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Abstract: A route to ortho-substituted benzophenones, based on a novel, 
multistep construction of a cationic xanthone iron complex followed by 
nucleophilic r ing-opening and a new, one-pot cyanide addition- 
decomplexation procedure, is described. © 1997 Elsevier Science Ltd. 

In 1993, Kulanthaivel and co-workers reported ] the isolation and characterisation of the novel 

and exceptionally potent protein kinase C inhibitor balanol (1), an isomer to the previously 

known antifungal antibiotic ophiocordin (2) 2. Over the last few years balanol has attracted 

considerable attention as a new lead for developing clinically useful protein kinase inhibitors. 3 

The chemical synthesis of balanol4,5,6, 7 and analogues8, 9 has been achieved by several groups, 

allowing initial structure-activity studies addressing inhibitory potency as well as kinase 

selectivity. However, presumably owing to the lack of efficient synthetic methodology, only a 

few examples of structural variations in the benzophenone moiety (3) have appeared.8,10 

Interestingly, such modifications have recently been reported to result in changes in kinase 
selectivity. 11 
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We were encouraged to further probe the effects of structural modifications on inhibition 

selectivity, and required a divergent approach to substituted benzophenones. A strategy 

involving transition metal arene complexes seemed attractive, based on the anticipation that 

the well documented nucleophilic substitution and addition reactions facilitated by ~- 
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c o m p l e x a t i o n  12 of an arene would allow for structural modifications of advanced 

intermediates. In particular, the pioneering work of Sutherland et. al. on nucleophilic ring- 

opening reactions of TI6-xanthone-ll5-cyclopentadienyliron hexaf luorophosphate  13 and 

cyanide addition reactions14,15 implied that organoiron methodology might provide a 

divergent approach to unsymmetrically o,o'-disubstituted benzophenones related to 3. 

However, such an approach required development of a new, flexible route to xanthone 

complexes and successful regiocontrol in nucleophilic substitution and addition reactions for 

which literature precedence was lacking. Here, we wish to communicate our initial progress 

towards preparation and ring-opening reactions of the parent system. 

The most flexible preparative route should accomodate substituents in the uncoordinated 

aromatic ring of the xanthone ~-complex. We chose to attempt construction of such a complex 

starting from the known ll6-o-chlorotoluene-ll5-cyclopentadienyliron hexafluorophosphate 

(4). 16 This material was oxidised, using aqueous potassium permanganate, 17 to the benzoic 

acid complex (5) 18 which could be converted into the methyl ester (6) via reflux in thionyl 

chloride followed by reaction with excess methanol. 

CI 40% /'~T~ "CI / CI / v  "O 
CpFe+ 4 CpFe+ 5 CpFe+ 6 CpFe+ I ~  

Equation 1: (i) Aqueous KMnO4, MgSO 4, reflux 6h; (ii) SOCI 2, reflux, 3h; 
(iii) MeOH, rt, lh; (iv) PhONa, acetone, -70 °C, 5h 7 

The methyl o-chlorobenzoate complex 6 reacted smoothly and regioselectively with sodium 

phenoxide in acetone to provide the diaryl ether 7. This critical regioselectivity highlights the 

powerful activation for nucleophilic aromatic substitution induced by the cyclopentadienyl 

iron moiety. Hydrolysis of the methyl ester with lithium hydroxide in methanol, followed by 

ring closure in warm polyphosphoric acid secured the xanthone complex 8. To our knowledge, 

this is the first example of a Friedel-Crafts reaction involving an arene iron complex. 

0 0 0 OH 0 0 0 OH 

7 35o/o--- 95=/o 

CpFe + CpFe CpFe + 
9a 9b  

8 

Equation 2: (i) LiOH, MeOH/H20, rt, 16h; (ii) PPA, 100 °C, 3h; (iii) NaOH (10 eq), MeOWH 20, rt, 3h 

Complex 8 has previously been reported to undergo regioselective nucleophilic ring-opening 

upon reaction with amines under mild conditions. 13 With harder nucleophiles, alternative 
reaction pathways such as attack at the carbonyl group or addition to the 2- or 4-positions of 

the complexed ring might be apprehended. Our initial efforts employing sodium methoxide 
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in methanol did not lead to the desired o-methoxy-o ' -hydroxy benzophenone complex. 

However, treatment of 8 with an excess of sodium hydroxide in methanol, followed by careful 

acidification, cleanly delivered the zwitterionic complex 9 as a red solid, which could be 

purified by silica gel chromatography. Upon NMR analysis, the material gave spectral 
characteristics consistent 19 with the pentahapto oxocyclohexadienyl structure (9a) rather than 

the corresponding phenoxide (gb). Further spectral characterisation using solvent mixtures 

corroborated the assignment of this tautomer. 2° Compound 9 and substituted analogues could 

prove useful for the preparation of unsymmetrically o,o'-disubstituted benzophenones, if the 

metal conveys sufficiently different properties to the two phenolic groups. Preliminary 

experiments have indicated that protonation of 9a provides the corresponding acid as a yellow 

solid, and that the hydroxy group of the uncoordinated arene moiety appears more reactive 

towards alkylating agents under basic conditions. 

c oo e 

9 84Ol 0 40% 

CP Fe+ LCpF e j 10 
10 11 12  

Equation 3: (i) Mel (30 eq), KOtBu (5 eq), acetone/CH2CI2, rt, 48h; (ii) Bu 4NCN, DMF, 48h; (iii) DDQ, DMF, lh 

Compound 9 reacted only sluggishly with an excess of iodomethane in the presence of 

potassium tert-butoxide. Complete conversion into the dimethoxy derivative 10 required two 

days at room temperature. Work-up using aqueous ammonium hexafluorophosphate 

returned a yellow solid which was purified by recrystallisation. Whereas the literature 

procedure  14 for cyanide addition to xanthone complex 8 could be readily reproduced, the 

hexafluorophosphate of 10 failed to provide any isolable cyanide addition product when 

treated with excess sodium cyanide in wet dimethyl formamide. However, NMR spectra 

obtained for a reaction mixture containing 10 and, the more soluble, tetrabutylammonium 

cyanide in dimethyl formamide indicated that 11 was indeed formed in what appeared to be a 

readily reversible equilibrium. Encouragingly, oxidative decomplexation in situ, effected with 

2,3-dichloro-5,6-dicyanoquinone, 21 gave the appropriately functionalised benzophenone 12 in 

modest isolated yield. 22 

We conclude that organoiron methodology shows promising features with respect to 

divergent preparation of substituted benzophenones relevant as building blocks for balanol 

and ophiocordin analogue synthesis. 
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