
[ 5 ]  A salt-free solution of 8 [obtained from (C,Hzf3PCH,Br (3 g, 8.40 mmol) 
and an excess of NaH (80% suspension in white oil)] was treated with 
1.5 g (2.06 mmol) of 2 and the mixtured boiled under reflux for 14 h. 
After subsequent treatment with silica gel ( l o g )  the solvent was re- 
mobed by evaporation. The solid residue was extracted with 100 m L  of 
ether and the extract, after filtration, was concentrated by evaporation 
and chromatographed on  silica gel (0.05-0.2, 40 x 2.5 cm, hexane). A 
small amount of 2 was first eluted with toluene, and then the red col- 
ored 7 was eluted with toluenelether ( I  : I ) .  Yield 40% referred to 2, 
m.p. 163"C, red crystals. Spectroscopic data of 7: IR (v(C0) [cm-'I, 
KBr)- 1946 (s), 1902 (s), 1857 (shj, 1836 (vs), 1817 (s); FD-MS (toluene) 
rn/z 1001 ( M + ) ;  'H-NMR (300 MHz, CDCI,, 25"C, TMS): 8=7.91- 
7.49 ( m ,  15 H, Phz). 5.21 (s, 5 H, C,H,), 4.91 (s, 5H,  CsH5), 4.60 (s, 5 H, 
C,H,), 2.31 (d, 1 H, 'J=3.52 Hz); correct total analysis; m.p. 163°C. 

161 A. Viri-Orosz, V. Galamb, G. Palyi, L. Marko, J .  Organornet. Chem. 216 
(1981) 105; Transition Me/ .  Chem. (Weinheim, Ger.) 4 (1979) 294. 

171 U. Honrdth, H. Vahrenkamp, 2. Natufursch. 8 3 9  (1984) 559. 
[XI R. Korswagen, R. Alt, D. Speth, M. L. Ziegler, Angew. Chem. 93 (1981) 

1073: Angew. Chern. In/. Ed. Engl. 20 (1981) 1049. 
[9] Further details of the crystal structure investigations of 6 and 7 are 

available on request from the Fachinformationszentrum Energie Physik 
Mathematik, D-75 14 Eggenstein-Leopoldshafen 2, on quoting the de- 
pository number C S D  51 271, the names of the authors, and the full cita- 
tion of the journal. 

(101 W. A. Herrmann, J. Weichmann, U. Kusthardt, A. Schafer, R. Horlein, 
C .  Hecht, E. Voss, R. Serrano, Angew. Chem. 95 (1983) 1019: Angew. 
Chem. In/. Ed. Engl. 22 (1983) 979; Angew. Chern. Suppl. 1983, 1543. 

[ I  I ]  M. Luksza, S. Himmel, W. Malisch,Angew. Chem. 95 (1983)418; Angew. 
Chem. Int. Ed. Engl. 22 (1983) 416. 

Cleavage of a C-C Bond in the 
Catalytic Hydrosilylation of Camphor Oxime** 
By Henri Brunner* and Richard Becker 

Rhodium-catalyzed hydrosilylation of ketoximes and 
subsequent hydrolysis leads to formation of primary am- 
ines, e.g. in the case of acetophenone oxime to the enan- 
tiomers of l-phenylethylamine.~'"l Thirteen other alkylaryl- 
and alkylbenzyl ketoximes gave exclusively the corre- 
sponding aminesl'bl in the amine fraction. All the more sur- 
prising was the finding that, in the hydrosilylation of (-)- 
(lR,4R)-camphor oxime 1, not only the expected bornyl- 
amines 3a and 3b were formed, but also, and as main 
product, optically pure ( +)-( 1 R,3S)-l-(2-aminoethyl)- 
2,2,3-trimethylcyclopentane 4a. 

3a 3b 

2a, R1 = H, R2 = Ph; 2b. R1 = Me, R2 = C1 

The reaction of 1 mole equivalent of 1 with 3.3 mole 
equivalents of diphenylsilane 2a in toluene is catalyzed by 
1 mol-% [RhCI(PPh,),] (Table 1).I2l Gas chromatographic 
analysis[31 of the distilled product revealed a mixture of 
three amines, which were identified by GC/MS. Besides 
the expected mass peaks of the trifluoroacetamide deriva- 
tives of endo- and em-bornylamine, 3a and 3b, respective- 
ly, the main product, two mass units higher, indicated 
cleavage of a C-C bond in the camphor skeleton. That 
this cleavage was a hydrogenolytic cleavage between the 
bridgehead carbon atom and the oxime carbon atom, with 
formation of 4a, followed from the 'H-NMR spectrum 
(two methyl singlets, one methyl d ~ u b l e t ' ~ ] )  and the I3C- 
NMR spectrum.lS1 

In the reaction of 1 to give 4a, the (R)-configuration at 
C 4  of the educt (C3 of the product) is preserved. That the 
configuration at C1 of 4a is also retained was established 
as follows: a-campholenonitrile 5Ih1 was hydrogenated 
with HJRaney nickel. The two diastereomers 4a (1R,3S) 
and 4b ( 1  R,3R) were formed in the ratio 36 : 64 ; the base 
lines of their trifluoroacetamide derivatives are separated 
on  gas chromatographic analysis.[31 Co-injections with the 
trifluoroacetamide derivative of 4a obtained on hydrosil- 
ylation show that only one of the two diastereomers is 

Table I .  Hydrosilylation of 2.7 g of (0)-camphor oxime 1 with the silanes 2a, b in 5 mL of toluene 

NO. Catalyst Rh : 1 1 : 2a/b 1 T Total Relative 
or  [hl LOCI yield [%] yield [Yo] 
R : l  (3a + 3b + 4a) 3b 3a 4a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

2a 
2a 
2a 
2a 
2a 
2a 
2a 
2b 
2b 
2b 

1 :200 
I : 100 
1 : 100 
1 : 100 
1 : 100 
1 : 100 
I : 100 
1 : 100 
1 :200 
1 : 100 

I :3.3 
1 :3.3 
1 :3.3 
I :3.3 
1 :3.3 
1 :3.3 
I :3.3 
I :6  
1 :6 
1 :6 

408 
90 
24 
46 

192 
24 
23 
48 
70 
70 

- 10-20 
- 10-20 
- 10-50 
+ 5  

0 
- 10-20 
- 10-20 

0-b.p. 
0-b.p. 
0-b.p. 

29 
38 
24 
29 
12 
18 
18 
20 
24 
16 

14 2 84 
15 4 81 
25 3 72 
27 2 71 
27 2 71 
33 2 65 
28 2 70 
18 16 66 
9 9 52 

13 5 82 

[a] Addition of 0.5 m L  (4 mmol) of BF3.0Et2 to 1 and catalyst, stirred for 5 min at 20"C, then addition of silane at - I O T .  [b] Addition of 0.5 m L  (4 mmol) of 
BF3.0Et2 to the mixture 1/2a at - I O T ,  then addition of catalyst. 

[*] Prof. Dr. H. Brunner, R. Becker formed. The retention behavior on a Chirasil-L-VaP col- 
umn (shorter retention time for R-compo~nsds"~)  lends 
support for assignment of the (S)-configuration at C3 in 
4a, which is also consistent with the concept that cleavage 
of the C-C bond and addition of hydrogen to the two c 
atoms takes place at  one metal center. 
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Hydrosilylation of I with diphenylsilane, 2a, furnishes 
4a in 80-8SY0 relative yield (total yield 30-40%; Table I ,  
entries 1 and 2). Increasing or lowering the reaction tem- 
perature reduces the selectivity with respect to 4a in the 
same way as addition of BF3.0Et2, which should catalyze 
the Beckmann rearrangement (Entries 3-7). 4a is also ob- 
tained with dichloromethylsilane, 2b, on homogeneous ca- 
talysis with Zeise salt and on heterogeneous catalysis with 
PtOz. H 2 0  (Entries 8-10). 

Hence, the enantiomerically pure primary amine ( +)-4a 
which, hitherto, has only been described in the form of a 
4a/4b diastereomeric mixturei8' can be synthesized in one 
step by catalytic hydrosilylation of (D)-camphor oxime. 
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[I] a) H. Brunner, R. Becker, Angew. Chem. 96(1984) 221; Angew. Chem. I n / .  
Ed. Engl. 23 (1984) 222; b) H. Brunner, R. Becker, S. Gauder, Organome- 
tallies, in press. 

(21 Work-up with metbanol/2Ouh aqueous hydrochloric acid, addition of 
KOH in excess, extraction with ether, and purification by distillation 
(5S0C/O.l torr). 

131 A solution of the amine (100 mg) in 2 mL of tetrahydrofuran (THF) was 
treated with 0.2 mL of trifluoroacetic anhydride. After 10 min, the mix- 
ture was neutralized with 3 mL of a Saturated NaHC03 solution. The am- 
ines were extracted with ether (1.5 mL). The ether phase was dried with 
Na2C0,. GC: silicon phase Chirasil-L-Val@; glass capillary 25m, 1 10°C; 
injector 230°C. Error + 1%. 

[4] 4a.HCI (enriched by recrystallization from ethyl acetate to 97%): 'H- 
NMR (250 MHz, CDCI,, TMS): S=0.53 (s, 3H), 0.83 (d, 3H), 0.89 ( s ,  
3H), 1.09-1.23 (m, 2H), 1.47-1.56 (m, 3 H ) ,  1.71-1.95 (m. 3H), 2.86-3.09 
(m, 2 HI. 

[5] 4a .HCI: "C-NMR (22.64 MHz, 20% solution in CDCI,, TMS, broad- 
band decoupled): 6= 13.7 (q), 14.4 (q), 25.6 (q), 27.8 (t), 28.7 (t), 30.1 (I), 
39.7 (t), 42.5 ( s ) ,  45.0 (d), 48.0 (d). 

161 F. Tiemann, Chem. Ber. 29 (1896) 3006. 
[7] H. Frank, G. J .  Nicholson, E. Bayer, J .  Chromalogr. 146 (1978) 197. 
[S] G. Pirisino, F. Sparatore, Farmaco Ed. Sci. 2 7  (1972) 480; Chem. Abstr. 77 

(1972) 61 286. 

Dinuclear Nickel Complexes with Bridging 
Ally1 Ligands** 
By Rudolf Hanko* 
Dedicated to Professor Giinther Wilke on the occasion 
of his 60th birthday 

The great synthetic and catalytic potential of mononu- 
clear q3-allylnickel-X compounds 2 (X = halogen, allyl, 
H)['] and the increasing importance of multinuclear transi- 
tion metal complexes in homogeneous catalysis attracted 
interest in multinuclear Ni-complexes with bridging allyl 
ligands (type 1). To my knowledge no such complexes 
have, as yet, been documented, although unsuccessful at- 
tempts at their synthesis have been reported.l2] 

[*] Dr. R. Hanko ['.I 
Max-Planck-Institut fur Kohlenforschung 
Kaiser-Wilhelm-Platz I ,  D-4330 Mulheim a. d. Ruhr (FRG) 
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In the following communication a simple and versatile 
entry to this special class of compounds is described: 
Reaction of a 1 : 1 mixture of a triorganophosphane 7 and 
a nickel(o)-complex 4 or 5 with an q3-allylnickel halide 
complex 2 [Reactions (1) and (2), respectively (Scheme l)] 
or of the bis(phosphane)ethylenenickel complex 6 with the 
complex 3 [Reaction (3)] leads, via displacement of the 
olefin ligands to formation of a crystallizable dinuclear 
nickel compound of the type 1 in high yields. The liber- 
ated olefin can be removed under vacuum or  by recrystalli- 
zation. Reaction (1) affords the best yields (ca. 80%)"] (Ta- 
ble 1). With exception of the PMe,-adduct la,  these wine- 
red, dinuclear complexes 1 are stable under argon at room 
temperat~re. '~]  

[(113-C3H5)Ni(PRR'2)X] + Ni(cdt)  + PRR'z -CDT- 1 (1) 

2 4 7 

2 + Nl(cod)z + 7 1 (2) 
5 

Scheme 1. CDT= all-tranf- I,5,Y-cyclododecatriene; COD = cis.cic- 1,s-cy- 
clooctadiene. 

Table 1 

Product X PRRl €ducts Reaction Yield [%I] 

la Br PMe, 2a,4,7a 
l b  CI P ( W ,  2b,4,7b 
Ib CI P ( W 3  2b. 5,7b 
IC CI P(c-C,H, 2c, 4,7c 
l c  CI P(c-C,H, J1 3c, 6c 
Id Br P(c-COHI+ 2d,4,7d 
le Br P(rBu)(rPr), 2e, 4,7e 
I f  C,H, P(rPr), 21,4,7f 

[a] Determined by NMR spectroscopy. 

82 la1 
63 
54 
80 
41 [a] 
82 
81 
84 

The nuclear resonance spectrai5] are reconcilable with 
dinuclear structures. In each case, only one signal is to be 
seen in the 3'P-NMR spectrum. In the I3C-NMR spec- 
tra".'] the signals of the carbon atoms bound to phospho- 
rus can be interpreted as X-parts of ABX spin systems 
(A,B= "P; X = ',C), from which a phosphorus-phospho- 
rus coupling constant of ca. 25 Hz can be calculated for l b  
and Id. According to the I3C- and 'H-NMR spectra the al- 
lyl groups are symmetrically bound. Particularly striking is 
the upfield shift of the signal (6=32-38) of the meso-car- 
bon atom of the halogen-bridged compounds compared to 
that of the mononuclear analogues (e.g. 6=31.8 for l e  
compared to 6 =  107.2[81 for 2e). In the case of the bis(ally1) 
compound If, the upfield shifts of the allyl carbon atoms 
are less pronounced compared to those of the mononu- 
clear starting complex (6= 87.1 (meso), 27.6 (terminal) for 
If compared to 6= 112.2 (meso), 52.6 (terminal) for 2fl9]). 
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