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ABSTRACT

Isothiourea DHPB promotes the diastereoselective C-acylation of silyl ketene acetals with anhydrides or benzoyl fluoride, giving 3-acyl-3-aryl
or 3-acyl-3-alkylfuranones in excellent yields and stereoselectivities (up to 99:1 dr).

Stereoselective methods for the C-acylation of enolates or
their equivalents offer synthetic access to versatile building
blocks in organic synthesis. While a number of catalytic
asymmetric Steglich1 and Black rearrangements2 of hetero-
cyclic carbonate derivatives have been developed that deliver
C-carboxyl derivatives in high ee, few methodologies have
been delineated that can effect the direct C-acylation of
enolates.3 Central to the problems associated with this
transformation is the propensity for competitive O- and

C-acylation processes, typically leading to mixtures of O-
and C-acylated products.4 Strategies to solve these issues
such as Lewis acid promoted C-acylation of enolsilanes5 or
TBAF promoted C-acylation of silyl enol ethers6 have been
reported. As an alternative approach, Fu and Mermerian have
elegantly shown that planar chiral PPY derivative 2 promotes
the catalytic enantioselective C-acetylation of both cyclic and
acyclic silyl ketene acetals bearing an R-aryl or R-alkenyl
substituent with acetic anhydride.7 Building upon this
precedent, we proposed to identify a Lewis base8 that would
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lead to the efficient C-acylation of silyl ketene acetals9,10

and to subsequently develop a general and highly diastereo-
selective version of this process for the preparation of
stereodefined 3-acyl-3-aryl or 3-acyl-3-alkylfuranones 5 from
silyl ketene acetals such as 4 (Figure 1). This methodology

would be complementary to alternative approaches to these
valuable building blocks such as the asymmetric alkylation
or conjugate addition of 1,3-dicarbonyl species.11

Initial studies probed the effectiveness of a range of com-
mercially available or readily prepared Lewis bases to promote
the C-acylation of a model substrate, silyl ketene acetal 6, with
acetic anhydride. Under standardized conditions, amidines such
as DBN 9, DBU 10, and dihydroimidazo[1,2-a]pyridine (DHIP)
11, as well as N-methylimidazole (NMI) 12 and guanidine 13,

gave only modest conversions (<55%) to the desired C-acetyl
product 7, giving significant quantities of lactone 8.12 Further
catalyst evaluation probed the use of isothioureas 2,3,6,7-
tetrahydro-5H-thiazolo[3,2-a]pyrimidine (THTP) 14 and 3,4-
dihydro-2H-pyrimido[2,1-b]benzothiazole (DHPB) 15, recently
shown to be excellent O-acylation13 and C-carboxyl transfer
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Figure 2. Screening Lewis base reactivity for the C-acylation of
silyl ketene acetal 6 with acetic anhydride.

Table 1. Diastereoselective Isothiourea Promoted C-Acylation
of Silyl Ketene Acetal 16

entry t (°C) acyl source R dr yield (%)

1 rt (MeCO)2O Me 93/7
2 0 (MeCO)2O Me 94/6
3 -20 (MeCO)2O Me 95/5
4 -40 (MeCO)2O Me 96/4
5 -78 to rt (MeCO)2O Me 98/2 78
6 -78 to rt (EtCO)2O Et 97/3 78
7 -78 to rt (i-PrCO)2O i-Pr 95/5 75
8 -78 to rt PhCOF Ph >98/2 65

Figure 1. Proposed Lewis base promoted stereoselective C-
acylation of silyl ketene acetals.
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catalysts,14 in this protocol. Both isothioureas gave markedly
improved levels of C-acylation (>85% conversion to 7), with

isothiourea DHPB 15 showing the optimal conversion of the
Lewis bases tested, giving C-acetyl 7 that was isolated in 90%
yield (Figure 2).

Having identified isothiourea DHPB 15 as an efficient
C-acetylation catalyst, the development of a general and
stereoselective C-acylation protocol was investigated.15

Treatment of silyl ketene acetal 16 with isothiourea 15 and
acetic anhydride at rt proceeded to give C-acetyl 17 in
excellent yield and with high stereoselectivity (dr ) 93/7).
Subsequent variation of reaction temperature gave optimal
stereoselectivity, giving C-acetyl 17 in 98/2 dr, the relative
configuration within which was confirmed by NOESY
analysis.16 This protocol proved equally applicable to
alternative anhydrides, with propionic and isobutyric anhy-
dride giving the corresponding C-acyl derivatives 18 and 19,
respectively, with excellent stereoselectivities (dr 97/3 and
95/5, respectively). The use of benzoyl fluoride in this
reaction protocol was also developed, giving C-benzoyl 20
in excellent yield and stereoselectivity (dr >98/2) (Table 1).17

Consistent with Fu’s proposal,7 our current mechanistic
hypothesis for this transformation requires initial formation of

Figure 3. Proposed mechanism for the diastereoselective isothiourea
promoted C-acylation of silyl ketene acetals.

Table 2. Scope of the DHPB Promoted Diastereoselective C-Acylation of Silyl Ketene Acetals

a Diastereomeric ratios were determined from inspection of the 1H NMR spectra of the crude reaction mixtures. b Ratios were determined from the 1H
NMR spectra of the isolated products.
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an activated acyl-isothiourionium ion 21 from the reaction of
DHPB and the anhydride or benzoyl fluoride, with desilyation
of the silyl ketene acetal promoted by either the carboxylate or
fluoride counterion generating enolate 22. Subsequent C-
acylation of enolate 22, anti to the stereodirecting C(5)-
substituent,18 generates the C-acyl product 24 with high
diastereoselectivity and regenerates DHPB 15 (Figure 3).19

The scope of this protocol was next demonstrated, through
variation of both the C(3)- and C(5)-substituents within the silyl
ketene acetal, as well as the use of anhydrides and benzoyl
fluoride as the acyl source.20 Isothiourea DHPB promotes
efficient C-acylation with C(3)-aryl and heteroaryl substitution,
giving good to excellent levels of stereoselectivity in all cases
(dr up to >98/2). C(5)-Methyl, ethyl, or n-butyl substituents all
provide high levels of diastereocontrol (dr up to 99/1) in this
reaction sequence. Notably, this protocol also tolerates C(3)-
benzyl substitution, allowing acylation with acetic anhydride
or propionic anhydride, generating lactones 41 and 42 in 87%
and 57% yield and 91/9 and 84/16 dr, respectively (Table 2).21

The relative configuration within 36 was proven by X-ray
crystallography (Figure 4),22 with the relative configuration
within 25, 29, 33, 37, and 41 also assigned by NOESY analysis.

In conclusion, we have shown that isothiourea DHPB 15
promotes the efficient C-acylation of silyl ketene acetals with
high levels of stereoselectivity (up to 99/1 dr) using a range
of anhydrides or benzoyl fluoride as the acylating agents.
Ongoing studies within this laboratory are directed toward
the demonstration of catalytic asymmetric versions of related
reaction protocols and developing alternative uses of isothio-
ureas in asymmetric catalysis.
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Figure 4. Molecular representation of the X-ray crystal structure
of furanone 36.
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