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ABSTRACT

o [(cod)RhCI]5 (0.25 mol%)
MeDuPhos (0.5 mol%) © Pr
o)k/ Cl,MeSiH i
F 50 °C HO
Me 24 hours Me
10 grams 70% Yield
8:1dr.

A catalytic amount of [(cod)RhCI], and MeDuPhos initiates an ester enolate Claisen rearrangement with good yields and diastereocontrol.

Reaction conditions are mild and tolerant of base-sensitive functionality.

The ester enolate Claisen rearrangement is a particularlydiastereoselective reductive aldol reaction, which we have

powerful method for stereocontrolled carbecarbon bond
formation from simple achiral materiald he transition state
for the reaction is well understood such that prediction of

determined proceeds through the intermediacy Eof
silylketene acetals (eq 1, Scheme*1yWe considered that

the major product diastereomer is usually straightforward. _

One of the drawbacks to the ester enolate Claisen rearrange-

ment is the requirement for enolate generation, which often
requires treatment with strong base. As an alternative,
investigations in our laboratories have centered on catalytic
enolate generation techniques for use in carbmarbon
bond-forming reactions, specifically under mild conditiéns.
One example of this is the rhodium-MeDuPhastalyzed
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Scheme 1

[(cod)RNCI], (1.25 mol%) .
O  MeDuPhos (2.7 mol%)  QSiCl2Me
Cl,MeSiH
MeO = 2—e|> MeQ™ ™% Eq. 1
ether, 22 °C Me
o [(cod)RNCI]; (2.5 mol%)
)J\/ MeDuPhos (5 mol%) o Pr
F Cl,MeSiH -
OK/\/\ 2—> HO)W Eq.2
¥ benzene
Me 22°C1h Me
74% yield, 11:1 d.r.

similar enolate generation techniques might be used to access
silylketene acetals that might then participate in an Irefand

(3) Me-DuPhos: 1,2-bis(dimethylphospholano)benzene. See: Burk, M.
J.; Feaster, J. E.; Harlow, R. |s1990 9, 2653.

(4) (a) Ireland, R. E.; Mueller, R. 4972 94, 5897.
(b) Ireland, R. E.; Willard, A. K jinnsisssssssiantt1975 46, 3975. (c)
Ireland, R. E.; Mueller, R. H.; Willard, A. KjinsinnSissmamiiod976 98,
2868. (d) Ireland, R. E.; Varney, M. [jainniissmamiio ¢ 984 106, 3668.
(e) Ireland, R. E.; Wipf, P.; Armstrong, J. Gainifmisaain1991 56, 650.
(f) Ireland, R. E.; Wipf, P.; Xiang, J. Niinifaimigin 1991, 56, 3572.
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Claisen ester enolate rearrangenférn order for successful  reactivity results from silanes with more than one inductively
reaction outcome, there are two issues of critical concern. withdrawing group attached.

First, the rate of hydrosilation of the acrylate must be faster Experiments aimed at surveying the reaction substrate
than that of the pendant alkene. Second, control of SilylkGIEHESCope were examined and employed dichloromethylsilane
acetal geometry is crucial for control of reaction stereo- since it provided the optimal combination of yield and
selectivity. diastereoselection in our initial studies. As described above,

On the basis of the precedent in the reductive aldol reactiontrans-2-hexenylacrylate (entry 1, Table 2) undergoes reduc-
described in eq 1, we attempted the reductive Iretand
Claisen rearrangement in eq 2. Our first experiments, using_
ether as the reaction solvent, were suboptimal, providing 8% ) . )
yield and 7.3:1 stereoisomer ratio. A survey of reaction 1@ble 2. Reductive Claisen Rearrangement with 5 mol %
solvents found benzene to be superior to etherTH36%, Rh-DuPhos and gheSiH

5.3:1 dr), THF (45%, 4.4:1 dr), toluene (54%, 9.8:1 dr), and entry  substrate product time yield dr
hexanes (no reaction), providing reaction product in 74%

isolated yield and 11:1 diastereomer ratio. Standard condi- i/ o Fr

tions employ 2.5 mol % [(cod)RhGI]5 mol % MeDuPhos, 1o Hoj\l/v/ Ih 74 101
and 1.25 equiv of silane in each experiment. Notably, while WMe Me

reactions were carried out under nitrogen with rigorously
purified reagents and solvents, we have subsequently found
that reagents and solvents used as received from commercial
vendors provide similar yields and stereoselection. In accord
with our observations on reductive aldol reactions, the
product configuration is consistent with generation of an
E-silylketene acetal followed by rearrangement through a
chairlike six-membered transition stéte.

To examine the impact of reaction variables on product o
outcome, a series of experiments with different silanes were 4
carried out (Table 1). As can be seen from the results of

Table 1. Reductive Claisen Rearrangement with 5 mol %
Rh-DuPhos and Various Silanes

o [(cod)RNCI], (2.5 mol%)
MeDuPhos (5 mol%) O Pr
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WMe benzene M Bu ~Z “Me Me Me
room temp e
Me
o o 0CO,Me
entr silane time (h ield dr
y ) Y 7 O)K/ HOW 15h 45 >25:1
1 Cl,MeSiH 1 74 11:1 Coco Me
2 Ph(Me)CISiH 15 8 4.3:1 2 Me
3 CIPh,SiH 6 nr na
4 (EtO)sSiH 2 47 21:1
> (EtO):MeSiH 2 47 251 tive Claisen rearrangement to provide #rei diastereomer
6 (EtO)Me.SiH 2 o 10:1 of product in high yield and diastereoselection. The opposite
7 Me,PhSiH 1 nr na P . gny . .~ PP
8 Et,MeSiH 1 nr na product diastereomer was obtained frasis-2-hexenyl-

acrylate (entry 2), in accord with the stereochemical model
proposed by Ireland for the ester enolate Irela@thisen
this survey, dichloromethylsilane provides highest product rearrangement. Substitution at the carbinol position (entry
yield (entry 1), although the highest levels of diastereo- 3) is tolerated and leads to tt@ns alkene in the reaction
selection were obtained when diethoxy(methyl)silane (entry product in 91% vyield and with an exceptional level of
5) was used as reductant. While there are no readily stereocontrol. Reaction of the cyclic allylic ester depicted
interpretable correlations between reductant structure andin entry 4 proceeds with low levels of stereoselection and in
reactivity, from inspection of the data it appears that highest low yield. This is presumably a consequence of incipient
steric interactions in the required cyclic transition structure

(5) For one example of a reductive Claisen rearrangement, see: Cambie for rearrangement.Trisubstituted olefins (entries 5 and 6)

R. C.; Milbank, J. B. J.; Rutledge, P. | IINNENEGQN 1°°7, 29,
367.

(6) While we have not been able to observe the presumed intermediate  (7) For a similar IrelanetClaisen rearrangement with a cyclic allylic
silylketene acetal in any of our experiments, the reactions products are ester that proceeds in low stereoselection, see: Bartlett, P. A.; Pizzo, C. F.

racemic. Sinisamimain 1981, 46, 3896.
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participate in the reductive Claisen rearrangement. The untouched (eq 3). The success of this transformation is a
example in entry 5 also demonstrates the ability to form all- direct consequence of the reducing nature of enolate genera-
carbon quaternary centers in good yields with this methodol- tion'® as opposed to base-promoted enolization under stan-
ogy. Allylic carbonate functionality (entry 7) survives the dard conditions. We expect that this difference in reactivity
rearrangement, suggesting that silyl ketene acetal formationmay allow for effective rearrangement with other base-
is faster than formation of the rhodiumallyl species sensitive substrates that are currently difficult under standard
documented by Matsuda. ester enolate Claisen conditions.

To demonstrate the complementary aspects of the reductive The experiment depicted in eq 4 (Scheme 2) indicates that
Ireland—Claisen rearrangement relative to base-promoted the reductive IrelandClaisen rearrangement may be ac-
ester enolate rearrangements, we undertook the experiment§omplished on large scale and requires only 0.5 mol % Rh

described in Scheme 2. The base-mediated ester enolaténetal. While higher temperature and extended reaction times
were required with lower catalyst loading, the reaction still

proceeded in a 70% yield and with 8:1 diastereomer ratio.
In conclusion, we have used a readily available catalyst,

Scheme 2 prepared from [(cod)RhGland Me-DuPhos, for the chemo-
% [(cod)RhCIL, (2.5 mol%) OY\/Me and stereoselective reduction of allyl acrylates Ee
MeDuPhos (5 mol%) silylketene acetals. The intermediate may then participate

ated carboxylic acids with a high level of stereocontrol. The

oA )
O Cl;MeSiH . . .
\_ﬂ Il Q Eq.3 in an Ireland-Claisen rearrangement providimg)-unsatur-
— (0] benzene HO =
1 M

e22 cren Me chemoselective nature of the transformation may offer a
50 % Yield, 23:1 d.r. practical complement to base-promoted ester enolate Claisen
rearrangements.
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