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One of the important Michael additions in organic chemistry is Table 1. Results for Optimal Reaction Conditions

the addition of nucleophiles to nitroolefins due to their multiple ~

reactivity and the valuable synthetic building blocks that are H H ’—\‘

created- Various enantioselective reactions have been reported by FaC N\"/ N

employing stoichiometric amounts of enantiopure additivés. S EtO,C._CO,Et
though the catalytic asymmetric versions of this reaction were N0, CE. 1a(0.1 equiv)

achieved, most required metal catalysts or strict reaction condfitions. ©/\/ 3 NO,
L-Proline derivatives have cr_:ltalyze_d the stereoselec_tlve addition of E0,6” COEt 1t 24h

carbonyl compounds to nitroolefins, but only with moderate 2a 3a (S)-4a
enantioselectivite$.

Urea derivatives act as acid catalygfsn only a few reactions entry solvent 3a (equiv) % yields 05 eecd
compared to the enantioselective reactions catalyzeddmgline* 1 MeOH 1 33 29
chiral Lewis base% and phase-transfer cataly$ts-urthermore, 2 MeCN 1 47 75
chiral urea and thiourea derivatives have only catalyzed enantiose- 3 THF 1 29 88
lective, nucleophilic additions of HCN and ketene silyl acetals to 4 CHCI; 1 53 90
imines°—h Herein a highly enantioselective Michael reaction of = toluene L 60 92

6 toluene 2 86 93

malonates to nitroolefins is reported using novel metal-free chiral

bifunctional organocatalysts. 2 The reaction was conducted witka (0.1 equiv),3a (1-2 equiv), and
We previously reported that thiourea catalyzed the nucleophilic several solvents at room temperaturtsolated yield.© Enantiomeric excess

addition of TMSCN and ketene silyl acetals to nitrones and Was determined by HPLC analysis4d using a chiral columrt! Absolute

0a o . . . configuration was determined by comparing the specific rotatiotaafith

aldehydeg% Unlike imines, z.aldehydes., and nltrones,.nltrooleflns that of literature dat.

have two oxygen atoms, which potentially can be activated by the o _

acidic hydrogens of thioure&.15We anticipated that introduction ~ 7able 2. Optimization of Thioureas

of an additional basic, nucleophile-activating group in the thiourea

~NT H H

catalyst might facilitate a synergistic interaction between the AcHN. - FsC N\H/N
functional groups and thereby lead to an efficient catalyst for the \O S
1b CFs  1¢

Michael reaction. In other words, the nitroolefin and the nucleophile
are simultaneously activated. Moreover, chiral thiourea catalysts
with these functional groups on a chiral scaffold should yield the R' .R2

" ) ) y X 1d; Ar = 3,5-(CF3),CeHs, R', R? =0-(CHy),CeH
addition products with excellent enantioselectivity. This type of ~ H  H N te: A:—35 ((CF3))ZCGH3 R' Me ng_‘?')fr e
. . P ’ = 9,97 3/2Vel13, = ’ =
bifunctional _catalyst _h_as yet to be _reporﬂéd._ _ _ Ar \ﬂ/ 1f: Ar=Ph, R' = R2 = Me
The reaction conditions were optimized with thioufeawhich S 1g; Ar = 2(MeO)CgH,, R' = R2 = Me

has R R)-1,2-cyclohexyldiamine as a chiral scaffold. The reaction
of trans-#-nitrostylene2a with diethyl malonate3ain the presence entry additive time () % yield® 0 eecd
of 10 mol % oflain methanol afforded the desired Michael adduct

. ) . TEA 24 17 -

4ain 33% yield and 29% ee (Table 1, entry 1). Since methanol 2 1b 24 14 35
andlacompetitively activat®a, the enantioselectivity ofa might 3 TEA+1c 24 57 -
be poor. Therefore, other solvents were examined. As expected, 4 1d 48 29 91
polar solvents (THF, MeCN), which reduced the activity 1af 2 i]? ig gg 2(7)
resulted in poor yields ofa (ent.ri(.as 2, 3). In contrastain noqpolar_ 7 1g 48 40 52
solvents (CHCI,, toluene) efficiently promoted the reaction with
2a in moderate yields o#la with excellent enantioselectivities aThe reaction was conducted wia (2 equiv) and toluene in the
(entries 4, 5). In addition, using 2 equiv 8& improved the yield presence of various additives (0.1 equiv) at room temperatuselated

f 4a (86%. 93% trv 6 yield. ¢ Enantiomeric excess was determined by HPLC analysisioking
of 4a (86%, o ee, entry 6). a chiral columnd Absolute configuration was determined by comparing

Next, the effects of the thiourea catalysts were investigated (Table the specific rotation ofta with that of literature dati.
2).2aand3areacted very slowly in the presence of TEA and chiral
amine 1b without a thiourea moiety to give a poor yield and thiourea and tertiary amino group within the moleculeaddition,
enantioselectivity ofla (entries 1, 2). Although combining thiourea  these results reveal that substituentsg/d R) in the amino groups
1cand TEA enhanced the reaction rate, only a moderate chemicalof 1d and1ehave a significant effect on the reaction rate, but only
yield of 4awas achieved (entry 3Yhese results indicate that for ~ marginally affect the enantioselectivity dfa (entries 4, 5). In
a high yield and selectity the catalyst should possess both a contrast, replacing 3,5-bis(trifluoromethyl)phenyl groud afwith

12672 m J. AM. CHEM. SOC. 2003, 125, 12672—12673 10.1021/ja036972z CCC: $25.00 © 2003 American Chemical Society



COMMUNICATIONS

Table 3. Michael Addition of Malonates to Nitroolefins Catalyzed Supporting Information Available: Experimental procedures and
by Thiourea spectroscopic data for the products (PDF). This material is available
R3 RS free of charge via the Internet at http://pubs.acs.org.
, PR , ~ RP0,C.:_COR?
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time % ee® Am. Chem. SoQ002 124, 11689-11698. (b) Schear, H.; Seebach, D.
entry Rl R2 R®  adduct (h)  %yield  (config)! Tetrahedronl995 51, 2305-2324. (c) Juaristi, E.; Beck, A. K.; Hansen,
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S.; Tanaka, F.; Notz, W.; Barbas, C. F., Jl.Am. Chem. So2002 124,
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reaction was used to construct a quaternary carbon center. 2-Me- Soc 2002 124, 6798-6799.
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(entry 8). 1998 120, 6419-6420.

(13) (a) Okino, T.; Takemoto, YOrg. Lett.2001, 3, 1515-1517. (b) Dolling,
Besides these investigations, this Michael reaction was examined U. H.: Davis. P.: Grabowski, E. J. J. Am. Chem. S0d084 106, 446—

without solvent. Reactin2a with 3a in the presence ofla 447. (c) O'Donnell, M. J.; Bennett, W. D.; Wu, S. Am. Chem. Soc
o — 19 ; ; i 1989 111, 2353—2355. (d) Nelson, AAngew. Chem., Int. EA.999 38,
(2a3a:la = 1:2:0.05) affordecha with a good enantioselectivity 1583-1585. (e) Ooi, T.; Takahashi, M.. Doda, K.; Maruoka, X.Am.
(88% ee, 83% yield) within 12 h. Chem. Sa2002 124, 7640-7641. (f) Kita, T.; Georgieva, A.; Hashimoto,
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various nitroolefins with high enantioselectivities. The reaction was (14) (a)V\IIEItJEFA'\/I gh Ufbas‘rzgggl-épﬁ\évsslfl 52_ Sﬂae E@S""Q"ﬁ' '\_l/_l RPaEuntO
H H m. em. S0 elly, m
f’i|SO ;ucqessful w!thout slolven?[. Further §tud|es are currently M. H.J. Am. Chem. Socl994 116 7072-7080. (c) Linton, B. R.:
investigating enantioselective Michael reactions of other nucleo- Goodman, M. S.; Hamilton, A. DChem. Eur. J200Q 6, 2449-2455.
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