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Summary: Cyclic a-iodoenones and a-triflyloxyenones, but not a-bromoenoncs, smootiy react wilh alkcnylzinc 
and related derivatives in tie presence of a catalytic amount of a palladium~phosphine complex, such as Pd(PPbJ, or 
Cl,Pd(PPh,), treated wilh n-BuLi (2 equiv), to give a-alkenylenones which can be conjugately reduced to the 
cornsponding a-alkenyl ketones with complctc rctcntion of both enone regiochemistry and alkenyl stereochemistry. 

Methods of introducing an E- or Z-alkcnyl group in an a-position of ketones with stlicL comrol of rcgiochemistry 

arc highly desirable but rare. ” We recently reported an indirect method requiring conversion of conjugated enoncs into 

a-bromocnooes pmrected as Uleir cyclic kctal derivatives.’ Besides being somewhat cumbersome, the conversion of 

conjugated enones into their cyclic kctal derivatives has proved to be problematical in some cases even with a modified 

procedure using bis(trimedvylsiloxy)ethane.’ We now repon that cyclic a-iodoenones and a-triflyloxyenones, but not a- 

bmmoenooes, directly react with alkenylmcral derivatives containing Zn, Al, or Sn in the presence of a catalytic amoum 

of a palladium-phosphine complex. such as Pd(PPh,), or CI,Pd(PPh,), treated with 2 equiv of n-B&, to give a- 

al!acnyicnones which can be conjugately reduced to the corresponding a-alkenyl ketones (eq. I). 

In trying to assess the relative reactivity of a- and !Shalwnones, we compared the reactions of 0.55 equiv of 

@))-(a-BuCH=CH),Zn derivatives with a-bromo-2.cyclobexenone, B-bmmo-2.cyclohexenone, and 1.bromocyclobexene 

in the prcscnce of 3 mol% of Pd(PPh,), in DMF. The reaction of @-bmmo-2.cyclohexenone was complete within 1 h at 

25°C. producing 3-[O-l-hexenyll-2-cyclohexenone in 77% yield. Although much more sluggish, tie reaction of 

I-bromocyclohexene also gave l-[(E)-l-hexenyllcycohexene in 46% yield along with an 8% yield of bis(l-cyclohcxenyl) 

in 24 h at 75°C. On the other hand, the reaction of a-bromo-2.cyclohexenone did not yield tie cross coupling product, 

even though the stating a-bmmoenone was totally consumed within 1 h at 25°C. The lower reactivity and higher 

instability of a-haloenones relative to the b-halo isome@ were also demonstrated by tie results of a compctitivc 

experiment shown in eq. 2. These results mandate Lhat the desired cross coupling rcactinn of a-haloenones be faster than 

their decomposition reaction. 
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The cxpximental resuk of a-~kcnylation of cyclic a-iodoenones and a-ui~yloxyenoncs are summarized in 

Table I. The required a-iodoenones, such as I and 2, can be prepared in 50.60% yidds by treating the corresponding 

enones with NaN, and ICI in M&W.” The preparation of 3 was achieved via Zr-promoted bicyclization-iodination of 7 

(trimcthylstannyl).I,h-heptenync.’ Commercially available 2~hydroxy-3-methyl-2-cyclopenten-l-one was treated with 

(CF,SO,xO and I-J&’ to give 4 in 53% yield. The relative efficiency of several metals widely used in I’d-catalyzed cross 

coupling was determined using I as a test a-iodoenone. The alkcnylmet~ derivatives were prepared from the parent 

akcenyllitbium via transmetallation. except in cases where hydrometaIlation provides directly the required reagents. As 

indicated in Table I, alkcnyl derivatives containing Zn’,‘” and Al’,” yielded very satisfactory rexdts. @-I-HexenyWn- 

hutyl)stannan@ did not react with I x25’C. but !he ~-action proceeded at 65°C to give. aftcr 13 b, 5 in 64% yield. Tne 

other (E)-I-hcxcnylmetal derivatives containing ZrCp&Zl’~‘” (27%). Cu*MgBr,13 (Q%), BO,C,H,” (~2%). MgBr” (~2%). 

and I.?’ (~2%) were unsalisfactory in our hands, producing 5 in yields indicated in parentheses. WC also successfully 

achieved coupling between 6 and (0n-HexCH=CHI in 80% (61% isolakd) yield” (cq. 31, but failed fo achieve cross 

coupling in a related reaction with 7. ‘Rx present method appears to be satisfactory for a-arylation as well. On the other 

hand, preliminary results indicate that the cornspading reacdons of n-Bu,Zn and (n-BuCK&ul may not product the 

desired coupling products in significant yields.” In most casts, a Pd catalyst generated in situ by treating CIJ’dfF’b,), 

with 2 equiv of n-BuLi is used. This n-BuLi proccdurc has proved to be a convcnicnt way of generating an active Pd 

catalyst from themmlly stable CI,Pd(PPh,),. For the conversion of 3 into 8, however, it was necessary to use a catalyst 

generated in situ by treating C&Pd[P(Z-furyl),l,‘g with 2 equiv of n-BuLi. Tetrahydmfuran VHI?, which is satisfactory 

for many cases of Pd-catalyzed alkenyl-alkenyl cross coupling?Q-” is unsatisfactory for the d&red a-alkenylation. The 

use of DW, DMSO. and N-metbylpyrolidonc (NMP) has proved to be essential. In favorable cases, the dimen of enoncs 

hnvc not been detected in more than trace quantides. ‘Rx use of a IO% excess of the alkenylmetal rcagcnts has usually 

led 10 tic formation of the corresponding conjugated dienes in roughly 5.15% yields. 

We have previously demonstrated’ that a-akenylenones can be conjugately reduced with freshly pnparcd 

LiAIH(OMc), (4 equiv) and CuBr (4 equiv)?’ Workup with 2N HCI is satisfactory in most cases, leading to exclusive 

a-protonation without causing regio- and/or steno-scrambling of tie E or Z alkcnyl side chain. In the case of 9, the use 

of methanolic NH&I led to the formation of IO in 90% yield. On the other hand, workup with HOAc-THF at -2O’C 

immedialeiy followed by quenching wiih saturated NaHCO, at -2O’C cleanly provided II in 80% yield. Unfonunately, 

we have thus far ken unsuccessful in conjugtatcly reducing either 8 or 12, cvcn though the reaction of I2 with LiCuMc, 

(3 cquiv) afforded I3 in 85% yield. 
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M 

2 1 
2 1 

2 1 

2 1 
2 1 

2 1 
1 1 
1 1 
1 1 

1 1 
1 1 

1 1 

2 1 

2 2 
2 I 

1 1 

2 4 
2 3 
1 3 

1 3 
1 3 
1 3 
2 1 

THF 

THF-DMF (1: 1) 
DMF 
DMP 

NMP 

DMSO 
DMF 

DMF 
DMF 

Dim 
DMF 

DMF 
DMF 

DMF 
DMF 

DMF 
Dim 
DMF 

DMF 
DMF 

DMF 

DMF 
DMF 

31 

87 
lCO(86) 

88 
74 

80 
71 

89 
44 

trace 
64s 
27 
99@9) 

X1(75) 
83 

89 

SR(45) 
82(66) 

13 

51 
52 

81(63) 
92 

12 

6 
10 
5 

24 
‘I 
7 

3 
2 

trace 

; 

8 
12 

6 

8 

10 
IF’ 

32 

18 
2R 

2” 
11 

“Unless otherwise menlioned, the reaction was carried out at 2ST for 1 h using a 10% excess oftbe alkeenylmekl reagent. 

bUnless otherwise mentioned, the reagent was prepared by tregment of tbc corresponding alkenyllilbium with an 

appmpriatc metal halide. ‘I= Cl$d(PPh,), + 2 n-&&i. II = Pd(PPh,),. 111 = Cl,Pd[P(Zfuryl),l, + 2 n-BuU. The amount 
of a catalyst was 3-5 mol%. dBy ‘H NMR and/or GLC. Tne number in parentheses is an isolated yield. ‘Unless othcrwisc 

mentioned, the yield of tie enone dimer and the amount of the staning enone remaining unrcactcd arc both ~2.3%. 
kcparcd by hydmmera”ation of alkynes. TX reaction was run at 60.6YC for 13 h. tie stating en”“e 1 remained 

unreacted to the extent of 18%. ‘2.Triflyloxy-2.cyclahexcnone. J(E)-n-C,H,,CH(OTHP)CH=CH-. 

i(.!+n-C,H,,CH(OMOM)CH=CH-. 
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