JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

A New Copper Acetate-Bis(oxazoline)-Catalyzed,
Enantioselective Henry Reaction
David A. Evans, Daniel Seidel, Magnus Rueping, Hon Wai Lam, Jared T. Shaw, and C. Wade Downey

J. Am. Chem. Soc., 2003, 125 (42), 12692-12693+ DOI: 10.1021/ja0373871 « Publication Date (Web): 27 September 2003
Downloaded from http://pubs.acs.org on March 30, 2009

Me_ Me
— OH o
R-CHO oyt T e \I%l/
_oEays )
* EtOH, rt R N\CGN
MeNO, 3 Ly
R = Aryl, Alkyl, 87-94% ee AcO  OAc
15 examples catalyst

More About This Article

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

. Supporting Information

. Links to the 9 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/ja0373871

JIAIC[S

COMMUNICATIONS

Published on Web 09/27/2003

A New Copper Acetate-Bis(oxazoline)-Catalyzed, Enantioselective Henry
Reaction

David A. Evans,* Daniel Seidel, Magnus Rueping, Hon Wai Lam, Jared T. Shaw, and
C. Wade Downey

Department of Chemistry and Chemical Biology, bHnd University, Cambridge, Massachusetts 02138
Received July 18, 2003; E-mail: evans@chemistry.harvard.edu

The nitroaldol (Henry) reaction is an important carbonyl addition Table 1. Ligand Survey of the Henry Reaction (eq 3)*

process that affords products that may be transformed into valuable OH
L . o L
building blockst Therefore, it is not surprising tljat recer_lt effort§ CHO ligand—Cu(OAc), D NO,
have focused on the development of catalytic enantioselective + MeNO, ———> @)
reaction variants. The current contributions to this area have been O2N solvent  O;N
highlighted by the recent studies of Shibasaki and TddsThe - - b
? . . . entry ligand solvent config ee (%)
purpose of this Communication is to report a new catalyst system
for the nitroaldol reaction (egs 1,2; M Cu, X = OAc). The basis ! 12 megg : 43
for the current study was to identify a weakly Lewis acidic metal 2 : MeOH S jl
complex bearing moderately basic charged ligands (X) that would 8 ° © 5
- - ) 4 1d MeOH S -37°
facilitate the deprotonation of nitroalkanes (eq 1) as a prelude to
" . 5 2 MeOH R +74
the aldol addition process (eq 2). It was felt that divalent metal
) . 6 2 EtOH R +81
acetate-ligand complexes of the general structdemight meet
these requirements because acetate has been employed as a Brgnsted Me Me Me_ Me
base in the racemic nitroaldol reactibn. 0\')%/0 1a:R = Ph Oﬁo
|N NI\) 1b: R =i-Pr Q/N N
B L1, © WX X { 1c:R=Bn 3
N CLerx —HX Mo R R 1d:R=tBu
SN Pe —_ | (1)
0”@ CHy =—— | 2
O_ _CH, _Ns
+ N@ @o @\CHZ
1 wwWX o RCHO a All reactions were performed at room temperature on a 0.33 mmol
M~y scale with 15 mol % of ligand and 13.5 mol % of Cu(O4t),0 at a 0.1
A O X M concentration using 55 equiv of nitromethane. Reactions were run in a
‘\ RAVINN screw-capped vial and were complete within 24 Enantiomeric excess
OH C|>@ +HX Lg/ > was determined by HPLC using a Chiracel OD-H columReaction did
N - )\/’1‘ (2) not go to completion within 24 h.
N
R ®~0 R ®\\O

With optimized conditions in hand, the scope of the reaction
was explored (Table 2). In general, high enantiomeric excesses (87
A series of divalent metal acetates in combination with chiral 94% ee) are observed at room temperature for aromatic aldehydes
bidentate ligands were screened as enantioselective catalysts fobearing either electron-withdrawing or electron-donating groups
the nitroaldol proces%’ From this survey, bis(oxazolinejbox) (entries 1-9).1 Aliphatic branched and unbranched aldehydes are
complexes derived from Cu(OAcgmerged as promising catalyst ~ also acceptable substrates, affording nitro alcohol adducts in good
candidates. The results from the ligand survey with this metal Yyields and enantioselectivities (entries-11b, 90-94% ee).
acetate are summarized in Table 1. The five box ligardds-d, Reaction enantioselectivity can be further improved by lowering
2) with the illustrated absolute configurations that were evaluated the temperature at the accompanying expense of increasing the

with Cu(OAc)-H,0 afforded promising levels of enantioselection
(entries 1-5)8° In each instance, the reactions carried out at
ambient temperature were complete within 24 h. From this
comparison, the indabox ligarthroved to be the ligand of choiée,
providing the nitro alcohol product in 74% ee (Table 1, entry 5).
With ethanol as the solvent (Table 1, entry 6), the nitro alcohol

reaction time. In one instance, the reaction in entry 1 was performed
by mixing the reactants and storing the resulting solution &€ 0

for 10 days. Subsequent isolation afforded the corresponding aldol
adduct in 81% vyield and 96% ee. When the same reaction was
carried out at 40C, significant rate acceleration was noted with
an accompanying decrease in the enantioselection to 79% and an

product was isolated in 81% ee. Further optimization of this process increase in elimination byprodutt.

showed that the reaction may be performed with lower catalyst Large-scale reactions at minimal catalyst loading (1 mol %) were
loadings (35 mol %), while the use of 10 equiv of nitromethane also evaluated. In one instance, the reaction between 2-methoxy-
was found to be sufficient for the reaction to proceed to completion. benzaldehyde and nitromethane (as shown in entry 3, Table 2) was
Reaction concentrations could also be increased to as high as 1.(performed on a 50 mmol scale with 1 mol % of catalyst loading at
M with no change in enantioselectivity. Cu(ll) carboxylate structure a 1.0 M concentration. Following a reaction time of 56 h, the

was also evaluated with ligar2] and it was concluded that this
catalyst variable is subordinate to ligand architect@rén all

resulting product3c was isolated in 92% vyield (94% ee). Using
the same reaction parameters, the nitro alcohol pr&tacesulting

instances, the only side reaction observed in these reactions wagrom a reaction of isobutyraldehyde (as in entry 13) was isolated

the accompanying dehydration product.
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in 93% vyield and 91% ee (108 h reaction time). These results
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Table 2. Henry Reaction of Nitromethane with Various ® Y
Aldehydes? .;,_._| @ L2 m | @ @
[(2)Cul(OAC), )oi/No omlTe e
— + _—
R-CHO MeNO, EtOH. 1t RTR) 2 Nu P El
3 C::.-,,__J: e CL;,,__J: alNu CL;,,‘_J: e
: : - [ u"EI L= [ u""EI L-"’luwNu
entry R product time (h) yield (%)° ee (%)° ® ® ®
1 Ph 3a 22 76 94 B (highest reactivity) € (intermediate reactivity) D (lowest reactivity)
2 2-MeGHa 3b 42 72 93
3 2-MeOGH. 3c 27 91 93 . " ~ I ?"‘C
4 2-NOGH, 3d 4 86 89 R Om H ©0,® H S
5 2-CIGsHa 3e 15 88 91 o O'EJE:(“. HooR or”:<; H = _
6  l-naphthyl 3f 15 66 87 CL""-CU’ c m | _OAc: ' *Nc}
i S ~C H R oo H
7 4-FGH, 3g 45 70 92 L o= P O0[-
8 4-CICHa 3h 21 73 90 A RO R H R G
9 4-PhGH4 3i 20 70 91 B-1 R B-2 Cc-1
10 PhCHCH; 3 24 8l 90 Figure 2. Plausible transition structures for the Henry reaction.
11 i-Bu 3k 48 86 92
12 t-Bu 3l 96 83 94 L - . .
13 i-Pr 3m 48 86 94 lowest reactivity (greatest stability). While transition staBed
14 n-Bu 3n 48 87 93 (boat),B-2 (chair), andC-1 (chair) all predict the observed sense
15 cyclohexyl 30 48 95 93 of asymmetric induction, our predisposition is to faB on the

a All reactions were performednoa 1 mmol scale with 5 mol % of
Cu(OACc)-H>0 and 5.5 mol % of ligan@ at a 0.5 M concentration using

basis of both steric and electronic considerations.

Further investigations into the mechanism and variants of this

10 equiv of nitromethane in ethanol. Reactions were run at room temperature Process are currently underway and will be reported in due course.

in a screw-capped vial for the indicated tinfé/alues are isolated yields
after chromatographic purificatiof Enantiomeric excess was determined
by HPLC using Chiracel OD-H, OJ-H, or AD columns.
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Figure 1. Crystal structure of comple.

suggest that catalyst loading in the 1% range might well be below
the practical limit due to the long reaction times.

The X-ray structure of the chiral coppeligand complex4
shown in Figure 1 reveals the expected square planar geometry
with the acetate carbonyl moieties oriented toward the vacant apical
positions.

An attempt to rationalize how asymmetric induction is imparted
from complex4 begins with a statement of the impact of the Jahn
Teller (JT) effect on Cu(ll) coordinatiot.As illustrated in Figure
2, JT distortion of an octahedral Cu(ll) complex creates four
strongly coordinating and two weakly coordinating sites labeled
red and blue, respectively. Addition of a bidentate ligapdffords
a complex positioning the two cis-oriented strongly coordinating
sites in the ligand plane and two trans-oriented weakly coordinating
sites perpendicular to the ligand plane (Figure 2, eq 4). For those
complexes that simultaneously bind both electrophile and nucleo-
phile, the most reactive transition states should position the
nucleophile perpendicular to the ligand plane, while the electrophile,
for maximal activation, should be positioned in one of the more
Lewis acidic equatorial sites in the ligand plane as illustrated for
complexB. By the same argument, complBxshould exhibit the
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