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stabilize the trivalent thorium oxidation state, rendering 
eq 7 more endothermic, Equally important may be dif- 
ferences in metal-hydrocarbyl ligand orbital overlap 
(bonding), although these are not immediately obvious in 
observables such as He I, I1 photoelectron spectra.24 
Likewise, differential a-accepting tendencies of the 
Cp3Th% and Cp',Th'" centers may significantly affect the 
bonding of alkoxide hence the measured exo- 

(24) (a) Ciliberto, C.; Condorelli, G.; Fagan, P. J.; Manriquez, J. M.; 
FragalB, I.; Marks, T. J. J. Am. Chem. SOC. 1981, 103, 4755-4759 and 
references therein. (b) hag&, I. In yOrganometallica of the f-Elements"; 
Marks, T. J., Fischer, R. D., Eds.; D. Reidel Publiihing Co.: Dordrecht, 
Holland, 1979; Chapter 13 and references therein. (c) For example, the 
low-energy "5F" ionization signal occurs at an experimentally indistin- 
guishable energy for the two classes of uranium analogues. 
(25) Lauher, J. W.; Hoffmann, R. J. Am. Chem. SOC. 1976, 98, 

1729-1742. 

thermicity of eq 3. In any case, it is clear that the nature 
of the ancillary hydrocarbon ligands does affect D(M-R) 
values for organoactinides. 
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(26) Both d and f orbitals of appropriate symmetry are available for 
r bonding in Cp8ThOR and Cp'zTh(OR)z compounds. 
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Treatment of (q-C5H5)2Rh2Gc-CO)(p-CF3CzCF3) (1) with diazoalkanes NzCR1R2 in diethyl ether at 0 "C 
gives the palkylidene complexes (~-C5H5)2Rh2(~-CO)(p-CR1Rz)(~-CF3C2CF3) (R' = R2 = H, 2a; R' = R2 
= COzEt, 2b). Migration of the alkylidene group to the coordinated alkyne occurs when each of the complexes 
is kept in solution at room temperature. With 2a, there is formation of a new C-C bond to give a a,?r-allyl 
complex, (q-C5H5)zRhz(CO) [p-C(CF3)C(CF3)CH2] (3). In contrast, 2b gives (q-C5H+RhZ[p-C(CF3)=C- 
(CF3)OC(OEt)==C(COzEt)] (4) in which a new C-0 bond has been formed. Determination of the crystal 
and molecular structure of 4 establishes that the bridging group is a divinyl ether which spans the Rh-Rh 
bond in "flyover" fashion. Crystal data: CZ1Hd6O4Rhz, M, = 656.2, monclinic, ml /n ,  a = 17.666 (8) A, 

g ~ m - ~ ,  X(Mo Ka) = 0.7107 A, p(Mo Ka) = 14.0 cm-', final R = 0.052, R, = 0.051, from 2945 observed 
reflections (6518 measured). 

b = 13.679 (6) A, c = 9.526 (4) A, j3 = 103.62 (S)", U = 2237.3 A3, DC.d = 1.95 (2 = 4), Dmess,j = 1.90 (3) 

Introduction 
The first (pmethy1ene)dimetal complex was reported2 

as recently as 1975, but already there iR a substantial re- 
vie$ on the topic. This high level of interest and activity 
has been stimulated by the possible involvement of these 
and related compounds in important catalytic reactions 
such as alkene metathesis, Fischel-Tropsch chemistry, and 
alkyne p~lymer iza t ion .~~~ 

Recently, we described' the synthesis of a coordinatively 
unsaturated dirhodium complex ( . I I - C , H , ) ~ R ~ ~ ( ~ - C O ) ( ~ . -  
CF3C2CF3) (1) and the coordinative addition of some a-acid 
ligands to yield the complexes (q-C6H5)2Rh2(CO)L(p- 
CF3CzCF3). These reactions include the additions of CO 

(1) Part 1. Dickson, R. S.; Oppenheim, A. P.; Pain, G. N. J. Organo- 

(2) Herrmann, W. A.; Reiter, B.; Biersack, H. J. Organornet. Chern. 
met. Chem. 1982, 224,377. 

1978, 97, 245. 

104, 1134 and references therein. 

(3) Herrmann, W. A. Adu. Organornet. Chem. 1982,20, 159. 
(4) Casey, C. P.; Fagan, P. J.; Miles, W. H. J. Am. Chem. SOC. 1982. 

and CNR, and it therefore seemed likely that related 
complexes should be formed with =CR2. In fact, the 
reactions of 1 with various diazoalkanes, N2CR1R2, lead 
to elimination of N2 and formation of p-alkylidene com- 
plexes of formula (a-CSH5)2Rh2(p-CO)(p-CR1R2)(~- 
CF3C2CF3). Some of these complexes undergo interesting 
intramolecular reactions in which the alkylidene migrates 
to the coordinated alkyne. In this paper, we describe two 
such reactions; these results have been briefly communi- 
~ a t e d . ~  

Experimental Section 
General Data. Infrared spectra were recorded on a Perkin- 

Elmer 521 spectrometer. 'H and '9 NMR spectra were recorded 
at 90 and 84.66 MHz, respectively, on a Bruker WH-90 spec- 
trometer; the lH spectra are reported as 6 values, and the 19F 
chemical shifts are upfield from CC13F internal reference. A V.G. 
Micromass 7070-F spectrometer was used to measure the mass 

(5) Dickson, R. S.; Fallon, G. D.; Nesbit, R. J.; Pain, G. N. J. Orga- 
nornet. Chern. 1982,236, C61. 
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spectra. Microanalyses were performed by the Australian Mi- 
croanalytical Service, Melbourne. 
All reactions were carried out in standard Schlenk equipment 

under dry NP Ether was freshly distilled from LiAlH, before use. 
Preparative scale thin-layer chromatography was carried out on 
20 by 20 cm plates with a 1:l silica gel G-HF254 mixture as ad- 
sorbent. 
Starting Materials. (@5Hd&hz&-CO)(p-CF9C2CF3) (1) was 

prepared by the published' procedure. Diazomethane was gen- 
erated from N-methyl-N-nitrosotoluene-p-sulfonamide and KOH 
in ether;6 N2C(COZEt), was prepared by a published method.' 

Reaction of 1 with N2CHz. A slight excess of diazomethane 
in diethyl ether was added to a solution of 1 (0.120 g) in diethyl 
ether at 0 "C. Within a few minutes, orange cryatals had deposited 
and the supernatant was red. The orange crystals were separated 
by filtration and washed with pentane to give ( v - C ~ H ~ ) ~ R ~ ~ -  
(CO)(CH,)(CF,C,CF,) (0.105 g, 85%) (2a), mp 124 "C dec. Anal. 
Calcd for C16HlzF60Rh2: C, 35.6; H, 2.2; F, 21.1. Found C, 35.6; 
H, 2.5; F, 21.3. Spectroscopic data: IR (KBr) v(C0) at 1883 (vs), 
1871 (vs) cm-'; 'H NMR (acetone-d,) 6 10.55 (dt, 1 H, J = 5.0 
and 2.5 Hz, methylene H), 7.84 (dt, 1 H, J = 5.0 and 0.9 Hz, 
methylene H), 5.65 (a, 10 H, C5H5); '9 NMR (acetone-d,) 6 53.2 
(8 ) ;  MS, m/e 540 [MI', 512 [M - CO]'. 

Excess NzCHz and ether were removed from the red filtrate 
under reduced pressure. Subsequent TLC with hexane as eluent 
separated a major red band from minor bands which were dis- 
carded. Removal of solvent from the red solution gave red crystals 
of (q-C5H5)zRh2(CO)[C(CF3)C(CF3)CHz] (3) (0.018 g, 14%), mp 
132 "C. Anal. Calcd for C16H12F60Rhz: C, 35.6; H, 2.2; F, 21.1. 
Found: C, 36.5; H, 2.5; F, 21.1. Spectroscopic data: IR (KBr) 
v(C0) at 2005 (vs), 1995 (vs) cm-'; 'H NMR (CDCl,) 6 5.39 (d, 
5 H, J = 0.6 Hz, C5H5), 5.29 (d, 5 H, J < 0.5 Hz, C5H5), 3.41 (m, 
1 H, CH), 2.46 (m, 1 H, CH); 19F NMR (CDCl,), multiplets (J 
= 13 Hz) at 6 46.5 and 57.4; MS, m/e 540 [MI', 512 [M - CO]'. 

Reaction of 1 with NzC(COZEt),. A slight excess of N2C- 
(CO2Et), was added to 1 (0.110 g) in diethyl ether. The color 
changed from green to orange as the solution was stirred for a 
few minutes as 0 "C. TLC separated several minor products from 
one major band. The latter yielded orange crystals of (7- 
C5H5)2Rh,(CO)[C(C02Et)z](CF3C2CF3) (2b) (0.141 g, 98%), mp 
92-94 "C. Anal. Calcd for CzzH&,05Rhz: C, 38.6; H, 3.0; F, 
16.7. Found: C, 39.2; H, 3.1; F, 16.9. Spectroscopic data: IR 
(CH2C1,) v(C0) at 1885 (vs) cm-'; 'H NMR (CDCl,) 6 5.55 (s, 10 
H, C5H5), 4.1 (2 X overlapping q, 4 H, J = 7 Hz, ester CHz), 1.32 
and 1.26 (overlapping t, 6 H, J = 7 Hz, ester CH,); lVF NMR 
(CDCl,) 6 54.5 (8); MS, m/e 684 [MI', 656 [M - CO]'. 

Repeated TLC caused an increase in the amount of one of the 
minor producta at the expense of 2b. After several TLC runs, 
sufficient of this compound was obtained for complete charac- 
terization. It was isolated as red crystals, ( ~ - c ~ H ~ ) ~ R h , [ c -  
(CF3)C(CF3)C(C0,Et)z] (4), mp 125-6 "C. Anal. Calcd for 

F, 17.0. Spectroscopic data: IR (CHzClz) no v(C0) observed 
between 2100 and 1800 cm-'; 'H NMR (CDClJ 6 5.40 (d, 5 H, 

= 7 Hz, ester CH,), 3.91 (q, 1 H, J = 7 Hz, ester CH,), 3.85 (9, 
1 H, J = 7 Hz, ester CH,), 1.34 and 1.23 (overlapping t, 6 H, J 
= 7 Hz, 2 X ester CH,); 19F NMR (CDCl,) 6 48.5 ( q , 3  F, J = 12 
Hz, CFJ and 61.8 ( q , 3  F, J = 12 Hz, CF,); MS, m / e  656 [MI'. 

Crystallography. Well-formed single crystals of 4 were grown 
from hexane/dichloromethane. A suitable crystal was mounted 
on a Philips PWllOO computer-controlled diffractometer; the cell 
parameters were determined from 24 reflections and were cal- 
culated by the standard Philips program. Data are summarized 
in Table I. Three standard reflections were monitored every 3 
h and showed no significant variation of intensity over the data 
collection period. 

Interesting data were processed as described earlier.* A nu- 
merical absorption correction was applied. The atomic scattering 

CziHz$'sO4Rh~ C, 38.4; H, 3.1; F, 17.4. Found C, 38.4; H, 3.1; 

J < 1 Hz, C5H5), 5.33 (d, 5 H, J < 1 Hz, C5H&, 4.20 (9, 2 H, J 

Dickson et al. 

(6) Vogel, A. I. "A Textbook of Practical Organic Chemistry", 4th ed.; 
Longmans, Green and Co.: London, 1978; p 291. Hudlicky, M. J.  Org. 
Chern. 1980,45, 5377. 

(7) Regitz, M.; Liedhegener, A. Chern. Ber. 1966, 99, 3128. 
(8) Bandaranayake, W. M.; Banfield, J. E.; Black, D. St. C.; Fallon, G. 

D.; Gatehouse, B. M. Aust. J .  Chern. 1981,34, 1655. 

Table I. Summary of Crystal Structure 
Data for Complex 4 

(a) Crystal Data 

formula C,, H,F, O'lRh, 
mol wt 656.2 

cryst system monoclinic 
space group P2,ln 

a ,  A 17.666 (8) Z 4 
b, a 13.679 (6) Dcalcd, g Cm-3 1.95 
c ,  A 9.526 (4)  D m e d ,  g cm-3 1.90 (3) 
P ,  deg 103.62 (8) F(000)  1288 
C', A3 2237.3 p(Mo Ka), cm-' 14.0 

(b)  Data Collection 
radiation 

28 limits, deg 
w scan angle, deg 
scan rate, deg s - '  
total data 
data I > 3u(I) 
final R and R, 
weight w 

graphite monochromated Mo Kcr 
( h  = 0.7107 A )  

f (1 .4  + 0.3 tan 0 )  
0.06 
6518 
2945 
0.052 and 0.051 

6-60 

YF)1' ' 
Table 11. Atomic Positional Parameters ( X 1 0 4 )  

atom x /a  y l b  z/c 
Rhr l )  0.1770 (1) 0.1583 (1) 0.1444 (1) 

0.3102 (I  j 
0.2118 (5)  
0.1897 (5 )  
0.3059 (6 )  
0.2835 (5 )  
0.3274 (5)  
0.1733 (8)  
0.1992 (6 )  
0.1766 (8) 

0.1 234 (8) 
0.0566 (4 )  
0.1377 (5 )  
0.1081 (5)  
0.3948 (8)  
0.4636 (9 )  
0.3477 (8) 
0.3889 (11) 
0.2517 (4 )  
0.3720 (4)  
0.3136 (5)  
0.3717 (7)  
0.0742 (6 )  
0.0520 (6 )  
0.0962 ( 6 )  
0.1448 (6 )  
0.1308 (6 )  
0.3744 (7 )  
0.3320 ( 7 )  
0.3638 ( 7 )  
0.4203 (7 )  
0.4300 ( 7 )  

0.0990 (5 )  

0.0945 ( i j  
0.1230 (7)  
0.2243 (7)  
0.2724 (7)  
0.2203 (6)  
0.2401 (6) 
0.0513 (10)  
0.0349 (6)  
0.0741 (8) 
0.0381 (8) 
0.2749 (10) 
0.2254 (6)  
0.2910 (7 )  
0.3611 (6)  
0.3433 (12) 
0.3711 (19) 
0.1927 (10) 
0.1104 (13) 
0.2933 (5) 
0.3230 (5 )  
0.1770 (6)  
0.3044 (8) 
0.2075 (9)  
0.1247 (8) 
0.0428 (8) 
0.0775 (8)  
0.1777 (8) 

-0.0212 (9 )  
-0.0626 (9)  
-0.0231 (10) 

0.0444 (9)  
0.0479 (9)  

0.1076 ( i j  
-0.0452 (10) 
-0.0472 (10)  

0.0924 (10)  
0.2076 (9 )  
0.3609 (10) 

-0.1534 (14) 
-0.1340 (11) 
-0.2795 (9 )  
-0.1642 (11) 
-0.1490 (14) 
-0.1720 (8) 
-0.2772 (8) 
-0.0957 (10) 
-0.0279 (16) 
-0.0090 (18) 

0.6053 (12)  
0.6584 (16) 

0.1096 (7)  
0.4539 (8) 
0.3975 (8) 
0.2174 (13) 
0.1237 (12) 
0.1920 (12)  
0.3238 (12) 
0.3395 (12) 
0.0252 (14)  
0.1215 (13) 
0.2608 (14)  
0.2524 (14) 
0.1080 (13)  

-0.0276 (7 )  

factors for neutral atomsg were corrected for anomalous disper- 
 ion.^ All calculations were performed on a Monash University 
DEC/VAX 11/780 computer. The program used for least-squares 
refinement was that due to Sheldrick.'O 

The structure was solved by conventional heavy-atom methods. 
Full-matrix least-squares refinement of all positional atom co- 
ordinates and anisotropic thermal parameters for all atoms except 
those in the cyclopentadienyl rings, which were refined with 
isotropic thermal parameters, reduced R to 0.052 and R, to 0.051; 

Hydrogen atoms were not included in the calculations. 
R = cllFol - lFclt/~lFol and R, = [Cw(lFol - lFc1)~/W'0121'/2. 

(9) "International Tables for X-ray Crystallography"; Kynoch Press: 

(10) Sheldrick, G. M. SHELX, "Program for Crystal Structure 
Birmingham, England, 1974; Vol. 4. 

Determination"; Cambridge, England, 1974. 
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Final positional parameters are presented in Table 11; thermal 
parameters are deposited aa Table 11-S (supplementary material). 

Results and Discussion 
The  b-Alkylidene Complexes. The complexes (a- 

2a; R' = R2 = C02Et, 2b) are formed within a few minutes 
when the appropriate diazoalkane, N2CR'R2, is added to 
a solution of 1 at  0 "C. The yield of 2b is near 
quantitative-2a converts readily to 3, and this caused a 
slight reduction in the yield of 2a. 

C5H&Rh2(p-CO)(p-CR1R2)(p-CF3C2CF3) (R' = R2 = H, 

! b  
L 
0 2a, R1 = R2 = H 

b, R' = RZ = C0,Et  3 

Spectroscopic data for these complexes can be inter- 
preted in terms of a bridging alkylidene structure, 2. In 
the infrared spectra, v(C0) is observed in the bridging 
carbonyl region near 1880 cm-'. The lH NMR spectrum 
of each complex shows a singlet resonance near 6 5.6 which 
is assigned to two equivalent cyclopentadienyl rings. In 
the spectrum of 2a, two additional resonances are observed 
at  6 10.55 (dt, 2J" = 5 and 2 J m  = 2.5 Hz) and 7.84 (dt, 
2 J ~ ~  = 5 and 2 J ~ h ~  = 1 Hz) and these are attributed to 
the diastereotopic protons of the p-methylene group. 
These resonances lie within the range (6.0-10.7 ppm) ob- 
served for other metal-metal bonded p-alkylidene com- 
plexes., The ethyl protons of the ester appear as well- 
defined quartets plus triplets for 2b. 

The  Alkylidene Migration Reaction 2a - 3. A sec- 
ond product was isolated from the reaction of 1 with 
N2CH2. TLC of the filtrate from the reaction mixture 
yielded a red solid in 14% yield. The spectroscopic 
properties of this complex are consistent with structure 
3. Thus, a terminal carbonyl stretching frequency is ob- 
served near 2000 cm-' in the infrared, and the 'H NMR 
spectrum reveals inequivalent cyclopentadienyl resonances 
at  6 5.39 and 5.29 plus two multiplets attributed to the 
terminal CH2 protons of an allyl group at 6 3.41 and 2.46. 
In the 19F NMR spectrum, two quartets are observed at  
6 46.5 and 57.4 for the inequivalent CF3 groups. Evidence 
that this complex is formed via 2a is obtained by moni- 
toring changes in the IR and NMR spectra of solutions of 
2a. 

The Alkylidene Migration Reaction 2b - 4. Com- 
plex 2b also undergoes an alkylidene to alkyne migration 
in solution, but spectroscopic results indicate formation 
of a different type of product. In particular, no terminal 
or bridging carbonyl stretching frequency is observed in 
the infrared spectrum. Asymmetry within the molecular 
structure is indicated by the observation of two C5H5 
resonances in the 'H NMR spectrum and of two CF, 
resonances in the '9 spectrum. One of the CF, resonances 
is at higher field (6 61.8) than those observed for complexes 
2 and 3. 

Crystal and  Molecular S t ruc ture  of Complex 4. 
The spectroscopic data do not distinguish between several 
alternative structures in which a heterooxygen atom has 
been incorporated into a metalladiene or dimetalladiene 
ring system. Consequently, the structure of the complex 
was determined from X-ray diffraction data. 

The molecular structure is shown in Figure 1, which also 
indicates the labeling of the atoms. Intramolecular dis- 

A 

Figure 1. Molecular structure of complex 4 (f-C5H5)2Rh2[pC- 
(CF,)=C(CFJOC(OEt)=C(CO2Et)]. 

n 

Figure 2. View of the bridging region of complex 4 with sub- 
stituents removed for clarity. 

(a) (bl 

Figure 3. Representations of the bonding in complex 4. 

tances and angles are collected in Tables I11 and IV. 
Figure 2 presents an uncluttered view of the bridging re- 
gion of the molecule; the trifluoromethyl substituents on 
C(1) and C(2) and the two cyclopentadienyl rings have 
been omitted. 

The existence of a Rh-Rh bond is indicated by the 
distance of 2.609 A. Figure 2 reveals that the Rh-Rh bond 
is bridged by a divinyl ether which adopts a "flyover" 
conformation. Formally, it is attached to the dimetal 
center by two a-bonds, Rh(l)-C(4) and Rh(B)-C(l), plus 
two ?r-bonds, Rh(l)-C(l):C(2) and Rh(2)-C(3):C(4) (see 
Figure 3a). The Rh(l)-C(l) and Rh(l)-C(2) distances are 
equal (both 2.10 (1) A), but Rh(2)-C(3) (2.438 (9) A) is 
considerably longer than Rh(2)-C(4) (2.074 (8) A). This 
asymmetry may be related to the apparent delocalization 
of .rr-electron density over the atoms C(4)-C(3)-0(1). The 
C(3)-0(1) distance (1.34 (1) A) is considerably shorter than 
the C(3)-0(2) single-bond distance of 1.42 (1) A but sim- 
ilar to the double-bond distance of 1.37 (1) A between C(5) 
and O(4). A further indication of this asymmetry is pro- 
vided by the bond angles around the carbon atoms C- 
(l)-C(4). The s u m  of the angles around each of C(1), C(3), 
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Table 111. Interatomic Distances ( A )  and Esd’sa 

Rh( 1)-Rh( 2) 
Rh( 1)-C( 1) 
Rh( 1)-C( 2) 
Rh( 1)-C(4) 
Rh( 2)-C( 1) 
Rh( 2)-C( 3 )  
Rh( 2)-C( 4 1 
C(1 )-C(2) 
C(I)-C(6) 
C(2)-C(7 1 
C( 2 )-O( 1) 
C(3)-0(1) 

2.609 (1) 
2.097 (10) 
2.095 (9)  
2.022 (8) 
2.024 (9) 
2.438 (9)  
2.074 (8) 
1.44 (1) 
1.47 (1) 
1.50 (1) 
1.43 (1) 
1.34 (1) 

C(3)-0(2) 1.33 (1) [1.42 ( l ) ]  
C( 3)-C(4) 1.44 (1) 
C(8)-0( 2)  1.49 (1) [1.63 (Z)] 
C(8)-C(9) 1.25 (2)  [1.54 (2)] 
C( 4 )-C( 5) 1.51 (1) [1.56 (l)] 
C(5)-0(3) 1.30 (1) [1.43 (l)] 
C(5)-0( 4) 1.18 (1) [1.37 ( l ) ]  
C(10)-0(3) 1.44 (1) [1.61 (l)] 

C(6)-F(61) 1.26 (1) [1.50 (2)] 
C( 6)-F(62) 1.26 (1) [1.52 (2)] 
C(6)-F(63) 1.31 (1) [1.51 (2)] 

C(lO)-C(ll)  1.37 (2)  [1.55 (2)] 

a Bond lengths corrected for thermal vibration in square brackets. 

C(1)-Rh( 1)-Rh( 2) 
C( 1)-Rh( 1)-C( 2)  
C(1)-Rh( 2)-Rh(1) 
C( 1)-Rh( 2)-C( 3 )  
Rh( 1)-C( l)-Rh( 2)  
Rh( 1)-C( 1)-C( 2)  
Rh( 1)-C( 2)-C( 1) 
Rh( 1)-C( 2)-O( 1) 
Rh( 2)-C( 3)-C(4) 
O( 1 )-C( 3)-C(4) 
Rh( 1)-C( 4)-Rh( 2) 
Rh( 1)-C(4)-C(3) 
C(4)-C( 5)-O( 3) 
C(3)-0(1)-C(2) 
C(3)-0(2)-C(8) 

Table IV. Interatomic Angles (deg) with Esd’s 

C( 7)-F( 71) 
C(7)-F(72) 
C( 7)-F( 7 3 ) 
C( 12)-C( 13) 
C( 12)-C( 16) 
C(13)-C(14) 
C( 14)-C(15) 
C( 15)-C( 16)  
C( 17)-C(18) 
C(17)-C(21) 
C( 18)-C(19) 
C( 19)-C(20) 
C( 20)-C( 21) 

49.5 ( 3 )  
40.1 (3)  
50.0 (3)  
75.9 (3)  
78.5 (3)  
69.9 (5)  
70.0 (5)  

114.1 (6)  
58.0 (4)  

119.1 (8) 
79.1 (3)  

112.6 (6)  
113.9 (7 )  
110.1 (7)  
113.6 (8)  

Ph 

C( 1)-Rh( 1)-C(4) 
C( 2)-Rh( 1)-Rh( 2 )  
C( 1)-Rh( 2)-C(4) 
C( 3)-Rh( 2)-Rh( 1) 
Rh(l)-C(l)-C(6) 
Rh( 2)-C( 1)-C( 2) 
Rh( 1)-C( 2)-C( 7 )  
C( 1)-C( 2)-O( 1) 
O( l)-C(3)-0( 2) 

Rh( l )C(4) -C(  5) 
Rh( 2)-C( 4)-C( 3) 
C(4)-C( 5)-0(4) 
C(5)-0(3)-C(lO) 
O( 2)-C( 8)-C(9) 

bh 

5 
C02Me 

I 

6 

and C(4) is close to 360°, but the bond angles around C(2) 
add to only 348O. To account for this asymmetry in the 
attachment of the divinyl ether to the Rh-Rh bond, an 
alternative representation of the bonding within the 
bridging group is given in Figure 3b. 

Parameters within the CF3 groups and the C5H5 rings 
are similar to those found in related molecules, including 
(q-CgH5)2Rh2(p-CO)(p-CF3C2CF3)11 and (~-CgH&Rh2[p- 
C(CF,)C(CF3)C(0)C(Me)C(Me)].12 

Comparisons with Related Systems. The recent 
literature contains a number of examples of reactions 
between alkylidenes and alkynes where one of these 

(11) Dickson, R. S.; Johnson, S. H.; Kirsch, H. P.; Lloyd, D. J. Acta 

(12) Dickson, R. S.; Gatehouse, B. M.; Johnson, S. H. Acta Crystal- 
Ciystallogr., Sect. B 1977, B33, 2057. 

logr., Sect. B 1977, B33, 319. 

84.9 (3 )  C(Z)-Rh(l)-C(4) 
75.0 ( 2 )  C(4)-Rh(l)-Rh(2) 
85.5 (3 )  C(3)-Rh(Z)-C(4) 
70.0 ( 2 )  C(4)-Rh(Z)-Rh(l) 

125.2 (8) Rh(2)-C(l)-C(6) 
112.3 (6)  C(2)-C(1)-C(6) 

1.33 (1) [1.48 (2)] 
1.32 (1) [1.50 (Z)] 
1.34 (1) [1.51 (2 ) ]  
1.44 (1) 
1.40 (1) 
1.43 (1) 
1.43 (1) 
1.41 (1) 
1.43 ( 2 )  
1.45 ( 2 )  
1.42 (2)  
1.37 ( 2 )  
1.43 ( 2 )  

122.3 (8) 
116.0 (8) 
115.1 (8) 

126.4 (6 )  
85.9 (5 )  

125.2 (9 )  
118.8 (9 )  
112!.8 (14) 

C( 1)-C( 2)-C( 7 )  
O( 1)-C( 2)-C( 7) 
C(4)-C( 3)-O( 2 )  

Rh(2)-C(4)-C(5 

0(3)-C(5)-0(4) 
0(3)-C(lO)-C(l 

C(3)-C(4)-C(5) 

7 

H 
I 

8 

78.2 (3 )  
51.3 ( 2 )  
36.1 (3)  

123.6 (8) 
123.7 (9 )  
128.4 (9)  
103.7 (8) 
123.6 (8) 

118.2 (6 )  
118.5 (7 )  
120.9 (1) 
107.9 (12)  

49.5 ( 2 )  

reactants is initially coordinated to a M-M center. In moat 
of these systems, a p-alkylidene complex is treated with 
an alkyne;’”l8 a few involve the addition of diazoalkane 
to an (alkynelmetal In all cases, there is 

(13) Dyke, A. F.; Knox, S. A. R.; Naish, P. J.; Taylor, G. E. J. Chem. 
Soc., Chem. Commun. 1980,803. 

(14) Levisalles, J.; Rose-Munch, F.; Rudler, H.; Daran, J.-C.; Dromzge, 
Y.; Jeannin, Y. J.  Chem. SOC., Chem. Commun. 1981,152. 

(15) Levisalles, J.; Rose-Munch, F.; Rudler, H.; Daran, J.-C.; Dromzge, 
Y.; Jeannin, Y.; Ades, Fontanille, M. J. Chem. SOC., Chem. Commun. 
1981, 1055. 
(18) Mdler, J.; Passon, B.; Pickardt, J. J. Organomet. Chem. 1982, 

236, C11. 
(17) Sumner, C. E.; Collier, J. A,; Pettit, R. Organometallics 1982, I, 

1350. 
(18) Adams, P. Q.; Davies, D. L.; Dyke, A. F.; Knox, S. A. R.; Mead, 

K. A.; Woodward, P. J. Chem. SOC., Chem. Commun. 1983, 222. 
(19) Hong, P.; Aoki, K.; Yamazaki, H. J. Organomet. Chem. 1978,150, 

279. 
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formation of a new C-C bond resulting from interaction 
between the alkylidene carbon and an alkyne carbon. 
Some representative examples of the complexes obtained 
are shown in 5-8. Isolation of the p-alkylidene-p-alkyne 
intermediate wm described only in the Os system, and here 
further conversion to the migration product 7 requires 
heating in xylene at  135 “C. 

The reaction sequence 
( V - C ~ H ~ ) & ~ ~ ( C ~ - C O )  [ P - ( v ~ - C F ~ C ~ C F ~ )  1 + 

4 2  
N&R1R2 - 

S O h  
( v - C ~ H ~ )  2Rh2(p-CO) (p-CR1R2) [CL- (v’-CF~C&FJ I - 

( v - C ~ H ~ )  &h,(CO) [v’ ,v~-C(CF& (CF3) CR1R21 

is unique among these systems in that a stable p-alkylid- 
enep-alkyne complex can be isolated and converted to the 
~~,77~-allyl complex under mild conditions. 

The different form of the conversion reaction when R’ 
= R2 = C02Et is also unique among these systems. The 
preference for formation of a new C-0 bond rather than 
a new C-C bond is presumably due to a combination of 
stereochemical and electronic effects. Consideration of 
molecular models establishes that the most sterically fa- 
vored arrangement of the p-alkylidene ligand orients the 
ketonic oxygen toward the alkyne (see 9). Retention of 
two Rh-C bonds in the final product can be attributed to 
the stabilizing influence of the electron-withdrawing sub- 
stituents CF, and C02Et. 

(20) Clause, A. D.; Shapley, J. R.; Wilson, S. R. J .  Am. Chem. SOC. 

(21) Colborn, R. E.; Dyke, A. F.; Knox, S. A. R.; Macpherson, K. A.; 
1981,103, 7387. 

Orpen, A. G. J.  Organomet. Chem. 1982,239, C15. 

FF3 
1 

F3c\ ,c 
1’ ‘ 0  

Rh-4h o’c\\c 

\ E t  

CO2Et 

9 

Conclusion 
The complex (V-C~H~)~R~~(~CO)(~-CF,C,CF,) is an 

excellent model system for investigating the coordination 
and subsequent reactions of carbenes. The two systems 
described in this paper represent two different types of 
behavior. In one, the carbene C is involved in the for- 
mation of a new C-C bond via an intramolecular migration 
reaction. With the other, formation of a new C-0 bond 
involves the carbonyl 0 of an ester substituent. A number 
of other systems are currently being investigated to de- 
termine the factors affecting the course of these reactions. 
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Regloselective Pentadienylation of Carbonyl Compounds by 
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Pentadienylation of simple aliphatic ketones or aldehydes by [ 1,5-bis(trimethylsilyl)pentadienyl]lithium 
was found to proceed regioselectivity at the C3 atom of the pentadienyl moiety while the reaction with 
[ 1,3,5-tris(trimethylsilyl)pentadienyl]lithium preferred addition at the terminal carbon atom, resulting 
in conjugated trienes through Peterson elimination. A conjugated hexaene was obtained by treating 
[ 1,l0-bis(trimethylsily1)-2,4,6,8-octatetraene-1,10-diyl]dilithium with 2,4-dimethyl-3-pentanone via double 
Peterson elimination. Pentadienylation of a,&unsaturated ketones or aldehydes with [1,5-bis(tri- 
methylsilyl)pentadienyl]- or [1,3,5-tris(trimethylsilyl)pentadienyl]lithium occurred selectively in a 1,4 fashion 
at the C3 atom of pentadienyl moiety. Although the reaction of [ l-(trimethylsily1)pentadienylllithium with 
carbonyl compounds gave a mixture of regioisomers, the selective addition at the C3 atom of pentadienyl 
group was realized by transmetalation to [5-(trimethylsilyl)-2,4-pentadienyl]magnesium, -boron, and -copper. 

Introduction 
Direct allylation or pentadienylation’ of electrophiles 

with allylic anions2 or pentadienyl anions3 is one of the 

(1) The addition of the pentadienyl group at ita C1, Cl, or C6 position 
may be best described in the term pentadienylation. 

(2) (a) Seebach, D.; Geias, K. H. J.  Organomet. Chem. Libr. 1976,1, 
1. (b) Seyferth, D.; Wursthorn, K. R.; Mammarella, R. E. J.  Org. Chem. 
1977,42,3104. (c) Hoffmann, R. W. Angew. Chem., Znt. Ed. Engl. 1982, 
21,555. (d) Bates, R. B.; Ogle, C. A. “Carbanion Chemistry”; Springer- 
Verlag: New York, 1983. 

important fundamental procedures in organic synthesis for 
elongation of carbon chains. However, the process often 
suffers a disadvantage that the reaction results in a com- 
plex mixture of regioisomers by uncontrolled attack at  a-, 
y-, or +positions of the carbanions because the electron 

(3) (a) Yasuda, H.; Ohnuma, Y.; Yamauchi, M.; Tani, H.; Nakamura, 
A. Bull. Chem. SOC. Jpn. 1979,52,2031. (b) Yasuda, H.; Na~ita, T.; Tani, 
H. Tetrahedron Lett. 1973, 2443. (c) Oppolzer, W.; Snowden, R. L.; 
Briner, P. H. Helu. Chim. Acta 1981,64,2022. (d) Oppolzer, W.; Snow- 
den, R. L.; Simmons, D. P. Ibid. 1981, 64, 2002. 
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