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Summary: a-lodoenones undergo Pd-catalyzed coupling with alkenyl- and at-y/- 
ttibutylstannanes providing an efficient route to the cortesponding a-substituted 
enones. 

A procedure for the facile introduction of carbon functionality at the a-position of a$- 

enones would have significant utility in synthesis. Such a-substitution of enones has been 

accomplished by several divergent techniques. The method of Kim involving treatment of 

enones with the combination of a dimethyl acetal, pyridine and trimethylsilyl triflate results in 

a-(1 -methoxyalkyl)enones.’ The metallation of a-bromo-a,&enones masked as ketals for a- 

functionalization has been used by several groups, including Smiths.2 Recently there have 

been published several related procedures for the coupling of a-trifluoromethane- 

sulphonyloxy-a,&enones with vinyl or aryl tin reagents. 8~~ The drawback of this procedure is 

that the enones are available only from the corresponding l,P-diketones and regiochemical 

problems may be encounted. 

Scheme 1 
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G=alkenyloreryl R=H,akenylararyl 

a-Substituted enones could of themselves be of importance but, perhaps, of more 

general interest would be the utilization of these as intermediates for the production of a- 

substituted alkanones or a,&disubstituted alkanones through the aegis of conjugate addition 

procedures (Scheme 1). Such a strategy, involving first the introduction of the alpha 

substitutent followed by the beta, would be a reversal of the usual technique involving 

conjugate addition followed by trapping of the resulting enolate with a carbon electrophile. 

The inverse process would avoid many of the limitations and pitfalls attendant to the trapping 

of enolates with carbon electrophiles. As this strategy has the potential of meeting several 

needs in our current research programs we began to investigate the possibility of utilizing 

readily available a-bromoenones in classical Stille coupling procedures.5 With model systems 

such as the Pd-catalyzed coupling of P-bromocyclohexenone with tributylvinylstannane we 
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were unable to obtain yields greater than 2O%.s lt became apparent to us that the related a- 
iodoenones might serve as superior coupling partners. A direct method, involving treatment of 

enones with iodine/pyrfdine, developed in conjuction with researchers at Hoffmann-La Roche, 

provided the desired a-lodoenones.7 This breakthrough in starttng material production along 

with Liebeskind’s8 observation that copper(l) iodide co-catalyses Stille couplings and 

Farina’s9 work involving the effects of highly polar solvents and soft Ilgands, brought all the 

necessary elements together for our sought goal of a general, mild and high yielding procedure 

for the syntheses of the desired a-substituted enones. 

The reaction conditions which we favor utilize N-methylpyrrolidinone as solvent. a 5 

mol% palladium(h) catalyst (for ease of preparation and air stability bis(benzonitrile)- 

palladium(ll) chloride is used), 10 mol% copper(l) iodide, and 10 mol% trtphenylarsine in the 

presence of the a-iodo-a&enones and a slight excess of an alkenyl- or aryltributyltin reagent. 

The results are listed the Table. 

Late in the course of development of this chemistry, a communication appeared from the 

Negishi group reporting that “cyclic a-iodoenones and a-triflyloxyenones, but not a- 

bromoenones, directly react with alkenyl metal dertvatives containing Zn, Al, or Sn in the 

presence of a palladium phosphlne complex. . . . to give a-alkenyl enones . . .“.4 The increased 

range of coupling partners and the reactions conditions herein described complement the 

earlier Negishi report and serve to emphasize the remarkable synthetic potential of this variant 

of Stille chemistry. 

Example Procedure. S-Methyl-2-p-tolyl-2-cyclopentenone. In an argon 

flushed flask, 2-i&o-3-methyl-2-cyclopentenone7 (222 mg, 1 mmol), copper (I) iodide (19 mg, 

0.1 mmol), trtphenylarsine (31 mg, 0.1 mmol) and bis(benzonitrile)palladium(ll) chlortde (19 mg, 

0.05 mmol) were placed and N-methylpyrrolidinone (1 ml) was added. The flask and its black 

colored solution were immediately lowered into an oil-bath maintained at 100 OC and ptolyl- 

tributylstannane (0.37 mL, 1.2 mmol) was added. After 30 min the flask and contents were 

allowed to cool to room temperature and the reaction mixture was dissolved into ethyl acetate 

(100 ml) and washed successively with aqueous potassium fluoride solution (0.87 satd, 3 x 30 

mL) and water (2 x 30 mL). The aqueous layers were combined and then back-extracted with 

ethyl acetate (80 mL). The combined organic layers were dried over magnesium sulphate and 

the solvent was removed in vacua to give a dark oily residue which was purified by column 

chromatography [silica gel (Kieselgel 80), gradient elution from 2% ethyl acetate / 98% 

petroleum ether to 10% ethyl acetate / 90% petroleum ether] to give the title enone (185 mg, 
89%) as a colorless solid: mp 102-103 OC (EtOAc-petroleum ether); 1H NMR (300 MHz, CDC13) 

6 7.20 (4H, d, J = 2.7 Hz), 2.81 (2H, m), 2.51 (2H, m), 2.35 (3H, 8). 2.15 (3H, s); 1sC NMR (75 

MHz, CDCls) 6 207.8, 171.2, 140.1, 137.2, 128.9, 34.7, 31.7, 21.2, 18.2. IR vmax (CHC$) 1885 

cm-l; HRMS for ClsH140 (M+) cakd 188.1044, found m/z 188.1040. Anal. Calcd for C1aH140 

: C, 83.87; H, 7.54. Found C, 84.08; H, 7.42. 
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Table. a-Alkenylation and a-Arylation of a-lodoenones 
0 0 

Y 
“u 

5 ~01% Pd(ll), 10 mol% Cul, 
I 10 mol% Ph& 

Y 

G 
+ G-Sn(rrB& 

N Methylpyrrolidinone -‘>- 

Product (isolated yield, reaction temperature, reaction time)a 

x 
0 0 

ACO- 

4- 

0 TSSO- 0 
- - 

G + 

G = Vinyl (60%, RT, 12 h) 
G = 2-Mahylpropenyl (76%, 6O”C, 1 h) 

G = Vinyl (91%, FIT,?6 h) 

G = pTolyl (66%, 5O”C, 16 h) 
G = P-Methylpropenyl (65%, BO”C, 0.5 h) 
G P pTolyl (60%, 5O“C, 16 h) 

OTlPS 

R- 

0 

-0 

0 
- - 

G G 

G I Vinyl (61%, 90°C, 20 min) G = Vinyl (93%, RT, 4 h) 
G = PMethylpropenyl (93%, 100°C, 0.5 h) G P BMethylpropenyl (55%. 60°C, 2 h) 
G = pTolyl (69%, 100°C, 30 min) G I: pTolyl (56016, 6O”C, 16 h) 

OTIPS 

Q 

0 TBSO - 

-Q 

0 
- 

G 

G = Vinyl (60%, RT, 16 h) G = Vinyl (95%, RT,? h) 
G - 2-Methylpwenyl c/5%, 60°C, 40 min) G = P-Methylpropenyl (60%, 6O”C, 2 h) 
G = ~Tolyl (66%, 60°C, 4 h) G = ~Tolyl (95%, 60°C, 24 h) 

R 

0 
0 G - 

G >K 
I 

G = Vinyl (95%, 60 OC, 30 min) 
G = 2-Methylpropenyl (63% 11 O”C, 5 h) 

G 3: Vinyl g%, 35°C 43 h) 

G = ~Tolyl (69%, 11 O”C, 7 h) 
G I P-Methylpropenyl (620/o, 70°C, 16 h) 
G I: pTolyl (670/o, 65°C 16 h) 

‘TBS I t-Bu(Me)&; TIPS = (iPr)&i. All coupled pmducb? werei charactwtzad by ‘H and “C NW IR. 

mkmanalysls andw HRMS. 
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