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Organocatalytic, asymmetric carbeoarbon and carbenhet- Scheme 1
eroatom bond-forming reactions have been extensively investigated R
in recent year$ and the organocatalyzed Michael addition reaction %OH DCC /HOBT N N ~y-R
is a continuing challeng& Within this category, the conjugate Boc O RHN\/\NR2 Boc O . &

addition of ketones to nitroalkenes is particularly interesting and

i - i i Boc-S-pro i) TFA, CH,CI
challenging because it generates two contiguous stereocenters in a j D » LUl
single step. Herein, we describe preliminary results on the highly ii) LAH, THF, reflux
enantioselective conjugate addition of cyclic ketones to nitroalkenes D\/H O\/l{l R
catalyzed at ambient temperature by structurally simple, pyrrolidine- N NMY ” \/\l;l’
based amine catalysts in conjunction with a protonic acid. H 2a: R = .., R

. e . . 2¢c a:R=Me,R'=H
Recent investigations have examined the catalysis of the ketone 2b-R=R' = Me

nitroalkene conjugate addition reaction with derivatives of chiral

diamines?®c amino acid$¢ and ionic liquids?® but a significant Table 1
amount of effort has been devoted to the modification of the proline 0O O Ph
motif. Chiral pyrrolidines in V\{h_ich a tertiary aminor_netiﬁyl, «__NO catalyst / additive ~_NO,
tetrazole! tetrazolylmethyF, pyrrolidinyl,® carboxymethyf, trifluo- + pp T2 solvent. room tem :
romethylsulfo_ngmidé, m_ethyl_pyridyl,9 or 1-((pyrro|idin-2-yl)j 4 24-72h P- .
methyl)pyrrolidiné® functionality replaces the carboxyl function
in proline have been investigated. These pyrrolidine catalysts entys  cat solvent additive? yield  syn/antic  ee (%) syn
normally reguire onv temperature and a large excess o_f k'eto.ne for— 2b toluene 1 4 47
good enantioselectioft.A catalyst that overcomes these limitations 2 2b ethanol 51 1/1 48
would be advantageous. 3 2b DMF 29 4/1 56

We chose to investigate proline-derived triamines as organo- g gb ?'I"'Fn pTsOH Z% 71/3/1 %%
catalysts for two reasons: (@) the potential for rate enhancement 6 22 ig:JC?He 8 on o5
by the added amine functionality in a pyrrolidine-based diamine 7 2a DME 30 3/1 73
motif and (b) the possibility of employing a conformationally 8 2a DMF pTsOH 90 19/1 >9%
modified, protonated form of the catalyst. Triamir@sand 2b'2 1?) ga BME ;_FA 78 411 83

: . a

(Scheme 1) were chosen as candidates and were readily prepared 11 % DME pTSOH 86 19/1 -9

from Boc-Sproline, as shown in Scheme 1. Diami2e was

prepared as an analogue 24, lacking the tertiary amine. a1.1 equiv of ketone? 20 mol %.¢ H NMR of crude productsd Chiral
Orienting experiments were conducted with cyclohexan@e (  HPLC analysis®5 equiv of ketone! 2,4-dinitrobenzenesulfonic acid.

and the nitrostyrenet as the Michael acceptor. Initially, the

conjugate addition reaction was examined in a few solvents with observation thaa and2c are better catalysts thatb highlights

triamine 2b as the catalyst (Table 1). The reaction was slow and the importance of the secondargecondary diamine motif, which

low yields of the conjugate addition produgtvere obtained after ~ was examined by Yamamoto in asymmetric aldol reactidns.

3 days at ambient temperature (Table 1). Surprisingly, a substantialHowever, this class of diamines has been mostly overlooked in

change in the nature of the solvent did not have a significant effect organocatalytic conjugate addition studies and, in one earlier

on the enantioselectivity (entries 1 and 2), and the highest investigation, generated aminals of the carbonyl substtates.

selectivities were obtained in DMF. An improvement in selectivity The catalyst®a or 2cin conjunction withpTsOH in DMF were

was observed when the catalyk was employed in DMF. The  employed in the conjugate addition of a few cyclic ketones to a

use of an aci®® (pTsOH) in conjunction with2a or 2b had a variety of 2-nitrovinyl arenes at ambient temperature. In all cases,

dramatic effect on the yield and the diastereoselectivity as well as the syn diastereomer was obtained as the major product, and good

the enantioselectivity of this reaction (entries 4 and 8, Table 1). diastereoselectivities and enantioselectivities were observed. These
The enantioselectivity with th2b/pTsOH combination was lower  results are summarized in Table 2.

(83%) than with the2a/lpTsOH combination ¥ 99%). Use of 2,4- Enantioselectivities for nitroalkenes with substitution at the

dinitrobenzenesulfonic acid decreased the enantioselectivity and4-position in the phenyl ring were very high. Moving the substituent

trifluoroacetic acid deactivated the catalyst. Selectivity with catalyst to the 2-position lowered the enantioselectivity (Table 2, entries 4,

2cwas comparable t@a. Although2a provided5 with 90% ee in 5,7, 8, 11, and 13). In one case, the use of methanesulfonic acid

toluene without any added acid, the enantioselectivity \Zi#h instead ofpTsOH significantly increased the diastereoselectivity

pTsOH in DMF was>99%. The poor solubility of th@a/pTsOH as well as the enantioselectivity (Table 2, entries 5 and 6).

salt in toluene precluded further studies in this solvent. The Interestingly, increasing the size of the acid additive decreased the
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Table 2. Enantioselective Conjugate Addition of Cyclic Ketones to
Nitroalkenes Catalyzed by 2a or 2¢@

entry product cat./additive yield  syn/anti® ee (%)
(%) syn’
1 9 Ph 2a/pTsOH 78 19/1 99
ANO
s/: 6
2 O h 2a/pTsOH 99 19/1 85
3 EH/VN% 2¢/pTsOH 90  20/1 92
o’ 7
4 2 _ geHerOMe 2a/pTsOH 83 1911 99
8
5 f geooMe 2a/pTsOH 99 5/1 86
6 é/j * 2a/MeSOH 95  50/1" 947,99
7 2a pTsOH 90 191 >99
o) z
. ANO;
i 10
8 2a/pTsOH 86 1211 87
9 2a/2,4,6-tri-Me-
10 [ 5 o o 78 81
2 2a/2,4,6-tri-iPr-
. PhSO.H 55 1111 78
11 f gHerShs 2a/pTsOH 81 15/1 92
12 &V *  2¢/pTsOH 95 20/1 96
12
13 f SHeeSh 2a/pTsOH 89 19/1 90
14 ; *  2¢/pTsOH 90 1911 91
13
15 f gHemNo: 2a/pTsOH 80 1911 86
16 éﬁ *  2¢/pTsOH 90 19/1 90
17 2¢/pTsOH 91 50/1 81
18 — 2a/MeSO;H’ 74 19/1 85
19 o 89 2¢/MeSO;H’ 88 20/1 92
20 i _No, 2a/HCI 75 12/1 83
21 f 2¢/HCl 99 19/1 84
22 2a/HCVY 70 8/1 79
23 2¢/HCI 75 10/1 72
0.
24 o D 5 2a/MeSOH' 82 15/ 88
= o, ,
25 o pn 2a/pTsOH 51 71 29
26 N0z 2¢/pTsOH 33 2/1 49

17

aReaction conditions: 5 equiv of ketone, DMF, 24 h.bitH NMR or
HPLC of crude products. Chiral HPLC analysis? Reaction at (°C for
45 h.¢11 h reaction! Dichloromethane solvent.

enantioselectivity for the 1-naphthyl substrate (Table 2, entries

qy\ H\/R \N/j O

H H/I\

_No,
/
OJJ
N
\ S

US“O

Figure 1. Transition state assemblies for conjugate additions with proto-
nated2a or 2c.

secondary amine delivers the nitroalkene by hydrogen bonding to
provide the major product in all cases. Fortho-substituted
nitroalkenes, a nonhydrogen-bonded assembly sucB asay
compete withA to avoid steric interactions (RR'') with a large
acid counterion. This would reduce the enantioselection. In a
noncoordinating solvent, an internally hydrogen-bonded ethylene-
diamine unit C) may explain the higher enantioselection w2h

as compared t@c.

In conclusion, we have developed simple, protonated triamine
and diamine catalysts for the highly enantioselective conjugate
addition of cyclic, six-membered ketones to nitroalkenes. The main
advantages of these catalysts are the ease of synthesis and very
good enantioselection at ambient temperature. For unhindered
nitroalkenes, the enantioselection with these simple catalysts at
ambient temperature is better than the enantioselection with
structurally more complex pyrrolidine catalysts at subambient
temperature&® We are investigating the efficacy of these and
related catalysts in other organocatalytic reactions.
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