JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Thiazolylalanine-Derived Catalysts for Enantioselective

Intermolecular Aldehyde-Imine Cross-Couplings
Steven M. Mennen, John D. Gipson, Yoona R. Kim, and Scott J. Miller
J. Am. Chem. Soc., 2005, 127 (6), 1654-1655« DOI: 10.1021/ja042650z « Publication Date (Web): 22 January 2005
Downloaded from http://pubs.acs.org on March 24, 2009

H
Ri~ N_ R, 15mol%
NH N T

Rso 0 (@)

Z - N_ R

S 5

“ 1 o N me gl bl

R4/§N R5 = R4 0]
Base Up to 87% ee
T Base Up to 90% yield
Tosylamide (>98% ee after recrystallization)

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 14 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja042650z

JIAIC[S

COMMUNICATIONS

Published on Web 01/22/2005

Thiazolylalanine-Derived Catalysts for Enantioselective Intermolecular
Aldehyde —Imine Cross-Couplings
Steven M. Mennen, John D. Gipson, Yoona R. Kim, and Scott J. Miller*
Department of Chemistry, Merkert Chemistry Center, Boston College, Chestnut Hill, Massachusetts 02467-3860
Received December 7, 2004; E-mail: scott.miller.1@bc.edu

Amino acids have evolved with side chains that often play o

important roles in catalysis. In recent years, several amino acids Y i
. . . Catalyst 7 N Ot-Bu

have also been co-opted as catalysts for various reactions outside H// o™y Base. Soivent Cﬁﬁ \fg @)
of their known biological context.They have also been inserted Ot Refe:rence7 Ko
into small peptides such that their catalytic prowess may be tuned o \/ Up to 81% ee
by the structure of a peptide sequence. An intriguing question at
the interface of chemistry and biology is the following: Are there OO o Me_oOBn
“unnatural” amino acids that may not have been encountered yet, R
or which have been deselected by evolution, that can be induced M N 701/\NHB°°
to catalyze useful bond-forming reactions? The proteinogenic amino Tol0,S O s Te )

S . ) . . S =N Me |
acid histidine, of course, is a work-horse of biological catalysis, Ph” "N”"Ph o

and we had observed that histidine-containing oligomers can be O | 4 ﬂ /\ H\H/Ph @
used as enantioselective catalysts for a range of reacicosld /©)LH o 10 mol%7 N P O
3a
cl

. . o i B
thiazolyl alanine (Tazl)2 and its thiazolium derivative) be found ph/%NJ\ph CHagsCelg 6a
23°C
0 o] o] . .. . . . . .
Ho)l“- NH, HO__JLVNHQ HO'J-L N tivity. This is particularly S|gr.1|f|cant since the most obvious r.ol.es
( \L for the base are (a) conversion of the tosylamide to the acylimine,
His rl:““ 1 ;‘; 2 1:“‘ and (b) deprotonation of the thiazolium moiety to the catalytically
</ g =

o

D active species. Our observations indicate that a hindered base is
optimal for enantioselectivity (Table 1).1ig's base (entry 1, 2

that catalyze synthetically useful reactions that proceed through equiv) and pentamethylpiperidine (entry 3, 2 equiv) allow for
formal acyl anion intermediatesPaz derivatives are, in some ways, formation of 6a with 86% ee. On the other hand, less hindered
sulfur analogues of histidine. We report herein a Taz-containing bases such as TMEDA (entry 2, 2 equiv) and proton sponge (entry
peptide that indeed catalyzes enantioselective additions of aldehydesi, 2 equiv) result in slightly (78% ee), and substantially lower ee
to in situ-generated acylimines, affording optically enricheamido (5% ee), respectively. Perhaps more importantly, in all cases
ketone derivatives as products. additional equivalents of amine base result in erosion of product

In 2001, the Merck group reported a cross-coupling reaction ee This obseation led us to speculate that the product of the
between aldehydes3) and tosylamides4) to deliver a-amido reaction was subject to racemization under the reaction conditions,

ketones €, eq 1)>° The catalyst for the addition was reported as 5\ that the reactions could be impied if racemization could be
suppressed (or rendered substantially slower than cross-coupling).

Pa

Tol%3 @ Our hypothesis that product racemization was a potential pitfall

o F‘: N Rs o in reaction development was supported by the observation of an

. )I\H + ﬂ — RI)S/N\”/RS ) isotope effect related to product ee. In particular, we observed that

1 3 j\ 35°C 10 60 °C Rz O the degree of product racemization was lower when deuterated
RSN "Ry Reference 5 6

Table 1. Effect of Amine Base for Aldehyde—Imine
. . . . Cross-Coupling?
the thiazolium salb. Subsequently, in a pilot study, we found that

peptide7 is a moderately selective catalyst for the enantioselective  entry base  CIUV  oob | entry  base equiv o ob
. L. (base) (base)
Stetter cyclization (eq 2)We now document a new application of P—
catalyst7: the enantioselective intermolecular aldehydtaine 2 86
- [ 1 iP,NEt 5 83 8 Me Me 5 81
cross-coupling. 2 e N Me 10 76
Our studies began with an initial examination of catalysh 10 66 I
the cross-coupling qi-chlorobenzaldehyd@§) with benzaldehyde- 15 62
derived tosylamideta (eq 3). We were pleased to see that this 2 78 MeoN  NMe, 2 5
catalyst does indeed exhibit some versatility: whemigdis base 5 e\ 5 61 4 OO 5 5
(2 equiv) was employed along with 10 mol % @fin a room- o 2 10 42 0 5
temperature reaction, produga could be isolated as a 93:7 ratio 15 29 15 5

of enantiomers (86% ee). - —— — -
Optimization studies revealed that a number of parameters influ- a All reactions were run at 23C under identical conditions and uniformly

. . .. quenched aftel h (see Supporting Information for reaction detaifsill
ence reaction efficiency. Most notably, the structure and stoichi- enantiomeric excesses were measured by Chiral HPLC, and yields refer to

ometry of the base used has a significant impact on enantioselec-the mass isolated after silica gel chromatography.
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Table 2. Examples of Aldehyde—Imine Cross-Coupling?@

Tosylamide Reaction Isolated .

Entry  Aldehyde Precursor Product Time  Yield?
9 oo O I K e th 57 8
1 /@AH ph)\NJ\Ph/Q)Kr T 2h 100 76
o Ho g Ph O (60)7 (>98)9
3a 4a 6a
f TolO,S O 2 R e h
2 90 87
NG aates S U I
Voo w C - O (72)? (>98)7
oM
0 0 :
3 H ® NTPh 15 min 77 82
o
NO, NO> O
3b 6 OMe
TolOz% j’\ LM e 15mi 63 79
4 3b ) FPr min
ISR OSSR
MeO 4d NO O
2
6d  Ome
Tol0;8 O 2 H
5 3a k N__#Pr 2h 97 75
N7 ipr O b (48)° (>98)°
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6e
) Q Ho o
6 3 MeO N opn Y th 80 e
H 0
MeO a 6f O
4 OMe
OMe
0 ? u
; o )LH " o N__Ph 2h 15 83
6 Ph O

a All reactions were run at 23C in the presence of pentamethylpiperidine
(PEMP, 10 equiv) and 15 mol % of cataly&{see Supporting Information
for details).? Yields refer to the mass isolated after silica gel chromatog-
raphy.¢ All enantiomeric excesses were measured using Chiral HPLC. The
major enantiomer was shown to bg) for entry 7.9% ee of material
collected from mother liquor after racemate crystallizes &eh. ee of
isolated crystals after one recrystallization; unoptimiZdghtry 2a was
conducted on a 0.065 mmol scale with respect to limiting tosylamide; entry
2b was scaled up by a factor of 13 (0.86 mmol) with very similar results.

tosylamide precurscta-D (eq 5) was compared to the protonated
substrateta (eq 4), consistent with the possibility that enolization
is at the heart of product racemizatidithis observation also led

from the mother liquor with>98% ee (60% isolated yield). Use of
p-methoxy-substituted tosylamidkd results in an improved reac-
tion, yielding producib in 90% yield with 87% ee (entry 2a). It

is possible that the electron donating groups reduce the propensity
of the product to enolization. Notably, results are quite similar
whether reactions are conducted on dozens or hundreds of mil-
ligrams (entry 2b)m-Nitrobenzaldehyde3p) participates in a rapid
reaction with4b, delivering coupled produdcin 77% yield and

82% ee within 15 min (entry 3). Substitution on the sulfinamide
nitrogen is also tolerated. Coupling &b to the iso-butyryl
tosylamide4d affords compoundsd in 63% yield and 79% ee
(>98% ee after recrystallization; entry 430-Butyryl tosylamide
4ealso couples t@ato deliver6ein 97% yield and 75% ee>(98%

ee after recrystallization; entry 5). Electron-rich tosylamitfe
couples td3ayielding 6f in 80% yield and 81% ee (entry 6). Finally,
benzaldehyde itself is representative of sluggish reactions that occur
with unactivated aldehydes. Nevertheless, benzaldehyde may be
coupled todato deliver6g with 83% ee, albeit in only 15% yield
after a 2 hreaction (entry 7).

The mechanism of the asymmetric catalysis is now under study.
Our current hypothesis is exploring the possibility of a bifunctional
mechanism. Perhaps covalent catalysis occurs in a chiral pocket
that benefits from simultaneous activation of the acyl anion
equivalent derived from the aldehyde, with H-bond activation of
theN-acylimine component derived from the sulfinamide precursor.
Among the issues that remain to be defined include thetcéns
configuration of the electrophilic component (e.g, stuctures such
as8). It is our hope that insights from these studies, in combination
with expanded data derived from other catalysts, will lead to further
understanding and optimization of this process.
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(5 equiv) 15 mol% 7 h 57 81
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Having identified a useful set of reaction conditions, we carried
out an initial study of substrate scope (Table 2Chlorobenzal-
dehyde can be coupled to tosylamidi@to deliver produca in
57% isolated yield with 81% ee (entry 1). In this case (and in several
others), we also found that after one recrystallizaBauis isolated
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Supporting Information Available: Experimental procedures and
product characterization for all new compounds synthesized. This
material is available free of charge via the Internet at http:/pubs.acs.org.
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