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ABSTRACT

CN
/[ cat. Cu(OAC),/(R)-(S)-Josiphos /[CN
At CAr PMHS, £-BuOH, 0 °C or rt Ar” AR
(E)or () 86-96% ee

Ar'= Ph, Py <7© /© A@l)

CuH-catalyzed enantioselective conjugate reduction of 3,3-diaryl-substituted acrylonitriles is described. A range of 3-aryl-3-pyridylacrylonitriles
were reduced with high levels of enantioselectivity under optimal conditions employing a copper/Josiphos complex in the presence of

polymethylhydrosiloxane (PMHS).

The 3,3-diarylpropylamine moiety is an important structural
motif in many biologically active compounds and pharma-
ceutical agents (Scheme 4)n view of the fact that the
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marketing of single enantiomers is becoming more pogular,
the development of efficient enantioselective preparation
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methods of such building blocks is of great importance. A
convenient route to 3,3-diarylpropylamines would be the
enantioselective reduction of diaryl-substituted alkenyl sub-
strates. Howeverj,g-diaryl-substituted alkenyl substrates
have received little attention as the starting materials among
a number of alkenyl substrates with various substitution
patterns in asymmetric reductiohsThis is presumably
because low enantioselectivity is generally expected from
the small steric difference between two aryl substituents and
because steric congestion of the aryl groups influences
activity of the catalysts. Only a few repdtppeared in the
field of Rh- and Ru-catalyzed asymmetric hydrogenation that
required an additional coordinating functionality to the metal
of catalysts such as carborf§lalcohol#® and pyridytc for
catalyst reactivity and enantioselectivity.

Copper hydride (Cu-H) ligated by nonracemic ligands has
been shown to be a powerful reagent for effecting asym-
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metric reductions of aryl ketonésimines® enoneg, a, -
unsaturated estefspitroalkenes, and a,-unsaturated ni-

triles1° We envisioned that an asymmetric conjugate reduction X

of 3,3-diaryl-substituted acrylonitriles via copper hydride N(CHa),

catalysis would be an unique and attractive route to 3,3- X
diarylpropionitriles and thus to 3,3-diarylpropylamines. Since ~ N

the nitrile group prefers end-on coordination to a metal, most A — CN
asymmetric hydrogenation catalysts are not generally com- Pheniramines X =H, CI, Br N

7\

only substrates with a suitable secondary coordinating atom
were reactive under high hydrogen pressure. In this reprot,
we describe a copper-catalyzed enantioselective conjugatsigyre 1. Structures of pheniramines and arpromidine.
reduction of 3,3-diarylacrylonitriles that efficiently occurs

with high levels of enantioselectivity. The substrate scope
of this reaction includes 3,3-diaryl-substituted unsaturated
substrates having no secondary coordinating functional
groups and this is, to the best of our knowledge, the first

petent. One report has been recently made on the enantio- F HoH HNR !
selective reduction of 3-aryl-3-pyridyl;3-unsaturated ni- NTNMN
triles catalyzed by Ruphosphine complex&§.However, Ay NH
|
AN

Arpromidine

product 2a of very high ee (96% ee; Table 1, entry 1).
Reductions with Mandyphos ((R)-(S)-4; entry 5) and Wal-
phos-type ligand ((R)-(S)-5; entry 6) were very slow,

example of the enantioselective reduction of such com-
pounds. _ ) ) )

We prepared (E3-phenyl-3-(pyridin-2-yl)acrylonitrile \T/zl;)ilszui.ugzﬁr;smetnc Conjugate Reduction cEX1awith
(1a) as the starting material. The aryl(pyridyl)propionitriles NG oN
resulting from this type of substrate constitute a characteristic L\ 3 mol % Cu(OAC), / Ligand "
feature of H antihistaminic agents, pheniraminésnd the |- PMHS, £-BUOH D
potent histamine KHagonist, arpromidine and its analogues (E-1a - 2 2
(Figure 1)*2In initial studies on the reduction oEjf-1awith
3 mol % of Cu(OAc}) in the presence of excess PMHS, we temp concn time yield ee
screened various chiral ligands (Table 1). To our delight, entry ligand cC) h) ) (R

with Josiphos-type ligands (3af),® the reaction proceeded 1 3a (Josiphos)
3b 0.5 12 70 86
R \ CFy

0
0
3c 0 0.5 24 70 65
y 3 3d 0 0.5 24 78 53
R e 0
D e 13 ¢
R @H @—/@ Fe HCH3 Fs 0
: 0

4 0.5 60 66 18
3a: R, = Ph, Ry = Cy

0.5 17 90 96

5 0.5 60 87 94
6 0.5 24 70 37
3a rt 0.5 4 86 92

<N O Otk W

A
> 7

3b:Ry=Ph,Ry = ,IQ O 5 9 3a 0 1 17 91 95
3c: Ry =Ph, Ry, =tBu MeQ PPh: aDetermined by chiral HPLC2 rt = ~ 22 °C.

MeC PPh,
3d: R, =Cy, R, = Cy Cr™

although the latter ligand gave good enantioselectivity. The
smoothly to yield the desired product (entries4). In Co-symmetric R)-Ph-MeOBiphep ligandg; entry 7) showed
particular, the Josiphos ligan®d) afforded the reduced poor enantioselectivity. We chose Josiphos as the chiral
ligand for further investigation. Increasing reaction temper-
(5) (a) Lipshutz, B. H.; Noson, K.; Chrisman, W. Am. Chem. Soc.  ature to room temperature resulted in a small drop in ee (entry
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G.; Ponte, G. D.; Marchetti, M.; Paganelli, 5.0rg. Chem1994 59, 7125 andl1g) were reduced smoothly, affording the product in the
and references cited therein. ; ; ;
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Buschauer, A.; Friese-Kimmel, A.; Baumann, G.; Schunack,Biy. J. (13) For a review of Josiphos ligands, see: Blaser, H.-U.; Brieden, W.;
Med. Chem1992,27, 321. Pugin, B.; Spindler, F.; Studer, M.; Togni, Aop. Catal.2002,19, 3.

2750 Org. Lett, Vol. 9, No. 14, 2007



s 12, Table 2), in cases where cooling the reaction increased
Table 2. Enantioselective Reduction of 3,3-Diarylacrylonitriles the SeleCt,'V'ty' TQ gxamlne further a temper_ature effect on
the enantioselectivity, we carried out reductions of the two

Ncl . ch\ substrated b and1c at higher temperatures. Increasing the
A A 2 mol % Cu(OAc),/ 3a A A reaction temperature had a negative effect on enantioselec-
PMHS, +-BuOH Lo - .
tivity in both cases, providingb in 84% ee at 40C (entry
(E) or () 1b-1h 2b-2h 3), and2cin 89% ee at 40C (etnry 6) and in 85% ee at 60
SN, S NN °C (entry 7). The results show the existence of the inversion
0 mzry Y mary T =y ten1(pera3:ur)e (%)% for both 1b and 1c around room
sub- temp time yield ee temperaturé? i . .
entry strate Ar Ar CCP () (Br (%) To see whether the 2-pyridyl group is a requisite for the
| (Er1b: 34F,Ph 2Py T 57 52(5) reactivity and good enantioselectivity of the redug:tmn, we
9 (E)_lb' ’ "t 9 95 91(S) prepgred substratd$ an(_jlgthat possess the 3-pyridyl and
3 (E)-1b 0 1 90 84(S) 4-pyridyl group, respectively. The compounds were reduced
4 (B)rle 4CLPh 2Py o 30 o1 79 W|th_ high levels of enqnnoselecuwues_gs well (996% ee;
5 (B)-lc t 9 89 93 entries 13—15), showing that the position of the N-atom of
6 (E)lc 40 1 92 89 the pyridyl substituent is not crucial to high enantioselec-
7 (B)-lc 60 45min 87 85 tivity. These results also indicate that an additional coordina-
8§ (E)1d 4MeO-Ph 2Py 3 03 95 tion site is not a require.ment. for reactio_n .convers.ion in the
9 (2-1d 2Py AMeO-Ph rt 4 97 62 copper hydride catalysis. Given the similar sterics of the
10 (E)-le: o-tolyl 2-Py 1 83 86 phenyl and 3-/4-pyridyl substituent around the=C bond,
11 (Z)-le 2-Py o-tolyl 0 9 86 95 this level of enantioselectivity was rather unexpected.
12 (2)-1e it 1 85 87 Encouraged by these results, we carried out the conjugate
13 (E)-1f Ph 3-Py 4 92 96 reduction of E)-3-phenyl-3-p-tolylacrylonitrile (1h). The
14 (E)>1g Ph 4-Py rt 1 86 90 desired product was obtained in 94% ee in high yield again
15 (Z)-1g 4-Py Ph rt 1 87 92 (entry 16).
16 (E)-1h Ph p-tolyl rt 1 94 94 In summary, we have developed a copper-catalyzed

2 Reaction conditions: Cu(OAg)2 mol %), R)-(S)-Josiphos (3a) (2 asymmetric reduction of 3,3-diarylacrylonitriles that provides
mol %), PMHS (4 equiv), anttBUOH (4 equiv) were used unless otherwise  ready access to optically active 3,3-diarylpropionitriles and
noted. [Substrate} 0.5 M. Prt = ~22°C. ¢ Yield of the isolated product. h di | | . f | idvl
d Determined by chiral HPLC. thus to 33 larylpropylamines. A range o 3-aryl-3-pyri yl-
acrylonitriles were reduced with high degrees of enantio-
o o selectivity over 90% ee under optimal conditions employing

Intriguingly, the ee values of the nitrile substrates (1€)  a copper/Josiphos complex in the presence of hydrosilane.
bearing halogen substituents at the para and meta positiorsome of the reduction examples showed an interesting
of the phenyl ring were highly sensitive to reaction temper- inverse temperature dependence of the enantioselectivity.
ature. With these substrates, higher levels of enantioselec-Current efforts are focused on exploring the scope of this
tivities were observed when the reactions were carried out method and the temperature dependence of enantiose|ectivity
at room temperature rather than af© (entries +3 and in more detail.

4—7). This trend is in contrast to the observed results with
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