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NHC's

4 \Y
Lo 5% )

Carbene: neutral, bivalent carbon atom with electron sextett
First reports of NHC’s by Wanzlick, Bertrand and Arduengo
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General structure of nucleophilic carbenes:
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imidazolinylidene imidazolylidene triazolylidene thiazolylidene

Excellent ligands for metal-based catalysis (e.g. for Suzuki-coupling)
* Increasing use in metal-free catalysis, which is often more economical and
environmentally friendly

N. Marion, S. Diez-Gonzales, S. P. Nolan Angew. Chem. Int. Ed. 2007, 46, 2988-3000; H.-W. Wanzlick, E. Schikora Angew. Chem. 1960, 72, 494; A.

Igau, H. Grutzmacher, A. Baceiredo, G. Bertrand J. Am. Chem. Soc. 1988, 110, 6463-6466; A. J. Arduengo, R. L. Harlow, M. J. Kline J. Am. Chem. Soc. 3
1991, 113, 361-363



Carbenes in Nature

natural thiazolium salt

Coenzyme thiamine pyrophosphate (vitamine B,):

catalyzes nucleophilic acylation by transketolase enzymes
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e Cofactoris embedded in a narrow channel

in the center of the enzyme

e High selectivity in catalytic reaction
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* Development of catalysts with nonproteinogenic amino acid thiazolylalanine to mimic this

enzymatic system
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D. Enders, T. Balensiefer Acc. Chem. Res. 2004, 37, 534-541



Benzoin Condensation

1832: found by Liebig and Wohler
Cyanide-catalyzed coupling of benzaldehyde to benzoin (a-hydroxyketone)
“Umpolung”-concept by Seebach:
carbonyl carbon with inverted nucleophilic reactivity (a! to d?)

1943: Ugai et al. recognized that thiazolium salts
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Breslow intermediate
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F. Woéhler, J. Liebig J. Chem. Soc, 1832, 3, 249-282; T. Ugai, S. Tanaka, S. J. Dokawa J. Pharm. Soc. Jpn. 1943, 63, 296-303, R. J. Breslow J. Am. Chem.

Soc. 1958, 80, 3719-3726; D. Seebach Angew. Chem. 1979 91, 259-278



Asymmetric Benzoin Condensation
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Chiral thiazolium salts to catalyze the benzoin condensation:
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21 % yield, 27 % ee

Sheehan and Hunneman Tagaki et al. Lépez Calahorra

e Enders: chiral triazolium-salt

@; @; R = H, m-Me, p-Me, m-MeO

,N\> N’N\> p-MeO, p-F, p-Cl, p-Br
| O I o
I\N ClO4 )\N BF4 22 -72 % yield

2 Q 20 - 86 % ee
&

e Base: K,CO,, KO'Bu

J. Sheehan, D. H. Hunneman J. Am. Chem. Soc. 1966, 88, 3666-3667; J. Sheehan, T. Hara J. Org. Chem. 1974, 39, 1196; W. Tagaki, Y. Tamura, Y.
Yano Bull. Chem. Soc. Jpn. 1980, 53, 478-480; C. Zhao, S. Chen, P. Wu, Z. Wen Huaxue Xuebao 1988, 46, 784-790, J. Marti, J. Castells, F. Lopéz 6
Calahorra Tetrahedron Lett. 1993, 34, 521-524; D. Enders, K. Breuer, J. H. Teles Helv. Chim. Acta 1996, 79, 1899-1902



Asymmetric Benzoin Condensation

* Crossed benzoin condensation

10 mol% cat.

O O ELN EtOH 60°C
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Problem of mixture of all possible symmetric and asymmetric acyloins

* Selective cross-acyloin condensation by Inoue and coworkers using thiazolium salt
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* Intermolecular aza-benzoin reaction by Miller et al. using small peptide catalyst

? 0 15 mol% cat. 0 “ Ph
PEMP, DCM
/©) + PhANJLPh /©)Kl/ hig
Ph O
Cl cl
90 % yield
87 % ee
\/OBn
/\)?/ W/\NHBOC
\/Nv

\
L)
33

T. Matsumoto, M. Ohishi, S. Inoue J. Org. Chem. 1985, 50, 603-606; ; S. M. Mennen, J. D. Gipson, Y. R. Kim, S. J. Miller J. Am. Chem. Soc. 2005, 127,

1654-1655



Asymmetric Stetter Reaction

* |ntermolecular Stetter reactions

cat., K,CO4
CHCI3/H20 Ph O
/\) /\)J\ 60°C. 2 d \/\g/}&/lLPh
Catalytic 1,4-addition of aldehydes to a Michael acceptor A
/ yoe
S X
1976: Stetter and coworkers found thiazolium salts for catalysis
1989: Enders et al. first asymmetric Stetter reaction 3@/@ 4% yiel
poor yield and ee ;[N\> P "o
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Problem: self-condensation of the aldeyhde and benzoin as side product

e Sila-Stetter reaction by Scheidt and coworkers, cat. c)
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a)Ry=Bn, X=ClI

b) R, =Me, X =1

c) Ry =Et, X=Br

d) R4 = (CH,),OFEt, X = Br

H. Stetter Angew. Chem. 1976, 88, 695 — 704; D. Enders, K. Breuer, J. Raabe, J. Runsink, J. H. Teles Liebigs Ann. Chem. 1996, 2019; A. E. Mattson,

A. R. Bharadwaj, K. A. Scheidt J. Chem. Soc. 2004, 126, 2314-2315



Asymmetric Stetter Reaction

* |Intramolecular Stetter reactions

O CO,R
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(E)-alkenes gave better yields than (2)-alkenes
Five- and six-membered rings are available

1996: Enders et al. first asymmetric reaction with triazolium salt

2005: Miller et al. first used small peptide organocatalysts
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D. Enders, K. Breuer, J. Runsink, J. H. Teles Helv. Chim. Acta. 1996, 79, 1899-1902; M. S. Kerr, T. Rovis J. Am. Chem. Soc. 2004, 126, 8876 — 8877; S.

M. Mennen, J. T. Blank, M. B. Tran-Dubé, J. E. Imbriglio, S. J. Miller Chem. Commun. 2005, 195-197



Amino acids and peptides as catalysts

* Miller et al: single amino acids to tetrapeptides as precatalysts for asymmetric Stetter
Reaction

* Single derivatives show selectivity in cyclization, but poor yield due to catalyst
decomposition when NHC is not sufficiently protected from dimerization

* Taz location at N- or C- terminus of a tetrapeptide lead to less enantioselectivity

e Taz at internal position gave better yield (up to 67 %) and ee (80 %)
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S. M. Mennen, J. T. Blank, M. B. Tran-Dubé, J. E. Imbriglio, S. J. Miller Chem. Commun. 2005, 195-197; S. M. Mennen, J. D. Gipson, Y. R. Kim, S. J.
Miller J. Am. Chem. Soc. 2005, 127, 1654-1655
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Experimental
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Synthesis of the tetrapeptides:

Modifying and protecting adamantane-1-carboxyclic acid:
O._OH

Peptide synthesis in solution:

N=\ N=\
N =~ S
or
NHBoc HO NHBoc HO NHBoc
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EDC, HOBt
EtsN
DCM

)g%(@ ijn oY @J H?@f\o “Tg%

Boc-L-(n-Me)-His-AGly-L-Cha-L-Phe-OMe Boc-L-Taz-Gly-L-Cha-L-Phe-OMe
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Methylation of the peptides

Meerwein’s reagent [(CH;);0)BF,]:
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Microwave assisted:
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General method°

H Mel MeCN
/U\% 5“ 3( 90 °C, reflux

Also for Boc-L-Taz-AGly-L-Cha-L-Phe-OMe (59 % vyield)
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Methylation of the peptides

s g = W
/43-‘(},"'--}\

NMR (CDCl,, 400 MHz):
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ESI-MS: m/z =779.3
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Deprotonation
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Base-screening for deprotonation and in situ generation of the NHC

R R
SR( —N -
\7®N\ o) N
R=H
pK, (DMSO) = 14.5 22.0
Bases: DIPEA! (1 eq.) NaH (1 eq.)
"-Pr,NEt? (2 eq.) KO'Bu (2 eq.)
DBU? (2 eq.) DBU (2 eg-}
Et;N2(2 eq.) NEt,{2ea)

K,CO53(2 eq.)

Testing: other organic bases like guanidine (pK, = 28.5)

NH
HoN™ "NH,

S. M. Mennen, J. T. Blank, M. B. Tran-Dubé, J. E. Imbriglio, S. J. Miller Chem. Commun. 2005 195 -197; 2) S. M. Mennen, J. D. Gipson, Y. R. Kim, S. J.
Miller J. Am. Chem. Soc. 2005, 127, 1654-1655; 3) I. Piel, M. D. Pawelczyk, K. Hirano, R. Frohlich, F. Glorius Eur. J. Org. Chem. 2011, 5475-5484 14



Outlook

e Reaction optimization for the in situ generation of the NHC

* Asymmetric catalysis using peptide-catalyst:
Benzoin condensation
Stetter reaction

e (Catalyst-Screening:
change amino acid sequence
synthesis of tripeptides
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