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The reaction of vinyllithium with (CO), CrC(OCHs )C6H5 (Ic) at -78” fol- 
lowed by treatment with HCl at -78” gave 43% (Z)-l-methoxy-l-phenylpropene 
(IIIa) and 21% l&dimethoxy-1,4-diphenyl-1,3-butadiene (IVa) and no trace 
of a vinylphenylcarbene complex or its expected decomposition products. IIIa 
and IVa are proposed to arise from electrophilic attack at the carbon--carbon 
double bond of a a-allylchromium intermediate. The reaction of phenyllithium 
with (CO)s CrC(OCH3)CH=CHC6H5 (V) gave 9% (CO), CrC(OCH3)CH1 CH- 
(C6Hs)2 (VI) and 17% (E)-l-methoxy-l,&diphenylpropene (VII). Reaction of V 
with lithium diphenylcuprate gave 30% of the conjugate addition product VI. 

Introduction 

Transition metal-carbene complexes have been implicated as transient inter- 
mediates in the synthesis of cyclopropanes from alkenes [l, 21. To obtain a better 
understanding of the way in which transition metals promote the formation of 
cyclopropanes, it would be highly desirable to have access to a model transition 
metal-carbene complex which is stable enough to isolate and characterize and 
which is also reactive towards alkenes to give cyclopropanes. Stable transition 
metal carbene complexes such as Fischer’s (C0)5CrC(OCH3)C6Hg are stabilized 
by an electron-donating heteroatom (0, N, S) attached to the carbene carbon 
atom and are unreactive towards simple alkenes [2] *. In an effort to find a less 
stable and more reactive metal-carbene complex, we previously prepared (di- 
phenylcarbene)pentacarbonyltungsten(O), a carbene complex not stabilized by 
heteroatoms [4]. Although (CO),WC(C,H, )* was found to be less stable than 
heteroatom-stabilized carbene complexes, reactions with simple alkenes have 
not yet yielded cyclopropanes. 

* These complexes have. however, been observed to give c~clo~ropanes upon reaction with a&m- 
saturated esters and with vinyl ethers L33. 
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Here we report attempts to prepare vinylphenylcarbene complexes both from 
the reaction of vinyllithium with phenyhnethoxycarbene complexes and from 
the reaction of phenyllitbium with vinylmethoxycarbene complexes. While neither 
of these approaches have led to a vinylphenylcarbene complex, several interesting 
reactions discovered in the course of these investigations will be reported here. 

Results 

Reactions of viny% lithium reagents with arylmethoxycatbene complexes 
The addition of 1.1 equivalents of vinyllithium to a red solution of (phenyl- 

methoxycarbene)pentacarbonylchromium(O) (Ic) at -78O gave an orange solu- 
tion. Treatment of this solution with dry HCl at -78” gave a red solution. The 
reaction mixture contained neither the anticipated vinylphenylcarbene complex 
nor its likely thermal decomposition product phenylallene (less than 0.1%). 
Two vinyl ethers were isolated from the reaction mixture by preparative thin 
1aye.r chromatography on silica gel. The faster moving viny1 ether was identified 
as (Z)-l-methoxy-1-phenylpropene (IIIa) by WR, IR and acid-catalyzed hydrolysis 
to propiophenone. Only one geometric isomer’ of the vinyl ether was obtained. 
The yield of propiophenone obtained by direct hydrolysis of the crude reaction 
mixture was 43%. In addition a second vinyl ether was isolated in 21% yield and 
identified as l&dimethoxy-1,4_diphenyl-1,8butadiene (IVa) by IR, NMR, mass 
spectrum and ceric oxidation to (E)-1,2_dibenzoylethene. When the reaction 
of vinyllithium with Ic was carried out at -78” and then warmed to room temper- 
ature without the addition of HCl at -78”, IVa was obtained in 22% yield but 
none of IIIa was observed. 

Similar results were obtained in the reactions of vinyllithium or propenyl- 
lithium with arylmethoxycarbene complexes Ic, Iw, and IIc. The results are 
summarized in Table 1. - 

tC+M=C 
\ 

OCb 

(1~) M= Cr. R = H 

hv) M = W . R = H 

tlIc1 M = Cr. R = CHB 

I 
Kilo) R=CH,, R = H 

&Ub) R‘, R = CH3 

tEIC) R’= CH,CY.R= H R 

tJ!Za) R = H 

(TPb) R = CH3 

Reaction of phenyllithium and lithium diphenylcuprate with (styrylmethoxy- 
carbene)pentacarbonylchromium(O) 

In an alternative approach to the synthesis of a vinylphenylcarbene complex, 
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TABLE 1 

REACTION OF VINYLIC LITHIUM REAGENTS WITH ARYLMETHOXYCARBENE COMPLEXES 

Carbene complex Lithium reagent Reaction Yield (%) of Yield of butadiene b 
conditions vinyl ether o 

IC CHz=CHLi -78O. HCl. -78O IIIa (43) 1va (21) 
Ic CHz=CHLi -78O. no HCI IVa (22) 
Iw CHz=CHLi -78O. HCI. -78O IIIz (42) IV8 (23) 
IIC CHz=CHLi -78O. HCl. -78O IIIb (33) IVb (14) 
Ic CH3CH=CHLi = -78O. HCI, -78O IIIC (41) 
Iw CH3CH=CHLi = -78O. HCI. -7S” IIIC (41) 

o Determined by GC analysis of the ketones produced upon hydrolysis. b Yield of material isolated by thin 
layer chromatography. c 91% cis-. 9% tmns-l-propenyUitbium. 

the reaction of phenyllitbium with jstyrylmethoxycarbene)pentacarbonylchrom- 
ium(0) (V), was investigated. Addition of one equivalent of phenyllithium to a 
deep red ether solution of V at -78” produced an orange solution. This solution 

was then treated with HCI in ether at -78” and warmed to room temperature. 
Neither a vinylphenylcarbene complex nor its expected decomposition product 
1,3-diphenylallene (< 0.5%) could be detected in the reaction mixture. Thin-layer 
chromatography of the reaction mixture gave an inseparable mixture of (2,2&- 
phenylethylmethoxycarbene)pentacarbonylchromium(O) (VI) and (E)-l- 
methoxy-1,3&phenylpropene (VII j. Hydrolysis of enol ether VII gave 3-phenyl- 
propiophenone (17% yield by gas chromatography) which was isolated by TLC 
and identified by spectral comparison with an authentic sample. Carbene complex 
VI was obtained in 9% yield from the hydrolysis reaction mixture and was identi- 
fied by its IR, NMR and mass spectral propqties and by ceric ion oxidation [ 51 
to methyl 3,3&phenyIpropionate. 

Reaction of lithium diphenylcuprate with carbene complex V gave an in- 
creased yield (30%) of carbene compIex VI, the product of conjugate addition_ 
In additicn, the cuprate reaction gave a 6% yield of VII and an 8% yield of a new 
vinyl ether product (Z)-l-methoxy-3,3-diphenylpropene (VIII), which was 
identified by spectroscopy and by hydrolysis to 3,3cliphe~ylpropanai. 

(2) HCI, -78O 

Discussion 

Our attempted synthesis of a vinylphenylcarbene complex was modelled 
after our successful synthesis of (CO), WC(C6HS )2 [4]. The reaction of Iw with 
phenyllithium at -78* gave a thermally unstable adduct from which methanol 
could be eliminated upon treatment with HCl at -78*. 



The reaction ofvhqlic Ethium reagents with Iw apparent@ proceeds in a. 
&n&r fashion to give adciuct_IX since RCl treatment at --‘7&” gives products IIFa 
and I’Ea which~mcorporate a new bond i%om,the carbene carbon atom to the 
added vinyl group. Protonation of adduct IX, however, does not occur at the 
methoxy group and does not lead to loss of methanol. Neither a phenylvinyl- 
carbene complex nor phenylafIene, tie produc$ expec%ea’ from t&errnaI decompo- 
sition of a vinylphenylcarbene complex, were observed. 

:The formation of viny1 ether IIIa and of dimethoxybutadiene IVa can be 
-understood in terms of electrophilic attack at the terminal end of the u-ally1 
moiety of anionic adduct IX [See Scheme 1). Terminal protonation of IX leads 
directly to vinyl ether IIIa. The protonaiion leads selectively to the formation of 
only the Z-isomer of IIIa. Alternatively, the carbene complex Iw can electrophili- 
cally.attack the a-ally1 unit of IX and give rise to the dimethoxybutadiene IVa. 
(The dimethoxybutadiene IVa is obtained even in the absence of HCl work-up). 

SCHEME 1 

=SH5 

UPa) 

The electrophilic attack at the a-ally1 unit of IX is similar to reactions of 
a-ally1 iron complexes with Hi, TCNE, and DDQ 161. 



More recently, Giering has reported the electrophilic attack of a cationic carbene 
complex on a a-ally1 iron compound [7] . 

The attack of phenyllitbium on styrylmethoxycarbene complex V occurs 
both directly at the carbene carbon atom and conjugately at the carbon-carbon 
double bond (Scheme 2). Protonation of intermediate adduct X does not lead to 
loss of methanol and the formation of either a styrylphenylcarbene complex or 
its expected thermal decomposition product 1,3_diphenylallene. Protonation of 
X occurs at the o-ally1 unit to give vinyl ether VII. Conjugate addition productX1 
is the anion of a carbene complex and protonation gives carbene complex VI. 

SCHEBAE 2 

Ic - (CO)&r- 

HCI 

c6HS 

f KO&Er 

(XI) 

I 

HCI 

CCO),C r 

CHp-CH 
\ 

=a5 

The ratio of conjugate addition product VI to direct addition product VII 
increases from 0.5/l to 5/l when lithium diphenylcuprate is employed in the 
initial reaction with V. Grganocopper compounds are well known to give pre- 
dominantly conjugate addition products on reaction with ar ,&uusaturated carbonyl 
compounds*. The analogy between carbene complexes and esters [l, 2,9] is thus 
extended by our results to include similar conjugate addition behavior towards 
organocopper reagents. The conjugate addition of dimethylamine to an acetylenic 
carbene complex was previously observed by Fischer [IO]. 

/ 
CH3 

,OCH3 WC&)2 

soW=c \ ’ (CO)&r=C~ ,WH3)2 

C=C-C(jH, ,C=C, 

H CsHs 

* For a review of confuii?at~ addition of orgzmocoppet reagents see ref. 8. 
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Experimental-section 

NhZR spectra were determined using a Jeolco MH-100 spectrometer. Infra- 
red spectra were recorded on a Beckman IR-8 spectrophotometer. Mass spectra 
were determined using an AEI-902 mass spectrometer, or a Varian CH-7 GC- 
mass spectrometer. Gas chromatographic analyses were performed using a Hew- 
lett-Packard Model 5750 research chromatograph. Preparative thin-layer chrom- 
atography was performed on Merck PF 254 silica gel. All reactions were carried 
out under a nitrogen atmosphere. Diethyl ether was distilled from sodium and 
benzophenone under a nitrogen atmosphere. Carbene complexes Ict Iw, IIc and 
(CO)SCrC(OCH3)CH3 were prepared by the procedure of Fischer [ll, 121. 
cis-l-propenyllithium (91% cis) was prepared and analyzed accordiig to the 
procedure of Whitesides [13]. 

Reaction of Ic with vinyllithium 
Vinyllithium (0.41 ml, 1.5 M in THF, 0.56 mmol, Foote Mineral) was added 

dropwise to a red solution of Ic (0.15 g, 0.48 mmol) in 20 ml of diethyl ether 
at -78”. After 30 minutes, the resulting pale-orange solution was treated with 
dry HCl(0.48 ml, 1.73 M in Et*O, 0.84 mmol) at -78” to give a red solution 
which was then warmed to room temperature_ Preparative thin layer chromato- 
graphy on silica gel-hexane allowed the isolation of a white solid, m-p. 89-92”, 
IVa (14 mg, 22%, R, 0.25) and a colorless oil, IIIa (Rr 0.29). 

The structure of IVa was assigned on the basis of spectral data: NMR (CDCls ) 
6 3.71 (s, 6H, OCHB ), 6.63 (s, 2H, HC=C), 7.55 (m, lOH, CsHs); IR (CCL) 3077, 
2941,2850,1594,1491,1444,1310,1294,1274,1070 (CH,O), 696 cm-’ ; UV 
(hexane) 237 nm;(e 9700), 330 (e 26000)); mass spectrum m/e (rel. intensity) 
266 (80), 251 (21), 236 (17), 220 (12), 191 (17), 133:‘(10), 115 (15), 106 (lo), 
105 (loo), 91 (9), 77 (72), 51 (11); exact mass, 266.1309 (calcd. for C&HZ802, 
266.1307). Oxidation of IVa (6 mg, 0.025 mmol) with excess ceric ammonium~ 
nitrate (75 mg) in acetone for 20 minutes gave dibenzoylethene (4.5 mg, 85%) 
which was isolated by preparative tbti-layer chromatography (R: 0.20 on silica 
gel-pentane) and identified by comparison of IR and NMR spectra with those of 
an authentic sample. 

The structure of IIIa was determined by spectral methods. The NMR spectrum 
was in good agreement with that reported for (Z)-1-methoxy-1-phenylpropene 
[14] and none of the (IS)-isomer was detected: NMR (CCb) 6 1.76 (d, J 7Hz, 3H, 
cH,CH=C), 3.50 (s, 3H, OCHB), 5.28 (q, J 7Hz, 1H. HC=C), 7.31 (m, 6H, C6HS). 
The yield of IIIa was determi&d to be greater than 43% by dvect hydrolysis of 
the crude reaction mixture by addition of wet HCI in -0 and VPC analysis 
(6’ X l/8” 10% UC-W98 column, n-C H 12 26 internal standard) of the propiophenone 
formed. 

Reactions of Iw and I. with vinyllithium and cis-l-propenyllithium 
Similar procedures were followed to give the results summarized in Table 1. 

The products were identified by spectral means. 
IIIb: NMR S 1.72 (d, J7 Hz, 3H, CH,CH=C), 2.30 (s, 3H, CH&r), 3.41 

(s, 3H, 0CH3), 5.09 (q, J 7 Hz, HC=C), 6.93 (d, J 8 Hz, 2H), 7.12 (d, J 8 Hz, 2H). 
IR (thin film) 3030,2933,2855,1655,1509,1436,1315,1262,1073,825, 
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803 cm-’ . IIIb was hydrolyzed to l-(4-tolyl)-l-propanone which was identified 
by spectral comparisons with an authentic sample. 

IIk-NMR (CCL, j 6 1.06 (t, J7 Hz, 3H, CH2CH3), 2.32 (quintet, J7 Hz, 2H, 
CH,C+C), 3.57 (s, 3H, OCH3), 5.38 (t, J 7 Hz, lH, HC=C), 7.46 (m, 5H, C6H5 )*- 
IR (thin film) 3030,2966,1648,1447,1332,1297,1276,1238,1077,770, 
697 cm-’ -111~ was hydrolyzed to give butyrophenone which was identified by 
spectral comparisons with an authentic sample. 

IVb: NMR (CCL, ) 6 2.32 (s, 6H, CH,Ar), 3.54 (s, 6H, 0CH3 ), 6.26 (s, 2H, 
HC=C), 6.98 (d, J 8 Hz, 4H, Ar), 7.24 (d, J 8 Hz, 4H, Ar). IR (CSZ ) 3050,3000, 
2941,2840,1312,1298,12’74,1070,821cm-’. 

(Styrylmethoxycarbene)pentacarbonylchromium(O), V 
V was prepared by the condensation of the anion of (CO), CrC(OCH, )CH, 

with benzaldehyde [16] _ n-Butyllithium (7.6 ml, 1.74 M in hexane, 13 mmol, 
Foote Mineral) was added to a solution of (C0)5CrC(OCH3)CH3 (3.0 g, 12 mmol) 
in 100 ml diethyl ether at -78” _ After 2 minutes, benzaldehyde (1.30 g, 12 mmol) 
was added at -78”. The solution was stirred at 0” for 15 minutes, washed with 
40 ml water, dried (Na2S04 ) and concentrated. Column chromatography (silica 
gel-hexane) gave deep red crystals of V (2.12 g, 52% m_p_ 73-76” ). NMR (C!& ) 
6 4.74 (s, 3H, 0CH3), 6.83 (d, J16 Hz, lH, C6HsCTI=CH), 7.35 (m, 5H, CsH5), 
7.81 (d, J 16 Hz, lH, C6HSCH=CH). IR (C&) 2053,1980,1946 cm-’ . 

Reaction of phenyllithium with V 
Phenyllithium (3.6 ml, 0.25 M, 0.89 mmol) was added by syringe to a solu- 

tion of V (300 mg, 0.89 mmol) in diethyl ether at -78” _ After 10 minutes at -78”) 
HCl in diethyl ether (1.50 ia?, 1.38 M, 2.07 mmol) was added. Preparative thin- 
layer chromatography (silica gel-hexane) allowed the isolation of a mixture (Rz 
0.22) of carbene complex VI-and vinyl ether VII. The NMR spectrum (CS;?) indicated 
a 4.3/l mixture of VII/VI; resonances due to vinyl ether VII appeared at 6 3.48 (s, 
CH,O), 3.52 (d, C&HC=C), 5.32 (t, 57 Hz, CH2CH=C), 7.2 (m, C,H,). 

Since the mixture of VI and VII could not be separated, in a separate parallel 
experiment the crude reaction mixture was hydrolyzed by the addition of 0.10 
ml water and stirring for 4 h at 25” . . Preparative thin-layer chromatography (silica 
gel-hexane) allowed the isolation of pure carbene complex VI (33 mg, 9%, 
R, 0.22). NMR (CSI) 6 4.07 (d, J 7 Hz, 2H, CHC&), 4.47 (t, J 7 Hz, lH, CHCH2), 
4.56 (s, 3H, OCH,), 7.08 (m, lOH, C,H5 ); IR (CS2 ) 2063 s, 1989 s, 1955 cm-l ; 
exact mass, 416.0333 (c&d. for C21H160sCr, 416.0350). VI was further charac- 
terized by ceric ammonium nitrate oxidation to methyl 3,3diphenylpropionate 
(95% yield) which was identified by comparison of its IR and NMR spectra with 
those of an authentic sample. 

The hydrolysis reaction mixture also contained 1,3diphenyl-1-propanone 
(17% -yield measured by gas chromatography, 20” X l/8” 10% UC-W98 column, 
n-C16H34 internal standard) which was isolated in 13%yield by thin-layer chrom- 
atography (Rf 0.16) and identified by spectral comparison with an authentic 
sample.. 

*Abe NMR spectrum is in agreement with that reported by Casey et aL Cl!%]. 
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Regction of lithium diphenylcuprate with V 
A solution-of LiCu(C6H5)2 -PBu, was prepared by the addition of phenyl- 

lithium (1.21 ml, 1.66 M, 2.0 mmo1) to a solution of [Cu(PI&)], (391 ihg: 
1.0 meq) in 10 ml diethyl ether at -78” and was transferred by cannula to ti 
ether solution of V (30O_mg, 0.89 mmol) at -78”. After 15 minutes at -78”, HCl 
in diethyl ether (2.60 ml, 1.87 M, 4.86 mmol) was added. Preparative thin~layer 
chromatography (silica gel-hexane) ahowed the isolation of a mixture (Rr 0.22) 
of carbene complex VI, tri-n-butylphosphine and two methylvinyl ethers VII and 
V’k tentatively identified on the basis of the NMR spectrum of the mixture. 

In a separate identical experiment, the crude reaction mixture was directly 
hydrolyzed by the addition of 0.30 ml Hz0 and stirring for 15 hours. Thin-layer 
chromatography (silica gel-hexane) gave VI (106 mg, 30%, R, 0.20). In addition, 
gas chromatography (20” X l/8” 10% UC-W98 column, n-ClbH34 internal standard) 
demonstrated the presence of 1,3diphenyi-1-propanone (6%) and 3,3diphenyl- 
propanal (8%) which was identified by comparison of VPC retention time and mass 
spectrum (CH-7 GC-mass spectrometer) with those of an authentic sample. 
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