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Abstract

Ir[(COD)(PPh),]OTf activated by H molecule catalyzes Michael-type coupling of -enones with enoxysila-
nes to give 1,5-dicarbonyl compounds after the subsequent protodesilylation. An identical catalyst system makes it
possible to attain a continuous Michael and aldol modification towardenones in a one-pot operation. © 2000
Elsevier Science Ltd. All rights reserved.
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Michael-type reactions are widely recognized as a popular method for carbon—carbon bond fofmation.
In particular, the coupling of enoxysilanes with -enones has attracted widespread interest in synthetic
organic chemistry, since Tigimediated and trityl perchlorate-catalyzed methods were introduced by
Mukaiyama? If the resultant enolate ions or enoxysilane is available as a nucleophile, aenone
would be modified at both the- and -positions by a one-pot cascade operafiduring our project
to explore a new concept of carbon—carbon bond formation catalyzed by an Ir complex, we found that
[Ir(COD)(PPK),]OTf (1a) activated by H molecule is highly effective for the Mukaiyama-type aldol
coupling? The observation ofH NMR spectrum shows th&a, formed by the oxidative addition of H
to 1a, reacts with two molecules of an enoxysilane to form a species including two Ir—Si [Ra)d$His
complex would interact nucleophilically with acetals or aldehydes to form the Ir—C species which plays
arole as a trigger of the aldol coupling.
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According to the above generalizati®g may behave as a catalyst capable of Michael-type additions
of enoxysilanes toward, -enones. In fact, this type of coupling is realized by using a catalyst system
prepared fromla. We describe here an Ir(l)-catalyzed Michael-type coupling betweerenones and
enoxysilanes, and the application to a consecutive modification of-thed -positions of , -enones.

Michael-type coupling productaawas isolated after protodesilylation in 33% yield when a;CH
solution of benzalacetondd) and two equivalent moles of trimethylsilyloxypropela)was heated for
13 h at 70°C in a sealed tube containing 1 mol%afvhich was preliminarily activated by4+molecule
at 78°C. The*H NMR spectrum of the crude mixture obtained before protodesilylation suggests that the
initial product of this reaction is the enoxysilaGaawhich is difficult to isolate from a multi-component
mixture. Though increase of the catalyst precufsof3 mol%) did not improve the isolated yield daa,
the use of four equivalent moles Baresulted a good yield dfaa (67%).
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Despite the moderate yield @fat present, it is an important finding that the Michael-type coupling
is also catalyzed by an identical system for aldol couplings. Thus, several combinations@&fones
and enoxysilanes were used to reveal the scope and limitations of the Michael coupling based on this
concept. The results are summarized in Table 1.

Linear , -enonesda, 4b, 4c, and4d reacted withb to give 7 in a yield of almost equal level, except
a combination ofic and5a (entry 7). The substituent on the nucleophilic carbon of enoxysilanes may
cause lowered reactivity for Michael-type coupling. For exampbeneeded a higher concentration of
the catalyst and prolonged reaction time to ob%b in an acceptable yield (entry 4). On the other hand,
ketene acetdbe was more effective thaba. Two equivalent moles dse were sufficient to obtain 68%
of 7ae(entry 5). , -Enones bearing two substituents on thearbon hindered severely the coupling
(entry 11). Cyclic , -enones4f and4g) gave the correspondingin good to excellent yields under
similar conditions with the reaction @. In particular,7ga and 7gb were isolated in 97% and 93%
yield, respectively, in the reaction dig with four equivalent moles o%a or 5b (entries 14 and 17).

The corresponding precurso®ga and 6gb were isolated by simple distillation. When ketene acetal

5e was used as a nucleophile, a moderate yieldgd was obtained in the reaction dfg with an
equivalent mole obe(entry 18). Although $)-(+)-carvone 4h) resulted in poor conversion under similar
conditions because of the two substituents on the cyclohexenone ring, the yield was improved by a slight
modification of conditions, namely, high concentration of the catalyst and extended reaction time (entries
20 and 21). The substituent on thecarbon of cyclic enones prevented severely the coupling (entry 22).
Choice of the counter anion is also crucial for the success of the Michael couplings. Comfikexes,
(X=0Tf) and1b (X=CIO4) showed almost similar efficiency as a catalyst, whefegX=PFs) resulted

in poor yields of7 (entries 1, 2, 3, 14, 15, and 16).

Mukaiyama aldol couplings and Michael-type couplings using enoxysilanes are successfully achieved
by an identical Ir(l) cation complex. The structure of the resultant enoxysilane is retained in the step just
before protodesilylation in the Ir-catalyzed Michael coupling. Thus, a one-pot modification toward
enones is designed by a combination of Michael and aldol couplings. Intg&lekblution containing
la (3 mol%) activated by bl molecule, were addedg and 5e (1.3 equiv. moles) successively. After
the completion of Michael coupling (50°C, 12 h), benzaldehyde dimethylacetal (1.3 mol equiv.) was
added into the same reaction vessel. The resulting mixture was stirred for a further 24 h at 25°C to
give 81% of8a after chromatographic purification. When other acetals such as dimethoxymethane and
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Table 1
[Ir(COD)(PPh),]X (1) catalyzed Michael coupling efwith 52

) Rati Mol% T Product
Entry o,3-Enone Enoxysilane :: ;o Xofl 0?. 10 (11::;«3 roylix; d (%)®
1 1:4 OTf 1 13 Taa 67
2 sa Yo 1:4 clo, 1 15 7aa 50

OSiMe,
3 4 th 1:4 PF, 3 19 Taa trace
a
4 0 sp T 14 OTf 5 88  7ab 56 ¢
OSiMe;
5 se YO 12 OTf 1 13 7ae 68
OSiMe3
Ph ~xPh
6 4b ﬁc|)/\’ 5a 12 OTf 1 19  7ba 68
7 5a 13 OTf 1 19 Tca 32
8 ~ 5b 13 OTf 1 16 7cb 62
4 \(‘)/\ OSiMe;,
9 5d @’ 1:4 OTf 1 12 Tcd 60
Y\/ \,Ph
10 4d Sc . 13 OTf 1 14 7dc 66
o OSiMe;
1 ae \lﬁ/ 5a 12 Orf 1 20 7ea 4
12 2 5a 1:4 OTf 1 16 7fa 76
13 4f é 5b 1:4 OTf 1 14 b 66
14 Sa 1:4 OTf 1 14 7ga 97
15 Sa 1:4 clo, 1 14 7ga 99
16 0 Sa 1:4 PF, 1 14 7ga 10
7o, 5b 1:4 OTf 1 15 7gb 93¢
18 8 Se om 11 OTf 1 21 Tge 68
. (]
5f MesSi ™Sy )
19 Osive, 125 OTf 1 37 7gf 76
o}
20 5a 1:4 OTf 5 62 7ha 86 ¢
21 4h Y Sa 1:4 OTf 5 132 7ha 91°¢
o

22 4 d\ S5a 1:4 OTf 1 13 Tia 16

* The reactions were conducted on a 1 to 2 mmoles scale in a CH,Cl, solution at 70 °C.
® Isolated yield after protodesilylation of 6.

¢ Diastereomers are not specified at present.

cyclohexanecarboxaldehyde dimethylacetal are used as an acceptor of aldol coupling, the second step is
the bottleneck giving insufficient yield @b (34%) and3c (6% with the concomitant formation of the
product (17%) resulted by the elimination of methanol frédhdespite the relatively severe conditions
(50°C, 18 h).



1412

(@) O OMe
ij 1a/H, (3 mol%), CH,Cl, R
1) 5e (1.3 eq), 50 °C, 12 h CO,Ph 3)
2) RCH(OMe), (1.3 eq), JR=
4g o 8a;R=Ph 81%
25°C,24h 8b; R = H 34%

8¢; R = °CgHy; 6%

In conclusion, we have found that [Ir(COD) (P4 OTf activated by H molecule catalyzes Michael-
type coupling between an, -enone and an enoxysilane and that the identical catalyst system enables a
one-pot modification at- and -positions of , -enones.
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