { In[(CH.,&NMe2]:, mlz: 
287) could be detected by mass spectrometry. The selective 
alkylation of L(CO),M-InBr2(Do) or [L(CO),,MI2InBr 
with BrIn[(CH2)iNMe2]2 or In[(C112)iiVMe2]1 to yield 5 
and 7 is possible as judged by spectroscopic means (e.g. 
NMR, IR), but we did not attempt to obtain analytically 
pure samples from these reactions. Interestingly, the se- 
quence of addition of the reactants is crucial to obtain a 
high yield of the desired mixed substituted alkyl complexes 
(see Experimental). 

The residual bromide functionality of 6 can be exchanged 
by treatment with transition metal nucleophiles, yielding the 
trinuclear compounds 8-9, for example (Scheme 2). Com- 
plex 9 constitutes the first mixed metalated alkylindium 
compound. The attempt to selectively alkylate 6 with alkyl- 
lithium reagents, e.g. methyllithium in THF solution, re- 
sulted in cleavage of the Co-In bond, which was indicated 
by the characteristic v(C0) IR absorption at 1880 cm-' 
(THF) of the anion [Co(CO),]. The corresponding alkylin- 
d i m  species could not be isolated. However, by extraction 
of this crude product mixture with toluene a yellow solution 
was obtained, which showed the expected v(C0) IR absorp- 
tions of the desired intramolecularly adduct-stabilized diul- 
kylated Co- In complex, (C0)4Co-In[(CH2)3NMe2](Me) 
(the indium analog of the related gallium complex['"]), but 
an analytically pure complex could not be isolated so far. 

Scheme 2 

6 8 

M"(CO)5 

9 

Spectroscopic Characterization 

Dynamic NMR Studies 

The 'H- and l3C(lH}-NMR spectra of compounds 
la-d, 2-4, and 8-9 are simple and without any unusual 
features. In the case of the Co-In compound 6 the 'H- 
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Scheme 3 

Br 
6 6a 

6b 

NMR spectra are comparatively complex and show inter- 
esting temperature-dependent dynamic effects of the di- 
methylaminopropyl ligand (Figure 1). The N-CH3 groups 
of 6 are diastereotopic if the adduct ring is closed and the 
indium center is chiral. Higher temperatures favor the open- 
ing of the ring and thus the exchange of both N-CH3 po- 
sitions. This effect leads to the coalescence of the signals of 
the N-CH7 groups in the NMR spectra and therefore allows 
the study of the Lewis base adduct dynamics in these com- 
plexes. By means of ‘H steady-state spin saturation of the 
diastereotopic N-methyl groups of 6 an exchange was found 
with a N-methyl group-containing species resonating at 6 = 
1.88 present in low concentration. Since a singlet arising 
from the N-methyl groups appears even at very low tem- 
peratures (ca. -90°C) it can be ruled out that this species 
forms an In-N heterocycle. We suspected that the dimer 
6a is responsible for the singlet at 6 = 1.88. Both configu- 
rational forms (E, Z )  are expected to show singlets for the 
N-methyl groups and the chemical shift difference is prob- 
ably too small to be resolved. Solvent-free L,M-InX- com- 
plexes exhibit related dimeric structures in the solid 
~ t a t e [ ~ , ~ ] .  In non-coordinating solvents (toluene) those di- 
meric structures may be preserved, while they are broken 
up by donor solvents (THF). 

Complex 6 offers the opportunity to study this process 
by NMR spectroscopy. To test these assumptions, solutions 
with different concentrations of 6 were prepared and ‘H- 
and 13C{lH)-NMR spectra were measured at various tem- 
peratures. The ratio of 6l6a is lowered when the concen- 
tration of 6 is enlarged (Table 2). This result is derived from 
the integration ratio of the characteristic N-methyl groups 
of 6 and 6a. This constitutes rather strong evidence for the 

monomer (6)/dimer (6a) equilibrium via 6c of Scheme 3. 
Interestingly, the coalescence temperature of the N-methyl 
groups (“C-NMR) depends inversely on the concentration 
(Table 2). This effect can be explained in the following way. 
The dimer formation (6a) and the subsequent dissociation 
of the In-N donor-acceptor bond [prcsumably via a short- 
lived five-coordinate iiidium species 6c with a NIn(p- 
Br)&’N’ unit], resulting in the statistic exchange of the 
diastereotopic N-CH3 groups, is much faster than the 
alternative N-CH3 exchange involving the hypothetical low- 
coordinate monomeric form 6b. In summary, these findings 
show, that the observed magnetic equivalence of the N-CH3 
groups at ambient temperature is best explained by a rather 
rapid himolecular mechanism, leading to an equilibrium 
mixture of 6/6a, 6 being the major species in solution. 

The dimethylaminoethyl substituent of the cyclopen- 
tadienyl ligand of compound 1 b (Figure 2) is also coordi- 
nated to the indium center, again forming a Lewis base ad- 
duct. This is indicated by the lH-NMR spectrum which 
shows an AA’BB’ spin system for each methylene group of 
the alkylamino substituent. The magnetic equivalence for 
the N-CH? groups observed at ambient temperatures may 
be explained by similar arguments as discussed above for 6. 

v ( C 0 )  1R Studies 

A comparison of the v(C0) TR absorptions between the 
dihalo transition metal indidum complexes and the related 
dialkylated species L,M-InR2 (R = (CH2)3NMez)[4] shows 
clearly the stronger electron-withdrawing effect of the two 
bromine substituents at the indium center as compared to 
the two alkyl groups. The v(C0) bands are shifted by nearly 
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Figure 1. 'H-NMR spectra of 6 at various temperatures (in [D8]- 
toluene, c = 0.44 mol/l) 

La] Signals of the diastereotopic N-methyl groups of 6. - '''1 Signals 
of the N-methyl groups of 6a. - Unknown impurity. - Ld] Methyl 
group of [D,]toluene. 

Figure 2. Schematic representation of the structure of l b  

I 
Ni-In. 

oc Br 
I b  

Table 2. 'H- and "C-NMR data of 6 (in [D8]toluene) at various 
temperatures and concentrations 

Ctot 
[in01 . I-'] 

0.05 1 .OO/O.OO (274 K)La] 
0.44 1.00/0.04 (274 K) 366 66.4 f 0.2 
1.10 1 .OO/O. 15 (225 K) 303 59.6 f 0.2 
2.15 1.00/0.25 (210 K) 282 55.3 k 0.2 

La] The temperatures in brackets refer to the spectra with the bcst 
resolution of the characteristic signals of the N-mcthyl groups. - 
Lb] I3C NMR. - 1'1 AV (Hz) = 330 HZ (I3C-NMR). 

40-50 cm-' to higher wave numbers in the case of la-d 
and 2-4 as compared with 5-7. The type of the donor 
ligand Do is less important. The exchange of quinuclidine 
for the weaker donor THF does not change the spectrum. 

Mass Spectrometry 

The mass spectra (El, CI, FI) of dialkylindium transition 
metal carbonyl complexes usually show the fragment 
[InR:] as the base peak. Fragments with higher masses and 
intact M-In (M = d-block metal) bond are far less abun- 
dant or even n~n-detectable[~]. This is dfleerent for com- 
pounds bearing halogen substituents at the indium center. 
The CI mass spectrum of 6 exhibits a base peak at m/z = 

372, the isotope pattern agrees with a [M*+ - Br] moiety. 
Thus, cleavage of an In-Br bond now predominates over 
that of a Co-In bond. Also, for lb  the molecular ion was 
not detected. The ion with the highest specific mass (rel. 
int. 13%) corresponds to a splitting of the Ni-CO bond. 
Again, the base peak at mlz = 418 results from cleavage of 
an In-Br bond, 

Structure 

Compound l a  was structurally characterized by X-ray 
single-crystal analysis. Figure 3 shows the molecular struc- 
ture of l a  in the solid state. The results confirms the pres- 
ence of a direct unsupported Ni-In bond in l a .  The 
complexes Cp(CO)Ni-In[(CH&NMe& and 
Cp(PPh3)Ni-InBr2(O=PPh,) (ll)[9aI are the only two 
other structurally characterized examples of molecular, non- 
bridged Ni-In bonds to date. Some recently reported NiIn 
complexes contain halide bridged' l]. 

Figure 3. Molecular structure of (q5-C5H5)(CO)Ni-InBr2- 
(NC7H13) (la) in the solid state (PLATON['81 drawing; hydrogen 
atoms are omitted for clarity; non-hydrogen atoms are shown as 

thermal cllipsoids with 50% probability)["] 
c12 

la] Selected bond lengths [pm] and angles ["I: In-Br(l) 255.8(1), 
In-Br(2) 255.0(l), In-Ni 246.3(1), In-N 227.9(7), Ni-C(l) 
171.6(10), O(I)-C(l) 114.1(13), Ni-Cp 172.7; Br(l)-In-Br(2) 
106.25(4), Br(1)-In-Ni 113.71(4), Br(l)-In-N 95.5(2), 
Br(2)-In-Ni 118.3(1), Br(2)-In-N 97.1(2), Ni-In-N l22.4(2), 
In-Ni-C(1) 89.8(3), In-NirCp 124.0, C(1)-Ni-Cp 145.6; Cp 
denotes the centroid of the q'-CsH5 ligand. 

The structure also confirms thc coordination of the base 
ligand quinuclidine at the indium center. The indium center 
is tetrahedrally coordinated. The In-N bond length of 
227.9(7) pm is within the range of rather strong dative 
In-N bonds['2]. The coordination geometry at the nickel 
atom can be described as distorted trigonal-planar, if one 
counts the cyclopentadienyl ligand as one coordination site. 
The angle In(1)-Ni(1)-C(1) of 89.8(3)" is considerably 
larger than the corresponding angle of 10, which amounts 
to 78. l(l)"[4]. Interestingly, the carbonyl-free derivative 11 
exhibits a corresponding angle In-Ni-P of 98.73(6)"[9] 
which is close to the value of 100.69(7)" measured for 
Cp(PPhi)Ni-GeCI,[131 which may be regarded as the clos- 
est congener to l a  reported so far. These angles indirectly 
show the different electronic situations at the bent d'O- 
[CpNiL-] fragment for ligands L of different n-acceptor 
capabilities. The charge polarization of 10 should be more 
pronounced than for l a  and ll[4,10]. The most significant 
difference between l a  and 10 is the much shorter Ni-In 
bond of 246.3(1) pm of l a  compared with the value of 
259.8(1) pm of 10. While the latter distance corresponds 
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well with the sum of the covalent radii of Ni and In (258 t 
5 and the Ni-In distances in intermetallic alloys 
(262-265 pm)r71, the Ni-In bond length of l a  really ap- 
pears short. However, the indium center of l a  and 11 
[244.65(9) pm] are only four-coordinated and exhibit rather 
similar Ni-In distances, while 10 contains a five-coordinate 
indium center, and in the alloys the indium atom is six- 
coordinate. This may be sufficient to explain the shortened 
bonds of l a  and 11. Recently, a discussion based on 
Ni(dx)-o*(In-N) back-donation was given to rationalize 
comparably shortened Fe-In and W-In bonds of [HB(3,5- 
Me2pz)3]In-Fe(C0)4 and [HB(3,5-Me2pz)3]In-W(C0)5 
[Fe-In, 246.3(2) ppm; W-In, 278.3(2) ~ m ] [ ~ ~ ] .  With this 
background, it seems likely to postulate a similar 
Ni(dn)-o*(In-Br) back donation for la.  We carried out 
some standard extended Hiickel calculations based on the 
structure parameters of However, no signficant ef- 
fects were found on the level of the calculations, despite 
matching orbital symmetry. The somewhat special arrange- 
ment of the nickel and indium fragments with a torsion 
angle C1 -Ni-In-Br2 close to O", appeared to be a conse- 
quence of the minimization of intramolecular steric repul- 
sion. 

Conclusions 

In this work we presented a simplified method to gener- 
ate heterodinuclear transition-metal indium complexes. 
Using a 1 : 1 mixture of InBrlInBr3 in reactions with tran- 
sition-metal carbonyl dimers, we obtained the complexes 
L(CO),M-InBr2(Do). This method can be also applied to 
other In"' species like BrIn[(CH2)3NMe2]2 to get selectively 
monoalkylated products. It was shown that by use of a di- 
methylaminoethyl substituted cyclopentadienyl ring an in- 
tramolecular Lewis base adduct stabilization from the 
neighboring transition metal center is possible. 

The authors wish to thank the Deutsche Forschungsgemeinschaft 
(grant no. Fi 50212-4), the Alexander von Humboldt Foundation 
(Fellowship for S. N.) and the Fonds der Chemischen Industrie for 
generous financial support. 

Experimental 
All manipulations were undertaken by using standard Schlenk 

and glove box techniques under inert gas (purified N2 or Ar). Sol- 
vents were dried under N2 by standard methods and stored over 
molecular sieves (4 A, Merck; residual water <3 ppm H20, Karl- 
Fischer). - IR: Perkin-Elmer 1650 FT-IR. - NMR: JEOL JNM- 
GX400, JNM-GX270, and Bruker DPX 400 (IH- and I3C-NMR 
spectra referenced to internal solvent and corrected to TMS). All 
Jvalues reported in Hz (Hertz). All samples for NMR spectra were 
contained in vacuum sealed NMR tubes. - MS: Finnigan MAT90 
(FD spectra); rnlz values are reported for 59Ni, 79Br, and '"In, nor- 
mal isotope distribution observed. - Melting points: in sealed 
capillaries and uncorrected. - The starting compounds 
BrIn[(CH2)3NMe2]2[16], In'Br and [L(CO),M], were prepared as de- 
scribed in the literature. Abbreviations are as follows: Cp = q5- 
C5H5, Me = CH3, Ph = C6H5. - Elemental analyses were per- 
formed at the Microanalytic Laboratory of the Technical Univer- 
sity at Munich. 

Dibromo[ (carbonyl) (~'-cyclopentadienyI)nickelo ]indium- 
(HI) -Quinuclidine Adduct (la) and the Related Compounds lb, 2, 
3. - General Method for the Synthesis: 2.0 g (6.59 m o l )  of 
[Cp(C0)Nil2, 1.28 g (6.59 mmol) of finely powdered and freshly 
sublimed InBr, and 2.34 g (6.59 mmol) of InBr3 were suspended in 
40 ml of dioxane and the suspension was heated at refluxe for 4 h. 
Then the solvent was removed in vacuo and the residue was sus- 
pended in 30 ml of toluene. To this suspension a solution of 0.78 
g (7 mmol) of quinuclidine in 30 ml of toluene was added dropwise. 
After stirring for 1 h at ambient temp. the solvent was removed in 
vacuo and the residue was washed with pentane. Single crystals of 
l a  were obtained by slow solvent diffusion (n-pentane) using the 
solvent mixture THFln-pentane (1 : I ) .  Yield 62%. 

l a :  Dark red-brown crystals, m.p. 138°C. - 'H NMR (399.78 
MHz, C6D6, 25°C): 6 = 0.92 [m, 6H, N(CH2),(CH2)3CH], 1.08 
[m, 1 H, N(CHZMCH&CH], 2.92 [m, 6 H, N(CH&(CH2)3CHl, 
5.08 (s, SH, Cp). - 13C{1H} NMR (100.5 MHz, C@6, 25OC): S = 
19.6 [N(CH,),(CH2)3CH], 24.8 [s, N(CH&(CH2)3CH], 47.7 
[N(CH2)3(CH2)3CH], 90.9 (Cp), 194.7 (CO). - IR (THF): 0 = 
1997 cm-' (vs) [v(CO)]. - C13H181nBr2NNi0 (537.6): calcd. C 
29.04, H 3.37, Br 29.73, In 21.36, N 2.61, Ni 10.92; found C 28.98, 
H 3.37, Br 30.15, In 20.90, N 2.60, Ni 10.98. 

lb:  Orange crystals. - 'H NMR (399.78 MHz, C6D6, 25°C): 
S =  1.62 [AA'BB', 2H, N(CH2CH21, 1.87 [AA'BB', 2H, 
N(CH2CH4, 1.95 [ S ,  6H, N(CH3)2], 4.75 [t, 3 J ~ . ~  = 2.1 Hz, 2H, 
C5H4Ir5.14 [t, 3JH.H = 2.1 Hz, 2H, C5H4J. - 13C{1H} NMR (100.5 
MHz, C6D6, 25°C): 6 = 23.2 [NCH*CH2], 45.2 [N(CH3)2], 56.2 
[Nm2CH21, 88.8 (C5H4, Cmem), 93.4 (C5H4r Curr/w)r 94.1 (C5H4, 
Clpso), 192.0 (CO). - IR (toluene): 0 = 2007 cm-' (vs) [v(CO)]. - 
CI-MS; mlz (%): 496 (not detected) [M+], 468 (13) [M+ - CO], 
418 (100) [M+ - Br], 275 (55)  [InBr:]. - CloH14Br21nNNi0 
(497.6): calcd. C 24.14, H 2.83, Br 32.11, In 23.07, N 2.81, Ni 
11.79; found C 24.55, H 2.97, Br 31.70, In 22.90, N 2.83, Ni 11.92. 

2: Yellow powder, m.p. 155 "C. - 'H NMR (399.78 MHz, C6D6, 
25OC): 6 = 0.88 [m, 6H, N(CH2),(CH2)3(CH], 1.03 [m, l H ,  
N(CH2)3(CH2)3CH], 2.88 [m, 6H, N(CH2)3(CH2)3CH]. - 13C{'H} 

24.5 [N(CH2)3m2)3CHl, 48.4 [N(CH2),(CH33CH,)3CHI, 199.5 
(CoCO). - IR (THF): 0 = 2078 cm-I (w), 2060 (w), 1991 (vs) 
[v(CO)]. - C11H13Br2ColnN04 (556.8): calcd. C 23.73, H 2.35, Br 
28.70, Co 10.50, In 20.62, N 2.52; found C 23.41, H 2.31, Br 28.92, 
Co 10.50, In 20.6, N 2.41. 

25°C): 6 = 0.94 [m, 6H, N(CH2),(CH2)3CH], 1.06 [m, lH ,  

5H, cp). - I3C{'H} NMR (100.5 MHz, C6D6, 25°C): 6 = 19.6 
IN(CHz)dCH33CHI, 24.6 [N(CH2)3(m2)3CHI, 47.9 [s, 
N(CH2)1(CH2)3CH], 82.2 (Cp), 215.4 (FeCO). - IR (THF): 0 = 
1997 cn-' (vs), 1950 (vs) [v(CO)]. - C14H18Br2FeInN02 (562.8): 
calcd. C 29.88, H 3.22, Br 28.40, Fe 9.93, In 20.40, N 2.49; found 
C 29.55, H 3.22, Br 28.53, Fe 9.72, In 20.0, N 2.43. 

NMR (100.5 MHz, C6D6, 25°C): 6 = 18.9 [N(CH2)3(CH2)3CH], 

3: Yellow crystals, m.p. 166°C. - 'H NMR (399.78 MHz, C6D6, 

N(CH2)3(CH2)3CH], 3.09 [ni, 6H, N(CH2)3(CH2)3CHI3 4.25 (s, 

Bis[ (carbonyl) ($-cyclopentadienyl)nickelo]indium(III) Bromide 
(4): 0.5 g (1.65 mmol) of [Cp(CO)NiI2 and 0.381 g (1.96 mmol) of 
finely powdered and freshly sublimed InBr were suspended in 20 
ml of THF and the suspension was stirred for 12 h at ambient 
temp. The solvent was removed in vacuo and the residue was 
washed with pentane. The crude product was purified by recrys- 
tallization using slow solvent diffusion (n-heptane) techniques at 
ambient temp. with the solvent mixture THFln-heptane (15:40). 
Yield 80.3%. 

4: Dark red-brown powder, m.p. 162°C (dec.). - 'H NMR 

(100.5 MHz, C6D6, 25°C): 6 = 91.4 (Cpj, 192.3 (NiCO). - IR 
(399.78 MHz, C6D6, 25OC): 6 = 5.26 (s, Cp). - I3C{lH} NMR 
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(THF) 0 = 1993 cm-' (vs), 1973 (vsj [v(CO)] - C12HloBrLnNi202 
(498 3) calcd. C 28 92, H 2 02, Bi 16.04, In 23 04, Ni 23 56, found 
C 28 31, H 2 25, Br 16 54, In 22 74. Ni 22 38 

[ ( Bi o m  o ) ( 3 -dime t hplam in oprop? I )  in di o] ( tetra car bony I )  - 
cohalt(-l) (6) and fhe Relured Compounds 5 und 7 0.5 g (1.46 
mmol) of Co2(COj8, 0.285 g (1 46 mmol) of finely powdered and 
freihly sublimed InBr, and 0 537 g (1 46 mmol) of 
BrIn[(CH2)iNhle2]2 were suspcnded in 20 ml of THF and the bus- 
pension was stirred for 12 h at ambient temp After the solvent had 
been removed in vacuo the product was extracted three times with 
20 ml of heptane The combined extracts were concentrated to 
about 25 ml and the product was crystallized at -30°C Yield 46% 
Even highcr yields (>75%) were obtained if IiiBr and CO,(CO)~ 
were combined to produce the insertion product and then, aftcr 
exchange of the solvent THF for toluene, a toluene solulion of 
Brln[(CHz)?NMe2]z was added (The presence of the compounds 5 
and 7 in the crude reaction mixtures was detected on the basis of 
the IR spectra, but analyucally pure samples were not obtained ) 

6 .  Light yellow crystals, m p  65°C - 'H NMR (400 13 MHz. 
[DJtoluene, 274 K, c = 0 44 moY1) 6 = 0 87 (m, 1 H. InCH2). 1 14 
(m. l H ,  InCH2), 1 30 (m, lH, InCH2CH2), 1.47 (m. 1H. 
InCH2CH2j, 159 (m, IH,  InCH2CH,CH2NMe2), 175 (s. 3H, 
NMe2j, 177 (m. 1H. InCH2CH2CH2NMe,), 1 88 ( 5 ,  NMe2, di- 
mer). 2 l l  (s, 3H, NMe2) - 13C{iH} NMR (100 6 MHz, [Dxltol- 
uene. 200 K,  ( = 2 15 mol/l) 6 = 7 1 (InCH,, dimer 6a), 12 8 (s, 
InCH2, monomer 6), (InCH2CT12, diiner 6a, not found), 18 3 (In 
CH2CH2, monomer 6j, 38 9 (NMe,, monomer 6) ,  40 2 (NMe2, di- 
mer 6a), 42 3 (NMe2, monomer 6), 56 0 (CH2N, dimer 6aj, 56 7 
(CH2N. monomer 6 )  - IR (n-heptane) 3 = 2079 cin (s), 2064 

detected) [M+], 423 (3) [M+ - CO], 372 (100) [M+ - Br]. 344 (3) 
[M+ - Br - CO], 280 (23) [Mf - (CO),Co]. - C9H12BrCoInN04 
(451 9) calcd C 23 92, H 2 68, Br 17 68, Co 13 04, In 25 41. N 
3 10, found C 23 85, H 2 61. Br 17 79, Co 13 10. In 25 2, N 3 13 

[ {[3- (Dinzer~i))Ia~zino)propyl:bu (tetracarbon)~lcobnlto)/iizdium- 
( I I I )  (8) and the Reluted [ (3-Diniet~i~laminoprop~l~ (pcntn- 
carbonyln~anguno) (tetracurhon~~lcobaltoj zndzumllll) (9) - Gen- 
eral Method ofthe Synthesis 0 46 g (1 07 mmol) of 6 was dissohed 
in 20 ml of THF at -78 "C. At this teniperaturc a solution of 0 273 
g (1 3 mmol) of KCo(CO), in 20 ml of THF at -78 "C was quickly 
added in one portion with vigorous stirring The reaction mixture 
was allowed to warm up to ambient temp within 10 miii After 
stirring of the reaction mixtuie at ambient tenip for 0 5 h, the 
solvent was removed in vacuo The residue uas extracted three 
times with 20 i l  of n-peiitane each The combined solutions were 
concentrated to a volume of 20 ml slow cooling of the solulion lo 
-30°C afforded yellow crystals of 8 Yield 76% 

8 Light yellow crystals, m p 67°C - 'H NMR (399 78 MHr, 
[D8]toluene, 25°C) 6 = 1 22 (t. 2H, 7 33 Hz, InCH,), 1 59 (q, 2H, 
6.22 Hz, InCH2CH2), 189 (t, 2H, InCH2CH2CH2j, 191 (s, 6H, 
NMe2) - 13C(1H} NMR (100 5 MHz, [D8]tolucnc, 25°C) 6 = 

21 1 (InCH,), 24 3 (InCH2CH2), 46 5 (NMe2), 63 2 (CH,N) - IR 
(n-pentane) 3 = 2080 cm-' (w), 2064 (s). 2017 (w), 2006 (s), 1992 
(vs), 1978 (vs), 1959 (m) [v(CO)] - CljHI2Co2InNO8 (5429) 
cdkd C28?6,H223,Co2171,In21.I5.N2.58.foundC2825,  
H 2.23, Co 21.6, In 21.0, N 2 58 

9: Light yellow powder, m p 70°C - 'H NMR (399 78 MHz, 
[Dx]toluene. 25°C) 6 = I 22 (m, 2H, InCH2), 1 59 (m. 1 H, 
InCH2CH2), 1 80 (in, l H ,  InCH,CH,), 1.97 (m, 4H, 
InCH2CH2CH2NMe2), 202 (s, 3H, NMe?), 2.10 (m, IH,  
InCH2CH2CH2NMe2) - 13C{1H) NMR (100 5 MHz, [Ds]tol- 
uene, 25°C). 6 = 22 8 (InCH?), 25 0 (InCH,CH,), 46 9 (NMe,), 
47 8 (NMe,), 64 4 (CH,N), 203 (CO). 217 (CO) - IR (n-pentane). 

(w), 2018 (s), 1990 (vsj, 1971 ( ~ 5 )  [v(CO)]. - MS, i d 2  (%) 452 (not 

3 = 2084 cm-I (w). 2061 (s), 2004 (s), 1984 (vs), 1965 (s), 1952 (w) 
[v(CO)]. - Cl4Hl2CoInMnNO9 (566.9): calcd. C 29.66, H 2.13, Co 
10.39, In 20.25, Mn 9.69, N 2.47; found C 29.14, H 2.04, Co 10.3, 
In 20.4, Mn 9.72, N 2.37. 

Reaction of Dibromo[di( carbonyl) (r,?-cyclopentadienyl) ironlind- 
ium ( I l l )  - Quinuclidine Adducr (3) with Sodium Iodide. - Synthesis 
of3a: A solution of 0.3 g (0.53 mmol) of 3 and 0.8 g (5.3 mmol) 
of dricd NaI in 30 ml of THF was stirred 3 h at ambieiit temp. 
After thc solvent had been removed in vacuo the product was ex- 
tracted three times with toluene. The combined toluene solutions 
were concentrated to about 20 ml and the product was crystallized 
at -30°C; yellow powder. 

3a: 'H NMR (399.78 MHz, C6D6. 25°C): F = 0.92 [m. 6H, 
N(CH2)3(CH2)jCH], 1.04 [m, 1 H, N(CE12j3(CH2)3CH], 3.07 [in, 
6H, N(CH2)3(CH&CH], 4.23 (s, 5H, Cp). - "CG('H) NMR 

N(CH2)dCH2)3CHl. 47.9 [N(CH,)~(CH,)ICH~).ICHI, 83.1 (CP). - 
IR (THF): 3 = 1983 cm (vs), 1935 (vs) [v(CO)]. - CI4Hi8FeI2- 
InN02 (656.8): calcd. C 24.77, H 2.83, N 1.85; found C 24.60, H 
2.76. N 2.13. 

(100.5 MHz, C6D6, 25°C): 6 = 19.5 [N(CH2)3(CH2)3CH], 24.3 [ S ,  

React ion of Dibromol  [carbonyl) (?'-cyclopentudienyl)-  
nickplo]indium(III) - Quinuclidine Adduct (la) with Telraphe- 
nylphasphonium Bromide and Quinuclidine Hydrobromide. - Syn- 
thesis cd'lc and Id: A solution of 0.125 g (0.23 mmol) of l a  and 
0.044 g (0.23 mmol) of quinuclidiiie hydrobroniide in 10 ml of THF 
was stirred 1 h at ambient temp. jlc: IR (THF): P = 1994 cm-' 
(vs), 1967 (sh) [v(CO)]}. A sohilion of 0.153 g (0.29 nmiol) of l a  
and 0.120 g (0.29 mmol) of tetraphenylphosphoiiiuni bromide in 
10 ml of THF was stirred for 1 h at ambient temp. jld: IR (THFj: 
0 = 1988 cm-' (vs), 1964 (sh) [v(CO)]f. The structure of Ic was 
proven by X-ray siiigle crystal diffraction (see below). 

X-ray Structure Determination of (r5-CjH5( COjNi-In- 
Br2(NC,H,,J (la) and [[$-C5Hj) /CO)Ni-InBr,//HNC,H,,/ 
(lc): Crystals of the compound l a  were grown by slow solveiit 
diffhion techniques from n-pentanelletrahydrorura~ie mixtures at 
ambient temp. over several days. According to surprisingly similar 
solubility properties, crystals of l a  as well as significant amount of 
[(q5-C5Hs)(CO)Ni-lnBr3][HNC7Hi j] ( lc,  an impurity presumably 
formed by hydrolysis of 1 a) were present in the sample. Ic was then 
independently synthesized (see above). The two typs of crystals had 
the same color (red-brown) but could be separated manually by 
using a microscope. Crystals of l a  are orthorhornbic, crystals of 
l c  monoclinic. An X-ray powder diffractogram of a finely ground 
sample of crystals of l a  was recorded to verify quantita- 
tive scparation. The diffractograms were obtained from thin films 
of the crystal powder in asymmetric transmission (1" < 0 < 30') 
with a HUBER Guinicr 642 camera by using the system software 
Guinier 600 5.18 by Michael Nippus, Huber Diffraktionstechnik 
GmbH, Rimsting, Germany. Thc data aiialysis was performed by 
using the programs "PARAM" by M. Birkhahn, E. Herdtweck, 
University of Marburg (1982) aiid TU Munich (1985), and 
"POWDMULT 2.2" by E. Wu, School of Physical Sciences 
Redford Park, S. A. 5042, Australia. All peaks could be indexed on 
the basis of the single-crystal data by use of those programs. A 
suitable single crystal of l a  was then selected and the preliminary 
examination and the final data collcction for l a  were carried out 
with an Enraf-Nonius CAD4 diffractometer. Final cell constants 
were obtained by least-squares refinements of 25 automatically 
centered high-angle reflections 39.7 < 2 0  < 46.2" with the pro- 
grams "SET4/CELDIM"[i81 and were in perfect agreement with the 
values obtained from the powdcr diffraction studies. During data 
collection orientation control reflections were monitored every 
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200th, and the intensity of three reflections were checked every 
3600 s. Crystal data and intensity collection parameters together 
with details of the refinements are summarized in Table 3. The 
reflection data were corrected for Lorentz and polarization factors. 
During 93.2 h of exposure the three control reflections lost 34.5% 
of their intensity. Corrections for decay, absorption empirical, and 
extinction were applied. Anisotropic thermal parameters were ap- 
plied for all non-hydrogcn atoms. The hydrogcn positions werc 
placed in ideal geometry (riding model) and were includcd into 
the structure refinement with isotropic temperalure factors but not 
refined. Full-matrix least-squares refinements were carried out by 
minimizing Cw (e - c)2. All calculations were performed with a 
Micro VAX 3 100 computer with the STRUX-V system['*I including 
the programs SHELXL-93, PLATON, PLUTON: SDP, and 
SHELXS-86. The structure was solved by direct methods and sub- 
sequent difference Fourier maps. The refinement was stopped at 
a shiftkrr < 0.001, and final din'erence Fourier maps showed no 
significant features. The Flack-parameter of -0.01(2) revealed the 
correct choice of the enantiomere. An attempt was made to model 
the disorder of the cyclopentadienyl ring ligand (indicated by thc 
quite large thermal vibration factors for C-3, C-5, and C-6). How- 
ever, they did not lead to an improvement oI' the overall quality 
of the structure refinement. Supplementary material including full 
crystallographic and experimental data, hydrogen positional pa- 
rameters, thermal parameters, interatomic distances, and bond 
angles are available from the Wchinformationszentrm Karlsruhe, 
Gescllschaft fur wissenschaftlich-technische Information mbH. D- 
76344 Eggenstein-Leopoldshafcn, on quoting the depository num- 
ber CSD-404459, the namcs of the authors, and the journal ci- 
tation. 

A single crystal of l e  was also selcctcd, and thc reflection data 
were collected as above. But due to a major disorder of the quinu- 

Table 3. Crystallographic and data collection parameters for l a  

Formula 
Crystal size, mm3 
M [g mol-l] 
Space group 
T [KI 
h [ P I  
a I P d  
b IPmI 

V[lO pm?] 
L 
P [cm-'] 
Measurement range 
Scan type 
pcaw [g cm 3l 
No. of unique reflections 
No. of refined reflections 
R 1 Lb] 
M. R2LC1 
GOP 

r [ P q ,  

Cl3Hl8Br21nNNi0 (1 a) 
0.41 X 0.41 X 0.51 
537.61 

296( 1) 
71.073 
924.1( l), 925.9(3)rdl 

1334.2(2). 1335.0(4)["1 
1342.4(2), 1341.7(5)["1 
1655.1(4), 1659(3)["1 
4 
73.5 
1.0 < 0 < 26.0 
w-scan 

P212121 (NO. 19) 

2.158 
2965 
2965 
0.0451 
0.1096 
1.095 

['I Values obtained from the powder diffraction studies. 37 rcflec- 
tions (9.34 < 2 0  < 46.62) were used in refinements, - "'1 RI = 

B (E)  + (0.0658 . PI2 + 3.9155 . P [P = (kz, + 2 . $)/3]: 
2$11Fol-IFc(~)E~Fol. ['I wR2 = [ Z ~ ( f ' i  - ?'3ZE~~p]1'2. M - I  = 

clidinium ion and the Cp ligand. we did not discuss the structure 
properties. These problems cannot result from twinning as provcn 
by Buerger and de Joug-Bouman precession photographs but prob- 
ably arose from poor quality of the selected crystals. l c  crystallizcs 
in the monoclinic space group P21 (No. 4). The cell constants are 
as follows: n = 762.4(2), b = 985.4(2): c = 1274.7(2) pm, p = 
91.35(2)". I/= 957 . 106(1) pm3, p = 2.146 g cmp3. For further 
dctails contact thc authors E. H. and A. F. 
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