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The three-component reactions of the sandwich anion [(q5- 
C5H5)Co(q5-Et4MeC3B,)]- (4-H)- and various dicarbaborane 
anions with metal halides are described. Thus, (4-H)-, nido- 
4,5-C2B6Hg (5), and CoC1, form the 30VE triple-decker [(q5- 
C5H5)Co(p,q5-Et,MeC,BZ)Co(q5-2,3-CzBsH7)] (6). An analo- 
gous three-component reaction of (4-H)-, arachno-4,5- 
C2B7Hc2 (7), and CoC12 yields [ (q5-C5H5)Co(p,q5-Et4- 
MeC3Bz)Co(q5-6,9-C2B7H9)] (8), which rearranges on heat- 
ing (57 "C) to give the 1,6-isomer [ (q5-CsH5)Co(p,q5-Et4- 
MeC3B2)Co(q5-1,6-C2B7H9)] (9) with an  activation energy of 
127 k 10 kJ/mol. The thermodynamically most stable 1 , l O -  
isomer [(q5-C5H5)Co(p,q5-Et4MeC3B2)Co(q5-l,10-C2B7HS)] 
(10) is formed by heating of 9 at 180°C. An alternative route 

to 9 is provided by the reaction of arachn0-6,8-C,B,H~~ (11) 
with (4-H)- and CoC1,. The analogous reaction with RhC13 
leads to [(q5-C5H5)Co(p,q5-Et4MeC3B2)Rh(1,6-C2B7H9)] (15) 
and unexpectedly to closo-2-(q5-C5H5)Co(1,6-C2B7Hg) (12). 
The constitutions of the described compounds are derived 
from their IH-, IlB-, "C-NMR data as well as mass spectral 
data. The X-ray structure analyses of 10 and 12 show the 
expected metal complexes with a CoC2B,H9 framework. In 
10 the carbon atoms occupy the capping positions of a bic:p- 
ped square antiprism. The short Co-Co distance of 3.20 A is 
in agreement with the 30VE configuration of 10. In both 10 
and 12, the distance from the cobalt to the four-coordinate 
C4 is the shortest Co-to-cage atom distance. 

The independently developed complex chemistry of bo- 
ron heterocycles and of metallaboranes was combined in 
hybrid triple-decker complexes with a bridging 1,3-diboro- 
lyl and a terminal carborane ligand[ll. Recently, the exten- 
sion of this strategy to carbon-rich carboranes enabled the 
synthesis of the complexes l a -c  with a terminal 
CH3C3B7H9 ligand, in which the electronic properties and 
the structure of the carborane ligand depend on the metal 
(M = Fe, Co, Ni)L21. In the diamagnetic 30VE iron complex 
l a  the carborane ligand and the iron atom form a closo- 
FeC3B7 cage fragment, whereas the 30VE nickel compound 
l c  adopts a nzdo-NiC3B7 arrangement. The paramagnetic 
cobalt complex l b  (31VE) has an intermediate structure. 

An example with a smaller carborane ligand is the dia- 
magnetic CoRh triple-decker 2 having 30 VE[lal. The larger 
nido-C2B9 ligandr31 was incorporated in the triple-decker 
complexes 3a, bl41. Diamagnetic 3a has 30 VE, the complex 
3b is paramagnetic. 

To our knowledge no triple-decker complexes with a ter- 
minal dicarborane ligand having seven to ten vertices have 
previously been known. We describe here the first triple- 
decker metal complexes with a bridging 1,3-diborolyl heter- 
ocycle and a terminal C2BjH7 or a C2B7H9 ligand, respec- 
tively. 
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Results and Discussion 

Deprotonation of the 18VE complex [(qs-CSH5)Co{q5- 
(EtC)2(EtB)2CHMe}] (4)t51 leads to the sandwich anion (4- 
H)-, its reaction with CoCI2 and the carboranyl anion nido- 
4,5-C2B6Hp (5) gives unexpectedly the slightly air-sensitive 
triple-decker complex 6 .  The brown, crystalline compound 
was obtained in 10% yield, its mass spectrum is consistent 
with the loss of one BH unit. This is in agreement with the 
"B-NMR data (see Experimental). 
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The elimination of one BH vertex from the ligand during 
the formation of the complex 6 leading to the CoC2B5 
framework is consistent with other studies of the coordi- 
nation chemistry of the nido-4,5-C2B6H, anion which have 
shown that, for example, the closo-(q5-C5HS)Co-2,3- 
C2B5H7 complex is the predominant product formed by re- 
action of aidu-4,5-C2B6H9 with NafC5H; and C O C ~ ~ L ~ ~ ] .  
According to the isolobal the (q'-CsH~)Co(p,q'- 
Et4MeC,B2)Co fragment functions as a two-electron donor. 
Thus, the CoC2B5 framework of 6 contains the 18 skeletal 
electrons required for a closo-metallacarborane structure. 
The dinuclear 6 is an electronic and structural analog of 

The analogous three-component reaction with the larger 
arachno-4,5-C2B7Hr2 anion (7)L81 leads to the expected tri- 
ple-decker complex [(q5-C5H5)Co(p,q5-Et4MeC3B2)Co(qs- 
6,9-C2B7H9)] (8) in 14% yield. The mass spectra and the 
'B-NMR data of the brown air-stable product indicate that 

(7-3H) is present in 8. The metallacarborane cage fragment 
has 22 skeletal electrons and adopts a 10 vertex closo struc- 
ture. 

~~~,S~-I-(~~-C~H~)CO-~,~-E~~C~B,H~~G~'CI 

Scheme 2 
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As evidenced by the NMR data, heating of a C6D6 solu- 
tion of 8 at 57°C results in the formation of the metalla- 

dicarborane 9. The isomerization of 8 to 9 involves a re- 
arrangement where the carbon atoms migrate from their 
adjacent 6,9-positions in 8 to the non-adjacent 1,6-positions 
in 9. This isomerization is entirely consistent with the earlier 
studies of Hawthorne et al.L9] who showed that the [2-{q5- 
C5Hs)Co-6,9-C2B7H9] complex readily isomerizes to [2-(q5- 
C5H5)Co-1 ,6-C2B7H9] upon heating. 

The isomerization of 8 was monitored by NMR spec- 
troscopy, which reveals a first-order reaction and a half-life 
time of 40.5 h at 57°C. The half-life time of 8 decreases to 
3.7 h by increasing the reaction temperature to 75°C. The 
activation energy was calculated to be 127 k 10 kJimo1. A 
comparable value of 129 kJ/mol was found for the isomeri- 
zation of [2-(CSH5)Co-6,9-C2B7H9] (11) to [2-(C5H5)Co- 
1 ,6-C2B7H9] (12)[9a,bl. Further isomerization occurs by 
heating 9 to 180"C, resulting in the formation of the brown 
air-stable 10 in 72% yield, which is the triple-decker analog 
of [2-(C5H5)Co-l, 10-C2B7H9] (l3)Lgb]. These isomerizations 
follow established rules['0]. The metal is located in the po- 
sition of highest connectivity, the carbon atoms increase 
their separation and migrate to positions with a lower or 
the same connectivity. The thermodynamically most fav- 
ored arrangement of this metallacarborane is realized when 
both carbon atoms are located in the four-coordination 
capping positions. 

The comparison of the "B-NMR data of the triple- 
decker compounds 8-10 with those of the isomeric sand- 
wich complexes [(q5-CSHS)Co(C2B7H9)] 11-13 reveals the 
electronic similarity between the (qS-C5HS)Co organomet- 
allic fragment and the (qS-C5H5)Co(p,q5-Et4MeC3B2)Co 
complex fragment (Table 1). 

Table 1 "B-NMR shifts of 8-13 

compound "B NMR data 6 ref 

(C5H5r@t4MeC3B2)- 81 1 I8 2(2B)* I 0 -11 1 (ZB) -23 0 -28 1 (28) th~s work 
C O - W - ( C ~ B ~ H ~ )  (8) 

(CgHg)C+6,9- 19 3 ._ -3 0 -11 7(28) -24 8 -293(2B) [Sa] 

(W37Hg) (11) 

(C5H5x*f4MeC3Bz)- 21 0 16 S(2B)' -4 q28)  -18 1 -24 1(ZB) -32 2 ths work 
Co-W(C2B7Hg) (9) 

(C5Hg)C0-1,6- 202 _. -43 -202 -242 -33 0 [9bl 

(CZB7%) (12) -6 8 -2s 4 

this work (c5H5m@*eC3B2)- 17 1(2B)* 4 O(3B) -172(2B) -20 l(2B) 
Cc-l.lO-(C~B7Hg) (10) 

(CgH5@-1,10- 
( C 2 8 7 w  (13) 1 6 ( W  

[94 5 2(1B) -18 qZB) -19,2(2B) 

(CgHg)Co(EtqMeC3Bz)- 14 5(2B)* 1,3(38) -17 Z(2.B) -20 8(28)  this work 

Rh-I,10-(C287Hg) (15) 

* These signals are assigned to the boron atoms of the diborolyl 
nng. 

When the carborane ~ra~hn0-6,8-C2B7Hi! (14)L8], an iso- 
mer of 7, is treated with the sandwich anion (4-H)- and 
CoC12 the triple-decker complex 9 is formed in 9% yield, 
which is the same compound obtained by rearrangement of 
8 at 57°C. When RhC13 is used the analogous reaction af- 
fords the 30VE triple-decker complex 15. Surprisingly, in 
the latter reaction the sandwich complex 12[9bl is formed in 
low yield. Presumably, it occurs via exchange of the 1,3- 
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diborolyl ligand in (4-H)- by 14. Similar exchange reactions 
were observed when (4-H)- was allowed to react with 
CH3C3B7HK as well as with SZB9Hio"11. 

Scheme 3 
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X-ray Crystal-Structure Analyses 
The quality of the crystal of 10 was not very good. Only 

1/3 of the measured reflections up to 0 = 22" was observed 
[ I  > 20(1)]. The Co atoms were refined anisotropically, all 
other non-hydrogen atoms isotropically. The results of the 
refinement confirm the molecular topology derived from 
the NMR data, but do not allow any detailed discussion of 
bond lengths and angles. Compound 10 shows a triple- 
decker arrangement with the terminal carborane ligand 
1,10-C2B7H9 (Figure 1). The best planes through the cyclo- 
pentadienyl and the diborolyl ligands exhibit anointerplanar 
angle of 6.1". The cobalt-cobalt distance (3.20 A) is signifi- 
cantly shorter than in the 31VE complex l b  (3.32 A), which 
is explained by the difference in the electronic contribution 
of the nido-C2B7H9 and the nido-C3B7Hlo carborane li- 
gands. In contrast to 1 b, in 10 (30VE) no antibonding or- 
bital is occupied. In the metallacarborane 10 the CoC2B7 
fragment adopts a closo structure of a bicapped square anti- 
prism, in which the capping positions are occupied with 
carbon atoms. 

For 12 all non-hydrogen atoms were refined aniso- 
tropically, hydrogen atoms were localized in a difference 
Fourier synthesis and refined isotropically. The cobaltacar- 
borane 12 contains 22 skeletal electrons and 10 vertices for 
which a clum arrangement is expected. The X-ray structure 
analysis confirms the bicapped square antiprism with one 
carbon and one boron atom in the capping positions (Fig- 
ure 2). The structural data reveal similarities to the isoelec- 
tronic ferracarborane [ I~-C~(CH,)~H,]F~-(  1 ,6-C2B7H9)]['21. 
The complexed face (Cl-B3-C6-B9-B5) in 12 is planar 
with the exception of C1 which juts out by 0.43 A. The 
plane through the cyclopentadienyl ligand and the best 
plane through C1 -B3-C6-B9-B5 enclose an interplanar 
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Figure 1 .  Molecular structure of 10. Selected bond lengths rh: 
C62-Cl 1.95(3), Co2-B3 2.19(3), Co2-B5 2.12(3), 2 0 2 ~ B k  
2.05(3), Co2-B9 2.07(2), Co2-B11 2.14(2), C02-Bl3 2.09(3), 
C02-Cl2 2.07(2), C02-C14(15) 2.09, 2.08(2), Col-Bll(13) 2.07, 

2.08(3), C0l-Cl2 1.98(2), C0l-C14(15) 2.00, 2.02 (2) 
/-% n 

angle of 7". The shortest distance of the cobalt to a cage 
atom is Co2-CI [1.913(3) A]. 
Figure 2. Molecular structure of 12. Selected bond lengths [A]: 
C02-Cl 1.913(3), Co2-W 2.125(4), Co2-B5 2.156(4), c02-C6 
2.070(3), Co2-B9 2.069(4), C02-C(Cp) 2.024-2.059(4), C1-B 
1.591 - 1.613(5), C6-B 1.622- 1.777(5), BlO-B 1.678-1.704(6), 

B4-B7 1.764(6), all other B-B 1.800-1.853(6) 
c11 

Conclusion 

Reactions of the sandwich anion (4-H)- and various di- 
carbaborane anions with CoC12 lead to dinuclear species 
with triple-decker structures. The products have electronic 
properties similar to those of analogous C5H5Co com- 
plexes. Thus, the elimination of BH2 from the nido-4,5- 
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C2B6HC carboranyl anion during the synthesis of 6 indi- 
cates that the fragments Co(4-H) and Co(CsH5) impose 
similar electronic requirements on the carboranyl ligand. 
The thermal rearrangement of 8 to 9 and then 10 parallels 
that of the analogous Co(CsHs) complex. These findings 
are further proof for the isolobal relationship between (4- 
H-) and C 5 H ~ .  

Support of this work by the Deutsche Forschungsgemeinschujt 
(SFB 247), the Fonds der Chemischen Industrie, and the BASF AG 
is gratefully acknowleged. 

Experimental 
All reactions and manipulations were performed in dry glassware 

under nitrogen by using standard Schlenk techniques. Solvents 
were distilled from appropriate drying agents under nitrogen before 
use. (q5-C5H5)Co(q5-MeEt4C3B2H) (4)['1, Na+C2B6Hc (5)[13], 
Na tarachno-4,5-C2B7H12 (7)LS1, N a + u r u ~ ~ ~ n 0 - 6 , 8 - C ~ B ~ H ~ ~ [ ' ~ ]  were 
prepared by previously described methods. CoCl, was dried for 15 
h at 120°C in vacuo and stored under nitrogen until used. - NMR: 
C6D6 solutions, Bruker AM 200 and AM 500. 

($- C5H5) Co (p, qs-Et4MeC3B2) Co (q5-2,3-C2B5H,) (6) : 19 1 mg 
(0.61 mmol) of 4 was deprotonated with a solution of 0.38 ml of 
1.6 M nBuLi in 10 ml of THE 195 mg (1.60 mmol) of Na+ 
C2B6HF (5) and 118 mg (0.91 mmol) of CoCl2 were added, and 
the reaction mixture was warmed to room temp. The volatile com- 
ponents were evaporated, and the residue was adsorbed on A1203. 
The product was eluted with CH2C12 and separated by preparative 

Table 2. Crystallographic data collection and structural refinement 

fomula 
fw 
space group 
Z 
a "41 
b [A1 
c 1 4  
P [degl 
v 1 ~ 3 1  
P [cm-ll 

Ddd bm-31 
cryst.size [mm] 

temperature 
20max [deg] 
hkl collected 
no.of rflns measured 
no.of unique rflns 
no.of obsd rflns [I > 20(I)] 
no of parameters 
R1 

C19HssB9Coz 
478.6 
Pcab 

16 
17.45 (1) 
18.29 (1) 
30.95 (2) 

9878 (10) 
13.5 

0.15~0.20~0.57 
1.29 

ambient 
44 

17, 19, 32 
6030 
6030 
2264 
284 

0.106 

C ~ H I ~ B ~ C O  
228.3 
P24n 

4 
7.177 (5 )  
12.280 (7) 
13.098 (8) 
104.79 (5) 
1116(1) 

14.9 
0.05x0.3Ox0.55 

1.39 
203 K 

60 
- +lo, 17, 18 

3224 
3224 
2175 
193 

0.043 
W R 2  0.329 0.113 

[a] Further details of the crystal structure investigation may be ob- 
tained from the Fachinformationszentrum Karlsruhe, Gesellschaft 
fur wissenschaftlich-technische Information mbI1, D-76344 Eggen- 
stein-Leopoldshafen (Germany), on quoting the depository num- 
bers CSD-404508 (12) and -404509 (lo), the names of the authors, 
and the journal citation. 

TLC on silica gel plates (CH2C12/C5H12, 1 :1; 500 pm). Crystalliz- 
ation from a hexane solution gave 29 mg (10%) of brown 6, m.p. 
101 "C. - 'H NMR (C6D6,200 MHz): F = 5.35 (br, CH, 2H), 3.84 

(s, CCH,, 3H), 1.2-1.7 (m, BCH2CH3, lOH), 1.13 (t, CH2CH3, 
6H). - "B NMR (C&,, 64.2 MHz): 6 = 72, 22, 14 (2 B), 1, -5, 
-8. - MS (CI), mlz (%): 457 [M+] (35), 372 [M+ - C2B5H7] (25). 
Highly resolved mass for 12C191H3511B759C02: calcd. 458.2054; 
found 458.2040. 

($- ( C,Hj) Co ( Et4Me-l, 3- C3 B2) Co (6,9- C,B7H,) (8): 1 63 mg 
(1.21 mmol) of Na+4,5-CZB7HE (7) and 18 1 mg (1.40 mmol) of 
CoCl2 were added at -78°C to a solution of 332 mg (1.06 mmol) 
of (4-H)- in 15 ml of THE The work-up was similar to 6.  Crys- 
tallization from a hexane solution gave 74 mg (14'/0) of brown, air- 

CH, 1 H), 4.04 (C5H5, s, 5 H), 3.62 (br, CH, 1 H), 2.63 (m, CH2CH3, 
2H), 2.42 (m, CH2CH3, 2H), 2.02 (m, CH2CH3, 2H), 1.88 (m, 

(s, CjHs, 5H), 2.34 (q, CHZCH?, 2H), 2.33 (q, CHZCH,, 2H), 2.29 

stable 8, m.p. 82°C. - 'H NMR (C6D6, 500 MHz): 6 = 4.35 (br, 

CH2CH3, 2H), 1.72 (s, CCH3, 3H), 1.61 (t, CH2CH3, 3H), 1.55 (t, 
CH2CH3, 3H), 1.12 (t, CH2CH3, 3 H), 1.04 (t, CHZCH,, 3H). - 
"€3 NMR (C6D6, 64.2 MHz): 6 = 81.1, 18.2 (2 B), 1.0, -11.1 (2 
B), -23.0, -28.1 (2 B). - 13C NMR (C,& 50.3 MHz): 6 = 96 
(br), 81.2, 58 (br), 39 (br), 25.1, 24.8, 17.7, 13.8, 13.6, 12 (br). - 
MS (EI), mlz (%): 481 [M+] (IOO), 372 [M+ - C2B7H9] (65). Highly 
resolved mass for 12C19'H3711B959C02: calcd. 482.2397; found 
482.240 1. 

(7'- C,H,i Co (p,q5-Et4MeC3B2) Co ( qs-1 ,6- C, B7H9) (9): a) 152 
mg (0.49 mmol) of (4-H)- was treated with 86 mg (0.63 mmol) of 
arachno-Na ' 6,8-C2B7Hr2 and 98 mg (0.74 mmol) of CoC12 as in 
the previous experiment, The work-up furnished 23 mg (9%) of 
brown 9, m.p. 82°C. 

b) A sealed NMR sample of 8 in C6Dh was heated at 57 "C. The 
isornerization of 8 to 9 was followed by integration of the CsHs 
signals in the NMR spectroscopy. The same experiment was re- 
peated at 75°C. Kinetic data: k570C = 4.75 . 10-.6/s, k750c = 5.27 ' 
lo-% (yield quantitative). - 'H NMR (C6D6, 200 MHz): 6 = 4.18 
(br, CH, lH), 4.01 (s, C5H5, SH), 2.76 (m, CH2CH3, 2H), 2.28 (m, 

(t, CH2CH3, 6H), 1.08 (t, CH2CH3, 6H), 0.95 (br, CH, 1 H). - IlB 
CH2CH3, 2H), 1.85 (s, CCH3, 3H), 1.78 (q, CHZCH,, 4H), 1.43 

NMR (ChD6, 64.2 MHz): 6 = 21.0 (2 B), 16.5 (2 B), -4.0 (2 B), 
-18.1 (2 B), -32.2. - 13C NMR (C6D6, 50.3 MHz): 6 = 80.8, 40 
(br), 19.6, 17.7, 13.5, 11 (br). - MS (EI), m/z ('%): 481 [M+] (loo), 
Highly resolved mass for '2C191H3711B959Coz: calcd. 482.2397; 
found 482.2401. 

(10): 
25 mg (51 mmol) of 9 was dissolved in [D,]toluene and the solution 
sealed in an NMR tube. The sample was heated for 3 h at 182°C 
(NMR spectroscopic yield 85%). The reaction mixture was sepa- 
rated by TLC. Crystallization from CHZCl2/C5Hl2 ( I  :5) afforded 
18 mg (72%) of brown 10, m.p. 85°C. - IH NMR (C6D6, 200 
MHz): 6 = 7.85 (br; CH, lH), 6.30 (br, CH, IH), 4.01 (s, C5H5, 
SH), 2.81 (m, CH2CH3, 2H), 2.34 (m, CH2CH3, 2H), 1.93 (s, 

(br, CH2CH3, 6H). - "B NMR (C6Dh, 64.2 MHz): 6 = 17.1 (2 
B), 4.0 (3 B), -17.2 (2 B), -20.1 (2 B). - MS (EI), m/z (YO): 481 
[M+] (100). Highly resolved mass for 12C191H37L'B9syCo2: calcd. 
482.2397; found 482.2375. 

und (75-CliEZ~)Co(q5-1,6-CZB7HP) (12): 180 mg (0.57 mmol) of 4 
was deprotonated with 0.38 ml of 1 .5 M MeLi in 10 ml of THE To 
this solution 68.0 mg (0.6 mmol) of a~achno-Na-6,8-C~B,H1~ and 
190.6 mg (0.57 mmol) of RhC13 . 3 H3CCN were added. The stirred 
reaction mixture was warmed up to room temp. After 1 h the vol- 

(v5-C5H5) Co(p,g5-Et4Me-l, 3- C3B,) Co(y5-l, 1 O-C2B7H9) 

CCH3, 3H), 1.85 (q, CHzCH3, 4H), 1.56 (t, CHzCFT3, 6H), 1.18 

( q5-C.5 H.7) CO (p, $- Et&e- I ,  3- C.7 Bz) Rh (q5-1,6-C2 B7H9) (15) 

216 Chem. B ~ K  1996, 129, 213-217 
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atile components were evaporated, the residue was dissolved in 
CHzC12 and the solution filtered through SOz. The products were 
eluted with CH2C12 and separated by preparative TLC on silica gel 
plates (CH2ClZ/C5Hl2, 1 :l; 500 pm). Crystallization from C a 1 J  
CHzCl2 solution yielded 17 mg (12%) of red 12, m.p. 157"C, and 

(br., CH, lH), 3.89 (s, C5HSr 5H), 2.33 (m, CH2CH3, 2H), 2.20 
(m, CH2CH3, 2H), 1.82 (s, CCH3, 3H), 1.51-1.27 (m, BC2H5, 
lOH), 1.26 (t, CH2CH3, 6H), 0.95 (br., CH, 1H). - llB NMR 

(2 B). - MS (EI), m/z (%): 525 [M+] (100). 

14 mg (4.4%) Of  brown 15. - 'H NMR (CsD6,2OO MHz): S = 4.6 

(C&j, 64.2 MHz): 6 = 14.5 (2 B), 1.3 (3 B), -17.2 (2 B), -20.8 

X-ray Crystal-Structure Analyses of 10 and 12: The intensity data 
were collected with a Siemens-Stoe AED2 diffractometer (Mo-K, 
radiation, graphite monochromator, w scan) and corrected for Lp 
and absorption effects (empirical). The structures were solved by 
direct methods using the SHELXS86 and refined by full-matrix 
least-squares techniques based on Fz of all reflections 
(SHELXL93). 

* Dedicated to Prof. H. Roesky on the occasion of his 60th birth- 
day. 

[l] A. FeDenbecker, M. D. Attwood, R. F. Bryan, R. N. Grimes, 
M. K. Woode, M. Stephan, U. Zenneck, H. Pritzkow, W. Sieb- 
ert, Inorg. Chem. 1990,29, 5157; A. FeBenbecker, M. Stephan, 
R. N. Grimes, H. Pritzkow, U. Zenneck, W. Siebert, 1 Am. 
Chem. SOC. 1991, 113, 3061, and references cited therein. 

L2] W. Weinmann, A. Wolf, H. Pritzkow, W. Siebert, B. Barnum, P. 
Caroll, L. G. Sneddon, Organornetallics 1995, 14, 1911. 

c31 M. F. Hawthorne, D. C. Young, T. D. Andrews, D. W. Howe, 
R. L. Pilling, A. D. Pitts, M. Reintjes, L. Warren (Jr.), P. A. 
Wagner, J: Am. Chem. SOC. 1968, 90, 879. 

f4] J. F. Forward, D. M. Mingos, W. Siebert, J. HauD, H. R. Powell 
J Chem. Soc., Dalton Trans. 1993, 1783. 

L5] J. Edwin, M. C. Bohm, N. Chester, D. M. Hoffman, R 
Hoffmann, H. Pritzkow, W. Siebert, K. Stumpf, H. Wadepohl, 
Organometallics 1983,2, 1666. 

c6] [6a] J. Bausch, L. G. Sneddon, to be published. - Csb] G. J. Zim- 
mermann, L. W. Hall, L. G. Sneddon, Znorg Chem. 1980, 19, 
3642. - Lsc1 G. J. Zimmermann, L. G. Sneddon, Acta Cristal- 
loar.. Sect. C 1983. 39. 856. 

L71 RTHoffmann, Angew. Chem. 1982, 94, 725; Angew. Chem. Znt. 
Ed. Engl. 1982, 21, 711. 

[*I J. Plesek, S. Hermanek, B. Stibr, Znorg. Synth 1974,22, 231. 
L9]  [9a1 D. F, Dustin, W. J. Evans, C. J. Jones, R. J. Wiersema, H. 

Jong, S .  Chan, M. F. Hawthorne, J: Am. Chem. SOC. 1974, 96, 
3085. - [9b] C. D. Jones, N. J. Francis, M. F. Hawthorne, 1 Am. 
Chem. SOC. 1972, 94, 8391. - Lgc1 T. A. George, M. F. Haw- 
thorne, .l Am, Chem. SOC. 1969, 91, 5775. 

[lo] R. N. Grimes in Comprehensive Organometallic Chemistry 
(Eds.: G. Wilkinson, F. G. A. Stone, E. W. Abels), vol. 1, Perga- 
mon. Oxford. England. 1982. D. 459. 

c1 l] W. Weinmann, Fh. D. Dissertation, Universitat Heidelberg, 
1994 
*I, 1. 

[12] J. J. Brigulio, L. G. Sneddon, Organometallics 1986, 5, 327. 
[I3] S .  0. Kang, J. W. Bausch, P. J. Caroll, L. G. Sneddon, 1 Am. 

[I4] P. M. Garret, T. A. George, M. F. Hawthorne, Inorg. Chem. 

[95150] 

Chem. SOC. 1992,114, 6248. 

1969, 8, 2008. 

Chem. Ber. 1996,129, 213-217 217 


