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The cyclopentadienyl complexes [C,H,Rh(RC=CR’)(SbiPr,)] 
(5-8), which were prepared from trans-[RhCI- 
(RC=CR’)(SbiPr,),] (1-4) and NaC5H5 and which contain a 
labile Rh-SbiPr, bond, reacted with CO and CNR” ( R  = Me, 
tBu) to give the carbonyl and isocyanide derivatives 
[C,H,Rh(RC=CR’) (CO)] (9 - 11) and [ C,H,Rh(RC-CR‘)- 
(CNR”)] (12-16), respectively. On treatment of 12 (R = R‘ = 
Ph; R” = Me) with SbiPq, the metallacyclobutene complex 
[ C5H5Rh[ K‘ (C, C) - C( =NMe) CPh = CPh} ( SbiPr3)] ( 17) was for- 

med; it reacts with excess CNMe or CNtBu to yield the me- 
tallacyclopentenes [ C5H5Rh(K2( C, C)-C( = NMe)CPh = CPhC- 
(=NR)}(CNR)] (18, 19). Similar compounds 20-23 containing 
a five-membered RhC4 metallacycle were prepared either 
from [C5H5Rh(RC=CR’)(SbiPr3)] (7, 8 )  or [C5H5Rh- 
(PhC=CPh)(CNtBu)] (14) and excess isocyanide. The crystal 
and molecular structures of 17 and 18 (R = Me) have been 
determined. 

We had two goals for the work presented in this paper. 
First, we were interested in whether frans- 
[RhCl(RC=CR‘)(SbiPr,),] compounds, which we had re- 
cently prepared from trans-[RhC1(C2H4j(SbiPr3)2] and al- 
kynes by ligand exchanger’], would be appropriate starting 
materials for the synthesis of cyclopentadienyl complexes 
[C,HjRh(RC-CR’)(SbiPr3)]. While compounds [C5HsRh- 
(RC=CR’)(PR;)] containing, e.g., triphenyl- or triisopro- 
pylphosphanc had already been described[2zi], related deriva- 
tives with triaryl- or trialkylstibanes as ligands were un- 
known. 

Second, assuming that the half-sandwiches 
[C,H,Rh(RC=CR’)(SbiPr,)l were accessible by this route, 
we were eager to know whether they would react with CO 
and isocyanides simply by displacement of the stibane to 
give [C,H,Rh(RC=CR’)(CO)] and [CjHsRh- 
(RC=CR’)(CNR’’)], respectively, or whether the coupling of 
CO or CNR” with the coordinated alkyne would be the 
preferred reaction pathway. Previously it had been reported 
by Wakatsuki et al. that on treatment of [C5H5Co- 
(RC=CR’)(PPh,)] with aryl- or tert-butylisocyanides, diim- 
inobutadienecobalt complexes as well as four- and five- 
membered cobaltacycles are formed, possibly via the non- 
isolable alkyne-isocyanide compounds [C5H5Co- 
(RC=CR’j(CNR”)] as intermediatesL4]. More recently, 
Hirpo and Curtis observedrS1 that the reaction of [CSMesTa- 
(PhC=CPh)(CH,),] with CNtBu and CO gives metalla- 
cycles in which, surprisingly, the NtBu group or the oxygen 
atom is part of the metal-containing five-membered ring 
system. 

Results 
Ligand Substitution Reactions 

Treating the alkyne complexcs 1-4 with a fivefold excess 
of NaC5HS in THF leads to the formation of the half-sand- 
wich compounds 5-8 in good to excellent yields (Scheme 
1). Whereas the diphenylacetylene derivative 5 has been iso- 
lated as red crystal$ the analogous compounds 6-8 are or- 
ange or orange-red oils, which even after storing at -78 “c 
did not crystallize. Nevertheless, for all the complexes 5-8, 
correct elemental analyses were obtained. In agreement 
with the data for the phosphane derivatives 
[C5H5Rh(RC=CR’)(PiPr3)][31, the IR spectra of 5-8 dis- 
play an intense C=C stretching frequency at 1785- 1855 
cm-’, which is ca. 50 cm-’ lower than that for the square 
planar compounds 1-4rll. With regard to the NMR data, 
the most characteristic feature is the appearance of one (5) 

Scheme 1 

NaC,H5 I 
L R  

J’ / 
b Cl-Rh- 111 Rh 

- NaC1 L’ -y’R ‘ R ’  - L  I 
/ 

L 

R’ 
1 - 4  5 - 8  

I R R’ 

Chenz. Ber. 19%. 129,903-910 0 VCH Verlagsgesellschaft mbH. D-69451 Wemheim, 1996 0009-294019610808-0903 $15.00+ ,2510 903 



H. Werner, A. Heinemann, B. Windmiiller, P. Steinert FULL PAPER 

R 

R' 
R" 

or two doublets (6-8) in the 13C-NMR spectra for the al- 
kyne carbon atoms between 6 = 71 and 112 with a Rh-C 
coupling of 13-19 Hz. 

Like the carbene complex [CsHsRh(=CPh2)(SbiPr3)]16], 
the alkyne compounds 5-7 also react quite smoothly with 
CO in pentane at room temperature by ligand exchange to 
give the carbonylrhodium derivatives 9-11 almost quanti- 
tatively. The coordination of a CO ligand is best illustrated 
by the IR spectra of 9-11 in which a strong v(C0) band at 
1985- 1995 cm-I is observed. The related isocyanide com- 
plexes 12-16 (Scheme 2) were prepared by treatment of 
5-7 with CNMe (-40 to -78 "C) or CNtBu (25 "C) in pen- 
tane and - with the exception of 12 - also isolated in excel- 
lent yields. The 13C-NMR spectra of 9-11 display a charac- 
teristic doublet at ca. 6 = 191 and those of 13-16 one at 
6 = 148-152. Both show a large Rh-C coupling (82-86 
Hz) and are assigned to the CO or CNR carbon atom, re- 
spectively. 
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Single and Double Isocyanide Insertion Reactions 

If the reaction mixture obtained from equimolar 
amounts of 5 and CNMe in pentane at -78°C is warmed 
to room temperature and stirred for 1.5 h, the two compo- 
nents 12 and SbiFr3 react with each other to yield an orange 
crystalline product, which formally is a 1 : 1 adduct of the 
alkyne(isocyanide)rhodium(I) complex and the stibane. The 
IR spectrum of the new compound 17 does not show a 
C=N stretching absorption near 2100 cm-' but displays (in 
KBr) a sharp band at 1641 cm-'. This observation indicates 
that the [Rh(PhC=CPh)(CNMe)] moiety was transformed 
into a metallacyclobutene ring containing an exocyclic 
C=N bond. Moreover, since the 'H-NMR spectrum sup- 
ports the coordination of a SbiPr3 ligand to the metal cen- 

tre, the structure shown in Scheme 3 can be assigned to 17. 
Although there is precedence for the insertion of isocyan- 
ides into metal-alkyne bond~[~ ,v ,  we note that in previous 
investigations it had never been proved whether the coordi- 
nation of the isocyanide precedes the insertion process. 
Such an insertion definitely occurs in the formation of 17 
from the in situ generated compound 12 and SbiPr,. It 
should be mentioned that the addition of a twofold excess 
of the stibane to a solution of 5 and CNMe not only facili- 
tates the formation of 17 but also slightly increases the yield 
of the metallacyclobutene product. 

Scheme 3 
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In order to confirm the cyclic structure proposed for 17, 
an X-ray crystal structure investigation was undertaken. As 
is illustrated in Figure 1, the molecule indeed contains a 
four-membered RhCi ring which is perfectly planar. While 
one of the bond angles (Cl-Rh-C3) of the metallacyclo- 
butene unit is significantly smaller than 90", the three 
others are largcr and lie between 95.7(2)" and 100.6(2)". 
The atoms N, C5 and CI1 are almost coplanar with the 
four-membered ring with a maximum deviation from the 
ring plane at C5 and Cl1 of 0.135 A. The bond length 
C1 -C2 is slightly shorter and the distance C2-C3 slightly 
longer than in the related cobaltacyclobutenes [C5H5Co- 
{ K ~ ( C ,  C)-C(=NC6H4-4-Me)CPh= C(C02Me)f(PPh3)] 
and [C5H5Co{~'(C?, C)-C(=NC6H,-4-Me)C(C02Me)= 
CPh} (PPh3)]['"l. This finding indicates that the n-electron 
delocalization in 17 might be more pronounced. Further- 
more, not only the metallacyclobutene but also the cyclo- 
pentadienyl ring is planar, the dihedral angle between the 
two planes being 47.8(1)". 

The reaction of 5 with an excess of methylisocyanide in 
pentane at room temperature does not lead to 17 but af- 
fords instead the metallacycle 18 in 90% yield. The yellow 
crystalline compound is only moderately air-sensitive and 
remarkably thermally stable, decomposing at 186 "C. In 
contrast to the IR spectrum of 17, the spectrum of 18 does 
not only display a C=N stretching frequency at 1595 crn-l, 
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Figure 1. Molecular structure of 17; selected bond lengths [A] and 
angles [“I: Rh-Sb 2.5177(3), Rh-C1 2.067(3), Rh-C2 2.649(3), 
Rh-C3 2.053(3), Rh-C17 2.235(3), Rh-C18 2.243(3), Rh-C19 
2.278(31. Rh-C20 2.286(4). Rh-C21 2.289(3). C1 -C2 1.465(4). 
C2-Cf‘ 1.360(4), C l - N ’  1.260(3), C4-N”1.453(5), C2-C5 
1.473(4), C3-Cll 1.457(41; Sb-Rh-Cl 89.41171. Sb-Rh-C3 
88.85(7), C1 -Rh-C3 63.-7(1), Rh-Cl-C2 95.7(2), Rh-C3-C2 
99.2(2). Rh-C1-N 136.6(2). Rh-C3-C11 129.9(21. Cl-C2-C3 
100.6(2), Cl-N-C4 119.8(3). C2-C1-N 127.6(3),’C2-C3-Cll 

130.3(2), Cl-C2-C5 127.7(2), C3-C2-C5 131.7(3) 
r 
L 
13 r 
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which is assigned to the exocyclic methylimino groups, but 
it also displays a C-N absorption at 2189 cm-’; this con- 
firms the presence of a methylisocyanide ligand. In agree- 
ment with the structure proposed for 18 (see Scheme 3), the 
‘H-NMR spectrum shows, in addition to the signals of the 
CSH5 and ChH5 protons, two methyl resonances at F = 3.53 
and 1.75 in the ratio of 2 :  I which are assigned to the pro- 
tons of the =NCH3 and CNCH3 groups, respectively. 

Complex 18 can not only be prepared from 5 and excess 
methylisocyanide but also on treatment of 17 with two 
equiv. of CNMe. In the same way the reaction of 17 with 
CNtBu yields the metallacycle 19. Due to the ‘H and I3C- 
NMR spectroscopic data of 19 there is no doubt that one 
of the tert-butylisocyanide molecules is coordinated to the 
metal while the other has inserted into the Rh-C(Ph) bond 
to form the five-membered ring. With regard to the mech- 
anism of formation of 18 and 19 from 17 we assume that 
initially the stibane is displaced by CNR to give a metalla- 
cyclobutene derivative containing a metal-bonded isocyan- 
ide. This intermediate further reacts by insertion of the 
CNR ligand into the four-membered ring to yield a coordi- 
natively unsaturated metallacyclopentene, which on ad- 
dition of a second CNR molecule affords the final product. 
We note that with cobalt as the metal centre a compound 
of the composition [CjHjCo{K2(C,C)-C(=NPh)CPh= 
CPhC( =NPh))], formed as an intermediate from [C5H5- 
Co(PhC=CPh)(PPh,)] and two equiv. of CNPh, has been 
isolated and characterized by X-ray structural a n a l y ~ i s [ ~ ~ , ~ ] .  

The tert-butylisocyanide complex 14 reacts with a three- 
fold excess of CNMe or CNtBu to give the metallacyclo- 

pentene derivatives 20 and 21 in nearly quantitative yield 
(Scheme 4). Although we followed the reaction by ‘H- 
NMR spectroscopy, we failed to identify a metallacyclobut- 
ene compound, related in structure to 17, as an intermedi- 
ate. Nevertheless, the fact that only complex 20 and not the 
isomeric species [C,H,R~(K~(C,C)-C(=NM~)CP~=CP~C- 
(=NMe)}(CNtBu)] is formed from 14 and CNMe, supports 
the assumption that it is the coordinated isocyanide and 
not the incoming substrate that is initially inserted into the 
rhodium-alkyne bond. In agreement with the synthesis of 
18 from 5 and excess methylisocyanide (see Scheme 3), the 
metallacyclopentene complex 21 can similarly be prepared 
from 5 and CNtBu. 

Scheme 4 
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To show that double insertion of either CNMe or CNtBu 
into the Rh-C bond of a Rh(RC=CR’) unit is not restric- 
ted to R = R’ = Ph, the reactions shown in Scheme 5 have 
been performed. Under the same conditions as used for the 
preparation of 18 and 21, the metallacyclopentenes 22 and 
23 were obtained in good to excellent yield. In contrast to 
22, the IR spectrum of 23 (in hexane) displays two bands 
in the v(C=:N) region, which is rather surprising with re- 
gard to the coordination of only one CNtBu ligand. A simi- 
lar double splitting, however, has already been observed in 
the case of ~~~~s- [R~CI(CNR)(PR;)~] [ ’  .*I and 
[C5H5Rh(C2H4)(CNtBu)][91 as well as for half-sandwich 
type arenechromium isocyanide compounds[l01. 
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The molecular structure of the metallacyclopentene de- 
rivative 18, formed by ring expansion from 17, is shown in 
Figure 2. In contrast to the related cobalt complex 
[C5H5Co{~2(C,  C)-C( =NR)CPh=CPhC(=NR)} (CNR)] 
(R = 2,6-dimethyl-C6H3)[4c1, which contains a nearly planar 
CoC4 framework (Figure 3), the five-membered RhC4 ring 
2f 18 is considerably tilted; the rhodium atom lies 0.54(1) 
A above the plane of the four carbon atoms. As expected, 
the three bonds of the C1 -C3-C2-C4 unit show a long- 
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short-long sequence with C-C single and C=C double 
bond lengths, which are similar to those of tlie four-mem- 
bered ring of 17. The molecule as a whole has a piano stool 
configuration with C-Rh-C angles of 80.5(2), 85.6(2) and 
89.6(2)", respectively. Both the Rh-C19-N3 and 
C19-N3-C20 axes are almost linear. The distance 
Rh-C19 [1.914(7) A] is relatively short, indicating some 

Figure 2. Molecular structure of 18; selected bond lengths [A] and 
angles ["I: Rh-CI 2.035(6), Rh-C4 2.022(6), Rh-C19 1.914(7), 
Rh-C21 2.289(7), Rh-C22 2.199(7), Rh-C23 2.256(6), Rh-C24 
2.325(6), Rh-C25 2 345(6), C1-NI 1 256(7), CI-C3 1.494(8), 
C2-C3 1.344(8), C2 -C4 1.481(8), C4-N2 1.267(7), NI-C5 
1.453(8), N2-C6 1.455(8), C2-C7 1.487(8), C3-C8 1.478(8), 
C19-N3 1.149(8), C20-N3 1.430(8); Cl-Rh-C4 80.5(2), 
CI-Rh-C19 85.6(2), C4-Rh-C19 89.6(2), Rh-C1-C3 lll.l(4), 
Rh-C1-Nl 129.5(5), Rh-C4-C2 112.0(4), RhkC4GN2 
129.7(5), Rh-C19-N3 174.8(6), Cl-N1-C5 122.8(5), 
C4GN2pC6 121.2(6), ClbC3GC2 115.2(5), C4-C2-C3 115.7(5), 
CI-C3-C8 120.0(5), C4-C2-C7 120.8(5), C19-N3-C20 

175.2(7) 

c22 

cia 11 

Figure 3. Side view of the inolecular structure of 18 and the related 
cobalt complex [C5H,Co { K2( C, Q-C( =NR)CPh=CPhC( =NR)} - 
(CNR)] (R = 2,6-dimcthyl-C6H3) (the substituents on the metalla- 
cycle and the NR fragments of the isocyanide ligands are omitted 

for clarity) 

C 

back-bonding from the metal to the isocyanide, although 
the rhodium is in the +3 oxidation state. 

Conclusions 

The work presented in this paper has confirmed that the 
double insertion of isocyanides into the rhodium-alkyne 
bond of half-sandwich type complexes [C5H5Rh- 
(RC=CR')(SbiPr,)] occurs stepwise to give metallacyclo- 
pentenes via intermediate metallacyclobutenes. The inser- 
tion is preceded by the coordination of the isocyanide to 
rhodium and, therefore, the presence of a weakly bonded 
ligand such as SbiPr3 in the starting material is necessary. 
Under the conditions used for the preparation of the metal- 
lacyclopentenes 18 and 21, PiPr3 cannot be displaced by 
CNMe or CNtBu; therefore the phosphane-substituted 
compounds [C,H,Rh(RC-CR)(PiPr,)] (R = Me, Ph)[3a3b1 
are completely inert toward CNMe and CNtBu. A remark- 
able facet of this work regarding the reactivity of alkyne- 
rhodium complexes 5-8 is that isocyanides are much more 
suitable than CO for insertion reactions, although both 
types of ligands possess similar donor-acceptor properties 
and easily displace SbiPr, in the starting complexes. 

This work was supported by the Deutsche Forschungsgemein- 
schaft (SFB 347) and the Fonds der Chemischen Industrie. We also 
thank Degussa AG for generous gifts of chemicals, Mrs. R. Schedl 
and Mr. C. I? Kneis for elemental analyses and DTA nieasurc- 
ments, and Dr. G Lunge and Mr. F: Dadrich for recording the 
mass spectra. 

Experimental 
All opcrations were carried out under argon with the Schlenk- 

tubc technique. The starting materials 1-4 were prepared by pub- 
lished procedures[']. - IR: Perkin-Elmer 1420. - NMR: Bruker 
AC 200 and AMX 400. - MS: Varian CH7 MAT and Finnigan 
90 MAT (70 eV). 

I .  Preparufion of[C,H,Rli(PhC=CPh) (SbiPr,)] (5): A solution 
of 118 mg (0.14 mmol) of 1 in 15 nil of THF was treated with 62 
mg (0.70 mmol) of NaC5H5 and stirred for 1.5 h at room temp. 
The solvcnt was removed in vacuo, and the residue was extracted 
with 15 ml of pentane. The extract was concentrated to ca. 4 ml 
and the solution was stored at -78°C for 20 h. Red crystals pre- 
cipitated, whch were separated from the mother liquor, repeatedly 
washed with pentane (-20°C) and dried in vacuo; yield 73 mg 
(87%), m.p. 90°C (dec.). - IR (KBr): 0 = 1815 c m ~  [v(C=C)]. - 

7.15 (m, 4H, meta-H of C6HS), 6.96 (m, 2H,para-H of C6H5), 5.14 
(s, 5H, C5H5), 1.41 [sept, 3H, J(HH) = 7.3 Hz, SbCHCH31. 0.84 

MHz): 6 = 134.55 (s, @so-C of CsH5), 132.15, 128.0, 125.9 (each 

'H NMR (C6D6, 200 MHz): 6 = 8.17 (m, 4H, ortho-H of C6H5), 

[d, ISH, J(HH) = 7.3 Hz, SbCHCH31. I3C NMR (C&, 50.3 

S, ChHS), 88.2 [d, J(RhC) = 17.1 Hz, CEC], 81.95 [d, J(RhC) = 
3.7 Hz, CSHs], 21.35 (s, SbCHCH3), 17.6 [d, J(RhC) = 3.7 Hz, 
SbCHCH3]. - C28H36RhSb (597.3): calcd. C 56.31, H 6.08; found 
C 56.37, H 6.05. 

2. Preparation of (C ,H ,Rh(PhC~CSi ,~~ .~ )  (ShiPr,)] (6): A 
solution of 162 mg (0.20 mmol) of 2 in 15 ml of THF was treated 
with 88 mg (1 .OO mmol) of NaCsHs and stirred for 30 min at room 
temp. The solvent was removed in vacuo, and the residue was ex- 
tracted with 15 ml of pentane. The extract was brought to dryness 
in vacuo, the oily residue was dissolved in 1 ml of hexane, and tlie 
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solution was chromatographed on A1203 (neutral, activity grade 
111, height of column 6 cm). With hexane, an orange-red fraction 
was eluted from which, after removal of the solvent, an orange oil 
was isolated; yield 95 mg (80%). - IR (hexane): ? = 1808 cm-' 

H of C6Hs), 7.26 (m, 2H, meta-H of C6H5), 7.12 (m, 1 H, para-H 
of C&), 5.24 (s, 5H, C5Hs), 1.76 [sept, 3H, J(HH) = 7.3 Hz, 
SbCHCH3], 1.08 and 1.03 [both d, 18H, J(HH) = 7.3 Hz, 

MHz): 6 = 134.45 (s, @so-C of C6H5), 132.6, 127.9, 126.5 (each s, 

[V(c=c)]. - 'H NMR (C6D6, 200 MHz): 6 = 8.05 (m, 2H, ortho- 

SbCHCH,], 0.45 [s, 9H, Si(CH3),]. - NMR (C6D6, 50.3 

C6H5), 111.9 [d, J(RhC) = 17.4 Hz, CEC], 81.4 [d, J(RhC) = 3.3 
Hz, CSH=,], 77.45 [d, J(RhC) = 13.1 Hz, C-c], 21.6, 21.5 (both S, 

SbCHCH3). 17.6 [d, J(RhC) = 2.2 Hz, SbCHCH31, 1.3 [s, 
Si(CH3)3]. - 29Si NMR (79.50 MHz, C6D6): 6 = -13.8 [d, 
J(RhSi) = 2.4 Hz]. - C25H40RhSbSi (593.3): calcd. C 50.61, H 
6.80; found C 50.83, H 6.86. 

3. Preparation of [C5H,Rh(Me3SiC=CC02Et) (SbiPr3) ] (7): 
Compound 7 was prepared analogous to 6 by using 95 mg (0.12 
mmol) of 3 and 53 mg (0.60 mmol) of NaC5H5 as starting mate- 
rials; orange-red oil, yield 53 mg (75%). - IR (hexane): ? = 1786 

6 = 5.16 (s, 5H, C,H,), 4.19 [dq, 1 H, J(HaHa') = 10.8, J(HdHb) = 

7.2 Hz, C02CHdHa'CH!j'], 4.14 [dq, lH ,  J(H"H"') = 10.8, 
J(Hd'Hb) = 7.2 Hz, CO2CHaHd'CH?], 1.76 [sept, 3H, J(HH) = 7.3 

cm-' [\/(C=C)], 1687 [v(C=O)]. - 'H NMR (C6D6, 200 MHz): 

Hz, SbCHCH31, 1.15, 1.12 [both d, 18H, J(HH)= 7.0 Hz, 
SbCHCH31, 1.10 [t, 3H, J(HH) = 7.2 Hz, CO~CHZCH~], 0.37 [s,  
9H, Si(CH3)3]. - l3C NMR (C6D6, 50.3 MHz): 6 = 164.2 (S, 

C02CH2CH3). 102.0 [d, J(RhC) = 19.1 Hz, CEC], 100.5 [d, 
J(RhC) = 12.7 Hz, C-c], 81.6 [d, J(RhC) = 3.8 Hz, C,H,], 60.15 
(s, C02CHZCH3), 21.5,21.4 (both S ,  SbCHCH3), 17.7 [d, J(RhC) = 

2.5 Hz, SbCHCH?]. 14.6 (s, C02CH2CH3), 0.4 [s, Si(CH3)3]. - 
C22H4002RhSbSi (589.3): calcd. C 44.84, H 6.84; found C 44.60, 
H 6.80. 

4. Preparation of (C5H,Rh(MeC-CPh) (ShiPr3) J (8): Com- 
pound 8 was prepared analogous to 6 by using 130 mg (0.17 mniol) 
of 4 and 75 mg (0.85 mmol) of NaCsH5 as starting materials: or- 
ange-red oil, yield 58 mg (63%). - IR (hexane): ? = 1857 cm-' 
[v(C=C)]. - 'H NMR (C6D6, 200 MHz): 6 = 7.77 (m, 2H, ortho- 
H of c&5), 7.20 (m, 2H, metu-H Of C6H5), 7.02 (m, 1 H, Para-H 
of C&,), 5.20 [d, 5H, J(RhH) = 0.6 Hz, CSH,], 2.51 [d, 3H, 
J(RhH) = 0.7 Hz, =CCH3], 1.72 [sepl, 3H, J(HH) = 7.3 Hz, 
SbCHCH3], 1.08 and 1.05 [both d, 18H, J(HH) = 7.3 Hz, 

of C6Hs), 131.6, 127.8, 124.8 (each s, C6Hs), 83.4 [d, J(RhC) = 
SbCHCH3I. - NMR (ChD,, 50.3 MHz): 6 = 134.5 (s, ips0-C 

15.7 Hz, C-C], 81.7 [d, J(RhC) = 3.8 Hz, CSHS], 71.3 [d, 
J(RhC) = 16.4 Hz, C-c], 21.5, 21.45 (both S, SbCHCH3), 17.7 (s, 
S C H J ) ,  17.5 [d, J(RhC) = 2.9 Hz, SbCHCH,]. - C23H34RhSb 
(535.18): calcd. C 51.62, H 6.40; found C 51.68, H 6.49. 

5. Preparation of [C,H,Rh(PhC=CPh)(CO) J (9): A slow 
stream of CO was passed for 2 min through a solution of 89 mg 
(0.15 mmol) of 5 in 15 in1 of pentane. After the solution was stirred 
for 4 h at room temp., the solvent was removed in vacuo, the resi- 
due was dissolved in 2 ml of hexane, and the solution was chroma- 
tographed on A1,03 (neutral, activity grade V, height of column 4 
cm). With hexane, a brigth-yellow fraction was eluted, which was 
brought to dryness in vacuo. The residue was dissolved in 3 ml of 
ether and then stored for 2 d at -78°C. Yellow crystals were 
formed, which were separated from the mother-liquor, washed with 
small quantities of pentane (-20OC) and dried in vacuo; yield 47 
mg (84%), m.p. 110°C (dec.). - IR (hexane): 0 = 1995 cm-I 

(ni, 4H, ortho-H of C6Hs), 7.20 (rn, 4H, metu-H of C6H5): 7.08 

Chenz. Ber. 1996, 129, 903-910 

[V(CO)], 1860 [v(C=C)]. - 'H NMR (C6D6, 200 MHz): 6 = 7.94 

(m, 2H, j7ara-H of C6H5), 5.09 (S, 5 H, CSH,). - 13C NMR (C6D6, 
50.3 MHz): 6 = 190.75 [d, J(RhC) = 86.7 Hz, RhCO], 130.45 (s, 
QS0-c Of CrjH,), 132.7, 128.4, 127.65 (each S, C6H5), 88.7 [d, 
J(RhC) = 2.9 Hz, CSHs], 82.3 [d, J(RhC) = 13.6 Hz, C-C]. - 

MS; m/z (Ir): 374 (6, M'), 346 (40, M+ - CO), 178 (72, CZPh;), 
168 (100, CSHsRh'), 103 (15, Rh+). - C20H1s0Rh (374.2): calcd. 
C 64.19, H 4.04; found C 63.78, H 4.30. 

6. Preparation of [C,-H,Rh(PhC=CSiMe,)(CO) J (10): Com- 
pound 10 was prepared analogous to 9 by using 147 mg (0.25 
mmol) of 6 and 15 ml of pentane; yellow crystalline solid; yield 76 
mg (82%), m.p. 97°C (dec.). - IR (hexane): ? = 1990 cm.-l 
[v(CO)], 1870 [v(C-C)]. - 'II NMR (C6D6, 200 MHz): 6 = 7.90 
(m, 2H, ortho-H of C&), 7.21 (In, 2H, meta-H of C6Hs), 7.13 
(m, 1 H, para-H of C6H5), 5.15 (s, br, 5H, C5H5), 0.37 [s, 9H, 
Si(CH3)3]. - I3C NMR (C6D6, 50.3 MHz): 6 = 191.3 [d, J(RhC) = 
86.7 Hz, RhCO], 133.45, 132.2 (both S, C6H5), 130.1 (s, ip~0-C of 
C~HS), 128.3 (s, C6H5), 102.9 [d, J(RhC) = 16.6 Hz, CEC], 88.2 
[d, J(RhC) = 3.5 Hz, CSH,], 72.55 [d, J(RhC) = 11.7 Hz, C E ~ ,  
0.4 [s, Si(CH3)3]. - 29si NMR (79.50 MI-lz, C6D6): 6 = -11.4 [d, 
J(RhSi) = 1.6 Hz]. - C17H190RhSi (370.3): calcd. C 55.14, H 5.17; 
found C 55.20, H 5.19. 

7. Preparation of [C,5H,Rh(Me.TSiC-CC02Et) (CO) J (11): 
Compound 11 was prepared analogous to 9, by using 183 mg (0.31 
mmol) of 7 in 15 ml of pentane; orange-yellow oil, yield 94 rng 
(83%)). - IR (hexane): ? = 1985 cni-l [v(CO)], 1850 [v(C-C)], 
1687 [v(C=O)]. - 'H NMR (C6D6, 400 MHz): 6 = 5.07 (s, 5H, 
CSHS), 4.07 [dq, l H ,  J(HdHd') = 10.8, J(H"Hb) = 7.2 Hz, C02- 

CO,CH*H"'CH?], 0.97 [t, 3H, J(HH) = 7.2 Hz, CO2CH,CH3], 
CETHa'CH9], 4.03 [dq, lH ,  J(H"H"') = 10.8, J(H"'Hb) = 7.2 Hz, 

0.39 [s, 9H, Si(CH3),]. - 13C NMR (C6D6, 50.3 MHz): 6 = 190.6 
[d, J(RhC) = 85.5 Hi.., RhCO], 161.8 (d, J(RhC) = 2.0 Hz, 
C02CH2CH3), 93.4 [d, J(RhCj = 18.4 Hz, C-C], 88.5 [d, 

(s, C02CH2CH3), 14.2 (s, C02CH2CH3), -0.5 [s, Si(CH3)3]. - 29Si 
NMR (79.50 MHz, C6D6): 6 = -11.9 [d, f(RhSi) = 1.6 Hz]. - 
CI4Hl9O3RhSi (366.3): calcd. C 45.91, H 5.23; found C 45.98, H 
5.29. 

8. Preparation of [C,H,Rh(PhC-CPh) (CNMe) J (12): A solu- 
tion of 134 mg (0.22 mmol) of 5 in 15 ml of pentane was treated 
at -78°C with 12 pl (0.22 mmol) of CNMe. The solution was 
stirred for 30 min and during this time warmed to room temp. A 
change of color from red to orange-yellow occurred. The solvent 
was removed in vacuo, the oily residue was dissolved in 2 ml of 
hexane, and the solution was chromatographed on A1203 (neutral, 
activity grade V, height of column 5 cm). With hexane, a red frac- 
tion was eluted that contained the remaining starting material 5. 
With hexanelbenzene (1:l) a yellow fraction was obtained from 
which after cvaporation of the solvent and recrystallization of the 
oily residue from ether at -78 "C yellow crystals were isolated; yield 
47 mg (55%). - IR (KBr): ? = 2133 cm-' [v(CN)], 1820 [v(C-C)]. 

7.30 (m, 4H, meta-H of C6HS), 7.15 (m, 2H, para-H of C6HS), 5.40 
Is, br, SH, C5H5], 1.77 [d, 3H, J(RhH) = 0.7 Hz, CNCH3]. - I3C 

128.4, 126.7 (each s, C6Hs), 88.2 [d, J(RhC) = 15.6 Hz, C-C], 
86.3 [d, J(RhC) = 3.6 Hz, CSHs], 28.3 (s, RhCNCH3), signal of 
RhCNCH3 not observed. - C21H18NRh (387.3): calcd. C 65.13, 
H 4.68, N 3.62; found C 65.44, H 4.72, N 3.60. 

9. Preparation of [CrH,Rh(PhCECSiMe,liCNhle) J (13): A 
solution of 94 mg (0.16 mmol) of 6 in 10 ml of pentane was treated 
at -40°C with 21 pI(0.38 mmol) of CNMe. After the solution was 
warmed to room temp., it was stirred for 1 h, then concentrated to 

J(RhC) = 3.5 Hz, CSHS], 87.8 [d, J(RhC) = 11.4 Hz, C G q ,  61.45 

- 'H NMR (C6D6, 200 MHz): 6 = 8.25 (m, 4H, ortho-H of C6H5), 

NMR (C6D.5, 50.3 MHz): 6 = 132.9 (s, ips0-C of CsH,), 132.7, 
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ca. 3 ml in vacuo, and chromatographed on A1203 (neutral, activity 
grade V, height of column 5 cm). With hexane, a yellow fraction 
was eluted which was brought to dryness in vacuo. The residue was 
recrystallized from ether at -78°C to give yellow crystals; yield 50 
mg (82%), m.p. 65 "C (dec.). - IR (KBr): 0 = 2096 cm-' [v(CN)], 

H of C&), 7.24 (m, 2H, meta-H of C6H5), 7.10 (m, 1 H. para-H 
1830 [V(cEc)]. - '€1 NMR (CsD6, 200 MHz): 8.19 (m, 2H, ortho- 

of C,H,), 5.35 [d, 5H, J(RhH) = 0.7 Hz, C,HS], 1.95 (s, 3H, 
CNCH,), 0.50 [s, 9H, Si(CH,),]. - I3C NMR (C6D6, 50.3 MHz): 
6 = 151.4 [d, J(RhC) = 82.7 Hz, RhCNCH,], 132.45 (s, ip~0-C of 
C,Hs), 133.2, 128.15, 127.3 (each S, C6H5), 109.6 [d, J(RhC) = 17.8 
Hz, CzC], 85.8 [d, J(RhC) = 3.8 Hz, CSH51, 77.4 [d, J(RhC) = 
11.5 Hz, C-q ,  28.35 (s, RhCNCH,), 0.7 [s, Si(CH,),]. - 
C~~H12NRhSi (383.4): calcd. C 56.37, H 5.78, N 3.65; found C 
56.58, H 5.81, N 3.68. 

10. Preparation of[C3H5Rh(PhC=CPh) (GNtBu)] (14): A solu- 
tion of 107 mg (0.18 mmol) of 5 in 15 ml of pentane was treated 
with 75 pl (0.60 mmol) of CNtBu and stirred for 2 h at room temp. 
The solvent was removed in vacuo, the residue was dissolved in 5 
ml of hexane, and the solution was chromatographed on Al,03 
(neutral, activity grade V, height of column 5 cm). With hexane, an 
almost colorless fraction containing triisopropylstibane, and with 
hexane/benzene (1:3), a yellow fraction was eluted. The latter was 
brought to dryness in vacuo, and the residue was recrystallized 
from ether at -78°C to give yellow crystals; yields 69 mg (89%), 
m.p. 108°C (dec.). - IR (hexane): 5 = 2110, 2065 cm-l [v(CN)], 

ortho-H of C&j, 7.28 (m, 4H, rnPta-H of C6H5), 7.12 (m, 2H, 
para-H of C6H5), 5.38 (s, 5H, CjHj), 0.67 [s, 9H, CNC(CH3),]. - 
13C NMR (C6D6, 50.3 MHzj: 6 = 151.0 [d, J(RhC) = 81.8 Hz, 

(each s, C6H5), 88.2 [d, J(RhC) = 14.6 Hz, C-C], 86.4 [d, 

RhCNC(CH3)3]. - CZ4Hz4NRh (429.4): calcd. C 67.84, H 5.93, N 
3.26; found C 66.71, H 5.46, N 3.18. 

1835 [v(C=C)]. - 'H NMR (C6D6, 200 MHz): 6 = 8.21 (m, 4H, 

RhCNC(CH3)3], 132.9 (s, ips0-C of C,H,), 132.4, 128.2, 126.5 

J(RhC) = 2.4 Hz, C,H,], 56.3 [s, RhCNC(CH3)3], 30.6 [s, 

11. Preparation of [C5H5Rh(PhC=CSiMe3)/CNtBu)] (15): A 
solution of 116 mg (0.20 mmol) of 6 in 20 ml of pentane was treated 
with 45 pl (0.40 mmol) of CNtBu and stirred for 3 h at room temp. 
The solvent was removed in vacuo, the oily residue was dissolved 
in 2 ml of hexane, and the solution was chromatographed on A1203 
(neutral, activity grade V, height of column 4 cm). With hexane, a 
yellow fraction was eluted from which after evaporation of the sol- 
vent and recrystallisation from pentane at -78 "C, yellow crystals 
were isolated; yield 73 mg (86'%), m.p. 91 "C (dec.). - IR (KBr): 
5 = 2100, 2057 cm-' [v(CN)], 1848 [v(C=C)]. - 'H NMR (C6D,, 
400 MHz): 6 = 8.13 (m, 2H, ortho-H ofC,H,), 7.23 (m, 2H, meta- 
H of C6H5). 7.09 (m, 1 H, pa~u-H of C6H5). 5.34 [d, 5 H, J(RhH) = 
0.7 Hz, C,H,], 0.79 [s, 9H, CNC(CH,),], 0.50 [s, 9H, Si(CH,),]. - 
13C NMR (100.6 MHz, C6Ds): 6 = 152.7 [d, J(RhC) = 82.5 Hz, 
RhCNC(CH3),], 133.0 (s, ortho-C of C6HS), 132.6 (s, ipso-C of 

C=C], 85.9 [d, J(RhC) = 4.0 Hz, C5H,], 77.7 [d, J(RhCj = 12.1 

[s, Si(CH3)3]. - 2ySi NMR (79.50 MHz, C6Ds): 6 = -13.1 [d, 
J(RhSi) = 2.4 Hz]. - MS; m / z  (I,): 425 (4, M+), 342 (3, M+ - 
CNtBu), 251 (4, M+ - PhC,SiMe:), 195 (100, CSHSRhCNHf), 
174 (3, PhC,SiMe:), 168 (7, C5H3Rhf). - C21H28RhNSi (425.5): 
calcd. C 59.29, H 6.63, N 3.29; found C 59.39, H 6.61, N 3.34. 

C6H5), 127.9, 127.1 (both S, c6H5), 109.6 [d, J(RhC) = 17.1 Hz, 

Hz, CEC], 55.9 [s, RhCNC(CH&], 30.85 [s, RhCNC(CH&], 0.9 

12. Prepamtion oj' [C3H3 Rk (Me,SiC= CC02 Et)  (CNtBu)] (16): 
Compound 16 was prepared analogous to 14 by using 84 mg (0.14 
mmol) of 7 and 19 p1 (0.17 mmol) of CNtBu; orange-yellow oil; 
yield 44 mg (75%). - IR (hexane): 0 = 2100, 2070 cm-' [v(CN)], 

1823 [v(C=C)], 1698 [v(C=O)]. - 'H NMR (C6D6, 400 MHz): 6 = 

Hz, C02CHoH"'CII:], 4.12 [dq, 1 H, J(HaH"') = 10.9, J(H"'Hb) = 
7.2 Hz, C02CHaHa'CHg], 1.03 [ t ,  3H, J(HH) = 7.2 Hz, 

13C NMR (CsD,, 100.6 MHz): 6 = 164.1 [d, J(RhC) = 1.0 Hz, 
C02CH2CH31, 148.5 [d, J(RhC) = 81.5 Hz, RhCNC(CH3),], 99.4 

5.27 (s, 5H, CSHS), 4.15 [dq, lH ,  J(HaHa') = 10.9, J(H"Hb) = 7.2 

C02CH2CH31, 0.91 [s, 9H, CNC(CH3),], 0.41 [s, 9H, Si(CH&]. - 

[d, J(RhC) = 19.2 Hz, C=C], 93.6 [d, J(RhC) = 12.07 Hz, C-c], 
85.9 [d, J(RhC) = 3.5 Hz, C5H5], 60.6 (s, CO,CH,CH,), 56.2 [s, 
RhCNC(CH,),], 30.7 [s, RhCNC(CH,),], 14.15 (s, C02CHZCH3), 
0.1 [s, Si(CH3),]. - C18H28NOZRhSi (421.4): calcd. C 51.30, H 
6.70, N 3.32; found C 51.56, H 6.87, N 3.14. 

13. Preparation of [ C5H5Rh {$( C, C)-C( =NMe) CPh = CPh}- 
(SbiPr3j] (17): (a) A solution of 107 mg (0.18 mmol) of 5 in 20 
ml of pentane was treated at -78°C with 10 pl (0.18 mmol) of 
CNMe. After warming to room temp., the solution was stirred for 
1.5 h, and then the solvent was removed in vacuo. The oily residue 
was dissolved in 2 ml of hexane, and the solution was chromato- 
graphed on A1203 (neutral, activity grade V, height of column 5 
cm). With hexanelbenzene (1:4j, an orange fraction was eluted; 
after evaporating of the solvent an oily residue was obtained. It 
was recrystallized from ether at -78°C to give orange crystals; 
yield 78 mg (68%). - (b) A solution of 158 mg (0.26 mmol) of 5 
in 20 ml of pentane was treated at -78°C first with 108 p1 (0.52 
mmol) of SbiPr, and then with 15 pl(0.26 mmol) of CNMe. After 
the solution was warmed to room temp. and then stirred for 1 h, 
it was worked up as described for (a); yield 130 mg (78%), m.p. 
120°C (dec.). - IR (KBr): 5 = 1641 cm-' [v(C=wJ. - 'H NMR 
(C6Dbr 400 MHz): 6 = 8.11 (m, 2H, ortho-H of C6Hs), 7.61 (m, 

2H,pam-H of C6H5), 5.17 (s, 5H, C5H5), 3.36 (s, 3H, C=NCH3), 
1.92 [sept, 3H, J(HH) = 7.4 Hz, SbCHCH3], 1.08, 1.05 [both d, 
18H, J(HH) = 7.4 Hz, SbCHCH,]. - I3C NMR (C6D6, 100.6 
MHz): 6 = 151.3 [d, J(RhC) = 2.8 Hz, RhC(=NCH,jC], 149.8 [d, 

[d, J(RhC) = 27.7 Hz, RhC(CbHs)], 135.0 [d, J(RhC) = 2.8 Hz, 

2H, ortho-H Of  C6H5), 7.13 (m, 4H, nzeta-H O f  CsHs), 6.92 (m, 

J(RhC) = 20.8 Hz, RhC=NCH3], 147.5 (s, @.To-C Of C,jH5), 144.5 

QS0-C Of  C&,], 128.8, 128.7, 128.0, 127.9, 126.1, 125.8 (each S, 

C&5), 85.4 [d, J(RhC) = 3.4 Hz, CSH5], 47.6 [d, J(RhC) = 2.5 Hz, 
C=NCH,], 21.4, 21.3 (both S, SbCHCH3), 18.4 [d. J(RhC) = 2.3 
Hz, SbCHCH31. - C30H39NRhSb (638.3): Cdlcd. C 56.45, H 6.16, 
N 2.19; found C 56.69, H 6.08, N 2.09. 

14. Preparation of [C5H,Rh ($( C, C)-C( = NMe) CPh= CPhC- 
(=NMe)}(CNMe,J] (18): (a) A solution of 105 mg (0.18 mmol) 
of 5 in 20 ml of pentane was treated with 53 pl (0.90 mmol) of 
CNMe and stirred for 8 h at room temp. A change of color from 
red to yellow occurred and a light-yellow solid precipitated. The 
precipitate was separated from the mother liquor, repeatedly 
washed with pentane (2 ml each), and recrystallized from toluene 
to give yellow crystals; yield 77 mg (91 YO). - (b) A solution of 95 
mg (0.15 mmol) of 17 in 25 ml of pentane was treated with 34 p1 
(0.61 mmol) of CNMe, stirred for 7 h at room temp. and worked 
up as described for (a); yield 65 mg (92%), m.p. 186°C (dec.). - 
IR (KBr): 5 = 2189 cm-' [v(CN)], 1595 [v(C=Nj]. - 'H NMR 

4H, nzeta-H of C6H5), 6.96 (m, 2H, para-H of CsH5), 5.27 (s, br, 
(C6D6, 200 MHZ): 6 = 7.52 (m, 4H, Ortho-H Of C6H5), 7.10 (m, 

5H, CSH,), 3.53 (s, 6H, C=NCH3), 1.75 [d, 3H, J(RhH) = 1.1 Hz, 
CNCH31. - 13C NMR (C6D6, 50.3 MHz): 6 = 186.85 [d, 
J(RhC) = 33.1 Hz, CzNCH,], 163.0 [d, J(RhC) = 3.8 Hz, C=C], 
138.9 (S, ipso-c Of C,5H5), 131.4, 127.3, 126.5 (each S, CsHs), 90.45 
[d, J(RhCj = 2.5 Hz, CSHS], 45.6 (s, C=NCH3), 30.2 (s, 
RhCNCH,), signal of RhCNCH3 not observed. - MS; mlz (13: 
469 (2, M+j, 428 (4, Mf - CNMe), 387 (1, Mf - 2 CNMe), 346 
(1, MC - 3 CNMe), 250 (10, C,H,Rh(CNMe):), 209 (100, 
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GHWCNMe+) ,  178 (1, C2Ph2f), 168 (12, C5H5Rh+), 144 (2, 
RhCNMe+), 103 (2, Rh+). - C2sH24N3Rh (469.4): calcd. C 63.97, 
H 5.15, N 8.95; found C 63.77, H 5.19, N 8.75. 

15. Preparation of [C,H,Rh (."( C,C)-C(=NMe) CPh=CPhC- 
(=NtBu)J(CNtBu)/ (19): A solution of 118 mg (0.18 mmol) of 
17 in 20 ml of pentane was treated with 45 p1 (0.40 mmol) of 
CNtBu and stirred for 12 h at room temp. The solvent was removed 
in vacuo, the residue was dissolved in 5 ml or hexane, and the 
solution was chromatographed on A1203 (neutral, activity grade V, 
height of column 5 cm). With hexane, an almost colorless fraction 
containing triisopropylstibane, and with ether a yellow fraction was 
eluted and brought to dryness in vacuo. The residue was dissolved 
in 4 ml of ether, and after the solution had been stored for 12 h at 
-78"C, a yellow microcrystalline solid was obtained; yield 78 mg 
(78%), m.p. 117°C (dec.). - IR (KBr): P = 2135 cm-' [v(CN)], 
1590 [v(C=N)]. - ' H  NMR (C6D6, 400 MHz): 6 = 7.37 (m, 4H, 
ortho-H of CbH5), 7.07 (m, 4H, meta-H of C6H5). 6.96 (m, 2H, 
~ u ~ u - H  of C6H,), 5.32 (s, 5H, CjHS), 3.56 (s, 3H, CrNCH3). 1.48 
[s, 9H, C=NC(CH,),], 0.83 [s, 9H, CNC(CH3)3]. - 13C NMR 
(CbD6, 100.6 MHz): 6 = 186.65 [d, J(RhC) = 33.2 Hz, C=NCHJ, 
171.8 [d, J(RhC) = 34.2 Hz, C=NC(CI13)3], 166.1 [d, J(RhC) = 
3.0 Hz, C=C], 161.2 [d, J(RhC) = 2.0 Hz, C = q ,  143.1 [d, 

C6H5), 131.4, 131.2, 127.2, 126.8, 126.2, 126.0 (each s, C6H5), 92.0 
J(RhC) = 79.8 Hz, RhCNC(CH,),], 139.9, 139.3 (both S, ip~0-C of 

[d, J(RhC) = 2.3 Hz, CSH,], 57.1. 56.9 [both S, CNC(CH3)3], 48.0 
[s, C=NCH3], 31.4, 30.0 [both S, CNC(CH3)3]. - MS; mlz (Ir): 553 
(2.5, M+), 497 (2, Mf - CdHB), 470 (1, M' - CNtBu), 372 [2, 
C,HjRh(C,Ph,)(CN)+], 346 [l,  C5H5Rh(C2Ph2)+l9 292 [4, 
CjHjRh(CNMe)(CNtBu)+], 236 [loo, CsH5Rh(CNMe)(CNH)+], 
209 (I ,  C5H5RhCNMe+), 195 (3, CjHSRhCNH+), 178 (1, C2Ph2+), 
168 (5 ,  C5H5Rh+), 144 (2, RhCNMel), 103 (1, Rh+). - 
CllH36N3Rh (553.6): calcd. C 67.25, H 6.56, N 7.59; found C 
67.22, H 6.58, N 7.62. 

16. Preparation of [ C,5 H,Rh {d (C, C) -C( = NMe) CPh = CPh C- 
(=NtBu))(CNMcJ/ (20): A solution of 127 mg (0.30 mmol) of 14 
in 15 ml of pentane was treated with 50 pl (0.90 mmol) of CNMe 
and stirred for 12 h at room temp. A yellow solid precipitated which 
was worked up as described for 18; yield 135 mg (88%), m.p. 162°C 
(dec.). - IR (KBr): C = 2190 cm-' [v(CN)], 1595 [v(C=N)]. - 'H 

(m, 4H, metn-H of C,HS), 6.96 (m, 2H, para-H of C6H5), 5.33 (s, 
br, 5H, C5H5), 3.52 (s, 3H, C=NCH3), 1.89 [d, 3H, J(RhH) = 0.4 

NMR (ChDG, 400 MHz): 6 = 7.39 (m. 4H, ortho-I-I O f  C~HS), 7.07 

Hz,  CNCH31, 1.45 [s, 9H, C=NC(CH,),]. - l3C NMR (CeU,, 
100.6 MHz): 6 = 186.8 [d, J(RhC) = 33.2 Hz, C=NCH3], 171.9 
[d, J(RhC) = 34.2 Hz, C=NC(CH3)3], 166.1 [d, J(RhC) = 3.0 Hz, 
C=C], 161.3 [d, J(RhC) = 2.0 Hz, C = q ,  144.5 [d, J(RhC) = 78.5 

131.2, 127.2, 126.8, 126.2, 126.1 (each s, C~HS) ,  91.9 [d, J(RhC) = 

[s, C=NC(CH,),], 28.35 (s, RhCNC'H,). - MS; m/z (Ir): 511 (2, 
M+), 470 (2, M+ - CNMe), 372 [2, C5HSRh(C2Ph2)(CN)+], 346 
[2, C5H5Rh(C,Ph,)+], 292 [4, C,H,Rh(CNMe)(CNtBu) '1. 236 
[IOO, C,H5Rh(CNMe)(CNH)'], 209 (7, C.jH5RhCNMcf), 195 (3, 

RhCNMel). - C28H30N3Rh (511.5): calcd. C 65.75, H 5.91, N 
8.22; found C 65.73, H 5.92, N 8.20. 

Hz, RhCNCH31, 139.8, 139.2 (both S, ips0-C of CbH,), 131.4, 

2.2 Ilz, CSH,], 56.7 [s, C=NC(CH,),], 47.95 (s, C=NCH3), 31.35 

C5H5RhCNHt), 178 (2, C,Pht), 168 (10, CSH5Rh+), 144 (1, 

17. Preparation of (C5H&h/h2jC, C)-C(= NtBu)CPh=CPhC- 
(=NtBu))(CNtBu)] (21): (a) A solution of 134 mg (0.22 mmol) 
of 5 in 20 ml of pentane was treated with 124 p1 (1.10 mmol) of 
CNtBu and stirred for 3 d at room temp. The solvent was removed 
in vacuo, the residue was dissolved in 5 ml of hexanc, and the 
solution was chromatographed on &03 (neutral, activity grade v, 
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height of column 6 cm). With ether an orange-yellow fraction was 
eluted and brought to dryness in vacuo. After the solution had 
been stored for 12 h at -78 "C, a yellow microcrystalline solid pre- 
cipitated that was washed with pentane (-30°C) and dried in va- 
cuo; yield 109 mg (83Y0). - (b) A solution of 100 mg (0.23 mmol) 
of 14 in 20 ml of pentane was treated with 78 p1 (0.69 mmol) of 
CNtBu, stirred for 3 d at room temp., and worked up as described 
for (a); yield 112 mg (82%), m.p. 63°C (dec.). - IR (hexane): 5 = 
2123 cm-' [v(CN)], 1607 [v(C=N)]. - IH NMR (C6D6, 400 MHz): 
6 = 7.28 (m, 4H, ortho-H of C6H5), 7.06 (m, 4H, meta-H of C6H5), 
6.95 (m, 2H, para-H of C6H5), 5.38 [d, 5H, J(RhH) = 0.9 Hz, 
C&S], 1.49 [s, 18H, C=NC(CH&], 0.89 [s, 9H, CNC(CH3)3]. - 
I3C NMR (C6D6, 100.6 MHz): 6 = 171.35 [d, J(RhC) = 33.2 Hz, 
C=NC(CH3)3], 164.4 [d, J(RhC) = 2.0 Hz, C=C]. 145.7 [d, 
J(RhC) = 81.5 Hz, RhC'NC(CH,),], 140.35 (s, ips0-C of C6H5), 
131.2, 126.75, 125.8 (each s, C6Hj), 93.5 [d, J(RhC) = 2.6 Hz, 

C=NC(CH&], 30.0 [s. RhCNC(CH3)3]. - MS; m/z (Ir): 595 (1, 
M+], 512 (1, M+ - CNtBu), 429 (1, Mt - 2 CNtBu), 372 (1, 
C5H,Rh(C2Ph2)(CN)+], 346 [l,  CsH5Rh(C2Ph2)+]. 334 [l, 
CSHSRh(CNtBu)f], 278 [2, C5HJCh(CNtBu)(CNH)+], 195 ( 5 ,  
CjHSRhCNH+), 178 (100, C2Ph;), 168 ( 3 ,  CSHSRh+). - 

C5H5], 57.0 [s, RhCNC(CH3)3], 56.9 [s, C=NC(CH3)3], 31.5 [s, 

C34H42N3Rh (595.6): calcd. C 68.56, H 7.11, N 7.05; found C 
68.66, H 7.10, N 6.99. 

18. Preparation of [CsH5Rh (K' (C, C)-C( = NMe) C- 
(SiMr,) = C(CO2Et) C( = NMe) J ( CNMe) J (22): Compound 22 
was prepared analogous to 18, by using 121 mg (0.21 mmol) of 7 
and 47 p1 (0.84 mmol) of CNMe; yellow crystalline solid; yield 89 
mg (%!YO), m.p. 145°C (dec.). - IR (KBr): 5 = 2173 cm-' [v(CN)], 

6 = 5.10 (s, br, 5II, CsH5), 4.32 [dq, lH ,  J(HaHa') = 10.9, 
J(H"Hb) = 7.0 Hz, C02CH"Ha'CH;], 4.26 [dq, lH ,  J(H"H"') = 

10.9, J(H"'Hb) = 7.0 Hz, CO,CH"Ha'CH?], 3.47, 3.40 (both s, 6H, 
C=NCH3), 1.64 [d, 3H, J(RhH) = 0.6 Hz, CNCH,], 1.09 [t, 3H, 
J(HH) = 7.0 Hz, C02CH2CH3], 0.59 [s, 9H, Si(CH3)31. - 13C 
NMR (C6D6, 100.6 MHz): 6 = 192.7 [d, J(RhC) = 33.2 Hz, 

CO2CHZCH3), 166.25 [d, J(RhC) = 4.0 Hz, C=C], 164.7 [d, 

1712 [v(C=O)], 1588 [v(C=N)]. - 'H NMR (C6D6, 400 MHz): 

C=NCH3], 189.9 [d, J(RhC) = 34.2 Hz, C=NCH3]> 170.0 (s, 

J(RhC) = 3.0 Hz, C = q ,  140.6 [d, J(RhC) = 77.5 Hz, RhCNCH,], 
89.95 [d, J(RhC) = 2.2 Hz, C,Hj], 60.5 (s. COZCH&H3), 48.35, 
48.3 (both S, C=NCH3), 27.9 (s. RhCNCH3), 14.3 (s, 
C02CH2CH3), 0.7 [s, Si(CH3)3]. - MS; m/z (Ir): 461 (1, M'). 420 
(7, M +  - CNMe), 379 (1. M+ - 2 CNMe), 250 [15, 
C5H5Rh(CNMe);], 209 (100, CsEIsRhCNMef), 168 (12, 
C5HsRh'), 144 (2, RhCNMe+), 103 (2, Rh+). - C19H28N302RhSi 
(461.4): calcd. C 49.49, H 6.12, N 9.1 1; found C 49.45. H 6.19, 
N 9.20. 

19. Preparation of [ C,H,Rh {.'( C, C)-C( = NtBu) CMe= CPh C- 
(=NtBu))(CNtBu)] (23): Compound 23 was prepared analogous 
to 21, by using 147 mg (0.27 mmol) of 8 and 152 p1 of CNtBu; 
orange-yellow crystalline solid; yield 96 mg (67%), m.p. 118°C 
(dec.). - IR (hexane): P = 2120, 2065 cm-' [v(CN)], 1600 
[v(C=N)]. 'H NMR (C6D6, 400 MHz): 6 = 7.30 (m, 2H, ortho- 
H Of C&5), 7.27 (m, 2H, metu-H of CsH,), 7.16 (m, 1 H, para-H 
Of C~HS), 5.34 (s, 5H, C5H5), 2.34 (s, 3H, =CCH3), 1.61 [s, 9H, 
C=NC(CH,),], 1.44 [s, 9H, C=NC(CH,),], 0.86 [s, 9H, 
RhCNC(CH3)3]. - NMR (C,Ds, 100.6 MHz): 6 = 172.45 [d, 
J(RhC) 33.7 Hz, C=N(CH3)3], 171.2 [d, J(RhC) = 32.9 Hz, 
C=N(CH3)J, 163.05 (s, C=C), 160.75 (s, C=C), 141.6 (s, ipso-C 
of C6H5), 133.4, 127.2. 126.1 (each s, C6Hs), 93.3 [d, J(RhC) = 1.9 
Hz, CSH~], 56.9 [s, RhCNC(CH,),], 56.75, 56.7 [both S, 

C=NC(CH&]. 31.9, 31.5 [both S, C=NC(CH3)3], 30.1 [s, 
RhCNC(CH3),], 17.25 (s, =CCH3), signal of RhCNC(CH3)3 not 
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observed. - Cz9H4N3Rh (533.6): cdlcd. C 62.28, H 7.56, N 7.88; 
found C 61.90, H 7.47, N 7.90. 

20. X-ray Structure Determination of Compounds 17 and 18["]: 
Single-crystals of 17 were grown at -78 "C from ether and of 18 at 
room temp. from toluene. Crystal data collection parameters are 
summarized in Table 1 .  Intensity data were corrected for Lorentz 
and polarization effects. An empirical absorption correction (W- 
scan method) was applied, the minimum transmission for 17 was 

Table 1. Crystallographic data for 17 and 18 

17 18 

formula 
fw 
cryst size, mm 
cryst syst 
space gmup 
a, A 
b, A 
c, 8, 
P, deg 
v, A3 

z 
dcaicd. g C m 3  

diffractometer 
radiation (graphite 
monochromated) 
temp, K 
F, cm-1 
h, k. 1 
scan method 
20 (max), deg 
tot. no. of reflns scanned 
no. of umque reflns 
no. of observed reflns 
no. of pacams refined 
R 

Rw 
refldparam ratio 

C3&,NRhSb 
638.30 
0.45 x 0.60 x 0.75 
monoclinic 
PZ& (NO. 14) 
10.915(2) 
14.133(2) 
18.42012) 
99.5 16(9) 
2802.3(9) 
4 
1.51 
Enraf-Nonius CAD 4 
Mo & (0.70930 A) 

C25H24N3Rh 
469.38 
0.18 x 0.18 x 0.38 
orthorhombic 
Pbcu (No. 61) 
15.197(4) 
15.982(3) 
18.141(5) 
90 

44W2) 
8 
1.42 
Enraf-Nonius CAD 4 
Mo K, (0.70930 A) 

293 
15.7 
I I , 1 6 ,  f21 
cure 
48 
4746 
4218 
3880 (F,>3c(F0)J 
454 
0.020 
0.021 
8.55 

293 
7.81 
18. 19.22 
wl0 
52 
4326 
4321 
4313 ( F 0 > 2 ~ ( F , J j  
258 
0.047 
0.088 
16.71 

resid electron density, [e k'l +0.38/-0.46 4.40b0.45 

96.93%, for 18 92.25%. The structure of 17 was solved by direct 
methods, the structure of 18 by the Patterson method (SHELXS- 
86). Atomic coordinates and anisotropic thermal parameters of the 
non-hydrogen atoms were refined by full-matrix least-squares (unit 
weights) with the program package SDP (17) and SHELXL-93 
(18). The position of the hydrogen atoms were calculated according 
to ideal geometry and were refined by the riding method. 
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