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Table I. Spectral Properties of/ac-Re(CO)3(diphos) [C(O)SiPh3] 
(1) and Related Acyls 

v (acyl CO)" 13CNMR^ 
(cm"1) Xn13X QO6 (SMe4Si) 

1 1490 557 (3.9 X IO2)^ 340.1 
Ph3SiC(O)SiPh3 1558<- 554e/ — 
Ph3SiC(O)Ph 1614 424(2.9XlO2) 230.7 
PhC(O)Ph 1654 345(1.3XlO2) 196.4? 

" KBr pellet. * CCU solvent except as noted; most intense low en­
ergy absorption. c CD2Cl2 except as noted. d CH2Cl2 solvent. e Re­
ference 12a. / Light sensitive; t could not be accurately determined. 
* CDCl3 solvent; ref 14. 

was enriched in CH2CI2 solution by uv irradiation in the 
presence of 13CO. More conveniently, 13CO could be intro­
duced by preparing 2 at 60° under a 13CO pressure of a few 
atmospheres.8 As determined by 13C NMR and ir, the entering 
13CO stereospecifically assumes an axial position.9 The 13C 
spectra of 1 are consistent with its formation primarily by 
nucleophilic attack of Ph 3 Si - at an axial carbonyl carbon of 
2.10 

Since an assignment for the acyl carbonyl stretching vi­
bration could not be made by inspection of the ir spectrum 
(KBr pellet) of unenriched 1, the spectra of a series of enriched 
samples were obtained. A comparison of these spectra enabled 
assignment of this mode to a very weak band at 1490 cm - 1 that 
was nearly coincident with one of several strong aromatic ab­
sorptions in the region. Confirmation of this assignment was 
obtained from the Raman spectra, in which a single strong 
band was observed at 1485 c m - 1 in the unenriched solid, and 
bands at 1485 and 1450 c m - 1 in an enriched sample. This vi­
bration occurs at lower energies than normally observed in the 
ir spectra of rhenium acyl species (1562-1645 c m - 1 ) x ' or re­
lated acylsilanes12 (Table I). This value suggests high electron 
density on the acyl oxygen atom, and is in fact in a region more 
normally associated with transition metal acylate species.13 

Through a similar ir spectral comparison, the Si-C(acyl) 
stretching vibration was assigned at 786 c m - 1 (m). 

The 13C NMR chemical shift of the acyl carbon atom in 1 
is 340.1 ppm downfield from Me4Si. This carbon atom is de-
shielded strongly with respect to Ph3SiC(O)Ph (Table I) and 
the rhenium acyls Re(CO)5C(O)R (R = Ph, 5 245.4; R = Me, 
5 244.0).14 It is also more strongly deshielded than the carbene 
carbons in [Me2GeRe(CO)4COMe]2 (5 305.7)14-15 and cis-
Me3GeRe(CO)4C(OEt)Me (5 314.8).14 

Unlike other rhenium acyls,11 1 has prominent electronic 
transitions centered in the visible region, with the most intense 
low energy absorption at 557 nm. In Table I are listed Xmax 

data for the corresponding bands16 of related compounds. 
Dramatic increases in Xmax values have also been reported upon 
substitution of silyl moieties for R in other heteroatom-con-
taining chromophores,17 including R N = N R 1 8 and 
RN=CR'2 . 1 9 We offer no explanation at this time for the 
observation of very similar Xmax values for 1 and Ph3SiC(O)-
SiPh3.20 

LCAO-MO theory of 13C NMR shielding suggests that the 
paramagnetic shielding of a carbon atom is inversely related 
to AE, the mean excitation energy.21 Correlations have been 
drawn between 13C N M R shifts and Xmax values (as an ap­
proximation to ( A £ ) - 1 ) . Thus, for organic carbonyl com­
pounds, increased deshielding accompanied increased elec­
tronic transition wavelengths.22 From the values in Table I, 
we suggest the possibility of similar extended trends for 
acylsilanes. 
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New 1,4-Diketone Synthesis Using Nitroolefins and 
Trimethylsilyl Enol Ethers. A Convenient Regiospecific 
Route to Cyclopentenones 

Sir: 

Despite their well-known electrophilic character, aliphatic 
nitroolefins have rarely been used in the Michael addition with 
monofunctional carbonyl compounds, probably due to the 
instability of the former compounds under conventional re­
action conditions (strong alkaline media), while nitroolefins 
tolerate acidic environment. Since nitro groups are syntheti­
cally equivalent to carbonyl groups,1 the Michael addition of 
this type should provide a new entry to 1,4-dicarbonyl com­
pounds 4,2 which are potential precursors of conjugated cy­
clopentenones 5 useful for the synthesis of natural cyclopen-
tanoids. Another advantage of this method is that a wide va­
riety of a-, /3-, and a,/3-substituted nitroethylenes 2 are readily 
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Table I 

Trimethylsilyl 
enol ether0 Nitroolefin 

Lewis 
acid* 1,4-Diketone" 

Yield"? 
(%) Cyclopentenone" 

YiekK 
(%) 

a" OTMS' 

OTMS 

OTMS" 

OTMS 

Cf 
1 

OTMS' 

OTMS 

2a 

2b 

2c 

2a 

2b 

2c 

2a 

2a 

2a 

2a 

2b 

SnCL 

TiCl4 

AlCL 

TiCL 

TiCl4 

SnCL 

SnCl4 

SnCl4 

SnCL 

SnCL 

SnCl4 

ay 

ay 

ax 
ay 
0 

0 
0 is 

cty 
da0 

85 

76 

63« 

70 

82 

71 

63 

65 

70' 

4 1 * 

41 

a>" 
0io,:i 

03-" 

cto-

83 

89 

80 

93 

87 

85 

80 

79 

a All new compounds showed the expected spectra and gave satisfactory elemental analyses. b Only optimum Lewis acids are listed. c Isolat­
ed yield. d Diastereomer mixture. e Hydrochloric acid (10%) was used for hydrolytic treatment. /Double bond isomerization product. S Mix­
ture of double bond isomers and diastereomers. h This compound was prepared in 50% yield from 2-octanone by treatment with lithium di-
isopropylamide followed by quenching with trimethylsilyl chloride, bp 111-112° (40 mm). 'Benzene was used as solvent. Reaction tempera­
ture was kept at 5-6° and then allowed to rise to 13°. /' A complex mixture was produced upon standard alkaline treatment. k This diketone 
was obtained along with the corresponding nitroketone (19%), which was easily converted into the diketone in a high yield under the standard 
Nef reaction conditions (NaOH, then aqueous HCl). 

accessible from nitroalkanes 1 via an aldol-type addition with 
carbonyl compounds followed by dehydrat ion. 3 Wi th these 
nitroethylenes various subst i tuted cyclopentenones may be 
derivable on this annelat ion procedure (eq 1). 

R1CH ,CH, / C 

NO2 

R1CH2CH-CR2R3 

NO2 OH 

R1CH2C=CR2R3 

NO2 

2a, R1 = R2 = R3 = H 
b, R>=Me; R2 = R3 = H 
c, R1 = R2 = H; R3 = Me 

\ R̂1 l̂ ( 
R1 

5 

Cl) 

Our at tent ion focused on the Michael addit ion of silyl enol 
ethers and nitroolefms under acidic conditions. In this reaction 
one can expect the formation of reaction intermediates 
equivalent to a nitronic acid, such as 3 , which are susceptible 
to hydrolysis yielding 1,4-diketones 4. W e report that when the 
reaction of trimethylsilyl enol ethers and nitroolefins is cata­
lyzed by Lewis acids, 1,4-diketones are directly obtained in 
good yields without isolation of ni troketones or related inter­
mediates . 

2-Ni t ropropene 4 ' 5 (2a) , 2 -n i t ro- l -bu tene 5 (2b), and 2-
ni t ro-2-butene 5 ' 6 (2c) were used as the Michael acceptors. 
Acyclic and alicyclic trimethylsilyl enol ethers7 used are listed 
in Table I. The solvent of general use is methylene chloride. 
Some common Lewis acids were examined to optimize the 
yield in each case, and it was found tha t s tannic chloride or 
t i tanium tetrachloride is generally best. Reaction was allowed 
to s t a r t a t - 7 8 ° and the mixture was then gradual ly warmed 
to 0° . Water was added and the mixture was refluxed to afford 
the 1,4-diketone which in general was the sole volatile product. 
The diketone formed could be purified by single distillation or 
short column chromatography. The isolated diketone was then 
submitted to alkaline aldol cyclization ( K O H , aqueous E t O H , 
reflux) giving the cyclopentenone (see Table I ) . 

High regiospecificity observed in the selective formation of 
1,4-diketones ( G L C , T L C , and N M R ) demonst ra tes tha t 
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despite the use of strong Lewis acids, no double bond migration 
of the silyl enol ethers takes place during the reaction with 
nitroolefins because of the mild reaction conditions. Ready 
accessibility of starting materials, high regiospecificity, good 
yields, and simple manipulation make the present 1,4-diketone 
synthesis a very useful method. 

The following experimental procedure is illustrative of our 
1,4-diketone synthesis. 1-Trimethylsilyloxycyclohexene7 (170 
mg, 1.0 mmol) was added dropwise to a cooled dry methylene 
chloride solution (—78°) of freshly distilled stannic chloride 
(260 mg, 1.0 mmol) and 2-nitropropene (131 mg, 1.5 mmol) 
over 5 min with stirring under nitrogen. The mixture was 
stirred at the same temperature for an additional hour and then 
warmed gradually to 0° over 2 h. Water (1.5 ml) was added 
and the resultant heterogeneous mixture was stirred at reflux 
for 2 h. Extraction with ethyl acetate was followed by washing 
with water and brine. Removal of the solvent left a residue, 
which was filtered through a short alumina column (Woelm, 
activity III) eluting with ether. Single distillation (80°, 0.2 
mm) of the eluate gave pure 2-acetonylcyclohexanone9 (131 
mg, 85%). 
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Electronic Spectra of Crystals of Dimolybdenum 
Tetraformate and the Tetrasulfatodimolybdenum(II) Ion 

Sir: 

For the quadruply bonded dirhenium and dimolybdenum 
complexes the lowest energy observed electronic transitions 
are in the visible region of the spectrum. A computation of 
one-electron energy states by Dubicki and Martin,1 who used 
a SCCC-MO treatment for Mo2(O2CMe)4, indicated that the 
first transition would not be the <5 —•• <5* transition. On the other 
hand more recent calculations by the SCF-Xa scattered wave 
method by Norman and Kolari2'3 for Mo2CIs4- and for 
Mo2(O2CH)4 have indicated the highest filled orbital is the 
8 and the lowest unfilled orbital is the 8*. Polarized absorption 
spectra on single crystals containing these complexes can 
provide cogent evidence for assignment of the electronic 
transitions. The spin-allowed 8 —• 8* transition of M2Xg 
complexes with Z)4/, molecular symmetry is ' Ajg —>• 1A2U and 
therefore will be dipole allowed with z polarization (z lies along 
the metal-metal bond). A few such measurements for com­
pounds containing quadruply bonded dirhenium4,5 and di­
molybdenum6 units suggest that for both Re2Cl6(PEt3)2 and 
Re2CIg2- the band in the visible spectrum may be assigned to 
the 8 -»• 8* transition. For the Mo2(02CCH2NH3+)4 unit in 
Mo2(02CCH2NH3)4(S04)2-4H20,7 the results show that the 
lowest energy transition in the visible spectrum cannot be so 
assigned.6 We wish to report here some new results that help 
to place the foregoing results in a broader context and thus 
clarify their significance. 

The first question addressed here is whether the results for 
the Mo2(02CCH2NH3+)4 moiety can be considered repre­
sentative for Mo2(O2CR)4 species in general. We have 
therefore investigated the corresponding low-energy transition 
in. dimolybdenum tetraformate.8 Polarized spectra for 
Mo2(O2CH)4 at 15 K are presented in Figure 1. The region 
observed corresponds to that previously studied for 
M02(O2CCH2NH3)4(SO4)24H2O.6 The crystal displayed 
well-formed 010 faces thus allowing measurement of polar­
izations parallel to the a and c axes. The Mo-Mo bond (which 
defines a molecular C4 axis, the z axis) is aligned 33.4° from 
the c axis. A z-polarized molecular transition would absorb in 
both the a and c crystal directions, with / c / / a = 4.3 while an 
x>>-polarized molecular transition would have / c / / a = 0.36. 

The first absorption is a very narrow band with v\/2 of 10 
cm -1 at 21 870 in a and 21 880 cm -1 in c polarization. This 
single band is followed by a pair of bands, each somewhat 
broader than the first, and then by a group of three bands. 
Three components can be identified in the fourth and fifth and 
possibly the sixth group. The spectrum appears to contain three 
progressions, with a separation of 350 ± 10 cm-1 between the 
successive members of each progression. The low energy bands 
in each group comprise one progression. The second progres­
sion begins with the higher energy band in the pair and includes 
the intermediate energy members in the higher groups. The 
third progression includes the high energy members beginning 
with the third group. 

The spectra must be associated with an electronic transition 
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