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Silyl ketene imines (SKIs) are a wide variety of nucleo-
philes possessing a pair of orthogonal substituents within
a cumulene group and can have other functional groups,
including alkenes, allenes, ketenes, and amines. SKIs can
be employed in a wide range of reactions involving C—C
bond formation and/or the formation of stereogenic cen-
ters.

When combined with an appropriate catalyst and ligand,
C—C bond forming reactions with SKIs are highly stereo-
selective. SKIs can be converted into nitriles which are
precursors of many other functional groups including car-
boxylic acids, amines, and aldehydes.?> One of the first
synthetic applications of SKIs was described in 1987: a
Diels—Alder [4+2] cycloaddition stating a versatile meth-
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od to obtain anilines and cyclohexanones, leading to a
range of aromatic amines in 52-89% yield.?

Due to their geometry and the presence of two orthogonal
substituents, SKIs have proven to be excellent nucleo-
philes in order to obtain stereogenic centers.*

SKIs are not commercially available, but they can be eas-
ily prepared from organic nitriles in the presence of a
strong base, such as LDA, and of a silylating agent
(Scheme 1).°
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Scheme 1 General method for the synthesis of silyl ketene imines

(A) B-Amino nitriles are important precursors in organic synthesis
because they are easily converted into f-amino acids. Feng and co-
workers reported a three-component, one-pot method in which SKIs
were reacted in the presence of a chiral N,N'-dioxide ligand and
scandium(III) to provide B-amino nitriles in high enantiomeric ex-
cess (up to 97% ee) and yield (up to 95%).5
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(B) The Lewis base catalyzed conjugated addition of SKIs to a,-un-
saturated aldehydes and ketones resulted in an improvement of dia-
stereomeric and enantiomeric ratio in these Mukaiyama—Michael
reactions. The corresponding adducts were obtained in high regio-
selectivity (1,4/1,2 = 92:8), yield, diastereomeric ratio, and enantio-
selectivity.!
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(C) Several SKIs were studied in an aldol-type reaction to generate
B-hydroxy nitriles with an a-quaternary center. This study involved
the use of many aromatic aldehydes using a SiCl,—bisphosphoro-
amide catalyst system for this new Lewis base catalyzed aldol reac-
tion.” SKIs have also been reported as substrates for aldol-type
reactions to prepare PB,y-dihydroxy nitriles.®
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(D) The addition of SKIs to acyl hydrazines in the presence of a chi- o) Y Ar - NHOOAT
i is aci i - Ph N
rgl silane Lewis acid has.been reported.as an easy anq enantioselec " O, 0tBu i) CHaCly 23°C, 15 h :
tive strategy for Mannich-type reactions. Depending of the R- NS SiZ - - - PhW
. : ? . . . . | Cl ii) —20 °C and add 1.5 equiv
substituent in the SKI, the diastereomeric and enantiomeric ratios )\ Me* N NG Ph g
are qffected. This strategy led to a new way of obtaining a wide range PR™ H Me Ph.__C% “TBS R = H: yield: 79%,
of nitrogen heterocycles.” The authors have also reported the use of 5:1dr, 87% ee
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Mannich reactions. R
(E) Catalytic asymmetric protonation of SKIs is an important route TRIP (5 mol%) or STRIP (2.5 mol%) :
to access a-nitrile stereogenic centers. Due.to the Versatility of the N Cs. TBS MeOH (1.2 equiv) ~on
nitrile group as a precursor to other functional groups, this route P N pentane-PhMe (15:1), 12 h
highlights the importance of SKIs. Many catalysts were studied, and o 879 964
the chiral phosphoric acids TRIP and STRIP provided the best enan- Yield: 87%, 96:4 er
tiomeric ratios and yields.'!
(F) Trough vinylogous addition of SKIs the attack at the y-position cat. (5 mol%)
is possible, leading to o,B-unsaturated nitriles with a stereogenic SiCl, (1.1 equiv) OH
center in the y-position. In this study, it was shown that olefinic and Tps~ N | 0 FPraNEt (20 mol /°), NC / R
aromatic aldehydes react much faster than aliphatic aldehydes. This + CH,Cl> (0.25 M)
method provides unsaturated nitriles containing a trisubstituted dou- Me ~72°C, 2h >98 2EIZ

ble bond."?
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(G) The intermolecular acylation of SKIs leads to the formation of a
new carbon—carbon bond. At room temperature and in the absence
of'a catalyst, SKIs are inert to a variety of acylating agents, but in the
presence of a chiral catalyst, such as a 4-(pyrrolidino)piperine deriv-
ative, the acylation products are obtained with high enantioselectiv-
ity (81-82% ee) under anhydrous conditions. The first catalytic
asymmetric synthesis of verapamil using an enantioselective acyla-
tion of SKIs was described; with a 25% total yield."?
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