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Silyloxyallenes serve as highly useful a-acylvinyl anion equivalents. These latent allenolates undergo conjugate additions to alkylidene malonates
in the presence of 10 mol % Sc(OTf)s. The reaction delivers intermolecular Rauhut—Currier products in excellent yields and regioselectivities
for a wide scope of substrates. Notably, the formal cross-coupling of two different of-unsaturated carbonyl compounds (a cross Rauhut—Currier
reaction) is achieved. Preliminary investigations have demonstrated good levels of enantioselectivity for the addition of a racemic silyloxyallene

with a chiral Lewis acid.

o-Acylvinyl anion equivalents are atypical nucleophiles that
generate valuable a,3-unsaturated carbonyl compoundsin a
highly convergent manner.® One method of interest that
employs this type of unconventional reactivity is the
Rauhut—Currier reaction in which the o-acylvinyl anion
undergoes a Michael addition.?® Similar to the Morita—
Baylis—Hillman reaction, the method involves the initial
conjugate addition of a Lewis base catalyst to generate a
zwitterionic enolate that then undergoes a conjugate addition
onto a second equivalent of an electron-deficient olefin
(Scheme 1, Option 1). While dimerizations of the activated
alkenes (e.g., acrylates) are well-known, the reaction between
two different a,5-unsaturated carbonyl compounds (a cross
Rauhut—Currier) is much more challenging with few re-
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Scheme 1. Intermolecular Rauhut—Currier Strategies
Option 1: Lewis Base Catalysis
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ported examples.? The key problem is that self-condensations
compete under the reaction conditions and the products,
which are electron-deficient alkenes as well, are susceptible



to polymerizations. In 2002, Krische and Roush indepen-
dently reported anintramol ecul ar version of theRauhut—Currier
employing bis-enone substrates.® Miller has recently reported
an elegant enantioselective intramolecular Rauhut—Currier
variant with similar bis-enones using one equivaent of
N-acetyl cysteine as the promoter.>* Despite the progress of
the intramolecular manifold, a successful intermolecular
Rauhut—Currier reaction has not emerged to date. A useful
bimolecular process could indeed expand the utility of this
bond-forming process. In this Communication, we disclose
that the Lewis acid-catalyzed conjugate additions of
silyloxyallenes afford a wide variety of 1,5-dicarbonyl
compounds that map directly onto what would be products
of an intermolecular Rauhut—Currier process (Scheme 1,
Option 2).

Silyloxyallenes have emerged as versatile and useful
a-acylvinyl anion equivalents.®’ These latent enolates are
prepared readily from the corresponding acylsilanes by way
of the Kuwajima—Reich rearrangent of a-hydroxypropar-
gylsilanes.® Recently, we have demonstrated that silyloxy-
allenes undergo additions to aldehydes in the presence of
Lewis acids and high yields are achieved for a wide scope
of substrates with excellent control over the resulting double
bond geometry. Encouaged by the full potential of these un-
usual nucleophiles, we have developed an enantioselective
variant of this reaction using racemic silyloxyallenes and a
chiral (salen)Cr(Ill) Lewis acid catalyst.® In an effort to
broaden the use of silyloxyallenes as nontraditional nucleo-
philic reagents, we have explored conjugate additions of these
o-acylvinyl anion equivalents. This reaction, if successful,
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would generate products from the apparent coupling of two
different o,/3-unsaturated carbonyl compounds via an inter-
molecular Rauhut—Currier reaction.

Given the mild nucleophilicity of silyloxyallenes, alky-
lidene mal onates were examined as conjugate acceptors with
racemic 1.1° After surveying potential Lewis acids at 10 mol
%, we discovered that scandium triflate promotes the addition
of 1 in only 9% yield (Table 1, entry 1). Although only

Table 1. Optimization of Michael Addition®

OTMS MeO.G COMe 10 mol % o Ph

S 2 Me  Se(OTH, COMe

Me . H + ]/ — Me
Y Ph see conditions | COMe
4 Ph Ph™ 5

entry additive solvent temp (°C) time (h) yield (%)®

1 none CH:Cl;y 23 18 9

2 (CF3)2:CHOH CHyCly 23 18 54

3 (CF3);CHOH THF 23 24 0

4 (CF3)2CHOH Et2O 23 48 71

5 (CF3)2CHOH PhCH3 23 24 55

6 (CF3)2CHOH MeCN 23 18 61

7 (CF3)2:CHOH MeCN 0 18 77

8 (CF3)2:CHOH MeCN —-20 18 95

9 (CF3)2:CHOH MeCN —40 18 71

a1 (15 equiv), 1 equiv of akylidene malonate. ° Isolated yield.

weakly encouraging, we postulated that catalyst turnover was
rate limiting with these conditions. After surveying an
assortment of additives, the addition of hexafluoroisopropanal
(HFIP) improves the yield to 54% (entry 2). Changing the
solvent to acetonitrile provides the optimal balance of rate
and yield (entry 6).** Finally, lowering the temperature to
—20 °C in acetonitrile with 10 mol % Sc(OTf); and HFIP
(1 equiv) delivers the Rauhut—Currier product in 95% yield
and >20:1 regioselectivity favoring the Z-isomer (entry 8).

With these optimized bond-forming conditions in hand,
the electrophilic scope of the transformation was explored
(Table 2). Various akylidene malonates were found to be
reactive partners. A wide range of aromatic -substituents
is tolerated in good to excellent yields (entries 1—4).
Aliphatic substituents are also accommodated with excellent
sdlectivities and yields including two examples of a-branched
substituents (entries 7 and 8). However, the more hindered
tert-butyl substituted alkylidene malonate is unreactive under
the reaction conditions (entry 9).

The effect of the silyloxyallene on the reaction was also
investigated (Table 3). A broad range of substituents was
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Table 2. Addition of Silyloxyallene 1 to Alkylidene Malonates

OTMS 10 mol % R

o]
/& R CO,Me Sc(OTf)3
_ CO,Me
Me . H + \—< Me'
Y CO,Me I-!FIP, MeCN MzMe
g B 4AMs,—20°C PN, o
(12-24 h)
entry  alkylidene malonate product ZE2  yield (%)P
1 Q_<002Me 2 20:1 95
CO,Me
Cl
2 Q_<002Me 3 20:1 80
CO,Me
MeO
3 Q_<C02Me 4 20:1 74
CO,Me
4 CO-Me 5 20:1 90
Cl —
CO,Me
. Q_\_<002Me 6 20:1 81
CO,Me
Me CO,Me
6 =( 7 20:1 92
CO,Me
7 :\< COMe 8 20:1 92
CO,Me
Me
M M
8 61<COZ ¢ 9 201 85
CO,Me
Me Me
M M
9 et{“ e 10 NAC 0

CO,Me

@ Determined by 500 MHz *H NMR spectroscopy. ° Isolated yield. © Not
applicable.

incorporated at the S-position of the allene (R?) providing
products in excellent yields and regioselectivities. A long
chain akyl group istolerated aswell as sterically encumbered
trimethylsilyl and tert-butyl groups (entries 1—3). A sily-
loxyallene with a protected alcohol at the 5-position was also
demonstrated to be reactive (entry 4). In addition, various
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Table 3. Silyloxyallene Scope

OSiMe,Ph 10 mol % o] Me
Me CO,Me Sc(OTf
R /& H A ( ( )3 R COsMe
e CoMe  HFIP, MeCN I dome
R 4Ams, —20°Cc R o
(12-24 h)
entry silyloxyallene product ZE? yield (%)?
OSiMe,Ph
1 Me . H 1 20:1 92
n-Bu
0SiMe,Ph
2 Me . H 12 20:1 96
™S
0SiMe,Ph

3 Me/g-ﬁ/H 13 20:1 77

0SiMe,Ph
4 Me/g- H 14 20:1 83
(CH,)3,0TBS
OSiMe,Ph
5 C7H15/&-§/H 15 20:1 92
Ph
OSiMe,Ph
6 i-Pr 'YH 16 20:1 99¢

Ph

aDetermined by 500 MHz H NMR spectroscopy.  Isolated yield.
¢ Reaction performed at 23 °C.

R? substituents were explored with a heptyl and iso-propyl
silyloxyallene undergoing addition in excellent yield and E/Z
selectivity (entries 5 and 6).

To render this highly selective reaction with alkylidene
malonates enantioselective, our preliminary investigations
have focused on the additions of racemic silyloxyallenes with
chiral Lewis acids. After a survey of chiral ligands and
reaction conditions,*? silyloxyallene 1 adds to alkylidene

Scheme 2. Enantioselective Addition of Silyloxyallene 1

EtO,C_ _CO.Et 10 mol % Sc(OTi), 0
| 12 mol % (R, R)-Ph-pybox CO.Et
1 + Ve A
HFIP, 4A MS I o
17 MeCN P g

72% yield, 20:1 Z:E, 70% ee

malonate 17 with 10 mol % Sc(OTf)s¢(R,R)-Ph-Pybox in
72% yield and 70% ee (Scheme 2).2
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To widen the scope of this new process, we examined
additional conjugate acceptors. Less reactive o.,3-unsaturated
ketones do not afford desired products with the scandium(l 1)
conditions, but the combination of a stronger Lewis acid (1
equiv of TiCl,) and 1 in the presence of cyclohexenone,
cyclopentenone or chalcone affords good yields of the desired
Rauhut—Currier products (19, 20, 21, respectively) with
excellent to good Z-alkene selectivity (Figure 1).

o] o] O Ph 0]
o]
Me | [o] Me | Me | Ph
Ph 19 Ph 20 Ph 21
83% yield, 20:1 Z/E

84% yield, 20:1 Z/E 74% yield, 5:1 Z/E

Figure 1. Additions to o, 4-Unsaturated Ketones.

In conclusion, silyloxyallenes undergo conjugate additions
to alkylidene malonates in excellent yields and Z-alkene
selectivity. The process accommodates wide substitution
patterns for both silyloxyallenes and conjugate acceptors.
Importantly, this new Lewis acid-catalyzed bond-forming
reaction is the first general and selective solution to access
compounds arriving from an intermolecular Rauhut—Currier
reaction. These unique products cannot be generated cleanly
or efficiently using traditional Rauhut—Currier conditions nor
by using a more stepwise approach such as a Michael
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addition followed by adol condensation. Employing a chira
scandium complex as the Lewis acid affords good levels of
enantiosel ectivity and using titanium(1V) promotes the reac-
tion with o.,3-unsaturated ketones. Further studies of sily-
loxyallenes as a-acylvinyl anion equivalents and applications
of the 1,5-dicarbonyl products are currently underway.
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(12) See Supporting Information.

(13) Ph-pybox = (+)-2,6-big[(4R)-4-phenyl-2-oxazolin-2-yl]pyridine.
Cu(QTf), or Cu(ShFe). bis-oxazoline complexes as the Lewis acid afforded
no desired products.
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