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of bis(q6-acy1benzene)chromium complexes affords mix- 
tures of cis and trans products. The increase of the ligand 
to dimer ratio with increasing electron affinity of R, Le., 
with decreasing arene-metal bond strength, suggests that 
the aromatic ketone remains attached to the metal during 
the deoxygenation step (alternative B). The generation 
of carbenes by deoxygenation of carbonyl groups has only 
rarely been reported14 and, to our knowledge, is without 
precedent for aromatic ketones. In the case of the com- 
plexes 6-10 however, favorable disposition of the carbonyl 
groups and the "coupling agent", Cr(O), is likely to assist 
such a process. 

Due to the high reactivity of carbenes, formation of 
ethene derivatives via dimerization is unlikely in solution 
and the products are usually explained by an attack of one 
carbene on the carbene precursor and by addition and 
insertion reactions. In the case of the 7~ complexes 6-10, 
however, neat material reacts in the condensed state below 
or at  the melting point, and the relative disposition of the 
ligands, as governed by the crystal lattice, may be of prime 
importance in determining the nature of the products. 
Since 1,l' derivatives of bis(benzene)chromium usually 
adopt an anti conformation with regard to the ring- 
metal-ring axis,17 carbenes formed via deoxygenation from 
ligands of neighboring complex units may be juxtaposed 
more favorably for dimerization than species stemming 
from the same complex unit. This notion rationalizes the 
result of the 7/7-dm cross thermolysis. Indications for the 
intermediacy of arylcarbenes may also be found among the 
minor products of the thermolysis. In the case of 6 we 
obtained via GC/MS the following distribution ( m / e ,  
formula, %): 106, PhCHO, 13.6; 168, Ph2CH2, 1.6; 178, 
Ph2C2, 14.6; 180, cis-Ph2C2H2, 30.5; 180, trans-Ph2C2H2, 
100.0; 194, Ph2C20, 5.8; 258, Ph3CZH3,0.5; 268, PhSCaH, 
1.3, 3.2; 270, Ph3C3H3, 0.2, 0.8; 272, Ph3C3H5, 2.8; 284, 
PhSCBHO, 3.1. 

Whereas the mode of formation of tolan ( m / e  178) is 
not clear a t  present, the species m/e  270 and 268 probably 
represent cyclopropane and cyclopropene derivatives 
formed by addition of phenylcarbene to stilbene and tolan. 
One of the most characteristic differences between ther- 
molysis of neat 6 and of its solution is the abundance of 
bend among the solution thermolysis products. The latter 
compound may arise via dimerization of benzoyl radicals 
generated from benzaldehyde and chromium oxides.18 
Therefore, in addition to the carbene path, radical mech- 
anisms have to be taken into account, a t  least for the 
thermolysis of (q6-acy1benzene)chromium complexes in 
solution. 

A more detailed discussion will be given in conjunction 
with the results of an X-ray structure determination for 
6. 
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Summary: The Fe(q2CS,XCO),(PR3), complexes add to 
a,&unsaturated aldehydes, ketones, and esters in the 
presence of HPF6 or HBF, to afford carbonyl derivatives 
having a bulky, cationic organometallic group at (3-3. 
Cyclic substrates such as I-carvone and fl-an- 
gelicalactone showed the stereoselectivity of the addition. 

Electron transfer from a transition metal to an q2-co- 
ordinated CS2 molecule enhances the nucleophilicity of the 
uncoordinated sulfur atom and the dipolar character of the 
M-CS2 moiety.' Such electronic changes might be ex- 
pected to facilitate the incorporation of a metal-CS2 
fragment into an unsaturated substrate with potential 
implications for organic synthesis. Although electrophilic 
alkynes have been reported2 to add smoothly to iron(0)- 
carbon disulfide complexes, cycloaddition was not observed 
with activated olefins. We now find that the readily 
available Fe(q2-CS2)(C0)2(PR3)2 complexes can be in- 
corporated into cr,@-unsaturated carbonyls by regioselective 
addition, in the presence of a strong acid, to afford new 
cationic complexes having a bulky, sulfur-containing or- 
ganometallic group linked to C-3 of the carbonyl substrate. 

When 1.2 equiv of a strong acid such as HPF6.Et@ was 
added at  0 "C to the orange, ethereal solution of 1 equiv 
of complex 1 and 1.1 equiv of the a,p-unsaturated carbonyl 
compound 3 [such as acrolein (3a), methyl vinyl ketone 
(3b), chalcone (3c), and methyl acrylate (sa)], a yellow 
compound precipitated which was isolated by filtration, 
crystallized from dichloromethane-hexane mixtures, and 
identified, respectively, as the salts 4a (32% ), 4b (71 % ), 
4c (98%), and 4d (59%h3 This reaction appears general 
for the cationic complexes since 5c (88%) and 6c (85%)3 
were obtained similarly from complex 2 and chalcone 3c 
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Scheme I 

Communications 

Scheme I1 

n 
1, L = PMe,Ph 
2, L = PPh, 3a, R' = R2 = H 

b. R' = CH,. R2 = H 

1, L = PMe,Ph 0 
2, L = PPh, 7 

_/ ,  

c,  R' = R2 = Ph 
d ,  R' = MeO, R2 = H 

9, L = PMe,Ph 
10, L = PPh, 

Scheme I11 
CH3 

4a-d, L = PMe,Ph, X -  = PF,- 
5c, L = PPh,, X-  = PF,-  
6c,  L = PPh,, X-  = BF,- 

in dichloromethane by addition, respectively, of HPF, and 
HBFl in ether (Scheme I). 

(i) two 
strong carbonyl absorption bands at  higher frequencies 
than those of the precursors 1 and 2 and (ii) one high- 
frequency acyl absorption which indicated the loss of 
conjugation of the carbonyl with the carbon-carbon double 
bond. In addition, the presence of an uncoordinated C-S 
bond (1120-1130 cm-l) was observed. 

The regioselective addition of the sulfur atom to the C-3 
position of the a,@-unsaturated carbonyls 3 was clearly 
indicated., by the 'H NMR spectra which showed a 
SCHCH2C=0 arrangement.4 The methyl groups of the 
PMe2Ph ligands in 4a, 4b, and 4d show two apparent 
triplets in their 'H NMR s p e ~ t r a , ~  as in that of 1, and the 
31P nuclei of 4b show one line at G(CDC13) 23.0. These data 
are consistent with (i) equivalent phosphorus groups, (ii) 
the trans position of the phosphines' as in 1, and (iii) the 
diastereotopy of the methyl groups of each phosphine 
ligand. In contrast, compound 4c shows different behavior 
due to the presence of a chiral carbon atom linked to the 
uncoordinated sulfur atom; although the phosphorus nuclei 
appeared equivalent in the 31P NMR spectrum [Gp(CDC13) 
22.951, the four methyl groups of the phosphines were 
differentiated as observed by 13C NMR data., 

The cationic complexes 4-6 may result from the addition 
of the nucleophilic, uncoordinated sulfur atom to the 
protonated, activated olefin. They are stable in acidic or 
neutral media. In contrast, in the presence of a base, 
abstraction of the proton at the a-position of the carbonyl 
occurs and retroaddition takes place. Thus when 4c or 6c 
was treated in dichloromethane with triethylamine, the 
reaction occurred immediately and 1 or 2 and 3c were 
recovered in 95-100% yield. The retroaddition is much 
slower when pyridine is used at  room temperature. 

The compounds 4-6 showed in the infrared 
2, L = PPh, 

8 

11, L = PPh, 

I I1 

Therefore, such addition and retroaddition of a Fe(q2-CS2) 
complex should be useful to protect momentarily the C = C  
bond of an a,P-unsaturated carbonyl in acidic media. The 
addition of a Fe(s2-CS2) complex, which formally leads to 
the addition of a cationic organometallic group at  C-3, 
contrasts with the regioselective, base-catalyzed addition 
of thiols to activated olefins' to afford a neutral adduct 
which is stable in basic media. 

The addition of complexes 1 and 2 to two cyclic un- 
saturated carbonyls, the chiral P-angelicalactone (7) and 
1-carvone (81, has been investigated to study the stereo- 
chemistry of the reaction. The addition to 7 markedly 
depends on the nature of the phosphorus group, L (Scheme 
11). Compound gS was obtained by the addition of 1, but 
the reversibility of the reaction, in neutral medium, did 
not allow the elucidation of the stereochemistry, whereas 
the addition of 2 led to the isolation of 10 (45%) which 

(4) 'H NMR (100 mHz, 6): 4a (CDCl,), 3.35 (t, CHfi), 2.85 (t, CHzCO, 
3Jm = 6.0 Hz), 9.95 (8,  CHO); 4b (CDClJ 3.16 (t, CHzS), 2.71 (t, CHzCO, 
3 J ~ ~  = 5.7 Hz), 2.11 (8, COCH,); 4C (CDCl3) 5.02 (dd, SCH, 'JHH = 7.5 
Hz), 3.70 (m, CHZCO); 4d (CDClS) 3.20 (t, CHzS), 2.45 (t, CH#O, 'JHH 
= 6.0 Hz), 3.64 (8 ,  COZCH,); 6~ (CDZClz) 4.46 (dd, SCH, 35HH = 7.0 Hz), 
2.9-3.5 (m, CH,CO). 

+ 4Jp~I): 4a, 1.80 and 1.77 
(12.0 Hz); 4b, 1.63 and 1.68 (8.0 and 7.5 Hz); 4d, 1.71 and 1.67; 1, 1.67 and 
(5) 'H NMR (100 mHz, 6, CDCl,, 
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1976,10, 1712. 

(8) IR (Nujol) of 9: 2040, 1975, and 1805 cm-'. 

1.65 (8.5 Hzl). 
(6) 13C NMR of 4c (CDCl,, 20.115 mHz, 6): 283.0 (t, CSz, 'JPC = 16.5 

Hz), 213.0 (t, CO, ?Jpc = 26.4 Hz), 212.3 (t, CO, *Jpc = 23.1 Hz), 196.2 
(8, C+), 60.9 (SCH), 42.9 (CHzCO), 14.4 (t), 14.2 (t), 13.9 (t), 13.5 (t) 
(PCH3, (lJpc + ,Jpc I = 13.2 Hz). 
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which contained actually, as shown by NMRg, spectros- 
copy, both cis/trans isomers stable in neutral medium. 

The addition of 2 to 8 in the presence of HBF,.Et20 in 
CHzClp led to the formation of 11 (61%; Scheme III). The 
'H NMR spectrum of 11 indicated" the selectivity of the 
addition to the intracyclic C=C bond and the presence 
of only one diastereoisomer. 

The proposed relative configuration of 11 is based on 
the following rationale pertaining to the addition of a bulky 
nucleophile to forms I and I1 of the protonated Z-carvone 
(Scheme IV): (i) forms I and I1 are expected to be in 
equilibrium at  room temperature,12 (ii) it has been estab- 
lished7J3 for a six-membered ring that nucleophilic addition 
occurs antiparallel to the axial hydrogen atom Ha or H', 
a t  the adjacent carbon atom, and therefore nucleophilic 
addition to C-3 in forms I and I1 should occur as shown 
by A and B, respectively, in Scheme IV, (iii) the antipar- 
allel addition of a bulky Fe(v2-CS2) complex to form I is 
obviously disfavored with respect to the antiparallel ad- 
dition to form I1 due to the axial position of the bulky 
1-methylethenyl group in I. Therefore 11 should result 
from the addition to form I1 in the sense indicated by B. 

The present study shows that the addition of a nucleo- 
philic Fe(v2-CS2) complex, in acidic medium, to a,&un- 
saturated substrates is regiospecific and reaches a high 
stereoselectivity when the bulky nucleophile 2 is used. We 
are currently investigating ways to remove the metallic 
moiety from the sulfur-containing organic part of the 
cationic adducts. 
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Summary: Contrary to some previous reports, cyclo- 
propenium cations react with metal carbonyl anions to 

Scheme I 

a - 

give both g3-cyclopropenyl and q3-oxocyclobutenyl com- 
plexes. External ligand induced conversions of q3-cyclo- 
propenyl to q3-oxocyclobutenyl skeletons are also re- 
ported. 

Curiously, there are no reported examples of the reaction 
of a cyclopropenium cation with a metal carbonyl anion 
to yield a (.r13-cyclopropenyl)metal compound, although a 
number of such compounds have been prepared by oxi- 
dative addition pathways involving neutral metal pre- 
cursors.2-8 As shown in Scheme I reactions of cyclo- 
propenium cations with metal carbonyl anions can evolve 
along a variety of paths which we and others are at- 
tempting to define. Path a has been characterized for a 
single system; reaction of [C3Ph3]+ with [Fe(CO)2(v-C5H5)]- 
affords crystallographically characterized [Fe(C0)2(3-v1- 
C3Ph3)(v-C5H5)], but this compound is resistant to de- 
carbonylation (path b) to yield the corresponding v3- 
cyclopropenyl compound or to thermal ring expansion 
(path e, i) to afford an oxocyclobutenyl ligar~d.~,'~ We have 
previously reported that substituted (3-+cyclo- 
propeny1)pentacarbonylrhenium compounds could be 
prepared by a synthetic sequence involving paths h and 
d and that path d proceeded with an unprecedented allylic 
rearrangement of the migrating cyclopropenyl group; no 
evidence for reverse cyclopropenyl migration (path e) or 
decarbonylation (path b) was observed in this system."J2 
Finally an extensive study of the reactions of [Co(CO),]- 
with cyclopropenium cations has provided evidence for a 
surprising reaction pathway involving an apparent direct 
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