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Metal-Carbene Complexes from the Reaction of 
Methylpentacarbonylmanganese(I) wth Sodium 
Pentacarbonylmanganate(—I) 

Sir: 

In 1963 King reported that the reaction of NaMn-
(CO)3 with either 1,3-dibromopropane or 4-chloro-
butyryl chloride gave a compound with the empirical 
formula Mn2(CO)I0(CH2)S-1 This compound has re
cently been shown to be the cyclic metal-carbene com
plex I 2 and not structure 2 as originally proposed by 
King. We now wish to report a new reaction which 
clarifies the mechanism of formation of 1 from 1,3-
dibromopropane. 
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The reaction of nucleophiles such as phosphines,3 

amines,3 carbon monoxide,4 and iodide ion6 with 
CH3Mn(CO)5 to give substituted acetyltetracarbonyl-
manganese complexes is well known. Here we report 
that the nucleophilic anion Mn(CO)5

- (3) reacts with 
CH8Mn(CO)5 in tetrahydrofuran (THF) to give the 
dinuclear acetylmanganese anion 4. Furthermore, we 
have established this reaction to be a rapid equilibrium 
process. 

The nmr spectrum of a solution prepared from 0.27 
mmol each of NaMn(CO)5 and CH3Mn(CO)3 in 0.50 
ml of THF consists of a singlet a t r 10.10 due to CH3-
Mn(CO)5 and a new singlet at T 7.19 which we attribute 
to the dinuclear acetylmanganese anion 4 in addition 
to the THF resonances. The relative intensities of 
the two singlets change upon dilution; the ratio of 
the area of the peak at r 7.19 due to the adduct 4 to 
the area of the CH3Mn(CO)5 peak at r 10.10 changes 
from 1.45 to 1.08 when the sample volume is increased 
from 0.50 to 1.20 ml. The equilibrium has thus been 
shifted to CH3Mn(CO)5 by dilution, as expected from 
the law of mass action. A marked change in the rela
tive intensities of the two singlets also occurs upon 
heating: at 40°, the ratio of the intensity of the peak 
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due to 4 to the intensity of the CH3Mn(CO)5 peak is 
1.45; at 71°, the ratio decreases to 1.03. Thesechanges 
are reversible below 90° where irreversible line broad
ening occurs caused by thermal decomposition. 

The infrared spectrum of this equilibrium mixture 
run at nmr concentrations (0.55 M) contains a carbonyl 
stretch at 1560 cm - 1 which compares well with the 
1566-cm-1 band reported for the iodoacetylpentacar-
bonylmanganese anion 5. At concentrations sufficiently 
low to resolve the metal carbonyls, the equilibrium 
concentration of the dinuclear acetylmanganese anion 4 
is so low that it cannot be observed. 

The equilibrium has also been shifted by chemical 
means as shown in Scheme I. Addition of a fourfold 
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excess of dimethyl sulfate to the equilibrium mixture 
described above resulted in the disappearance of the 
peak at T 7.19 corresponding to the adduct 5 in less 
than 30 sec; comparison of the increased CH3Mn(CO)5 

peak area at T 10.10 with the area of the methyl singlet 
of a known amount of /J-di-terf-butylbenzene internal 
standard indicated the quantitative formation of CH3-
Mn(CO)3. Addition of methyl iodide to the equilib
rium mixture also resulted in rapid disappearance 
of the acetyl peak at r 7.19 and an increase in the 
CH3Mn(CO)5 peak at T 10.10. The iodide ion pro
duced in this reaction further reacted with CH3Mn(CO)3 

to produce a resonance at T 7.13 corresponding to 
iodoacetyltetracarbonylmanganese anion 4, which has 
been previously isolated as its lithium salt.5 The iodo 
compound 5 readily decomposes upon addition of 
water to give CH3Mn(CO)5. Addition of sodium iodide 
to CH3Mn(CO)5 in THF produced the iodo compound 5 
with a sharp singlet at r 7.13. Neither dimethyl sulfate 
nor methyl iodide gave any O-alkylation of 4. 

The acyl anion 4 can be alkylated on oxygen with 
trimethyloxonium fluoroborate to give the correspond
ing methylmethoxycarbene complex 6, previously pre
pared by Fischer and Offhaus.6 In a typical reaction, 
CH3Mn(CO)3 (0.50 g, 2.4 mmol) and NaMn(CO)5 

(4.3 ml, 0.55 M, 2.4 mmol) in 30 ml of THF were 
stirred for 5 min at room temperature. Solvent was 
evaporated under aspirator vacuum to give an orange 
oil which was dissolved in oxygen-free water and 
treated with trimethyloxonium fluoroborate until the 
solution became acidic. The material obtained from 
pentane extraction of the aqueous solution was sub-

(6) E. O. Fischer and E. Offhaus, Chem. Ber., 102, 2549 (1969). 
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limed at 25° (40 mm) in a closed system to give CH3-
Mn(CO)6 (0.24 g 48% recovery). The residue from 
this sublimation was chromatographed on silica gel 
with pentane-benzene to give a small amount of Mn2-
(CO)io and a slower moving orange solid further purified 
by sublimation at 50° (0.01 mm), identified as the 
methylmethoxycarbene complex 6 (0.24 g, 24% yield, 
mp 78-81°, lit.6 mp 81°). Compound 6 was identical 
in physical and spectral properties with an authentic 
sample of the methylmethoxycarbene complex prepared 
according to Fischer's procedures.6 

In contrast to Fischer's facile isolation of mono
nuclear acyl anions as their tetralkylammonium salts,7 

our attempts to isolate the acetyl anion 4 led to the 
formation Of(CH3)JN+Mn(CO)3- and CH3Mn(CO)5. 

The formation of the cyclic metal carbene complex 1 
from 1,3-dibromopropane and NaMn(CO)5 can now 
be rationalized according to the reaction sequence 
presented in Scheme II. The key step in the sequence 
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is the attack of Mn(CO)5
- on an intermediate alkyl-

manganese compound to give a dinuclear acylmanganese 
anion similar to the adduct 4 obtained above. The 
dinuclear acylmanganese anion is trapped by intra
molecular alkylation of the acyl oxygen atom by the 
alkyl bromide functionality. 

We are presently investigating the generality of this 
new reaction and its potential in the synthesis of other 
dinuclear metal-carbene complexes. 
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Orientation of Substituents in the Photochemical 
1,3 Addition of Benzene to Cyclobutene 

Sir: 

The first report by Wilzbach and Kaplan la on the 
photochemical 1,3 addition of benzene to olefins has 
been followed by a number of others1-5 which have 
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demonstrated the generality of this reaction with respect 
to a variety of linear and cyclic olefins. While it is 
knownlb that the excited state of benzene that takes 
part in this reaction is the singlet (1B2U) state or a struc
ture derived from it, its geometry is a matter for specula
tion. Two observations which are pertinent to this 
problem are: (i) the addition is a concerted reaction,la 

and (ii) the 1,2 and 1,4 additions of benzene to olefins 
may also occur from the same precursor since, in a 
given system, the relative quantum yields of 1,2 and 
1,4 additions to the 1,3 addition are invariant with 
experimental conditions.1*1'6 

We report here data on the modes of photochemical 
1,3 addition of toluene and the three xylenes to cyclo
butene. These results seem to provide a clue to the 
structure of the excited state of the benzene when it 
undergoes 1,3 addition. 

The choice of cyclobutene as the olefin was ad
vantageous for three reasons: first, the addition pro
ceeded with as high a quantum yield as between ben
zene and cyclobutene and with the same chemical 
yield (~20%).6 Secondly, it was possible to establish 
that the stereochemistry of the adducts was 3,6 endo 
(in structure I) in all cases because all of them under-

(D 

went the (2'-vinylcyclopropyl)cyclobutane rearrange
ment (reaction I)6 to give derivatives of tricyclo-
[5.2.1.07'10]deca-2,5-diene (II). Thirdly, the location 
of the methyl groups in these structures was, for the 
most part, readily done merely by noting the chemical 
shifts of these protons in the nmr spectra of the photo-
adducts and their thermally rearranged products.7 A 
cross-check was provided by the number of olefinic 
protons that were missing from these spectra when 
compared to the spectra of I or II. To illustrate, the 
3,6-endo adduct obtained from o-xylene could have 
one of six structures according to the positions of the 
two methyl groups. Since the product had two ole
finic protons, and neither of its methyl groups was 
located on a double bond, the substituent groups can 
only be (in structure I) at positions 10,2 or 2,1 or 1,7. 
Based on these three probable structures, pyrolysis 
of this adduct can give one of three tricyclic products 
in which the methyl groups would be (in structure II) 
at positions 3,5 (two olefinic protons-two allylic meth
yls) or 4,5 (three olefinic protons-one allylic methyl) 
or 4,10 (four olefinic protons-no allylic methyl). The 
product actually corresponded to the second one. 

A unique structure assignment based on these data 
alone was not possible in every instance. The struc
tures of the adducts from /?-xylene, toluene, and one 
of the adducts from m-xylene could be narrowed down 
to two possibilities. The final choice was based on 
the following consideration. In the nmr spectra of 
all five of the adducts that were obtained in this work, 
it was noticed that the absorption at ca. 5 3.1 due to a 
proton originating from the benzene ring was missing. 

(6) R. Srinivasan, / . Amer. Chem. Soc, 92, 7542 (1970). 
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will occur in the course of these thermal rearrangements. 
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