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Abstract: The reductron of chphenykyclopropenone wth zmc was mvest~gated under a varhzty of uu&ions. The 
product &stribuhon can be explamed m terms of a general mechamsm for zmc-promoted reductions. 

The zinc-promoted reduction of a&unsaturated ketones in acidic media has been reinvestigated 

recently 1 Diphenylcyclopropenone (1) is a peculiar member of this class of compounds. The reduction of 1 

with metals like Na and Mg in non acidic media was reported to give only dimeric aromatic compounds.293 

Dimerization of diphenylcyclopropenyl radical anion, detected and characterised by EPR spectroscopy,4 

accounted for the product formation. The reduction of 1 with Zn in several acidic media is now reported, 

showing a quite different course of the reaction. 

Results and Discussion 

The reduction of 1 was investigated according to the Clemmensen procedure (7M HCl) and in 

anhydrous AcOH at the refluxing temperature, using an excess of amalgamated zinc. Experiments in AcOH 

were run also in the presence of anhydrous LiCI, HCl, and TFA. The results are reported in the Table. While 

significant differences in the product distribution were obtained in the various systems, the data show that 

practically no dimeric products were formed, with the exception of the small amounts of 1,2,4,5- 

tetraphenylbenzene, (8), obtained when the reaction was run in AcOH in the presence of anhydrous HCI or 

TEA 

Radical species could not be detected by EPR spectroscopy unless a spin trapping agent was present 5 

Accordingly, the assumption can be made that the tirst formed radical species might have a shorter life than 

the delocalized ketyl previously characterised by EPR. Their fast reduction in the acidic medium might 

prevent dimerization reactions 

Under the strongly acidic Clemmensen procedure electron transfer from Zn to hydroxycyclopropenium 

cation la may occur 

10925 
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TABLE. Produuts formed in the Zn(Hg) reduotion of 1 in acidic media.. 

Producteb 

PhCH&H&QPh 

PhCH=CHC~Ph 

PhC(Cb)=CHPh 

PhCH(CH&H,Ph 

A 
Ph Ph 

PhCH,COC&Ph 

Ph 

Ph 

PhCH-C(OAo)CH,Ph 

PhCH=C(OCOCF&X&Ph 10 

Reaction q yetemr 

7Y HCl AcOH AcOH/LiCl AcOH/HCl 

68 

14 

16 

t?WZOE 

trace0 6 

7 

trace8 

10 7 52 24 

87 40 60 

trace8 

AoOH/TFA 

7 

10 

53 

12 

8 

4 

S 

4Reaction conditiona: 2 h at the refluxln,g temperature. Convereion: 24% in AcOH. 

100% in the other IyHteme. The yeldn were determined by CC analyeie. b)Produot 
dirtributionr are in percentage. The data reprelent the averape of two or more 

experimentr. okxture of ~tereoi~omere. d)Trana/oir ratio: approximately 2:1, 
except in AcOH/LICl which ram 5:l. 

The relatively high basicity of 1 has been measured. 6 The resulting cyclopropenyl radical R1 is then 

converted into the 2,3-diphenylcyclopropanone (11) through the intermediacy of its enolic form 

la Rl 

X=Cl,OH 

11 
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Cyclopropanones are known to readily take up reagents like H20, HCl, and carboxyhc acids, affording 

the corresponding carbonyl adduct. Attempts to synthesise 11, not yet described in the literature, failed so 

far However, there is little doubt that 11 or its HCl adduct 12, is the precursor of 6, a product formed in all 

the reactions, which was shown to resist zinc reduction under all the selected conditions. A precursor of 6 

may be cyclopropanol 13, as shown in the Scheme, which was detected in traces by CC/MS spectrometry in 

the crude reaction mixture. 

The occurrence of 1,1-dichloro-2,3_diphenylcyclopropane as an intermediate, possibly originating from 

12, was excluded, since the Clernmensen reduction of this dichloride gave several products in the absence of 6 

(see Experimental) 

Scheme. 

Ph 
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ZP 
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6 

Zn, 
H+ 

I 

PhCE&OC&Ph 

7 
F 

PhC-CHPh 
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I 
4 
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13 
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\ 

YHO 
PhCHCH,Ph 

14 

zn. 

/ 

H+ 

7% + PhCEC&Ph 

5 

Cyclopropanone 11 may also be the precursor of acyclic hydrocarbons 2 and 3 In aqueous acidic media 
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HCI cyclopropanone adduct may undergo ring cleavage.7 The cleavage of 12 requires nucleophiIic attack by 

the external chloride to the benzylic carbon, the covalent chlorine acting as the leaving group. 

Dehalogenation of an a-halo ketone under the conditions of the Clemmensen reduction is a known 

reaction * We have confirmed that ketone 7 undergoes the Clemmensen reduction affording a mixture of 2 

and 3. 

The formation of branched hydrocarbons 4 and 5 may involve the intermediacy of 2,3-diphenylpropanaI 

(14) originating from 13 through acid catalysed ring cleavage g A new synthesis of 14 was accomplished by 

treating the enamine of phenylacetaldehyde with benzyl bromide. When the Clemmensen reduction of 14 was 

performed without completing the reaction, 4 and 5 were obtained, along with the linear hydrocarbons 2 and 

3 Thus 2 and 3 may derive also from aIdehyde 14 

The reduction of 1 in neat AcOH followed a somewhat different course This can be ascribed to the 

first SET occurring from the metal to 1, and not to its conjugated acid, due to the low protonating ability of 

the medium 10 The resulting radical R2 may then undergo a second SET followed by protonation, ultimately 

affording cyclopropsnone 11 A solvent carbonyl addition, followed by ring cleavage and reductive 

deacetoxylation of the intermediate a-acetoxy ketone, may account for the formation of 7, the largely 

predominant product We have confirmed that 7 is practically unaffected by treatment with Zn in boiling 

AcOH The Zn/AcOH deacylation of a-acetoxy ketones was already reported 11 

Ph 

- PhCHaCObHPh 
Ph 

& PhCli&OC&Ph 

7 
AcOH 

OZnOAo 

s,H+_ phAph _phJ&ph _AcOH 

11 

The higher yields of 6 in the presence of LiCI, HCI, and TF4 were obtained at the expense of 7 In the 

presence of the above co-reagents, 11 might show a different reactivity in connection with the nature and the 

relative concentration of the corresponding carbonyi adduct 

A more scattered product distribution in the presence of HCI or TFA, as compared with that m plam 

AcOH, was already observed in the zinc-promoted reduction of other ketones I&I3 

The mmor amounts of enol esters 9 and 10 in the AcOH/TFA reduction of 1 can be ascribed to addition 

of AcOH or TFA to the carbonyl of 7, followed by H20 elimination 

1,2,4,5_Tetraphenylbenzene (S), the only dimeric product formed in the zinc-promoted reduction of 1 

in an acidic medium, has been previously obtained from the Zn/AcOH reduction of 1,3_diphenylpropenone. 
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Its formation was explained in terms of dimerization of 1,2-diphenylcyclopropenyl radical, followed by 

valence isomerization * 

In conclusion, the zinc-promoted reduction of diphenylcyclopropenone may be understood in terms of 

the general mechanism already discussed for a&unsaturated as well as other carbonyl compounds.l2>13 

Experimental Section 

The general procedure for the reductions was previously described L12 GC analyses were carried out 

with a Carlo Erba HRGC 5300 Mega Series apparatus on 30 m x 0 25 mm i d x 0.33 pm SPB-35 column. 

GCYMS analyses were performed with a VG quattro mass spectrometer on the same column. lH Nh4R 

spectra were recorded on a Bruker WP-80 spectrometer with CDC13 as the solvent HPLC analyses were 

performed with a Philips apparatus, equipped with a PU4020 UV detector on a 100 x 3 mm i.d., Lichrosorb 

Si 60 (7 urn) column. Isolation of the products were carried out by preparative HPLC on a 250 x 10 mm 

i d , Lichrosorb Si 60 (7 urn) column 

Materials Anhydrous AcOH was prepared by refluxing (4h) 99 8% AcOH (Merck) with the calculated 

amount of Ac20 (Merck) Stock solutions of approximately 0.3 M anhydrous HCl in AcOH were prepared 

by bubbling a HCl gas in the solvent. 99% TPA (Aldrich) was used, without further purification, in 5% 

concentration in AcOH Compounds 1 and 7 were commercial reagents (Aldrich) of 99% purity. Compounds 

6,14 and 1,l -dichIoro-2,3-diphenylcyclopropanel3 were prepared according to the literature 

Product distribution analysis. Identification of the products and their distribution were accomplished 

by GC, NMR, and GCNS analyses Compounds 2-4 and 6,7 were isolated in pure state by preparative 

HPLC Mass spectra of the products are given as supplementary material 

Reduction of 1,3-diphenylpropan-2-one (7). The reductions were performed in various systems at 

the refluxing temperature for 2h The products were 70% 2, 12% 3 and 2% 1,3-diphenylpropan-2-01 in 7 M 

HCI, 2% 2 and 2% 3 in neat AcOH, 2% 2 and 3% 3 in anhydrous AcOH/LiCl, 3% 2 and 3% 3 in anhydrous 

AcOH/HCI 

Reduction of 2,2-dichloro-1,3-diphenyleyclopropane. The reduction performed with Zn/Hg in 7 M 

HCI for 2 h at reflux temperature gave 10% 3, 50% 7 along with other minor products. 

Synthesis of 2,3-diphenylpropanal (14). A solution of phenylethanal (12g Aldrich) and pyrrolidine 

(8g Aldrich) in anhydrous benzene (100 ml) was stirred for 2 h at room temperature in the presence of dry 

CaC12 (12g) and a trace of p-toluenesulfonic acid After filtration, benzyl bromide (17g Aldrich) was added 

and the reaction was kept 4 h at the refluxing temperature The solution was diluted with Et20 and treated 

with 20% AcOH The organic layer was dried over Na2S04 and the solvent removed Column 

chromatography over Si02 (elution with hexane-chloroform 3 1) gave the pure aldehyde (m p 52-54 OC; 

lit l6 54 “C) in 50% yield 

Reduction of 2,3-diphenylpropanal(l4). The reduction performed with Zn/Hg in 7 M HCl for 2 h at 

the reflux temperature gave 2% 2, 35% 3, 9% 4, 14% 5 and 40% 2,3-diphenylpropan-l-01. 

Acknowledgement. This work was supported by Consiglio Nazionale delle Ricerche (C N R.) and the 

Minister0 dell’Universitl e della Ricerca Scientifica e Tecnologica (M.U R.S T ) 

Supplementary Material Available: Complete MS data for the products. 



10930 M. L. Dr VONA and V. ROSNATX 

References 

1) Di Vona, M L , Rosnati, V Gazz. Chim. Ital. 1993,123,25-29 

2) Toshima, N , Moritani, I, Nishida, S. Bull. Chem. Sot. Jpn. 1%7,40,1245-1248. 

3) Harrison, E. A J. Chem. Sot. Chem. Commun. 1970,982-983 

4) Furderer, P , Gerson, F., Krebs, A. Helv. Chmr. Acta 1977, 60, 1226-1232 

5) EPR experiments in the presence of t-butylphenylnitrone gave signals which slowly faded, like 

those previously obtained from other a$-unsaturated ketones. 1 These EPR spectra were rather 

di&.ult to interpret 

6) Breslow, R, Ficher, T , Krebs, A, Peterson, R A, Posner, J J. Am. Chem. kc. 1965, 87, 1320- 

1325 

7) Wasserman, H H , Berdahl, D R ; Ta-Jung Lu in The Chemrstry of the Cydopropyl Group; Z. 

Rappoport Ed., John Wiley & Sam, New York, 1987, Chapter 23, pp 982-983. 

8) Martin, E. L in Organic Reactrons; John Wiley New York, 1975; Vol 1, Chapter 7, p 162. 

9) Gibson, D. H., DePuy, C H. Chem. Rev. 1974, 74,605-623 

10) Shkodim, A. M., Karkuzaki, L I Zh. Fiz. Khim. 1959,33,2795-2801 

11) Rosenfeld, R S , Gallagher, T F J. Am. Chem. Sot. 1955, 77, 4367-4370; Rosenfekl, R. S J. Am. 

Chem. Sot. 1957, 79, 5540-5542 

12) Di Vona M L , Rosnati, V. J. Org. Chem. 1991,56,4269-4273. 

13) Luchetti, L., Rosnati, V J. Org. Chem 1991,56,6836-6839 

14) Beech, S G , Turnbull, J H , Wilson, W J. Chem. Sot. 1952,4686-4690 

15) Dehmlow, E V , Schonefeld, J Justus Llebrgs Ann. Chem. 1971, 744,42-50. 

16) Burton, H , Shoppee, C W J. Chem. Sot. 1973,546-549 


