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Diiron complexes, containing the novel p-cyclopropylidene ligand, cis- and tran~-(v~-C~H,)~Fe~(CO)~- 
(p-CO)(p-CCH2CH2) have been prepared by reaction of the corresponding p-vinylidene complexes with 
diazomethane in the presence of CuC1. The structures were characterized by 'H and 13C NMR, IR, and 
mass spectra and by an X-ray crystal structure of the cis com lex. This complex crystallizes from ether 
in the orthorhombic space group Pnma with a = 13.008 (77) [ b = 14.126 (71) A, c = 7.835 (127) A, and 
Z = 4. The structure was refined to R = 0.032 and R ,  = 0.037 for 446 observed reflections. The bridging 
cyclopropylidene ring has 1.51 (2) A (average) C-C bonds typical of 1,l-disubstituted cyclopropanes and 
occupies the crystallographic mirror plane bisecting the Fe-Fe bond (2.503 (7) A). The remainder of the 
molecule has bonding similar to that in other C~~-(~~-C~H~)~F~~(CO)~(~-CO)(~-CX) species. These complexes 
are models for intermediates in hydrocarbation and Fischer-Tropsch reactions. 

- 

Introduction 
The relevance of transition-metal complexes with carb- 

ene and carbyne ligands to mechanisms of important 
catalytic processes such as the Fischer-Tropsch synthesis 
and o lef i  metathesis has led to extensive recent research 
into the chemistry of these species.' Of pertinence to this 
report, a large number of p-alkylidene complexes have been 
synthesized and characterized where the pendant groups 
R and R' on the bridging alkylidene ligand p-CRR' may 
be hydrogen, alkyls, aryls, or more complex structures such 
as cycloalkylidenes.lV2 Herrmann and co-workers, in 
particular, have recently reported synthesis of the bridging 
cycloalkylidene species with ring sizes of four carbons and 
largeraZ The work reported herein was begun for the 
purpose of finding models for intermediates postulated by 
McCandlish in a novel mechanism for carbon-carbon bond 
formation in the Fischel-Tropsch ~ynthesis.~ While it was 
in progress, Casey and Fagan reported the hydrocarbation 
reaction wherein the C-H bond of the bridging methyli- 
dyne ligand in [CpZFe2(C0)2(~-CO)(p-CH)]+ (Cp = q5- 
C5H5) adds across alkenes4 and suggested as a possible 
intermediate the protonated form of a cyclopropylidene 
complex. We wish to report here the first synthesis of 
stable complexes with the bridging cyclopropylidene ligand 
and the crystallographic characterization of one of them. 
The chemistry of this complex as a model for hydro- 
carbation and Fischer-Tropsch synthesis mechanisms has 
been explored and will be reported elsewhere. 

The McCandlish mechanism for chain growth in CO 
hydrogenation was proposed to account for certain regu- 
larities observed, in branching distributions of Fischer- 
Tropsch  product^.^ The key steps, leading to branched 
or linear chain growth, are shown in Scheme I. In the first 
step in chain growth, the vinylidene species A was postu- 
lated to react with methylene to yield a cyclopropylidene 
species, B, a reaction with many analogues in the organic 
chemistry of  alkene^.^ The cyclopropylidene was then 
proposed to rearrange to a homologous vinylidene species, 

~~~~ 
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D or F. One possible route for such a rearrangement, 
shown in Scheme I, is a heterolytic bond scission followed 
by hydride transfer to the carbenium ion center. If one 
postulates such a heterolytic bond breaking (perhaps with 
stabilization of the negative charge by additional bonding 
to the metal surface of a carbyne nature), then the relative 
stabilities of the carbenium ions in C and E predict, in 
accordance with observed branching distributions, that 
linear chain growth should predominate. 

There are many organometallic models for surface- 
bound methylene,' and the recent work of Pettit and co- 

(1) Recent reviews: (a) Herrmann, w. A. Angew. Chem., Int. Ed. Engl. 
1982,21,117-130. (b) Herrmann, W. A. Adu. Organomet. Chem. 1982, 
20, 159-263. (c) Hahn, J. E. Prog. Inorg. Chem. 1984, 31, 205-264. 

(2) (a) Herrmann, W. A.; Bauer, C.; Mayer, K. K. J. Organomet. 
Chem. 1982,236, Cl&C22. (b) Herrmann, W. A. J. Organomet. Chem. 
1983, 250, 319-343. 

(3) McCandlish, L. E. J .  Catal. 1983, 83, 362-370. 
(4) (a) Casey, C. P.; Fagan, P. J. J. Am. Chem. SOC. 1982, 104, 

4950-4951. (b) Casey, C. P.; Fagan, P. J.; Miles, W. H.; Marder, S. R. J. 

(5) Kirmse, W. "Carbene Chemistry"; Academic Press: New York, 
Mol. Catal. 1983,21, 173-188. 

1964; pp 26-36. 
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For the key intermediate in Scheme I, the cyclo- 
propylidene species B, there was neither an organometallic 
model nor mechanistic precedent. For this reason, we set 
out to synthesize an analogue and to study its chemistry. 

Results and Discussion 
The bridging vinylidene complexes Cp2Fe2(CO),(p- 

CO)(p-C=CH2), It and IC, with the cyclopentadienyl 
groups trans and cis, respectively, to the Fe2(p-CO)(p- 
C=CH2) plane were chosen as convenient model com- 
plexes and were synthesized according to literature 
method~.~*t~  Treatment of It or IC directly with excess 
diazomethane in ether produced no apparent reaction. 
However, taking a cue from the literature on cyclo- 
propanation of alkenes,'O cuprous chloride was found to 
be an effective catalyst for the smooth conversion of the 
bridging vinylidene to bridging cyclopropylidene with 
diazomethane (eq 2). For example, dropwise addition of 

--''I ' ' I ' I V 1 '  ' ' ' I " I 1 "  ' I '  1 ' ( '  ' ' ' " " 
2.1 2.0 1.9 1.8 1.7 1.6 1.5 

PPm 
Figure 1. 4C)o-MHz 'H NMR spectra of the cyclopropylidene 
hydrogens of 2c (a, in acetone-d6) and 2t (b, in CDC13). In 
spectrum b, peaks due to 2c in CDC13 (which arose from equil- 
ibration of 2t during the time of spectral accumulation) are visible, 
centered at b 1.61 and 1.96. Spectrum b was plotted with 2-Hz 
resolution enhancement. 

workers6 strongly implicates the intermediacy of methylene 
in the Fischer-Tropsch reaction. There are also many 
examples of briding vinylidene and derivatives in or- 
ganometallic  hemi is try,^ and surface-bound vinylidenes 
have been reported to form from acetylene adsorbed on 
Pt(ll1) and Pd(l l1)  surfaces.* 

Although, during Fischer-Tropsch synthesis, the vi- 
nylidene species could very conceivably be formed from 
reaction of methylene with a surface carbide atom (eq l) ,  

H. .H 

there had been no suggestion, prior to that of McCandlish, 
that vinylidene might play a role in the mechanism. Very 
recently, however, Ibach and co-workers have reported 
finding what they identify by EELS spectroscopy as vi- 
nylidene, along with CH2 and CH species, on an Fe(ll0) 
surface following a period of Fischer-Tropsch synthe~is .~ 

(6) (a) Brady, R. C.; Pettit, R. J. Am. Chem. SOC. 1980,102,61816182. 
(b) Brady, R. C.; Pettit, R. J. Am. Chem. SOC. 1981,103,1287-1289. (c) 
Osterloh, W. T.; Cornell, M. E.; Pettit, R. J.  Am. Chem. SOC. 1982,104, 
3759-3761. 

(7) (a) Dawkins, G. M.; Green, M.; Jeffery, J. C.; Stone, F. G. A. J. 
Chem. SOC., Chem. Commun. 1980,1120-1122. (b) Kao, S. C.; Lu, P. P. 
Y.; Pettit, R. Organometallics 1982, 1, 911-918. (c) Dawkins, G. M.; 
Green, M.; Jeffery, J. C.; Sambale, C.; Stone, F. G. A. J. Chem. SOC., 
Dalton Trans. 1983,49+506. (d) Davies, D. L.; Dyke, A. F.; Endesfelder, 
A.; Knox, S. A. R.; Naish, P. J.; Orpen, A. G.; Plaas, D.; Taylor, G. E. J. 
Organomet. Chem. 1980, 198, C43-C49. (e) Cooke, M.; Davies, D. L.; 
Guerchais, J. E.; Knox, S. A. R.; Mead, K. A.; Roue, J.; Woodward, P. J. 
Chem. Soc., Chem. Commun. 1981,862-864. (f) Folting, K.; Huffman, 
J. C.; Lewis, L. N.; Caulton, K. G. Inorg. Chem. 1979,18,3483-3486. (9) 
Boland-Lussier, B. E.; Churchill, M. R.; Hughes, R. P.; Rheingold, A. L. 
Organometallics 1982,1, 62-34. (h) Wong, A,; Gladysz, J. A. J. Am. 
Chem. SOC. 1982, 104, 4948-4950. (i) Seyferth, D.; Williams, G. H.; 
Eschbach, C. S.; Nestle, M. 0.; Merola, J. S.; HaUgren, J. E. J. Am. Chem. 
SOC. 1979,101, 4867-4878. (j) Deeming, A. J.; Underhill, M. J.  Chem. 
SOC., Dalton Trans. 1974, 1415-1419. (k) Deeming, A. J.; Hasso, S.; 
Underhill, M.; Canty, A. J.; Johnson, B. F. G.; Jackson, W. G.; Lewis, J.; 
Matheson, T. W. J. Chem. SOC., Chem. Commun. 1974, 807-808. (1) 
Colburn, R. E.; Davies, D. L.; Dyke, A. F.; Endesfelder, A.; Knox, S. A. 
R.; Orpen, A. G.; Plaas, D. J. Chem. SOC., Dalton Trans. 1989,2661-2668. 
(m) Gill, D. S.; Green, M. J. Chem. SOC., Chem. Commun. 1981, 

(8) (a) Ibach, H.; Lehwald, S. J. Vac. Sci. Technol. 1978,15,407-415. 
(b) Demuth, J. E. Surf. Sci. 1979,80,367-387. (c) Kesmodel, L. L.; Gates, 
J. A. J. Electron. Spectrosc. Relat. Phenom. 1983, 29, 307-312. (d) 
Koestner, R. J.; Frost, J. C.; Stair, P. C.; Van Hove, M. A.; Somorjai, G. 
A. Surf. Sci. 1982, 116, 85-103. 

1037-1038. 

11 2t  

0.2 M diazomethane in ether to It and CuCl slurried in 
ether led to decomposition of the diazomethane and re- 
action with the vinylidene ligand. The progress of the 
reaction was followed by IR spectroscopy (hexane) which 
showed smooth replacement of It bands (1962 (vs), 1808 
(s), 1603 (vw), 1562 (w) cm-') by those of 2t (1954 (w), 1802 
(s) cm-'). After about 5-10 equiv of CHzNz were added, 
only 2t was visible in solution. Filtration to remove CuC1, 
evaporation of the filtrate, and recrystallization from 
pentane gave purple 2t. The red cis complex 2c was 
prepared similarly but could be recrystallized from ether 
because of its lower solubility. 

These cyclopropylidene complexes are air stable in the 
solid state, and even the solutions are stable in the air for 
several hours, provided they are kept in the dark. How- 
ever, upon exposure to fluorescent light, solutions begin 
to decompose within minutes. Solutions of pure 2t or 2c 
like those of It and I C ' ~  and other alkylidene complexes7b 
slowly interconvert. The final equilibrium cis to trans iatio 
of 2c:2t by NMR (after 2 weeks in solution) is 4.8:l. 

Formulation of the products 2t and 2c as containing a 
bridging cyclopropylidene ligand was supported by IR, 
NMR, and mass spectral data. Their IR spectra (hexane) 
showed loss of the two weak bands associated with the 
vinylidene ligand (at 1603 (vw) and 1562 (w) cm-' in both 
It and IC) but implied retention of the gross carbonyl 
structure with two terminal and one bridging carbonyl. 
The 400-MHz 'H NMR spectrum of both 2t and 2c 
showed 10 equivalent cyclopentadienyl protons and four 
additional protons in the methylene region with structure 
consistent with the expected AA'BB' coupling patterns 
(Figure 1). For 2t, the two hydrogens on each of the 
carbon atoms of the cyclopropylidene that are not bonded 
to iron are chemically nonequivalent, one being closer to 
a terminal carbonyl and the other closer to the cyclo- 
pentadienyl, but the chemical shift difference is small. 
There is a C2 axis in the idealized structure that relates 
each hydrogen atom to a chemically equivalent but mag- 
netically nonequivalent hydrogen atom on the other car- 

(9) Erley, W.; McBreen, P. H.; Ibach, H. J. Catal. 1983,84,229-234. 
(IO) (a) Pincock, R. E.; Wells, J. I. J.  Og.  Chem. 1964,29, 965-967. 

(b) Fieser, M.; Fieser, L. F. "Reagents for Organic Synthesis"; Wiley: New 
York, 1972; Vol. 3, pp 67-68. 
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Table I 

A. Crystal Data 

Figure 2. ORTEP drawing of the molecular structure of cis- 
Cp2Fez(CO)z(jt-CO)(p-CCHzCHz) (2c) (minus hydrogens) with 
thermal ellipsoids a t  the 50% probability level. 

bon. In the idealized structure of 2c, the plane of the 
cyclopropylidene ring is a mirror plane. Thus the two 
hydrogen atoms attached to a carbon are chemically 
equivalent but are magnetically nonequivalent due to 
different cis and trans coupling to the other proton pair. 
The chemical shift difference between the CH2 on the 
cyclopentadienyl side of the molecule and the CH2 on the 
carbonyl side is greater than was the A - B difference in 
2t. In fact, the methylene protons of 2c in acetone-d6 giye 
symmetrical 10-line patterns sufficiently separated in 
chemical shift (6 2.054 and 1.521) for analysis as an AAXX' 
spedrum.l' This analysis gives J u t  = -8.1 Hz, Jxxt = -7.6 
Hz, JAx(cis) = 10.4 Hz, and JAx,(trans) = 5.7 Hz. Which 
CH2 is the A pair and which is the X is not known. These 
coupling constants are consistent with reported constants 
for cyclopropyl protons.12 The 13C(lH) NMR chemical 
shifts of 2t and 2c are consistent with those reported for 
alkylidene complexes of the CP~M~(CO)~(P-CO)(N-CRR') 
type.1,7b,sJ6 The gated coupled 13C NMR spectra show 
triplets of triplets for the resonances at 6 22.3 for 2t and 
at  6 22.3 and 21.6 for 2c, doublets of quintets for the cy- 
clopentadienyls, and a quintet for the bridging carbon of 
the cyclopropylidene ligand, consistent with their assign- 
ments. 

Mass spectra (70 eV, EI) for 2t and 2c are essentially 
identical and show molecular ions at  m l e  366 and major 
peaks for sequential loss of three COS and a C3H4 fragment 
to reach Cp2Fe2+; CpzFe+ is the base peak of the spectra. 

X-ray Crystal Structure. Due to the novelty of the 
cyclopropylidene ligand, a single-crystal X-ray structural 
analysis of 2c was undertaken. 

A labeled ORTEP drawing of the complex is shown in 
Figure 2. A summary of crystallographic data and the 
experimental conditions are given in Table I and the Ex- 
perimental Section. The atomic parameters and important 
bond lengths and angles are given in Tables I1 and 111, 
respectively. 

. 

Each of the four Cp2Fe2(CO)2(~-CO)(~-CCH2CHz) 
molecules per unit cell has a crystallographically imposed 
mirror plane that includes the plane of the cyclo- 
propylidene ligand and the atoms of the bridging carbonyl 
ligand. The two Fe atoms are related by this plane at an 
Fe-Fe bond distance of 2.503 (7) A. Distances and angles 
for related molecules are given in Table IV. The Fe-Fe 

(11) Becker, E. D. 'High Resolution NMR"; Academic Press: New 
York, 1969; p 167. 

(12) Chamberlain, N. F. 'The Practice of NMR Spectroscopy"; Ple- 
num Press: New York, 1974; pp 298-299. 

(13) Meyer, B. B.; Riley, P. E.; Davis, R. E. Inorg. Chem. 1981,20, 
3024-3029. See also: Orpen, A. G. J. Chem. SOC., Dalton Trans. 1983, 

(14) Kirchner, R. M.; Ibers, J. A. J. Organomet. Chem. 1974, 82, 
1427-1431. 

243-255. 

formula 
fw 

Fe2C16H1403 
366.0 

space group Pn ma 
lattice constants 

a, A 13.008 (77)  
b, A 14.126 (71)  
c, A 7.835 (127) 
v, AS 1439.7 
z 4 

Pcalcd, g/cm3 1.688 

B. Data Collection 
diffractometer Enraf-Nonius CAD-4 
radiatn Mo Kor, 0.7107 A 
monochromat or graphite 
scan range, deg 
scan speed, deg/min 4-20 
reflctns examined 1299 
reflctns obsd 446 
criterion I > 3o(I) 
abs corr 

O <  28 < 25 

1, cm-' 20.20 
scan type $ scans 
maximin, deg 0.91-1.00 

stability no intensity decay 
in 3 check reflctns 

Table 11. Positional Parameters for 2c and Their 
Estimated Standard Deviationsa 

atom X Y z B ,  A' 

Fe(1) 0.14778 (8) 0.33868 (7)  0.0409 (1) 3.09 (2)  
C j l )  0.2432(7) 0.250 -0.064 (1) 3.4 (2)  
C(2) 0.296(1)  0.250 -0.237 (2)  6.4 (4) 
C(3) 0.359 (1) 0.250 -0.077 (2) 7.1 (4)  
C(4) 0.1555 (9) 0.3722 (7) 0.3037 (9) 7.6 (3)  
C(5) 0.0936 (8) 0.4349 (6)  0.224 (1) 7.0 (3) 
C(6) 0.1460 (9) 0.4820 (6)  0.104 (1) 6.3 (2)  
C(7) 0.2479 (7)  0.4489 (6)  0.105 (1) 6.2 (2) 
C(8) 0.2529 (7)  0.3801 (7)  0.229 (1) 6.9 (2)  

C(10) 0.0387 (8) 0.250 0.078 (1) 3.6 (3)  

O( 2) -0.0493 (6)  0.250 0.110 (1) 6.0 (2)  
H1 0.306 0.337 0.259 5.0 
H2 0.140 0.336 0.402 5.0 
H3 0.029 0.451 0.253 5.0 
H4 0.127 0.525 0.019 5.0 
H5 0.301 0.474 0.030 5.0 
H6 0.296 0.195 -0.310 5.0 
H7 0.389 0.195 -0.033 5.0 

C(9) 0.1013 (5)  0.3612 (5)  -0.1617 (9)  3.5 (2)  

O(1) 0.0734 (5)  0.3773 (5)  -0.2966 (6) 6.0 (2)  

Hydrogen atoms were not refined. Anisotropically 
refined atoms are given in the form of the isotropic equiv- 
alent thermal parameter defined as (4/3)[u2B(l , l )  + 
b2B(2,2) + c2B(3,3) + ub(cos 7 ) B ( 1 , 2 )  + UC(COS 
p)B(1,3) + bc(cos a ) B ( 2 , 3 ) ] .  

bond length for 2c is significantly shorter than that of the 
parent carbonyl (6) and the ethylidene complex 3 and 
slightly shorter than complexes with vinylidene bridges (4, 
5) .  Shortening of the Fe-Fe distance, relative to the di- 
carbonyl complex 6, has been attributed to enhanced T 

acceptance by the bridging ligand,14 but this behavior was 
also associated with shorter Fe-C (bridge) bonds as well 
(note complexes 4,7,8). Complex 5,  however, has similar 
geometry to 2c: a shorter Fe-Fe bond and yet a longer 

(15) Hossain, M. B.; Hanlon, D. J.; Marten, D. F.; van der Helm, D.; 

(16) Bryan, R. F.; Greene, P. T.; Newlands, M. J.; Field, D. S. J. Chem. 
Dehmlow, E. V. Acta Crystallogr., Sect E 1982, E38, 1457-1461. 

SOC. A 1970,3068-3074. 
(17) Beckman, D. E.; Jacobson, R. A. J.  Organomet. Chem. 1979,179, 

187-196. 

7, 393-396. 
(18) Kim, N. E.; Nelson, N. J.; Shriver, D. F. Inorg. Chem. Acta 1973, 
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Table 111. Selected Bond Lengths ( A )  and Angles (deg) for 2c 

Bond Lengths 

Metal-Metal 
Fe( 1)-Fe( 1 )' 2.503 (7)  

Fe to Carbonyl 
Fe( 1)-C( 10) 1.914 ( 
Fe( 1)-C( 9) 1.728 

Fe to Ring Carbons 
Fe( 1)-C( 1) 1.943 (8)' 
Fe( 1)-C( 4) 2.116 (9)d 
Fe( 1)-C( 5 )  
Fe( 1)-C( 5) 2.086 (9)  
Fe(1)-C(7) 2.092 (9)d 
Fe( 1)-C( 8) 2.091 (9)d 

2.099 ( llJd 

C( 1)-Fe( 1)-C( 10)  
C( 1)-Fe( 1)-C( 9 )  
C( 10)-Fe( 1)-C( 9) 
Fe( 1)-C( 1)-C( 2) 
Fe( 1)-C( 1)-C( 3) 
Fe( 1)-C( 10)-O( 2) 
Fe( 1)-C( 9)-O( 1) 
C( 2)-C( 1)-c(3) 
C( 1)-C( 2)-C( 3) 
C( 2)-C( 3)-C( 1) 
C( 5)-C(4)-C(8) 

96.7 (3)  
87.5 (4)  

131.6 (5)  
131.7 (5)  
139.2 (3) 
178.0 (5) 

59.4 (9)  
60.1 (9) 
60.5 (9) 

107.1 (11) 

90.0 (4)  

Bond Angles 
C( 4)-C( 5)-C( 6 )  
C( 5)-C( 6)-C( 7)  
C( 6)-C( 7)-C( 8) 
C( 7)-C(8)-C(4) 
Fe( l)C( 1)-Fe( 1)' 
Fe( 1)C( 10)-Fe( 1)' 
C( 4)-Fe( 1)-C( 1) 
C(4)-Fe( 1)-C( 9) 
C(4)-Fe( 1)-C( 10)  
C(5)-Fe( 1)-C( 1) 
C( 5)-Fe( 1)C(  9)  

Carbon to Oxygen 
C( 10)-O( 2) 1.173 (13)'" 
C( 9 )-O( 1) 1.141 

Carbon to Carbon 
1.519 (18)' 
1.513 (17)c 
1.501 (19)' 
1.351 (16)d 

C( 4 )-C( 8 1 1.401 (15)d 
C(5 )-C(6) 1.336 (16)d 

1.406 (16); 
1.373 (15) 

C( 1 )-C( 2) 
C(1 )-C(3 1 
C ( 2 ) 4 ( 3 )  
C(4 )-C(5) 

C(6)-C(7) 
C(7)-C(8) 

110.3 (13) 
108.2 (10) 
106.5 (11) 
108.0 (10) 
80.2 (3)  
81.7 (3)  

121.6 (6) 
150.3 (6)  

96.7 (3)  
156.9 (5)  
113.0 (5)  

C( 5)-Fe( 1)C( 10) 
C(6)-Fe( 1)-C( 1) 
C( 6)-Fe( l)-C( 9) 
C( 6)-Fe( l)-C( 10) 
C(7)-Fe( l)C( 1) 
C( 7)-Fe( 1)-C( 9) 
C(7)-Fe( 1)-C( 10) 
C( 8)-Fe( 1)-C( 1) 
C( 8)-Fe( 1)-C( 9) 
C(8)-Fe(l)-C( 10) 

a Bridged. Terminal. Cyclopropylidene. Cyclopentadienyl. 

Table IV. Comparison of Geometric Parameters for Related Diiron Complexesa 

94.1 (5) 
137.1 (5) 
92.0 (4)  

126.2 (6)  
100.6 (5)  
107.5 (4)  
155.8 (4)  
93.4 (4)  

145.3 (6)  
124.2 (6) 

complex 
Fe-CO Fe-CO F e C  fold 

ref Fe-Fe (bridge) (terminal) (bridge) angle 

212, cis-Cp,Fe, CO CO ( p - m H , )  b 2.503 (7 )  1.914 (10) 1.728 (10) 1.943 (8) 158 
3, cis-Cp,Fe,ICO~:I~:CO~(p -CHCk,) 1 3  2.525 (1) 1.905 (3)  1.742 (1) 1.987 (1) 166 
4, cis-Cp,Fe,(CO),(p-CO)(p-C=C(CN)z)c 1 4  2.511 (4)  1 .94(3)  1.79 ( 2 )  1.87 (2) 162 
5, cis-Cp,Fe,(CO),(p-CO)(p-C=C(Ph)CH,Ph) 15  2.5104 (5)  1.928 (3)  1.741 (3) 1.940 (2) 155 
6, cis-Cp,Fe,( CO),(p -CO), 16 2.531 (2)  1.92 (1) 1.75 (2) 1.92 (1) 164 
7, cis-Cp,Fe,(CO),(p-CO)(p -CS)c 1 7  2.505 (3) 1.916 (8) 1.746 (8) 1.886 (8) 166 
8, cis-Cp, Fez (CO), (IJ 40- AlEt, ), 18 2.491 (8) 1.70 (2)  1 .88(2)  167 

This work. Average a Bond lengths in A and angles in deg. Fold angle is dihedral angle between FeC-Fe'  planes. 
values for two independent molecules. 

Fe-C(bridge) than 6. In general, the overall geometry of 
2c more closely resembles that of the vinylidene complex 
5 than that of the ethylidene complex 3. It  has been noted 
before that cyclopropyl groups are similar to double bonds 
in many respects, including the ability to conjugate with 
neighboring a orbitalslg and for methylenecyclopropane 
to mimic 1,2-dienes in complexes with transition metals.: 

The C-C bond lengths within the cyclopropylidene lig- 
and are all equal, within the accuracy of the determination, 
and average 1.51 (2) A. This average is in good agreement 
with the value normally found in cyclopropane  ring^.'^,^^ 
However, the commonly observed shortening of the C-C 
bond across the ring from substituents with a-bonding 
capabilitieslg cannot be confirmed for 2c due to experi- 
mental uncertainty. 

Other crystallographic data is given in the supplemen- 
tary material. 

Experimental Section 
All reactions were carried out under a nitrogen atmosphere- 

either in a drybox or by use of standard Schlenk techniques. 

(19) Lauher, J. W.; Ibers, J. A. J.  Am. Chem. SOC. 1975,97,561-567. 
(20) Green, M.; Howard, J. A. K.; Hughes, R. P.; Kellett, S. C.; 

(21) Meester, M. A. M; Schenk, H.; MacGillavry, C. H. Acta Crys- 
Woodward, P. J. Chem. SOC., Dalton Trans. 1975, 2007-2014. 

tallogr., Sect. B 1971, B27, 630-634. 

Methylene chloride was distilled from P,Olo; other solvents were 
distilled from sodium benzophenone ketyl, and all were stored 
under Nz prior to use. Diazomethane in ether (-0.2-0.3 M) was 
prepared according to the published procedure.22 The cis and 
trans isomers of CpzFez(C0)2(~-CO)(~-C=CHz), IC and It, were 
prepared by literature separated by CHzC12/hexane 
chromatography on neutral alumina (3% water added), and re- 
crystallized prior to use from ether (IC) or pentane (It). Cuprous 
chloride (99.99%) was purchased from Aldrich and used as re- 
ceived. 

Infrared spectra were recorded on a Perkin-Elmer Model 684 
infrared spectrophotometer. Proton and 13C NMR spectra were 
obtained with a JEOL JNM GX-400 FT NMR spectrometer 
operating at  400 MHz for 'H and 100 MHz for 13C. Mass spectra 
were provided by our Analytical Division. Galbraith Laboratories, 
Knoxville, TN, performed the microanalyses. 
~~~~S-(~~-C~H~)~F~~(CO)~(~-CO)(~-CCH~CH~) (2t). A so- 

lution of CHzNz in ether (20 mL of 0.19 M, 5 equiv) was added 
slowly with vigorous stirring to a slurry of It (275 mg, 0.76 mmol) 
and CuCl(O.20 g, 2.0 mmol) in 10 mL of ether. The mixture was 
filtered, and the filtrate was evaporated to dryness and then 
extracted with 100 mL of pentane. Yield after evaporation of 
pentene, collection of the crystals, and washing with pentane was 
112 mg (40%) of purple 2t: mp 164-165 "C dec; IR (hexane) 1954 
(vs), 1802 ( 8 )  cm-'; 'H NMR (CDC1,) 6 4.52 (10 H, s, Cp), 1.86 

1 

(22) deBoer, T. J.; Backer, H. J. "Organic Syntheses"; Wiley: New 
York, 1963; Coll. Vol. 4, p 943. 
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(center, 4 H, AA'BB', CHzCHd; I3C NMR (CDCld 6 274.5 (p-CO), 
212.2 (CO), 158.5 (p-C, quintet, JCC-H = 4.5 Hz), 90.3 (CSHS, 
doublet of quintets, JGH = 178.5 Hz, JC+H = J-H 6.7 Hz), 
22.2 (CH2CHz, triplet of triplets, Jc-H = 159.1 Hz, JC-C-H 4.1 
Hz), MS (70 eV), m / e  366 (M'), 338 (M+ - CO), 310 (M+ - 2CO), 
282 (M+ - 3CO), 242 (M+ - 3CO - C3H4). Anal. Calcd for 
Cl6Hl4o3Fe2: C, 52.51; H, 3.86; Fe, 30.52. Found C, 52.30; H, 
3.97; Fe, 29.89. 
cis-(~s-CsH,)zFez(CO)z(p-CO)(p-CCH,CH,) (2c). A total of 

165 mL of CHzNz in ether (0.19 M, 11.2 equiv) was added dropwise 
with vigorious stirring to a slurry of IC (1.00 g, 2.8 mmol) and 
CuCl(0.5 g, 5 mmol) in ether (15 mL). The mixture was filtered 
and the ether solution concentrated to yield 836 mg (80%) of red 
crystalline 2c: mp 161-162 OC dec; IR (hexane) 1996 (vs), 1961 
(m), 1802 (8 )  cm-l; 'H NMR (acetone-ds) 6 4.76 (10 H, 8, Cp), 2.05, 
1.52 (4 H, AA'XX', Jut = -8.1 Hz, J n !  = -7.6 Hz, JAY(&) = 
10.4 Hz, JAxt(trans) = 5.7 Hz, CHzCH2); NMR (CDC13) 6 273.5 
(p-CO), 212.4 (CO), 155.8 (p-C, quintet, JC-C-H = 4.5 Hz), 88.3 
(CSHS doublet of quintets, Jc-H = 177.9 Hz, JM-H = J c ~ + H  = 
6.6 Hz), 22.3 (CHz, triplet of triplets, Jc-H = 157 Hz, JCX-H = 
2.5 Hz), 21.6 (CHz, triplet of triplets, JGH = 158 Hz, JC+H = 
2.5 Hz); MS (70 eV), m / e  366 (M'), 338 (M+ - CO), 310 (M+ - 
2CO), 282 (M+ - 3CO), 242 (M+ - 3CO - C3H4). Anal. Calcd for 
C16H1403Fez: C, 52.51; H, 3.86; Fe, 30.52. Found: C, 52.69; H, 
3.93; Fe, 30.75. 

X-ray Analysis. The complex crystallizes from ether as red 
prisms. Diffraction data were collected on a crystal of dimensions 
0.40 mm X 0.30 mm X 0.20 mm. A summary of crystallographic 
data and the experimental conditions are given in Table I. 

- 

Diffraction data were collected on an Enraf-Nonius CAD-4 dif- 
fractometer and were corrected for absorption ( p  = 20.2 cm-', 
empirical # scan technique). All calculations were performed by 
using the SDP package provided by Enraf-Nonius. The iron atoms 
were located by inspection of a three-dimensional Patterson 
function and the remaining non-hydrogen atoms by least-squares 
structure factor calculations and difference Fourier techniques. 
Positions of the hydrogen atoms were then found by a combination 
of difference Fourier techniques and the use of HYDRO from the 
SDP package. The hydrogen positions were not refined. All 
non-hydrogen positions were then refined with anisotropic thermal 
parameters. Least-squares refinement converged with residuals 
of R = 0.032, R, = 0.037, using 446 data with I > 3u(Z) from 28(Mo 
Ka) = 0-25', the esd of an observation of unit weight was 1.091. 
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Lach and E. G. Habeeb for their assistance in the syntheses 
described herein and Drs. K. D. Rose and C. S. Hsu of the 
Analytical Division of Exxon Research and Engineering 
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Supplementary Material Available: Tables listing least- 
squares planes and deviations (Table V), dihedral angles between 
the planes (Table VI), anisotropic thermal parameters (Table VII), 
and observed and calculated structure factor amplitudes (Table 
VIII) (6 pages). Ordering information is given on any current 
masthead page. 
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Synthetic routes to binuclear complexes [Pt2Me4(p-R2PCH2PRz)z] (1, R = Me; 2, R = Ph; 3, R = Et) 
and to the mononuclear complexes [PtMez(R2PCHzPRz)] (4, R = Ph; 6, R = i-Pr) have been developed. 
The structures and conformations of the binuclear complexes have been studied in solution by variable- 
temperature 'H and 31P NMR spectroscopy. The molecular structures of 1 and 2, determined by X-ray 
diffraction techniques, each contain two cis-PtMez fragments held together by two bridging RzPCHzPRz 
ligands. The approximate molecular symmetry is C 2 h  in 1 and Cz in 2, and the eight-membered PtzP4Cz 
dimetallacycles adopt twist-chair and twist-boat conformations, respectively. In 1 the local environments 
of the platinum atoms are sterically more open than in 2, where the phenyl substituents may hinder access 
of reagents to the metal centers. Crystals of 1 are monoclinic of space group P2,la with a = 16.634 (4) 
A, b = 11.112 (3) A, c = 12.469 (3) A, ,f3 = 103.40 (2)O, and 2 = 4. Crystals of 2 are monoclinic of space 
group ml/c with a = 13.957 (7) A, b = 17.218 (5) A, c = 21.649 (5) A, ,f3 = 106.45 (3)O, and 2 = 4. Leastisquares 
refinement of the structural model of 1 defined by 181 parameters converged at a conventional R index 
on F of 0.043 for 3646 reflections with I 1  3u(I). For 2, the structural model involved 175 parameters and 
the final value of the R factor based on F was 0.068 for 3818 reflections. It is concluded that increasing 
steric bulk of substituents R (i) stabilizes the mononuclear with respect to the binuclear complex, (ii) is 
primarily responsible for determining the ground-state conformations of the binuclear complexes and the 
activation energies for fluxionality, and (iii) greatly decreases the reactivity of the complexes, and particularly 
the binuclear ones, toward oxidative addition reactions. 

Introduction 
In the development of the chemistry of binuclear com- 

plexes, it is often desirable to  lock together two metal 
centers using bridging  ligand^.^,^ Di(tertiary phosphines) 

(1) (a) University of Glasgow. (b) University of Western Ontario. 

0276-7333/84/2303-1637$01.50/0 

are particularly useful for this purpose, but there is much 
to be learned about the factors that influence whether such 
ligands will bridge or For example, ligands 

(2) Balch, A. L. In 'Homogeneous Catalysis with Metal Phosphine 

(3) Puddephatt, R. J. Chem. SOC. Reu. 1983, 99. 
Complexes"; Pignolet, L., Ed.; Plenum Press: New York, 1983. 
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