N-silyl oxyketene imines are underused yet
highly versatile reagents for catalytic
asymmetric synthesis
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Metallo ketene imine from cyanohydrins

—> Useful process for C-C bond construction
—> Some limits in catalytic asymmetric synthesis



Use of metallo ketene imine in asymmetric
syntheses
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Use of N-silyl Ketene Imines in Asymmetric
Aldol Reactions
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Use of N-silyl Ketene Imines in Asymmetric
Aldol Reactions
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Scheme 2. Catalytic asymmetric synthesis of (S)-verapamil. LDA=lithium diisopropylamide.
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Use of N-silyl Oxyketene Imines in
Asymmetric Aldol Reactions

N-silyl oxyketene imine synthesis
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General reaction conditions: 3 (3.6<5.9 mmol), KHMDS (12equiv), i-Pr 50l (L1 egquiv), THF
(LOM), —TB=C, 2 h *Yield of crude ketens imine obtaimed after filtration and removal of
volatiles by high vacuum. "FT=IR of neat liquids on MaCl plates. *Starting miaterial prepared by
alkylation of tert-butyl protected formaldehyde cyanohydrin.



Use of N-silyl Oxyketene Imines in
Asymmetric Aldol Reactions

Aldol reaction of N-silyl oxyketene imines

Table 2 | Survey of N-silyl oxyketene imines in the addition

to benzaldehyde catalysed by (R,R)-7.
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General reaction conditions: 5 (1.0 mmeol), 4 (12 equiv), (RRE}T (25 mol¥h), 5iCly (11 eqguiv.),
iPrEtN (LOequiv) CHCL (02M), —-78°C, 2h *Yield of anmalytically pure material.
'Determined by 'H NMR analysis of the crude reaction mixture. *Determined by chiral stationary
phase supercritical fluid chromatography (CSP-SFC). *Determined by CSP-SFC amalysis after
conversian to the 3 S-dinitrobenzoyl ester.



Use of N-silyl Oxyketene Imines in

Aldol reaction of N-silyl oxyketene imines

Table 3 | Survey of aromatic aldehydes in the addition of
phenylacetaldehyde-derived ketene imine de.
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Asymmetric Aldol Reactions
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General reaction conditions: 5 (1.Ommel), 4 (12 equiv.) (RE)-T (2.5maol%), 5iCl; (11equiv)
HPrEtN (1.0equiv), CHyCL, (02M) —78°C, 2h *Yield of analytically pure material
'Determined by 'H MME analysis of the crude reaction mixture. *Determined by C53P-5FC analysis.



Use of N-silyl Oxyketene Imines in
Asymmetric Aldol Reactions

Aldol reaction of N-silyl oxyketene imines : plausible mechanism
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Use of N-silyl Oxyketene Imines in
Asymmetric Aldol Reactions

Transformation of the aldol product: cross benzoin reaction

Table 4 | Lewis base catalysed cross-benzoin reactions of N-silyl oxyketene imines with aromatic aldehydes.
SiCl, (1.1 equiv.)

N o FPrEtN (1.0 equiv.) 0SiCly OH
prs” Co R (RR)-T (2.5 mol%) MeOH (3.3 equiv.)
=Ergsl Y + J\ - R T E———— R
H” Ayl CHaCla (0.2M), 76 °C, 2h ~,  Anl KF/NaHCO, (aq.) Arl
OtBu LBuD CN fs)
dc-e S5a-d 8 Yca-Oea
& Bea—ed
Entry Nucleophile Aldehyde Produ ct Yield (%) er
1 ;-pr,sl’““c, _Et ?[ ~ . ?H . 7o 99.01.0*
\L_Eu ~ \‘I’. ,bj et .1/ \T ,bj
S S
4 5a aca
2 EPrsI” N“‘CQV..LBu j\ o . EH . a2+ 98.911*
H T = o Lr T| 2
OtBU \;,J M \.,»;J
4d Sa 2da
cren " T
S © i
e 5a ELE
4 m,sr'”*cqrﬁph A i 75" >99/1°
OB | 1 e T i
e LI ¢'J\
o OMa - OMs
&b seb
5 rers e 0 T 77" =69/
Lem H .Tlp £ B ».", .hl,q\‘_
- ~F e, O SFer,
5c e
6 orsi- N-‘c_?c[,--\pn i o 78! =99/1%1
- H \| J Fh E wl -.
- T o ogMe T oM
5d Sed

General reaction conditions: 5 (10 mmol), 4 (1.4 equiv.) (RR)-T (25mol¥), SiCl, (Llegquiv), i-PrEtN (0.2 equiv), MeOH (33 equiv), CH,Cl, (02 M), —=78°C, 2h. *Yield of chromatographically
homogeneous material. “ield of anatytically pure material after single recrystallization from tolusene. *Determined by CSP-SFC analysis on chromatographicalty homogeneous material “Det ermined by CSP-
SFC analysis after single recrystallization from toluens 196.13.9 er was obtained before recrystallization. 96,535 er was obtained before recrystallization.



Use of N-silyl Oxyketene Imines in

Transformation of the aldol product:

PME- prote ction
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Asymmetric Aldol Reactions

Carbon-carbon bond formation
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Conclusion
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Beta hydroxy cyanohydrins are obtained with exceptional dia

and enantioselectivities
Tetrasubstituted stereogenic centres are obtained

Versatility



Asymmetric Aldol Reactions
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