
The conjugate base of (CO)sCrC(OCH,)CH, (Ia) may be conveniently 
generated by treatment with n-butyllithium**. Treatment of this anion with 
ethylene oxide gives (‘2-oxacyclopentylidene)pentacarbonylchromium( 0) (Ha) in 
50% yield*** . The reaction can be envisioned as a nucleophilic attack of the 
carbene anion on the epoxide followed by intramolecular displacement of 
-niethqxide from the intermediate adduct. 

*Author to whom correspondence should be addressed. 
: “IKucti. weaker bases niay_aIso be employed since Ia is one of the most acidic neutral carbon acids 
..~**known [4]. 

Reviously_ oxacpclopentylidene cotilexes have been prepared by novel procedures involiring either 
.-the reaction of-m&i carbonyrianions with 1.3-dibromopxqaue C5.61 or the reaction of acetyknic 

ahqoh& with pIathmm compkxeCC7j. : 
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summary 

The rea&iotis of the conjugate base of (methylmethoxycarbene)penta- 
carbonylchromium(0) with epoxides and with methyl bromoacetate give 
alkylated carbene complexes which cannot be obtained by previous synthetic 
routes. 

The usual preparative route to transition metal-carbene complexes (for 
recent reviews see ref. 1) involves the attack of an organolithium reagent on a 
coordinated carbonyl group to give an anionic acyl complex which can then be 
alkylated on oxygen with strongly electrophilic reagents such as trimethyl- 
oxonium fluoroborate or methyl fluorosulfonate [ 21. This synthetic method is 
limited by the availability of organolithium reagents: only functional groups 
which are compatible with lithium reagents may be introduced into the carbene 
complex by such routes. Recently, we described the generation and some reac- 
tions of carbanions OL to the carbene carbon atom of transition me’tal complexes 
[ 3, 41. Here we report the reaction of these “carbene anions” with epoxides and 
with bromoesters which provide complexes which cannot be prepared directly 
from lithium reagents and metal carbonyl compounds. 
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TABLE 1 

SPECTRAL CHARACTERIZATION OF METAL-CARBENE COMPLEXES 

Compound 

IIa 

n-b 

IIC 

IId 

IIe 

III 

IV 

M.P. (“C) NMR= IRb 

63-65 4.90 (t. J SE&. 2H). 3.67 (t, .7 8Hz. 2H) 2066 s, 1983 m, 
1.96 (quintet. J 8Hz. 2Hj 1968 s. 1944 s = 

Oil 6.13 (m, 1H). 4.2-3.0 (m. 2H. AB portion of 2060 s.. 1990 m. 
ABLY System, 6A 8.85.6~ 3.42, JAB 16.6. 1960 s. 1940 vs 

Jm= JBY =JBX = 9. JAY 5). 1.58 (d. J 7Hz. 
3H). 2,4-1.0 <m. 2H) 

28-29 4.85 (tt. .7 7Hz. 2H). 3.60 (m. 1H). 1.42 (d. J 2062 m. 1985 m. 

7Hz. 3H). 2.4-1.2 (m. 2H) e 1952 s, 1938 s 
61-62.5 5.04 (t, J 7Hz. 2H), 1.87 (t. J 7Hz. 2H). 1.48 2067 s. 1982 m. 

(s. 6H) 1950 5.1943 s. 1925 s c 
70-72 4.85 (t. J 7Hz. 2H). 3.74 (t. J 7Hz. 2H). 2060 m. 1986 m. 

2.6-1.6 (m, 5H). 1.38 (s, 3H) d*e 1966 vs. 1936 vs c 
Oil 4.77 (s, 3H). 3.6-3.7 (m. 5H) f. 2.44 (t. J 2065 s. 1985 m. 

7Hz. 2H) 1945 vs. 1740 s 

Oil 4.88 (s. 3H). 4.70 (m. J 8Hz. lH), 3.68 (s. 6H). 2066 s, 1986 m. 
2.61 (dd. J 7Hz. J’ 17Hz. 2H). 2.29 (dd. J 7Hz. 1945 vs. 1740 s 

J’ 17 Hz, 2H) 

4 8 values: recorded at 100 MHz in CS,. b Frequency in cm-’ ; measured in CS,. ’ Measured in heptane. 

d Measured in CDCI,. e 60 MHz spectrum. p Becomes a triplet (2H. J 7. 6 2.74) and singlet (3H. 6 2.24) 

with 20 mole% Pr(fod), , Ccl, (fad = heptanuorodimethyloctuledionate). 

The carbene anion of Ia attacks propylene oxide at the least hindered 
carbon atom to give the 3-methylcyclopentylidene complex IIb in 38% yield. 
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R*= CH2CH20H, 
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The 5methylcyclopentyilidene complex IIc can be obtained in 18% yield from the 
reaction of the anion of the ethylmethoxycarbene complex Ib with ethylene 
oxide; in addition, the reaction gave a 42% yield of IIe, the product of the sub- 
sequent reaction of the conjugate base of IIc with ethylene oxide*. We have also 
observed dialkylation in the methylation of IIa with one equivalent of n-butyl- 
lithium followed by one equivalent of methyl fluorosulfonate; the reaction 
mixture contains monomethylated carbene complex TIC, dimethylated carbene 
complex IId, and the unmethylated starting material IIa in a ratio of 2.4/1.9/1.0. 

The reaction of the carbene anion of Ia with one equivalent of methyl 
bromoacetate gave 37% monoalkylation product III and 20% dialkylation 
product IV. 

*None of the analogous dizdk~lation product was found in the preparation of I&. 
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(IV) 

The spectral properties of the compounds are listed in Table l*- 
The preparation of IIa illustrates the experimental procedure. n-Butyl- 

lithium (20.0 ml, 2.06 M, 41.2 mmol) was added to Ia (10.0 g, 40.0 mmol) in 
250 ml diethyl ether at -78” to give a pale yellow solution of the carbene anion. 
The solution was warmed to O” and ethylene oxide (3 ml, 61.2 mmol) was added. 
After 30 minutes at 0”, the reaction mixture was quenched with water. Column 
chromatography (silica gel, pentane) gave 1.5 g recovered Ia and the oxacyclo- 
pentylidene complex IIa (4.4 g, 50%). 

The structural elaboration of carbene complexes via readtions of carbene 
anions complements the increasing variety of transformations of carbene com- 
plexes into organic compounds. Fischer has reported the synthesis of cyclo- 
propanes from the reaction of metal carbene complexes with &-unsaturated 
esters and with vinyl ethers [ 81. We have recently reported the synthesis of vinyl 
ethers from the reaction of metal carbene complexes with diazoalkanes [9] or 
with Mttig reagents [lo] and the synthesis of esters from the oxidation of 
car jene complexes [lo]. The continued development of means of elaborating 
simple carbene complexes and of means of releasing the carbene ligand from its 
metal complex should make metal-carbene complexes useful synthetic reagents. 

Acknowledgement 

This research was supported by the National Science Foundation (Grants 
GP-32160 and GP-41259X). 

References 

1 D_J_ C!.ardfn B_ &tirrkava and M-F_ Iapperf Chemm Rev.. 72 <1972>545; F.A. Cotton and 
C.M.L~I~ehart,Rogr.Inorg. Chem..16 <1972)487;E.O.Fischer,PureandA9pl. Chem.,30 (1972)363. 

2 C.P.Casey.C.R.CyrendR.ABogfs.Syn.Inor1&Met.el-Ork?.Chem..3 (1973)249. 
3 C_P.Casey, R.A. Boggs andR.L.Andeson.J.Ama.Chem.Soc.. 94 <lB72)8947. 
4 C.P.Casey,R.L.Anderson.J.Amer.Chem.Soc..96 (1974)1230. 
6 C.P.casep. them. c0mmIm..<1970)1220. 
6 F.A. CottonandC.M. Lukehart.J.Amer.Chem.3oc.,93 (l971)2672;96(1973)3562. 
7 M.PI.C~o~.andH-C.~,Inorg.~~..10~1971)~711;AccountgChem.R~,6<1973)202. 
8 K.&Diitzand E-0. Fi&her.Chem.Rer..106(1972)1366;105<1972)3966. 
9 C.P. Casey and T.J. Burkbardt.J.Amer.Cbem.Soc..94 <1972)6643. 

10 C.P. Ckaey. S.& Bertz and TJ. Bwkbrdt. Tetrahedron L&t.. (1973) 1421. 


