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Abstract

Four-coordinate rhodium(l) complexes of the general compositians-[Rh(R)(=C=CHR)-(PiP),] and trans-[Rh(R)(FC=CMe;,)
(PiPr),], where R is an alkynyl, aryl, methyl or vinyl group, were prepared by substitution of the chlororhodium(l) preduassrs
[RhCI(=C=CHR)(PiP),] or trans-[RhCI(=C=CMe,)(PiP1),] and a Grignard reagent. The alkynyl derivatittemis-[Rh(C=CR)(=C=CHR)-
(PiPg),] are also accessible from [Rig{-CH,Ph)(PiPs),] and two equivalents of a terminal alkyne. The reactiomaris-[Rh(R)(FC=CHR)-
(PiPr),] andtrans-[Rh(Ph)EC=CMe,)(PiPg),] with CO led to a migration of the alkynyl, aryl, methyl or vinyl group to thecarbon atom
of the vinylidene ligand and gave thg-vinyl-, n*-butadienyl- anch-enynylrhodiumcarbonyl complexémns-[Rh{n!-C(RCHR }(CO)-
(PiPr),] in good to excellent yields. TheZ] isomers are preferentially formed. Even in the absence of CO, the methyl and vinyl com-
poundstrans-[Rh(R)(EC=CHR)(PiPr),] (R = CHs, CH=CH,) undergo an intramolecular C-C coupling reaction to give wfeallyl
and n3-butadienyl isomers [Rhf3-1-CH,CHCHR)(PiPg),] and [Rh{n3-trans-CH,CHC=CHR)(PiP1),]. Acid-induced cleavage of the
Rh—C o-bond of trans-[Rh{m*-C(R)=CHR } (CO)(PiPg),] with acetic acid affordsrans-[Rh(k!-O,CCH;)(CO)(PiPs),] and the corre-
sponding olefin or diene, respectively. In contrast, the enynyl compleaas[Rh{n-C(C=CR)=CHR }(CO)(PiPg).] (R =R = Ph,
tBu) react with CECO;H to give almost exclusively the butatrienes REEFC=CHR. Treatment of [Rh§3-1-CH,CHCHR)(PiPx),] and
[Rh(n3-trans-CH,CHC=CHR))(PiP1),] with acid gives [Rh2-0,CCH;)(PiP1),] and the respective olefin or diene. With the chelate com-
pound [Rh&?-O,CCH;)(PiPr),] as the starting material, a stepwise trimerization ofsHEICO,Me can be performed which, however,
does not lead to a trisubstituted arene but selectively to a hexadienyne derivative,-Btidged vinylidenerhodium(l) complexémans-
[{Rh(EC=CHR)(PiPg), }2(jn.-C=C—C=C)] react with CO and 2,6-dimethylphenylisocyanide by a twofold migratory insertion to give the
dinuclear compoundsans-[{Rh(CX)(PiPg), }.{ n-C(=CHR)C=C—C=C(=CHR)}], which contain a highly unsaturated eight-membered
C; chain as the bridge.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction
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The present account summarizes our studies about the
reactivity of rhodium(l) vinylidenes (in some cases of the

Vinylidene, the simplest unsaturated carbene, plays ancorresponding alkynyl(hydrido)rhodium(lll) isomers) to-

important role in organic chemistryl]. Although the

acetylene-to-vinylidene rearrangement is highly endother-

mic, it is now well known that in the coordination sphere
of mainly electron-rich transition-metals this isomerisation
process occurs quite readily (see revid2. The driving

ward carbon nucleophiles. It is shown that in agreement
with the work by Kostic and Fensk3] the a-carbon
atom of the RFEC=CHR moiety appears to be somewhat
electron-deficient and reveals a remarkable tendency to
react intramolecularly with an organyl moiety to form of

force for the isomerisation can be seen in the excellenta new C—C bond. Since in most cases the so-foraed

w-acceptor capabilities of: ®CH, and its congener§3]
which in some respects exceeds those of[€OThe result

is that transition-metal complexes of the general composi-

tion [M(=C=CHR)(L),] (R = H, alkyl, aryl, vinyl, etc.) are

or w-bonded ligand can be easily released from the metal
center, the rhodium vinylidenes can serve as mediators
for the coupling of terminal alkynes with different organic
substrates.

quite stable and in most cases even more stable than the

related acetylene-metal isomers.

Our own work in the field of metal vinylidenes began
with a mere accident. In the context of a broad investigation
on the Lewis basicity of halfsandwich-type transition-metal
complexeq5], we observed that in contrast to the square-
planar compoundsans-[RhCI(RC=CR)(PiPg)2] (where R
is methyl or phenyl), which react with Na@ls to give the
alkyne complexes {{>-CsHs)Rh(RC=CR)(PiPg)], the cor-
responding starting materidtans-[RhCI(HC=CR)(PiPg)]
(where R is H, methyl or phenyl) afford upon treatment
with NaGsHs exclusively the vinylidene counterparts)p¢
CsHs)Rh(=C=CHR)(PiPg)] [6]. While studying the mech-
anism of this reaction in some detail, we found that in
solution the four-coordinate rhodium(l) precursdrans-
[RhCI(HC=CR)(PiPg)2] are rather labile and rearrange
at ambient temperatures to the vinylidene isomesss-
[RhCI(=C=CHR)(PiPg)2]; the five-coordinate rhodium(lIl)
compounds [RhCI(H)(ECR)(PiPg)2] are formed as in-
termediateg7]. Subsequent theoretical work revealed that
the final step from the alkynyl(hydrido) complexes to
the four-coordinate rhodium vinylidenes probably occurs
by a bimolecular hydrogen shift which is favored by ca.
15kcal/mol in free energy of activation compared with a
unimolecular 1,3-H migration procefg).

2. Preparation of the starting materials

The vinylidene complexed—3, which are accessible
from [RhCI(PiR)2]2 and terminal alkyne$7], react with
aryl or vinyl Grignard reagents in ether/THF to give the
aryl and vinyl rhodium(l) compoundg-10 in good to
excellent yields $cheme 1 [9]. The related starting ma-
terial 11, which was prepared by an unexpected route
from [RhCI(PiR;)2]2, MeC=CHBr and two equivalents of
sodium[10], behaves similarly and upon treatment with Ph-
MgBr or CH,=CHMgBr affords the corresponding phenyl
and vinyl rhodium(l) complexed2 and 13 (Scheme 2
Compoundg-10 and12, 13 were isolated as violet or deep
green microcrystalline solids, which are air-sensitive but
under argon can be stored for weeks without decomposition.

To obtain the methyl rhodium(l) derivativel-16, the
procedure used for the preparation of the aryl and vinyl
counterparts had to be modified. After several unsuccess-
ful attempts, we found that the method of choice is to treat
a solid sample of the Grignard compound £Bigl with a
solution of1-3 in toluene at—30°C [9]. Under these con-
ditions, the required products could be isolated in 80-90%
yield (Scheme R In contrast ta4-10 and12, 13, the methyl

L H

R'CgH4MgBr . / / _|R | R
——g I —C=
R_©—5h_c < 4|Pnh[H
L R 5|Ph|Me
46 6 | tBulH
/ /H H,C=CHMgB HO ot M
Cl—Rh=c=¢ 2= —TVgBT ;c—/Rh=c=c\ _|R
¥ R H—C{ K R 7 | Ph
H 8 | tBu
1-3 7-9 9| H
R
1| Ph Me,C=CHMgBI, HO & s
R TR, c-Rh—c=C
2 | tBu (R = Ph) Me—c” |/ .
3| H \ Ph
Me
10

Scheme 1. L= PiPr.
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Scheme 3. L= PiPr.

complexesl4-16 are only stable as solids and slowly de-
compose in solution.

The alkynyl rhodium(l) compound&7 and 18 are also
accessible by the Grignard rouf@]. An alternative pro-
cedure to prepard7 consists of the reaction of thg°-
benzyl complex19 with phenylacetylene in the molar
ratio of 1:2[11]. In the same way, the related compounds
22 and 23 have been obtained. At lower temperature, in-
termediate®0 (for R = Me and Ph) an@1 (for R = tBu)
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that the exclusive formation of this complex frotnand
PhC=CMgBr indicates that the vinylidenexCHtBu unit is
not involved in the substitution process because otherwise
the trans-[Rh(C=CtBu)(=C=CHPh)(PiPs),] isomer, sup-
posed to be thermodynamically favored, would be generated.

3. Lewis acid and base induced C—C coupling reactions

In contrast to what we had expected, the reaction of
17 with a solution of HCI in benzene at room tempera-
ture did not lead to the elimination of phenylacetylene but
gave, quite surprisingly, the enyne compl2x in about
50% vyield[11]. If 17 was treated in ether at40°C with
gaseous HCI, instead @ the alkynyl(vinyl)rhodium(lIl)
compound24 was formed exclusivelyScheme b We as-
sume that in the initial step an oxidative addition of HCI to
the metal center o017 takes place generating the interme-
diate [RhCI(H)(G=CPh)EC=CHPh)(PiPs).], which reacts
by migration of the hydride ligand to the-carbon atom of
the vinylidene moiety to give4. The exclusive formation
of the £)-isomer of the metal-vinyl unit is probably due to
the kinetically preferred transfer of the hydride from the side
opposite to the phenyl group. The rearrangemeri2de5
occurs quantitatively in benzene at room temperature and is
equally selective; only the compound containing the enyne
in the (£) configuration is formed. Treatment 25 with CO
led to a ligand exchange and gave tAp ¢onfigurated enyne
PhCH-CHC=CPh and the four-coordinate rhodium(l) car-
bonyl complextrans-[RhCI(CO)(PiPs)2] [11].

The coupling of the two €fragments ofl7 (and analo-
gously of23) proceeds in a different way if the starting mate-
rials are treated with CO instead of HX. We found that both
complexesl7 and 23 react with CO in pentane at40°C
to give exclusively theZ)-isomers of the enynyl rhodium(l)
compound£6 and27 in about 80% yield $cheme H[11].

could be isolated which if dissolved in benzene, rearrange atTaking into consideration that the precursbfsand23 have

30-40°C quantitatively to yieldl7, 22 and 23, respectively
(Scheme % With regard to the synthesis dB, we note

H
/
L =i /L C
g—m( — 2RC=CH o c=c—RA—Ii
N - CH3CgHs 4 C\
R
19 20
H
/ /H pentane/ NEty /L
R—C=C-Rh—C=C R-C=C-Rh—C=C-R
/ \ /
L R L
17,22,23 21

17 22 23
R | Ph Me tBu

Scheme 4. L= PiPr.

a 16-electron count, we assume that the initial step of the
reaction consists of the addition of carbon monoxide to the

Ph
H L
/ / /- C
Ph—C=C—Rh=C=( %» c—h—Il
K Ph O AL
17 25 L=C
H H
Hcl| -40°C co
25°C
Ph
C—H
y _
H / o~ J
=<, Ph—C=C—C
L Ph H
/ +
Ph_c=c?h_0' trans-[RhCI(CO)(L),]
24

Scheme 5. L= PiPr.
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Scheme 6. L= PiPr.

metal center to generate a coordinatively saturated (prob-

ably short-lived) 18-electron intermediate, which after mi-
gration of the alkynyl ligand to the:-carbon atom of the
vinylidene moiety affords the isolated product. The X-ray
crystal structure analysis of an analogu®tnd27 with R

= CO,Me, being prepared from [Rkf-O,CMe)(PiPg)2]
and two equivalents of HECCO;Me in the presence of
NaxCOs [12], illustrated that the enynyl unit lies prependic-

H. Werner / Coordination Chemistry Reviews 248 (2004) 1693-1702

lution of 26 or 27 in benzene led to an isomerization and
gave the thermodynamically preferred compougfsand
29 [11].

Not only compoundsl7 and 22 but also the corre-
sponding alkyl, aryl and vinyl counterparts-7, 12 and
14 react quickly in toluene with carbon monoxide. Even
at —30°C, a smooth migration of the-bonded group R
from rhodium to carbon occurred and after recrystalliza-
tion from acetone the rhodium(l) complex88-35 were
isolated in virtually quantitative yieldScheme Y[9]. Both
the NMR-spectroscopic data 80-35 and the X-ray crystal
structure analysis 083 confirmed that in analogy to the
formation of 26 and 27 only the @)-isomers were gener-
ated. The reactions &f and 14 with t-butylisocyanide also
proceeded selectively and afforded the compouiness-
[Rh(CR=CHPh)(CNBU)(PiPB)2] (R = Ph, Me) in about
80% vyield[9].

4. Thermally induced C—C coupling reactions

With the methylrhodium(l) compoundg-16 as the start-
ing materials, we found that a coupling of the two C-bonded
ligands takes place even without the presence of a Lewis
acid or base. If a solution df4, 15 or 16 in benzene was
stirred at room temperature for 12h, a change of color

ular to the plane of the molecule and that there is no addi- from deep blue or violet to yellow or orange occurred and

tional interaction between the=€L triple bond or the cisoid

ester group with the rhodium center. Photolysis of the so-

microcrystalline products of general composition [RH
CH,CHCHR)(PiPs)2] (36-38) were isolated in 70-80%

R\
L C—H
€0, ocph =
(R" =Ph, p-Tol) / 30
31
32
30-32 R
Ph
\
L R L C—H
/ / co i
R"—Rh=—C=C — OC—Rh—C H
/ { (R"=HC=CH,) / N {
L H L C=C
/ \
H H
4-7,14 33
Ph,
C—H
o, oc—RﬁL—c//
(R" = CHy) / \CH3
34
Me\
L Me L //C—'V'e
O—ph=c=¢ —L—— oc-R—C
/ \ /
L Me L
12 35

Scheme 7. L= PiPr.
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14-16 e H\/%—Rh/
(R=1tBu, H) \
R R L
37| Bu 37,38
38 H

Scheme 8. L= PiPr.

yield (Scheme B[9,13]. The parent derivativ88 was al-
ready known and prepared either from [RB{(CzHs)(n*-
CgH12)2] (generated in situ) and Pigf14], or more directly
from [RhCI(PiR)2]> and GHsMgBr [15]. The 'H NMR
spectra of the phenyl- artebutyl-substituted complexe36
and37 reveal that ir36 the allylic unit is present in the syn-
and in37 in the anti-configuration. Moreover, we found that
compound37, even after it had been stirred in benzene so-
lution for 24 h, does not rearrange to the syn-isomer, which
is supposed to be thermodynamically more stable.

The proposed mechanism for the isomerization of the
methyl(vinylidene) to them3-allyl complexes is shown
in Scheme 9In agreement with earlier studig$6], we

assume that in the initial step a 14-electron species of com-

position A is generated which could be considered as an
analogue of [Rh§!-CH,Ph)(PiPg),] [15]. This intermedi-
ate then undergoes fixH shift to give the four-coordinate
allene(hydrido)rhodium(l) derivativB. The final prod-
uct is then formed by hydride transfer from the metal
to the central carbon atom of the allene unit. Support
for the assumption that a vinyl ligand as A can rear-
range to a 1-substituted allyl group comes from the work
by Schwartz et al[17] who observed that the iridium(l)
compound trans-[Ir {(2)-C(CHg)=CHCH;}(CO)(PPh),]
reacts on warming in benzene to give the allyl isomer
[Ir(m3-syn-CHCHCHCHs)(CO)(PPh)>]. Moreover, in
the reaction of [{°-CsHs)Mo(CH3C=CCHsz)(L)(L")]BF4

(L =L =P(OMe); L =CO, L' = PEg) with hydride

A Ph_
H o
HC-[Rh]=C=(  ——————= [RhI—C_
Ph CHs
B
. HPh
PhJ/ =Rh] [Rh]—|
L~ CH
H H 2

Scheme 9. [Rhl= Rh(PiPg)2.
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(CgHg) /f\—Rh\
R—C L
H s v H 3040
%c—ﬁeh:c:c\ — '
H_C\H L R ol /L
soli —~ ol
7.8 phase) R—C=C L/Rh "
R 41,42
39,41| Ph
40,42| tBu

Scheme 10. L= PiPr.

donors a coordinatively unsaturateg-vinyl intermedi-
ate is equally formed and rearranges to the corresponding
(m3-1-methylallyl)molybdenum complepd 8].

Not only the methyl(vinylidene) but also the vinyl(vinyli-
dene)rhodium(l) compoundsand8 rearrange in benzene at
40-50°C without the support of a Lewis acid or base. The
reactions proceed more slowly than thosel4£16 and af-
ford then3-2,3,4-butadienyl metal derivativé® and40 in
55-65% yield Scheme 1P[9,13]. As thelH, 13C and3lp
NMR spectra 0f39 and40 indicate, the allylic fragment of
the butadienyl ligand is probably coordinated in an unsym-
metrical fashion to rhodium. Based on a cross-over experi-
ment, we conclude that th¢*-butadienyl units are generated
by an intramolecular and not an intermolecular route. It was
found that if a solution of botB and14 in CgDg was stirred
at 50°C, only the corresponding isome86 and 40 were
obtained[9].

Quite surprisingly, the vinyl(vinylidene) complexes
and 8 are not only labile in solution but also in the solid
state. If they are stored under argon for 10-14 days at
room temperature, they transform almost quantitatively
into the alkynyl(ethene)rhodium(l) compound$ and 42
(seeScheme 1) These compounds had previously been
prepared from19 and HGECR (R = Ph, tBu) under an
atmosphere of ethenfl9]. With regard to the mecha-
nism of the rearrangement af and 841 and 42, we
assume that the initial step consists of a 1,3-H shift from
the vinylidene B-carbon atom to the metal center (see
Scheme 11 The five-coordinate intermediaté can then
either regenerate the starting materigl 8 or react by
intramolecular reductive coupling to give the ethene com-
plexes4l and 42, respectively. It should be noted that a
rearrangement of the alkynyl(hydrido)rhodium(lll) com-
plexes [RhCI(H)(GCSiRs)(PiP1)2] (R = Me, Ph) to the
vinylidene isomergrans-[RhCI(=C=CHSIRs)(PiP1)2] has

H
H\ /L
7,8 — //C—/Rh—CEC—R — 4142
H—C !/
\
H
C

Scheme 11. L= PiPs.
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been observed to occur also in the solid state. This is a 1,3- R H
shift in the reverse direction from the metal to fBxearbon L \c\ L \c\
atom of the alkynyl unif20]. oc—;eﬁ—c\// Ho_ oc—;eﬁ—c\// R
X L C
% t
5. Generation of the uncoordinated C—C coupling 2627 R 2 R

products (R =Ph)
CF3CO,H CF3CO,H

The vinyl- and dienylrhodium(l) complexe30, 33 and

34 react with acetic acid in benzene at room temperature to R\C= C—c— C:R = Eh
afford the acetato compourth plus the E)-olefins43, 44 o HH 48! Bu
and46 (seeScheme 1p Under the chosen reaction condi- 47,48
tions, there is no rearrangement &) ¢o (Z2) isomers[9].

In contrast to what we expected, the cleavage of the + trans-[Rh(0,CCF3)(CO)(L),]
enynyl-rhodium bond in26, 27 and 29 by CRCOxH in 49

acetone or benzene gives, besides the trifluoracetato com-
plex 49 and small amounts of the corresponding enyne, the
butatrienesA7 and 48 in 90-95% vyield Scheme 1B[11].

Scheme 13. L= PiPg.

Whereas compoun2¥ is rather inert toward acetic acid, the Ph ﬁ_ Rh/L CH3CORH H\C=C/Ph 4 HC _<O\Rh/L
reaction of26 with CH3COyH leads to a 40:60 mixture of H M v’ H o N\
(E)-tBuC=CCH=CHtBu and48, and that of29 gives @)- 36 44 50
PhC=CCH=CHPh. Both the product distribution and the

isomer ratio of the E)/(Z)-butatrienes indicate that, with a ’ _Rh/L CH;CO,H H\C= i e+ 50

stronger proton donor such as §tFO>H, the attack of the \ VAR SN

acid does probably not occur at the Lewis basic metal cen- Bu 37 : Me 51aH Me 51b .

ter but directly at the triple bond of the enynyl ligand. It is

conceivable that a cationic butatriene rhodium complex is L H A

formed as an intermediate from which the cumulene is dis- /%—Rh/ _CHCOA H/C=C\ _ /By w0

placed by the carboxylate anion. tBu/C\/ L H/C_C\
Them3-allyl andm3-butadienyl complexes also react with 20 5

acetic acid $cheme 1% If the phenyl-substituted deriva-

tive 36 is used as the starting material, the same oléfin Scheme 14. L= PiPr.

is generated which is formed fro84 and CHCO;H. In

contrast, the reaction of thebutylallyl compound37 with the allylic ligand, could generate either thg) (or the )
acetic acid gives a mixture of th&) and ) isomers5la olefin.

and51b with the former as the major species. To explainthis ~ The corresponding reaction @b with acetic acid pro-
observation, we assume that in the initial step an intermedi- ceeds under the same conditions as thad®énd affords
ate [RhH3-1t-BuCsHy)(x1-0,CCHg)(PiPR),] is formed regioselectively the butadiene derivati2. The exclusive
by oxidative addition, which could rearrange to an isomeric formation of the Z) isomer supports the assumption that in
nt-allyl(hydrido)rhodium(lll) derivative. This species, de- compound40 (and probably also i89) the substituents at
pending on the site of attack of the metal-bound proton on the non-coordinated €C double bond areis-disposed.

Ph\
(@]
C_
r CHyCOH AN A+
OC—/Rh—C\ /C=C + HsC O—Eih—CO
L R IR PH H U
30,34 43 Ph 43,44 45
44 Me
Ph\ H
L C—H \ /
a4 CH3CO,H H c=C
OC—-Rh—C H \ / \ o+ 45
Y e=d Fe
/ \ Ph H
H H
33 46

Scheme 12. L= PiPs.
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L H L H

cl—Ri=c—=c/ _ChMel c—Rh=c=¢ N H =N | H
A SN . S < ~
L 1 Ph L 14 Ph HsC O/Rh\L H3C /Rh
50
1) HC=CPh 2 HC=CR|- H,C—=CHR
2) Al,O4/ CI (-20°C)
o / o |L AR o T H
— H —
HsC /Rh\ CH5CO,H Ph\//\ R, ch< ki ;. <HC=CR ch< R
L H L /1 Ne=C (25°C) s |\c
0’| “c="r o) X
50 36 L CR
54
. 55
Scheme 15. L= PiPr.
Scheme 16. L= PiPr, R = CO;Me.

The rhodium-containing product of the reactions36f mosphere to 80C, a reaction takes place which yields the
37 and 40 with CH3CO,H is the chelate comple%0 [15], carbonyl complexd5 and the E)-butenynes6 (Scheme 1y
which can be reconverted to the starting matetialThis [22]-_QUItE_ remarkably, compoungb reacts with methyl
takes place in two steps, first by treatmen6@fvith pheny- propiolate in benzene even at room temperature. In contrast
lacetylene, and second by column chromatography of the into the reaction with CO, instead of a C—C coupling a formal
situ generated rhodium(lll) compound [RhHECPh)?2- insertion of the substrate into the metal-vinyl bond takes

0,CCHg)(PiPr),] [12] on Al,Oz in the presence of chloride  place. As the X-ray crystal structure analysis confirmed, the
ions. As a consequence, a cyclic process can be establishetfolated compleX7 can be considered as a derivativessf

(Scheme 1} in which an olefin RCH-CHR is regio- and with a 2-butadienyl instead of a vinyl group as a ligand. Both
eventually stereoselectively formed from a terminal alkyne C=C bonds of the butadienyl unit have the more favored
HC=CR, a Grignard reagent’RgX and acetic acid by  (E) configuration. With regard the mechanism of formation
general assistance from rhodium(l). In this context we note of 57, we assume that initially the acetate-rhodium chelate
that we have recently shown that not only olefins and bu- bond is partially opened and one molecule ofHCCO,Me

tadienes but also vinylallenes can be prepared by a similaris added to the metal center. This step is probably followed
route, using instead df the related allenylidene complex
trans-[RhCI(=C=C=CPh)(PiP1),] as the starting material

[21]. wed o "cr
O—Rh/—CO + RCEC—C//\
H
6. The step-wise trimerization of an alkyne to a 45 - 56
hexadienyne derivative
_ _ _ co'(eo"c:) H_

The chelate comple%0 reacts with methyl propiolate in C—R
pentane at-40°C to afford the alkyne compountians- RcEc—g{/\ 60
[Rh(k1-02CCHg)(HC=CCO,Me)(PiPg),], which is quite 0 |L Cé/CRH FH
labile and slowly decomposes in solution at room temper- 3C< /Rh/ d H—C_
ature[12]. In order to obtain the isomeric alkynyl(hydrido) L ‘,3/ R . R
complex54, the starting materiddO had first to be converted 55 H trans-[RhCICO)(L);] 59
into the dihydridorhodium(lll) derivativés3, which reacts
with two equivalents of HECCO;Me in pentane at-20°C HC=CR|(25°C) co|@sc)
to give 54 (Scheme 1p5[22]. Subsequent treatment 6%
with an equimolar amount of methyl propiolate in pentane |_ L R
at room temperature affords the alkynyl(vinyl) compki C//:RH MaCl C|_R/h_ﬁ
in quantitative yield. According to the NMR spectroscopic H30< /Flzh/\ A (480C2) K C\ H
data there is no doubt that the two substituents at thé C 7~ R Ho_c
double bond aré¢rans-disposed. HOSH TN

Compounds5 is thermally stable and under normal con- 7 R R " H

ditions inert in the presence of carbon monoxide. However,
if a solution of 55 in benzene is warmed under a CO at- Scheme 17. L= PiPi, R = CO;Me.
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by a rearrangement of the coordinated 1-alkyne to the iso- bis(alkynyl)(hydrido)rhodium(lll) intermediat® is gen-
meric vinylidene, and finally a coupling of the vinyl and erated by oxidative addition, which after migration of the
the vinylidene ligands occurs analogous to the reaction of hydride to thex-carbon atom of the vinylidene ligand trans-
with CO. forms to the product. The coordination of the@ oxygen
Similar to 55, compound57 is thermally stable and atom to the metal, which is clearly illustrated by the IR
even on heating to 60C no reaction takes place. However, spectrum of62, can be compared to that of the iridium(lll)
the coupling of the butadienyl and the alkynyl ligands at complex [IrCI(H){k?(C,0)-CH-CHC(OMe}O}(PiPr)2],
rhodium can be achieved if a solution 8% in diethyl which was prepared from [IrCl(§H14)2]2/PiPr; and methyl
ether is treated at 4 with an excess of MgGI6H,O acrylate by C—H activatiof25].
and NaCOs. Under these conditions, the four-coordinate
rhodium(l) complex58 was isolated in 79% yielf22]. As
was shown crystallographically, there is a somewhat dis- 7. C—C coupling reactions of dinuclear
torted square-planar coordination around the metal centervinylidenerhodium(l) complexes
with one of the alkyne carbon atoms lying above the plane
formed by the ligated rhodium, chlorine, phosphorus and  After we found that rhodium vinylidenes of the general
carbon atoms. The butadienyl substituent at tee0dbond type trans-[Rh(C=CR)(=C=CHR)(PiPg)2] can be con-
still has the E,E) configuration which illustrates that in  verted tom!-enynyl complexes and subsequently to buta-
the course of the C—C coupling n&)((Z) isomerization trienes (seescheme 1B we became interested to find out
takes place. In contrast @/, however, the @ unit of the what the reactivity of related binuclear compounds such as
hexadienyne ligand iB8 is s-trans. 65 and 66 is. The route to prepare these compounds fol-
In the same way as the butenyne comp@&xcompound lowed our observation that rhodium(l) complexes with ace-
58 also reacts with CO at room temperature by ligand tate or hydroxide ligands cleanly react with stannylalkynes
displacement to give the carbonylrhodium(l) derivatb& PhsSnC=CR to give rhodium(l) alkynyls and BBnX (X
and the formerly unknown substituted hexadiengdsee = OAc, OH)[26,27].
Scheme 1) The latter has been characterized by GC/MS  The reaction of the fluoro(vinylidene)rhodium(l) deriva-
and 'H NMR spectroscopy22]. It should be mentioned tives 63 and 64, which were prepared from [Rly?-
that in contrast to the reaction of [Ni(C&fPPh)2] with 0,S(0O)CR}(PiPr3)2] and the corresponding 1-alkyne in
methyl propiolate[23], in the stepwise rhodium-assisted the presence of KF, with BBhC=C-C=CSnPHh in hexane
trimerization of HGECCO,Me no cyclic GH3(COoMe)s affords besides RSnF the binuclear compoun@s and66
isomer could be detected. As far as we know, only in the as green, moderately air-sensitive solids in excellent yields
oligomerization of ferrocenylethyne HECFc [Fc = (n°-

CsHa)Fe®-CsHs)], catalyzed by [Ni(CO)(PPh),], be- L H
sides the corresponding butenyne and benzene derivatives a  , ¢ phi—c=d + PhySNC=C—C=CSnPh,
branched trimer structurally related@o is formed although V \
merely in 45% yield24]. 63,64

The vinylidene complex6l, prepared fromb4 and an -2 PhaSNE R
equimolar amount of HECCO;Me in the presence of 22'2‘2 gh

base, also reacts with methyl propiolate in neat N&b
the solvent to give the chelate compousil (Scheme 1B H\c—c—R ﬁEC=C—C=C—RﬁL= C_C/H
[19b]. We assume that in the initial step a six-coordinate ;T T 7 N

L L R
65,66
RCy. | 2CX
I / HC=CR Ny M
R-C=R-Rh=C=C N—Et> Rh\ M H\
/ R 8 L \C\ H R—C\ FR
61 RC ¢ | —c=c—c=c—C
R s, / \ S
Rh RA
D /S L7\
H xC cX
RC\%C LLom 67-69
\th Sse IR cX
7| )" ~=C 67| H (o{0]
o | Rg=C~
re?- L O TOMe 68| Ph co
62 69| Ph CN06H3M92-2,6

Scheme 18. L= PiP, R = CO;Me. Scheme 19. L= PiPs.
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(Scheme 1p[28]. The carbonyl and isocyanide complexes knowledge the valuable contributions of (the late) Profes-
[(r-Ca){Rh(CX)(APr3)2}2] (CX=CO, CNGH3sMe>-2,6) sor M.L. Ziegler (Heidelberg) and Dr. K. Peters (Stuttgart)
were obtained analogously. Treatment6d& and 66 with and their coworkers in elucidating the crystal and molecular
CO at low temperatures or with CNB3zMe»-2,6 at 25°C structures of some of the new compounds reported. The con-
in pentane or hexane led to a twofold migratory insertion stant and unbureaucratic financial support by the Deutsche
of the vinylidene units into the Rh—-G-bonds and gave  Forschungsgemeinschaft and the Fonds der Chemischen In-
the dirhodium compound&7—69 in 74—82% yield. As was  dustrie is also gratefully acknowledged.

shown by the X-ray crystal structure analysisG&, both

metal centers are coordinated in a square-planar fashion.
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