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ABSTRACT: Diarylmethanes were catalytically oxidized with oxygen to benzophenones with a Cu(I)Cl cata- 
lyst in butymnittile as solvent in the presence of the mediating agent 2,2’,3.3’.5,5’-hexaphenyl-(lJ’-biphenyl)-4.4’- 
dioxyl 1, which was generated in situ from 2.2’.3,3’,5.5’-hexaphenyl-( l,l’-biphenyl)+l’-dio14. 

A number of studies have been reported on the oxidation of diarylmethanes to benzxtphenones by molecular 

oxygen under strongly basic conditions1 or under phase transfer catalysis conditions2” The major drawbacks to 

these methods arc the harsh experimental conditions, i.e. high pressures or strongly basic media. We have re- 

cently demonstrated the synthesis of 2,2’,3,3’.5.5’-hexaphenyl-(l.l’-biphenyl)4.4’-diol 4 by the oxidative 

coupling of 2,3,6&iphenylphenol.’ Oxidation of 4 with potassium ferricyanide yields 2,2’,3,3’,5,5’-hexaphenyl- 

(l,l’-biphenyl)4&dioxyl(l; HPBP) which teacts with benxylic and allylic methykne groups, e.g. diphenyl- 

methane 2, to yield the ether 3.6 In the presence of an oxidizing agent such as potassium ferricyanidc, and in 

the absence of oxygen, the diether 5 is obtained in quantitative yield.6 The reactions t&e place at 80 “C in an 

inert solvent over several hours. 
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We nowmport an efficient catalytic oxidntion of diarylmethattes to benzuphenottes unckr mild conditions 

mediated by 2,2’,3,3’,5,5’-hexaphenyl-( l,l’-biphenyl)4,4’-dioxyl 1. The intermediate diphenylmethyl radical 

that would be expected to form in this case is intercepted by oxy- cu(r)cl(=x 4 
gen and oxidation of diphenylmethane 2 to benxophenone 6 occurs. s BUyVmMk, 9s-c 

The advantage of this technique is that it can be carried out under 4 @a 
4 

neutral conditions which considerably extends the scope and effec- 
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tiveness of the reaction. 

A series of chlorinated diphenylmethanes, 4-chlorodiphenylmethane, 4,4’-dichlorodiphenylmethane and 2,4’- 

dichlorodiphenylmethane, were prepared by Friedel-Crafts alkylation with a benzyl halide as &scribed in the 

literature.3 In the preparation of the dichlorodiphenyhnethanes two isomers were obtained. For the target 4,4’- 

dichlorodiphenylmethane both the 4.4’ and 2.4’ isomers were obtained in a ratio of 61:39, while the preparation 

of 2,4’-dichlorodiphenylmethane gave both the 24’ and 2.2’ isomers in a ratio of 80~20 as determined by proton 

NMR7 Dimethoxydiphenylmethane, which consists of three isomers, the 4,4’. 2,4’, and 22’ in a ratio of 33: 

51:16, respectively, as determined by proton NMR*, was prepared by the methylation of the corresponding di- 

hydroxydiphenylmethanes with dimethylsulfate in ethanol at reflux for 24 hours. The products were purified by 

distillation under reduced pressure to yield 70 % of mixed dimethoxydiphenylmethanes. 

The diarylmetbanes were oxidized to benzophenones in butyronitrlle, which acts as solvent as well as ligand 

for the catalyst. at 9S’C in the presence of 20 mol % Cu(I)Cl and 10 mol % HPBP, under vigorous stirring with 

a constant bubbling of oxygen into the reaction mixture. Reaction times ranged from 13 to 28 hours, and the 

percent conversion to ketone based on an HPLC calibration, ranged from 58 to 100 depending on the substrate 

being oxidized (Table 1). 

Butyrcmitile 

HPBP 

Tabk k Oxidation ofDimylmthanes 

RI R2 Reaetial time 9bJsoktai 
(mia) Yield 

H H4 900 9y 20 
H H 

1% 
94. 82 4748 

4-Cl H 90’ 82 71-72 
Cl CP 1025 831 
Cl Cl’ 13s 94. Z 
OMC OlUeJ 1544 9W 81 

FlU8XaBC 780 86 100 81-82 

a. Mixtlue of starnrql materlal alXl pro&lct. 
b. BlsalenHPLCealibratiarcmres. 
c. Based cm an iaolatai -on. 
d Oxidatim with no HPBP. 
e. h4ixturc of isomer8 2A’ & 4.C. 
f. Mixttne ofisamrs 2J 6% 14’. 
g. Mixture of iaanus 2.X. 2,4’& 4.4’ 

The effect of catalyst concentration on the oxidation of diphenylmethane to benzophenone was investigated. 

In the absence of HPBP only a 20% conversion was observed after a long time period. As the concentration of 

HPBP increased the percent conversion increased rapidly reaching a maximum when the HPRP concentration 

was 10 mol 96 (Figure 1). When 2.2’,6,6’-tetraphenyl-( l,l’-biphenyl)4,4’-diol (TPBP) was used instead of 
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Figure 1 The effect of HPBP concentration on the oxidation of diphenylmethane to benzophenone. 

HPBP as the mediating agent no catalysis was observed, presumably because it has a lower oxidation potential9 

than HPBP and does not form a stable radical species but instead forms a stable diphenoquinone. 

The oxidation reaction times varied for the different diarylmethanes. PIuorene was completely oxidized to 9- 

fluorenone in less than 13 hours. While the percent conversion of the diarylmethanes to benzophenones ranged 

from 58 to 84 after 15 to 28 hours. The efficient oxidation of fluoreme can in part be explained by the easier,ab- 

straction of the methylene proton, due to its lower pKa value (pK, = 23)r” compared to diphenylmethane and 

its derivatives (pK, values in the range of 30-37).“*” The longer reaction times required for the diarylmethanes 

with increased pKa values enhances the rate of side reactions which destroy the HPBP. 

Bank et al , by electrochemical techniques’ 1 , have shown that the oxidation potential of the methylene anions 

in diphenylmethanes are equally affected by mono substitution of electron donating groups in both the orrho- or 

para-position. Electron withdrawing groups should increase the oxidation potentials. Thus diphenylmethane 

was easier to oxidize than 44rIorodiphenylmethane or the dichlorodiphenylmethanes because of the electron 

withdrawing effect of the chlorine atom which increases the oxidation potental of the methylene groups (Table 

1). 

At 95 “C in chlorobenzene solution HPBP slowly converts to the monodibenzofuran 7 by an intramolecular 

ring closure reaction, In the presence of an 

oxidizing agent further reaction to yield the 

bisdibenzofurau 8 occurs. This accounts for 

the lower conversions obtained for the less 

reactive diarylmethaues which required long- 

er times for the reaction. This reaction is cur- 7 8 
rently under study and our preliminary find- 

ings indicate that the introduction of electron withdrawing groups on the hindered biphenol both raises the 

oxidation potential of the biphenol and increases the stability of the phenoxy radical. 



General procedure. A solution of butyronitrile (20 mL), 2,2’.3,3’.5.5’ - hexaphenyl-[l,l’- biphenyl] - 4.4’ - dial 

(0.71 g; 1 ,l mmol) and CuCl(O.2 g; 2 mmol) was hcsted at 95 “C under vigorous stirring with a constant flow 

of oxygen through the reaction mixture for 2 h. To-this solution, diphenyhnethane (2g; 11.9 mmol) was added 

and the formation of benxophenone was monitored by HPLC. The reaction was complete after 13 h, the solu- 

tion was filtered and the filtrate was concentrated. The residue was purified by distillation under reduced pres- 

sure to give benxophenone (84 46) mp. 4748 “C ( 49-Sl”C)‘* and recovered diphenylmethane (16%) based on 

HPLC calibration curves. 
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