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N-Fluorobenzenesulfonimide was used for the first time as a catalyst to carry out the three-component
synthesis of isoquinuclidines with the use of various cyclohexenone (1), benzaldehydes (2), and anilines (3).
The yields up to 80% and the endo/exo stereoselectivity ratios up to 19:81 were achieved.
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INTRODUCTION

The aza[4+2] reaction is one of the most powerful
synthetic methods in organic chemistry for the construction
of nitrogen heterocycles such as pyridines, quinolines,
isoquinuclidine, azabicycloalkanes, and others. Among
them, isoquinuclidine (azabicyclo[2.2.2]octane) has gener-
ated considerable attention as a result of their presence in
numerous complex natural products and pharmaceuticals
such as the alkaloids of dioscorea hispida, dioscorine [1],
and the alkaloid ibogaine [2], which possesses the ability
to diminish self-administration of cocaine, heroin, and
alcohol. Despite their importance, the number of available
methodologies for their preparation remained scarce. The
methods reported mainly used metal catalysts such as
indium trichloride (InClz) [3], environmentally friendly
bismuth trichloride (BiCls) [4], and a-zirconium hydrogen
phosphate, which allow easy recovery and reuse [5].
Some organocatalysts were also used as catalysts such as
triphenylphosphonium perchlorate, which is inexpensive,
easy to prepare, and only a small amount is required [6].
The chiral organocatalysts such as 1,1’-Bi-2-naphthol
(BINOL) [7] and proline derivative [8] were used to
achieve high stereoselectivity of the products. Typically,
these catalysts are metal-based Lewis acids or complex
molecules. Therefore, alternative catalyst that is powerful,
easily available, and is low cost would be highly desirable.

More recently, N-F electrophilic fluorinating agents such
as Selectfluor” (1-chloromethyl-4-fluoro-1,4-diazoniabicyclo
[2,2,2]octane bis(tetrafluoro-borate)) and N-fluoropyridinium
triflate have been employed as a powerful Lewis acid in the
one-pot allylation reactions of imines [9], the synthesis of
cis-fused pyrano and furanotetrahydroquinolines [10], and
the stereoselective synthesis of N-substituted aziridines

[11]. The investigations have shown that N-F electrophilic
fluorinating agents, as the alternative to metal-based Lewis
acids or the highly electrophilic Brgnsted acids, could
help the activation of imine and the attack of subsequent
nucleophile. With the attributes described previously, we
attempted the possibility of the three-component synthesis
of isoquinuclidines catalyzed by N-fluorobenzenesulfonimide
(NFSI) and Selectfluor. Herein, we describe the results of
the aza[4 + 2] reaction using cyclohexenone (1) and various
benzaldehydes (2) and anilines (3) in a one-pot operation
with catalytic amount of NFSI at room temperature. To the
best of our knowledge, NFSI was used for the first time as
a catalyst to carry out the aza[4 + 2] reaction.

RESULTS AND DISCUSSION

In our initial experiments, three-component coupling of
4-nitrobenzaldehyde, 4-methoxyaniline, and cyclohexenone
(mole ratio 1:1:1) was performed in the presence of catalysts
NFSI and Selectfluor, respectively in MeCN at room temper-
ature (Table 1, entries 1 and 3). The reaction catalyzed by
NFSI gave the desired product in the yield of 69% with the
endo:exo ratio of 27:73 after 8 h, whereas the reaction
catalyzed by Selectfluor gave the desired product in the yield
of 63% with the endo : exo ratio of 34:66 after 6 h. Next, we
also investigated the reactions with the use of these two
catalysts respectively under solvent-free conditions. It was
found that the reactions proceeded smoothly in shorter
reaction times and gave good yields (81 and 72%, respec-
tively; Table 1, entries 2 and 4), which indicated that the
catalytic activities of NFSI and Selectfluor increased
under solvent-free conditions. However, the stereoselectivity
of product decreased (55:45 and 52:48 endo:exo ratios,
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Table 1
Optimization of catalysts and reaction conditions for the three-component reaction.
(@] = 0 NH, o o
Organocatalyst 2%( H X@CGW'PNOz
—_—
+ + o N CeHa-pNO2  * N
PMP PMP
NO; OCHg
1 2 3 4 (endo) 5 (exo)

Entry Catalyst Solvent Time (h) Yield*(%) 4/5
1 NFSI (10 mol%) MeCN 8 69 27173
2 NFSI (10 mol%) None 6 81 55/45
3 Selectfluor (10 mol%) MeCN 6 63 34/66
4 Selectfluor (10 mol%) None 5 72 52/48
5 None MeCN 24 0

6 NFSI (10 mol%) THF 8 69 47/53
7 NFSI (10 mol%) CHCl, 10 71 44/56
8 NFSI (10 mol%) EtO, 12 79 52/48
9 NFSI (10 mol%) Toluene 12 84 52/48
10 NFSI (5 mol%) MeCN 18 67 30/70
11 NFSI (1 mol%) MeCN 43 60 28/72

“solated yields.

respectively) in comparison with that in MeCN. The
experiments showed that NFSI was a better catalyst than
Selectfluor for this three-component coupling reaction. In
addition, to validate the effectiveness of the catalyst, a
control reaction of 4-nitrobenzaldehyde, 4-methoxyaniline,
and cyclohexenone in MeCN was performed in the absence
of catalyst at room temperature. No product was detected
even after 24 h (Table 1, entry 5). Furthermore, we optimized
the reaction conditions for catalyst NFSI. It was found that
solvents had an important effect on the yield and stereoselec-
tivity. Nonpolar solvents, such as toluene and Et,O, resulted
in higher yields but lower stereoselectivity compared with
polar solvents, such as MeCN, THF, and CHCl; (Table 1,
entries 1 and 6-9). Among the tested solvents, MeCN was
found to be the best in consideration of both catalytic activity
and stereoselectivity. Moreover, catalyst loading also
affected the yield and stereoselectivity (Table 1, entries 1,
10, and 11). Therefore, 10 mol % of NFSI in MeCN at room
temperature was chosen as the optimized conditions.

The general scope of the organocatalytic three-component
reaction was examined in the presence of NFSI under
the optimized conditions. As shown in Table 2, both
benzaldehydes and anilines with a wide range of substituent
groups on the aromatic rings, including electron-withdrawing,
electron-donating, and neutral groups, could be readily
tolerated (Table 2, products a-o0). Good yields (67-80%)
and acceptable stereoselectivities (39:61-19:81) were
obtained. It was noteworthy that the relatively unreactive
4-nitroanilines (Table 2, product o) also gave the desired
product in 69% yield with stereoselectivity of 33:67, which
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indicated that NFSI was a broadly applicable and mild
catalyst for the reaction. We also investigated the influence
of steric hindrance of the substituents on the reaction
(Table 2, products f-h). No significant difference was
observed between substituents on 2-, 3-, and 4-position of
aromatic ring of aldehyde such as 2-chloro-, 3-chloro-, and
4-chlorobenzaldehyde.

CONCLUSIONS

In summary, we have successfully developed a conve-
nient, effective, and mild strategy for the synthesis of isoqui-
nuclidine derivatives by the three-component aza[4 +2]
reaction of cyclohexenone with a number of aromatic
aldehydes and amines catalyzed by NFSI (10 mol%). The
reactions generated the desired products in good yields at
room temperature in 8—32 h with acceptable stereoselectivity
(endo/exo ratios up to 19/81). The present method employed
user-friendly and commercially available NFSI as catalyst
and avoided using metals and complex molecules.

EXPERIMENTAL

General procedure for aza[4+2] reaction. Aldehyde 2
(0.5mmol), anilines 3 (0.5mmol), and NFESI (0.05mmol) were
separately added to a mixture of cyclohexenone 1 (0.5 mmol)
and MeCN (2mL). The mixture was stirred at room temperature
for a specified reaction time. After completion (monitored by
TLC), water was added into the reaction mixture and the
resulting solution was extracted with CH,Cl, (3 x 10mL).
The combined organic layers were dried over MgSO,, and the
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Table 2
N-Fluorobenzenesulfonimide-catalyzed one-pot three-component synthesis of isoquinuclidines.”
(0]
Q R
10mo| % NFSI 1
+ R4-CHO 4+ Rs-NH» N H
MeCN rt )
Rz
1 2 3 4 (endo) 5 (exo)
Product 4,5 R, R, Time (h) Yield®(%) 4/5
a 4-NO,Cg¢Hy 4-MeOCeHy 8 69 27173
b CeHs 4-MeOCgH; 12 71 28/72
c 4-MeCgHy 4-MeOC¢Hy 8 68 35/65
d 4-MeOC¢Hy 4-MeOCeHy 8 68 24/76
e 4-FC¢Hy 4-MeOC¢Hy 8 67 20/80
f 2-CICgHy 4-MeOCeHy 12 72 37/63
g 3-CIC¢Hy 4-MeOC¢Hy 12 80 39/61
h 4-CIC¢H, 4-MeOCeHy 8 67 21/79
i 4-BrCgHy 4-MeOC¢Hy 8 69 19/81
j 4-CNCeHy 4-MeOC¢Hy 8 72 32/68
k Ce¢Hs CeHs 8 72 38/62
1 CeHs 4-MeCeHy 8 77 32/68
m CeHs 4-CIC¢Hy 10 80 31/69
n CeHz 4-BrC¢H, 10 72 33/67
o CeHs 4-NO,CHy 32 69 33/67

“For general procedure of aza[4 + 2] reaction.
PIsolated yields.

solvents were removed under reduced pressure. The crude material
was purified via flash column chromatography of silica gel
(petroleum  ether/AcOEt=12:1 to 8:1) to give 4 and 5.
Compound 4 was further purified by recrystallization.
3-endo-(4-Nitrophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4a) [5]. Yield 19%. 'H NMR (300 MHz,
CDCl3): 6=1.80 (m, 1H), 2.07 (m, 1H), 2.16 (m, 1H), 2.25
(m, 1H), 2.51 (d, J=18.7Hz, 1H), 2.76 (d, J=18.7Hz, 2H), 3.72
(s, 3H), 4.46 (s, 1H), 4.68 (s, 1H), 6.58 (d, /=8.9Hz, 2H), 6.77
(d, J=8.8Hz, 2H), 749 (d, J=8.4Hz, 2H), 8.18 (d, /J=8.4Hz,
2H) ppm.
3-exo-(4-Nitrophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5a) [5]. Yield 50%. 'H NMR (300 MHz,
CDCl;): 6=1.63-1.70 (m, 2H), 1.94 (m, 1H), 2.26 (m, 1H), 2.42
(d, J=18.8Hz, 1H), 2.75 (t, J=18.9Hz, 2H), 3.71 (s, 3H), 4.46
(s, 1H), 4.80 (s, 1H), 6.51 (d, J=8.9Hz, 2H), 6.75 (d, J=8.9Hz,
2H), 7.63 (d, J=8.4Hz, 2H), 8.25 (d, J=8.5Hz, 2H) ppm.
3-exo-Phenyl-2-(4-methoxyphenyl)-2-aza-bicyclo[2.2.2]
octan-5-one (5b) [5]. Yield 51%. "H NMR (300 MHz, CDCL,):
8=1.65 (m, 1H), 1.73 (m, 1H), 1.89 (m, 1H), 2.26 (m, 1H), 2.38
(d, J=18.8Hz, 1H), 2.66 (d, J=2.7Hz, 1H), 2.76 (d, J=18.8 Hz,
1H), 3.70 (s, 3H), 4.44 (s, 1H), 4.70 (s, 1H), 6.51 (d, J=9.1 Hz,
2H), 6.74 (d, J=9.1 Hz, 2H), 7.29-7.44 (m, 5H) ppm.
3-endo-(4-Methylphenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4c) [5]. Yield 24%. '"H NMR (300 MHz,
CDCls): 6=1.72 (m, 1H), 2.01 (m, 1H), 2.12 (m, 1H), 2.30 (s, 3H),
2.37 (m, 1H), 2.44 (d, J=20.3Hz, 1H), 2.76 (d, J=21.4Hz, 2H),
3.72 (s, 3H), 4.42 (s, 1H), 4.54 (s, 1H), 6.62 (d, J=9.0Hz, 2H),
6.76 (d, J=9.0Hz, 2H), 7.10 (d, J=7.8 Hz, 2H), 7.18 (d, J=7.9 Hz,
2H) ppm.
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3-exo-(4-Methylphenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5¢) [5]. Yield 44%. "H NMR (300 MHz,
CDCL): 8=1.65 (m, 1H), 1.75 (m, 1H), 1.88 (m, 1H), 2.01
(m, 1H), 2.23 (s, 3H), 241 (s, 1H), 2.63 (s, 1H), 2.75
(d, J=18.8 Hz, 1H), 3.70 (s, 3H), 4.43 (s, 1H), 4.67 (s, 1H), 6.56
(d, J=9.1 Hz, 2H), 6.75 (m, 2H), 7.19 (d, J=7.8 Hz, 2H), 7.31 (d,
J=7.9Hz, 2H) ppm.
3-endo-(4-Methoxyphenyl)-2-(4-methoxyphenyl)-2-aza-
bicyclo[2.2.2]octan-5-one (4d) [5]. Yield 16%. '"H NMR
(300 MHz, CDCLy): 8 =1.72 (m, 1H), 2.05 (m, 1H), 2.11 (m, 1H),
2.25 (m, 1H), 2.45 (d, J=18.7Hz, 1H), 2.74 (d, J=22.0Hz, 2H),
3.72 (s, 3H), 3.77 (s, 3H), 4.42 (s, 1H), 4.53 (s, 1H), 6.62
(d, J=9.0Hz, 2H), 6.77 (d, J=9.0Hz, 2H), 6.83 (d, J=8.5Hz,
2H), 7.20 (d, J=8.5 Hz, 2H) ppm.
3-exo-(4-Methoxyphenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]Joctan-5-one (5d) [5]. Yield 52%. 'H NMR (300 MHz,
CDCLy): §=1.72 (m, 1H), 1.75 (m, 1H), 1.88 (m, 1H), 2.25
(m, 1H), 2.37 (d, /=18.7Hz, 1H), 2.61 (d, /J=2.4Hz, 1H), 2.74
(d, J=18.8Hz, 1H), 3.70 (s, 3H), 3.78 (s, 3H), 4.42 (s, 1H), 4.66
(s, 1H), 6.56 (d, J=9.0Hz, 2H), 6.74 (d, J=9.0Hz, 2H), 6.91
(d, J=8.5Hz, 2H), 7.33 (d, J=8.4 Hz, 2H) ppm.
3-exo-(4-Fluorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5e) [5]. Yield 54%. '"H NMR (300 MHz,
CDCLy): 6=1.62-1.71 (m, 2H), 1.89 (m, 1H), 2.24 (m, 1H), 2.37
(d, J=18.8Hz, 1H), 2.62 (d, J=2.0Hz, 1H), 2.75 (d, J=18.8Hz,
1H), 3.71 (s, 3H), 4.43 (s, 1H), 4.68 (s, IH), 6.54 (d, /=9.0Hz, 2H),
6.75 (d, J=9.0Hz, 2H), 7.07 (t, J=8.3 Hz, 2H), 8.25 (m, 2H) ppm.
3-endo-(2-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4f) [5]. Yield 27%. '"H NMR (300 MHz,
CDCly): $=1.79 (m, 1H), 2.01 (m, 1H), 2.22 (m, 2H), 2.51
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(d, J=18.7Hz, 1H), 2.84 (d, J=18.0 Hz, 2H), 3.71 (s, 3H), 4.47
(s, 1H), 4.95 (s, 1H), 6.57 (d, J=9.0 Hz, 2H), 6.76 (d, J=8.9 Hz,
2H), 7.17 (m, 2H), 7.38 (d, J=6.4 Hz, 2H) ppm.
3-exo-(2-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5f) [5]. Yield 45%. 'H NMR (300 MHz,
CDCly): §=1.70-1.76 (m, 2H), 1.91 (m, 1H), 2.33 (m, 1H), 2.39
(dd, J=1.23, 18.8Hz, 1H), 2.78 (d, J=18.8Hz, 1H), 2.90
(d, J=2.5Hz, 1H), 3.70 (s, 3H), 4.47 (s, 1H), 5.06 (s, 1H), 6.52
(d, J=9.1Hz, 2H), 6.75 (d, J=9.1Hz, 2H), 7.26 (m, 2H), 7.43
(t, J=3.7Hz, 1H), 7.67 (t, J=4.9 Hz, 1H) ppm.
3-endo-(3-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4g) [5]. Yield 31%. '"H NMR (300 MHz,
CDCly): 6=1.75 (m, 1H), 2.03 (m, 1H), 2.12 (m, 1H), 2.25
(m, 1H), 2.48 (d, J=18.8 Hz, 1H), 2.76 (d, J = 18.8 Hz, 2H), 3.73
(s, 3H), 4.43 (s, 1H), 4.54 (s, 1H), 6.60 (d, /J=8.9 Hz, 2H), 6.78
(d, J=8.9Hz, 2H), 7.17-7.29 (m, 4H) ppm.
3-exo-(3-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5g) [5]. Yield 49%. '"H NMR (300 MHz,
CDCly): 6=1.66-1.71 (m, 2H), 1.89 (m, 1H), 2.25 (m, 1H), 2.37
(d, J=18.8Hz, 1H), 2.64 (d, J=2.5Hz, 1H), 2.75 (d, J=18.8 Hz,
1H), 3.71 (s, 3H), 4.42 (s, 1H), 4.66 (s, 1H), 6.54 (d, J=9.0Hz,
2H), 6.75 (d, J=9.0 Hz, 2H), 7.29 (m, 3H), 7.43 (s, 1H) ppm.
3-endo-(4-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4h) [5]. Yield 14%. '"H NMR (300 MHz,
CDCLy): 6=1.75 (m, 1H), 2.06 (m, 1H), 2.13 (m, 1H), 2.23
(m, 1H), 2.47 (d, J=18.8Hz, 1H), 2.74 (d, J=20.1 Hz, 2H), 3.72
(s, 3H), 4.43 (s, 1H), 4.55 (s, 1H), 6.59 (d, J=8.9Hz, 2H), 6.77 (d,
J=89Hz,2H),7.23 (d,/=8.6 Hz, 2H), 7.28 (d, J= 8.9 Hz, 2H) ppm.
3-exo-(4-Chlorophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5h) [5]. Yield 53%. '"H NMR (300 MHz,
CDCly): 6=1.67 (m, 2H), 1.87 (m, 1H), 2.22 (m, 1H), 2.38
(d, J=18.8Hz, 1H), 2.62 (s, 1H), 2.75 (d, J=18.8 Hz, 1H), 3.71
(s, 3H), 4.43 (s, 1H), 4.67 (s, 1H), 6.53 (d, J=8.7Hz, 2H), 6.75
(d, J=8.7Hz, 2H), 7.35 (s, 4H) ppm.
3-endo-(4-Bromophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (4i) [5]. Yield 13%. 'H NMR (300 MHz,
CDCly): §=1.74 (m, 1H), 2.07 (m, 1H), 2.12 (m, 1H), 2.25 (m, 1H),
247 d, J=18.6Hz, 1H), 2.73 (d, J=19.9Hz, 2H), 3.72 (s, 3H),
442 (s, 1H), 453 (s, 1H), 6.59 (d, J=89Hz, 2H), 6.77 (d,
J=8.8Hz,2H),7.18 (d,/=8.1 Hz, 2H), 7.43 (d, J=8.1 Hz, 2H) ppm.
3-exo-(4-Bromophenyl)-2-(4-methoxyphenyl)-2-aza-bicyclo
[2.2.2]octan-5-one (5i) [5]. Yield 56%. 'H NMR (300 MHz,
CDCl;): 8=1.67-1.68 (m, 2H), 1.89 (m, 1H), 2.22 (m, 1H), 2.38
(d, J=18.7Hz, 1H), 2.62 (s, 1H), 2.75 (d, J=18.8 Hz, 1H), 3.71
(s, 3H), 4.42 (s, 1H), 4.66 (s, 1H), 6.53 (d, J=8.7Hz, 2H), 6.75 (d,
J=8.7Hz,2H), 7.30 (d,/=8.0 Hz, 2H), 7.51 (d, J= 8.0 Hz, 2H) ppm.
4-endo-[2-(4-Methoxy-phenyl)-5-oxo-2-aza-bicyclo[2.2.2]oct-
3-yl]-benzonitrile (4j) [5]. Yield 23%. '"H NMR (300 MHz,
CDCLy): =178 (m, 1H), 2.06 (m, 1H), 2.14 (m, 1H), 2.24
(m, 1H), 2.50 (d, J=18.9Hz, 1H), 2.74 (d, J=19.2Hz, 2H), 3.72
(s, 3H), 4.44 (s, 1H), 4.63 (s, 1H), 6.57 (d, J=9.0Hz, 2H), 6.77 (d,
J=9.0Hz, 2H), 7.43 (d,/=8.0Hz, 2H), 7.61 (d, J=8.1 Hz, 2H) ppm.
4-exo-[2-(4-Methoxy-phenyl)-5-o0xo-2-aza-bicyclo[2.2.2]oct-
3-yl]-benzonitrile (55) [5]. Yield 49%. 'H NMR (300 MHz,
CDClz): 6 =1.64-1.66 (m, 2H), 1.94 (m, 1H), 2.22 (m, 1H), 2.41
(d, J=18.8Hz, 1H), 2.66 (d, J=2.4Hz, 1H), 2.77 (d, J=18.8 Hz,
1H), 3.71 (s, 3H), 4.45 (s, 1H), 4.75 (s, 1H), 6.50 (d, J=9.0Hz,
2H), 6.75 (d, J=89Hz, 2H), 7.56 (d, J=8.0Hz, 2H), 7.69
(d, /=8.0Hz, 2H) ppm.
3-endo-Phenyl-2-phenyl-2-aza-bicyclo[2.2.2]octan-5-one (4k)
[4]. Yield 27%. '"H NMR (300 MHz, CDCly): 8=1.74 (m, 1H),
2.04-2.14 (m, 2H), 2.29 (m, 1H), 2.47 (dd, J=2.3, 18.8 Hz, 1H),
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2.77 (dd, J=2.9Hz, 22.2 Hz, 2H), 4.56 (s, 1H), 4.67 (d, J=2.2Hz,
1H), 6.67 (d, J=82Hz, 2H), 6.75 (t, J=72Hz, 1H), 7.18
(t, J=8.4Hz, 1H), 7.24-7.35 (m, 4H) ppm.
3-exo-Phenyl-2-phenyl-2-aza-bicyclo[2.2.2 Joctan-5-one (5k)
[4]. Yield 45%. '"H NMR (300 MHz, CDCls): §=1.67-1.71
(m, 2H), 1.89 (m, 1H), 2.05 (m, 1H), 2.44 (m, 1H), 2.70-2.73
(m, 2H), 4.56 (s, 1H), 4.78 (s, 1H), 6.59-6.74 (m, 3H), 7.15
(m, 1H), 7.27-7.43 (m, SH) ppm.
3-exo-Phenyl-2-(4-methylphenyl)-2-aza-bicyclo[2.2.2 ]octan-
5-one (51) [6]. Yield 52%. '"H NMR (300 MHz, CDCl;): 5=
1.63-1.73 (m, 2H), 1.91 (m, 1H), 2.21 (s, 3H), 2.26 (m, 1H), 2.40
(d, J=18.7Hz, 1H), 2.70 (s, 1H), 2.77 (d, J=18.8 Hz, 1H), 4.52
(s, 1H), 4.75 (s, 1H), 6.53 (d, J=7.9Hz, 2H), 6.97 (d, J=8.0Hz,
2H), 7.28-7.44 (m, SH) ppm.
3-endo-Phenyl-2-(4-chlorophenyl)-2-aza-bicyclo[2.2.2]
octan-5-one (4m) [6]. Yield 25%. "H NMR (300 MHz, CDCl;):
6=1.76 (m, 1H), 2.05-2.24 (m, 3H), 2.47 (d, J=18.8Hz, 1H),
2.76 (d, J=19.0Hz, 2H), 4.49 (s, 1H), 4.60 (s, 1H), 6.57 (d,
J=8.8Hz, 2H), 7.10 (d, J=8.8 Hz, 2H), 7.24-7.34 (m, 5H) ppm.
3-exo-Phenyl-2-(4-chlorophenyl)-2-aza-bicyclo[2.2.2]octan-
5-one (5m) [6]. Yield 55%. "HNMR (300 MHz, CDCl,): § = 1.59—
1.72 (m, 2H), 1.91 (m, 1H), 2.26 (m, 1H), 2.41 (d, J=18.7 Hz, 1H),
2.71 (m, 2H), 4.49 (s, 1H), 4.72 (s, 1H), 6.50 (d, J=8.9Hz, 2H),
7.08 (d, J=9.0Hz, 2H), 7.29-7.39 (m, 5H) ppm.
3-endo-Phenyl-2-(4-bromophenyl)-2-aza-bicyclo[2.2.2 Joctan-
5-one (4n) [6]. Yield 24%. "H NMR (300 MHz, CDCl3): §=1.74
(m, 1H), 2.05-2.24 (m, 3H), 2.46 (d, J=18.8Hz, 1H), 2.76 (d,
J=21.5Hz, 2H), 4.49 (s, 1H), 4.60 (s, 1H), 6.52 (d, J=8.8 Hz,
2H), 7.22-7.37 (m, 7H) ppm.
3-exo-Phenyl-2-(4-bromophenyl)-2-aza-bicyclo[2.2.2 Joctan-
5-one (5n) [6]. Yield 48%. '"H NMR (300 MHz, CDCls):
8=1.67-1.71 (m, 2H), 1.91 (m, 1H), 225 (m, 1H), 2.4l
(d, J=18.6Hz, 1H), 2.70 (s, 1H), 2.71 (d, J=18.3Hz, 1H), 4.49
(s, 1H), 4.72 (s, 1H), 6.46 (d, J=8.7Hz, 2H), 7.21 (d, J=8.7Hz,
2H), 7.31-7.37 (m, SH) ppm.
3-endo-Phenyl-2-(4-nitrophenyl)-2-aza-bicyclo[2.2.2]octan-
5-one (40). Yield 23%. "H NMR (300 MHz, CDCl5): §=1.82 (m,
1H), 2.06 (m, 1H), 2.12 (m, 1H), 2.14 (m, 1H), 2.50 (d, J=18.9 Hz,
1H),2.78 (d,/=19.0Hz, 1H), 2.90 (d, /=2.0 Hz, 1H), 4.69 (s, |H),
4.82 (s, 1H), 6.61 (d, J=9.2 Hz, 2H), 7.20 (d, J=7.3 Hz, 2H), 7.30
(m, 3H), 8.02 (d, /=9.1 Hz, 2H) ppm.
3-exo-Phenyl-2-(4-nitrophenyl)-2-aza-bicyclo[2.2.2]octan-5-
one (50). Yield 46%. '"H NMR (300 MHz, CDCls): 8 =1.69-1.74
(m, 2H), 1.98 (m, 1H), 2.27 (m, 1H), 2.52 (d, J=18.4Hz, 1H),
2.77 (d, J=15.8 Hz, 1H), 2.80 (d, J=2.7Hz, 1H), 4.71 (s, 1H),
490 (s, 1H), 6.56 (d, J=9.2Hz, 2H), 7.32 (m, 3H), 7.41
(tJ=6.6 Hz, 2H), 8.03 (d, J=9.2 Hz, 2H) ppm.
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