Catalytic Pauson—Khand-Type Reaction
Using Aldehydes as a CO Source
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ABSTRACT
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Rhodium complex-catalyzed carbonylative alkene—alkyne coupling proceeds using aldehydes as a CO source. Cinnamaldehyde is the best CO
donor, and various cyclopentenones were provided in high isolated yields by a solvent-free system.

The decarbonylation of carbonyl compounds mediated by We report here the first catalytic Pausakhand-type
transition metal complexes is an important and fundamental reactio§ using aldehyde as a CO source as far as we know.
reaction in organometallic chemistry, and it has been Moreover, the reaction proceeds effectively and cleanly even

thoroughly examined, including the mechanisRhodium
and iridium complexes are well-known to be effective
catalysts, and catalytic decarbonylation under mild reaction
conditions is still an intriguing topié.Recently, decarbon-

under solvent-free conditions, and various bicyclic enones
can be obtained in high yield.

We examined intramolecular alkene—alkyne coupling
using Rh(dpppCl” (dppp: 1,3-bis(diphenylphosphino)-

ylation has attracted much attention as a key step in metal-propane) as a catalyst with cinnamaldehyde (20 equiv)

catalyzed carbon—carbon bond cleavagdowever, the

without any solvent. Enyné& was readily consumed (2 h),

synthetic utilization of the carbon monoxide generated from and cyclopentenon2 was obtained in almost quantitative

decarbonylation has been neglect&tle considered that, if

yield (Table 1, entry 1§° When only one-fourth of the

CO was promptly captured by metal-catalyzed carbonylative amount of aldehyde was used, the yield decreased slightly
coupling, both the decarbonylation and coupling could be (entry 2). Even with almost an equivalent amount of
facilitated, and an efficient tandem process would be realized. aldehyde, the reaction proceeded smoothly to profidte
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Table 1. Carbonylative Coupling ol Using Various Table 2. Solvent-Free Catalytic Carbonylative Coupling of
Aldehydes as a CO Source Various Enynes
,—=——Ph 5mol% Ph entry enyne cyclopentenone  time/h yield/%
s Rh(dppp)eCl C‘i&z
+ RCH e O +RH
\_\\ CO source under Ar =—Ar Ar
1 120°C 2 d
entry aldehyde (equiv) time/h yield/% ! \_\\ O:]I:E © 2 88
1 cinnamaldehyde (20) 2 08 Ar=4-MeOPh Ph
2 cinnamaldehyde (5) 3 93 TsN Ph
3 cinnamaldehyde (1.2) 3 83 2 \—\ TSN, | =0 2 98
4b cinnamaldehyde (1.2) 3 80 N
5¢ cinnamaldehyde (20) 24 54 /—==Me Me
6 benzaldehyde (20) 3 87 Ts
7 benzaldehyde (1.2) 4 12 3 \—\ TsN<:©=O 2 90
8 2-hexenal (20) 2 68
9 hexanal (20) 2

30 EtOp = pp Ph
a Reaction was employed in a 0.3 mmol scale, and e2omas purified 4 EtOoC : Et020><:©:0 5 56
using preparative TLC, except entry YReaction was employed in a 2.1 N\ EtO,C
mmol scale, and enorwas purified by bulb-to-bulb distillatiorf. Reaction
was employed at 60C. =——Ph Ph
5 :\ Oj.:o 4 65
high yield (entry 3). Carbonylative coupling proceeded at a — ph
larger reaction scale within the same reaction time, and the O/ -
product was isolated by simple distillation in almost the same ¢ \_< oCézo 24 75
yield, which means that all of these procedures can be
pgrformed na comple'tely SOIYentTfree S.yStem (entr§/04)'_ aMolar ratio of Rh(dppp)Cl:enyne:cinnamaldehyde= 0.05:1.0:20.
It is noteworthy that this reaction, including both catalytic Reaction was employed at 126 under an atmospheric pressure of argon.
decarbonylation and alken@lkyne coupling, proceeded with
a moderate yield even at a temperature as low a€g@ntry
5). The yield depended on the aldehydes used. Benzaldehyd@ropargylamine is also a good substrate for the present
is a good CO source, but when 1.2 equiv of benzaldehydesystem to give the enone in an almost quantitative yield
was used, the reaction gave a complex mixture and eBone (entry 2). Enyne with an alkyl substituent on alkyne was
was obtained in very low yield (entries 6 and 7). An aliphatic also appropriate for obtaining the corresponding product in
o,fB-unsaturated aldehyde gagen moderate yield, but an  high yield (entry 3). The carbonylative coupling of enynes
alkyl aldehyde was a poor CO donor (entries 8 and 9). Thesebridged by a carbon chain, allylpropargylmalonate and
results imply that cinnamaldehyde is the best CO source 1-hepten-6-yne, took slightly longer than that of enynes
among these four aldehydes and that a phenyl group andbridged by heteroatoms, but enones were obtained in
carbon—carbon double bond are important components ofacceptable yields (entries 4 and 5). 1,1-Disubstituted olefin
the CO donor. is a rather inactive substrate in the Pausihand-type
Under solvent-free conditions using cinnamaldehyde as areaction, but coupling proceeded with a good yield (entry
CO source, Rh(cod)(dppp)Cl, which was prepared in situ 6).
from [Rh(cod)CI} and 2 equiv of dppp, was also a good An elucidation of the precise mechanism of this reaction
catalyst, and enon2 was obtained in 75% vyield. Other will require further investigation, but we can consider here
rhodium complexes, including phosphine-free and cationic the possibility that the two catalytic cycles, decarbonylation
complexes, were also examined. In each reaction, ettyne and carbonylative coupling, operate in concert (Schenié 1).
was readily consumed, but the yield2#vas very poor ([Rh- The facile transfer of CO from the metatarbonyl complex
(cod)Cl}, 7%; [Rh(CO)Cl]2, 13%; [Rh(dppp) BF4, <5%). to the metallacycle intermediate of Pausdthand-type
Various enynes were subjected to the above reactionreaction enables effective coupling: dissociation of CO
conditions (catalyst, Rh(dpp®)l; CO source, cinnamalde- facilitates catalysis of the decarbonylative supply of'€O
hyde; 120°C) (Table 2). Another allyl propargyl ether, and the gradual supply of CO by decarbonylation from
4-methoxyphenyl-substituted enyne, was also transformedaldehyde is an appropriate condition for carbonylative
into the bicyclic enone in good vyield (entry 1). Allyl coupling®®Itis unclear, but the coordination of the carben

(10) Experimental procedures: Rh(dpgpl) (101 mg, 0.105 mmol), (11) Rh(cod)(dppp)Cl is also an efficient catalyst, and therefore the
enynel (362 mg, 2.10 mmol), and cinnamaldehyde (333 mg, 2.52 mmol) coordination of one bidentate phosphine ligand is fundamentally sufficient
were placed in a flask, and the mixture was stirred at2@or 3 h under for the present catalytic cycles.

argon. The flask was then attached to a bulb-to-bulb distillation apparatus.  (12) O’Connor, J. M.; Ma, JJ. Org. Chem1992,57, 5075—5077.
After removal of styrene and a small amount of cinnamaldehyde, the pure  (13) Reduction of the partial pressure of carbon monoxide has been
product2 was distilled (334 mg, 1.67 mmol, 80% vyield). reported to accelerate the Pausdthand-type reaction (ref 7b).
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carbon double bond of cinnamaldehyde would make possible@ solvent-free system, the solvent plays a pivotal role in

decarbonylation under these mild conditions (Table 1, entry achieving efficient and selective synthesis in metal-catalyzed

5). reactions-"18In this study, we realized a completely solvent-
This protocol was examined in the asymmetric reaction. free system in catalytic carbonylative alkeradkyne cou-

As a preliminary experiment, chiral bicyclic enoewas  Pling using an aldehyde as a CO source. This could pave

obtained using tolBINAP ligand (eq 1). It is noteworthy that the way for a new environmentally benign process for

a neutral, not cationic, chiral rhodium complex achieved good Preparing various cyclopentenones.
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