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1. Introduction 2. Results and Discussion

The Michael addition reaction is arguably one oé tost We are interested in using prolinal dithioacet&|sScheme 1)
convenient and powerful methods for building new oafb as potential organocatalysts for the direct nitricidel reaction
carbon bonds. Since List and Barbab reported the first pecause the formation of the dithioacetal functiogeoup is
examples of the amine-catalyzed intermolecular Bétfaddition  much easier than that of C-C bonds and there ang mifferent
of ketones and aldehydes to nitroalkenes (the -Miahael  thiol structures availablE.These features make the modification
reaction), numerous organocatalysts have beentegpan the  and fine-tuning the catalyst structure much easieteed, most
last sixteen years for the enantioselective nitioHdel reactions  of the prolinal dithioacetal catalysts used in therent study
and excellent stereoselectivities have been aclienemany ere easily synthesized in high yields using a ostetpo-step
cases:® In recent years, conducting traditional organ&ct®ns  reaction between the commercially availatsN-Boc-prolinal
in aqueous media has been an important topic ianicgesearch (1) and the corresponding thiol8) (using indium(lil) chloride as
due to the green nature of water as a solvent andrématic  the catalyst (Scheme B Nonetheless, catalySd derived
solvent effects on organic reactichdlot surprisingly, some from 4-chlorobenzenethiol() needed boron trifiuoride diethyl
organocatalytic reactions have also been realitbdrein water  etherate as an additional catalyst for the synshesid it was
or on watef>® Nevertheless, despite the fact that numerougptained also in a much lower yield (68%, Scheme A). of

organocatalysts have been developed for the asymnm#ro-  these catalysts were found to be very stable undereaction
Michael reaction between aldehydes and ketonesrmaikenes, conditions.

catalytic systems that can operate in aqueous naedieelatively ) ) . .
few.”® Apparently, finding novel catalysts that can operi With these catalysts in hand, we initially screetteg in the
aqueous media is still warranted. Our group is istec in  direct nitro-Michael reaction in CJ&l, at rt with benzoic acid as
developing novel catalysts for the nitro-Michaedation® In this ~ the cocatalyt, using cyclohexanorg) andtrans-p-nitrostyrene
regard, a few years ago we briefly reported thatlimab (5a) as the model substrates. The results are calléct@able 1.

dithioacetal derivativéd are highly stereoselective catalysts for AS the results in Table 1 show, with a 10 mol % logdif the
the nitro-Michael reaction of aldehydes and ketoimesrganic ~ Penzenethiol-derived cataly8g, the desiredsyn nitro-Michael
solvents® Recently we found that these catalysts could als@dduct6a was obtained in 81% yield, 97:3 dr, and 97% eedih 2
catalyze the nitro-Michael reaction in water anchérwith high ~ (€ntry 1). With the 4-methylbenzenethiol-derivedabyst 3b, a
enantio- and diastereoselectivities. Herein we wishiemort a  Slightly improved yield (88%), dr (99:1), and eduea(>99%) of
detailed study of the nitro-Michael reaction usirthese 6a was obtained (entry 2). Excellent results were alst@ined

derivatives as the catalysts in both organic anstags media. with catalysts3c and 3d, derived from 4-methoxybenzenethiol,
and 4-chlorobenzenethiol, respectively (entriesnd 4). When
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the thioacetal moiety in the catalyst contains twerisally  beneficial effects on both the reactivity and stesdectivity of

demanding the reaction, but it is not essential. Next, using best catalyst
3b, some common
1) InCI3, CH2C|2,
O‘CHO +RSH reflux, 1 h O\/SR Table 2. Asymmetric Michael addition ketones and aldehydes
N 2)TFA 1t 3h H to trans-p-nitrostyrenes in CkCl,*
Boc SR 0 O Ar
1 2 3a-c, 3e-f HLRz ¢ A NN, % Rzﬂﬂ/*&NOz
1) InClg, BF3* Et,0, R! 2z R!
CH,Cly, reflux, 2 h
1+ m@w 222 3d 4 5 _ _ 6
2)TFA, it, 3h Entry  Product Time Yield dr ee
2d (h) %) (syn/ant) (%)’
NO;
3a: R = CgHs-, yield = 94%; 1 e O 6a 28 88 99:1 >99
3b: R = 4-MeCgHy-, yield = 93%; P
3c: R = 4-MeOCgH4-, yield = 82%; "o
3d: R = 4-CICgHy- ; yield = 68% 2 on( oo HBNY 991 99
3e: R = 2,6-Me,CgHs-; yield = 91%: '
3f: R = ¢-Bu; yield = 88%. -
Scheme 1. Synthesis of the prolinal dithioacetal catalysts 3 Suyl 6c 36 79 5991 97
OMe
Table 1. Catalyst screening and reaction condition oy ¢
optimizationd 4 @L@ 6d 20 86 99:1 99
(0] cl
3/PhCO,H NO,
* ph N NO, —— 2 5 i 6e 20 90 99:1 99
solvent
Br
4a 5a e DO,
Entry  Catalyst Solvent Time Yield dr° ee 6° ﬁj/gi) 6f 38 7 >99:1 97
(h) %) (syn/anti) (%)
MeO
1 3a CH,Cl, 29 81 97:3 97 P
7 6g 25 81 99:1 97
2 3b CH,Cl, 28 88 90:1 >99
Br
3 3c CH,Cl, 28 81 98:2 97 0"
4 3d CH,Cl, 30 82 98:2 98 ® ij/b oo » o >
5 3e CH,Cl, 30 85 97:3 95 ON o
6 3f CHCl, 40 75 955 80 9 (?A\J';,(Ph 6 27 79 991 96
7 3b CH,Cl, 40 76 96:4 96 o
NO,
8 3b CHCl; 30 80 98:2 95 10 (?‘j:/(ph 6§ 29 76 08:2 05
9 3b DMF 33 75 94:6 96 s
10 3b hexane 30 81 96:4 97 11 Oy Nz 6k 26 80 9010 98
11 3b toluene 29 78 97:3 97 P
12 3b brine 31 79 98:2 98 12 /‘f,\/(”oz 6l 40 78 50
Ph
139 3b water 26 90 97:3 98 Ph
13 OHC\A)\,NOQ 6m 46 70 99:1 99
®Unless otherwise specified, all the reactions weeeried out with Bt
cyclohexanone 4g, 0.30 mmol), trans-B-nitrostyrene  %a, 0.10 mmol), )
catalyst3 (0.01 mmol, 10 mol %), and benzoic acid (0.01 mr6l,mol %) 14M OHC 6n 59 70 96:4 85

}}'ﬂ
=
z
o
N

in the specified solvent (0.5 mL) at room tempemtlYield of the isolated
product after column chromatograplipetermined by'H NMR analysis of hi
the crude product®value of the major diastereomer was determined by15‘ HC7<'\,N02 6o 72 60 76
HPLC analysis on a Chiralpak AD-H column. Absolgtnfiguration was i _ i i i
determined by comparison of the measured opti¢atiom with the reported ~ “Unless otherwise specified, all the reactions vezreied out with4 (0.30
data®? *Without benzoic acidReaction was conducted in 1.0 mL of solvent. mmol), trans-B-nitrostyrene5 (0.10 mmol), catalys8b (0.01 mmol, 10 mol
9Reaction was carried out at 5 °C. %), and benzoic acid (0.01 mmol) in &, (0.5 mL) at room temperature.
bYield of the isolated product after column chrongaphy.‘Determined by
2,6-dimethylphenyl groups3¢), the stereoselectivities of the 'H NMR analysis of the crude produéWalue of the major diastereomer;
reaction dropped slightly (entry 5). In contrash, alkylthiol- unless otherwise indicated, the ee value was detethby HPLC analysis on
derived catalys8f gave a much lower ee value of the producta ChiralPak AD-H column. Absolute configuration wdstermined by

- = comparison of the measured optical rotation wita réported dat¥:*2*0On
(80%), although the diastereoselectivity was onighsly lower  ; chiralPak AS columrThe ee value of the minor diastereomer was >99%

than the other arylthiol derivatives (entry 6). Withe best ee.’The reaction was carried out at -25 “Che reaction was carried out at 0
catalyst3b (entry 2), we found that slightly lower yield, dnda  °C without adding benzoic acitthe reaction was conducted with 0.02 mmol
ee value oba were obtained without adding benzoic acid as thd20 mol %) catalyst.

cocatalyst (entry 7 vs. entry 2). Thus, benzoid dtas some

Ph

o
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organic solvents were screened, and it were fougtitsfiworse ' conditions (cf. Table 1). As the results in Tablesn8 4 show,
results were obtained in CH{entry 8), DMF (entry 9), hexane with a few exceptions, cataly8b yields very similar results in
(entry 10), and toluene (entry 11). Therefore, ,Chl was terms of yields, diastereoselectivities, and eaeslin these two
identified as the best organic solvent for thistiee. green solvents as compared with those obtained ¥CGH

Recently there has been substantial interest inlwxing the
direct nitro-Michael reactions in water and briffesince these
two solvents are both cheap, green, and reneWable. also
evaluated catalys8b in these two solvents. As the results in
Table 1 show, when the reaction4sf and5a was conducted in o A
brine (saturated NaCl solution in water) at rt, tesiced product %Rz + Ar/\/NOZML Rz%"‘oz
6a was obtained in 79% vyield with an ee value of 98% ardr 1 water, 5 °C R’
of 98:2 (entry 12). A slightly lower ee value (92%) e&6a was 6
obtained when water was used as the solvent undetasimi : -

" . . . Entry  Product Time Yield drf ee
conditions; Nonetheless, when the reaction was camigcht 5 ) )P  (syn/anti) (%)
°C, 6a was obtained in 90% yield with an ee value of 98% an
dr of 97:3 (entry 13). We speculate that these mwiasiens are No
due to the slight differences of the catalyst camfation in these
two solvents. Thus, both water and brine are almmpsaley good
solvents as CKCl, for this reaction, except that the reaction
using water as solvent has to be carried out atnshieat
temperature.

Table 3. Asymmetric Michael addition of ketones and
aldehydes tdrans-p-nitrostyrenes in watér

o

6a 26 90 97:3 98

o
T
)
= ~N

z

o
6b 30 89 97:3 97

(o]
I
N

NO.

The scope of this reaction were initially studiedtie best 3 6c 33 82 97:3 95

organic solvent (CKCl,). The results are presented in Table 2.
As the data in Table 2 show, besideans-B-nitrostyrene %a, N
entry 1), substitutedtrans-p-nitrostyrenes also reacted with 4
cyclohexanone under the optimized conditions toldyithe
desiredsyn nitro-Michael adducts in high yields and excellent
diastereo- and enantioselectiviti€b-, entries 2-8). Neither the >
electronic nature of thgara-substituent (entries 1-5) nor the
position of the substituent on the phenyl ring iest 6-8) has 0., ¢\°
any meaningful effects on the reactivity or theateelectivities 6°
of the reaction. Nevertheless, our attempt to reactliphatic
nitroalkene {rans-1-nitroprop-1-ene) with cyclohexanone failed 0, ("
to produce any desired product under the optimizealitions 7 ij&) 6g 26 81 95:5 95
(data not shown). Good product vyields and high

stereoselectivities were obtained for the produttstieer cyclic 0 ¢

ketones, such as 4-oxacyclohexanon@&, (entry 9), 4- 8 ﬁj/b 6h 25 83 98:2 97
thiacyclohexanoneg|, entry 10), and cyclopentanorgk( entry on

11). In contrast, acetone appears to be a morelenlyaig NO.
substrate for this reaction in terms of stereoseiec After 9 (?AjH/( 6 32 80 97:3 93
careful optimizations, an ee value of only 50% whtimed for

the product6él at -25 °C (entry 12). In addition to ketones,
aldehydes may also be applied in this reaction. Nabess, in 10
the case of aldehyde substrates, it was found tidihg benzoic

acid actually slowed down the reaction and, thereftimese
reactions were carried out without benzoic acid. Urldese new 11
conditions, the Michael addition product of butamaluld be
obtained in 99% ee with a dr of 99:1 for the magr product
6m (entry 13). However, with the increase of the steicirance
next to the aldehyde group, the product ee valweedses. For
examples, the best results of the Michael additafn 3-
methylbutanal and 2-methylpropanalttans-p-nitrostyrene were
achieved only when the reactions were carried ouC.0Under
these optimized conditions, the ee value of thehislét adduct of
3-methylbutanabn was only 85% (entry 14) and that of the even
more sterically demanding 2-methylpropard)(was only 76% cl
(entry 15). In addition, these aldehydes are alacchmless 15
reactive and the catalyst loading has to be ineckéantry 15). It
should be pointed out that, with the same catalgpposite 169
enantiomers of theyn diastereomers were obtained for cyclic
ketones and aldehydes. Similar phenomenon has digsgrved |4
before®®

(o]
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OMe

o
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6d 24 88 98:2 97

(o]
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o
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6e 27 79 94:6 97

o
T
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6f 34 82 98:2 96
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z
o

2

6j 34 78 97:3 95
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6k 27 78 84:16 96
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12 6p 36 65 90:10 97
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13 6g 38 60 89:11 95
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6r 31 69 88:12 98
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o
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6l 16 75 --- 47
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6s 40 80 88:12 81

o
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6m 42 75 90:10 80
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Next the same nitro-Michael reactions were conduagdg 18"  onc
water or brine as the solvent under their respeaptmized

6n 60 71 92:8 82

}}-‘3
=
z
o
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#Unless otherwise specified, all the reactions vesmgied out with4 (0.30
mmol), trans-B-nitrostyrenes (0.10 mmol), catalysdb (0.01 mmol, 10 mol
%), and benzoic acid (0.01 mmol) in water (1.0 mt)s °C.PYield of the
isolated product after column chromatograpfetermined by'H NMR

analysis of the crude productvalue of the major diastereomer, unless

otherwise indicated, was determined by HPLC anslgsia ChiralPak AD-H
column.®On a ChiralPak AS columriOn a ChiralCel OD-H columrfThe
reaction was carried out without adding benzoidakThe reaction was
conducted with 0.02 mmol (20 mol %) catalyst.

The formation of opposite enantiomers of thgn
diastereomers in the nitro-Michael addition of kei® vs.

aldehydes totrans-p-nitrostyrenes may be explained by thel

different conformations of the enamine intermedidtéen the
favored acyclic synclinal transition stafésAs shown in Scheme
2, for cyclohexanone (top equation), in the favoteghsition
state, the enamine double bond is next to the ¢biah group,
and attacking of the enamine oRe face of nitrostyrene leads to

the observed majosyn enantiomer. In contrast, for aldehyde

substrate (bottom equation), in the favored trasrsistate, the
trans-enamine double bond is away from the thioacetalgro
and the attack of this enamine onto 8héace of the nitrostyrene
leads to the formation of the observed oppositegoraer of the
syn diastereomer. Acetone and sterically demandinghatikes
yield much lower product ee values most likely baeador these
substrates, the energy gap between these two possibhaine
conformations is less, such that both approachegassible for
these substrates.

cyclohexanone

ArS%\ 5 O 0

Ph
qoaNN H)‘Eéi — H)H/k/NOQ
(é} Ph
R1
aldehyde Ar = 4-MeCgHy4-

Scheme 2. Proposed transition state models

3. Conclusion

We have synthesized some readily accessible anhlyhig
tunable prolinal dithioacetal catalysts for theedir Michael
addition of both ketones and aldehydeg$-oitrostyrenes. These
catalysts cannot only catalyze the nitro-Michaehct®n in
organic solvents, but also in aqueous media, ssciader and
brine. With the exception of acetone and stericdynanding
aldehydes, high diastereoselectivities and enaeldosvities
have been uniformly obtained for both ketone andel®de
substrates in all of these three reaction media.

Table 4. Asymmetric Michael addition of ketones and
aldehydes tdrans-p-nitrostyrenes in brirfe

(0] Ar
3b/PhCO,H *
%Rz + Ar/\/Noz =z R2%N02
] brine, rt y
R R
4 5 6
Entry  Product Time Yield drf ee
(h) (%) (synfanti) (%)’
o NO,
ﬁl 6a 31 79 982 98
Ph
NO,
OH
2 uf! 6b 32 82 97:3 97
NO,
OH
ijl@ 6c 39 80 96:4 97
OMe
o NO,
@H/L@ 6d 30 83 97:3 96
Cl
oy NO,
5 @L@ 6e 25 85 955 98
Br
oy NO,
& ij/b of 40 74 97:3 93
MeO
o NO,
N
7 @VS@ 6g 28 81 96:4 94
Br
o NO,
y
8 ij/b 6h 27 76 97:3 95
O,N
NO,
Oy .
9 (uj,,ﬂph 6 31 75 97:3 91
(o)
o NO,
H .
10 (“j'/(pn 6 30 77 96:4 94
S
o NO,
11 H 6k 31 63 80:20 94
Ph
o NO,
12 ﬁ! 6p 35 62 88:12 93
NO,
OH
13 d/(@ 60 36 59 86:14 92
OMe
oy NO,
14 6r 31 63 86:14 94
Cl
15 /ﬁ\/("o? 6l 25 73 46
Ph
169 OHC];LNoz 6s 27 79 87:13 80
Ph
17 oo A we, 6m 28 76 92:8 82
Et
Ph
18 6n 45 70 92:8 85

[e]
I
}g.
z
o
N

#Unless otherwise specified, all the reactions wengied out with4 (0.30
mmol), trans-p-nitrostyrenes (0.10 mmol), catalys8b (0.01 mmol, 10 mol
%), and benzoic acid (0.01 mmol) in brine (1.0 nalt)room temperature.
bYield of the isolated product after column chrongaphy.‘Determined by
'H NMR analysis of the crude produéWalue of the major diastereomer;
unless otherwise indicated, was determined by H&h&lysis on a ChiralPak
AD-H column.®On a ChiralPak AS columfOn a ChiralCel OD-H column.



9The reaction was carried out without adding benaaid."The reaction was
conducted with 0.02 mmol (20 mol%) catalyst.

4. Experimental Section
4.1. General

All reactions were carried out in oven-dried glasslsii
Solvents were dried using standard protoctts NMR (300 or
500 MHz) and™C NMR (75 or 125 MHz, respectively) spectra
were recorded at 25 °C using CRGIs solvent. TLC was
conducted on aluminum-backed TLC plates and theésswere
visualized with UV. Column chromatography was perforroad

5
424, (9)-2-[ Bis(2,6-dimethyl phenylthio)methyl] pyrrolidine
(3e). Yellowish viscous liquid, yield 325.8 mg (91%y]§>* = -
25.7 (c 1.0, CHG); IR (KBr) 3053, 2952, 2921, 2869, 1458 cm
L4 NMR (500 MHz, CDC)): § 7.14-7.05 (m, 6H), 4.10 (d,=
4.0 Hz, 1H), 3.33-3.29 (m, 1H), 3.19-3.15 (m, 1H), 22884 (m,
1H), 2.44 (s, 6H), 2.35 (s, 6H), 2.02-1.75 (m, 580 NMR (125
MHz, CDCh): § 138.0, 137.9, 133.4, 133.3, 131.2, 131.1, 130.0,
129.9, 66.3, 61.9, 47.0, 29.8, 25.9, 21.4. Anal.calfor
C,HxNS,: C, 70.54; H, 7.61; N, 3.92. Found C, 70.27; H, 7.79;
N, 3.84.

4.25. (9-2-[Bis(tert-butylthio)methyl] pyrrolidine (3f). Pale
yellow viscous liquid, yield 230.0 mg (88%)]b*® = -82.6 (c
1.0, CHC); IR (KBr) 3108, 2963, 2865, 1463 ém'H NMR

silica gel. HPLC were conducted with a ChiralCel OD-H, a500 MHz, CDCJ): § 4.19 (d,J = 4.0 Hz, 1H), 3.53-3.49 (m,

ChiralPak AS, or a ChiralPak AD-H column using a migtof
hexanes/PrOH as the eluent.

4.2. General experimental procedurefor the synthesis of the
catalysts (3a-c, eand f)

To a solution of $-N-Boc-prolinal ¢, 199.0 mg, 1.0 mmol)
and the thiol (2.2 mol) in C}€l, (5.0 mL) was added indium(lIl)
chloride (44.2 mg, 0.20 mmol, 20 mol %) at room penmature
with stirring. The reaction mixture was then refluxia 1 h.
After the reaction mixture was cooled down to roomgerature,
trifluoroacetic acid (0.25 mL) was then added andist) was

1H), 3.17-3.12 (m, 1H), 2.86-2.82 (m, 1H), 2.22 (bt), 1.95-

1.91 (m, 1H), 1.79-1.73 (m, 2H), 1.62-1.58 (m, 1H}11(m,

18H). ®C NMR (125 MHz, CDGCJ): 5 64.6, 49.9, 47.6, 45.0,
44.8, 32.0, 31.8, 28.4, 26.0. HRMS Calcd. forGNS,

([M+H]™): 262.1658. Found: 262.1657.

4.3. Synthesis (9)-2-[bis(4-chlor ophenylthio)methyl]-
pyrrolidine (3d)

of

To a solution of §-N-Boc-prolinal (L, 199.0 mg, 1.0 mmol)
and 4-chlorobenzenethiol (317.0 mg, 2.2 mol) in,CH (5.0
mL) were added indium(lll) chloride (44.2 mg, 0.2 wijnand

continued for another 3 h. Then the reaction metwas made BF,OEt, (13 uL, 0.10 mmol) at room temperature with stirring.
alkaline (pH= 9) by adding 1.0 M aqueous NaOH solution andhe reaction mixture was then refluxed for 2 h. Aftee reaction

extracted with CKCI, (3 x 10 mL). The combined extracts were
washed with brine (2x 10 mL) and dried over N8O,
Evaporation of the organic solvent provided thedergproduct,
which was purified by column chromatography overcailgel
with ethyl acetate/hexane (50:50) as the eluentutaish the
desired product.

4.2.1. (9-2-[(Diphenylthio)methyl] pyrrolidine (3a). Yellowish
viscous liquid, yield 283.3 mg (94%¥]p** -29.5 (c 1.0, CHG);
IR (KBr): 3054, 3017, 2962, 2865, 1580, 1477 'tcrtH NMR
(500 MHz, CDC}): 8 7.48-7.43 (m, 4H), 7.30-7.25 (m, 6H), 4.50
(d, J = 5.0 Hz, 1H), 3.50-3.46 (m, 1H), 3.13-3.08 (m, 1H}R
2.88 (m, 1H), 2.28 (br s, 1H), 1.99-1.73 (m, 4HE NMR (125

mixture was cooled down to room temperature, tritacetic
acid (0.25 mL) was then added and stirring was caatinfor
another 3 h. The reaction mixture was made alkgpihe~ 9) by
adding 1.0 M agueous NaOH solution and extracted wibOG
(3 x 10 mL). The combined extracts were washed with H@re
10 mL) and dried over N8O, Evaporation of the organic
solvent provided the crude product, which was putifiey
column chromatography over silica gel with ethyltatehexane
(50:50) as the eluent to furnish the desired prodaa colorless
viscous liquid (252.8 mg, 68% vyieldu]p* -25.6 (c 1.0, CHG);
IR (KBr) 3049, 2962, 2865, 1572, 1473 &mH NMR (500
MHz, CDCk): 6 7.41-7.32 (m, 4H), 7.28-7.24 (m, 4H), 4.391d,

MHz, CDCL):  134.9, 134.8, 132.8, 132.7, 129.2, 129.1, 127.9= 5.5 Hz, 1H), 3.46-3.42 (m, 1H), 3.11-3.07 (m, 1HR422.89

127.8, 65.4, 62.1, 47.1, 29.8, 25.9; Anal. Calad. @;7H;(NS;:
C, 67.73; H, 6.53; N, 4.65. Found: C, 67.91; H, 6M,74.65.

4.2.2. (9-2-[Bis(4-methylphenylthio)methyl] pyrrolidine (3b).
Pale yellow viscous liquid, yield 306.2 mg (93%)} " -86.8 (c
1.0, CHCL); IR (KBr): 3017, 2947, 2918, 2864, 1564, 1490'cm
'H NMR (500 MHz, CDCJ): § 7.39-7.27 (m, 4H), 7.11-7.09 (m,
4H), 4.38 (d,J = 5.0 Hz, 1H), 3.44-3.40 (m, 1H), 3.11-3.07 (m,
1H), 2.90-2.86 (m, 1H), 2.34 (s, 6H), 2.26 (br s, 1HY9-1.73
(m, 4H); ®C NMR (125 MHz, CDG)): & 138.0, 137.9, 133.4,
133.3, 131.2, 131.1, 130.0, 129.9, 66.3, 61.9,,47908, 25.9,
21.4; Anal. Calcd. for GHx:NS,: C, 69.25; H, 7.04; N, 4.25.
Found: C, 69.41; H, 7.05; N, 4.16.

4.2.3. (9-2-[ Bis(4-methoxyphenylthio)methyl] pyrrolidine (3c).
Colourless viscous liquid, yield 296.9 mg (82%j)f° -39.3 (c
1.0, CHCY); IR (KBr): 2999, 2938, 2865, 2833, 1589, 1569,
1490 cnt; 'H NMR (500 MHz, CDCJ): § 7.42-7.37 (m, 4H),
6.84-6.82 (m, 4H), 4.19 (d, = 5.5 Hz, 1H), 3.81 (s, 6H), 3.39-
3.35 (m, 1H), 3.11-3.07 (m, 1H), 2.90-2.86 (m, 1HR82(br s,
1H), 1.99-1.92 (m, 1H), 1.88-1.73 (m, 3H}C NMR (125 MHz,
CDCly): 8 159.9, 135.9, 135.8, 125.2, 125.1, 114.7, 114&2,6
62.0, 55.6, 46.9, 29.8, 25.8; Anal. Calcd. fopHGNO,S,: C,
63.12; H, 6.41; N, 3.87. Found C, 62.97; H, 6.38; 1843.

(m, 1H), 2.01-1.96 (m, 1H), 1.94-1.85 (m, 2H), 1.8241(m,
1H); **C NMR (125 MHz, CDG)): § 134.3, 134.2, 133.1, 132.9,
129.4, 129.3, 66.4, 61.9, 47.1, 30.0, 25.9; HRMScafor
C,7H1sCLNS, ([M+H]): 370.0252, found: 370.0252.

4.4, General experimental procedurefor the Michael addition
of ketonesto trans-p-nitrostyrenesin CH,Cl,

To a mixture of catalyssb (3.3 mg, 0.010 mmol, 10 mol %)
and ketonet (0.30 mmol) in CHCI, (0.5 mL) was added benzoic
acid (1.2 mg, 0.010 mmol, 10 mol %) at room tempee The
reaction mixture was stirred for 4 min, theans--nitrostyrene
5 (0.10 mmol) was added. The reaction mixture washéurt
stirred for the desired time (monitored by TLC). éfthat the
reaction mixture was extracted with ethyl acetate {3mL). The
combined extracts were washed with water (1 x 1 mL)kairk
(1 x 1 mL) and then dried over &0, Evaporation of the
organic solvent provided the crude product, whicls warified
by column chromatography over silica gel with ethyl
acetate/hexane (15:85) as an eluent to afford éseeatl product
Diastereoselectivity was determined #y NMR analysis of the
crude reaction mixture. All the nitro-Michael additi products
are known compounds and have identical spectrosadgiic as
those reported.

4.5, General experimental procedurefor the Michael addition
of aldehydesto trans-g-nitrostyrenein CH,CI,
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To a solution oftrans-B-nitrostyrene %a, 14.9 mg, 0.1 References
mmol) and catalysB8b (3.3 mg, 0.010 mmol, 01 mol %) in
CH,CI, (0.5 mL) was added aldehyde(0.40 mmol) at 0 °C. 1. For a review, see: Perlmutter, Gonjugate Addition Reactionsin
Then the reaction mixture was allowed to stir for desired time ) (Brgt;agc g’”_thliﬂs- F;er?wamt‘?“ii_?ngd’ 63322-001 5 2423.2425
: : : . ist, B.; Pojarliev, P.; Martin, H. Drg. Lett. '3, - .
(momtﬁr%d bby dLITC)' Afti';\l tlr_lla(':tl tl(’;el reiCtlg] ml.)(turnﬁjs 3. (a) Betancort, J. M.; Sakthivel, K.; Thayumanavan,Barbas lIl,
quenched by adding aq. (0.1 mL). Organic niiter C. F.Tetrahedron Lett. 2001, 42, 4441-4444: (b) Betancort, J. M.;
were then extracted with ethyl acetate (3 x 1 mL) amadhed Barbas Ill, C. FOrg. Lett. 2001, 3, 3737-3740.
with water (1 x 1 mL) and brine (1 x 1 mL). The comdx 4. For reviews, see: (a) Vicario, J. L. B., D.; CamilL.; Reyes, E.
extracts were dried over B0, The solvent was evaporated to Organocatalytic Enantioselective Conjugate Addition Reactions.
provide the crude product, which was purified by owmiu RSC Publishing: Cambridge, 2010; (b) Tsogoeva, SEB. J.
hromatography over silica gel with ethyl acetatedme (15:85) Org. Chem. 2007, 1701-1716.
c grapny g9 i y : " On 5. For some selected recent examples, see: (a) RalaDIA,;
as an eluent to afford the desired prodDdastereoselectivity Retamosa, M. d. G.; Cossio, F.JPOrg. Chem. 2015, 80, 5588-
was determined byH NMR analysis of the crude reaction 5599; (b) Yang, D.; Li, D.; Wang, L.; Zhao, D.; WarR.J. Org.
mixture. All the nitro-Michael addition products akaown ﬁhem- 2(>)<15',: 80F3 433'5)-7':343\;/ (© the\gy, (J)-; Ggﬂg’ 22023 % N.;
i i i uang, X.-F.; Pan, F.-F.; Wang, X.-W. Org. Chem. , 78,
comptcnénds and have identical spectroscopic datathase 2362-2372; (d) Béchle, F.. Duschmalé, J.. Ebner,Realtz, A
reported. Wennemers, HAngew. Chem. Int. Ed. 2013, 52, 12619-12623; (e)
; ; i Xu, K.; Zhang, S.; Hu, Y.; Zha, Z.; Wang, @hem. Eur. J. 2013,
i4r.]6v.v§teérr1eral experimental procedurefor the Michael addition 19, 3573-3578: () Sahoo, G.: Rahaman, H.; MadarészPapai,
I.; Melarto, M.; Valkonen, A.; Pihko, P. Mingew. Chem. Int. Ed.
. 2012, 51, 13144-13148; (g) Lu, A,; Liu, T.; Wu, R.; Wang,;Y
To a m|xture of catalys?b (3.3 mg, 0.010 mmol, 10 mol %), Wu, G.; Zhou, Z.. Fang, J.. Tang, @. Org. Chem 2011, 76,
trans-B-nitrostyrene5 (0.10 mmol) in water (1.0 mL) was added 3872-3879; (h) Desmarchelier, A.; Coeffard, V.; kau, X.;
benzoic acid (1.2 mg, 0.010 mmol, 10 mol %) at 5 The Greck, C.Tetrahedron 2014, 70, 2491-2513; (i) Duschmale, J.;
reaction mixture was stirred for 5 min, then ketdr(6.30 mmol) Wiest, J.; Wiesner, M.; Wennemers, Ehem. Sci. 2013, 4, 1312-
was added. The reaction mixture was further stirred the 1318; (i) Kumar, T. P.; Abdul Sattar, M.; PrasadS$ Haribabu,
desired time (monitored by TLC). After that the i@t mixture K.; Reddy, C. STetrahedron: Asymimetry 2017, 28, 401-409.
X y ' X 6. For reviews on using water as the solvent in oegactions, see:
was extracted with ethyl acetate (3 x 1 mL) and thmtined (a) Chanda, A.: Fokin, V. \Chem. Rev. 2009, 109, 725-748; (b)
extracts were washed with brine (1 x 1 mL). The omgdayer Butler, R. N.; Coyne, A. GChem. Rev. 2010, 110, 6302-6337; ()
was dried over N&O, Evaporation of the solvent provided the Brogan, A. P.; Dickerson, T. J.; Janda, K.Ahgew. Chem. Int.
crude product, which was purified by column chromedpby Ed. 2006, 45, 8100-8102; (d) Hayashi, ¥angew. Chem. Int. Ed.
over silica gel with ethyl acetate/hexane (15:85pasluent to 2006, 45, 8103-8104; (e) Paradowska, J. Stodulski, M.
g . Yy . A . Mlynarski, J.Angew. Chem. Int. Ed. 2009, 48, 4288-4297.
affOlI’d the deSIl'ed pl’OdUdDIaStel'eOSdectIVIty was detel'mlned 7. For examp|es of using water as the solvent in ttr®-Michael
by "H NMR analysis of the crude reaction mixture. Fatehlyde reactions, see: (a) Mase, N.; Watanabe, K.; YodaT#kabe, K.;
substrates, benzoic acid was not added. Tanaka, F.; Barbas, C. B. Am. Chem. Soc. 2006, 128, 4966-
) ) o 4967; (b) Vishnumaya; Singh, V. KOrg. Lett. 2007, 9, 1117-
4.7. General experimental procedurefor the Michael addition 1119; (c) Palomo, C.; Landa, A.; Mielgo, A.; Oiatej M.;
in brine Puente, A.; Vera, SAngew. Chem. Int. Ed. 2007, 46, 8431-8435;
(d) Guizzetti, S.; Benaglia, M.; Raimondi, L.; Cefeno, G.Org.
To a mixture of catalyssb (3.3 mg, 0.01 mmol, 10 mol %), Lett. 2007, 9, 1247-1250; (e) Zhu, S.; Yu, S.; Ma, Bngew.
trans-B-nitrostyrene5 (0.10 mmol) in brine (1.0 mL) was added %‘ﬂ /L”F- N'fg; dizr?iogA .47A'Ie5;‘:k‘;4i (()?gBﬁgtt' 2%68'\";‘;52?5’7/*?
. . o y .y 3 .y i . . . 1 il -
benzoic acid (1.2 mg, 0.0; mmol, 10_ mol A)) at room 4560- (g) Zheng, Z.: Perkins, B. L.: Ni, B. Am Chem. Soc.
temperature. The reaction mixture was stlrreq fam, then 2010, 132, 50-51; (h) Zu, L.; Wang, J.; Li, H.; Wang, \Wrg.
ketone 4 (0.30 mmol) was added. The reaction mixture was Lett. 2006, 8, 3077-3079; (i) Luo, S.; Mi, X.; Liu, S.; Xu, H.;
further stirred for the desired time (monitoredThyC). After that Cheng, J.-PChem. Commun. 2006, 3687-3689; (j) Chuan, Y.;
the reaction mixture was extracted with ethyl acetate 1 mL) ghen, G- Peng, Yretrahecton Let. 2009, 50, 30543058 9
and the combined organic extracts were dried ove;SGa yu, S.-€., 1ao, 1.1, Hn, ranedron : 66, 891-897; ()
. . . Wang, B. G.; Ma, B. C.; Wang, Q.; Wang, Wv. Synth. Catal.
Evaporatlon of the solvent prOVIdEd the crude pm),dWmCh 2010, 352, 2923-2928; (m) Luo, C.; Du, D.-Mjynthesis 2011,
was purified by column chromatography over silicd gith 1968-1973; (n) Sarkar, D. B., Ramesh; HeadleyarAID.; Ni,
ethyl acetate/hexane (15:85) as an eluent to affieeddesired Bukuo Synthesis 2011, 1993-1997 ; (0) Ma, Z.-W.; Liu, Y.-X,
product Diastereoselectivity was determined Byf NMR éha”g’h W"Jzéﬂagbﬂ'; (3272“7' g&i—,}a?’fcj-c'; ";a”%'MJEUF,\-I_J-B
; ; ; rg. Chem. , , - ; (p) Qiao, Y.; He, J.; Ni, B.;
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