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Abstract: Palladium-catalyzed reactions of a,3-unsaturated ketones with acylzirconocene
chioride showed noi only an efficient acyl iransfer to &,p-unsaturaied keiones but aiso a
remarkable regiochemical control by selecting PdC1,(Ph;), or Pd(OAc),.
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Recently, we devoted much time to exploring new reactions of easily accessible acylzirconocene
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reactions of 1 with aldehydes.! These results imply that the acyl group of 1 reacts as an “unmasked”

acyl anion which is a convenient and attractive species in organic synthesis.” The reactivity of the
acyl group in 1 as an “unmasked” acyl anion was also confirmed in the palladium [PdCL,(PPh;),]-
catalyzed coupling reactions with organic halides andfor allylic acetates.” As we have noted
previously, acylzirconocene chloride 1 is unreactive toward carbonyls other than aldehydes under the

Lewis acid—mediated conditions.’
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In the literature,® reactions of o.,B-unsaturated ketones with acylate transition metal complexes
have been reported to give 1,4-dicarbonyls through a Michael-type addition of the acyl anion.
Although these reagents constitute useful transformations of organic moiecuies lhere is a serious
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furthermore, the catalyst showed a striking effect on the selectivity for 1,2- and 1,4-acylated products

(2 and 3) (Scheme 1). In this communication, we describe the scope of the palladium—catalyzed
regioselective acylation of o,B-unsaturated ketones with 1 (R = nC;H,,). The results of the reactions
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Enty R RZ R R*  Conditions? product?  Yield (%)°
1 — (CHg)— H H A complex mixture
2 B 3 70
3 — (CHa)g— H H A 2 81
4 B 3 55
5 — (CH2)— H CHg A 2 21
6 B 3 47
7 — (CHo)g— H H A 2 77
8 B 3 60
o n . H_ [} Li OCH A n -c
bv 145 1g mn n 3 It 4 o
10 B 3 97
11 CH3 H H Ph A 2 a5
12 B 2 a8
i3 Ph H H CHg A 2 91
14 B 3 96
15  Ph(CHas)» H H H A 2,139 76¢
16 B 3 78
17  Ph(CH2)2 H CHg H A 2 87
18 B 3 98
19 Ph CHs H CHga A no reaction
20 B no reaction

2 A: a,B-Unsaturated ketone (1 mmol), 1 (1.5 mmol), PdCly(PPhg)z (5 mol%) in toluene (15 mL)
at ambient temperature for 20 h. B: o,p-Unsaturated ketone (1 mmoi), 1 (2.0 mmol), Pd(OAc).
(10 mol%) and BF 3*OEt; (1 mmol) in EtpO-THF (2 : 1) (15 mL) at 0 °C for 12 h. b Ratios of 2/3
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It should be mentioned that the reactions of simple ketone and/or the ¥,0-unsaturated ketone with

1 (R = nC4H,,) in the presence of a palladium catalyst did not give an acylation product.® The 1,2-
and 1,4-selectivity in the acylation of o.,-unsaturated ketones is heavily dependent on the palladium
catalyst. Thus, the use of PdCL,(PPh,), (5 mol%) in toluene (conditions A) gave carbonyl acylation
products 2 (1,2-selective) while the use of Pd(OAc), (10 mol %) in Et,O-THF (2 : 1) (conditions B)
gave B-acyl adducts 3, 1,4-dicarbonyls, (1,4-selective).® Under both reaction conditions A and B,
products 2 and 3 are obtained in mostly good to excellent yields. It is curious that the reaction of
cyclopentenone with 1 (R = nCyH,;) gave a complex reaction mixture under the conditions A (entry 1)

while the 1,4-product 3 was obtained in good yield under the conditions B (entry 2). Although 2
reasonable explanation for this observation is not available yet, this is the first example of
acylzirconocene chloride as an acyl Michael donor. Interestingly, an introduction of substituents at

R

e B,p’-positions of a,B-unsaturated ketone retards not only the formation of 3 but also the formation
of 2 (entries 19, 20). In the case of non-substituted a,3-unsaturated ketone, a considerable amount
of 1,4-product 3 along with 1,2-product 2 was obtained under the conditions A (entry 15). Use of
nickel complexes [Ni(acac),] and other palladium complexes [Pd(Ph,),, Pd,(dba),—PPh,, Pd(acac),—
DIBAL or PdCl,(dppe)] as a catalyst gave less satisfactory yields and ratios of the products.” It is
worth mentioning that the addition of BF;*OEt, (1 equiv with respect to o.,B-unsaturated ketones) to a
mixture of o,B-unsaturated ketones and Pd(OAc), (10 mol%) in Et,O-THF (2 : 1) improved the yield
of the 1,4-dicarbonyl products 3.® In PdCL(PPh,),-catalyzed reactions (conditions A), the addition
of BF,*OEt, and/or the use of Et,0-THF (2 : 1) as a solvent did not alter the 1,2-regioselectivity or the
yreldq of the products 2. A conjugated ester such as methyl cinnnamate was inert under the same
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1(R=nCH) ? can be enrolled as a very handy substitute for toxic acylate metal carbonyl complexes,
we must await further study to explain the alteration in the regioselectivity by changing the palladium
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catalyst from PdCL,(PPh,), to Pd(OAc), and the role of BF;*OFEt, as a co- addmvc

Typical experimental procedure: (Conditions A); Under an argon atmosphere, to a suspension
of Cp,ZrHCI (1.5 mmol) in CH,Cl, (6 mL) was added 1-octene (3 mmol) and the mixture was stirred
for 0.5 h at ambient temperature.  After the mixture was stirred under CO atmosphere for 2 h, the
solution was concentrated under vacuum to dryness to give crystals of 1 (R = nCgH,,). To the
crystals was added toluene (15 mL), o,B-unsaturated ketone (1 mmol) and PdCL,(PPh,), (5 mol%) at
ambient temperature and the mixture was stirred at the same temperature for 20 h. The reaction
mixture was treated with aqueous NaHCO, and extracted with ether (3 x 15 mL). The combined
ethereal extracts were washed with saturated sodium chioride soiuiion, dried over MgSO, and
concentrated under reduced pressure to give a crude oil, which was purified by column

chromatography to give 2. (Conditions B); To a solution of 1 in Et,O (10 mL)-THF (5 mL), which is
prepared as described in Conditions A, was added o,p-unsaturated ketone (1 mmol), BF,*OFEt, (1
mmol) and d(DAc\ (10 mol%) atO T _nd the mixture was s.1m=d for 12h at 0 °C. After the same

In summary, palladium- catalyzcd reactions of acylzirconocene chloride complex with o,pB-
unsaturated ketones constitute not only a clean acyl transfer reaction but also a very notable
regiochemical control by selection of the catalysts. Particularly, very efficient Michael addition of the
acyl group of 1 (R = nCyH,,) opened a new synthetic possibility since a variety of acylzirconocene
chloride derivatives are easily available by an established procedure.'®
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Reactions of cyclohexanone and/or 1-phenythex-5-en-3-one with 1 (R = nC;H,,) in the presence

of PdCl,(PPh,), or Pd(OAc), catalyst ended with the recovery of the starting ketones.

Structures of new compounds were unambigously determined by spectroscopic means ('H-,

3C-NMR, IR and MS) and combustion analysis.

Nickel-catalyzed conjugated addition of alkenylzirconium species to o,3-unsaturated ketones has
3
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follows Pd(PPh,),; 34 % (2/3 = 2/1). Pd(acac)Z—DIBAH; 36 % (

and Pd(OAc), are ™
51 % (2/3 = 2/1). Pd,(dba),*CHCL,—PPh;; 29 % (2 only). Ni(acac),;

only). PdCl,(dppe
54 % (2/3 = 1/3).
Although the role of the added BF,*OEt, is not clear in the present cases, the reactions of 1 with
o, B-unsaturated ketone without adding BF,;*OEt, gave constantly 10-30 % lower yields of 3.
It is worth commenting that an addition of BF;*OEt, to a cobalt acylate complex has been
reported to reduce the reducing ability of the acylate complex by complexation. See ref. 4c.
Reactions of o,B-unsaturated acylzirconocene chloride 4 with o, -unsaturated ketone under the
Pd-catalyzed conditions also gave 1,2- and 1,4-acylation products, selectively, while the yields
of the products were lower compared with 1 (R =nCgH,,).
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