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Abstract: A synthetic methodology to ob- 
tain square-planar carbenerhodium(1) 
complexes of the general composition 
trans-[RhCl(=CRR')(L),] where L is a 
tertiary phosphane, arsane, or stibane has 
been developed. The starting material 
rrans-[RhCl(C,H,)(SbiPr,),] (3) reacts 
with diazoalkanes RRCN,  [RR' = Ph,, 

under mild conditions to give the com- 
pounds tvans-[RhCl( =CRR)(SbiPr,),] 
(4- 11) almost quantitatively. On treat- 
ment of 3 with EtO,CCHN, and 
PhC(N,)C(O)R, the olefinrhodium and 
diazoal kanerhodium compounds trans- 
[RhCl{(E)-C,H,(CO,Et),}(SbiPr,),l (12) 
and ~runs-[RhCl-(N,C(R)C(O)Ph}(Sb- 

Ph(C,H,X), (C6H,X)z, Ph(CFd, Ct2HJ 

iPr,)J (13,14) are obtained instead ofcar- 
bene complexes. Displacement of the 
SbiPr, ligands in 4 (R = R' = Ph) by 
PiPr,, PiPr,Ph, PiPrPh,, PPh,, PPh,Me, 
AsiPr,, and SbEt, leads to the corre- 
sponding carbene complexes rrans-[RhCI- 
(=CPh,)(L),] (15-21) in high yields. The 
results of the X-ray crystal structure 
analyses of 4 and 15 (L = PzPr,) illustrate 
that the different donor-acceptor proper- 
ties of SbiPr, and PiPr, have little influ- 
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Introduction 

During the last decade, the chemistry of square-planar vinyli- 
dene- and allenylidene-rhodium(1) complexes of type B and 
C (Figure 1) has been studied quite extensively in our labo- 
ratory.[" These compounds are not only interesting as far as 
their preparation and structure is concerned but, even more 
remarkably, as they offer the chance to perform novel metal- 
assisted C-C coupling reactions.". 31 Following this strategy 
it has been possible to convert two terminal alkyne molecules to 
either enynes or butatrienes via alkynyl(vinylidene)rhodium(r) 
complexes as intermediates,['"] and also to prepare allene 
derivatives such as CH,=CHCH=C=CPh, or iPr,PCHC- 
(Ph)=C=C=CPh, ,[3b1 which are frequently inaccessible by oth- 
er synthetic routes. 

[*] Prof. Dr. H. Werner, Dr. P. Schwah, DipLChem. E. Bleuel, Dr. N. Mahr, 
Dr. P. Steinert, Dr. J. Wolf 
lnstitut fur Anorganische Chemte der Universitit Wurzburg 
Am Hubland, 97074 Wurzburg (Germany) 
Fax: Int. code +(931)888-4605 
e-mail : anor097(@rzbox.uni-wuerzburg.de 
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ence on the Rh-C bond length. The reac- 
tions of 4 and 15 with CO and CNrBu 
afford, by metal-assisted C-C coupling, 
diphenylketene Ph,C=C=O (23) and the 
corresponding imine Ph,C=C=N Bu 
(26). On treatment of 4 and 15 with 
ethene, however, two different olefinic 
products, 3,3-diphenyl-l-propene (31) 
and 1 ,I-diphenyl-I -propene (32), arc 
formed. Compound 15 reacts with KBr, 
NaOPh, and NaC,H, by substitution of 
the chloride to give trans-[RhBr(=CPh,)- 
(PiPr3),] (331, trans-[Rh(OPh)(=CPh,)- 
(PiPr3),] (34) and [C,H,Rh(=CPh,)- 
(PiPr,)] (35), and with HC1 by oxidative 
addition to yield [RhCl,(CHPh,)- 
(PiPr421 (36). 

C 

Figure 1 .  A series of square-planar rhodium(1) complexes containing rhodium 
carbon double bonds. 

After we found out about the promising aspects of thc chem- 
istry of compounds B and C, we set out to prepare the corre- 
sponding carbenerhodium(1) complexes A representing the 
missing link in the series of Rh-C double-bond systems A-B- 
C (Figure I) .  Although our first attempts failed, they had an 
exciting outcome insofar as they showed that the ethene com- 
pound 1 (obtained from [{RhCl(PiPr,),},] and CH,N, or, more 
conveniently, from [{RhCl(PiPr,),),] and C,H,) as well as the 
diazoalkane complex 2 (obtained from [{ RhCl(PiPr,),},] and 
Ph,CN,), in the presence of excess C,H, and Ph'CN,, can 
initiate a catalytic cycle. This leads, very surprisingly, not to the 
formation of 1 ,I -diphenylcy~lopropane,[~~ but exclusively to the 
isomeric 1 ,I  -diphenyl-1 -propene. To explain the mechanism of 
this unusual and unexpected C-C coupling reaction, we as- 
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sumcd that in the initial step both substrates, the olefin and the 
diazoalkane, are coordinated to the metal and subsequently 
either an RhN,C, six-membered ring or a carbene(o1efin)- 
rhodium(]) complex is formed (Scheme 1). From both species, a 

I 
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Scheme I .  Catalytic cycle. inhaled by 1 or 2 ([Rhl = KhCI(PtPi-,),), leading to thc 
Formation of 1.1-diphenyl-I-propene from excess C,H, and Pk,CN, 

metallacyclobutane derivative could be generated and leads, via 
a n-allyl(hydrido) compound as intermediate. to the olefinic 
product.'51 Since, based on more recent studies,[6] we equally 
came to the conclusion that rhodium carbenes might be in- 
volved in the synthesis of the trisubstituted olefin, the challenge 
remained to prepare complcxcs of type A and to study their 
reactivity. 

In this paper we report that by a variation of the ligand L it 
is possible to synthcsize square-planar carbenerhodium( I )  com- 
pounds with various subsiituents at the carbene carbon atom. 
Moreover. we illustrate that complexes of type A not only read- 
ily undergo substitution reactions, in which the Rh=CRR'  unit 
remains unchanged, but also rcact with ethene to give, depend- 
ing on the ligand L, two different olefinic products. Some of 
these results have already been conim~nicated.[ '~ 

Results and Discussion 

Preparation of tmns-[RhCl(=CRR')(SbiPr,),l from the ethene- 
rhodium precursor: The route to prepare carbenerhodium(1) com- 
picxes of the general composition trczn.s-[RhCI(=CRR')(L),] 
was developed stepwise. The observation that compounds such 
as 2''' or trans-[RhCl{N,C(C, 2HX)}(PiPr3)2],181 either on heat- 
ing or on photolysis, react to givc the dinitrogenrhodium deriva- 
tive rruns-[RhCl(N,)(PiPrJ,] instead of the desired metal carb- 
enes, led us to conclude that it is the steric protection of the 
metal by the triisopropylphosphane ligands which hinders the 
formation of the rhodium-carbcne bond. Therefore, PiPr, was 
first replaced by AsiPr, as the ligand L. The result, however, was 
disappointing. On treatment of frans-[RhC1(C,H,)(AsiPr3),] 
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with Ph,CN, , the complex trans-[RhC1(N2CPh,)(AsiPr3),] was 
formed which, likc the phosphsnc analogue 2, reacted under UV 
irradiation to give rvans-[RhCl(N,)(AsiPr,),] but not rrun.s- 
[RhCl( =CPh,)(AsiPr,),J .r91 

To go one step further from AsiPr, to SbiPr, was the key to 
success. Treatment of a solution of tra~s-[RhCl(C,H,)(SbiPr,),] 
(3) in pentane with Ph,CN, at -78 "C, followed by evaporation 
of the solvent and warming the residue to room temperature led 
to an evolution of gas and a characteristic change of color from 
red-brown to brownish green. Extraction of the residue with 
pentane and recrystallization from acetone gave green crystals 
of trans-[RhCI(=CPh,)(SbiPr,),l (4) in more than SO YO yield 
(Scheme 2). The solid is only moderately air-sensitive and can 
be stored under argon at  -20 "C, but decomposes in solution 
within a few hours. Other diaryldiazomethancs RR'CN, behave 
similarly to Ph,CN, toward 3 and afford the corresponding 
carbenerhodium(1) complexes 5-9 in nearly quantitative yield 
(Scheme 2). The rate of the displacement of the ethene by the 
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Scheme 2.  L = ShrPr,. 

carbene ligand depends crucially on the substituent X of the aryl 
group(s). Ph,CN,, Ph(p-C,H,Mc)CN,, and (C,,H,)CN, react 
somewhat faster than Ph(o-C,H,Me)CN, and the latter more 
rapidly than (p-C,H,Me),CN, and (p-C,H,OMe),CN,. Like 
4, the analogous compounds 5-9 are also green to brown solids, 
thc composition of which has been determined by elemental 
analysis and spectroscopic techniques. As far as the NMR data 
are concerned, the most typical feature is the low-field reso- 
nance for the carbene carbon atom in the 13C N M R  spectra 
which appears a t  6 z 300- 31 5.  The shift to lower fields is more 
pronounced in this case than for the corresponding carbene- 
rhodium(]) complexes of the Lappert type."'] 

In contrast to CH,N,, PhCHN,, and Ph(CH,)CN,, which 
d o  not react with 3 even a t  - 78 "C to give stable rhodium-con- 
taining products, Ph(CF,)CN, and (p-p-C,H,)[C(Ph)N,], re- 
acted with 3 to produce the mononuclear complex 10 and the 
binuclear compound 11 (Scheme 2 ) .  respectively. A very selec- 
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tive reaction takes place between 3 and two equivalents of ethyl 
diazoacetate. Thc elemental analysis of the red crystals, which 
are isolatcd in 94 % yield, reveals, however, that the olefiniliodi- 
urn(]) complcx 12 (Scheme 3) is formed instead of a carbene 
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Schcme 3 .  I _  = ShiPr, 

13: R = H 
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derivative. With regard to the mechanism of this reaction, we 
assume that in the initial step the expected carbene species tvans- 
[RhCl( =CHCO,Et)(SbiPr,),] is generated, which rapidly reacts 
with a second molcculc of (EtO,C)CHN,, possibly through a 
[3 + 21 cycloaddition of the diazoalkane to the Rh=C bond fol- 
lowed by elimination of N,, to yield the product. Compound 12 
is also obtained from 3 and diethyl fumarate or diethyl maleate 
by displacement of the weakly bound ethene. In agreement with 
the structural proposal, the ' H  N M K  spectrum of 12 displays 
one doublet for the olefinic CH protons at 6 = 4.50 and the I3C 
NMR spectrum a doublet for the corresponding carbon atoms 
at 6 = 32.1. The expected diastereotopic behavior of the CH, 
groups of the stibane ligands is indicated by the appearance of 
two singlets in the I3C NMR spectrum at 6 = 22.4 and 22.1. 

Compound 3 also reacts quite rapidly with benzoyldia- 
zomethanc and PhC(O)C(Ph)N, (azibenzil) to give the dia- 
zoalkanerhodium(1) complcxcs 13 and 14 (Scheme 3). Thc bc- 
havior of 3 is thus completely similar to that of the related 
bis(arsane) compounds trans-[RhCI(C,H,)(L),] (L = AsiPr, , 
iPr,AsCH,CH,OMe), which upon treatment with Ph- 
C(O)C(R)N, also bind the intact benzoyldiazomethanc 

According to the spectroscopic data of 13 and 14, 
which are slightly air-sensitive red solids, we assume that the 
diazoalkanc moiety is bonded "end-on" via nitrogen to the 
rhodium center. Diagnostic for this type of coordination is a 
N-N stretching frcqucncy in the IR spectrum at ca. 1935 cm-' 
and a signal in the I3C NMR spectrum for the N,Ccarbon atom 
at ii =117.3 (13) or 99.7 (14). In spite of the fact that both 
compounds are thermally not vcry stable and decompose at 
36°C (13) or 44°C (14), the attcmpts to transform them to the 
corresponding carbene complexes trans-[RhCl{ =C(R)C(O)- 
Ph} (S biPr J ,] remained unsuccessful. 

Two routes for ligand displacement reactions of tvans-[RhCl- 
(=CRR')(SbiPr,),] : After we found that it is extremely difficult 
to substitute the PiPr, ligands in compounds of type B or C (see 
Figure 1 ) by other two-electron donor groups,"] the observa- 
tion that bis(stibane) complexes such as 4 or 7 easily undergo 
ligand displacement reactions was a real surprise. Treatment of 
a solution of 4 in pentane with two equivalents of triisopropyl- 

phosphanc at room tcmpcrature led to an exchange of SbiPr, 
by PiPr, and to the formation of the original synthetic target, 
the carbene complex 15 (type A in Figure 1). in virtually quan- 
titative yield. Analogous substitution reactions of 4 occurred 
with PiPr,Ph, PiPrPh,, PPh,, and PPh,Mc (Scheme 4), and 
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Scheme 4 

also of 7 with PiPr,, to give compounds 16- 19 and 22, respec- 
tively, in excellent yield. The carbenebis(phosphane)rhodiuin(I) 
complexes 15-19 are green or green-yellow solids, which are 
considerably more stable than the bis(stibanc) derivatives both 
in the solid state and in solution (toluene, hexane). The 13C 
NMR spectra of 15-19 and 22 display a low-ficld signal for the 
carbene carbon atom at 6 = 310.- 340, which is split into ii dou- 
blet of triplets due to Rh-C and P-C coupling. 

Not only tertiary phosphanes but also triisopropylarsane and 
even triethylstibane are able to displace the SbiPr, ligands of 4 
giving the structurally related compounds 20 and 21, respective- 
ly. While the properties of 20 are similar to those of the bis(tri- 
isopropylphosphane) analogue 15, the bis(triethy1stibane) com- 
plex 21 is rather labile and produces, inter alia, the dinuclear 
compound [Rh,CI,(p-CPh,),(p-SbEt,)l .[I3] The chemistry of 
this new type of dinuclear bridging species will be describcd 
elsewhere. 

The reactions of 4 with carbon monoxide and twt-butyliso- 
cyanide did not lead to a displacement of the stibane ligands 
but took a different course. Instead of a carbene complcx of 
the general composition ~rans-[KhCl(=CPh,)(L),] (L  = CO, 
CNtBu), the compounds tra~s-[RhCl(L)(SbiPr,),] (24,27) wcrc 
formed (Scheme 5 ) .  The bis(triisopropy1phosphane) complex 15 
behaves quite similarly to 4, and on trcatmcnt with CO or 
CNtBu afforded the monocarbonyl and the monoisocyanide 
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compounds truns-[RhC1(L)(PiPr3j2] (25, 28) in almost quantita- 
tive yield (Scheme 5). As the organic products, diphenylketcnc 
23 and N-tcrr-butylketenimine 26 were obtained. They were 
separated from the metal-containing components by column 
chromatography and identified by their IR and I3C NMR spec- 
tra. Since tetraphenylethene, which is produced from CPh, gen- 
crated in s i t ~ . [ ' ~ I  could not be detected as a by-product in the 
reactions of 4 and 15 with CO and CNtBu, we assume that both 
the ketene 23 and the corresponding ketenimine 26 are formcd 
by C-C coupling in the coordination sphere of rhodium. In this 
context it should be mentioned that the reaction of Ni(CO), 
with Ph,CN, also yields diphenylketene, possihly via a car- 
bene(carbony1)nickel complex as an intermediate." s' 

Thc diphenylcarbene complexes 4. 15, and 18 also reacted 
with ethene to give two different olcfinic products, depending on 
the ligand L of the starting material (Scheme 6). On treatment 
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Schcmc 6 .  

with ethene, compound 4 (L = SbiPr,) afforded the terminal 
olefin CH,=CHCHPh, (31) in addition to the ethenerhodium(1) 
derivative 3;  in contrast, complexes 15 and 18 (L = PiPr, and 
PPh,, respectively) gave the isomeric species CH,CH=CPh, 
(32j, besides 29 and 30. Since the latter olefiii is the product of 
the catalytic reaction of ethene and diphenyldiazomethane (see 
Scheme 1). the assumption that a carbcnc(cthene)rhodium com- 
pound is involvcd in the catalytic cycler'l seems to be reason- 
able. Anothcr isomer of 31 and 32, namely 1,l-diphenylcyclo- 
propane. which would be formed from C,H, and Ph,CN, in the 

presence of rhodium(i1) complexes such as Rh,(OAc), ,[41 could 
not be detected either in the reaction of 4 and of 15 or 18 with 
ethene. 

Substitution and addition reactions of hans-[RhCl(=CPh,)- 
(PZrJ2]:  In order to find out whether, instead of the neutral 
ligands L, also the chloride in the carbene complexes of type A 
(Figure 1) could bc replaced, compound 15 was treated with 
potassium halides, NaOPh, and NaC,H,. Whilst 15 was inert 
toward K F  and smoothly decomposed in the presence of KI, the 
reaction with KBr in pentane (i.e., in hctcrogeneous phase) led to 
the formation of the bromo(carbene)rhodium(i) complex trans- 
[RhBr(=CPh2)(PiPr,),] (33) in quantitative yield (Scheme 7).  
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Under similar conditions (pentane:acetone = 40: 1 j ,  the pheno- 
lato derivative trans-[Rh(OPh)( =CPh,)(PiPr,),] (34) was ob- 
tained. The spectroscopic data of 33 and 34 (the bromo coni- 
pound 33 in solution is somewhat more labile than the starting 
material 15) arc analogous to those of 15 and thus confirm that 
the phosphane ligands are trans disposed. In the I3C NMR 
spectrum of 34 there is a small shift (by 4-5 ppm) of the signal 
of the cdrbene carbon atom to higher field compared with 15 
and 33, which is probably due to the coordination of the 
stronger 7c-donor ligand OPh- trans to the carbene unit. 

The cyclopentadienyl complex [C,H ,Rh(=CPh,)(PiPr,j] (35) 
was prepared from 15 and NaC,H, in THF. It is a blue-violet, 
almost air-stable solid, which completes the series of halfsand- 
wich-typc compounds [C,H,Rh{ =C(=C),RR'}(PiPr,)] with 
n = 0, 1 and 2.  We note that while 35 and [C,H,Rh- 
(=C=C=CPh2)(PiPr3)][3"1 are accessible from the square-pla- 
nar precursors I ~ ~ ~ . P - [ R ~ C ~ { = C ( = C ) , P ~ , ) ( P ~ P ~ , ) , ]  and 
NaC,H,, the preferred method of synthesis for the vinylidenc 
derivatives [C ,H,Rh(=C=CHR)(PiPr,)] is the reaction of the 
rhodium(mj complexes [RhH(C=CR)Cl(py)(PiPr,)J with 
NaC,H, .[I6] A compound of composition [C ,H,Rh{ =C(NMe- 
CH,CH,NMe))(CO)], which is related in structure to 35, has 
been prepared by Macomber and Rogers from [C,H,Rh(CO),] 
and bis( 1.3-dimethylimidazolidin-2-ylidene) .I1 

The carbene complex 15 and the corresponding vinylidene 
derivative trans-[RhCl( =C=CH,)(PiPr,),] behave similarly to- 

1378 - ( *  VC'H ~~rlrrh..sh.rsrlls~iiafr mhH, 0-69451 Wrinhcuir, 1997 OY47-6539/97/i)308-137R $ 17.50+ ..V/O Cliem. Eur. J. 1997, 3. JVO. 8 
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wards HCl in benzene or pentane. In both cases, addition of the 
electrophilic substrate to the Rh=C double bond takes place 
and the five-coordinate compounds [RhCI,(CHPh,)(PiPr,),] 
(36) and [RhC1,(CH=CH2)(PiPr,),1"S1 are formed. Complex 
36 is a red solid, which is readily soluble in benzene, ether, or 
acetone, but decomposes almost instantaneously in chlorinated 
solvents. Although the NMR spectroscopic data of 36 (in partic- 
ular the Rh-P coupling constant of the signal in the 31P NMR 
spectrum) are consistent with the assumption that the phos- 
phane ligands are tvuns disposed, they are not conclusive as to 
whether the molecule has a trigonal-bipyramidal or a square- 
pyramidal configuration. The closest analogue of 36 that we are 
aware of is the five-coordinate dichlorohydridorhodium(~~~) 
complex [RhHCl,(PiPr,),], for which a square-pyramidal struc- 
ture with the hydride in the apical position and the phosphanes 
and chlorides in the basal plane truns to each other has bccn 
determined by X-ray cry~tallography.[ '~~ Based on this result, 
the structural proposal for 36 shown in Scheme 7 seems to be 
reasonable. 

The molecular structure of compounds 4 and 15: The single-crys- 
tal X-ray diffraction studies of the two diphenylcarbene com- 
plexes 4 (Figure 2) and 15 (Figure 3) confirm the square-planar 

C 10 

C 
27 

Figure 2. Molecular structure of 4. Principal bond lengths [A] and angles ["I, with 
estiinntcd standard deviations inparentheses: Rh-CI 2.452(1), Rh-Sb 12.5843(5), 

Rh-Sb2 155.48 ( 2 ) ,  Sb 1-Rh-CI 84.15 (3). Sh 1 -Rh-C I 96.8( I ) ,  Sb2-Rh-CI 84.75 (3), 

127.6 ( 3 ) ,  C2-C 1-C8 116.6 (4). 

Rh-Sb2 2.5633(5), Rh C 1  1.863(4). C l - C 2  1.489(6), CI -C8  1.497(6); S b l -  

Sb2-Rh-C1 97.6(1), C1-Rh-C 1 171.0(1 j, Rh-C I-C2 I lS.7(3). Rh-C I-CR 

geometry with tvnns-disposed SbiPr, and PiPr, ligands. Both 
the Sb 1-Rh-Sb2 and P 1-Rh-P2 axes are somewhat bent, with 
the corresponding angle in 4 [155.48(2)"] deviating more 
markedly from the ideal value of 180" than in 15 [161.55(3)"]. 
The repulsive forces between the isopropyl and the phenyl 
groups of the EiPr, and CPh, ligands are probably responsible 
for this bending. We assume that steric effects also explain why 
the dihedral angle between the planes RhjC 1/E 1/E 2 (E = P or 
Sb) and C I/C2/C8 is not 0" (as expected by bonding consider- 
ations) but 72.4(4)" in 4 and 69.5(2)' in 15. 

c 10 

C 27  

Figure 3. Molecular structure of 15. Principal bond lengths [A] and angles [ 1, wlth 
estimated standard deviations in parentheses: Rh-Cl 2.441 (I), Kh-PI 2 3 9 6 ( l ) .  
Rh-P2 2.372(1), R h - C l  1.876(3), C l L C 2  1.498(S), C1-CX 1.476(4). PI-Rh- 
P 2  161.55(3), Pl-Rh-C186.59(3). P1-Rh-C1 95.1 ( I ) .  P?-Rh-CI Xh.53(3), P2-Rh- 
C1 956(1), CI-Rh-C1 166.24(9), Rh-CI-C2 116.4(2), Rh-Cl-CX 128 5 ( 3 ) .  c-2. 
CI-C8 115.0(3). 

The Rh-C1 bond lengths in 4 [1.863(4)A] and 15 
[1.876(3) A] are surprisingly short and are, to the best of our 
knowledge, the shortest Rh-C(carbene) distances ever found. 
In the structurally related compounds, studied by Lappert ct al.. 
the Rh-C bond length is 1.92(3) A in truns-[RhCl{=C- 
(NMeCH,CH(CH,iPr)NMe))o,l"Obl and 2.006(25) 8, in 
~ ~ U ~ ~ - [ R ~ ~ N = C ( C F , ) , } { = C ( N M ~ C H , C H , N M ~ ) } ( P P ~ , ) ~ ] . ~ ' ~ ~  

However, the most interesting aspect is that if the three types 
of square-planar complexes A, B, and C, shown in Figure I ,  are 
compared, the shortest Rh-C distance is found for the vinyli- 
dene compounds fv~ns-[RhCl(=C=CRR)(PiPr,),l.'~ ' I  The or- 
der of decreasing Rh-C bond length is A > C > B, which is in 
agreement with theoretical studies predicting that the highest 
degree of metal-to-carbon back-bonding should be expected 
for :C=CRR' as the carbon-bonded unit.[221 

Conclusion 

The present investigations have shown that the diazoalkane 
method, initially used by Herrmann[231 and Roper[241 and more 
recently by G r u b b ~ [ ~ ~ ]  for the synthesis of carbene-metal com- 
plexes, can also be applied to the preparation of corresponding 
rhodium(1) derivatives. The compounds 4- 11 and 15-22 are the 
first rhodium(1) complexes carrying a carbene ligand that is not 
stabilized by linkage to a hetero atom like 0, S, or N.[2h1 From 
the preparative point ofview, it is most remarkable that not only 
the primary reaction products 4-11 but also the subsequently 
formed compounds 15-20 and 22 are isolated in excellent, 
sometimes quantitative yields. Moreover, the ligand displace- 
ment reactions of 4 and 7 leading to 15-20 and 22 illustrate that 
the attack of nucleophilic substrates such as PR, or AsR, is 
preferentially directed to the metal and not to the carbene car- 
bon atom as is found in Fischer-type carbene complexes.[27t The 
behavior of CO and CNtBu seems to be exceptional since these 
Lewis bases displace the carbene unit instead of the SbiPr, or 
PiPr, ligands of 4 and 15, thereby generating the C-C coupling 
products Ph,C=C=O and Ph,C=C=NfBu, respectively. 
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The fact that the use of SbiPr, as ligand in the starting mate- 
rial opened the gate to a new family of carbenerhodiuni com- 
plexes of the general composition trns-[RhCl(=CRR')(L),1 de- 
serves a further comment. Although we had already prepared 3, 
24, 27, and some other mono- and bis(triisopropy1stibanc)- 
rhodium derivatives,['*. 291 trialkylstibanc compounds of the 
late (electron-rich) transition metals are quite There is 
a general belief that trialkylstibanes are weaker D donors than 
the corresponding trialkylphosphanes and -arsanes, and that 
also the n-acceptor properties are considerably reduced along 
the series PR, > AsR, > SbR, .I3'] Both arguments have been 
uscd to explain the problems associated with the synthesis of 
tri~ilkylstibanemetal complexes although caution should be ap- 
plied. 

Recent work from our laboratory has shown that not only 
rhodium but also various iridiumr321 and ruthenium com- 
p o u n d ~ [ ~ ~ '  containing SbiPr, and SbMe, as ligands can be prc- 
pared; for M = Ru there are even examples that are coordina- 
tively and electronically unsaturated. We are presently trying to 
use the advantage of SbiPr, and othcr trialkylstibanes as ligands 
also in halfsandwich-type rhodium complexes and will report 
thcsc rcsults in due course. 

Experimental Section 

All experiments were carried out under an atmosphere of argon by Schlenk 
techniques. The starting materials 3,[91 A ~ i P r , , [ ~ ~ l  SbEt,,13" CH,N,. and its 
der~vatives'~"l were prepared as described in the literature. N M R  spectra were 
recorded at room temperature on Bruker AC200 and Bruker AMX400 in- 
struments. and 1R spectra on a Pcrkin-Elmer 1420 infrared spectrometer. 
Melting points were measured by DTA. Abbreviations used: s, singlet; d, 
doublet, t, triplet; vt, virtual triplet; sept, septet; in, multiplet; br, broadened 
signal; A' = 3J(PH) + 'J(PH) or 'J(PC) + 'J(PC). 

tvans-(RhCl(=CPh,)(SbiPr,),l (4): A solution of 3 (808 my, 1.21 mmol) in 
pentane (3 mL) was treated at - 78 "C with a solution o l  Ph,CN, (470 mg, 
2.42 mmol) in pentane (3 mL). Under continuous stirring and warming to 
room temperature, the solvent was removed in vacuo. An evolution of gas 
wab observed. After the remaining residue had been stored for ca. 1.5 h under 
vacuo, a brownish green solid was formed. It was washed twice with 2 mL 
poi-lions of methanol (0°C) and then extracted with pentane (30 mL). The 
extract was brought to dryness in vacuo. and the residue recrystallircd from 
acetone (15 mL). Upon storing at -78 'C for 24 h, dark green crystals wcrc 
formed which were aeparated from the mother liquor, washed with small 
quantities of acetone ( -  20 C), and dried; yield 859 mg (88%); m.p. 61 "C 
(decomp.); ' H N M R  (C,D,, 200 Mz): b = 8.03 (m. 4H,  orrho-H of C,H,), 
7.24 (in, 2H,  puru-H of C,H,), 7.00 (m. 4H,  nieru-H of C,H,). 2.08 [sept, 
J (H ,H)=7 .3Hz ,  6 H ,  SbCHCH,], 1.31 [d, J (H ,H)=7 ,3Hz ,  36H, 
Sb<'HCH,J, I3C NMR (C,D,. 50.3 MHz): 6 = 316.2 [d. J(Rh,C) = 29.1 HL, 
Rh=C], 160.1 (s. @so-C of C,H,), 129.7, 129.1, 123.7 (all s, C,H,),21.9 (s. 
SbCHCH.,). 19.1 [d, J(Rh,C) = 3.4 Hz, SbCHCH,]; C,,H,,CIRhSb, 
(806.6): cakd C 46.16, H 6.50, Rh 12.76; found C 46.37, €I 6.76. 
Rh 12.86. 

tvans-IRhCI{ =C(p-C,H,Me),}(SbiPr,),l (5) was prepared as described for 4, 
from 3 (79 mg, 0.12 mmol) and a solution of (pC,H,Mc),CN, (53 mg, 
0.24 mmol) in ether (3 mL); yield 92 mg (94%). Brownish green crystals, 
n1.p. 55 -C  (decomp.); 'H  NMR (C,D,, 200 MHr):  6 = 8.05 (in, 4 H, ortlio-H 
ofC,H,Me). 6.83 (m. JW/U-H ofC,H,Me), 2.12 [sept, .I(H,H) =7.3 Hz, 6 H ,  
SbCHCH,]. 1.80 ( s ,  6 H ,  C,H,CH,), 1.35 [d, .I(H,H) =7.3 Hz, 
3611,SbCHCHJ: ',C N M R  (C6D,, 50.3 MHz): 6 = 316.6 [d, J(Kh,C) = 

28.0 Hz, Rh=C], 157.8 (s, ipso-C of C,H,Me), 131.9, 129.0, 125.5 (all s. 
C,H,CH,), 22.6 (s, C,H,CH,), 22.2 (s, SbCHCH,), 19.1 [d, .I(Rh,C) = 

3.7 H7. SbCHCH,]; C,,H,,CIRhSb, (834.7): calcd C 47.49, H 6.76; found 
C 47.63, H 6.67. 

tvans-IRhCI{ =C(o-C,H,Me)Ph}(SbiPr,),j (6) was prepared as described for 
4. from 3 (92 mg. 0.14 mmol) and a solution of (o-C,H,Me)PhCN? (57 mg. 
0.28 mmoi) in prntane (3 mL); yield 105 in6 (93%). Dark green crystals: m.p. 
28°C (decoinp.); ' H N M R  (C,D,, 200 MHz): 6 =7.87 (m, 3H.  ortho-H of 
C,H, and C,H,), 7.00 (ni, OH. mefa- and puru-H of C,H, and C,H,), 2.07 
(s, 3H,  C,H,CH,), 2.03 [sept, J(H.H) =7.3 HL, OH. SbCHCH,]. 1.31 [d. 
J(H,H) =7.3 Hz, 36H, SbCHCH,]: ' ,C NMR (C,D,, 50.3 MHz): 6 = 298.1 
[d, .I(Rh,C) = 31.0 Hz, Rh=C], 163.8 and 161.3 (both s, ip.$o-C ofC,H, and 
C,H,). 141.6. 131.9, 130.8, 130.3. 130.1, 126.8, 126.5, 126.3 (alls, C,H, and 
C,H,), 22.5 (s, C,H,CH,). 22.1 (s, SbCHCH,), 18.7 [d. J(Rh,C) = 3.6 Hr. 
ShC'HCH,]; C,,H,,CIRhSb, (820.6): calcd C: 46.84, H 6.63; found C 46.97, 
H 6.47. 

tvans-IRhCI{=C(p-C,H,Me)Ph}(SbiPr,),j (7) was prepared ;is described for 
4. from 3 (92 mg, 0.14 mmol) and a solution of (p-C,H,Me)PhCN, (57 mg. 
0.28 mmol) in pentane (3 mL); yield 104 mg (92%). Olive green crystals; m.p. 
46°C (decomp.); 'H NMR (C,D,, 200 MH7): b = 8.03 (m. 4H.  orrho-H of  
C,H, and C,H,). 7.05 (m, SH,  metu- a n d p m - H  ofC,H,. iiie/u-H of C,H,). 
2.09 [sept, .I(H,H) =7.3 Hz, 6 H ,  SbCHCH,]. 1.77 (s. 3H.  C,H,CH,). 1.32 
[d. .I(H.H) =7.3 Hz, 36H, SbCHCH,]: I3C NMR (C,D,. 50.3 MHz): 
6 = 316.4 [d. J(Rh,C) = 28.9 Hz, Rh=C]. 159.9 and 157.9 (both s. i p - C  of 
C,H, and C,H,), 131.9, 130.5, 130.1, 128 8. 128.3, 128.1 (alls. C,H, and 

SbCHCH,]; C,2Hj,CIRhSh, (820.6): calcd C 46.84, H 6.63; found C 46.97, 
H 6.69. 

C,H,). 22.6 (s. C,H,C'H,), 22.2 (s. SbCHCH,), 19.1 [d. J(Rh,C) = 3.6 Hz. 

tvans-IRhC1{=C(CI,H,)}(Sb~~r~),l (8): A solution of 3 (67 rng, 0.10 mmol) 
in pentane (10 mL) was treated at - 78 "C with a solution of 9-diazofluorene 
(40 mg, 0.20 mmol) in ether (5 mL). An almost instantanzous change ofcolor 
from rcd-violet to brown occurred. The reaction mixture was warmed up to 
room temperature and under reduced pressurc (ca. 10 Torr) rtirred for 
30 min. The suspension (already containing a hi-own solid) was concentrated 
to cii. 5 m L  in vacuo, and then kept for 1 h a t  room temperature. The brown 
precipitate was separated from the mother liquor, washed three times with 
3 mL portions ofpentane, and dissolved in ether (3 mL). After the solution 
had bccn stored at  -78 'C ,  brown crystals were formed, which were washed 
with pentane (0 'C) and dried; yield 76 mg (94%); m.p. 55 "C (decomp.); 
' H N M R  (C,D,, 200 MHz): 6 = 8.52 (m. 2H,  ortho-H of C,,H,), 7.35 (m, 
2H,  C, ,H,) ,  6.98 (m, 4H,  C,,H,), 2.11 [scpt. J(H,H) =7.3 Hz. 6H.  
SbCHCH,], 1.27 [d, J(H,H) =7.3 Hz. 36H, SbCHCH,]; I3C NMR (C,D,. 
50.3 MHz): 6 = 309.3 [d, J(Rh,C) = 29.0 Hz, Rh=C], 151.7 and 151.6 (both 
S. @I.YU-C of C,,H8), 141.8, 138.7, 136.3, 133.0, 130.1. 129.3. 128.9, 127.1. 
120.2, 119.8 (ails, C,,H,), 22.1 (6, SbCHCH,), 20.2 (d. J(Rh.C) = 3.4 Hr. 
SbCHCH,]; C,,H,,CIRhSb, (804.6): calcd C 46.27, H 6.26; found C 46.31. 
H 6.13. 

tvuns-IRhCI{ =C(p-C,H,OMe),}(SbiPr,),j (9) was prepared as described for 
4, from 3 (71 mg, 0.1 1 mmol) and a solution of di(p-anisy1)diaromethane 
(54 mg, 0.22 nimol) in ether (4 mL); yield 76 mg (83%). Brownish green 
crystals; m.p. 39 C (decomp.); ' H  NMR (C,D,, 400 MHz): 6 = 7.84 (in. 4H.  
ortho-H ofC,H,). 6.68 (ni, 4H,  rnetcr-H of C,H,), 3.25 (s, 6H. OCH,), 2.49 
[sept. J(H,H) =7.3 Hz, 6H,  SbCHCH,], 1.31 [d, .I(H,H) =7.3 Hz, 36H. 

33.7 Hz, Rh=C], 161.3 (s, ipso-C of C,H,), 131.6 and 127 9 (both s, ortko- 

(s, SbCHCH,), 20.1 (s, SbCHCH,); C,,H,,C102RhSb, (866.7): calcd C 
45.73, H 6.51; found C 46.03. H 6.47. 

SbCHCH,]; NMR (C,D,, 100.6 MHz): 6 = 317.0 [d, J(Rh,C) = 

a d  n7etu-C oCC,H,), 113.4 ( s . ~ u ~ u - C  ofC,H,), 54.7 (s. C,H,OCH,), 21.8 

tvans-IRhCI(=C(CF,)Ph}(SbiPr,),l (10): A solution of 3 (83 mg, 0.12 mmol) 
in pentane (10 mL) was treated at -78°C w t h  a 0 . 8 5 ~  solution of 
(CF,)PhCN, (146 pL, 0.24 mmol) in ether (3 mL). An almost instantaneous 
change of coloi- from red to brownish green occurred. The solvent wab re- 
moved in VBCUO, and the residue was washed twice with 1 mL portions of 
methanol ( -  20°C) and dissolved in pentanc (2 mL).  After the solution had 
been storcd at -78 "C, brown crystals precipitated, which were washed with 
penlane ( -  20'C) and dried; yield 90mg (91 X): m.p. 43 C (decoinp.): 
' H N M R  (C,D, ,  200 MHz): 6 =7.35 (m. 2H,  ortho-H of C611s). 7.21 (m. 
2H.  nicra-H of C,,H,). 6.75 (m, 1 H,  puru-H of C6H,), 2.14 [sept. 
J(H.H) =7.3 Hz, 6 H ,  SbCHCH,], 1.33 [d, J(H.H) =7.3 Hz, 36H. 
SbCHCH,]; I3C N M R  (C,D,, 100.6 MHz): 6 = 293.6 [dq, J(Rh,C) =17.4. 
J(F,C) = 14.6 Hz, Rh=C], 155.7 (s. i p - c '  ofC,Hj), 131.4. 129.9, 128.8 (all s. 
C,H,), 127.7 [q, J(F,C) = 259.8 Hz, CF,], 21.9 (s, SbCHCH,). 19.7 (s. 
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SbCHCH,); "F NMR (C,D,, 388.3 MHz): 6 = - 57.2 (s, CF,); 
C,,H,,CIF,RhSb, (798.5): calcd C 39.11, H 5.93; found C 38.83, H 6.09. 

frarrs,frurru-~(ShiPr3),CIRh(=CPh(p-ChHI)C(Ph)=}RhCI(Sb~~r3)z~ (11): A 
solution of 3 (120 mg, 0.18 mmol) in toluene (10 mL) was treated at -78 'C 
with a solution ofp-C,H,[C(Ph)N,], (1 12 mg, 0.36 mmol) in toluene (3 mL). 
A smooth change of color from red to brown occurred. The reaction mixture 
was warmed to room temperature and under reduced pressure (ca. Torr) 
stirred for 45 min. The solvent was removed in vacuo, the remaining brownish 
green solid was washed three times with 5 mL portions of pentane (20 'C) and 
dried; yield 125mg (91%); m.p. 64°C (decomp.); 'HNMR (C,D,, 
200 MHz): 6 = 8.04, 7.63, 6.87 (all m, 14H, C,H, and C,H,), 2.12 [sepl, 
J(H,H) =7.6Hz, 12H, SbCHCH,], 1.34 [d, J(H,H) =7.6 Hz, 72H, 
SbCHCH,]; I3C NMR (C,D,, 50.3 MHz): 6 = 315.1 [d, J(Rh,C) = 31.2 Hz, 
Rh=C], 160.2 and 160.1 (both s, @so-C of C,H, and C,H,). 131.8, 130.2, 
129.3, 127.8, 124.7 (all s, C,H, and C,H,), 22.2 (s. SbCHCH,), 19.2 [d, 
J(Rh,C) = 3.8 Hz, SbCHCH,]; C,,H,BC1,Rh,Sb, (1535.1): calcd C 43.82, 
H 6.43; lound C 43.86, H 6.37. 

f~ans-[RhC1{(E)-C2H,(CO2Et),)(SbiPr,),~ (12): a) A solution of 3 (85 mg, 
0.13 mmol) in pentane (10 mL) was treated at -78 'C with ethyl diazoacetate 
(27 pL, 0.26 mmol). A gradual change of color from orange to red occurred. 
The reaction mixture was warmed to room temperature and under reduced 
pressure (ca. 10-'Torr) stirred for 15 min. The solvent was removed in 
vacuo, and the residue was washed twice with 1 mL portions of pentane 
( -  20'C) and then dissolved in pentane (3 mL) at 20°C. After the solution 
had been stored for 12 h a t  -78 "C, deep red crystals precipitated, which were 
washed with pentane (0 "C) and dried: yield 97 mg (94%). 
b) A solution of 3 (232 mg, 0.20 mmol) in pentane (15 mL) was treated 
at -78 "C with diethyl nialonate (32 pL, 0.20 mmol) or dielhyl fumarate 
(33 pL, 0.20 mmol). An inslantaneous change of color from orange to red 
occurred. After the reaction mixture had been warmed to room temperature, 
thc solvent was removed in vacuo, and the residue was worked up as de- 
scribed for a); yield 146mg (90%); m.p. 99'C (decomp.); IR (KBr): 
3 =1694cm-'(C=O); 'HNMR(C,D6,200MHz):6 =4.50[d,J(Rh,H) = 
2.0 Hz, 2H,  CH=CH], 4.04 and 3.95 [both dq, 'J(H.W) =10.8, 
"J(H,H) =7.2 Hz, CH,CH,]. 2.55 [sept, J(H,H) =7.4 Hz, 6H,  SbCHCH,], 
1.56 [d, J(H,H) =7.4Hz, 36H, SbCHCH,], 1.07 [t, J(H,H) =7.2Hz, 
6H,  CH,CH,]; 13C NMR (C,D,, 50.3 MHz): 6 =174.4 [d, .I(Rh,C) = 
2.2H7, CO,], 60.2 (s. CH,CH,). 32.1 [d, J(Rh,C) =13.4Hz, CH=CH], 
22.4 and 22.1 (both s, SbCHCH,), 20.1 (s, CH,CH,), 14.3 (s, SbCHCH,); 
C,,H,,CIO,RhSb, (812.6): calcd C 38.43. H 6.70; found C 38.40, 
H 6.96. 

frans-[RhCl{N,CHC(O)Ph)(Sbi~r~),l (13): A solution of 3 (69 mg, 
0.10 mmol) in pentane (10 mL) was treated dropwise at - 78 'C with a solu- 
tion of benzoyldiazomethane (15 mg, 0.10 mmol) in ether (2 mL). An instan- 
taneous change of color from orange-red to deep red occurred. The solvent 
was removed in vacuo, the oily residue was washed twice with 1 mL portions 
of methanol (0°C) and dissolved in pentane (5 mL). After the solution had 
been stored at -78 "C ,  dark red crystals precipitated, which were washed 
twice with 3 mL portions of pentane (- 20 "C) and dried; yield 71 mg (88 O h ) ;  
m.p. 36 'C (decomp.); IR (C,H,): S =1937 (N=N), 1632cm- '  (C=O); 
'HNMR (C,D,, 200MHz): 6 = 8.15 (m, 2H,  ortho-H of C,H,), 7.13 (m, 
3 H, mcta- and paru-H of C,H,), 5.53 [d, ./(Rh,H) = 2.0 Hz, 1 H, N,CH], 
2.23 [sept, J(H,H) =7.4 Hz, 6H,  SbCHCH,]. 1.25 [d, J(H.H) =7.4 Hz, 36H, 
SbCHCH,]: I3C NMR (C,D,, 50.3 MHr): 6 = I 6 9 3  [s. C(O)C,H,], 141.0 
(s. i(,,m-C of C,H,). 129.7, 126.7, 125.9 (all s, C,H,), 117. 3 (hrs, N,C), 21.6 
(s, SbCHCH,), 20.0 (s, SbCHCH,); C,,H,,ClN,ORhSb, (786.5): calcd C 
39.70, H 6.15, N 3.56; found C 39.85, H 5.97, N 3.39. 

trans-IRhCI(N,CPhC(O)Ph}(SbiPr,),l (14) was prepared as described for 13, 
from 3 (71 mg, 0.11 mmol) and azibenzyl (24mg, 0.13 mmol); yield 85 mg 
(93%). Dark red solid: m.p. 44°C (decomp.); IR (C,H,): S =1933 (N-N), 
1612cm-'(C=O): 'HNMR(C,D,,200 MHz): 6 = 8.10(m,4H,ortku-Hof 
C,H,),7.05 (m, 6H,mptn-andpura-HofC6H,), 2.04[sept,J(H,H) =7.3 Hz, 
6H,  SbCHCH,], 1.44 and 1.43 [both d, J(H,H) =7.3 Hz, 18H each, 

and 140.9 (both s, ip.so-C of C,H,), 129.7, 128.7, 128.3, 127.7, 126.3, 123.7 
(alls, C,H,). 99.7 (brs, N,C), 21.9 and 21.5 (both s, SbCHCH,), 19.2 (s, 
SbCHCH,]; C,,H,,CIN,ORhSb, (862.6): calcd C 44.56, H 6.08, N 3.25; 
found C 44.33, H 5.97, N 3.39. 

SbCHCH,]; ',C NMR (C,D,, 50.3 MHz): b =149.2 [s, C(O)C,H,], 144.0 

fvans-IRhCI(=CPh,)(PiPr,),l (15): A solution of 4 (81 mg, 0.10 mmol) in 
pentane (10 mL) was treated with PiPr, (41 pL, 0.20 mmol) and stirred for 
30 min at room temperature. The solvent was removed in vacuo. and the oily 
residue was washed twicc with 2 mL portions of methanol ( -  20' C) and 
dissolved in pentane (2 mL). The solution was chromatographed an AI,O, 
(ncutral. activity grade V. height of' column 4 cm). With hexane, a green 
fraction was eluted, which was brought to dryness in vxuo.  Upon recrystal- 
liration from pentane (5 mL) at -78'C green crystals were obtained. They 
were washed with sinall quantities of pentane (0'C) and dried; yield 61 mg 
(98'%), m.p. 81 C (decomp.): ' H N M R  (C,D,, 200 ML): 5 = 8.03 (in, 4H. 
ortho-H of C,H,), 7.14 (m, 6H,  niem and puru-H of C,H,), 2.33 (m, 6H. 
PCHCH,), 1.18 [dvt. N =13.2, J(H,H) =7.1 Hz. 36H, PCHCH,]: I3C 
NMR (C,D,, 50.3 MHz): b = 316.1 [dt, J(Rh,C) = 36.9, .I(P,C) = 8.4 Hz, 
Rh=C], 160.6 (s, ipso-C ofC,H,), 129.8. 129.1, 127.9 (all s, C,H,), 25.3 (vt. 

6 = 22.9 [d, .I(Rh,P) =169.4Hz]; C,,H,,ClP,Kh (025.1): calcd C 59.57, H 
8.39; found C 59.37, H 8.33. 

~ = i 7 . 4  ~ z ,  PCHCH,), 20.6 (s, PCHCH,); 3 1 ~  NMR (c,D,, 81.0 M H ~ ) :  

frans-IRhCI(=CPh,)(Pz~r,Ph),l (16) was prepared as described for 15. from 
4 (120 mg, 0.15 mmol) and PiPr,Ph (58 mg, 0.30 mmol): yield 96 mg (92%). 
Green solid; m.p. 54°C (decomp.); 'H NMR (C,D,, 200 MHz): ii =7.24 (m, 
8H,  ortho-H of C,H, and C,H,P), 6.92 (m, 12H, mrfa- and purtr-H ofC,H, 
and C,H,P), 2.78 (m,4H, PCHCH,), 1.63 [dvt, N =14.8. .J(H,H) =7.4Hz. 
12H, PCHCH,], 1.00 [dvt, N =13.9. J(H,H) = 6.9 Hz, 12H. PCHCII,]; I3C 
NMR (C,D,. 100.6 MHz): 6 = 318.7 [dt, J(Rh,C) = 37.2. J(P,C) = 8.3 HL. 
Rh=C], 160.3 (vt, N = 6.0 Hz, @o-C of C,H,). 134.6 [dvt, N = 25.7, 
J(Rh,C) = 2.4 Hz, i(,.so-C of C,H,P], 132.7 (vt, N = 9.1 Hz, /netn-C of 
C,H,P), 128.0, 127.8, 127.7, 127.3 (all S, puru-C of C,H,P and ortho-. met(i- 
and purcz-C of C,H,), 127.1 (vt, N =7.0 Hz, urtho-C of C,CI,P), 24.8 (vt, 
N = 21.2 Hz, PC'HCH,), 21.2 (s. PCHCH,), 19.3 (s, PCHCH,); "P NMR 
(C,D,, 162.0 MHL): 6 = 23.0 [d, J(Rh,P) = 174.0 Hz]; C,,H,,CIP,Rh 
(693.1): calcd C 64.12, H 6.98: found C 63.91, H 7.17. 

fuans-[RhCI(=CPh,)(PiPrPh,),~ (17) was prepared as described for 15, from 
4 (1 I6  mg, 0.14 mmol) and PiPrPh, (66 mg. 0.29 mmol); yield 103 nig (97%). 
Green solid; m.p. 100°C (decomp.); ' H N M R  (C,D,. 200 MHz): 6 =7.52 
(m, 12H, ortho-H ofC,H, and C,H,P), 7.00 (m. 18H. iiiefu- andpuru-H of 
C,H, and C,H,P), 3.23 (m, 2H,  PCHCH,), 0.97 [dvt, N =15.0, 
J(H,H) =7.4 Hz, 12H, PCHCH,]; 13C NMR (C,D,, 100.6 MHz): 6 = 310.6 
[dt, J(Rh,C) = 36.2, .I(P,C) =10.1 Hz, Rh=C], 159.8 (vt, N = 6.0 Hz. ipso-C 
of C,H,), 134.6 [vt, N =10.1 Hz, meta-C ofC,H,P), 132.6 (vt, N = 34.2 HL, 
ip.~o-C of C,H,P), 128.8, 128.4, 128.0, 127.9 (all s, puru-C of C,H,P and 
ortho-, meru- and para-C of C,H,), 127.4 (vt, N = 8.1 Hz, orrho-C of 
C,H,P), 24.8 (vt, N = 24.2 Hz, PCHCH,), 18.9 (s, PCHCH,); "P NMR 
(C,D,, 162.0 MHz): b = 27.6 [d, J(Rh,P) =173.8 H71; C,,H,,CIP,Rh 
(761.1): calcd C 67.86, H 5.83; found C 67.65, H 5.53. 

tvans-[RhCI(=CPh,)(PPh,),l (18): A solution of 4 (79 mg, 0.10 mmol) in 
pentane (10mL) was treated dropwise at -78°C with a solution of PPh, 
(52 mg, 0.20 mmol) in pentane (2 mL). Upon warming to room temperature, 
a change of color to green-yellow occurred and a green-yellow solid precipi- 
tated. After the reaction mixture had been stirred for 45 min, the solid was 
separated from the mother liquor, washed twice with 5 mL portions of pen- 
tane (25°C) and twice with 2 mL portions of acetone ( -  20 C),  and dried; 
yield 81 mg (98%); m.p. 90°C (decornp.); ' H N M R  (C,D,, 200 MHz): 
6 =7.81 (m, 12H, orrho-H of C,H,P), 7.45 (m, 4H,  or/ho-H of C,H,), 6.88 
(m, 24H, m t u -  and para-H of C,H,P and C,H,); I3C NMR (CD,Cl,, 
100.6 MHz): 6 = 341.2 [dt, J(Rh,C) = 41.3, J(P,C) = 8.4 Hz, Rh=C], 157.2 
(brs, ipso-C of C,H,), 135.2 (vt, N =12.1 Hz, metu-C of C,H,P), 135.0 (vt, 
N = 40.3 Hz, ipso-C of C,H,P), 129.8, 129.7, 129.1 (all s, puru-C of C,H,P 
and orfho-, m e w  and paru-C of C,H,), 128.1 (vt. N = 9.1 Hz, orthci-C of 
C,H,P), 128.0 (s, para-C of C,H,P); ."P NMR (CD,CI,, 81.0 MHz): 
6 =19.9 [d, J(Rh,P) =183.1 Hz]: C,,H,,ClP,Rh (829.2): calcd C 70.98, H 
4.86; found C 70.81, H 4.69. 

trans-IRhCI(=CPh,)(PPh,Me),l (19) was prepared as described for 18, from 
4 (1 13 mg, 0.14 mmol) and PPh,Me (48 pL, 0.26 mmol); yield 97 mg (98%). 
Green-yellow solid; m.p. 70°C (decomp.); ' H N M R  (C,D,. 400 MHz): 
6 ~ 7 . 5 0  (m, 12H. urtho-H of C,H, and C,H,P). 6.90 (in, 18H, meiu- and 
puru-H of C,H, and C,H,P), 1.88 (brs, 6H.  PCH,): NMR (CD,Cl,. 
162.0 MHz): 6 =1.6 [d, J(Rh,P) =173.8 Hz]; C,,H,,CIP2Rh (705.0): calcd 
C 66.44, H 5.15; found C 65.91, H 5.27. 
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tvurrs-IHhCI(=CPh,)(AsiPr,),l (20) was prepared as described for 15, from 4 
(91 ing, 0.1 1 mmol) and AsiPr, (88 pL, 0.44 mmol); reaction time 3 h;  yield 
68 nig (85%). Green-yellow crystals; m.p. 84 'C (decomp.); 'H N M R  (C,D,, 
200 MHz): 6 = 8.05 (in, 4H,  ortho-H of C,H,), 7.24 (m, 2H, para-H of 
C,H,), 6.99 (m. 4H.  metu-H of C,H,). 2.23 [sept, J(H,H) =7.3 Hz, 6H.  
AsCNCH,], 1.32 [d, J(H,H) =7.3 Hz, 36H, AsCHCH,]: 13C NMR (C,D,, 
50.3 MHzj: 6 = 315.9 [d, J(Rh,C) = 31.8 Hz. Rh=C], 160.5 (s, ip.50-C of 
C,H,), 130.2, 127.1, 123.9 (alls, C,H,) .  26.1 [d, J(Rh,C)=2.2HL. 
AsCHCH,], 21.9 (s, AsCHCH,); C,,H,,As,ClRh (713.0): calcd C 52.22, H 
7.35: found C 52.53. H 7.39. 

truns-[RhCl(=CPh,)(SbEt,),] (21): A solution of 4 (81 mg, 0.10 mmol) in 
pcntane (10 mL) was treated at -78°C wilh SbEt, (32 pL, 0.20 mmol). The 
reaction mixture was warmed to room temperature and stirred for 10 min. A 
change of color from green to red-brown was observed. After the solvent had 
been removed, the residue was extracted with ether (20 mL),  and the extract 
was brought to dryness in v ~ c u o .  A brownish green solid was obtained. which 
was washed three times with 1 mL portlons of pentane ( -  20 'C) and dried 
carefully in vacuo; yield 25 mg (35%): m.p. 59 C (decomp.); ' H N M R  
(C,D,, 200 MHz): d =7.81 (m. 4H.  ortlro-H ofC,H,), 7.48 (in, 2H,pura-H 
of C,H,). 7.27 (m. 4H, me/u-H of C,H,). 1.55 (m, 18H, A,B, spin system, 
SbCH,CH,), 1.19 (m, 12H, A,B, $pin system, SbCH,CH,); 
C2,H,,C1RhSb, (722.5): calcd C 41.56, H 5.58: found C 41.70, H 5.43. 

rrans-IRhCl{=C(p-C,H,Me)Ph}(PzTr,),~ (22) was prepared as described for 
15. from 7 (73 mg, 0.09 mmolj and PiPr, (37 pL, 0.18 mmol); yield 55 mg 
(96%). Light-green crystals; m.p. 78 'C (decomp.); 'H NMR (C,D,CD,, 
200 MHz): h = 8.01 (m, 4H,  orlho-H of C,H, and C,H,), 7.30 (m, 4H, 
metcr-H of C,H, and C,H,), 6.94 (m, 1 H, paru-H of C,H,), 2.33 (m, 6 H ,  
PCHCH,), 1.78 (s, 3 H ,  C,H,CH,), 1.20 and 1.38 [both dvt, N-13.3, 
J(H.H) =7.0Hz,  18H each, PCHCII,j; I3C NMR (C,D,, 50.3 MHz): 
d = 316.6 [dt, J(Rh,C) = 29.2, J(P,C) = 5.1 Hz, Rh=Cj, 160.2 and 158.5 
(both s, ipso-C of C,H, and C,H,), 130.5, 129.2, 229.1, 128.3, 127.7. 127.0 
(ails. C,H, und C,H,), 25.3 (vt, N =17.6 Hz, PCHCH,), 23.4 (s, 
C,H,CH,), 20.6 and 20.3 (both s, PCHC'H,); "P NMR (C,D,CD,, 
81.0 MHz, 293 K ) .  6 = 28.2 [d, J(Rh,P) = 170.0 HE]; C,,HS,C1P2Rh (693.1 j :  
calcd C 60.14, H 8.52; fouiid C 60.07, H 8.47. 

Reaction of tvans-[RhC1(=CPh,)(SbiPr,)z] (4) with C O :  A slow streain o f C 0  
was passed through a solution of 4 (81 mg, 0.10 mmol) in pentane (1 0 mL) for 
30 s at room temperature. The solution was then stirred for 1 h. This led to 
a change of color from green to orange-red. The iolvent was removed. the oily 
residue dissolved in hexane (2 mL). and the solution chromatographed on 
AI,O, (neutral, activity grade 111, height of column 6 cm). With hexane, a 
yellow fraction was eluted, which gave a yellow inicrocrystalline solid upon 
removal of the solvent. This was identified by 'H and ,'P N M R  spectroscopy 
as rruns-[RhCl(CO)(SbiPr,),] (24).I9] With hexanclbenzene (I : l ) ,  a red frac- 
tion was eluted, which gave diphenylketene (23), identified by 1R and 13C 

NMR ~pec t roscopy ; '~ '~  yield 175 mg (90%). 

Reaction of tvuns-~RhCl(=CPh,)(PiPr,),~ (15) with CO:  This reaction was 
carried out analogously to that of 4 with CO. with 15 (62 mg, 0.10 mmol) as 
starting material. The products were identified by IR  and N M R  spectroscopy 
a s  trun.s-[RhCI(CO)(PiPr,),] (ZSj[38.421 and 23: yield virtually quantitative. 

Reaction of trans-[RhCI(=CPh,)(SbiPr,),l (4) with CNrBu: A solution of 4 
(82 ing. 0.10 mmol) in pentane (10mL) was treated with CNtBu (23 pL, 
0.20 mmol) at room temperature. After the reaction mixture was stirred for 
I h it  was worked up analogously as described for the solution obtained from 
4 and CO. The products were identified by IR  and N M R  spectroscopy as 
Ph,C=C=NtBu (26)i431 and /rrins-[RhCI(CN/Buj(SbiPr,),J (27);[**] yield 
virtually quantitative. 

Reaction of tvans-IRhC1(=CPh,)(PiPr,),](l5) with CNrBu: This reaction was 
carried out analogously to that of 4 with CNrBu, with 15 (62 mg, 0.10 mmol) 
and CNtBu (23 pL, 0.20 mmol) as starting materials. After the products had 
been separated by column chromatography, they were identificd as XI4,] and 
/run.r-[RhCl(CNtBu)(PiPr,),l (28); yield (of 28) 46 mg ( 8 5 % ) .  Data for 28: 
Yellow,solid:m.p. 102'C(decomp.);IR(KBr): i = 2151,2056cm-'(C=N); 
' H N M R  (C,D,, 200MHzj: 6 =  2.62 (m, 6H. PCHCH,), 1.38 [dvt, 
hr=33.2, J(H,H) =7.1 Hz, 36H, PCHCH,], 0.99 [s, YH, C(CH,),]; "P 
NMR (C,D,, 81.0 Hz): 6 = 46.8 [d. J(Rh,P) = 129.2 Hz]; C,,H,,CINP,Rh 
(542.0): calcd C 50.97, H 9.49, N 2.58; found C 51.12. H 9.29, N 2.63. 

Reaction of tvans-[RhC1(=CPhZ)(Sbcl)r,),l (4) with ethene: In an NMR tube, 
a slow stream of ethene was passed through a solution of 4 (40mg. 
0.05 mmol) in C,D, (0.6 mL).  Duringca. 3 min, a change ofcolor from green 
to yellow occurred. The ' H N M R  spectrum confirmed that both 3L9I and 
3.3-diphenyl-I-propene (31)[j7' were formed; yield virtually quantitative. 

Reaction of tvens-[RhCI(=CPh,)(PzTr,),] (15) with ethene: This reaction was 
carried out analogously to that described for 4, with 15 (31 mg. 0.05 mmol) 
as starting material. The ' H N M R  spectrum displayed the signals of both 
trans-[RhCl(C,H,)(PiPr,f,] (29) [3 '1 and 1,l -diphenyl- 1 -propene (32) : I3'1 

yield virtually quantitative. 

Reaction of fvans-IRhC1(=CPhz)(PPh,),l (18) with ethene: This reaction was 
carried out analogously to  that described for 4, with 18 (33 mg. 0.04 mmolj 
as starting material. The 'H N M R  spectrum displayed the signals of both 
/run.s-[RhCl(C,H,)(PPh,),] (30)'401 and 1,l-diphenyl-I-propene (32) . [3y1 The 
formation of30 was also confirmed by the , ' P  NMR spectrum; yield virtually 
quantitative. 

tvans-IRhBr(=CPh,)(Pz~r,),) (33): A solution of 15 (100 mg, 0.16 minolj in 
pentane (5 mL) was treated with finely divided KBr (1.00 g. 8.40 mmol) and 
stirred for 48 h a t  rooin temperature. The solvent was removed 111 vacuo. and 
the residue was extracted with ether ( 5  mL). After the cxtract had been 
brought to dryness, a green solid was obtained. It was washed twice with 
1 mL portions of methanol ( -  20'C) and dried; yield 105 mg (98%); m.p. 
75°C (decomp.); ' H N M R  (C,D,, 200 MHz): 6 = 8.05 (m, 4H.  orrho-H of 
C,H,), 7.13 (m, 6H. mefu- andpuru-H of C,H,), 2.44 (m, 6H,  PCHCH,), 
1.16 [dvt, N=13.2,  J(H,H) = 6.8 Hz, 36H, PCHCH,]; I3C NMR (C,D,. 
100.6 MHz): 6 = 317.7 [dt, J(Rh,C) = 39.2, J(P.C) =7.3 Hz. Rh=C]. 160.0 
(s, @so-C of C,H,), 128.6. 128.3, 127.9 (all s, ortho-. me/u- and puru-C of 
C,H,), 26.0 (vt, N =17.3 Hz, PCHCH,), 20.7 (s, PCHCH,+); "P NMR 
(C,D,, 162.0 MHz): 6 =19.8 [d, J(Rh,P) =169.6 Hz]; C,,H,,BrP,Rh 
(669.5): calcd C 55.61, H 7.83; found C 55.33, H 7.90. 

trans-[Rh(OPh)(=CPh,)(Pz'r,),] (34): A solution of 15 (125 mg, 0.20 mmol) 
in pentane (20 mL) was treated dropwise at - 78 'C with a solution of NaOPh 
(116 mg, 1.00 mmol) in acctone (0.5 mL). Upon warming to room tempera- 
ture, a change of color from green to dark red occurred. After the reaction 
mixture had bceii stirred for 2 h at ca. 25°C. the solvent was removed in 
vacuo. The residue was extracted with pentane (40mL), and the extract 
concentrated to  ca. 2 mL in vacuo. After the solution had been stored for 48 h 
at -78"C, dark red crystals were formed, which were separated from the 
mother liquor, washed with 1 mL of pentane ( -  30 "C) and dried; yield 98 mg 
(72%); m.p. 58 "C (decomp.); ' H N M R  (C,D,, 200 MHz): 8 = 8.05 (m, 4H. 
ortho-H of C,H,), 7.11 (m, l l H ,  ortho-, meta- and para-H of C,H,O and 
metu- and puru-H of C,H,), 1.86 (m, 6H,  PCHCH,), 1.08 [dvt, N = 13.0, 
J(H,H) = 6.6 Hz, 36H, PCHCH,]; 13C NMR (C,D,, 100.6 MHz): 
6 = 312.0 [dt, J(Rh,C) = 33.2, .I(P,C) =10.8 Hz, Rh=C], 170.2 ( s ,  ip.70-C of 

121 4, 112.7 (all s, orrho-, niefu- andpuru-C of C,H,O and ortho-. melu- and 
puru-C of C,H,), 24.4 (vt, N =15.1 Hz, PCHCH,), 20.3 (s, PCHCH,); 31P 
NMR (C,D6, 162.0 MHz): b = 23.2 [d, J(Rh,P) = 177.0 Hz]; C,,H,,OP,Rh 
(682.7): calcd C 65.09, H 8.42; found C 65.35, H 8.03. 

c,H,o), 160.5 (vt, N = 4.0 HZ, ipSo-c  of^,^,), 128.9, 128.7, 127.9. 127.3. 

IC,H,Rh(=CPh,)(PiPr,)l (35): A solution of 15 (72 mg, 0.12 mmol) in THF 
(10 mL) was treated with NaC,H, (44 mg, 0.50 mmol) and stirred for 30 min 
at room temperature. A quick change of color from green to deep blue 
occurred. The solvent was removed in vacuo, and the oily residue extracted 
with pentane (10 mL). The extract was concentrated to ca. 1 mL, and then the 
solution was chromatographed on A120, (neutral, activity grade V, height of 
column 5 em). With hexane, a bluc fraction was eluted, which after removal 
of the solvent gave a blue-violet solid. This was washed twice with 2 mL 
portions of methanol ( -  30 "C) and recrystallized from pentane ( - 78 "C); 
yield 47 nig (82%); m.p. 7h 'C (decomp.); MS (70 eV): wq'z ( I , )  = 494 (30: 
M ' ) ,  429 (0.3; M +  -C,H,), 334 (100; M +  - PiPr,). 328 (2.4: 

200 MHz): r i  = 7.43 (m, 4H, orfho-H of C,H,), 7.07 (m, 6 H ,  mc'/u- and 
puru-H of C,H,), 4.98 [dd, J(Rh,H) = J(P,H) = 0.8 Hz, 5H. C,H,], 1.48 
[dsept, J(P.H) =13.1, J(H.H) =7.1 HE, 3H.  PCHCH,], 0.98 (dd. 
J(P,H) =13.1, J(H,H) =7.1 Hz, 18H, PCHCH,]; 13C NMR (C,D,, 
50.3 MHz): 6 = 261.0 [dd, J(Rh,C) = 50.9, J(P,C) =17.9 Hz, Rh=C], 143.6 

M +  -- CPh,). 269 (2.9; RhZCPhf ) .  I68 (16; RhC,H:); ' H N M R  (C,D,. 

and 141.1 (both s. rpso-C of C,H,). 129.0, 128.6, 126.8, 126.6, 125.8. 125.1 
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(ails. C,H,), 86.1 [dd, J(Rh,C) = J(P,C) = 2.4H2, C,H,], 26.7 [d, 
J(P,C) =18.2 Hz, PCHCH,], 20.4 (S, PCHCH,); "IJ N M R  (C,D,, 
81.0 MHz): 6 = 58.0 [d, J(Rh,P) = 241.2 Hz]; C,,H,,PRh (494.5). calcd C 
65.59, H 7.34; found C 66.06, H 7.53. 

IRhCI,(CHPh,)(PiPr,),1 (36): A solution of 1.5 (63 mg, 0.10 mmol) in pen- 
Lane (10 mL) was treated at -20°C with a 0 . 5 ~  solution o fHC1 in benzene 
(200 ILL, 0.10 mmol). An almost instantaneous change of color from green to 
red occurred, and the rcaction mixture turned cloudy. The solvent was re- 
moved in vacuo, the residue was dissolved in ether (3 mL), and pentane 
(2 mL) was added. A red solid precipitated, which was separated from the 
mother liquor, washed three times with 2 mL portions of pentane ( -  20 "C) 
and dried: yield 63 mg (95%); m.p. 104°C (decomp.); ' H N M R  (C,D,, 
200 MHz): 6 =7.73 (ni, 4H, orthu-H of C,H,), 7.12 (m, 2H,  para-H of 
C,H,), 6.64 (m, 4 H ,  mela-H of C,H,), 4.67 (m, 1 H,  CHPh,), 2.94 and 2.83 
(both m, 3 H  each. PCHCH,), 1.46 and 1.26 [both dvt,  N = l i . 8 ,  
.IJH.H) = 6.9 Hz, 18H each, PCHCII,]; I3C NMR (C,D,, 50.3 MHz): 
6 =160.2 and 155.1 (both s, ipsu-C of C,H,), 129.0, 127.5, 127.1, 126.8, 
126.1. 123.7 (all S, C,H,), 49.0 [dt, J(Rh,C) =19.5, J(P,C) = 9.8 Hz, CH- 
Ph,], 25.7 (vt, N = 16.6 Hr ,  PCHCH,), 20.3 and 19.9 (both s, PCHCH,); "P 
NMR (C,D,, 81.0 MHz): 15 = 68.3 [d, J(Rh,P) = 121.1 Hz]; C,,HS3C1,P,Rh 
(661.5): calcd C 56.29, H 8.08; found C 56.13, H 7.97. 

X-ray structure determination of compounds 4 and 15: Single crystals of4  were 
grown from pentane at  -20 'C and those of 15 from hexane at room temper- 
ature. Crystal data collection parameters are summariicil in Table 1. Intensity 

Table 1, Crystal btructure data of compounds 4 and 15 

4 15 

formula 
M ,  
cryst. size [inin] 
cryst. system 
space group 
l /  [A] 
h @I 
1 [A1 
% [ I  
B [ I  

Z 
P ~ ~ ! ~ ~ ~  Igcm-7 
diffractometer 
radiation (graphite-monochromated) 
7- IKI 

transmission min [Yo] 
scan method 
20 (max) ["j 
absorption correction 
total reflections 
unique reflections 
observed reflections [a] 
parameters refined 
R 
R,  
reflections;parameter ratio 
residual electron density [ e k ' ]  

[cm-'I 

C,,H,,CIRhSb, C,,H,,CIP,Rh 
806.62 625.06 
0.4 x 0.3 x 0.2 
triclinic triclinic 
Pi (no. 2) 
1 1  025 (2) 10.449(4) 
32.348(5) 12.244 (4) 
14 194(2) 13.972 (6) 
83.18 (2) 94.01 (3) 
86.1 7 ( I )  92 81 (3) 
63.11 ( 2 )  114.26(2) 
1711(1) 1620(1) 
2 2 
1 S606  1.28 

0.25 x 0.33 x 0.48 

P i  (no. 2 )  

End-Nonius  CAD4 
Mo,, (0.70930 A) 

223 293 
21.4 7.2 
84.1 1 93.2 
01/20 u/O 
44 48 
not applied not applied 
4447 5364 
4180 4736 

316 398 
0.0285 0.029 
0.0395 0.034 
12.5 11.08 
+0.58:-0.91 +0.45/-0.32 

3950 4409 

data were corrected for Lorentz and politriaation effects. The slructiires 
were solved by direct methods for 4 and by the Patterson method for 15. 
Atomic coordinates and anisotropic thermal parameters of the non-hydrogen 
atoms were refined by the full-matrix least-squares method (Eiiraf-Noiiiu? 
SDP).'441 The positions of the phenyl hydrogen atoms of 1.5 were taken 
from a difference Fourier synthesis and refined isotropically. The positions of 
the other hydrogen atoms of 4 and 15 were calculated according to ideal 
geometry (distance C - H  = 0.95 A) and used only in structure factor calcula- 
tion.[45' 
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