Chinese Journal of Organic Chemistry

% 4”) ft« % DOI: 10.6023/cjoc202009050

B xR B B B T E RN & B AU A & A 51
R H] = krRE &K % EHEX

(P MR R 27 Mol B3 s R0 A PRI G bt A2 TRE2ABE AT 210037)

WE  FIHZAWE P OEESEEE, DI(H)-10-B IR A Rk, SBtEb. B mas & =B, wiltdm T —#&
TS N i S B SEAT A, 83 'TH NMR. °C NMR F HRMS % H 45 M BET 1 RAE. KM (MTT)i25 B Arik
E Y5 NI BRI A0 (AS49) N B S 41 M (Hela) . A FLARIE 40 ML (MCF-7) RN IE & W A8 40 il (LO2) 3t AT Bt e e vk
P SRR, REBSED SR B PR E T . Hod, (4)-1-(7,7-Z B 3 2-(F AL W R I XOR[2.2. 11 B k- 1-
HE)-N-(3-( =55 FF 586 2K 5 ) FF R T e () = P 41 R 38 B 1 S 4 RO D (B B8R, 1C s 120000 6,75 7.93 il 4.51 pmoleL ™.
SR T 24T L AAS 0 400 ff B M AR T2, Hoechst Zo 5 MR AN AU A 4K, e HREF DCFH-DA F1 JC-1 43 31 F 46 41 g
PR UK MR B i, WML 0, LG 4r T MCF-7 40 BEFFE GO/G1 B, W5 S M 4 = AR
2 WA T R AR S5 17 15 5 4 P R R R A g R

BRI REINTRE G R, BUMRE T GO/GL IARH Y T

Synthesis of Novel Camphor Sulfamoxime Ether Derivatives and
Its Application in Antitumor Activity

Zhao, Yuxun Wang, Yunyun Zhang, Chenglong Xu, Xu Wang, Shifa™
(Co-Innovation Center of Efficient Processing and Utilization of Forest Resources, College of Chemical Engineering,
Nanjing Forestry University, Nanjing 210037)

Abstract Based on the combination principle in drug design, a series of camphor sulfamoxime ether derivatives were de-
signed and synthesized with (+)-10-camphorsulfonic acid as the staring materials via acyl chlorination, acyl amidation and
condensation. The target compounds were characterized by 'H NMR, *C NMR and HRMS spectra. In addition, the antiprolif-
erative effects of compounds were evaluated on a panel of human adherent cell lines (A549, Hela, MCF-7 and LO2) by means
of methyl thiazolyl tetrazolium (MTT) assays. Noticeably, (+)-1-(2-((benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-heptan-
1-y1)-N-(3-(trifluoromethyl)phenyl)methanesulfonamide (4r) possessed excellent antiproliferative against A549 (6.75 pmole
L"), Hela (7.93 umolsL™") and MCF-7 (4.51 pmolsL™"). Flow cytometry was used to detect cell cycle progression and apop-
tosis, and morphological change of apoptosis was observed by Hoechst 33258 staining. Levels of reactive oxygen specy (ROS)
and mitochondrial membrane potential were measured by DCFH-DA and JC-1, respectively. These results indicated that com-
pound 4r could cause cell cycle arrest at GO/G1 phase and triggered apoptosis in MCF-7 cells. Furthermore, 4r could induce
the accumulation of ROS and mitochondrial disruption. Taken together, compound 4r could be a potential anticancer drug
candidate.
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1 Introduction

Malignant tumor has been regarded as one of the major
public health problems which threatens people's health
seriously. According to the estimation from World Health
Organization (WHO), more than four million people are
diagnosed with cancer each year and five patients dying of
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it almost every minute.!"*! Although an increasing number
of antitumor drugs have been explored to date, side effects
of these drugs, such as toxicity, drug resistance and lack of
selectivity, are still a severe issue.”* Therefore, it is of
great necessity to screen for more efficient and safer anti-
tumor drug candidates.

Oxime ether (R'R*C=NOR), containing aldoxime (a,
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Figure 1) or ketoxime O-ethers (b), are one of the most
versatile synthons in organic synthesis, and can be con-
verted to a series of nitrogen containing compounds
through hydrolysis, cyclization or cross coupling.””
Compounds bearing oxime ether groups are valued not
only for their synthetic utility, but also for their biological
properties including antifungal,® antiviral,'” and anti-
cancer applications.!""""? In particular, oxime ethers, which
could improve the solubility and bioavailability of drug
molecules, had been widely used in the study of anti-tumor
drugs. A series of novel a,f-unsaturated carbonyl based
oxime ether analogs were designed and these compounds
exerted modest cytotoxicity towards human cancer cell
lines, out of which compound ¢ exhibited the EGFR TK
inhibitory activity comparable to erlotinib with an ICs, of
0.10 pmoleL "1 Cui et al"" found that compound d,
bearing O-short carbon chains, could significantly increase
the large conductance calcium-activated potassium chan-
nel-opening activity. Moreover, indeno[1,2-c]quinoline
derivative (e) had been considered as a new class of mole-
cules that has the potential to be developed as topoisomer-
ases (topo I and topo II) inhibitory agents.!") Based on
these findings, oxime ether and its derivatives have been
proved to be promising compounds for development of
innovative anticancer agents.
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Figure 1 Chemical structures of oxime ethers and their deriva-
tives

Natural compounds, possessing unique chemical skele-
ton, have the ability to bind with specific targets and ex-
hibit various mechanisms of action, which are considered
to be a treasure for drug development.""'”! Camphorsul-
fonic acid can be obtained from renewable natural product
camphor by sulfonation and has become an indispensable
scaffold in light chemical engineering and daily chemical
industry."! Besides, a lot of camphorsulfonic acid deriva-
tives had shown prominent anticancer activity through
various mechanisms including DNA binding or cleaving
and induction of apoptosis or oncosis.!'! In addition, a lot
of scientific literature had reported that antitumor agents
possessing the feature structure of sulfonamide.*2"
Hence, it is worthwhile to further modify the structure of
camphorsulfonic acid with sulfonamide and study its bio-
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logical activity.

Based on the importance of oxime ethers and sulfona-
mide moieties in anticancer activity, it was considered that
simultaneous administration of above-mentioned structures
in a single molecule would exhibit a more potent antitumor
activity. Hence, we designed and synthesized 18 novel
camphor sulfamoxime ether derivatives to screen novel
anticancer agents. The synthesized compounds were eval-
uated for the anticancer activity against non-small cell lung
cancer cells (A549), human cervical cancer cells (Hela)
and human breast cancer cells (MCF-7) by methyl thiazol-
yl tetrazolium (MTT) assay. In addition, the possible
mechanisms of cell apoptosis were preliminarily probed.

2 Results and discussion

2.1 Synthesis and characterization

A series of camphor sulfamoxime ether derivatives were
synthesized from (-+)-10-camphorsulfonic acid 1, follow-
ing depicted the route in Scheme 1. Intermediate 2 was
synthesized based on a modified literature procedure./**
Compounds 3a~3f were generated by sulfonamidation of
compound 2 with substituted amines in acetonitrile at
0 C.*Y Subsequently, compounds 3a~3f and alkoxy-
amine hydrochlorides were added to ethanol to obtain ox-
ime ether analogues 4a~4r. Moreover, the structures of
target compounds were characterized by NMR and HRMS.

O3H “ \\ /O C>—NH
CI X 2
O ¢~ /

R
/X /%

N7 N 2
S Cl S
\O S\
2
o /N\O/R
3a~3f 4a ~ 4r

4a: R' = p-H, R? = CH3; 4g: R'= m-C, R? = CHg; 4m: R" = p-C|,
R2? = CHs; 4b: R" = p-H, R2 = CH3CH,CH,CHy; 4h: R' = m-Cl,
R2 = CH3CH,CH,CH,; 4n: R' = p-Cl, R? = CH3CH,CH,CH,;
4c: R' = p-H, R? = CH,CgHs; 4i: R' = m-Cl, R? = CH,CgHs; 4o0:
R' = p-Cl, R? = CH,CgHs; 4d: R'= m-OMe, R? = CHj; 4j: R" =
p-OMe, R? = CHj; 4p: R'= m-CF3, R? = CHj; 4e: R' = m-OMe,
R2 = CH3CH,CH,CH,; 4k: R' = p-OMe, R? = CH3CH,CH,CH,;
4q: R'= m-CF5, R? = CH3CH,CH,CH,; 4f: R'= m-OMe, R? =
CH,CgHs; 4l: R' = p-OMe, R? = CH,CgHs; 4r: R'= m-CF,,
R2? = CH,CgH5

Scheme 1 Synthesis of compounds 4a~4r

2.2 Biological evaluation

The antiproliferative activity of the synthetic compounds
was assayed against three cancer cell lines, including
A549, Hela and MCF-7 via MTT assay with etoposide as
positive control. The preliminary screening results of syn-
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thesized derivatives 4a~4r have been summarized in Ta-
ble 1. It was observed that four compounds 4c, 4i, 4q, 4r
exhibited effective antiproliferative activity against three
cancer cells (ICsy values of 4.51 ~12.43 pmolsL ).
Among these derivatives, compound 4r showed the most
potential antitumor activity with ICsy values of 6.75 (A549
cell line), 7.93 (Hela cell line) and 4.51 pmolsL ™" (MCF-7
cell line), which were comparable to the positive control
(9.86, 8.68 and 6.44 pumolsL ™', respectively). In addition,
compounds 4f, 4g, 4n and 40 also exhibited good inhibito-
ry activity to Hela cell line and MCF-7 cell line while
compounds 4d, 4j, 4m were only active to A-549 cells.
According to these results, some interesting struc-
ture-activity relationships (SAR) could be found. As
shown in Table 1, it was obviously that derivatives 4a, 4b,
4c with no substituent on benzene rings had relatively
weak anticancer activity. Furthermore, the benzene rings
with the eletron-withdrawing groups (Cl and CF;) were
more effective to the cytotoxic activity than those of elec-
tron-donating ones (OMe), and the trifluoromethyl or
chloro group on m-position also seemed more favorable
than those on p-position. In addition, comparison of the
activity of the derivatives in the series revealed that the
presence of benzylhydroxylamine (R*=CH,C¢Hs) had a
greater impact on the anticancer activity when compared
with other alkyl chains. On the other hand, the length of
alkyl chain length also affected the antiproliferative activi-
ty to some extent. It was noticed that most of the target
compounds did not show notable cytotoxicity toward LO2
cells (IC59>50 pmol-Lfl), whereas the positive control
had high toxicity (ICso=16.74 umolsL ).
Table 1 Antiproliferative activities of compounds 4a~4r
ICso/(umolsL™")
A-549 Hela MCF-7 LO2
4a 27.54+0.04 >50 >50 >50
4b 10.554+0.09 18.9340.03 11.974+0.04 45+0.13
4c 10.174+0.02 7.6940.06 12.43+0.08 >50
4d 14.80+0.13 >50 >50 >50
4e 12.63+0.06 13.5940.12 18.961+0.04 42.18+0.07
4f 7.50+0.06 49.9940.03 18.904+0.04 >50
4g 16.77+0.08 38.131+0.12 17.71£0.12 >50
4h 17.68+0.12 6.834+0.06 7.874+0.03 33.12%+0.20
4i 829+0.06 6.69+0.06 8.50+0.07 46.70+0.20

Compd.

4j 10.32£0.09 >50 >50 >50
4k 12.23£0.10 27.07%0.06 42.194+0.10 >50
41 14.41£0.02 49.99+0.02 >50 >50
4m  13.691+0.10 >50 >50 31.33+0.12

4n 9.25+0.07 15.64%0.09 21.30+0.14 30.25+0.22

40 6.80+0.06 10.0410.04 27.82+0.06 43.15+0.16

4p 13.48£0.03 30.961+0.06 29.25+0.05 >50

4q 9.00+0.11 5.324+0.12 6.73+0.08 >50

4r 6.75+0.05 7.931+0.03 4.51%+0.03 45.13%+0.20
Etoposide 9.86+0.05 8.68+0.06 6.44+0.10 16.74+0.03

2.3 Cell cycle analysis
To determine whether the inhibition to cancer cell
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growth that caused by compound 4r was correlated with
cell cycle arrest, and ell cycle assay was conducted by flow
cytometry. After treatment with 0, 2.5, 5 and 10 pmol-L*1
of compound 4r, MCF-7 cells were stained with propidium
iodide (PI) and the cell cycle distribution was detected by
flow cytometry. The results presented in Figure 2 clearly
showed that cells in G0/G1 phases increased significantly
after treatment with compound 4r, from 55.08% (0 pmole
L") to 56.36% (2.5 pmoleL "), 63.44% (5 pmol-L ") and
66.41% (10 pmolsL™"). Meanwhile, cells in G2/M phase
decreased from 19.65% (control) to 10.73% (10 pmole
L"), respectively. These analyses indicated that 4r caused
a remarkable GO/G1 phase arrest in a concentration-depen-
dent manner.

2.4 Cell apoptosis analysis

In order to confirm whether the growth inhibitory effects
of compound 4r on tumor cells were caused by cell apop-
tosis, MCF-7 cells were treated with different concentra-
tions of compound 4r (0, 2.5, 5 and 10 pmolsL™"), and
evaluated by Hoechst 33258 dye and Annexin V-FITC/PIL.
As shown in Figure 3a, most of the cells exhibited weak
blue fluorescence in the control group. On the contrary,
some cells emitted brilliant blue fluorescence and nucleus
were condensed or fragmented in a dose-dependent manner
after the treatment with compound 4r. To further verified
the apoptotic rate of compound 4r in MCF-7 cells, Annex-
in V-FITC/PI staining was conducted, followed by flow
cytometry (Figures 3b and 3c). The proportion of apoptotic
cells (including early and late apoptosis) with higher dose
of compound 4r were observed as 21.19%, which was sig-
nificantly higher as compared to control (MCF-7 cells
showing apoptotic rate 11.63%). Besides, the cell apopto-
sis rate was increased gradually when the dose of com-
pound 4r was increased. These results provided apparent
evidence that compound 4r could effectively induce apop-
tosis in MCF-7 cells via a dose-dependent manner.

2.5 Intracellular ROS level analysis

Reactive oxygen species (ROS) play a crucial role in in-
tracellular signaling and regulation. In particular, low lev-
els of ROS promote tumor growth, whereas excess ROS
can result in apoptosis of cancer cells.”>?% To further
comprehend whether compound 4r triggers ROS genera-
tion in MCF-7 cells to induce apoptosis, the ROS levels in
MCF-7 cells were investigated via the oxidant-sensing
fluorescent probe 2,7-dichlorodihydrofluorescein diacetate
(DCFH-DA), which can be converted into 2',7'-dichloro-
fluorescein (DCF) with green fluorescence upon the expo-
sure to ROS. As shown in Figure 4, cells treated with in-
creasing concentration of compound 4r remarkably in-
creased in green fluorescence intensity compared to control
group, which only exhibited weak green fluorescence.
These results strongly suggested that compound 4r could
increase intracellular ROS levels in MCF-7 cells, which
was a key factor in its anticancer activity and could cause
the oxidative stress.
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Figure 2  Cell cycle analysis of compound 4r in MCF-7 cells
(a) Cell cycle distribution upon treatment with compound 4r at different concentrations (0, 2.5, 5, 10 pmolsL ") for 24 h in MCF-7 cells; (b) The statistical

analysis of MCF-7 cells in the different phases of cell cycle was presented

2.6 Mitochondrial membrane potential analysis

As an important organelle, mitochondrion plays key
roles in cells, not only supplying metabolic energy in the
form of adenosine triphosphate, but also being involved in
a variety of cellular apoptotic progresses.”’*’! To further
explore the apoptosis-inducing effect of compound 4r, the
mitochondrial membrane potential (A¥m) change was
performed using JC-1, which can easily pass through the
plasma membrane into cells and accumulate in mitochon-
dria. JC-1 accumulates in intact mitochondria in the form
of red fluorescent aggregates, but when the membrane po-
tential is lost, JC-1 forms green fluorescent mono-
mers.***! As shown in Figure 5, red fluorescence was
emitted in MCF-7 cells without any treatment with com-
pound 4r. However, the fluorescence colour changed red
(J-aggregates) to green fluorescence (JC-1 monomers) in
MCE-7 cells obviously when the concentration of com-
pound 4r was increased. Especially in the 10 pmoleL '
group, green fluorescence was almost prevalent in all cell
areas. These results clearly suggested that compound 4r
could lead to drastic effects on mitochondrial morphology
via a dose- dependent manner, which was a significant
factor triggering apoptosis in MCF-7 cells.

3 Conclusions

In this work, 18 new oxime ether derivatives of cam-
phorsulfonic acid were designed, synthesized, and evalu-
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ated for their in vitro antiproliferative potential. The in
vitro antiproliferative activity screening indicated that four
compounds 4c, 4i, 4q, 4r exhibited the most significant
antiproliferative against three cancer cell lines which were
even better than the positive control etoposide, and it was
found that significant improvement of anticancer activity
was observed as derivatives containing both the eletron-
withdrawing groups in m-position of benzene ring and
benzylhydroxylamine. Cell-based studies showed that
compound 4r could arrest cell cycle at GO/G1 phase and
promote mainly apoptosis in MCF-7 cell line. Furthermore,
4r induced the accumulation of ROS and mitochondrial
disruption, and thereby caused cell apoptosis in MCF-7
cells. On the basis of above studies, compound 4r may be
regarded as a potential antitumor agent.

4 Experimental section

4.1 Methods and materials

Chemical reagents were purchased from Energy Chem-
ical Reagent Company and used without further purifica-
tion if not indicated. Analytical thin-layer chromatography
(TLC) monitored the progress of reactions using Qingdao
Marine silica gel plates, and developed chromatogram was
visualized under 254 nm illumination. The crude com-
pounds were purified by column chromatography with
silica gel (Qingdao Marine, 200~300 mesh) as stationary
phase. Melting points were measured on a X-4 melting

1227
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Figure 3 Cell apoptosis analysis of compound 4r in MCF-7 cells
(a) Hoechst 33258 staining of MCF-7 cells treated with 0, 2.5, 5 and 10 pmolL ' of compound 4r for 24 h and fluorescence was observed by confocal

microscopy; (b) cell apoptosis rate upon treatment with different concentrations of compound 4r for 24 h in MCF-7 cells; (c) graphical representation of
effect of compound 4r on cell apoptosis

Figure 4 ROS production uantified by DCFH-DA fluorescence probe
Image observations were carried out by fluorescence microscopy
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JC-1 staining of MCF-7 cells treated with 0, 2.5, 5 and 10 pmol-L Lof
compound 4r for 24 h and images were acquired by confocal microscopy

added to a 100 mL dried three-necked flask at 0 'C con-
taining SOCl, (8.5 mL, 120 mmol). After stirring for 30
min at 0 C, the reaction mixture was further stirred for
another 2 h at room temperature. Finally, the solid residue
was obtained by filtration, which was further washed with
ice-cold water, dried, and recrystallized from petroleum
ether to afford (+)-(7,7-dimethyl-2-oxobicyclo[2.2.1]hep-
tan-1-yl)methanesulfonyl chloride (2) with 73% yield. 'H
NMR (600 MHz, CDCl;) o: 4.32 (d, J/=14.6 Hz, 1H), 3.75
(d, J=14.6 Hz, 1H), 2.53~2.41 (m, 2H), 2.18 (t, J=4.6
Hz, 1H), 2.16~2.07 (m, 1H), 2.01 (d, J=18.6 Hz, 1H),
1.82~1.76 (m, 1H), 1.54~1.47 (m, 1H), 1.16 (s, 3H), 0.94
(s, 3H); *C NMR (151 MHz, CDCl;) §: 212.5, 64.3, 59.7,
48.15,42.8,42.3,26.8,25.3,19.7, 19.6.

4.2.2 General procedure for the synthesis of 3a~3f

A mixture of compound 2 (1.5 g, 6 mmol), substituted
aniline (6 mmol) and 4-dimethylaminopyridine (0.36 g, 3
mmol) were dissolved in acetonitrile and stirred for 3 h at
0 ‘C. When the reaction was completed (monitored by
TLC), the reaction solvent was removed under vacuum and
the mixture was poured into saturated aqueous sodium
chloride solution (50 mL) and extracted with ethyl acetate
(50 mL X 3). The organic layers were combined and dried
over anhydrous sodium sulfate, evaporated in vacuum and
then purified by recrystallization from petroleum ether.

(+)-1-(7,7-Dimethyl-2-oxobicyclo[2.2.1 Theptan-1-yl)-N-
phenylmethanesulfonamide (3a): Yield 81%. 'H NMR
(600 MHz, CDCl;) o: 7.76 (s, 1H), 7.37~7.33 (m, 2H),
7.33~7.28 (m, 2H), 7.22~7.17 (m, 1H), 3.41 (d, J=15.3
Hz, 1H), 2.90 (d, /=15.3 Hz, 1H), 2.50~2.41 (m, 1H),
2.18~ 2.12 (m, 3H), 2.10~2.02 (m, 1H), 1.99 (d, J=
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18.7 Hz, 1H), 1.52~1.46 (m, 1H), 0.99 (s, 3H), 0.87 (s,
3H); C NMR (150 Hz, CDCly) &: 217.2, 137.6, 129.4,
125.4, 122.0, 59.6, 49.0, 43.0, 42.8, 27.5, 27.0, 19.8, 19.3.
(+)-1-(7,7-Dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-N-
(3-metho xyphenyl)methanesulfonamide (3b): Yield 92%.
'H NMR (600 MHz, CDCL) d: 7.80 (s, 1H), 7.23 (t, J=8.1
Hz, 1H), 6.93 (t, J=2.3 Hz, 1H), 6.88~6.82 (m, 1H),
6.76~6.70 (m, 1H), 3.81 (s, 3H), 3.44 (d, J/=15.2 Hz,
1H), 2.92 (d, J=15.2 Hz, 1H), 2.49~2.39 (m, 1H), 2.20~
2.05 (m, 3H), 2.09~2.01 (m, 1H), 1.98 (d, J=18.7 Hz,
1H), 1.53~1.44 (m, 1H), 0.98 (s, 3H), 0.86 (s, 3H); "°C
NMR (150 Hz, CDCl;) o: 217.1, 160.4, 138.8, 130.1,
113.8, 111.2,107.4, 59.5, 55.3, 49.0, 48.9, 43.0, 42.8, 27.4,
27.0,19.8, 19.3.
(+)-N-(3-Chlorophenyl)-1-(7,7-dimethyl-2-oxobicyclo-
[2.2.1]heptan-1-yl)methanesulfonamide (3¢): Yield 79%.
'H NMR (600 MHz, CDCLy) d: 7.93 (s, 1H), 7.36 (t, J=2.1
Hz, 1H), 7.27 (d, J=8.0 Hz, 1H), 7.23~7.18 (m, 1H),
7.19~7.14 (m, 1H), 3.39 (d, J=15.3 Hz, 1H), 2.94 (d, J=
15.3 Hz, 1H), 2.51~2.43 (m, 1H), 2.19~2.11 (m, 3H),
2.11~2.03 (m, 1H), 2.00 (d, /=18.7 Hz, 1H), 1.54~1.46
(m, 1H), 1.00 (s, 3H), 0.88 (s, 3H); *C NMR (150 Hz,
CDCl;) 0: 217.4, 138.9, 135.0, 130.3, 125.4, 121.7, 119.7,
59.7,49.5,49.1, 43.0, 42.8, 27.5, 27.0, 19.8, 19.3.
(+)-1-(7,7-Dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-N-
(4-methoxyphenyl)methanesulfonamide (3d): Yield 90%.
'H NMR (600 MHz, CDCl5) d: 7.66 (bs, 1H), 7.26~7.20
(m, 2H), 6.90~6.85 (m, 2H), 3.80 (s, 3H), 3.37 (d, J=
15.3 Hz, 1H), 2.83 (d, J=15.3 Hz, 1H), 2.50~2.42 (m,
1H), 2.20~2.05 (m, 4H), 1.99 (d, /=18.7 Hz, 1H), 1.52~
1.45 (m, 1H), 0.97 (s, 3H), 0.88 (s, 3H); *C NMR (150
Hz, CDCly) o: 217.5, 157.8, 130.3, 124.9, 114.5, 59.7,
55.4,49.1,48.3,43.1,42.8,27.6,27.0, 19.9, 19.3.
(+)-N-(4-Chlorophenyl)-1-(7,7-dimethyl-2-oxobicyclo-
[2.2.1]heptan-1-yl)methanesulfona mide (3e): Yield 88%.
'H NMR (600 MHz, CDCl;) d: 7.93 (bs, 1H), 7.34~7.28
(m, 2H), 7.29~7.23 (m, 2H), 3.35 (d, J/=15.3 Hz, 1H),
2.90 (d, J=15.3 Hz, 1H), 2.50~2.41 (m, 1H), 2.21~2.04
(m, 3H), 2.09~2.02 (m, 1H), 1.99 (d, J/=18.7 Hz, 1H),
1.55~1.43 (m, 1H), 0.98 (s, 3H), 0.87 (s, 3H); *C NMR
(150 Hz, CDCl;) 4: 217.6, 136.2, 131.0, 129.8, 129.4,
123.3,59.7,49.1, 49.1, 43.0, 42.8, 27.5, 27.0, 19.8, 19.3.
(+)-1-(7,7-Dimethyl-2-oxobicyclo[2.2.1]heptan-1-yl)-N-
(4-(trifluoromethyl)phenyl)methanesulfona mide  (3f):
Yield 86%. 'H NMR (600 MHz, CDCl;) 6: 8.22 (s, 1H),
7.58~7.50 (m, 2H), 7.51~7.43 (m, 2H), 3.37 (d, J=15.3
Hz, 1H), 2.95 (d, J=15.3 Hz, 1H), 2.52~2.43 (m, 1H),
2.20~2.06 (m, 3H), 2.10~2.04 (m, 1H), 2.01 (d, J=18.8
Hz, 1H), 1.54~1.47 (m, 1H), 0.98 (s, 3H), 0.86 (s, 3H);
C NMR (150 Hz, CDCly) 6: 217.8, 138.3, 131.8 (q, J=
32.6 Hz), 130.0, 125.0, 121.9 (q, /=3.8 Hz), 118.4 (q, J=
3.9 Hz), 59.6,49.5,49.2,43.0,42.8,27.4,27.0, 19.7, 19.2.

4.2.3 General procedure for the synthesis of 4a~4r

To a solution of camphor sulfonamide derivatives 3a~
3f (3 mmol) in 100 mL of anhydrous ethanol was added
alkoxyamine hydrochlorides (3 mmol) and hydrochloric
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acid (0.3 mL). The mixture was then refluxed for 10 h.
After the reaction was completed, the crude products were
filtered and the filtrate was concentrated under reduced
pressure, which was further purified via chromatography
on silica gel (200-300 mesh) with petroleum ether and
ethyl acetate (V' 0 =15 I 1) as elution.
(+)-1-(2-(Methoxyimino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-phenylmethanesulfonamide (4a): Yield
86%, white solid, m.p. 99~100 C; [a]y +26.7 (¢ 1,
CH;OH); 'H NMR (400 MHz, CDCl3) ¢: 8.84 (bs, 1H),
7.42~7.30 (m, 4H), 7.27~7.18 (m, 1H), 3.96 (s, 3H),
3.47 (d, J=15.3 Hz, 1H), 2.95 (d, J=15.3 Hz, 1H), 2.69~
2.52 (m, 1H), 2.33-2.20 (m, 1H), 2.11 (d, /=18.3 Hz,
1H), 2.08~2.02 (m, 1H), 2.01~1.88 (m, 2H), 1.46~1.32
(m, 1H), 0.93 (s, 3H), 0.85 (s, 3H); °C NMR (100 MHz,
CDCl;) d: 167.9, 138.2, 129.3, 125.6, 123.1, 61.5, 53.2,
51.1, 51.0, 43.0, 33.8, 30.6, 27.4, 19.6, 18.8. HRMS (ESI)
caled for C;;H,sN,O5S [M + H] " : 337.1586, found
337.1667.
(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1]hep-
tan-1-yl)-N-phenylmethanesulfonamide (4b): Yield 85%,
white gum; [a]h +29.7 (¢ 1, CH;0H); 'H NMR (400
MHz, CDCl,) J: 8.94 (bs, 1H), 7.45~7.30 (m, 4H), 7.23
(t, J=7.0 Hz, 1H), 4.24~4.05 (m, 2H), 3.47 (d, J=15.3
Hz, 1H), 2.95 (d, J/=15.3 Hz, 1H), 2.70~2.56 (m, 1H),
2.34~2.20 (m, 1H), 2.12 (d, J/=18.3 Hz, 1H), 2.08~1.99
(m, 1H), 2.00~1.86 (m, 2H), 1.74~1.61 (m, 2H), 1.49~
1.31 (m, 3H), 1.05~0.89 (m, 6H), 0.86 (s, 3H); °C NMR
(100 MHz, CDCl;) d: 167.6, 138.2, 129.34, 125.6, 123.2,
73.7, 53.2, 51.1, 51.0, 43.1, 33.9, 31.1, 30.7, 27.4, 19.6,
192, 188, 13.9. HRMS (ESI) calcd for C20H3]N203S [M
“+H]": 379.2055, found 379.2058.
(+)-1-(2-((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-phenylmethanesulfonamide (4¢):  Yield
86%, white solid, m.p. 88~89 C; [a]d +28.1 (¢ I,
CH;OH); 'H NMR (400 MHz, CDCl3) o: 8.45 (bs, 1H),
7.40~7.27 (m, 4H), 7.30~7.22 (m, 1H), 7.24~7.19 (m,
2H), 7.19~7.14 (m, 1H), 7.07~6.98 (m, 2H), 5.21 (d, J=
12.6 Hz, 1H), 5.14 (d, /=12.6 Hz, 1H), 3.40 (d, J=15.2
Hz, 1H), 2.90 (d, J/=15.3 Hz, 1H), 2.77~2.62 (m, 1H),
2.34~2.22 (m, 1H), 2.20 (d, /=18.4 Hz, 1H), 2.08~1.87
(m, 3H), 1.43~1.32 (m, 1H), 0.92 (s, 3H), 0.83 (s, 3H);
C NMR (150 MHz, CDCl;) d: 168.8, 137.8, 137.6, 129.1,
128.6, 128.0, 127.6, 125.5, 123.3, 75.4, 53.4, 51.0, 50.8,
43.1, 34.2, 30.7, 27.4, 19.6, 18.8. HRMS (ESI) calcd for
Cy3HyoN,03S [M+H]": 413.1899, found 413.1895.
(+)-1-(2-(Methoxyimino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(3-methoxyphenyl)methanesulfonamide
(4d): Yield 88%, white solid, m.p. 68~70 C; [a]h +
27.5 (¢ 1, CH;0H); 'H NMR (400 MHz, CDCl;) ¢: 8.70
(bs, 1H), 7.23 (t, J=8.1 Hz, 1H), 6.92 (t, J=2.2 Hz, 1H),
6.92~6.84 (m, 1H), 6.79~6.71 (m, 1H), 3.94 (s, 3H),
3.80 (s, 3H), 3.47 (d, J=15.2 Hz, 1H), 2.94 (d, J=15.3
Hz, 1H), 2.68~2.53 (m, 1H), 2.32~2.18 (m, 1H), 2.08~
2.03 (m, 1H), 2.02~1.85 (m, 3H), 1.39~1.30 (m, 1H),
0.91 (s, 3H), 0.83 (s, 3H); *C NMR (100 Hz, CDCl;) o:
167.4, 159.8, 138.8, 129.4, 114.3, 110.8, 108.3, 61.0, 54.7,
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52.6, 50.5, 50.4, 42.5, 33.2, 30.1, 26.8, 19.0, 18.3. HRMS
(ESI) caled for CsH,;N,0,S [M+H]": 367.1692, found
367.1692.
(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1]hept
an-1-yl)-N-(3-methoxyphenyl)methanesulfonamide  (4e):
Yield 83%, yellowish solid, m.p. 53~54 C; [a]y +23.3
(c 1, CH;0H); 'H NMR (400 MHz, CDCl;) J: 8.91 (bs,
1H), 7.25 (t, J/=8.1 Hz, 1H), 6.94 (t, J=2.3 Hz, 1H), 6.89
(dd, J=7.9, 2.0 Hz, 1H), 6.77 (dd, J=8.3, 2.5 Hz, 1H),
4.22~4.07 (m, 2H), 3.82 (s, 3H), 3.50 (d, J=15.2 Hz,
1H), 2.96 (d, J=15.2 Hz, 1H), 2.68~2.53 (m, 1H), 2.32~
2.21 (m, 1H), 2.12 (d, J=18.3 Hz, 1H), 2.07~1.98 (m,
1H), 1.99~1.87 (m, 2H), 1.76-1.59 (m, 2H), 1.48~1.33
(m, 3H), 1.02~0.88 (m, 6H), 0.86 (s, 3H); *C NMR (100
Hz, CDCl;) ¢6: 167.6, 160.3, 139.4, 129.9, 115.0, 111.4,
109.0, 73.7, 55.3, 53.2, 51.1, 51.0, 43.0, 33.9, 31.1, 30.7,
274, 19.6, 19.2, 18.8, 13.9. HRMS (ESI) calcd for
C,H33N,0,S [M+H]": 409.2161, found 409.2159.
(+)-1-(2~((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(3-methoxyphenyl)methanesulfonamide
(4f): Yield 82%, white solid, m.p. 84~85 C; [a]h +
20.6 (¢ 1, CH;0H); "H NMR (400 MHz, CDCl;) 6: 8.45 (s,
1H), 7.41~7.28 (m, 4H), 7.30~7.22 (m, 1H), 7.12 (t, J=
8.1 Hz, 1H), 6.80 (t, J=2.3 Hz, 1H), 6.77~6.69 (m, 1H),
6.59~6.51 (m, 1H), 5.15 (dd, J/=27.3, 12.4 Hz, 2H), 3.78
(s, 3H), 3.46 (d, /=153 Hz, 1H), 2.92 (d, J=15.3 Hz,
1H), 2.75~2.62 (m, 1H), 2.33~2.21 (m, 1H), 2.18 (d, J=
18.3 Hz, 1H), 2.09~2.00 (m, 1H), 2.00~1.87 (m, 2H),
1.42~1.33 (m, 1H), 0.92 (s, 3H), 0.83 (s, 3H); *C NMR
(100 MHz, CDCl;) d: 168.7, 160.1, 139.1, 137.4, 129.7,
128.6, 128.0, 127.8, 115.2, 111.5, 109.2, 75.5, 55.3, 53.4,
51.0, 50.8, 43.0, 34.2, 30.7, 27.4, 19.6, 18.8. HRMS (ESI)
caled for CyH3N,O,8 [M + H] ": 4432005, found
443.2002.
(+)-N-(3-Chlorophenyl)-1-(2-(methoxyimino)-7,7-di-
methylbicyclo [2.2.1] heptan-1-yl)methanesulfonamide
(4g): Yield 83%, white solid, m.p. 108~109 C; [a]h +
21.4 (¢ 1, CH;OH); 'H NMR (400 MHz, DMSO-dj) J:
10.15 (s, 1H), 7.35 (t, J/=8.1 Hz, 1H), 7.30 (t, J/=2.1 Hz,
1H), 7.22 (dd, J=8.0, 2.1 Hz, 1H), 7.11 (dd, J=7.9, 2.0
Hz, 1H), 3.66 (s, 3H), 3.62 (d, J=15.0 Hz, 1H), 3.12 (d,
J=14.9 Hz, 1H), 2.44~2.31 (m, 2H), 1.92 (d, J/=17.8 Hz,
1H), 1.90~1.80 (m, 2H), 1.71~1.58 (m, 1H), 1.34~1.20
(m, 1H), 0.96 (s, 3H), 0.72 (s, 3H); >C NMR (100 MHz,
CDCl;) 0: 168.2, 139.4, 134.9, 130.3, 125.6, 122.7, 120.6,
61.6, 53.2, 51.5, 51.1, 43.0, 33.8, 30.6, 27.3, 19.6, 18.8.
HRMS (ESI) caled for C;;H;CIN,O;S [M + H] " :
371.1196, found 371.1199.
(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1Thep-
tan-1-yl)-N-(3-chlorophenyl)methanesulfonamide (4h):
Yield 87%, white solid, m.p. 71~72 C; [a]d +18.9 (¢
1, CH;0H); "H NMR (600 MHz, CDCl;) d: 9.06 (bs, 1H),
7.36~7.33 (m, 1H), 7.30 (d, /=0.9 Hz, 1H), 7.22~7.17
(m, 2H), 4.19~4.09 (m, 2H), 3.45 (d, J/=15.3 Hz, 1H),
2.99 (d, J=15.3 Hz, 1H), 2.67~2.58 (m, 1H), 2.27~2.21
(m, 1H), 2.12 (d, J=18.3 Hz, 1H), 2.07~2.02 (m, 1H),
1.99~1.93 (m, 2H), 1.70~1.64 (m, 2H), 1.46~1.36 (m,
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3H), 0.98~0.92 (m, 6H), 0.86 (s, 3H); *C NMR (150
MHz, CDCl;) 6: 167.9, 139.5, 134.9, 130.3, 125.6, 122.8,
120.8, 73.8, 53.2, 51.6, 51.1, 43.1, 34.0, 31.2, 30.7, 27.4,
19.6, 19.2, 18.8, 13.9. HRMS (ESI) calcd for CpH;(CIN,-
0;S [M+H] ": 413.1666, found 413.1665.
(+)-1-(2-((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(3-chlorophenyl)methanesulfonamide (4i):
Yield 88%, white solid, m.p. 107~109 C; [a]d +19.5
(c 1, CH;0H); 'H NMR (600 MHz, CDCl;) J: 8.52 (bs,
1H), 7.38~7.33 (m, 2H), 7.31 (t, J/=7.6 Hz, 2H), 7.27~
7.22 (m, 1H), 7.14~7.11 (m, 2H), 7.02 (t, J=1.8 Hz, 1H),
6.86~6.80 (m, 1H), 5.18 (d, /=12.6 Hz, 1H), 5.11 (d, J=
12.7 Hz, 1H), 3.36 (d, /=15.3 Hz, 1H), 2.92 (d, J=15.3
Hz, 1H), 2.74~2.65 (m, 1H), 2.27~2.22 (m, 1H), 2.20 (d,
J=18.4 Hz, 1H), 1.99 (t, J=4.6 Hz, 1H), 1.95~1.91 (m,
1H), 1.53 (s, 1H), 1.41~1.35 (m, 1H), 0.92 (s, 3H), 0.83
(s, 3H); *C NMR (150 MHz, CDCl;) §: 169.0, 139.0,
137.5, 134.5, 130.0, 128.6, 128.1, 127.6, 125.6, 123.2,
121.2, 754, 53.4, 51.2, 51.0, 43.0, 34.2, 30.8, 27.4, 19.5,
18.8. HRMS (ESI) caled for Cp3H,sCIN,O3S [M+H]':
447.1509, found 447.1514.
(+)-1-(2-(Methoxyimino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(4-methoxyphenyl)methanesulfonamide
(4j): Yield 83%, yellowish solid, m.p. 103~104 C;
[a]h +43.1 (¢ 1, CH;0H); 'H NMR (400 MHz, CDCl5) §:
8.67 (s, 1H), 7.30~7.26 (m, 2H), 6.88 (d, /=8.8 Hz, 2H),
3.92 (s, 3H), 3.80 (s, 3H), 3.43 (d, /=15.3 Hz, 1H), 2.87
(d, J/=15.2 Hz, 1H), 2.66~2.53 (m, 1H), 2.31~2.22 (m,
1H), 2.09 (d, J/=18.2 Hz, 1H), 2.04~1.87 (m, 3H), 1.39~
1.31 (m, 1H), 0.91 (s, 3H), 0.85 (s, 3H); *C NMR (100
MHz, CDCl;) o: 168.0, 157.9, 131.0, 125.5, 114.5, 61.5,
554, 53.2, 51.1, 50.2, 43.0, 33.8, 30.8, 27.4, 19.6, 18.8.
HRMS (ESI) caled for CigH,7N,0,S [M+H]": 367.1692,
found 367.1693.
(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1]hep-
tan-1-yl)-N-(4-methoxyphenyl)methanesulfonamide (4k):
Yield 86%, yellow gum; [a]h +32.3 (¢ 1, CH;0H); 'H
NMR (400 MHz, CDCl3) o: 8.79 (s, 1H), 7.33~7.27 (m,
2H), 6.96~6.83 (m, 2H), 4.21~4.03 (m, 2H), 3.82 (s,
3H), 3.46 (d, J=15.3 Hz, 1H), 2.89 (d, J/=15.3 Hz, 1H),
2.68~2.57 (m, 1H), 2.36~2.22 (m, 1H), 2.12 (d, J/=18.3
Hz, 1H), 2.02~1.94 (m, 3H), 1.72~1.60 (m, 2H), 1.48~
1.35 (m, 3H), 1.00~0.87 (m, 6H), 0.87 (s, 3H); °C NMR
(100 Hz, CDCl;) 6: 167.7, 157.9, 131.0, 125.6, 114.5, 73.7,
55.4, 53.3, 51.0, 50.3, 43.0, 33.9, 31.1, 30.8, 27.4, 19.6,
19.1, 18.8, 13.9. HRMS (ESI) caled for C, H3;N,04S
[M-+H]": 409.2161, found 409.2156.
(+)-1-(2~((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(4-methoxyphenyl)methanesulfonamide
(41): Yield 85%, yellow gum; [a]h +33.2 (¢ 1, CH;0H);
'H NMR (400 MHz, CDCl;) o: 8.27 (s, 1H), 7.38~7.27
(m, 4H), 7.30~7.21 (m, 1H), 6.99~6.90 (m, 2H), 6.78~
6.71 (m, 2H), 5.14 (dd, J=29.4, 12.7 Hz, 2H), 3.79 (s,
3H), 3.38 (d, J/=15.3 Hz, 1H), 2.83 (d, J/=15.3 Hz, 1H),
2.76~2.66 (m, 1H), 2.33~2.25 (m, 1H), 2.20 (d, J/=18.3
Hz, 1H), 2.06~1.90 (m, 3H), 1.43~1.32 (m, 1H), 0.91 (s,
3H), 0.85 (s, 3H); *C NMR (100 Hz, CDCl;) ¢: 168.9,
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157.7, 137.6, 130.6, 128.6, 128.0, 127.5, 125.7, 114.3,
75.3, 55.4, 53.5, 51.0, 50.1, 43.0, 34.2, 30.9, 27.4, 19.6,
18.8. HRMS (ESI) caled for CpH;N,O,S [M-+H] " :
443.2005, found 443.2001.
(+)-N-(4-Chlorophenyl)-1-(2-(methoxyimino)-7,7-di-
methylbicyclo[2.2.1]heptan-1-yl)methanesulfonamide
(4m): Yield 84%, white solid, m.p. 89~90 C; [a]h +
29.2 (¢ 1, CH;0H); 'H NMR (400 MHz, DMSO-dj) J:
10.15 (s, 1H), 7.35 (t, J/=8.1 Hz, 1H), 7.30 (t, J/=2.1 Hz,
1H), 7.25~7.19 (m, 1H), 7.14~7.07 (m, 1H), 3.66 (s,
3H), 3.62 (d, J/=15.0 Hz, 1H), 3.12 (d, J/=14.9 Hz, 1H),
2.46~2.24 (m, 2H), 1.92 (d, /=17.8 Hz, 1H), 1.90~1.79
(m, 2H), 1.72~1.58 (m, 1H), 1.36~1.20 (m, 1H), 0.96 (s,
3H), 0.72 (s, 3H); *C NMR (100 MHz, CDCl;) 6: 168.2,
136.8, 131.2, 1294, 1243, 61.5, 53.2, 51.2, 43.0, 33.8,
30.6, 27.3, 19.6, 18.8. HRMS (ESI) calcd for C;7H,4CIN,-
0;S [M+H]": 371.1196, found 371.1195.
(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1Thep-
tan-1-yl)-N-(4-chlorophenyl)methanesulfonamide (4n):
Yield 79%, white solid, m.p. 64~66 C; [a]p +23.6 (¢
1, CH;0H); '"H NMR (400 MHz, CDCl3) d: 9.04 (s, 1H),
7.38~7.29 (m, 2H), 7.28~7.25 (m, 2H), 4.21~4.06 (m,
2H), 3.41 (d, J/=15.3 Hz, 1H), 2.95 (d, J/=15.3 Hz, 1H),
2.69~2.56 (m, 1H), 2.32~2.20 (m, 1H), 2.12 (d, J/=18.3
Hz, 1H), 2.07~2.00 (m, 1H), 2.02~1.89 (m, 2H), 1.73~
1.58 (m, 2H), 1.48~1.32 (m, 3H), 0.98~0.91 (m, 6H),
0.86 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 167.9, 136.8,
131.3,129.4, 1244, 73.7, 53.2, 51.2, 51.1, 43.0, 33.9, 31.1,
30.7, 27.4, 19.6, 19.1, 18.8, 13.9. HRMS (ESI) calcd for
C,0H3,CIN,0;S [M+H]": 413.1666, found 413.1668.
(+)-1-(2~((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(4-chlorophenyl)methanesulfonamide (40):
Yield 85%, white gum; [a]y +22.9 (¢ 1, CH;0H); 'H
NMR (400 MHz, CDCl;) o: 8.47 (s, 1H), 7.36~7.27 (m,
5H), 7.19~7.11 (m, 2H), 6.90~6.83 (m, 2H), 5.14 (dd, J
=30.9, 12.9 Hz, 2H), 3.31 (d, J/=15.4 Hz, 1H), 2.89 (d, J
=154 Hz, 1H), 2.76~2.65 (m, 1H), 2.33~2.25 (m, 1H),
2.21 (d, J=18.5 Hz, 1H), 2.03~1.93 (m, 3H), 1.44~1.34
(m, 1H), 0.92 (s, 3H), 0.83 (s, 3H); >C NMR (100 MHz,
CDCl;) 0: 169.1, 137.7, 136.4, 131.1, 129.1, 128.7, 128.1,
127.5, 124.6, 75.3, 53.5, 51.0, 50.9, 43.0, 34.2, 30.8, 27.4,
19.6, 18.8. HRMS (ESI) caled for Cy3HogCIN,O;S [M+
H]": 447.1509, found 447.1507.
(+)-1-(2-(Methoxyimino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(3-(trifluoromethyl)phenyl)methanesulfo-
namide (4p): Yield 80%, white solid, m.p. 81~83 C;
[a]h +20.5 (¢ 1, CH;0H); 'H NMR (400 MHz, CDCl5) §:
9.12 (s, 1H), 7.56 (s, 1H), 7.55~7.51 (m, 1H), 7.50~7.43
(m, 2H), 3.93 (s, 3H), 3.40 (d, J=15.3 Hz, 1H), 2.98 (d,
J=15.3 Hz, 1H), 2.69~2.52 (m, 1H), 2.31~2.17 (m, 1H),
2.10 (d, J=18.4 Hz, 1H), 2.00~1.88 (m, 3H), 1.40~1.32
(m, 1H), 0.92 (s, 3H), 0.82 (s, 3H); *C NMR (150 MHz,
CDCl;) d: 168.4, 138.9, 131.7 (q, J=32.6 Hz), 130.0,
126.0, 123.7 (q, J=272.4 Hz), 122.1 (q, J/=3.8 Hz), 119.2
(9, J/=3.9 Hz), 61.5, 53.2, 51.6, 51.2, 43.0, 33.9, 30.6,
274, 195, 18.8. HR-MS (ESI) calcd for C18H24F3N203S
[M-+H]': 405.1460, found 405.1461.

http://sioc-journal.cn/ 1231



BIKE

MR

(+)-1-(2-(Butoxyimino)-7,7-dimethylbicyclo[2.2.1]hep-
tan-1-yl)-N-(3-(trifluoromethyl)phenyl)methanesulfonami-
de (4q): Yield 79%, white solid, m.p. 72~73 C; [a]h +
22.4 (¢ 1, CH;0H); 'H NMR (400 MHz, CDCl;) ¢: 9.22
(bs, 1H), 7.60~7.52 (m, 2H), 7.52~7.44 (m, 2H), 4.26~
4.07 (m, 2H), 3.43 (d, /=15.3 Hz, 1H), 3.01 (d, J=15.3
Hz, 1H), 2.72~2.57 (m, 1H), 2.31~2.20 (m, 1H), 2.14 (d,
J=18.4 Hz, 1H), 2.10~2.00 (m, 1H), 2.00~1.89 (m, 2H),
1.74~1.60 (m, 2H), 1.47~1.36 (m, 3H), 0.99~0.91 (m,
6H), 0.86 (s, 3H); °C NMR (150 MHz, CDCl;) §: 168.2,
138.9, 131.7 (q, J=32.6 Hz), 129.9, 126.2, 123.6 (q, J=
272.5 Hz), 122.1 (q, J=3.8 Hz), 119.3 (q, /=3.9 Hz),
73.8, 53.2, 51.7, 51.1, 43.0, 34.0, 31.1, 30.7, 27.4, 19.5,
192, 188, 13.8. HR-MS (ESI) calcd for C2|H30F3N203S
[M-+H]": 447.1929, found 447.1933.

(+)-1-(2-((Benzyloxy)imino)-7,7-dimethylbicyclo[2.2.1]-
heptan-1-yl)-N-(3-(trifluoromethyl)phenyl)methanesulfo-
namide (4r): Yield 82%, white solid, m.p. 121~122 C;
[a]h +18.6 (¢ 1, CH;OH); 'H NMR (400 MHz, CDCl5) §:
8.63 (bs, 1H), 7.45~7.40 (m, 1H), 7.39~7.34 (m, 2H),
7.34~7.30 (m, 2H), 7.29 (s, 1H), 7.27 (s, 1H), 7.25~7.19
(m, 1H), 7.15~7.10 (m, 1H), 5.19 (d, J=12.6 Hz, 1H),
5.12 (d, J=12.6 Hz, 1H), 3.33 (d, J/=15.4 Hz, 1H), 2.93
(d, J/=15.3 Hz, 1H), 2.78~2.66 (m, 1H), 2.32~2.16 (m,
2H), 2.09~1.96 (m, 2H), 1.97~1.89 (m, 1H), 1.43~1.35
(m, 1H), 0.92 (s, 3H), 0.83 (s, 3H); °C NMR (150 Hz,
CDCl;) d: 169.3, 138.5, 137.5, 131.5 (q, J=32.6 Hz),
129.7, 128.7, 128.2, 127.7, 126.6, 123.6 (q, J=272.6 Hz),
122.2 (q, J=3.8 Hz), 120.0 (q, J=3.8 Hz), 75.5, 53.5,
51.3,51.1,43.1, 34.3, 30.8, 27.4, 19.5, 18.8. HR-MS (ESI)
caled for CoHysF3N,05S [M+H]': 481.1773, found
481.1772.

4.3 Biological assays
4.3.1 Antitumor activity

Antitumor activity of target compounds was measured
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay against three cancer cell lines
(A549, Hela, MCF-7 cells) and human normal hepatocytes
(LO2) from the Cell Bank of the Chinese Academy of
Sciences. Above cell lines were incubated in dulbecco's
modified eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) in an incubator at 37 C and 5%
CO,. Then, cells were seeded onto 96-well plates with a
density of 8X10° cells per well when they were at log
phase of growth. After 24 h, different concentrations
(50.00, 25.00, 12.50, 6.25, 3.13, 1.55 pmoleL™") of the
synthesized compounds and positive control etoposide
were added in cultures with serum-free medium for anoth-
er 48 h. Next, 10 puL of solution of MTT (5 mg/mL) was
added to each well and then cells were treated for 4 h.
Subsequently, the formed blue formazan crystals were
dissolved by adding 100 pL of dimethylsulfoxide
(DMSO). Finally, the optical density of each well was
measured with an enzyme-labeled instrument at 540 nm
wavelength. The results were expressed as ICsy values
which were calculated from the concentration- response
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curves by non-linear regression analysis.
4.3.2 Cell cycle assay

MCF-7 cells were added to 6-well plates and incubated
overnight. Then, cells were treated with compound 4r at
different concentrations (0, 2.5, 5, and 10 pmol°L71, re-
spectively) in DMEM medium, supplemented with 10%
FBS for 24 h. Afterwards, cells were washed with phos-
phate buffered saline (PBS), collected by centrifugation
and fixed in the dark with ice cold ethanol at —4 °C. The
fixed cells were then re-suspended with 0.1 mg/mL RNase
stained with 40 mg/mL propidium iodide (PI). After incu-
bation at 37 ‘C for 30 min, all samples were analyzed for
DNA content by flow cytometry (BD FACS Canto II).

4.3.3 Cell apoptosis assay

MCF-7 cells were seeded into 6-well plates and incu-
bated for 24 h before treatment. Cells were then exposed to
compound 4r at different concentrations (0, 2.5, 5 and 10
umoleL ™', respectively). After treatment for 24 h, cells
were harvested and washed twice with PBS and then
treated with Annexin V-FITC/PI at room temperature for
15 min in the dark. The subsequent flow cytometry system
(BD Accuri C6) were used to examine the stained cells.

4.3.4 Hoechst dye test

Hoechst 33258 dye can provide a chance to differentiate
dead cells from living ones by interpreting nucleus mor-
phology. Cells were seeded into 6-well plates and incubat-
ed with compound 4r at the concentrations of 0, 2.5, 5 and
10 pmoleL™" for 24 h. After incubation, the medium was
discarded, cells were washed by PBS, and then fixed in 4%
paraformaldehyde for 10 min. After fixation, cells were
stained with 0.5 mL of Hoechst 33258 for 10 min at room
temperature in a dark condition, then PBS washed twice.
The stained nuclei were imaged at confocal microscopy
(LSM710) with excitation wavelength at 350 nm and
emission wavelength at 460 nm.

4.3.5 Reactive oxygen species (ROS) detection

DCFH-DA is a fluorescent probe that is used to measure
the changes in intracellular ROS level. Briefly, seeding of
a concentration of 1 X 10* MCF-7 cells per well in DMEM
medium supplemented with 10% FBS was performed in
6-well plates. Then, cells were treated with different con-
centrations of compound 4r (0, 2.5, 5, 10 pmol-Lfl, re-
spectively) for 24 h. Afterwards, the cells were stained
with DCFH-DA (10 pmolsL™") for 30 min at 37 C in the
dark after washed twice with PBS. Finally, changes in the
intracellular DCF fluorescence were observed by fluores-
cent microscope (OLYMPUS Co., Japan) with excitation
wavelength at 485 nm and emission wavelength at 538 nm.
4.3.6 Mitochondrial membrane potential (A¥m) meas-
urement

A fluorescent probe JC-1 was used to determine the
A¥m. MCF-7 cells were treated with compound 4r (0, 2.5,
5, 10 pumolsL ™', respectively) and incubated in 6-well
plates for 24 h. After treatment, the culture medium was
removed, and cells were rinsed twice with PBS and further
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cultured in an equal volume of JC-1 staining solution (3
mg/mL) in the dark for another 20 min. Thereafter, quanti-
tative analysis of red/green fluorescence was detected by
confocal microscopy with excitation wavelength at 525/
490 nm and emission wavelength at 595/530 nm.

Supporting Information 'H NMR, “C NMR of com-
pounds 4a~4r, 3a~3f, and 2; HRMS spectra of com-
pounds 4a~4r. The Supporting Information of NMR is
available free of charge via the Internet at http://sioc-
journal.cn/.
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