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A method for Michael addition of ~ N-heterocycles to nitroolefins has been developed. The process is promoted by a cinchona alkaloid derivative
to give Michael adducts in moderate to high enantioselectivities.

Because of their broad application to organic and medicinal this proces$.In another report, Miller described the use of
chemistry as well as material sciencitrogen-containing peptides as a catalyst for the asymmetric conjugate addition
heterocycles and their derivatives have been the focus ofof HN3 to imides®

numerous synthetic efforts. Conjugate addition reactions of  Nitroolefins are attractive Michael acceptors because the
nitrogen-centered heterocyclic nucleophiles to electron- strongly electron withdrawirfgnitro group can be readily
deficient olefins serve as a powerful preparative method in transformed into a variety of functionalitiésWe envisioned
the area of heterocyclic chemistry. While an asymmetric that weakly nucleophilicN-heterocycles, such as benzo-
version of this Michael addition process would furnish triazole, triazole, and tetrazole, would participate as Michael
enantiomerically enriched adducts, to date reports of this donors in catalytic conjugate addition reactions with nitro-
reaction are sparse. For example, Jacobsen et al. have

developed highly enantioselective Michael additions oHN

HCN, electron deficient nitrile derivatives, and oximes to (b)(sé)a(r?)m“i"syfés.’&]A.fj;i%%‘;kéi?"é?m%@biré?n”?'s%%%ggf e
o.B-unsaturated ketones and imides that are promoted by &c) Taylor, M. S.; Jacobsen, E. N. Am. Chem. SoQ003,125, 11204.
chiral [Al-salen] compleX. More recently, this group dis-  (d)_Vanderwal, C. D.; Jacobsen, E. N. Am. Chem. So2004 126,

. . 14724,
closed thatN-heterocycles can be used as nucleophiles in ~(4) Gandelman, M.; Jacobsen, E. Angew. Chemlnt. Ed. 2005, 44,
2393.
(1) (@) Katritzky, A. R.; Pozharskii, A. FHandbook of Heterocyclic (5) (@) Miller, S. J.Acc. Chem. Re2004,37, 601. (b) Guerin, D. J,;
Chemistry, 2nd ed.; Pergamon: Oxford, UK, 2002. (b) Joule, J. A.; Mills, Miller, S. J.J. Am. Chem. So®Q002,124, 2134. (c) Hortsmann, T. E.;
K. Heterocyclic Chemistrydth ed.; Blackwell Science: Oxford, UK, 2000. Guerin, D. J.; Miller, S. JAngew. Chem.Int. Ed. 200Q 39, 3635. (d)

(c) Eicher, T.; Hauptmann, SThe Chemistry of Heterocylce&nd ed.; Guerin, D. J.; Horstmann, T. E.; Miller, S. Qrg. Lett.1999,1, 1107.
Wiley-VCH: New York, 2003. (6) Ono, N.The Nitro Group in Organic Synthesig/iley-VCH: New
(2) Purwanto, M. G. M.; Weisz, KCurr. Org. Chem2003,7, 427. York, 2001.
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olefins. Recently, a number of observations have been mad
of asymmetric organocatalytic reactions involving nitro-
alkenes as Michael acceptdrd? Among these, processes
catalyzed by bifunctional proline and its derivatiesin-
chona alkaloids and their derivativEsand amine thio-
urea81%12are notable examples.

Organocatalysts should be particularly useful for promot-
ing these reactions because of their operational simplicity
and environmental friendline$$.To explore new types of

substrates and increase the pool of available templates for

catalytic asymmetric Michael addition reactions, we recently
explored a new approach in which organocatalysts are
employed to promote Michael additions Nfheterocycles

to electron-deficient nitroalkenes. Below, we present the

results of this effort which show that these processes take

place in good yields and with high levels of enantioselec-
tivity. The Michael adducts produced in these reactions can
be potentially exploited in the synthesis of biologically
important substancés:*

In an exploratory study, six bifunctional organocatalysts,
including cinchona alkaloid$—IV * and amine thioureas
Ve and VI,'? were screened for their ability to promote
Michael addition reaction of benzotriazale andtrans-g-
nitrostyrene2ain CH,ClI, at room temperature (Figure 1 and

(7) For recent reviews of asymmetric Michael addition reactions, see:
(a) Berner, O. M.; Tedeschi, L.; Enders, Bur. J. Org. Chem2002, 1877.

(b) Krause, N.; Hoffmann-Rdéder, ASynthesi2001, 171. (c) Christoffers,
J.; Baro, A./Angew. ChemInt. Ed.2003,42, 1688. (d) Sibi, M.; Manyem,
S. Tetrahedron2001, 56, 8033. (e) Pihko, P. MAngew. Chem.nt. Ed.
2004,43, 2062. (f) Seayad, J.; List, Brg. Biomol. Chem2005,3, 719.
(g) Schreiner, P. RChem. Soc. Re2003,32, 289.

(8) For selected examples of proline and its derivatives promoted
organocatalytic asymmetric Michael addition of nitroolefins, see: (a) Wang,
W.; Wang, J.; Li, HAAngew. ChemInt. Ed. 2005,43, 1369. (b) List, B.;
Pojarliev, P.; Martin, H. JOrg. Lett.2001,3, 2423. (c) Enders, D.; Seki,

A. Synlett2002, 26. (d) Mase, N.; Thayumanavan, R.; Tanaka, F.; Barbas,
C. F., lll Org. Lett.2004 6, 2527. (e) Betancort, J. M.; Sakthivel, K.;
Thayumanavan, R.; Tanaka, F.; Barbas, C. F.$llhthesi2004, 1509. (f)
Andrey, O.; Alexakis, A.; Bernardinelli, Qrg. Lett.2003,5, 2559. (g)
Ishii, T.; Fiujioka, S.; Sekiguchi, Y.; Kotsuki, Hl. Am. Chem. So@004,

126, 9558. (h) Cobb, A. J. A,; Longbottom, D. A.; Shaw, D. M.; Ley, S.
V. Chem. Commur2004,1808. (i) Hayashi, Y.; Gotoh, T.; Hayasji, T.;
Shoji, M. Angew. Chemlnt. Ed. 2005,44, 4212.

(9) For Takemoto’s amine thiourea catalysts, see: (a) Okino, T.; Hoashi,
Y.; Furukawa, T.; Xu, X.; Takemoto, Y. Am. Chem. So2005,127, 119
and cited references therein. (b) Berkessel, A.; Cleemann, F.; Mukherjee,
S.; Mdller, T. N.; Lex, J.Angew. Chem.|nt. Ed. 2005, 44, 807. (c)
Berkessel, A.; Mukherjee, S.; Cleemann, F.; Miller, T. N.; LexCdem.
Commun 2005, 1898.

(10) For Jacobsen’s urea and thiourea catalysts, see: Taylor, M. S.;
Jacobsen, E. Nl. Am. Chem. So@004,126, 10558 and cited references
therein.

(11) For cinchona alkaloids-based derivative catalysts: see: (a) Tian,
S.-K.; Chen, Y.-G.; Hang, J.-F.; Tang, L.; McDaid, P.; DengAtc. Chem.
Res.2004,37, 621. (b) Li, H.; Wang, Y.; Tang, L.; Deng, 0. Am. Chem.
So0c.2004, 126, 9906. (c) Li, H.; Wang, Y.; Tang, L.; Wu, F.; Liu, X;
Guo, C.; Foxman, B. M.; Deng, lAngew. Chemint. Ed. 2005,44, 105.

(d) Tian, S.; Ran, H.; Deng, LJ. Am. Chem. SoQ003, 125, 9900. (e)
Vakulya, B.; Varga, S.; Csampai, A.; Soos, Org. Lett.2005,7, 1967.

(12) Recently, we have developed binaphthyl-based amine thioureas for
asymmetric organocatalytic reactions, see: (a) Wang, J.; Li, H.; Duan, W.;
Zu, L.; Wang, W.Org. Lett.2005,7, 4293. (b) Wang, J.; Li, H.; Yu, X,;

Zu, L.; Wang, W.Org. Lett.2005,7, 4713.

(13) Berkessel, A.; Groger, HAsymmetric Organocatalysis; Wiley-
VCH: New York, 2005.

(14) Triazole moieties are important pharmacophores and can be found
in many drugs such as Alprazolam, a major agent for the treatment of
anxiety, Fluconazole, an antifungal agent, and nucleoside-based Ribavirin,
an antiviral drug. Tetrazoles have often been used as bioequivalent
replacements for Cf in pharmacologically active compounds due to their
favorable physicochemical properties.
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Figure 1. Screened organocatalysts

Table 1). The results showed that all of the catalystg|
exhibited high activity and that the Michael add®etwas
formed in good yields (7988%) in all cases. An interesting
finding was that the N1 addition produ8a was produced
exclusively with all catalysts. This contrasts with the results
of the chiral [Al-salen] complex promoted Michael addition
reactions which afford both N1 and N2 adduttdmong

Table 1. Catalytic Asymmetric Michael Addition Reactions of
1H-Benzo[d][1,2,3]triazole (1a) anttans-S-Nitrostyrene (2&)

N
©:N\N . Ph/\/NOZ 10 mol % catalyst QT\I,\N
}[}j{ 2a CH,CI, Ph)N NO,
1a
3a
entry catalyst t (h) T (°C) yield (%)° ee (%)°
1 I 12 rt 86 rac?
2 1I 3 rt 87 53
3 1I 8 0 84 57
4 1I 24 —25 81 70
5 1I 72 —25 69 67¢
6 1I 120 —50 62 68
7 111 5 rt 80 13
8 v 6 rt 88 44
9 A% 8 rt 85 41
10 VI 8 rt 79 26

aUnless otherwise specified, the reaction was carried out 14t{.21
mmol) and2a (0.19 mmol) in the presence of 10 mol % of an organocatalyst
in 2.0 mL of CHCI, for the specified timePIsolated yields after
chromatographic purificatiorf.Determined by chiral HPLC analysis (Chiral-
pak AS-H).9 Racemic isomere5 mol % of catalyst used.
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those tested, catalyit has the most favorable characteristics ||| GGG

in terms of reaction time (3 h) and enantioselectivity (53%
ee) (Table 1, entry 2). Examination of the structureb-eil

revealed that the hydroxyl groups in the catalysts played a

significant role in controlling enantioselectivity. The reaction
promoted by catalystl, which contains two OH groups,
proceeds with higher ee than those catalyzed bydlll,
both of which bear only one OH group (entries 1 and 7).

Lower ee values were observed for processes promoted by

the amine thioureasV—VI despite the fact that these
reactions took place in higher yields (entries 8 to 10). On
the basis of these results, we selected organocatalyst
further investigation.

In studies of the addition reaction promoted Ibyaimed
at optimizing reaction conditions, we found that lowering
the temperature te-25 °C results in an improved enantio-
selectivity without a significant lowering of yield and an
increase in time (Table 1, entry 4). A much longer reaction
time (120 h) was required without enhancing enantioselec-
tivity when the reaction temperature wa$0 °C (entries
6). Also, no advantage was gained when catalyst loading
was reduced (5 mol %, entry 5). Solvent effects were also
probed and it was found that GEl, was ideal for this
process (Table 2).

Table 2. Effect of Solvent on the Catalytic Asymmetric
Michael Addition Reaction of 1H-Benzd][1,2,3]triazole (1a)
andtrans-g-Nitrostyrene (2&)

N
W
NO, 10 mol % Il 1 N

N

©: \:N + Ph/\/ N/
N 2a 25°C, 24 h o L _no,
1a solvent
3a
entry solvent yield (%)? ee (%)
1 CHsClsy 81 70
2 THF 83 59
3 Et20 65 52
4 anisole 68 67
5 toluene 83 65
6 CICH2CH,C1 74 70
7 DMF 57 0

aUnless specified, see footnot in Table 1 and the Supporting
Information for reaction condition$.Isolated yields after chromatographic
purification. ¢ Determined by chiral HPLC analysis (Chiralpak AS-H).

The conjugate addition reactions of nitrogen heterocycle
lawith a variety of nitroolefin® under optimized conditions
(20 mol % ofll, at —25 °C in CH,Cl,) were investigated
(Table 3).The results showed that in general the reactions
took place efficiently (6490%) with moderate to excellent
levels of enantioselectivity (5794% ee). Aromatic nitro-
olefins, bearing both electron-withdrawing (Table 3, entries

3, 7, and 8) and electron-donating substituents (entries 2,

4—6, and 10) on the phenyl ring, participated in this reaction
but the substitution pattern on the aromatic ring has a
significant affect on enantioselectivity. Reactions of nitro-
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Table 3. Catalystll Promoted Michael Addition Reactions of
Benzotriazolela to trans-g-Nitrostyrene®a—r?2

e
A
10 mol% Il

@N‘:N + RN TR N
N -25 °C, CH,Cl, rZ > NO2
1a 2a-r 3a-r
entry R adduct ¢ (h) yield (%) ee (%)
1 Ph 3a 24 87 70
2 4-CH3-CgHy 3b 96 70 72
3 4-Cl-CgHy 3c 36 74 70
4  4-BnO-CgHy 3d 48 73 78
5 2-BnO-CgHy 3e 48 87 92
6  2,3-(MeO)2-C¢Hs 3f 84 77 80
7  2-(4-NO2-PhCO9)-C¢Hy  3g 36 73 84
8  2-(PhCO2)-CsHy 3h 36 75 94
9 2-Ph-CgHy 3i 36 90 86
10  2-(4-Cl-PhS)-CgHy4 3j 36 83 90
11  2-naphthalene 3k 96 64 67
12 2-thiophene 31 48 79 80
13  2-(N-Cbz)-pyrrole 3m 48 80 94
14  4-N-trityl-1H-imidazole 3n 96 77 81
15 PhCHyCH, 30 48 83 57
16 (CHj3)2:CHCH, 3p 36 67 68
17 n-CsHn 3q 24 78 65
18 n-CgHis 3r 24 76 64

aUnless specified, see footnot® in Table 1 and the Supporting
Information for reaction conditiond.Isolated yield after chromatographic
purification. ¢ Determined by chiral HPLC analysis (Chiralpak AS-H or AD).

olefins with substituents at the para position (entriegtp
occurred with relatively low enantioselectivities (708%
ee), but higher enantioselectivity (804% ee) accompanied
reactions of substrates with substituents at thphenyl
position (entries 510). Thell-catalyzed processes were also
applicable to heterocyclic thiophene-, pyrrole-, and imida-
zole-substituted nitroolefins (entries 11—14), with good
yields (64-80%) and good to high enantioselectivities {64
94% ee) being common. Aliphatic nitroalkenge—r as

Scheme 1. Catalystll Promoted Michael Addition Reactions
of N-Heterocycleslb and1c

N
/ N"N
N, . NO, .
B @(V __10mol%_ [_no,
N OBn -25°C, CH,Cl, -
1b 2 OBn
3d, 84% ee, 65% yield
Ph
N o NO B
)NL\\N + @(\/ * 10 mol % Il N
1 > NO.
Pr” N OBn 25 °C, CH,Cl, * 2
3t
1¢c 2e OBn

5d, 86% ee, 76% yield
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Michael acceptors were also evaluated for the processes angnrichments. A range of nitroolefins ahEhetereocycles can

it was found that the reactions took place in moderate be employed in the process. Further investigation of the scope
enantioselectivities (5768% ee) and good yields (6B3%) of the Michael reaction and its mechanistic details and its
(entries 15—18). It seems that the steric hindrance arising application to the synthesis of biologically important com-
from the chains of these aliphatic nitroalkenes has a marginalpounds is underway.

effect on the enantioselectivities of the processes.
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In summary, the new catalytic Michael addition reaction, This material is available free of charge via the Internet at
using the cinchona alkaloid derivativg described above  http:/pubs.acs.org.
serves as a convenient method to prepare efficiently a wide
range of newN-hetereocycles with good to high enantiomeric 0L0601794
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