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under the same experimental conditions. 
The complexes (.11S-C5H5)Ir(CO),, (s5-C5Me5)Ir(C0),, and 

(?5-C,Me,)M(PMe,)(R)(H) (M = Rh, Ir) are well-known 
for generating reactive species capable of intermolecular 
oxidative addition to single C-H bonds in saturated hy- 
drocarbons.1a-20 We are presently investigating our new 
compounds with a similar purpose. 

Registry No. la, 106520-04-1; lb, 106500-77-0; 2a, 106500.79-2; 

t r~ns-1rCO(CO)(PPh~)~,  15318-31-7; Li(C5H4)PPh2, 83272-80-4. 

Supplementary Material Available: Tables of fractional 
atomic coordinates, hydrogen atomic positional and thermal 
parameters, final anisotropic thermal parameters, bond lengths 
and angles, interatomic distances, and least-squares planes (6 
pages); a listing of structure fador amplitudes (15 pages). Ordering 
information is given on any current masthead page. 

2b, 106500-78-1; 3b, 106520-03-0; [RhCl(CO)(PPh,)]Z, 34676-63-6; 

(18) (a) Janowin, A. H.; Bergman, R. G. J. Am. Chem. SOC. 1982,104, 
352-354. (b) Wax, M. J.; Stryker, J. M.; Buchanan, J. M.; Kovac, C. A.; 
Bergman, R. C. J. Am. Chem. SOC. 1984,106,1121-1122. Perlana, R. A.; 
Bergman, R. G. Organometallics. 1984, 3, 508-510. 

(19) (a) Hoyano, J. K.; McMaster, A. D.; Graham, W. A. G. J. Am. 
Chem. SOC. 1983,105, 7190-7191. (b) Rest, A. J.; Whitwell, I.; Graham, 
W. A. G.; Hoyano, J. K.; McMaster, A. D. J. Chem. SOC., Chem. Commun. 
1984, 624-626. 
(20) Jones, W. D.; Feher, F. J. J. Am. Chem. Soc. 1984,106,1650-1663. 
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Summary: Thermally in situ generated (~~-1 ,2-d i -  
dehydrobenzene)zirconocene reacts with M(CO), (M = W, 
Mo) to give the benzannelated five-membered metal- 
lacyclic zirconoxycarbene complexes 4a,b. Controlled 
hydrolysis of 4a (M = W) with CuSO,-SH,O yields the 
tetranuclear Zr-0-Zr-bridged bis(carbene) complex 
[(C0),W-C(Ph)O-Cp2Zr-O-ZrCp2-OC(Ph)-W(CO),] (sa). 
The molecular structure of the molybdenum analogue 5b 
was determined by X-ray diffraction. 5b crystallizes in the 
monoclinic space group C2/c with cell parameters a = 
28.666 (5) A, b = 11.257 (2) A c = 16.884 (2) A, and 0 
= 125.84 (1)'. Jb is characterized by a completely pla- 
nar a-framework (Zr-0-Zr* = 180'). The most re- 
markable structural feature of 5b is the trans arrange- 
ment of the voluminous (CO),Mo-carbene units at the 
Zr-0-Zr bridge. This favored antiperiplanar conformation 
is unique among the family of early-transition-metal 
Cp2M(X)-O-M(X)Cp, compounds. 

Connection of two pseudotetrahedral bent metallocene 
units Cp,MX through a bridging oxygen atom leads to 
binuclear p-oxo-metallocene complexes (Cp2MX)-O- 

0276-7333/87/2306-0680$01.50/0 

Chart I. Schematic Representation of Possible Local 
Conformational (Cp2ZrX),0 Minima" 

i' 
c P 9' \ 
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E (ant iper ip lanar )  

X - z r  ... Z r - X  = 180' 

N 

a Orbitals drawn for B and C only serve to denote the planes of 
preferred electronic interaction. 

Table I. A Comparison of Selected Structural Data of 
(CP~MX)~O Compounds Including 5b 

M X M-X" M-0-M M-Ob ref 
X-M.. . 

Zr 0-C(Ph)Mo- 180 180 1.958 (1) this 

61.7 165.8 1.968 (3) 1 Zr S-Ph 

Zr C1 74.3 168.9 1.94 (1) 2 

Zr CH3 90 174.1 1.948 (1) 3 
Ti -CF,C=CH- 54.1 170 1.857 (6) 4 

53.7 
74.1 175.8 1.829 (2) 5 Ti+c [H20] 

Ti -PhC=CHPh 68 168.8 1.85 (1) 6 

Nbfd  C1 72.5 169.3 1.88 (1) 7 

(I Dihedral angle 8. 

(C0)B work 

1.964 (3) 

1.95 (1) 

CF3 

1.86 (1) 

Bond distance in A and bond angles in deg. 
C10; salt. BF; salt. 

(Cp2MX) usually exhibiting a near to linear M-0-M 
linkage.l-' The stereochemical situation of such an ar- 
rangement could principally be similar to that of ordinary 

Institut fur Organische Chemie der Universitat Wurzburg. * Max-Planck-Institut fiir Kohlenforschung. 
(1) Petersen, J. L. J. Organomet. Chem. 1979, 166, 179. 
(2) Clarke, J. F.; Drew, M. B. Acta Crystallogr., Sect. E:  Struct. 

Crystallogr. Cryst. Chem. 1974, B30, 2267. 
(3) Hunter, W. E.; Hrncir, D. C.; Bynum, R. V.; Penttila, R. A.; At- 

wood, J. L. Organometallics 1983,2, 750. 
(4) Rausch, M. D.; Sikora, D. J.; Hmcir, D. C.; Hunter, W. E.; Atwood, 

J. L. I n o g .  Chem. 1980, 19, 3817. 
(5) Thewalt, U.; Kebbel, B. J. Organomet. Chem. 1978,150, 59. 
(6) Shur, V. B.; Bernadyuk, S. 2.; Burlakov, V. V.; Andrianov, V. G.; 

Yanovsky, A. I.; Struchkov, Y. T.; Vol'pin, M. E. J. Organomet. Chem. 
1983,243, 157. 
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Scheme I 

Organometallics, Vol. 6, No. 3, 1987 681 

alkanes. One might therefore have expected to find a 
strong preference for two conformers representing local 
minima on the (CP~MX)~O hypersurface. Both should be 
close to the idealized geometry A or B, both exhibiting a 
staggered arrangement of ligands at  M along the M-O-M 
vector. A and B are different from each other only with 
regard to their relative positioning of the functional groups 
X [gauche, i.e., 0 (X-M-M-X) = 60°, for A antiperiplanar 
(0 = 180') for B]. 

For do configurated metal centers, e.g. M = Zr, this 
sterically favorable situation can be disturbed by an ad- 
ditional electronic effect. x-Interaction between the 
bridging oxygen lone pairs with the single available me- 
tallocene acceptor orbital stabilizes a linear heteroallene- 
type ~ t r u c t u r e ~ ~ ~ f '  with 0 (X-Zr-.Zr-X) = go", in an 
idealized representation shown as the "perpendicular" form 
C in Chart I. 

To our knowledge, up to now all p-oxo-group 4 metal- 
locene compounds characterized by X-ray diffraction show 
values of 0 (see Table I) that place them somewhere be- 
tween the structural extremes A and C. We have prepared 
examples of compounds clearly deviating from this be- 
havior believed as being typical for stable @-oxo-group 4 
metallocene complexes. 

The metallacyclic zirconoxycarbene complex 4a (M = 
W) was prepared by reacting (q2-1,2-didehydrobenzene)- 
zirconocene (2)'O (thermally in situ generated from di- 
phenylzirconocene (1) at 80 "C) with W(CO)6.11 4a turned 
out to be extremely moisture sensitive. Exposition of this 
carbene complex to water rapidly results in opening of the 
five-membered metallacycle via cleavage of the Zr-C( 1) 
bond. Upon controlled hydrolysis with a stoichiometric 
amount of CuS04.5H20 at  ambient temperature in meth- 
ylene chloride (4 equiv of crystal water are used from the 
reagent under these conditions), two units of 4a reacted 
with one molecule of water under C-H and Zr-0 bond 
formation. The resulting Zr-0-Zr bridged tetranuclear 
bidtungsten zirconoxycarbene) complex 5a was obtained 
in 36% isolated yield.12 

(8) See also: Sanner, R. D.; Manriquez, J. M.; Marsh, R. E.; Bercaw, 
J. E. J. Am. Chem. SOC. 1976,98, 8351. 

(9) Erker, G.; Fromberg, W.; Atwood, J. L.; Hunter, W. E. Angew. 
Chem. 1984,96, 72. 

(10) Erker, G. J. Organomet. Chem. 1977,134,189. Erker, G.; Kropp, 
K. J. Am. Chem. SOC. 1979, 101, 3659. Berkovich, E. G.; Shur, V. E.; 
Vol'pin, M. E.; Lorenz, B.; Rummel, S. Chem. Ber. 1980, 113, 70 and 
references cited therein. 

(11) Erker, G.; Dorf, U.; Mynott, R.; Tsay, Y.-H.; Kruger, C. Angew. 
Chem. 1985,97,572. For additional examples of this method of preparing 
carbene complexes see: Erker, G.; Dorf, U.; Benn, R.; Reinhardt, R.-D.; 
Petersen, J. L. J. Am. Chem. Soc. 1984, 106, 7649. Erker, G.; 
Muhlenbernd, T.; Benn, R.; Rufinska, A. Organometallics 1986,5, 402. 

Figure 1. Two views of the molecular geometry of 5b as de- 
termined by X-ray diffraction. Thermal ellipsoids are at  the 30% 
probability level. 

The corresponding benzannelated metallacyclic zir- 
conoxycarbene complex 4b of molybdenum hexacarbonyl 
turned out to be even more sensitive to hydrolysis. It 
apparently reacted so readily with traces of moisture 
present in the reaction medium that under the usual 
conditions applied for its preparation from CpzZrPh2 (1) 
according to Scheme I, the obtained binuclear carbene 
complex 4b was always contaminated with substantial 
amounts of the tetranuclear H20 addition product 5b. 
From the crude reaction mixture, pure 5b was isolated in 
moderate yield (29%) after recrystallization from benz- 
ene.12 

The tetranuclear molybdenum zirconoxycarbene com- 
plex 5b was characterized by X-ray diffra~tion.'~ Two 
different views of the molecular geometry are shown in 
Figure 1. The molecule is partitioned in two Fischer-type 
molybdenum zirconoxyphenylcarbene substructural 
moieties14 by a center of inversion, O(7) [Mo-C(6) = 2.195 
(6) A, C(6)-Ph(1) = 1.502 (9) A, C(6)-0(6) = 1.284 (7) A; 
Mo-C(6)-0(6) = 125.6 (4)O, Ph(l)-C(6)-O(6) = 111.3 (5)', 
Mo-C(G)-Ph(l) = 122.7 (4)'; the angle between the Ph- 
(1)-(6) and Mo-C(6)-0(6) planes is 62'1, which are con- 

(12) For 5a: mp 192 OC; IR (v(C0) in c&,) 2061 s, 1974 m, 1933 vs, 
1912 sh cm-'; 'H NMR (CDZCl,) 6 7.55 (m, 6 H, Ph), 7.25 (m, 4 H, Ph), 
6.20 (5.20 H, CD): 13C NMR (CD,Cl,) 6 335.7 ('JwP = 99 Hz. carbene C), 
205.5 (VWc = i20 Hz, trans COj, lis9.6 (VWc =' i28 Hz, cis CO), 161.2 
(,Jwc = 11 Hz, Ph, quarternary C), 130.1 ('JcH = 162 Hz, p-Ph), 128.7 
('JCH = 160 Hz, m-Ph), 122.4 ('JcH = 159 Hz, 0-Ph), 114.4 (~JcH = 173 
Hz, Cp). Anal. Calcd for CUHmOI3Zr2W2: C, 40.13; H, 2.30. Found C, 
40.49; H, 2.28. For 5 b  IR (v(C0) in C&): 2061 8,1980 8,1938 vs, 1920 
sh cm-'; 'H NMR (CD2Cl,) 6 7.50 (m, 6 H, Ph), 7.20 (m, 4 H, Ph), 6.19 
(8, 20 H! Cp); 13C NMR (CD,Cl,) 6 354.2 (carbene C), 215.5 (trans CO), 
207.6 (CIS CO), 159.5 (Ph, quarternary C), 130.0 (~JcH = 161 Hz, p-Ph), 
128.7 ( ~ J c H  = 160 Hz, m-Ph), 122.2 (~JcH = 157 Hz, 0-Ph), 114.3 ('JcH 
= 173 Hz, Cp). 

(13) Crystal data: CaHmOI3ZrZMo2, M, 1141.04; monoclinic; space 
roup C2/c (No. 15); a = 28.666 (5) A, b = 11.257 (2) A, c = 16.884 (2) 1, i3 = 125.84 (1)O; V = 4417 A3; 2 = 4; Dcpled = 1.72 g/cm3. Data were 

measured on an Enraf-Nonius CAD 4 diffractometer with graphite- 
monochromated Mo Ka radiation (A  = 0.71069 A). R = 0.037 (R, = 
0.041) for 277 refined parameters and 4519 independent reflections, of 
which 2773 were considered observed (I 2 20 (0). 

(14) See for comparison: Schubert, U. In Transition Metal Carbene 
Complexes; Verlag Chemie: Weinheim/Bergstr., West Germany, 1983; 
p 74. 
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nected by a perfectly linear bridging -Cp,Zr-0-ZrCp - 
unit [0(6)-Zr = 2.061 (4) A, Zr-0(7) = 1.958 (1) b, 
0(6)-Zr-O(7) = 99.4 ( 1 ) O I .  The truly remarkable structural 
feature of 5b in the crystal is that d four metal atoms are 
arranged in one plane. Central atoms of the carbene 
fragments [C(6), 0(6), Ph(l)] deviate only slightly from 
the plane of the a-framework that even extends to the 
trans-oriented Mo-bonded carbonyl ligands [C(2), 0(2)]. 
It  should be noted that according to the crystallographic 
center of inversion, the two Fischer carbene structural 
subunits are arranged trans to each other at the bridging 
(p-oxo)bis(zirconocene) moiety. 

A comparison with selected structural data as typically 
found for p-oxo-metallocene complexes (see Table I) 
substantiates the unique geometric situation found here. 
Obviously, the observed molecular structure of 5 represents 
an example of the hitherto not experimentally realized 
antiperiplanar conformational situation B as depicted in 
Chart I. 

Searching for an explanation for this remarkable phe- 
nomenon, it is tempting to hold sterical features of the 
large (CO)5M-C(Ph)O-"substituents" responsible for the 
observed effect. However, it should be noted that for this 
special bonding situation 7r-conjugation between oxygen 
lone pairs and acceptor orbitals at zirconium ranging from 
O(6) all the way through 0(6)* is possible in the plane of 
the a-framework and might help to create this favored 
molecular geometry. 
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Supplementary Material Available: Tables of atomic co- 
ordinates and thermal parameters and a table of selected inter- 
atomic distances and angles for 5b (6 pages); a listing of observed 
and calculated structure factors for 5b (14 pages). Ordering 
information is given on any current masthead page. 
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Summary: One phosphorus ylide in an [Au(ylide),]C104 
complex can be transferred to another gold(1) center in 
aurate(1) [AuX,]- (X = CI, Br, C6F5, C&t5) complexes or 
to a goM(II1) center in [AuR,(OEt,)] or [Au,(p-CI),R,] (R 
= C6F5) to afford neutral derivatives of the types [AuX- 
(ylide)] , [AuR,(ylide)] , or cis -[ AuR,Cl(ylide)] . 

Although the chemistry of transition-metal complexes 
of ylides has received a good deal of attention,'S2 transfer 
of an ylide ligand from a metal center to a different one 

(1) Schmidbaur, H. Angew. Chem., Int. Ed.  Engl. 1983,22,907. 
( 2 )  Kaska, W. C. Coord. Chem. Reu. 1983, 16, 48. 

Scheme I 
/CH,PPh3 

( ' X  / 

/A% 

I 

[Ph3PCH2AuCH2PPh31+ + [ X A U X I -  - Ph3PCH2) 

X ) ' A U  

has so far not been reported. Here we describe the first 
intermolecular ylide transfer reactions from a gold(1) 
complex of ylide either to another gold(1) center or to a 
gold(II1) center. 

(A) Ylide-Transfer Reactions between Two Gold(1) 
Centers. Reaction3 between [ A U ( C H ~ P P ~ , ) & ~ O ~ ~  and 
several aurate(1) derivatives Q[AuX2] (Q = Ph3P=N= 
PPh,, X = C1; Q = N-n-Bu4, X = Br, Ca5,  or C,Cld affords 
neutral derivatives 1-4 of the type [Au(X)(CH,PPh,)] , 
according to eq 1. 

CHCla 
[ Au( CH2PPhJJ C104 + Q [ AuX~]  - 

2[Au(X)(CH,PPh3)] + QC104 (1) 

X = C1 (I);  Br (2); C$5 (3); C6C15 (4) 

Complexes 1-3 have previously been r e p ~ r t e d . ~ , ~  Com- 
plex 4 is an air- and moisture-stable white solid, monomeric 
(in CHC1, solution) and nonconducting (in acetone solu- 
tion). 

We think that the above reactions (eq 1) follow a non- 
dissociative path (Scheme I) similar to that proposed for 
the transfer of C6F5 groups., 

(B) Ylide Transfer Reactions from a Gold(1) to a 
Gold(II1) Center. Neither (n-Bu4N) [AU(C,F~)~B~] nor 
[Au(C,F,),(tht)] (tht = tetrahydrothiophene) reacts with 
[Au(CH2PPh3),]C104, but gold(II1) complexes containing 
a very weakly coordinating ligand as in [AU(C$~)~(OE~J]' 
or binuclear halide-bridged derivatives [ ~ u z ~ - ~ ~ ) z ( ~ 6 ~ 5 ) 4 ] ~  
readily undergo ylide transfer on reaction with [Au- 
(CH2PPh3),]C104 (eq 2 and 3). 
[Au(C,F&(OEt2)1 + [Au(CHzPPh3)2lC104 A 

[Au(C,jF5)3(CHzPPh,)] + [Au(CH2PPh3)(OEtz)]Cl04 

(2) 
5 

(3) To a chloroform solution (25 mL) of [Au(CH~PP~~)~]CIO,  (0.3 
mmol, 0.255 g) was added 0.3 mmol of Q[AuX2]. The mixtures were 
stirred (room temperature, 2 h, X = C1; room temperature, 3 h, X = Br; 
refluxed 5 h, X = C,F,; refluxed 8 h, X = C6C15) and then evaporated to 
dryness. For complexes 1 and 2 the residues were washed with ethanol 
(3 X 20 mL) and recrystallized from CH2C12/n-hexane. Yields: 62% (l), 
54% (2). Complexes 3 and 4 were extracted from the residues with 
diethyl ether (3 X 20 mL) and, after vacuum evaporation to -5 mL, 
crystallized by addition of n-hexane (20 mL). Yields: 75% (3),72% (4). 

(4) Us6n, R.; Laguna, A.; Laguna, M.; Udn, A.; Gimeno, M. C. Znorg. 
Chzm. Acta 1986,116, 91. 

(5 )  Udn, R.; Laguna, A.; Laguna, M.; Us&, A. Inorg. Chim. Acta 1983, 
73, 63. 

(6) (a) IJsbn, R.; Laguna, A.; Laguna, M.; Abad, M. J. Organomet. 
Chem. 1983,249,437. (b) Usbn, R.; Laguna, A.; Brun, P. J. Organomet. 
Chem. 1979,182,449. (c) Usbn, R.; Laguna, A. Coord. Chem. Rev. 1986, 
70, 1. 
(7) Usbn, R.; Laguna, A.; Laguna, M.; Rojo, A.; Fraile, M. N. J. Or- 

ganomet. Chem. 1986,315, 269. 
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