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Enamine catalysis has been established as a powerful tool for
making C-C and C-X bond formations in an asymmetric
fashion." After the rediscovery of proline catalyzed inter-
molecular aldol®> and Mannich reactions,” enamine catalysis
has been extensively utilized for the a-functionalization of eno-
lizable aldehydes and ketones with a huge variety of electro-
philes. Simple enones have also been activated by amine
catalysts to generate dienamine® and have been utilized for a
variety of enamine-iminium cascade reactions.’ Despite these
tremendous developments in recent years, a-branched enones
have been rarely used in amine catalysis (Scheme 1).°
Melchiorre and co-workers pioneered using primary amine
catalysts for the activation of acyclic enones and developed a
highly enantioselective sulfa Michael addition to acyclic
a-branched enones by iminium catalysis.®® Also, Luo, Cheng

i Nu O
/\HL chiral amine catalyst
R RZ ———————— 17% 3
R NuH R i R
R iminium catalysis R
Ref. 6
e} (o}
chiral amine catalyst
- @@
R4/\/E
n enamine catalysis n R4
n=01,2 this work E

Scheme 1 «-Branched enones in aminocatalysis.
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Enantioselective organocatalytic Michael addition reactions of 1-acetylcyclohexene, 1-acetylcyclopentene
and 1-acetylcyclobutene to nitroolefins have been developed. This is the first report where an a-branched
enone has been activated by an amine catalyst for the asymmetric Michael addition reaction to an
electrophile. The Michael products have also been cyclized to bicyclic compounds.

and co-workers reported iminium catalytic asymmetric Michael
addition reactions of indoles, azoles and thiols to a-branched
enones.®” However, the use of a-branched enones in enamine
catalysis is almost not investigated.” Thus we embarked to
employ a-branched enones in enamine catalysis, particularly in
the Michael addition reactions to nitroolefins.®

We chose 1-acetylcyclohexene (1a) as the model substrate
for our reaction. Compound 1a has been previously utilized for
tandem cyclization reactions with imines and nitroolefins®
and recently in the synthesis of cyclopentenone derivatives.'®

Surprisingly, however no chiral transformation has been
reported using it.""

Initially we started screening catalysts with primary amine-
thiourea I and II for the reaction of 1 with nitrostyrene (2a)
using toluene as the solvent and 2-fluorobenzoic acid as the
co-catalyst. After stirring at 80 °C for seven days the single
Michael addition product 3 was formed in poor enantio-
selectivities and no cyclized product was formed (Table 1,
entries 1 and 2). Primary amine-squaramide catalyst III was
also not suitable for this reaction giving the product in poor
yield. Recently, a variety of catalytic asymmetric transform-
ations by carbonyl activation have been reported with 9-amino-
9-deoxy-epi-cinchona alkaloid catalysts (IV-VI."> To our
delight, these catalysts were found to be effective in our reac-
tion and the epi-cinchonidine amine VII emerged as the best
catalyst providing the product in 75% ee. Next, we prepared
the 9-amino-6"-hydroxy-epi-cinchonidine catalyst VIII, however
the enantioselectivity was modest. So, we decided to carry out
further reactions with catalyst VII.

The next phase of the screening process involved different
acid additives for our reaction. We thought that the acidity of
the additive might play a role in the yield and enantio-
selectivity of the reaction and thus different acid co-catalysts
were screened with catalyst VII. Highly acidic 2,4,5-trifluoro-
benzoic acid provided poor yield of the reaction with moderate

This journal is © The Royal Society of Chemistry 2015
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Table 1 Catalyst optimization Table 2 Screening of acid-additive
Chs CF3 VI (20 mol%)
acid additive
i o En j‘\ g (20 mo1%)
NN CF3 ﬁﬂﬁ N CFs +opp N2
N 0O R NH; ; toluene (0.625 M) Ph
! 1a 2a 80°C, 7d 3 NO;
F3
Oji]/f Jé\ Entry Acid-additive Yield® ee®
I/u u CFs 1 2-Fluorobenzoic acid 55 75
NH, " 2 2,4,5-Trifluorobenzoic acid 20 63
3 2-Nitrobenzoic acid 30 64
1 2 4 2-Bromobenzoic acid 35 64
— 5 2-Methoxybenzoic acid 20 77
NH2 Ha 6 Camphorsulfonic acid <10 nd
N 7 Propionic acid <10 nd
P N | X N
_N No — “Isolated yield after silica gel column chromatography. ” Determined
4 N by chiral phase HPLC analysis. nd = not determined.
IV:R" = OMe V:R*= OMe
VI:R'=H VIER? =H
vii: R? = OH
catalyst (20 mol%)
Q 2-FCeH4CO2H e Table 3 Substrate scope
(20 mol%)
o o SN2 VI (20 mol%)
toluene (0.625 M) Ph 1% 2-FCeHaCO2H o
1a 2a 80 °C. 7d 32 NO (20 mol%)
+ R/\/ NGz ‘
Entry” Catalyst Yield” ee’ n toluene (0.625 M) n R
n=41a;n=31b; 2a-j 80 °C, 7d 3 NO2
1 I 30 4 n=21c
2 I 20 5
3 III <10 nd
4 v 35 —70  Entry” Enone R 3lyield” ee’
5 \% 30 68
6 VI 40 =70 1 1a Ph 3aa/55 75
7 VII 55 75 2 1a 4-FC4H, 3ab/47 54
8 VIII 52 71 3 1a 4-OMeCgH, 3ac/52 54
4 1a 2-MeC¢H, 3ad/72 58
“Reactions were carried out in 0.16 mL toluene (0.625 M) with 5 1a 2,5-(OMe),CgH, 3ae/53 60
0.12 mmol of 1a (1.2 equiv.) and 0.1 mmol of 2a in the presence of ¢ 1a 1-Naphthyl 3af/74 58
20 mol% catalyst and 20 mol% 2-fluorobenzoic acid. ?Isolated yield 7 1a 2-Furyl 3ag/63 62
after silica gel column chromatography. ¢ Determined by chiral phase g 1a Iso-butyl 3ah/35 86
HPLC analysis. nd = not determined. 9 1a tert-Butyl 32i/37 73
10 1a c-Hexyl 3aj/37 72
11 1b Ph 3ba/74 54
12 1b 4-OMeCgH, 3bc/53 77
13 1b 2-MeCgH, 3bd/71 70
enantioselectivity (entry 2, Table 2). A similar enantioselectivity 14 1b Iso-butyl 3bh/35 70
15 1c Ph 3ca/71 58

was also achieved with 2-nitrobenzoic acid (entry 3). The yield
and enantioselectivity did not increase much with 2-bromo-
benzoic acid (entry 4). Interestingly, 2-methoxybenzoic acid
afforded a higher enantioselectivity of the product but with
poor yield (entry 5). Camphorsulfonic acid and propionic acid
are not suitable co-catalysts for our reaction (entries 6 and 7
respectively). Thus 2-fluorobenzoic acid was the acid additive
of choice. Other solvents were also screened but toluene was
the optimal solvent.

With the optimized conditions in hand we ventured in the
substrate scope for this reaction. Initially, different aromatic
nitroolefins were synthesized and then treated with 1a. The
products were obtained in good yields with varying enantio-
selectivities (Table 3, entries 1-6). Substituted benzaldehyde
derived nitroolefins having electron-donating or electron-with-

This journal is © The Royal Society of Chemistry 2015

“Reactions were carried out in 0.4 mL toluene (0.625 M) with
0.3 mmol of 1a (1.2 equiv.) and 0.25 mmol of 2a in the presence of
20 mol% VII and 20 mol% 2-fluorobenzoic acid. ?Isolated yield after
silica gel column chromatography.  Determined by chiral phase HPLC
analysis.

drawing substituents at the 4-position on the aromatic ring
were employed and they demonstrated similar reactivity, and
comparable enantioselectivities were attained (entries 2 and 3).
Surprisingly, 2-substitution on the phenyl group showed
higher reactivity but the enantioselectivity remained the same
(entry 4). A 2,5-disubstituted nitroolefin 2e provided product
3ae in similar enantioselectivity (entry 5). A higher yield was
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obtained with 1-naphthyl substituted nitroolefin (2f) and a
moderate enantioselectivity was observed (entry 6). Hetero-
aromatic nitroolefin was also employed in our reaction and a
similar enantioselectivity was obtained (entry 7). Interestingly,
aliphatic nitroolefins were also found to be suitable substrates
providing the products in higher enantioselectivities albeit in
lower yields due to side products formation (entries 8-10). The
highest enantioselectivity (86% ee) was achieved with isovaler-
aldehyde derived nitroolefin 2h (entry 8). Aliphatic a-branched
aldehyde derived nitroolefins 2i and 2j exhibited similar reac-
tivity but slightly lower enantioselectivities were obtained
(entries 9 and 10). To expand the scope on the enone side, we
screened 1-acetylcyclopentene (1b) and 1-acetylcyclobutene
(1c) with different nitroolefins (entries 11-15). The yields of
the products with 1-acetylcyclopentene are found to be similar
to 1-acetylcyclohexene (1a); and the enantioselectivities
obtained are good (entries 11-14). 4-Methoxybenzaldehyde
derived nitroolefin 2¢ provided product 3bc in 77% enantio-
meric excess. Aliphatic nitroolefin 2h was also employed and
good enantioselectivity was attained (entry 14). Finally,
1-acetylcyclobutene (1c¢) was prepared and reacted with nitro-
styrene (2a) to afford product 3ca in 71% yield and 58% ee.

To illustrate the utility of our method, we have converted
products 3 to cyclized products 4 and 5 by treatment with
1,1,3,3-tetramethylguanidine (TMG)"? (Scheme 2). Initially, 3aa
was treated with TMG and to our delight two diastereomers 4a
and 4b were formed in a 4: 1 ratio. The relative structure of the

(6]
TMG (1 equiv)
—_—
Ph 0°C-RT, 1d B
3aa  NO, 84 % yield
4a
75% ee 75% ee
94 % ee after recrystallization
(0]
TMG (1 equiv)
_—
Ar 0 °C-RT, 1d |:| b H
3 NO2 NO» 4 NO2

Ar=4-FCgH4, 3ab, 54% ee; product 75% yield, dr =3.3:1, maor4c 54% ee
Ar=1-Naph, 3af, 58% ee; product 67 % yield, dr=3.1:1, maor 4e 56% ee

Ar = 2-Furyl, 3ag, 62% ee; product 81% yield, dr = 6.7:1, major 4g 70% ee

o)
TMG (1 equiv)
—_—
Ph  0°C-RT, 1d H
3ba NO, 87 % yield 5  NO2
54% ee 56% ee

Scheme 2 TMG mediated cyclization of 3.
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major diastereomer 4a was unambiguously determined by
X-ray crystallography'* and was obtained in 75% ee. Pleasingly,
the enantioselectivity was enhanced to 94% ee after single
recrystallization. Similarly, the relative structure of the minor
isomer 4b was determined by comparison of the '"H NMR with
a known compound.’ Then we converted 3ab, 3af and 3ag to
their cyclized products 4 under identical conditions and
similar results were obtained. Cyclization of 3ag affords major
diastereomer 4g in 81% overall yield with an improved
enantioselectivity (70% ee). Interestingly, cyclization of 3ba
having a cyclopentene moiety provided only a single diastereo-
mer 5 and the enantioselectivity was retained. The relative
structure of 5 was solved by the 2D NMR method. However, a
one-pot reaction of the amine catalyzed Michael reaction fol-
lowed by TMG mediated cyclization did not work.

To demonstrate further application of our method we envi-
saged the reduction of the nitro group in 3aa with an expec-
tation of absolute stereochemistry determination. After
attempting different methods we found that the combination
of nickel chloride and sodium borohydride could reduce the
nitro group with the simultaneous reduction of enone func-
tionalities (Scheme 3). After derivatizing the amino group with
4-chlorophenylsulfonyl chloride compound 6 was obtained as
the major diastereomer whose relative configuration was deter-
mined by the 2D NMR method (see the ESIf for details).
Unfortunately compound 6 did not crystallize under various
conditions.

o 1. NiCl2.6H20 (1.1 equiv,)
NaBH4 (13 equiv) H
MeOH, 0 °C-RT, 4 h 0

Nille)
T

Ph

h
2. 4-CICgH4SOCI (1.1 equiv)
6 NHSOCsHa-4-Cl

EtN (1.1 equiv)
CH2Clz, 0 °C-RT, 12 h

3aa NO>

75% ee 50% yield,69% ee

Scheme 3 Reduction of compound 3aa.
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Scheme 4 The proposed mechanism.
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Scheme 5 Enones 7 and 8.

A plausible mechanism has been shown without the stereo-
induction (Scheme 4). It seems that the catalyst plays a bifunc-
tional role activating concomitantly both enone and
nitroolefin.” Initially, the iminium ion I is generated from the
amine and acid catalyst (HA) and then it isomerizes to
enamine IL In the enamine II, the tertiary amino group is pro-
tonated and could interact with the nitro functionality, and
thus assists in stereocontrol.

After the development of the catalytic asymmetric Michael
addition reaction of cyclic a-branched enones 1 with nitro-
olefins, we became interested to employ acyclic a-branched
enones in the Michael reaction. Thus, we synthesized enones 7
and 8 (Scheme 5). Unfortunately, these enones remained
unreacted under our reaction conditions.

Conclusion

In summary, this report describes the chiral amine catalyzed
asymmetric Michael addition reaction between o-branched
enones and nitroolefins. The enantioselectivity of the products
is good to moderate and the nitroolefin scope is broad. The
utility of our method has been shown by converting to bicy-
clized compounds and high enantioselectivity could be
attained by recrystallization. a-Branched enones are challen-
ging substrates in asymmetric organocatalysis and this is the
first demonstration that a-branched enones could be activated
by an amine catalyst for an asymmetric reaction with a
Michael acceptor.

Experimental
General

All the reagents used are of commercial grade and used
without purification. Reactions were monitored by silica gel 60
F254 (0.25 mm). NMR spectra were recorded in CDCl; with
tetramethylsilane as the internal standard for 'H NMR
(400 MHz or 600 MHz) and CDClI; solvent as the internal stan-
dard for "*C NMR (100 MHz or 150 MHz). IR spectra of the
compounds were recorded in KBr or neat. HRMS spectra were
recorded using the ESI mode. HPLC data were recorded using
Waters and Dionex (Ultimate 3000) HPLC instruments. Cata-
lysts 1," IL,*° 11,"7 IV-VII'® and VIII*® were prepared according
to the reported procedures.

This journal is © The Royal Society of Chemistry 2015
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Experimental procedures

General procedure for the asymmetric Michael reaction. A
10 mL round bottomed flask was charged with enone 1
(0.3 mmol, 1.2 equiv.), nitroolefin 2 (0.25 mmol, 1 equiv.),
catalyst VII (0.05 mmol, 20 mol%) and 2-fluorobenzoic acid
(0.05 mmol, 20 mol%) in toluene (0.4 mL). The reaction
mixture was stirred at 80 °C for 7 days. The product 3 was puri-
fied by silica gel column chromatography (EtOAc:hexane =
1:50-1:40).

Preparation of racemic Michael adducts 3. 0.6 mmol
(0.085 mL) of diisopropylamine was taken in a 10 mL R.B.
flask and 1 mL dry THF was added to it (the reaction was
carried out under an argon atmosphere). The whole container
was cooled to —78 °C and then 0.345 mL of a 1.6 M solution of
n-BuLi in hexane (0.55 mol) was added to it and the mixture
was stirred for 1 min at —78 °C. Then a solution of 1
(0.5 mmol) in 0.5 mL dry THF was added and the mixture was
stirred for 15 min at —78 °C. Next nitroolefin 2 (0.6 mmol) was
added as a solution in 0.5 mL dry THF. The solution was
stirred for 15 min at —78 °C and subsequently for 12 hour at
0 °C. The reaction mixture was diluted with 1 M aqueous
NH,CIl and EtOAc. The organic layer was extracted, washed
with water, brine and then dried with Na,SO,, filtered and
evaporated in vacuo to get the crude product 3 which was puri-
fied by silica gel column chromatography.

Procedure for the preparation of nitroolefins. Nitroolefins
2a-2g,%°* 2h?° and 2i-2j°°° were synthesized by the reported
procedures.

Characterization data of the compounds

1-Cyclohexenyl-4-nitro-3-phenylbutan-1-one  (3aa). Yellow
thick oil, 37.6 mg, 55% yield. FT-IR (KBr): 3444(s), 2925(s),
2853(w), 1713(s), 1551(s), 1377(w). "H NMR (400 MHz, CDCl;)
Sy 7.27-7.34 (m, 2H), 7.22-7.27 (m, 3H), 6.89 (s, 1H), 4.75 (dd,
J = 12.4, 6.4 Hz, 1H), 4.62 (dd, J = 12.4, 8.4 Hz, 1H), 4.06-4.09
(m, 1H), 3.02-3.16 (m, 2H), 2.17-2.23 (broad doublet, 4H),
1.25-1.60 (m, 4H) ppm. *C NMR (100 MHz, CDCl;) § 198.1,
141.2, 139.7, 139.3, 129.1, 127.8, 127.6, 79.8, 40.2, 39.8, 26.3,
23.2, 22.0, 21.6 ppm. HRMS calculated for [C;cH;oNO; + H']:
274.1438, found: 274.1434. HPLC: Chiralpak IA column. Flow
rate 1 mL min~". UV detection at 214 nm. z(major) = 12.859,
7(minor) = 15.019 using hexane : isopropanol = 96:4 as the
eluent, ee 75%.

1-Cyclohexenyl-3-(4-fluorophenyl)-4-nitrobutan-1-one (3ab).
Yellow thick oil, 34.4 mg, 47% yield. FT-IR (KBr): 3438(m),
2931(m), 2859(w), 1663(s), 1552(s), 1511(s), 1225(m), "H NMR
(400 MHz, CDCl;) 8y 7.19-7.21 (m, 2H), 6.88-7.18 (m, 2H),
6.87 (s, 1H), 4.72 (dd, J = 12.8, 6.4 Hz, 1H), 4.56 (dd, J = 12.8,
8.4 Hz, 1H), 4.06-4.14 (m, 1H), 3.04-3.08 (m, 2H), 2.15-2.23
(broad doublet, 4H), 1.23-1.59 (m, 4H) ppm. “C NMR
(100 MHz, CDCl;) § = 197.7, 161.0, 141.1, 139.3, 135.3, 129.3,
116.1, 79.8, 40.2, 39.0, 26.3, 23.2, 21.9, 21.5 ppm, HRMS calcu-
lated for [C16H,sFNO; + H']: 293.1343, found: 293.1347. HPLC:
Chiralpak IA column. Flow rate 1 mL min~'. UV detection at
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214 nm. z(major) = 16.7, r(minor) = 20.3 using hexane:
isopropanol = 96 : 4 as the eluent, ee 54%.
1-Cyclohexenyl-3-(4-methoxyphenyl)-4-nitrobutan-1-one (3ac).
Yellow thick oil, 39.5 mg, 52% yield. FT-IR (KBr): 3441.61(s),
2921(m), 2852(w), 1713(m), 1550(s), "H NMR (400 MHz, CDCl,)
Sy 7.11-7.24 (m, 2H), 6.86 (s, 1H), 6.80-6.82 (m, 2H), 4.68 (dd,
J =12.4, 6.8 Hz, 1H), 4.53 (dd, J = 12.4, 8.4 Hz, 1H), 3.74-4.01
(m, 1H), 3.73 (s, 3H), 3.00-3.059 (m, 2H), 2.14-2.19 (broad
doublet, 4H), 1.18-1.56 (m, 4H) ppm. *C NMR (100 MHz,
CDCl;) § 198.1, 159.1, 141.0, 139.3, 131.4, 128.6, 114.4, 80.1,
55.4, 40.3, 39.0, 26.2, 23.1, 21.9, 21.6 ppm. HRMS calculated
for [C;7H,;NO, + H']: 304.1543, found: 304.1574. HPLC: Chir-
alpak IA column. Flow rate 1 mL min~'. UV detection at
214 nm. z(major) = 10.1, z(minor) = 11.7 using hexane:
isopropanol = 96 : 4 as the eluent, ee 54%.
1-Cyclohexenyl-4-nitro-3-o-tolylbutan-1-one (3ad). Light
yellow thick oil, 51.8 mg, 72% yield. FT-IR (KBr): 3443(s),
2925(s), 2854(w), 1660(s), 1551(s), 1377(w). "H NMR (400 MHz,
CDCl;) 6y 7.1-7.22 (m, 4H), 6.87 (s, 1H), 4.73 (dd, J = 12.8,
7.2 Hz, 1H), 4.52 (dd, J = 12.8, 7.6 Hz, 1H), 4.35-4.41 (m, 1H),
3.0-3.15 (m, 2H), 2.44 (s, 3H), 2.14-2.23 (m, 4H), 1.2-1.5 (m,
4H) ppm. *C NMR (100 MHz, CDCl3) § 197.7, 141.2, 139.4,
135.3, 129.2, 116.2, 116.0, 79.9, 40.2, 39.0, 29.9, 26.3, 22.8,
22.0, 21.6 ppm. HRMS calculated for [Cy;H,;NO; + H']:
288.1594, found: 288.1613. HPLC: Chiralpak IA column. Flow
rate 1 mL min~"'. UV detection at 214 nm. z(major) = 11.0,
7(minor) = 11.9 using hexane:isopropanol = 96:4 as the
eluent, ee 58%.
1-Cyclohexenyl-3-(2,5-dimethoxyphenyl)-4-nitrobutan-1-one
(3ae). Brown thick oil, 44.0 mg, 53% yield. FT-IR (KBr):
3448(m), 2921(s), 2850(m), 1712(w), 1551(s), 1502(m), 1225(m),
'H NMR (600 MHz, CDCl;) 6y 6.89 (s, 1H), 6.71-6.80 (m, 3H),
4.76 (apparent d, J = 6.8, 2H), 4.21 (t, ] = 6.4, 1H), 3.83 (s, 3H),
3.74 (s, 3H), 3.15 (d, J = 7.2, 2H), 2.13-2.18 (broad doublet,
4H), 1.58-1.65 (m, 4H) ppm. *C NMR (151 MHz, CDCI,)
5 198.5, 153.6, 151.4, 140.4, 139.2, 128.2, 115.8, 112.8, 111.9,
77.9, 55.8, 55.7, 38.3, 36.2, 26.1, 23.0, 22.6, 21.8 ppm, HRMS
calculated for [CysH,sNOs + H']: 334.1649, found: 334.1693,
HPLC: Chiralpak AS-H column. Flow rate 1.2 mL min~". UV
detection at 214 nm. r(major) = 21, z(minor) = 32 using
hexane : isopropanol = 96 : 4 as the eluent, ee 60%.
1-Cyclohexenyl-3-(naphthalen-1-yl)-4-nitrobutan-1-one (3af).
Light brown thick oil, 60.0 mg, 74% yield. "H NMR (400 MHz,
CDCl;) 6 8.19 (d, J = 12, 1H), 7.88 (d, J = 12, 1H), 7.78 (d, ] = 6,
1H), 7.59 (t, J = 18, 1H), 7.52 (t, ] = 12, 1H), 7.42 (t, J = 18, 1H),
7.35 (d, J = 6, 1H), 6.88 (s, 1H), 4.81-4.88 (m, 2H), 3.48 (q, J =
7.2, 1H), 3.25 (d, J = 6.6, 2H), 2.19-2.21 (br s, 2H), 2.15-2.18 (br
s, 2H) ppm. *C NMR (100 MHz, CDCl;) § 198.0, 141.1, 139.3,
135.6, 134.3, 131.2, 129.3, 128.4, 127.0, 126.2, 125.4, 122.7,
79.0, 40.2, 32.1, 29.9, 26.3, 23.2, 22.0, 21.6 ppm. HRMS calcu-
lated for [C,0H,;NO; + H']: 324.1594, found: 324.1597. HPLC:
Chiralpak AS-H column. Flow rate 1 mL min~'. UV detection
at 214 nm. 7(major) = 21.9, z(minor) = 42.7 using hexane:
isopropanol = 96 : 4 as the eluent, ee 58%.
1-Cyclohexenyl-3-(furan-2-yl)-4-nitrobutan-1-one  (3ag). Yel-
low thick oil, 51.0 mg, 63% yield. FT-IR (KBr): 3441(s), 2921(s),
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2852(w), 1713(s), 1551(s), 1020(m). "H NMR (400 MHz, CDCl,)
5y 7.33 (s, 1H), 6.93 (s, 1H), 6.28 (s, 1H), 6.14 (s, 1H), 4.62-4.76
(m, 1H), 4.07-4.23 (m, 1H), 3.03-3.20 (m, 2H), 2.17-2.27 (br d,
4H) ppm. *C NMR (100 MHz, CDCl;) § 197.6, 152.5,
142.3, 141.4, 139.3, 110.6, 107.2, 68.1, 37.7, 33.6, 26.3, 23.2,
22.0, 21.6 ppm. HRMS calculated for [C;,H;;NO, + H']:
264.1230, found: 264.1241. HPLC: Chiralpak AS-H column.
Flow rate 1 mL min~". UV detection at 214 nm. z(major) = 20,
7(minor) = 32 using hexane : isopropanol = 96 : 4 as the eluent,
ee 62%.
1-Cyclohexenyl-5-methyl-3-(nitromethyl )hexan-1-one  (3ah).
Light yellow thick oil, 22.2 mg, 35% yield. FT-IR (KBr):
3443(m), 2923(m), 2852(w), 1728(s), 1613(s), 1457(m), 1289(m),
'H NMR (600 MHz, CDCl;) &;; 6.87 (s, 1H), 4.78 (dd, J = 12.6,
10.2 Hz, 2H), 4.61 (dd, J = 12.6, 4.2 Hz, 2H), 2.72-2.81 (m, 1H),
2.59-2.62 (d, 1H), 2.44-2.50 (m, 2H), 1.90-2.05 (m, 2H),
1.82-1.86 (t, 1H), 1.63-1.67 (q, 4H), 1.19-1.24 (t, 2H), 0.87-0.89
(d, 6H) ppm. *C NMR (151 MHz, CDCl;) § 200.8, 141.6,
139.6, 87.5, 43.3, 42.7, 26.1, 25.8, 23.3, 22.9, 22.7, 22.5,
22.0 ppm. HRMS calculated for [Cy4,H,3NO; + H']: 254.1751,
found: 254.1789. HPLC: Chiralpak IA column. Flow rate
0.7 mL min~'. UV detection at 254 nm. z(major) = 34.4,
7(minor) = 37.9 using hexane:isopropanol = 95:5 as the
eluent, ee 86%.
1-Cyclohexenyl-4,4-dimethyl-3-(nitromethyl )pentan-1-one
(3ai). Light yellow thick oil, 23.5 mg, 37% yield. FT-IR (KBr):
3442(m), 2925(s), 2856(w), 1715(m), 1552(w), 1374(w), "H NMR
(600 MHz, CDCl;) 8y 6.91 (s, 1H), 4.50 (dd, J = 12.6, 4.8 Hz,
1H), 4.29 (dd, J = 12.6, 7.2 Hz, 1H), 2.77-2.83 (m, 1H),
2.62-2.70 (m, 2H), 2.29-2.21 (m, ZH], 1.62 (m, 4H), 0.94 (s, 9H)
ppm."*C NMR (151 MHz, CDCl;) § 199.2, 140.1, 139.4, 88.8,
42.5, 35.9, 27.6, 27.3, 27.1, 26.3, 23.5, 22.1 ppm. HRMS calcu-
lated for [C;4H,3NO; + H']: 254.1751, found: 254.1756. HPLC:
Chiralpak IA column. Flow rate 0.7 mL min~". UV detection at
254 nm. r(major) = 24.2, z(minor) = 38.7 using hexane:
isopropanol = 95 : 5 as the eluent, ee 73%.
1-Cyclohexenyl-3-cyclohexyl-4-nitrobutan-1-one  (3aj). Light
yellow thick oil, 26.0 mg, 37% yield. FT-IR (KBr): 3437(m),
2925(m), 2853(m), 1716(w), 1551(s), 1449(w), 1376(s), "H NMR
(600 MHz, CDCl3) 8y 6.96 (s, 1H), 4.67 (dd, J = 14.4, 2.4 Hz,
1H), 4.43 (dd, J = 14.4, 9 Hz, 1H), 2.66-2.68 (m, 1H), 2.20-2.27
(m, 4H), 2.00-2.04 (m, 4H), 1.62-1.65 (m, 4H), 0.94-1.23 (m,
11H) ppm. *C NMR (151 MHz, CDCl;) § 203.8, 142.1, 141.7,
75.5, 41.2, 38.6, 32.1, 29.9, 26.7, 26.5, 25.1, 23.6, 22.9, 22.1,
21.6 ppm. HRMS calculated for [C;6H,5NO; + H']: 280.1907,
found: 280.2012. HPLC: Chiralpak IA column. Flow rate 1 mL
min~'. UV detection at 254 nm. z(major) = 7.2, 7(minor) = 13.0
using hexane : isopropanol = 96 : 4 as the eluent, ee 72%.
1-Cyclopentenyl-4-nitro-3-phenylbutan-1-one  (3ba). White
thick oil, 48 mg, 74% yield. FT-IR (KBr): 3439(s), 2955(w),
2923(m), 2853(w), 1710(w), 1548(s), 1377(w), 'H NMR
(400 MHz, CDCI;) 8y 7.05-7.39 (m, 5H), 6.7 (s, 1H), 4.79 (dd,
J =12.4, 6.4 Hz, 1H), 4.61 (dd, J = 12.4, 8.4 Hz, 1H), 4.02-4.12
(m, 1H), 3.03-3.2 (m, 3H), 2.48-2.58 (m, 4H), 1.84-1.95 (m,
4H) ppm. *C NMR (101 MHz, CDCl;) § 195.6, 145.6, 144.7,
139.4, 129.2, 127.6, 127.2, 79.7, 42.0, 39.6, 34.2, 30.7,
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22.8 ppm, HRMS calculated for [C,5H;,NO; + H']: 260.1281,
found: 260.1259. HPLC: Chiralpak IA column. Flow rate 1 mL
min~'. UV detection at 214 nm. z(major) = 15.4, z(minor) =
19.9 using hexane : isopropanol = 96 : 4 as the eluent, ee 54%.
1-Cyclopentenyl-3-(4-methoxyphenyl)-4-nitrobutan-1-one
(3bc). Yellow thick oil, 38 mg, 53% yield. FT-IR (KBr):
3437(m), 2922(s), 2852(w), 1737(s), 1458(m), 1275(m), 1260(m),
'H NMR (400 MHz, CDCl;) 6y 7.14 (d, 2H), 6.85 (d, 2H), 6.73
(s, 1H), 4.72 (dd, J = 16, 6.4 Hz, 1H), 4.56 (dd, J = 16, 8 Hz, 1H),
4.00-4.05 (m, 1H), 3.77 (s, 3H), 3.03-3.15 (m, 2H), 2.49-2.55
(m, 4H), 1.89-1.92 (m, 2H). *C NMR (100 MHz, CDCI,)
6 195.6, 159.2, 144.6, 142.9, 128.7, 114.9, 144.6, 80.0, 55.5,
42.2, 39.0, 34.2, 30.8, 22.9 ppm. HRMS calculated for
[C16H1oNO, + H']: 290.1387, found: 290.1368. HPLC: Chiralpak
IA column. Flow rate 1 mL min~'. UV detection at 214 nm.
7(major) = 20, 7(minor) = 32 using hexane : isopropanol = 96 : 4
as the eluent, ee 77%.
1-Cyclopentenyl-4-nitro-3-o-tolylbutan-1-one  (3bd). White
thick oil, 48.4 mg, 71% yield. FT-IR (KBr): 3443(s), 2955(w),
2923(s), 2853(w), 1662(w), 1551(s), 1376(w), "H NMR (600 MHz,
CDCl;) 6y 7.10-7.25 (m, 4H), 6.75 (s, 1H), 4.72 (dd, J = 12.6, 7.2
Hz, 1H), 4.61 (dd, J = 12.6, 7.8 Hz, 1H), 4.39-4.42 (m, 1H), 3.9
(m, 1H), 3.15-3.22 (m, 1H), 2.5-2.62 (m, 4H), 1.9-2.0 (m, 3H)
ppm. *C NMR (150 MHz, CDCl;) 6§ = 195.6, 145.6, 144.6,
137.7, 136.7, 131.4, 127.6, 126.1, 125.6, 79.3, 42.0, 34.2, 29.9,
22.9, 19.8 ppm. HRMS calculated for [C;cH;oNO; + H':
274.1438, found: 274.1411 HPLC: Chiralpak AS-H column.
Flow rate 1 mL min~'. UV detection at 214 nm. z(major) =
17.3, 7(minor) = 26.3 using hexane : isopropanol = 96: 4 as the
eluent, ee 70%.
1-Cyclopentenyl-5-methyl-3-(nitromethyl)hexan-1-one (3bh).
Light yellow thick oil, 21 mg, 35% yield. FT-IR (KBr): 3448(m),
2924(m), 2854(w), 1660(s), 1551(s), 1377(w), 'H NMR
(600 MHz, CDCl;) 8y 6.70 (s, 1H), 4.85 (dd, J = 13.8, 2.4 Hz,
1H), 4.50 (dd, J = 13.8, 5.4 Hz, 1H), 2.79-2.84 (m, 1H),
2.69-2.66 (m, 2H), 2.59-2.61 (m, 2H), 2.54-2.57 (m, 2H),
2.26-2.31 (m, 1H), 1.94-1.98 (m, 2H), 1.20 (t, J = 6.6 Hz, 2H),
0.91 (d, J = 6.6 Hz, 6H) ppm. *C NMR (150 MHz, CDCl,)
6 192.7, 155.5, 145.5, 142.4, 78.6, 43.9, 40.8, 34.5, 30.7, 25.4,
25.3, 23.3, 23.1, 22.9 ppm. HRMS calculated for [C;3H,;NO; +
H']: 240.1594, found: 240.1623. HPLC: Chiralpak IA column.
Flow rate 0.7 mL min~'. UV detection at 254 nm. z(major) =
19.6, 7(minor) = 27.5 using hexane : isopropanol = 95: 5 as the
eluent, ee 70%.
1-Cyclobutenyl-4-nitro-3-phenylbutan-1-one  (3ca). Yellow
thick oil. 59% yield (36 mg, 0.15 mmol). FT-IR (KBr): 2925(s),
2854(w), 1729(s), 1557(s), 1456(m), 1378(m). 'H NMR
(600 MHz, CDCl3) 6y 7.32-7.27 (m, 5H), 7.17 (s, 1H), 4.91 (dd,
J =8, 4.8, 1H), 4.76 (dd, J = 8.0, 2.0, 1H), 3.40-3.35 (m, 1H),
3.30-3.25 (m, 1H), 2.40 (br d, J = 17.2, 1H), 1.43-1.35 (m, 4H),
3C NMR (151 MHz, CDCl;) § 201.5, 129.6, 129.5, 129.2, 129.0,
127.9, 127.3, 80.6, 43.1, 32.1, 31.9, 29.6, 22.9, 19.5. HRMS cal-
culated for [C,4H;sNO; + H']: 246.1125, found: 246.1147.
HPLC: Chiralpak IA column. Flow rate 1 mL min~". UV detec-
tion at 214 nm. 7(major) = 30.7, 7f(minor) = 35.3 using hexane:
isopropanol = 99:1 as the eluent, ee 58%.
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Procedure for base mediated cyclization of compound 3

1,1,3,3-Tetramethylguanidine (0.095 mmol, 1 eq.) is added to a
solution of 3 (0.095 mmol, 1 eq.) in dichloromethane at 0 °C.
The solution is then allowed to stir for 24 h at room tempera-
ture. The crude is subjected to column chromatographic separ-
ation (3% ethyl acetate in petroleum ether) to obtain a pure
cyclized product.
4-Nitro-3-phenyloctahydronaphthalen-1(2H)-one (4a + 4b =
4:1). Colorless crystalline solid. 84% overall yield (22 mg,
0.8 mmol). Melting point 166-167 °C. FT-IR (KBr): 2933(s),
2854(m), 1721(s), 1547(s), 1456(w), 1445(w), 1364(w), "H NMR
(600 MHz, CDCl;) & 7.18-7.37 (m, 5H), 5.33 (dd, J = 10.8, 3.6,
0.25H, CHNO,), 4.84 (apparent t, J = 10.8, 1H), 3.84 (dt, J =
12.4, 5.6, 0.25H, CHPh), 3.60 (dt, J = 12.4, 5.6, 1H), 2.84-2.87
(m, 0.5H, H10), 2.65-2.75 (m, 2H), 2.49-2.54 (m, 0.25H, H9),
2.07-2.25 (m, 3H), 1.71-1.93 (m, 3H), 1.18-1.41 (m, 5H) ppm.
"H NMR (400 MHz, C¢Dg) 6y 6.89-7.07 (m, 7H), 4.8 (dd, J =
10.8, 3.6, 0.25H, CHNO,), 4.30 (apparent t, J = 10.8, 1H), 3.52
(dt,J = 12.4, 5.6, 0.25H, CHPh), 3.20 (dt, J = 12.4, 5.6, 1H), 2.33
(two pseudo AB quartet, 14.8, 2H), 2.21, 1.84 (two pseudo AB
quartet, 13.6, 0.5H), 1.95-1.98 (d, J = 12.4, 1H), 1.73 (q, J =
10.8, 1H) ppm.**C NMR (150 MHz, CDCl;) 206.5, 137.9, 129.4,
128.5, 127.1, 95.0, 51.3, 48.1, 46.3, 45.9, 30.3, 25.1, 24.9,
24.7 ppm. HRMS calculated for [C;6HoNO; + H']: 274.1438,
found: 274.1434. HPLC: Chiralpak IA column. Flow rate 1 mL
min~'. UV detection at 254 nm. z(major) = 18.6, z(minor) =
23.1 using hexane : isopropanol = 96 : 4 as the eluent, ee 75%.
Recrystallized using chloroform-hexane as the solvent in 73%
yield (from 3aa). After recrystallization ee was 94%.
3-(4-Fluorophenyl)-4-nitrooctahydronaphthalen-1(2H)-one
(4¢c). Colourless crystalline solid. 81% overall yield (22 mg,
0.077 mmol). FT-IR (KBr): 2927(s), 2852(w), 1719(s), 1561(s).
'H NMR (600 MHz, CDCl;) &y 7.25-7.22 (m, 0.5H), 7.20-7.17
(m, 2H), 7.04-7.01 (t, J = 9, 2H), 5.27 (dd, J = 12.4, 4.2, 0.3H),
4.78 (t, J = 10.6, 1H), 3.86-3.81 (m, 0.3H), 3.61-3.56 (m, 1H),
2.70-2.64 (m, 2H), 2.48 (apparent t, J = 14.4, 0.3H), 2.34 (br d,
J = 12.6, 0.3H), 2.22 (dt, J = 10.8, 3.6, 1H), 2.16-2.08 (m, 2H),
1.89-1.86 (m, 1H), 1.83-1.80 (m, 1H), 1.73 (br d, J = 6.6,
4H)."*C NMR (100 MHz, CDCl;) § 206.2, 133.7, 128.8, 128.8,
116.5, 116.3, 95.1, 51.3, 47.3, 46.3, 45.9, 30.28, 25.1, 24.9,
24.7 ppm. HRMS calculated for [C,4H;sFNO; + H']: 292.1343,
found: 292.1347. HPLC: Chiralpak IA column. Flow rate
0.8 mL min~'. UV detection at 214 nm. z(major) = 30.7,
7(minor) = 35.3 using hexane:isopropanol = 95:5 as the
eluent, ee 54%.
1'-Nitro-2',3',4'a,5',6',7',8',8'a-octahydro-1,2"-binaphthyl-4'(1'H)-
one (4e). White crystalline solid. 75% overall yield (23 mg,
0.07125 mmol). FT-IR (KBr): 2926(s), 2856(w), 1708(s), 1552(s).
'H NMR (600 MHz, CDCL;) 6y 8.15 (d, J = 8.4, 0.25H), 8.05 (d,
J =8.4, 1H), 7.86 (t, ] = 8.4, 1H), 7.78 (d, J = 8.4, 1H), 7.58-7.52
(m, 2H), 7.52-7.48 (m, 2H), 7.45 (d, J = 2.4, 0.24H), 7.43 (s,
0.25H), 5.67 (dd, J = 12, 4.8, 0.25H), 5.21 (t, J = 10.2, 1H), 4.81
(dt, J = 12.4, 4.8, 0.25H), 4.63 (dt, J = 13.8, 4.8, 1H), 2.87 (d, ] =
5.4, 0.24H), 2.83 (dd, J = 15.0, 4.8, 1H), 2.66 (t, J = 13.8, 1H),
2.46 (t, J = 14.4, 0.25H), 2.32-2.25 (m, 2H), 2.15 (br d, J = 13.2,
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1H), 1.93-1.89 (m, 1H), 1.86-1.83 (m, 1H)."*C NMR (100 MHz,
CDCl;) § 206.5, 134.4, 130.0, 129.3, 128.8, 128.5, 127.1, 126.3,
125.6, 123.0, 122.9 ppm. HRMS calculated for [C;,H,;NO;3 +
H']: 324.1594, found: 324.1589. HPLC: Chiralpak IA column.
Flow rate 1 mL min~'. UV detection at 214 nm. z(minor) =
22.7, t(major) = 31.0 using hexane : isopropanol = 96: 4 as the
eluent, ee 56%.
3-(Furan-2-yl)-4-nitrooctahydronaphthalen-1(2H)-one  (4g).
Colourless crystalline solid. 73% overall yield (18 mg,
0.069 mmol). FT-IR (KBr): 2922(s), 2855(w), 1722(s), 1551(s).
'H NMR (600 MHz, CDCl,) &;; 7.36 (d, J = 1.8, 1H), 7.32 (d, ] =
1.8, 0.16H), 6.28 (d, J = 1.8, 1H), 6.16 (d, J = 3, 0.16H), 6.12 (d,
J =3.0, 1H), 5.28 (dd, J = 12, 4.2, 0.16H), 4.83 (t, J = 10.8, 1H),
4.01 (dt, J = 12, 7.2, 0.16H), 3.73-3.79 (m, 1H), 2.85 (dt, J =
16.8, 1.2, 1H), 2.74-2.68 (m, 1.5H), 2.21-2.16 (m, 1H),
2.12-2.05 (m, 2H), 1.87-1.84 (m, 1H), 1.81-1.78 (m, 1H), 1.73
(br d, 1H), 1.36-1.27 (m, 2H), 1.23-1.19 (m, 2H). *C NMR
(100 MHz, CDCl;) § 206.1, 150.8, 143.0, 110.7, 107.7, 93.3,
51.0, 45.3, 43.3, 41.3, 30.3, 25.0, 24.8, 24.7 ppm. HRMS calcu-
lated for [C14H;sNO, + H']: 263.1158, found: 263.1154. HPLC:
Chiralpak IA column. Flow rate 0.8 mL min~". UV detection at
214 nm. z(minor) = 24.8, rz(major) = 33.4 using hexane:
isopropanol = 95: 5 as the eluent, ee 70% after crystallisation.
7-Nitro-6-phenylhexahydro-1H-inden-4(2H)-one  (5). Color-
less solid. 87% yield (21 mg, 0.83 mmol). FT-IR (KBr): 2923 (s),
2852(m), 1712(m), 1629(m), 1548(m), 1454(w), 1384(w),
1265(w), 1019(m). "H NMR (600 MHz, CDCl;) 6y 7.18-7.37 (m,
5H, Ph), 5.00 (t, J = 3.6, 1H, CHNO,), 3.66-3.71 (td, J = 12.8,
4.8, 1H, CHPh), 3.41 (dd, J = 2.4, 12.6, 1H), 3.22-3.24 (m, 1H,
H9), 2.93 (m, 1H, H8), 2.65 (dd, J = 10.6, 4.8, 1H), 2.36-2.39
(m, 1H),1.99-2.02 (m, 1H), 1.75-1.82 (m, 2H), 1.39-1.46 (m,
1H) ppm. *C NMR (150 MHz, CDCl;): 206.8, 129.3, 128.5,
127.3, 100.2, 89.43, 49.8, 45.0, 42.7, 40.6, 30.2, 29.9, 25.9,
22.6 ppm. HRMS calculated for [C,5H;,NO; + H']: 260.1281,
found: 260.1259 HPLC: Chiralpak IA column. Flow rate 1 mL
min~'. UV detection at 214 nm. z(major) = 13.7, z(minor) =
18.1 using hexane : isopropanol = 96 : 5 as the eluent, ee 56%.

4-Chloro-N-(4-cyclohexyl-4-hydroxy-2  phenylbutyl)benzene-
sulfonamide (6). White crystalline solid. 50% overall yield
(13 mg, 0.07125 mmol). FT-IR (KBr): 2925(s), 2853(w), 1350(s),
1164(s), 1092(s), 1013(s). "H NMR (600 MHz, CDCl3) 8y 7.83 (d,
J=7.8,2H),7.52 (d,] = 7.8, 2H), 7.28 (t, ] = 7.8, 2H), 7.23 (d, ] =
3.2, 1H), 7.06 (m, J = 7.2, 2H), 3.89 (dd, J = 12, 6.6, 2H), 3.76
(dd, J = 14.4, 7.2, 1H), 3.16 (t, J = 12, 1H), 2.57-2.50 (m, 1H),
2.17 (dd, J = 7.8, 3.6, 1H), 1.82 (dd, J = 11.4, 3.6, 1H), 1.64-1.60
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(m, 1H), 1.16-1.14 (m, 1H). *C NMR (100 MHz, CDCl;) §
139.6, 139.4, 137.8, 129.7, 129.0, 128.9, 127.3, 127.2, 65.6, 55.7,
43.6, 42.6, 35.1, 31.8, 30.3, 26.8, 26.6, 26.4, 26.2 ppm. HRMS
calculated for [C,,H,sCINO;S + H']: 422.1551, found:
422.1579. HPLC: Chiralpak O] column. Flow rate 1 mL min™".
UV detection at 254 nm. 7(major) = 18.3, 7(minor) = 27.6 using
hexane : isopropanol = 97 : 3 as the eluent, ee 69%.
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