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Abstract: Diphenyliodonium triflate la reacts with the lithium enolates of cyclic ketones 2 (ring size = 5 - 8), in the 
presence of stoichiometric quantiites of copper cyanide, to afford the corresponding tx-phenylated ketones 3 or ct,~'- 
diphenylated ketones 4. © 1997 Elsevier Science Ltd. 

A number of methods have been developed for the production of an ~-aryl ketone directly from the parent 

ketone. Included in these methods are the transition metal-catalysed reaction of enolate ions (or equivalents) 

with haloarenes, 1 and the reaction of an enolium (ct-keto cation) synthon with electron rich aryl systems. 2 A 

seemingly more straightforward method is the SRr~ 1 reaction of ketone enolate ions with haloarenes, a process 

which involves a radical chain mechanism; 3 however, this type of procedure generally requires a large excess of 

ketone enolate in order to gain reasonable yields. 3b In some cases, the intramolecular variant of this reaction is 

highly successful. ̀ / Closely related to these latter approaches is the reaction of ketone enolate ions (or 

equivalent) with electrophilic aromatic reagents of BiV, 5 pbrv, 6 and IIn. 3c'7 Variable yields were obtained using 

diphenyliodonium halides and the ketone enolates tested were restricted to the acyclic variety, or- l- indanone 

derivatives. We have developed efficient methods for the synthesis of a wide range of stable diaryliodohium 

triflates 1, 7c'8 and we now report on the reactions of diphenyliodonium triflate l a  with the enolates of a range 

of cyclic ketones 2. 9 

A r l ~ i  + -OTf 

1 
la : Ar I , Ar 2 = Ph 
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A variety of reaction temperatures and enolate counterions were experimented with, using cyclohexanone 

2c as a typical cyclic ketone; however, efficient coupling could only be obtained using a copper enolate formed 

by reaction of the preformed lithium enolate with anhydrous copper cyanide (Table 1). Optimal conditions for 

formation of 2-phenylcyclohexanone 3c entailed the use of one mole equivalent of copper cyanide (entry 5). In 

this case, tH NMR analysis of the crude reaction product showed it to consist of a c a .  2:1:1 mixture of 

iodobenzene, 2e and 3c. 1° Only trace amounts (<1%) of biphenyl could be detected, so presumably the other 

reduction product, benzene, is lost during work-up. 11 

O I iLDA78oc 0 (ii) CuCN, -78oC - -35oC 
(iii) Ph2I+'OTf, -78 oC - rt 

2e 
2 

o O 

2 c  3 e  

1 : 1 

Table 1. The reaction of cyclohexanone 2e with diphenyliodonium triflate l a  a 
entry enolate 

Li 

Zn 

Cu 

Cu 

Cu 

Cu 

conditions for generation of enolate 

1 equiv. LDA 

(i) 1 equiv. LDA; (ii) 1 equiv. ZnC12 

(i) 1 equiv. LDA; (ii) 1 equiv. CuI 

(i) 1 equiv. LDA; (ii) 0.5 equiv CuCN 

(i) 1 equiv. LDA; (ii) 1 equiv. CuCN 

(i) 1 equiv. LDA; (ii) 2 equiv. CuCN 

yield of 3e b 

<5% 

<5% 

<5% 

35% 

50% 

45% 

a Typical Procedure: A solution of cyclohexanone 2e (1.0 mmol) in THF (1 mL) was slowly added to 
a solution of LDA (1.0 mmol) in THF (10 mL), maintained under argon, at -78°C. The solution was 
stirred for 1 h at this temperature then the anhydrous salt (ZnC12, CuI or CuCN) was added in one 
portion. The mixture was allowed to warm to -35°C, stirred for 15 min at this temperature then 
recooled to -78°C. Diphenyliodonium triflate la  (1.0 mmol) was added, in one portion, resulting in 
the immediate formation of a bright yellow mixture. The reaction was maintained at -78°C for 15 min 
then allowed to slowly to warm to room temperature. After stirring for lh at rt, the reaction mixture 
was partioned between ether and water, the combined ethereal extracts were dried (MgSO4), filtered 
and concentrated to give a yellow oil. Purification by column chromatography (SiO2, CH2C12) 
afforded 2-phenylcyclohexanone 3e (50%) as an analytically pure, colourless oil. blsolated yield of 
analytically pure material. 

A survey of the reaction of a number of cyclic ketone enolates 2 with diphenyliodonium triflate l a  in the 

presence of copper cyanide using the optimal reaction conditions described above is given in Table 2. 

Interestingly, the five-membered cyclic ketones 2a and 2b gave only ~x,cx'-diphenylated products, 4a and 4b, 

respectively (entries 1 and 2). No mono-arylated products (3a or 3b) could be detected in these cases. In 
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contrast, the larger cyclic ketones 2c-e (entries 3-5) gave only the respective mono-arylated products 3e-e. In 

all cases, the balance of the crude reaction product was made up of iodobenzene and starting ketone. 

Table 2. The ~x-ar 

~resence of copper 
entry 

4 

'lation of the enolates of cyclic ketones, 2, by diphenyliodonium triflate l a  in the 

c),anide, a 

starting material product product yield b 
(%) 

0 o 

2a 

0 

2b 

o 

2e 

2d 

2e 

4sl 

O 

4b 

O 

3c 

3d 

/ 

3e 

35 

38 

50 

46 

55 

For typical procedure, see Table 1, entry 5. blsolated yield of analytically pure material. 

The yields obtained from these reactions are consistent, but limited by competing radical reduction 

processes. In principle, if the starting ketone was recovered, as it was for the case of cyclohexanone, the yields 

calculated at percentage conversion of the ketone would be greater than 80%, in each case. We have 

developed strategies for the synthesis of a range of diaryl- and bis(heteroaryl)-iodonium triflates, 8 therefore an 
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investigation of the reaction of these species with copper (I) enolates, under the conditions described in this 

report, appears warranted. Furthermore, it is envisaged that useful selectivity may be observed for certain 

unsymmetrical diaryliodonium triflates. Such developments will be reported in due course. 

Acknowledgements: Financial support by the NCI of NIH (CA16903) is gratefully acknowledged. We also 
thank the referee for bringing the reference in Note 9 to our attention. 

References and Notes. 

1. (a) Negishi, E.-I.; Akiyoshi, K. Chem. Lett., 1987, 1007. (b) Nair, V; Turner, G. A.; Chamberlain, S. D. 
J. Am. Chem. Soc., 1987, 109, 7223. (c) Kosugi, M.; Hagawara, L; Sumiya, T.; Migita, T. Bull Chem. 
Soc. Jpn., 1984, 57, 242 and J. Chem. Soc., Chem. Commun., 1983, 344. (d) Kiwajima, I.; Urabe, H. J. 
Am. Chem. Soc., 1982, 104, 6831. 

2. (a) Rathke, M.; Vogiazoglou, D. J. Org. Chem.. 1987, 52, 3697. (b) Sacks, C. E.; Fuchs, P. L.J.  Am. 
Chem. Soc., 1975, 97, 7372. 
3. (a) Scamehorn, R. G.; Hardacre, J. M.; Lukanich, 1. M.; Sharpe, L. R. J. Org. Chem., 1984, 49, 4881. (b) 

Review: Bunnett, J. F. Acc. Chem. Res., 1978, 11,413. (c) Rossi, R. A.; Bunnett, J. F. J. Am. Chem. 
Soc., 1974, 96, 112. 

4. (a) Semmelhack, M. F.; Bargar, T. J. Am. Chem. Soc., 1980, 102, 7765. (b) Semmelhack, M. F.; Bargar, 
T. J. Org. Chem., 1977, 42, 1481. 

5. (a) Huang, Y.-Z.; Zhou, Z.-L. in Comprehensive Organometallic Chemistry II, McKillop, A. Ed.; 
Pergamon: Oxford, 1995; Vol. 11,503. (b) Abramovitch, R. A.; Barton, D. H. R.; Finet, J.-P. 
Tetrahedron, 1988, 44, 3039. (c) Barton, D. H. R.; Finet, J.-P.; Gianotti, C.; Halley, F. J. Chem. Soc., 
Perkin Trans. 1, 1987, 241. 

6. (a) Morgan, J.; Pinhey, J. T.; Rowe, B. A. J. Chem. Soc., Perkin Trans. 1, 1997, 1005. (b) Kozyrod, R. 
P.; Pinhey, J. T. Aust. J. Chem., 1985, 38, 1156. 

7. (a) Chert, K; Koser, G. F. J. Org. Chem., 1991, 56, 5764 (b) Beringer, F. M.; Daniel, W. J.; Galton; S. 
A.; Rubin, G. J. Org. Chem., 1966, 31, 4315. Recent Reviews: (c) Stang, P. J.; Zhdankin, V. V. Chem. 
Rev., 1996, 96, 1123. (d) Koser, G. F. in The Chemistry of Halides, Pseudo-Halides and Azides, Suppl. 
D2; Patai, S.; Rappoport, Z. Eds.; Wiley-Interscience: Chichester, 1995; Chapter 21. (e) Varvoglis, A. The 
Organic Chemistry of Polycoordinated Iodine; VCH: New York, 1992. 

8. (a) Zhdankin, V. V.; Scheuller, M. C.; Stang, P. J. Tetrahedron Lett., 1993, 34, 6853. (b) Stang, P. J.; 
Zhdankin, V. V.; Tykwinski, R.; Zefirov, N. S. Tetrahedron Lett., 1992, 33, 1419. 

9. The arylation of ketone enolates with diphenyliodonium salts has been reported, but only in a dissertation: 
Manis, P. A. The Synthesis and Reactions of Sterically Hindered Silyl Enol Ethers. The Reaction of o~- 
Azido Esters with Base. The Phenylation of Ketone Enolates with Diphenyliodonium Salts, Michigan 
State University, 1982. 

10. The formation of cyclohexanone in these reactions is almost certainly due to radical reduction processes 
which compete with the desired coupling reaction. Attempts to quell these competing radical processes by 

5 the addition of radical chain inhibitors such as diphenylethylene and styrene, were unsuccessful; the ratios 
of iodobenzene, 2e and 3e in the crude reaction product remained unchanged. 

11. In accord with this proposal, the reaction of cyclohexanone with bis(2,4,6-trimethylphenyl)iodonium 
triflate under analogous conditions, gave only reduction, the reaction product consisting of a ca. 1 : 1:1 
mixture of 1-iodo-2,4,6-trimethylbenzene, 1,3,5-trimethylbenzene and cyclohexanone. 

(Received in UK 23 April 1997; revised 3 June 1997; accepted 6 June 1997) 


