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Within the vast architectural subclass known as stereogenicity, Table 1. Effect of Catalyst and Solvent on EOHR?

hydrogen is found to be the most common substituent. Not surpris- R R catalyst *HX

ingly, therefore, the field of enantioselective catalysis has focused P“WO H (20 mol%) P“\_/\7°
great attention on the invention of hydrogenation technologies over Me Me” N Me sovent 2°G. Ve M
the last 50 yearsWhile these powerful transformations rely mainly H ’

on the use of organometallic catalysts and hydrogen gas, it is enty catalyst HX solvent  time(h) % conversion® % eec
intriguing to consider that _the_largz_e majority of hydrogen b(_earing_ L-proline  TFA  toluene 5 47 15
stereocenters are created in biological cascade sequences involving 2 1 TEA  toluene 1 96 75
enzymes and hydride-reduction cofactors such as NADH or 3 2 TFA  toluene 1 95 88
FADH,.2 On this basis, we recently questioned whether the concep- 4 1 HCl  toluene 8 70 81
tual blueprints of biochemical hydride addition might be employed 2 g .'F'% g’ﬁgge ?’11 9199 8?57
in a chemical reduction wherein enzymes and cofactors are replaced 7 2 TEA  CHCl 24 9@ 93
by small molecule organocatalysts and dihydropyridine analogues. 8 2 TCA  CHClg 23 9y 93

In this context, we report the development of the first enantio-
selective organocatalytic hydride reduction (EOHR)bio-inspired

protocol that formally allows the enantioselective transfer of hydro-
gen from Hantzsch esters to enal-olefins using amine catdlysts.

aR = CO;Et. ® Conversion determined by GLC analysi€nantiomeric
excess determined by chiral GLC analysis (BodriafiA). 9 At —30 °C.

Table 2. Effect of Dihydropyridine Component on EOHR?

Metal Catalyzed Enantioselective Hydrogenation

entry hydrogen source time (h) % conversion® % ee®
1 NADH 24 - -
e 2 N-Bn-nicotanamide 26 15 88
1 Hydrogen = Mn J 3 R= COsEt 7 92 92
Ol on,  Mostcommon — X 4 R=CO,Bn 7 94 88
chiral substituent Hs H 5 R= COMe 26 57 89
6 R= COPh 24 54 80
7 R= COMe 26 45 86

Enantioselective Organocatalytic Hydride Reduction (EOHR)
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aExperiment as shown in eq 1-a80 °C. P Conversion by GLC analysis.
¢ Enantiomeric excess by chiral GLC analysis (BodnhafhA).

revealed in Table 1, exposure of 3-methig)Hcinnamaldehyde to
ethyl Hantzsch estérin the presence of-proline resulted in
inefficient and nonselective reduction (entry 1). In contrast, a
dramatic increase in enantioselectivity and reaction efficiency was
achieved using our imidazolidinone cataly$tand2 (entries 2-8,
>75% ee). A survey of reaction media for this organocatalytic
hydride delivery revealed that CH{Oprovides the highest levels

of enantiocontrol at subambient temperatures (entry 7, 93% ee).
The superior levels of asymmetric induction and efficiency exhibited

imidazolidinone
iminium catalyst

EOHR: Origins of Enantiocontrol with Catalyst 2

enal ’ /‘( * )( by amine salt2-TFA or 2:-TCA in CHCl; at —30 °C to afford
Hantzsch ester L. L NS L. ya s )
M - r (9-3-phenylbutanal in>92% ee prompted us to select these
catalyst 2 C G ( N - |
B )\{ conditions for further exploration.
|—D -./'.h" i._ N\~
1 +H* " (C' Me, 0 Me 0
- Q¢ \ X
:_T\)_)'-.i:/—)\, (,)—J\CE/‘\ & N X N § x
—~ #-\' s (TN LJ\CJ;/ —a N CO,H MS%N Me%N
P —4 H Me H Me H
Me Ph Me

L-proline catalyst 1 catalyst 2

Our laboratory has reported that the LUMO-lowering activation
of a,f-unsaturated aldehydes via the reversible formation of  The utility of various dihydropyridine reagents has been inves-
iminium ions is a useful platform for the development of enantio- tigated (Table 2, eq 1). To our surprise, NADH was not a viable
selective cycloadditiof8ands-nucleophile alkylation&? On this reagent, whereas-benzylnicotinamide was quite selective (entry
basis, we began to consider that the enantioselective reduction of2, 88% ee). While a range of reduced pyridines that incorporate
o,B-unsaturated aldehydesiight be accomplished using dihydro-  electron withdrawing groups is useful, the ethyl Hantzsch ester

pyridine analogu€sin the presence of iminium catalysts. As proved to be superior (entry 3, 93% ee).
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We next examined the influence of the aldehyde olefin geometry Table 3. Effect of Aldehyde Substituents on EOHR

on the sense of asymmetric induction. As shown in egs 2 and 3, R o HOL COEt 20 mol% a o
we were surprised to find that isomerically puEe and Z-olefin N H (R)-2-TFA NN
substra}teszorwerge to the same (S)-enan.tlométs such, |m.ple- Ro Me™ “N” “Me CHCly, 30 °C Ry
mentation of the corresponding:Z olefin mixture provides Eand Zisomers  hydrogen source product

excellent levels of enantiocontrol (eq 4, 90% ee). This result stands

. . . . EZ . .
in marked contrast to most metal-mediated hydrogenations wherein entry - .o product time (h) % yield % ee®
olefin geometry dictates enantiospecific reductidrieliminary
studies have shown that the origin of stereoconvergence in our case .
arises from catalyst acceleratée Z isomerization prior to selective 1 >20:1 _0 23 91 93bc
hydride delivery to theE-olefin isomer. We anticipate that the 2 >20:1 M 48 ” e
capacity to tolerate starting materials of low geometric purity will ¢
greatly enhance the general utility of this operationally simple @\/\/
. . : (0]
asymmetric reduction. 3 >20:1 ; & 16 7 o4
Eonl cl :\Me
only E=91%yield, 938% ee (S)  (2)
-0 /_\
= 4 >20:0 _0 16 92 97
Me Me\N o] @\/\/ l\Elle
o
tBU//\Nf : g O\/\/O °
Me _ _0o H *TCA e 5 5:1 ; >~ 10 91 96
+ Hantzch ester same enantiomer (S) Me
Zonly S Z-90%yield, 87%ee(S) (3) 6 3:1 O\_/\;O 23 95 91°
:\Me
5050 EZmix 2%V mix = 88% yield, 90% ee (S)  (4) )
) 7 >20:1 _0 26 83d 91f
Experiments that probe the scope of thg-unsaturated aldehyde Meo)kg/\/
component are summarized in Table 3. Given the capacity of Me
catalyst2 to rapidly isomerize disubstituted enals, we were surprised o
to find that this asymmetric hydride reduction can accommodate 8 >20:0 mpso” NN 72 74 9
f3,B-olefin substituents of similar steric demand (entries61 Ry Me
= Me, Et; R = Ar, c-hex). For example, high levels of Me
enantiocontrol are obtained with the ethyglyclohexyl combination >20:1 x:jwo 0.5 95d 97¢

(entry 6, 95% yield, 91% ee), a transformation that can differentiate
the geometric location of methine and methylene substituents in a
dynamic kinetic resolution. Moreover, the presence of a silyloxy a Enantiomeric excess determined by chiral GLC analysRerformed

group allows selective partitioning of a similar methylemeethyl at—45°C. ¢ Using 10 mol % catalyst Yield determined by NMR¢ Using
relationship (entry 8, 74% yield, 90% ee). Variation in the electronic 5 mol % catalyst at 23C. f Performed at-50 °C.

nature of the aldehyde component has little influence on the inherent
enantiocontrol. Indeed, good levels of asymmetric induction are References
available with enals that do not readily participate in iminium
formation (entry 7, R= CO,Me, 83% yield, 91% ee), as well as
aldehydes that provide stable iminium intermediates (entry;2, R
= Ph, 91% vyield, 93% ee). The severe steric constraints of the
tert-butyl adduct are rapidly overcome at 23 (entry 9, 97% ee,
95% yield, 5 min). Importantly, this mild hydride-delivery method
is compatible with functional groups that are often susceptible to
reduction (e.g., aldehydes and halogens, entry 4, 92% yield, 97% Symposium, Indianapolis, IN, March 1, 2003. _

(4) The conjugate reduction of Wielantliescher ketone has previously been

ee). ) ) . accomplished with Hantzsch ester: (a) Pandit, U. K.; Mas Gdhbr&.;
In summary, we have developed the first organocatalytic hydride Gase, R. A.; de Nie-Sarink, M. J. Chem. Soc., Chem. CommaA874

627. (b) de Nie-Sarink, M. J.; Pandit, U. Ketrahedron Lett1979 26,
9

reduction, an operationally simple reaction that allows the enantio- o4
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