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Abstract A series of diamides conformationally restricted by cyclopropane were designed and synthesized. Most of the
racemates containing cis-cyclopropane possessed promising inhibitory activity against four cancer cell lines (MCF-7,
BGC-823, HepG2 and NCI-H460). In particular, racemate cis-N'-(2-methyl-4-(perfluoropropan-2-yl)phenyl)-N?-(4-phenoxy-
benzyl)cyclopropane-1,2-dicarboxamide (1-19) showed the potential for further optimization as an anti-cancer lead with the
ICso value of (8.38+0.67) mgeL ™' on MCF-7. Moreover, steryl-sulfatase (STS) was predicated as the potential target protein
and molecular docking was performed to explore the binding mode.
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tics, there were approximately 19.3 million new cancer

1 Introduction ' a h ne
cases and 10 million cancer deaths worldwide in 2020.

Cancer is a leading cause of death and one of the barri-
ers threatening public health. Due to the aging of popula-
tion and increasing prevalence of established risk factors
such as smoking and physical inactivity, the burden of
cancer incidence and mortality is growing rapidly around
the world.l'! According to the latest Global Cancer Statis-
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Chemotherapy is recognized as an effective approach for
cancer treatment. Since 1940s, over 50 licensed chemo-
therapeutic drugs have been introduced for clinical use.!
However, few drugs could satisfy the needs of clinicians
and patients nowadays. The problems of drug, such as low
effectiveness, weak selectivity, side effects and potential
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sequelae, are still the public concerns.*] Therefore, the
search for lead-compounds with novel skeleton and devel-
opment of drugs with new mode of action remain the goals
in pharmaceutical industry.

The role of diamide derivatives has gained increasing
prominence in the development of drugs. Each amide
bond, which is highly polar and stable, provides two hy-
drogen bonding sites for diamides.? And the planarity of
amide bonds will install conformational rigidity on the
molecules.[? The unique chemical properties of diamides
contribute their broad biological potencies. Over the last
decade, various diamide derivatives have been reported as
anti-cancer agents (Figure 1).5! In addition, diamides are
embedded in many bioactive compounds with analgesic,
anti-inflammatory, antimicrobial, antiviral, and insecticidal
activities.['-14

At the same time, cyclopropane is a significant ring sys-
tem in pharmaceutical chemistry. (A) Cyclopropane has
strain energy in the tension structure. (B) The three C—C
bonds of cyclopropane are in the same plane. (C) The vi-
brational frequencies of C—H bonds in cyclopropane are
similar to those of olefins. (D) The six C—H bonds of cy-
clopropane are relatively rigid in orientation. Due to these
four properties, cyclopropane is considered a privileged
terminal substituent in drug discovery to improve the
pharmaceutical properties of drug molecules, such as po-
tency, selectivity and stability.['>1% For decades, cyclo-
propane fragments have been introduced in a few drugs or
agrochemicals, exemplified by naltrexone, cabozantinib,
prothioconazole and phenothrin (Figure 2A).['7-2% Besides,
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the characteristic structural rigidity of cyclopropane makes
it an effective unit to control the conformation of a mole-
cule. It can serve as a “tether” to restrict the orientation of
substituents.?! In medicinal research, cyclopropanyl rings
are often introduced into drug molecules for further opti-
mization because of the hypothesis that the conformation
of resulting fixed molecule would mimic the bioactive
conformation of the original one (Figure 2B).2>24 And as
a result, the fixed molecules would have less conforma-
tional entropy upon binding to the target proteins, stronger
potency and higher selectivity.

Previous reports showed that the relative spatial distance
between the two terminal groups of diamides determines
the activities of compounds.”> The diamides with similar
terminal groups but different spatial conformations usually
have different potency or target selectivity.[??%] Herein, in
order to investigate potential anti-cancer agent with novel
“chemical space”, 1,2-disubstituted cyclopropane was in-
troduced into diamides as central component (Scheme 1).
Consequently, substituents were restricted into frans or
cis-conformations. Perfluoroisopropyl aniline was fixed in
design progress since several reports demonstrated that this
moiety could improve the potency or pharmacokinetic pro-
file of anti-cancer agents including several diamides.*>-3!]
A total of 31 diamide racemates were designed and syn-
thesized. And their anti-cancer activities against four tumor
cell lines, including MCF-7 (breast epithelial adenocarci-
noma), BGC-823 (gastric cancer), HepG2 (hepatocellular
liver carcinoma) and NCI-H460 (lung cancer), were evalu-
ated. cis-Cyclopropane was then identified as the preferred
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(A) Representative drugs and argichemicals containing cyclopropane
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(B) Conformation restriction strategy through cyclopropane in drug research
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Figure 2 Representative cases for introduction of cyclopropane in drugs and agrichemicals
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Scheme 1 Molecular design of novel diamides conformationally restricted by cyclopropane

center for anti-cancer diamides. Furthermore, the potential
target protein was identified by pharmacophore-mapping
and assessed through molecular docking.

2 Results and discussion

2.1 Chemistry
As illustrated in Scheme 2, the title racemates were syn-

Chin. J. Org. Chem. 2022, 42, 277~292
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thesized following the reported procedures with some nec-
essary modifications.*>** The intermediate 2-methyl-4-
(perfluoropropan-2-yl)aniline (2) was obtained by the al-
kylation of commercially available 2-methylaniline with
2-iodoperfluoropropane. And the cis- and trans-title race-
mates were then obtained by 2 different routes. The struc-
tures of all racemates were characterized by NMR and ESI
analysis.

http://sioc-journal.cn/ 279



BIKE

Synthetic route for key intermediate 2

F F
) -y — el
CF3 C

2

CF3
Fs

Synthetic route for cis-cyclopropane

(0]
~ OJ\/CI

(0] (0]
(0] NaH
+ /\[f N — \OMO/

HaoH_ M

wﬁawvwxmi

1-1to 1-30

Synthetic route for trans-cyclopropane

% ?L NaOH o (|1
”OJW“‘“ o T HO%"“‘ o

NaOH
TCFH NMI )‘% IJ\

F3

*CUW& e j\@%LA

Scheme 2 General synthetic procedure for the title racemates

2.1.1 Synthetic route for title cis-cyclopropyl racemates
1-1to 1-30

Diethyl cyclopropane-1,2-dicarboxylate (3) was pre-
pared from methyl 2-chloroacetate and ethyl acrylate in the
presence of sodium hydride (NaH). 3 was hydrolyzed and
then acidified to get the mixture of cis- and trans-cyclo-
propane-1,2-dicarboxylic acid 4. Subsequently, the crude 4
was transformed to the key intermediate 1,2-cyclopropane
dicarboxylic anhydride S using acetic anhydride (AcO) at
200 C.

This anhydration had two advantages. First, it was un-
necessary to separate the cis- and frans-acids because the
trans- one would convert to its isomer at high tempera-
ture.’>! Second, the anhydride was an activated intermedi-
ate for next amidation. The amidation of 2 was a challenge
due to the electron-withdrawing effect of its para-per-
fluoroisopropyl and the steric hindrance of its ortho-
methyl. While traditional coupling reagents such as
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide = (EDC),
2-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU) and benzotriazol-1-yl-oxy-
tripyrrolidinophosphonium hexafluorophosphate (PyBOP),
all failed for this amidation, 6 could be prepared in high
yield from a mechanical-stirring heterogeneous reaction of
2 and 5.

The reported procedures for amidation between anhy-
dride and aniline were low in yield and inconvenient, be-
cause base was added as deacid reagent and the resulting
mixture was then acidified to obtain the desired free acid.

280 http://sioc-journal.cn/
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After survey of various parameters including base, solvent
and temperature, it was found that 5 could converted to 6
in over 90 HPLC area percent without base in dichloro-
methane (DCM) after 5 h at 35 ‘C. What is more, owing to
the poor solubility in DCM of 6, it could be easily obtained
by filtration.

Finally, in the presence of HATU and N,N-diisopropyl-
ethylamine (DIPEA), 6 coupled with different amines to
afford the title diamides 1-1 to 1-30 in about 70% yield.
2.1.2 Synthetic route for title trans-cyclopropyl race-
mate 1-31

Starting from commercially available diethyl trans-
cyclopropane-1,2-dicarboxylate 7, 1-31 was obtained
through two amidations. 7 was firstly hydrolyzed to get 8.
And then 8 coupled with 2 using the combination of
N-methylimidazole (NMI) and N,N,N'N'-tetramethyl-
chloroformamidinium hexafluorophosphate (TCFH).

NMI-TCFH is a mild and efficient method for the cou-
pling between electron-deficient aniline and hindered car-
boxylic acid.**! At the same time, the stereogenic integrity
would be maintained. NMI-TCFH could provide the in-
termediate 9 in about 40% isolated yield while other cou-
pling agents still could not lead to satisfactory yields as
mentioned above. In addition, running this reaction in re-
flux reduced the reaction time and slightly improved the
yield.

After another hydrolysis, 9 transformed to acid 10. Fi-
nally, the title #rans-1-31 was obtained through HATU-
DIPEA in about 70% yield.

Chin. J. Org. Chem. 2022, 42, 277~292
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2.1.3 Conformational analysis of title racemates

The conformations of 1-2 (cis) and 1-31 (trans) were
examined based on 'H NMR and NOESY NMR experi-
ments. The "H NMR spectrum revealed that the chemical
shifts for H2 and H3 of 1-2 were respectively between o
1.56~1.44 and 1.23~1.12. And the chemical shifts for H2
and H3 of 1-31 were similar in a range of 6 1.21~1.13.
What’s more, Nuclear overhauser effects (NOEs) were
observed between H1-H2, H1-H4 and H2-H4 for 1-2 (Fig-
ure 3). Besides NOEs between H1-H2 and H3-H4 were
observed for 1-31. These facts indicated that 1-2 and 1-31
assumed the cis- and trans-conformation, respectively.

R CFs R CFs
FsC FsC

O O, YV O
== ol D
1H Ha4 TH }}—NH
H H |
bz \_j b 2 o
1-2 1-31

Figure 3 NOEs patterns (blue two-way arrows) for 1-2 and
1-31

2.2 Biological activity

The anti-cancer activities of all racemates against
MCF-7, BGC-823, HepG2 and NCI-H460 cell lines were
evaluated in vitro by the standard 3-(4,5-dimethyl-2-
thiazolyl)-2,5-diphenyl tetrazolium bromide (MTT) assay
using 5-fluorouracil (5-Fu) as a positive control. The
racemates whose inhibition rate was greater than 50% at
200 pgemL ™!, were chosen to study their ICsy values. The
results were summarized in Tables 1~3.

Two racemates 1-2 and 1-31 were firstly designed and
synthesized, which possessed the same terminal groups but
different conformations. As shown in Table 1, no obvious
anti-cancer activities were observed for trans-configu-
rational 1-31. To our delight, cis-1-2 showed moderate
inhibitory activities against all four cancer cell lines at the
concentration of 200 pgemL ™!, In particular, 1-2 exhibited
inhibition rates of more than 80% on both MCF-7 and
NCI-H460 at this concentration. The results indicated that
cis-cyclopropane was an acceptable central component of
diamides for further study.

Four another diamides with different substituents R!
(1-1: methyl; 1-3: zert-butyl; 1-4: benzyl; 1-30: phenethyl)
were then screened for their activities as the probes. As
presented in Table 2, those racemates exhibited moderate

Table 1 Growth-inhibition against four cancer cell lines of diamides containing ¢rans and cis-cyclopropanes

Structure Growth-inhibition (200 pgemL ')
Compd. ) )
(Relative stereochemistry) MCEF-7 BGC-823 HepG2 NCI-H460
R CFs
FsC
1-2 o o 83.461+3.64 54.78+1.16 48.13+1.69 97.31+0.18
—
HNMNH
H H
R CFs
1-31 O 19.42+1.19 —28.92+2.03 38.24+5.37 14.20£6.58
HN—< H
H Z—NH
o//_ |
Table 2 Growth-inhibition against four cancer cell lines of some title diamides at 200 pgemL ™!
Fc g
F 0 0 Relative Stereochemistry
Nv
H
Compd. R! Growth-inhibition (200 ugemL 1)
MCF-7 BGC-823 HepG2 NCI-H460
1-1 Methyl 37.23+3.34 32.39+1.17 23.47+4.79 47.37+0.50
12 Ethyl 83.461+3.64 54.78+1.16 48.13+1.69 97.31+0.18
1-3 tert-Butyl 85.73+2.92 4.17%0.52 57.57+1.57 94.34+2.25
1-4 Benzyl 96.831+0.69 97.75+0.08 99.14+0.28 98.421+0.16
1-30 Phenethyl 90.96+0.28 91.19+0.99 93.00+8.44 97.46+0.16
Chin. J. Org. Chem. 2022, 42, 277~292 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 281
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activity against four cancer cell lines at a concentration of
200 pugemL !. The primary bioassay results suggested that
the introduction of an aromatic group at R! was positive
because 1-4 (benzyl) and 1-30 (phenethyl) inhibited cell
viability to a greater extent than the others. Since 1-4 was
most active against all the cell lines with 96% ~99%
growth inhibition at 200 pgemL ", it was considered as the
starting point for further optimization.

Then, the influence on anti-cancer activities of the posi-
tion for substituents in R! was explored. Six diamides sub-
stituted by methyl (1-5, 1-6 and 1-7) or chlorine (1-8, 1-9,
1-10) were designed and synthesized. As shown in Table 3,
the introductions of methyl or chlorine led to increases in
activities against 4 cell lines except that 1-10 (2-chloro)
displayed a slight decreased activity against MCF-7. And a
substituent on 4-position was satisfactory because both the
potencies of 1-5 and 1-8 were respectively stronger than
their isomers.

Aimed to further investigate the structure-activity rela-
tionship (SAR) of our diamides, different substituents were
introduced to obtain the title diamides 1-11 to 1-22. Most

of those racemates exhibited good anti-cancer activities
against the cancer cell lines (Table 3). And serval general
trends emerged from the results. Most mono-substituted
derivatives had stronger activities comparing with the non-
(1-4) or di-substituted (1-21 and 1-22) racemates. And
neither difluoromethoxyl (1-15) nor fert-butyl (1-16) sub-
stituents had good effects on the activity. While the intro-
duction of fluorine (1-11) was dissatisfactory, brominated
(1-12) and iodized (1-13) racemates both showed better
activities than 1-4 against MCF-7, BGC-823 and
NCI-H460.

On the potency against MCF-7, the electronic effect of
substituents has little influence. Methyl (1-5), methoxyl
(1-14), trifluoromethyl (1-18), phenoxyphenyl (1-19) and
phenyl (1-20) all improved the anti-cancer activities
whereas tert-butyl (1-16) showed less activities than 1-4. It
is assumed that spatial plane hydrophobic substituents
were preferred. It was worth noting that 1-19 displayed the
strongest activities against MCF-7 with an ICsy value of
8.38 ugemL !, which was comparable to that of 5-Fu.

Table 3 The ICso against four cancer cell lines of diamides 1-1 to 1-30

ICso/(ugemL 1)

Compd. R!

MCE-7 BGC-823 HepG2 NCI-H460
1-1 Methyl >200 >200 >200 >200
1-2 Ethyl 33.81+2.06 >200 >200 29.80+2.91
1-3 tert-Butyl 29.27+5.83 >200 >200 38.38+1.40
1-4 Benzyl 40.79+£2.18 50.90+0.99 26.09+2.97 26.78+£2.78
1-5 4-Methylbenzyl 32.29+1.7 21.25£3.03 10.44+1.60 20.38+1.21
1-6 3-Methylbenzyl 40.35£5.19 35.50+3.97 35.01+1.54 30.59+1.18
1-7 2-Methylbenzyl 33.80+1.72 25.42+2.29 23.20£1.07 21.60+1.60
1-8 4-Chlorobenzyl 36.89+2.29 19.47+£5.37 17.65+1.24 10.06+1.82
1-9 3-Chlorobenzyl 36.80+4.39 30.58+2.65 28.62+0.81 22.48+0.71
1-10 2-Chlorobenzyl 80.471+6.93 31.75+4.74 22.75+0.84 21.61£1.30
1-11 4-Fluorobenzyl 67.45+2.43 29.55£2.70 27.07£1.05 25.27+2.85
1-12 4-Bromobenzyl 17.65£0.99 28.29+2.54 21.17£0.81 21.01£1.25
1-13 4-lodobenzyl 27.57+6.26 26.24+2.70 26.29+1.43 26.15+1.36
1-14 4-Methoxybenzyl 20.78+1.38 24.51%£2.57 24.14+1.23 25.17+1.84
1-15 4-Difluoromethoxybenzyl 75.61+14.80 50.03+2.97 39.524+6.27 56.801+10.58
1-16 4-tert-Butylbenzyl >200 92.61+16.39 >200 95.35+17.62
1-17 4-Cyanobenzyl 47.75£9.06 42.49+4.12 37.92+2.94 30.26+3.15
1-18 4-Trifluoromethylbenzyl 25.66+1.11 21.39%1.11 21.23+1.99 15.12+1.43
1-19 (4-Phenoxyphenyl)methyl 8.38+0.67 22.67%0.80 19.30+1.10 20.49+1.32
1-20 4-Phenylbenzyl 25.88+2.95 2497+1.27 27.06+£3.07 22.94+1.15
1-21 2,4-Difluorobenzyl 40.84+1.24 51.29+1.09 23.52+2.50 28.35+2.28
1-22 2,6-Dichlorobenzyl >200 >200 19.74+0.79 39.89+9.27
1-23 3.,4,5-Trimethoxybenzyl 19.16£3.01 34.394+3.52 27.22+2.61 20.39+1.41
1-24 (Tetrahydrofuran-3-yl)methyl 153.9+£20.2 50.30+6.65 46.88+5.39 56.51+11.21
1-25 (6-Chloropyridine-3-yl)methyl 27.12£0.92 32.39+3.46 34.15+£0.94 29.36+1.79
1-26 (2-Chlorothiazole-5-yl)methyl >200 >200 >200 >200
1-27 Furan-2-ylmethyl 25.8+1.32 32.39+4.40 15.42+4.40 27.03+£2.49
1-28 Thiophene-3-ylmethyl 83.43+4.37 >200 >200 >200
1-29 Naphthalene-1-ylmethyl 32.53+2.82 2291£1.20 23.55+1.97 20.52+0.98
1-30 Phenethyl 59.05+3.60 53.12%+1.16 26.76£1.18 30.37£2.36
5-Fu — 8.23+1.33 10.31£1.40 7.09+1.61 2.26+0.80
282 http://sioc-journal.cn/ © 2022 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2022, 42, 277~292
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For the potency against BGC-823, the replacement of
hydrogen with only one halogen atom at any position of
amino toluene was positive. The activities against
BGC-823 of most racemates remained at the same level
with ICsy values range from 20 pgemL ™' to 30 ugemL ", so
no clear SAR was observed. In particular, chlorinated 1-8
was most active with an ICsp value of 19.47 pgemL ™.

1-5 (4-Methyl) and 1-8 (4-chloro) were the two most ac-
tive racemates against HepG2. And 1-5 has a comparable
anti-cancer activity to 5-Fu with an ICso value of 10.44
pgemL !, While, 1-13 (4-iodobenzyl), 1-16 (4-tert-butyl-
benzyl) and 1-20 (4-phenylbenzyl) all displayed weaker
potency than 1-4 against HepG2. It implied that a big steric
hindrance would lead to a decreased activity.

Most of the substituents at 4-position increased the ac-
tivity against NCI-H460. It was notable that 1-8 (4-chloro-
benzyl) and 1-18 (4-trifluoromethyl benzyl), two racemates
with electron-withdrawing substituents, both exhibited
significant inhibitory activities against NCI-H460 with
ICs values of 10.06 and 15.12 pugemL ™!, respectively.

To further evaluate the viability of amino toluene, serval
heterocycle-containing (1-23 to 1-28) and polycyclic-
aromatic-containing (1-29) racemates were synthesized.
The bioassay results are shown in Table 3. Changing the
phenyl ring to tetrahydrofuran (1-24) led to the decrease of
activities on all cell lines. It suggested once again that the
aromaticity of R! was a critical structural element for our
diamides to achieve high anti-cancer activities. Neither
1-26 [(2-chlorothiazole-5-yl)methyl] nor 1-28 (thiophene-
3-ylmethyl) could inhibit the growth of those four cancer
cells. It implied that the introduction of sulfur atom might
had a negative effect. Fortunately, the racemates modified
by pyridine (1-25) and furfuran (1-27) both exhibited bet-
ter activities against MCF-7 and BGC-823 than 1-4. The
improvement might be a tribute to the addition of nitrogen
and oxygen atoms which could usually increase the inter-
action of drug molecules with target proteins.

2.3 Target recognition

PharmMapper, a web portal, provides services to identi-
fy potential target candidates for small molecules through
pharmacophore mapping approach.[?”**1 PharmMapper has
a database with 23236 proteins and works by ‘probing’
given compounds into the database.

The promising anti-cancer activities of our diamides
against MCF-7 encouraged us to further explore their po-
tential action mechanism and target protein. The most ac-
tive racemates 1-12 (4-bromobenzyl), 1-14 (4-methoxy-
benzyl), 1-19 [(4-phenoxyphenyl)methyl] and 1-23 (3,4,5-
trimethoxybenzyl) were submitted to PharmMapper. And
300 putative targets for each racemate were reserved by
PharmMapper. Those targets linked to human cancers were
further manually identified according to the published re-
ports.

After filtering by normalized fit score >0.9, the details
of racemates and their candidate target proteins were listed
in Table 4. The results ‘fished’ by PharmMapper for our

Chin. J. Org. Chem. 2022, 42, 277~292
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four racemates were similar. As described in Figure 4, 12
proteins were identified as potential targets. All given
racemates have high normalized fit score to five proteins
including steryl-sulfatase (STS, PDB ID: 1p49), ephrin
type-B receptor 4 (EphB4, PDB ID: 2vwu), kinesin-like
protein KIF11 (KIF11, PDB ID: 2pg2), thymidylate syn-
thase (TS, PDB ID: 1juj) and epidermal growth factor re-
ceptor (EGFR, PDB ID: 2ity). And it was worth noting that
STS kept the highest score and EphB4 remained the sec-

Table 4 Top target proteins of active diamides and their scores®

Compd. Pharma model (PDB ID) Normalized fit score
1p49 0.996
2vwu 0.996
2brb 0.988
2pg2 0.980
1-12 Ljuj 0.963
2g01 0.956
2ity 0.935
2ovm 0.929
lodi 0.906
1p49 0.996
2vwu 0.995
2pg2 0.979
1-14 Ljuj 0.977
lya8 0.957
2ovim 0.944
2ity 0.925
1p49 0.996
2vwu 0.994
2pg2 0.980
1-19 Ljuj 0.971
lya8 0.971
2201 0.946
2ity 0.928
lodi 0.903
1p49 0.995
2vwu 0.993
2¢3i 0.987
2pg2 0.979
1-23 lya8 0.972
Ljuj 0.967
2ocf 0.942
2ity 0.930

9 1p49: Steryl-sulfatase, linked to tumors such as breast or prostate cancers;
2vwu: Ephrin type-B receptor 4, linked to tumors such as colon and lung
cancers; 2brb: Serine/threonine-protein kinase Chkl1, linked to tumors such as
Colon and lung cancers; 2pg2: Kinesin-like protein KIF11, linked to tumors
such as breast and lung cancers; 1juj: Thymidylate synthase, linked to tumors
such as brain and breast cancers; 2g01: Mitogen-activated protein kinase 8,
linked to tumors such as gastric and prostate cancers; 2ity: Epidermal growth
factor receptor, linked to tumors such as breast and liver cancers; 2ovm: Pro-
gesterone receptor, linked to tumors such as breast cancer; lo4i: Pro-
to-oncogene tyrosine-protein kinase Src, linked to tumors such as lung and
pancreatic cancer; lya8: Liver carboxylesterase 1, linked to tumors such as
liver and lung cancer; 2c3i: Proto-oncogene serine/threonine-protein kinase
Pim-1, linked to tumors such as pancreatic and prostate ancer; 2ocf: Estrogen
receptor, linked to tumors such as lung and prostate cancers.
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ond highest score for all the four racemates.

STS is the key enzyme responsible for the transform of
dehydroepiandrosterone sulfate (DHEA-S) to DHEA.[40-41]
STS and estrogen sulfotransferase (ETS) together regulate
the steroid homeostasis. Recently, STS has been identified
as a promising pharmaceutical target for the treatment of
hormones-sensitive diseases like breast and prostate can-
cer.**#1 And serval STS inhibitors, such as estrone 3-O-
sulfamate (EMATE) and 667 COUMATE, have been
evaluated in clinical trials.***5] Meanwhile, EphB4 plays

2ocf
2otk

2c3i

Figure 4 Racemate-target network
The network was constructed using Cytoscape. The targets in the outer ring are
black; the racemate numbers in the inner ring are black; the racemate-target
relationships are marked with grey lines.

an essential role in vascular development.[*®! However, the
potential of EphB4 as an anti-cancer target remained to be
evaluated because of its bidirectional signalling mecha-
nisms. Both overexpression and silence of EphB4 have
been linked to tumorigenicity.[*”]

The highest scores for all racemates and crucial role in
breast cancer development of STS indicated that it might
act as the potential anti-cancer target of our racemates.

2.4 Molecular docking

Molecular docking study was performed to further ex-
plore the potential binding mode of our racemates to hu-
man STS. 1-19, the most active one, was selected as the
ligand.

Figure 5
Overview of binding pocket on Human STS (A); 3D binding mode of (15,2R) (B) and (1R,2S) (C) 1-19.
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The STS catalytic site is a linear cavity surrounded by
hydrophobic residues.¥41 As shown in Figure 5, both
compounds of (15,2R) and (1R,2S) conformation fit well
with the pocket. In the binding mode of (15,2R) 1-19, each
of the two amide moieties was involved in one hydrogen
bonding interactions with Arg98 of STS. The characteristic
perfluoroisopropyl moiety bounded in the hydrophobic
groove at the entrance of the catalytic site. Resulted from
the conformational restrict effect of cyclopropanyl core,
the 4-phenoxyphenyl moiety extented into the deeper cave
of the binding pocket. In the binding mode of (1R,25) 1-19,
the perfluoroisopropyl and 4-phenoxyphenyl moieties laid
in the similar positon compare to that of (1S,2R) one.
While, the amide moieties formed two hydrogen bonds
with Gly181and Thr484 of STS.

The binding mode analysis further demonstrated the ra-
tional selection of human STS target and significant anti-
cancer activities of title diamides. And it laid a foundation
for further optimization on chemical structure of those di-
amides with cis-conformational cyclopropane.

3 Conclusions

In summary, 31 diamide derivatives conformationally
restricted by cyclopropane were designed and synthesized.
The bioassay results showed that most of our racemates
with cis-cyclopropane possessed certain anti-cancer activi-
ties on four tumor cell lines including MCF-7, BGC-823,
HepG2 and NCI-H460. And racemate 1-19 exhibited the
best inhibition on MCF-7 with an ICsy value of (8.38%
0.67) mgeL"!, which was comparable to that of 5-Fu. It
suggested that 1-19 might be a lead for the discovery of
novel anti-cancer agents. What’s more, STS was identified
as the potential target for our anti-cancer racemates aided
by PharmMapper. As verification, molecular docking re-
vealed the possible binding mode of 1-19 to STS. Further
study of those diamides are in process in our laboratory.

4 Experimental section
4.1

Melting points (m.p.) were recorded on a Biichi Melting
Point B-540 melting point apparatus (Biichi, Flawil, Swit-

Instruments and reagents

C

Thr 484

Gly 181

1-19 binding in human STS
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zerlandand) without correction. 'H NMR, *C NMR and "°F
NMR spectra were recorded on a Bruker AM-400 spec-
trometer (Bruker, Féllanden, Switzerland) with DMSO-ds
as solvent and TMS as internal standard. High-resolution
electron mass spectra (ESI-TOF) were performed on a
Waters Xevo G2 TOF spectrometer (Waters, Milford,
America). Specific rotations were recorded on a Rudolph
Analytical Autopol HI polarimeter (Rudolph, Hacketts-
town, America). Analytical thin-layer chromatography
(TLC) was performed on precoated plates (silica gel 60
F254), and spots were visualized with ultraviolet (UV) light
(254 nm). All column chromatography was performed us-
ing 200~300 mesh silica gel.

Unless otherwise stated, all reactions were carried out
under inert gas atmosphere. Unless otherwise noted, all
reagents were obtained from commercial sources and used
without further purification. Solvents were purchased from
commercial sources, degassed by purging thoroughly with
nitrogen and dried over activated molecular sieves.

4.2 Synthetic routes

The intermediates 2, 3 and 5 were prepared according to
the reported methods with necessary modifications and
their characterization data was same as that in refer-
ence.[2%31]

4.2.1 Synthesis of 2-methyl-4-(perfluoropropan-2-yl)-
aniline (2)

To a mixture of o-toluidine (10.0 mmol) in methyl
tert-butyl ether (MTBE, 150 mL) and water (150 mL) were
added potassium carbonate (K»COs, 12.0 mmol), hexa-
decyl trimethyl ammonium bromide (CTMAB, 11.0 mmol)
and sodium hydrosulfite (Na;S;04, 12.0 mmol). The re-
sulting mixture was stirred at room temperature for 20 min
and then treated with 1,1,1,2,3,3,3-heptafluoro-2-iodo-
propane (12 mmol). After completion, the two phases were
separated and the water phase was extracted with ethyl
acetate (EA, 80 mL) twice. The combined organic phases
were dried over anhydrous sodium sulfate (Na,SO4) and
concentrated in vacuo to give yellow oil 2-methyl-4-(per-
fluoropropan-2-yl)aniline (2), which could be used in the
next step without further purification.

4.2.2 Synthesis of dimethyl cyclopropane-1,2-dicar-
boxylate (3)

To a suspension of sodium hydride (NaH, 60% disper-
sion in mineral oil, 24.0 mmol) in dry toluene (80 mL)
cooled with an ice bath was added a mixture of methyl
2-chloroacetate (20.0 mmol) and methyl acrylate (20.0
mmol) dropwise. The resulting mixture was then warmed
to room temperature and stirred for another 3 h. After
completion, the reaction mixture was quenched with
crushed ice (100 g) and then extracted with EA (50 mL)
twice. The combined organic phases were dried over
Na,SO4 and concentrated in vacuo to obtain yellow oil
dimethyl cyclopropane-1,2-dicarboxylate (3), which could
be directly used in the next step.
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423 Synthesis of 3-oxabicyclo[3.1.0]hexane-2,4-
dione (5)

To a solution of 3 (8.0 mmol) in methanol (50 mL) was
added a solution of sodium hydroxide (NaOH, 16.8 mmol)
in water (10 mL). The resulting mixture was stirred at re-
flux for 4 h. After completion, the reaction mixture was
concentrated in vacuo and diluted with EA (50 mL). Then
the pH was adjusted to 5~6 with dilute hydrochloric acid
(HCI). The aqueous phase was extracted twice with EA (30
mL). The combined organic phases were dried over
Na,SO4 and concentrated in vacuo to give crude cyclopro-
pane-1,2-dicarboxylic acid (4, 7.4 mmol, 92.5%), which
could be used in the next without further purification.

A mixture of crude 4 (5.0 mmol) and acetic anhydride
(Ac20, 10.0 mmol) was stirred under 200 ‘C for 5 h. Af-
ter completion, half of the Ac,O was removed in vacuo and
the resulting mixture was cooled to room temperature. The
formed white crystal was collected by filtration, washed
with dichloromethane (DCM, 5 mL) twice and dried to
obtain white solid 3-oxabicyclo[3.1.0]hexane-2,4-dione
(5), yield 76.4%, m.p. 58.7~59.8 C (lit.’" b.p. 56~
58 C).

4.2.4 Synthesis of cis-2-((2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)carbamoyl)cyclopropane-1-carboxylic
acid (6)

To a suspension of 5 (9.5 mmol) in DCM (30 mL) was
added 2 dropwise (10.0 mmol). The mixture was mechan-
ic-stirred under 35 ‘C for 5 h. After completion, the white
precipitate was collected by filtration, washed with di-
chloromethane (DCM, 5 mL) for three times and dried to
obtain white solid 6, yield 94.2%. m.p. 163.4~164.0 C;
'"H NMR (400 MHz, DMSO-ds) J: 12.19 (s, 1H), 9.67 (s,
1H), 7.70 (d, J/=8.5 Hz, 1H), 7.51~7.41 (m, 2H), 2.38~
2.26 (m, 4H), 2.10~2.00 (m, 1H), 1.49~1.39 (m, 1H),
1.22~1.15 (m, 1H); 3C NMR (101 MHz, DMSO-d) ¢:
171.31, 167.58, 139.61, 132.24, 127.13 ~126.85 (m),
125.13 ~124.98 (m), 123.17~122.93 (m), 121.88 ~
121.53 (m), 120.72 (d, /=20.8 Hz), 119.92~118.65 (m),
92.75~89.77 (m), 23.33, 21.61, 17.89, 10.90; 'F NMR
(376 MHz, DMSO-ds) o: —75.10 ~—=7522 (m, 6F),
—181.32~—181.47 (m, 1F); HRMS (ESI-TOF) calcd for
CisHisFsNO; (M+H)™ 388.0784, found 388.0783.

4.2.5 Synthesis of trans-2-(ethoxycarbonyl)cyclopro-
pane-1-carboxylic acid (8)

To a solution of 7 (10.0 mmol) in methanol (50 mL) was
added a solution of NaOH (10.5 mmol) in water (8 mL).
The resulting mixture was stirred at 50 ‘C for 2 h. After
completion, the reaction mixture was concentrated in vac-
uo and diluted with EA (50 mL). Then the pH was adjusted
to 5~6 with dilute HCI solution. The aqueous phase was
extracted twice with EA (30 mL). The combined organic
phases were dried over Na,SO4 and concentrated in vacuo
to give white solid 8, which could be used in the next step
without further purification.
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4.2.6 Synthesis of ethyl trans-2-((2-methyl-4-(perfluo-
ropropan-2-yl)phenyl)carbamoyl)cyclopropane-1-carb-
oxylate (9)

To a suspension of 8 (8.0 mmol) in acetonitrile (50 mL)
was added 2 (6.4 mmol) and NMI (28 mmol) in order.
Then TCFH (10 mmol) was added into the stirring reaction
mixture in portions. The resulting mixture was stirred at
reflux for 5 h. After completion, the reaction mixture was
concentrated in vacuo, diluted with EA (50 mL) and
washed with dilute HCI (0.2 mol/L, 60 mL) and saturated
brine (60 mL). The organic phase was separated, dried
over Na,SO4 and concentrated in vacuo. The crude product
was purified by flash column chromatography to obtain
white solid 9, yield 38.8%. m.p. 85.1~85.9 C; 'H NMR
(400 MHz, DMSO-ds) J: 9.90 (s, 1H), 7.85 (d, /=8.6 Hz,
1H), 7.53~7.42 (m, 2H), 4.12 (q, J=7.1 Hz, 2H), 2.63~
2.55 (m, 1H), 2.34 (s, 3H), 2.05~1.06 (m, 1H), 1.40~
1.30 (m, 2H), 1.22 (t, J=7.1 Hz, 3H); *C NMR (101
MHz, DMSO-ds) ¢6: 171.60, 168.84, 139.26, 131.53,
127.24 ~127.01 (m), 124.40 ~ 124.29 (m), 123.31 ~
123.10 (m), 121.86~121.74 (m), 120.72 (d, J=21.2 Hz,
1H), 119.62~119.51 (m), 95.15~93.50 (m), 60.62, 23.36,
21.24, 17.93, 14.39, 14.02; “F NMR (376 MHz,
DMSO-dg) o: —75.15 (d, J=7.5 Hz, 6F), —181.41 (hept,
1F); HRMS (ESI-TOF) calcd for Ci7Hi7FsNOs (M+H)"
416.1098, found 416.1099.

4.2.7 Synthesis of trans-2-((2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)carbamoyl)cyclopropane-1-carboxylic
acid (10)

Using a similar method as the preparation of 8, 9 was
hydrolyzed to prepare crude white solid 10 with yield
87.4%, which was directly used in the next step.

4.2.8 Synthesis of the title compositions 1-1 to 1-31

A suspension of 6 (5.0 mmol) in DCM (30 mL) was
treated with HATU (5.5 mmol) followed by DIPEA (20
mmol). The resulting mixture was stirred for 30 min. Then
to it was added different amines R'NH, dropwise. The
reaction was stirred for another 5 h. After completion, the
reaction mixture was treated with saturated brine (20 mL).
The organic phase was washed with dilute hydrochloric
acid (0.2 mol/L, 20 mL) and brine (20 mL), dried over
Na»SO,4 and then concentrated in vacuo. The crude product
was purified by flash column chromatography to obtain the
title compositions 1-1~1-30.

1-31 was prepared from 10 by a similar method for the
preparation of 1-1~1-30.

cis-N'-Methyl-N?-(2-methyl-4-(perfluoropropan-2-yl)-
phenyl)cyclopropane-1,2-dicarboxamide (1-1): White sol-
id, yield 61%. m.p. 159.1~160.7 C; '"H NMR (400 MHz,
DMSO-dg) ¢: 9.61 (s, 1H), 8.10~7.99 (m, 1H), 7.78 (d,
J=8.5 Hz, 1H), 7.51~7.39 (m, 2H), 2.57 (d, J=4.6 Hz,
3H), 2.31 (s, 3H), 2.19~2.08 (m, 1H), 2.04~1.93 (m,
1H), 1.53~1.43 (m, 1H), 1.22~1.13 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) J: 169.46, 168.50, 139.77, 131.70,
127.03 ~ 126.82 (m), 124.53 ~124.39 (m), 123.22 ~
122.99 (m), 121.95~121.32 (m), 120.32 (d, /=20.1 Hz),
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119.30~118.77 (m), 95.43~94.62 (m), 25.76, 23.44,
23.21, 17.84, 10.93; F NMR (376 MHz, DMSO-d;) ¢:
—75.14 (d, J=17.5 Hz, 6F), —181.37 (hept, J=7.5 Hz,
1F); HRMS (ESI-TOF) calcd for CicHisF7/N,NaO, (M—+
Na)" 423.0920, found 423.0920.
cis-N'-Ethyl-N?-(2-methyl-4-(perfluoropropan-2-yl)-
phenyl)cyclopropane-1,2-dicarboxamide (1-2): White sol-
id, yield 74%. m.p. 182.4~183.9 °C; '"H NMR (400 MHz,
DMSO-dg) d: 9.61 (s, 1H), 8.13 (t, J=5.2 Hz, 1H), 7.80 (d,
J=28.5 Hz, 1H), 7.51~7.39 (m, 2H), 3.13~3.00 (m, 2H),
2.31 (s, 3H), 2.19~2.07 (m, 1H), 2.05~1.93 (m, 1H),
1.56~1.44 (m, 1H), 1.23~1.12 (m, 1H), 1.00 (t, J=7.2
Hz, 3H); C NMR (101 MHz, DMSO-ds) 6: 168.81,
168.49, 139.78, 131.63, 127.02~126.83 (m), 124.45~
124.36 (m), 123.18~122.95 (m), 121.90~121.52 (m),
120.29 (d, J=20.5 Hz), 119.05~118.69 (m), 92.44~
89.76 (m), 33.60, 23.68, 23.18, 17.84, 14.63, 10.96; '°F
NMR (376 MHz, DMSO-ds) : —75.16 (d, J=7.5 Hz,
6F), —181.38 (hept, J=7.5 Hz, 1F); HRMS (ESI-TOF)
calcd for C|7H|7F7N2N302 (M+Na)+ 4371076, found
437.1075.
cis-N'-(tert-Butyl)-N?-(2-methyl-4-(perfluoropropan-2-
yl)phenyl)cyclopropane-1,2-dicarboxamide (1-3): White
solid, yield 81%. m.p. 185.7~187.4 °C; 'H NMR (400
MHz, DMSO-ds) : 9.61 (s, 1H), 7.87~7.76 (m, 2H),
7.49~7.39 (m, 2H), 2.32 (s, 3H), 2.11~1.99 (m, 2H),
1.51~1.42 (m, 1H), 1.23 (s, 9H), 1.22~1.13 (m, 1H); 3C
NMR (101 MHz, DMSO-ds) J: 168.79, 168.65, 139.89,
131.44, 127.05 ~ 126.75 (m), 124.12 ~ 124.01 (m),
123.22~122.92 (m), 121.92~121.53 (m), 120.16 (d, J=
20.5 Hz), 119.06~118.61 (m), 92.27~90.05 (m), 50.29,
28.44, 24.29, 23.65, 17.95, 11.11; YF NMR (376 MHz,
DMSO-dg) : —75.23 (d, J=7.5 Hz, 6F), —181.51 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for Ci9H22F7N>0»
(M-+H)" 443.1570, found 443.1571.
cis-N'-Benzyl-N?-(2-methyl-4-(perfluoropropan-2-
yl)phenyl)cyclopropane-1,2-dicarboxamide (1-4): White
solid, yield 88%. m.p. 109.9~110.5 C; 'H NMR (400
MHz, DMSO-ds) 6: 9.56 (s, 1H), 8.62 (t, J=5.9 Hz, 1H),
7.80 (d, J/=8.5 Hz, 1H), 7.49~7.39 (m, 2H), 7.28~7.10
(m, 5H), 4.38~4.13 (m, 2H), 2.28 (s, 3H), 2.26~2.16 (m,
4H), 2.14~2.04 (m, 1H), 1.59~1.51 (m, 1H), 1.24~1.15
(m, 1H); *C NMR (101 MHz, DMSO-ds) &: 168.97,
168.25, 139.78, 139.34, 131.53, 128.04, 127.14, 127.04~
126.75 (m), 126.55, 124.40~124.29 (m), 123.20~122.91
(m), 121.93 ~121.51 (m), 120.22 (d, J=20.2 Hz),
119.19~118.92 (m), 92.52~91.04 (m), 42.24, 23.65,
23.20, 17.87, 10.73; 'F NMR (376 MHz, DMSO-d;) ¢:
—75.16 (d, J=17.5 Hz, 6F), —181.46 (hept, J=7.5 Hz,
1F); HRMS (ESI-TOF) calcd for CoH 9F7N,0, (M+H)"
499.1232, found 499.1231.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
(4-methylbenzyl)cyclopropane-1,2-dicarboxamide  (1-5):
White solid, yield 83%. m.p. 105.1~106.0 ‘C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.56 (s, 1H), 8.58 (t, J=5.9 Hz,
1H), 7.79 (d, J=8.6 Hz, 1H), 7.51~7.39 (m, 2H), 7.10 (d,
J=28.0 Hz, 2H), 6.99 (d, /=28.0 Hz, 1H), 4.33~4.09 (m,
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2H), 2.28 (s, 3H), 2.25~2.14 (m, 4H), 2.13~2.03 (m,
1H), 1.58~1.50 (m, 1H), 1.22~1.14 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) o: 168.89, 168.25, 139.77, 136.31,
135.56, 131.49, 128.59, 127.15, 127.04 ~ 126.72 (m),
124.36 ~ 124.28 (m), 123.19~122.86 (m), 120.80 ~
120.55 (m), 120.18 (d, J=19.9 Hz), 119.76~119.59 (m),
92.60~91.00 (m), 41.98, 23.68, 23.21, 20.52, 17.87,
10.70; F NMR (376 MHz, DMSO-de) 6: —75.16 (d, J=
7.5 Hz, 6F), —181.49 (hept, J=7.5 Hz, 1F); HRMS (ESI-
TOF) calcd for C23H22F7N202 (N["’H)Jr 4911570, found
491.1569.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N2-
(3-methylbenzyl)cyclopropane-1,2-dicarboxamide  (1-6):
White solid, yield 78%. m.p. 91.0~91.7 ‘C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.55 (s, 1H), 8.59 (t, J=5.8 Hz,
1H), 7.79 (d, J/=38.5 Hz, 1H), 7.49~7.37 (m, 2H), 7.12~
6.94 (m, 4H), 4.34~4.14 (m, 2H), 2.28 (s, 3H), 2.25~
2.14 (m, 4H), 2.14~2.05 (m, 1H), 1.61~1.52 (m, 1H),
1.24~1.14 (m, 1H); 3C NMR (101 MHz, DMSO-ds) &:
168.97, 168.29, 139.78, 139.22, 137.19, 131.55, 127.93,
127.78, 127.18, 127.55~126.73 (m), 124.44~124.28 (m),
124.27, 123.15~122.85 (m), 121.90~121.54 (m), 120.26
(d, J/=20.5 Hz), 119.07~118.71 (m), 92.38~90.43 (m),
42.25, 23.69, 23.22, 20.71, 17.85, 10.76; YF NMR (376
MHz, DMSO-de) o: —75.18 (d, J=7.5 Hz, 6F), —181.42
(hept, J/=7.5 Hz, 1F); HRMS (ESI-TOF) caled for Co3Ha;-
F7N,NaO, (M+Na)" 513.1390, found 513.1390.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N2-
(2-methylbenzyl)cyclopropane-1,2-dicarboxamide  (1-7):
White solid, yield 81%. m.p. 126.4~127.8 ‘C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.56 (s, 1H), 8.49 (t, J=5.6 Hz,
1H), 7.80 (d, /=38.5 Hz, 1H), 7.50~7.39 (m, 2H), 7.21~
7.16 (m, 1H), 7.14~7.05 (m, 2H), 7.04~6.96 (m, 1H),
4.33~4.14 (m, 2H), 2.29 (s, 3H), 2.25~2.16 (m, 4H),
2.15~2.07 (m, 1H), 1.60~1.51 (m, 1H), 1.24~1.16 (m,
1H); '*C NMR (101 MHz, DMSO-ds) J: 169.03, 168.37,
139.63, 136.68, 135.44, 131.60, 129.73, 127.44, 127.03~
126.75 (m), 126.69, 125.52, 124.48 ~ 12436 (m),
123.16~122.87 (m), 121.28~121.05 (m), 120.39 (d, J=
20.5 Hz), 119.53~119.30 (m), 92.27~90.46 (m), 40.45,
23.63, 23.13, 18.49, 17.80, 10.67; °F NMR (376 MHz,
DMSO-dg) 0: —75.17 (d, J=7.5 Hz, 6F), —181.39 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for C23H»F7N20,
(M-+H)" 491.1570, found 491.1571.
cis-N'-(4-Chlorobenzyl)-N?-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-8):
White solid, yield 73%. m.p. 124.8~126.1 C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.55 (s, 1H), 8.61 (t, J=5.9 Hz,
1H), 7.76 (d, J/=8.5 Hz, 1H), 7.49~7.39 (m, 2H), 7.28~
7.18 (m, 4H), 4.36~4.14 (m, 2H), 2.31~2.18 (m, 4H),
2.14~2.04 (m, 1H), 1.60~1.50 (m, 1H), 1.23~1.13 (m,
1H); '*C NMR (101 MHz, DMSO-ds) J: 168.94, 168.20,
139.73, 138.51, 131.52, 131.11, 129.01, 127.92, 127.06~
126.75 (m), 124.41~124.30 (m), 123.17~122.87 (m),
121.91~121.56 (m), 120.30 (d, J=20.4 Hz), 119.08~
118.73 (m), 92.10~90.09 (m), 41.58, 23.45, 23.29, 17.86,
10.58; F NMR (376 MHz, DMSO-ds) 6: —=75.15 (d, J=
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7.5 Hz, 6F), —181.41 (hept, J=7.5 Hz, 1F); HRMS (ESI-
TOF) caled for Co,His¥CIFN;NaO, (M+Na)™ 533.0843,

found  533.0842; HRMS (ESI-TOF) caled for
CpHig’CIF;N;NaO, (M + Na) © 535.0814, found
535.0814.

cis-N'-(3-Chlorobenzyl)-N*-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-9):
white solid, yield 85%. m.p. 90.7~91.9 °C; 'H NMR (400
MHz, DMSO-ds) 6: 9.55 (s, 1H), 8.63 (t, J=5.9 Hz, 1H),
7.78 (d, J=8.6 Hz, 1H), 7.49~7.36 (m, 3H), 7.33 (s, 1H),
7.28~7.15 (m, 3H), 4.37~4.18 (m, 2H), 2.34~2.18 (m,
4H), 2.15~2.04 (m, 1H), 1.57~1.49 (m, 1H), 1.24~1.14
(m, 1H); *C NMR (101 MHz, DMSO-ds) &: 169.04,
168.23, 142.08, 139.74, 132.90, 129.84, 127.22, 126.97,
126.94, 126.93~126.73 (m), 126.49, 125.78, 124.43~
126.38 (m), 123.05~122.89 (m), 121.90~121.51 (m),
120.26 (d, J=20.2 Hz), 119.05~118.65 (m), 92.87~
89.79 (m), 41.73, 23.37, 23.30, 17.88, 10.69; “F NMR
(376 MHz, DMSO-ds) J: —75.16 (d, J=17.5 Hz, 6F),
—181.39 (hept, J=7.5 Hz, 1F); HRMS (ESI-TOF) calcd
for CyHg°CIFsN;NaO, (M + Na) " 533.0843, found
533.0842; HRMS (ESI-TOF) caled for CHig¥’CIF/N»-
NaO, (M+Na)" 535.0814, found 535.0814.

cis-N'-(2-Chlorobenzyl)-N*-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-10):
White solid, yield 79%. m.p. 132.2~133.4 ‘C; '"H NMR
(400 MHz, DMSO-dg) ¢: 9.56 (s, 1H), 8.62 (t, J=5.8 Hz,
1H), 7.78 (d, J/=8.5 Hz, 1H), 7.48~7.36 (m, 3H), 7.35~
7.29 (m, 1H), 7.24~7.16 (m, 1H), 7.12~7.03 (m, 1H),
4.44~4.19 (m, 2H), 2.32~2.19 (m, 4H), 2.19~2.10 (m,
1H), 1.62~1.52 (m, 1H), 1.28~1.15 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) 0: 169.17, 168.22, 141.06, 139.74,
136.18, 131.78, 131.56, 128.88, 128.76, 128.32, 127.04
—126.83 (m), 126.82, 124.45~124.34 (m), 123.12~
122.95 (m), 121.30~120.94 (m), 120.29 (d, /=19.6 Hz),
119.70 ~119.30 (m), 92.10~89.83 (m), 39.97, 23.51,
23.24, 17.88, 10.67; '"F NMR (376 MHz, DMSO-d;) ¢:
—75.15 (d, J=7.5 Hz, 6F), —181.39 (hept, J/=7.5 Hz, 1F);
HRMS (ESI-TOF) calcd for CpHis*CIF/N,NaO, (M—+
Na)" 533.0843, found 533.0842; HRMS (ESI-TOF) calcd
for CyHg’’CIFsN;NaO, (M + Na) " 535.0814, found
535.0814.

cis-N'-(4-Fluorobenzyl)-N?-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-11):
White solid, yield 68%. m.p. 110.3~110.5 C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.54 (s, 1H), 8.59 (t, J=5.9 Hz,
1H), 7.77 (d, J=8.5 Hz, 1H), 7.49~7.38 (m, 2H), 7.29~
7.20 (m, 2H), 7.02~6.92 (m, 2H), 4.39~4.08 (m, 2H),
2.28 (s, 3H), 2.26~2.16 (m, 1H), 2.14~2.03 (m, 1H),
1.59~1.50 (m, 1H), 1.23~1.12 (m, 1H); '*C NMR (101
MHz, DMSO-dp) J: 168.89, 168.21, 139.75, 135.57 (d, J=
3.0 Hz), 131.51, 129.07 (d, J=8.0 Hz), 127.04~126.78
(m), 124.39~124.28 (m), 123.18~122.91 (m), 121.88~
121.51 (m), 120.26 (d, J=20.5 Hz), 119.04~118.71 (m),
114.66 (d, J=21.2 Hz), 92.13~90.08 (m), 41.52, 23.52,
23.26, 17.85, 10.60; '"F NMR (376 MHz, DMSO-d;) ¢:
=75.17 (d, J=17.5 Hz, 6F), —116.55~-116.69 (m, IF),
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—181.42 (hept, J=7.5 Hz, 1F); HRMS (ESI-TOF) calcd
for szH]gFgNzOz (M‘i‘H)Jr 495. 1319, found 495.1320.
cis-N'-(4-Bromobenzyl)-N?-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide (1-12):
White solid, yield 74%. m.p. 144.5~146.2 ‘C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.55 (s, 1H), 8.61 (t, J=5.9 Hz,
1H), 7.76 (d, J/=28.5 Hz, 1H), 7.49~7.40 (m, 2H), 7.36 (d,
J=8.4 Hz, 2H), 7.19 (d, /=28.4 Hz, 2H), 4.35~4.12 (m,
2H), 2.32~2.18 (m, 4H), 2.13~2.04 (m, 1H), 1.60~1.50
(m, 1H), 1.24~1.14 (m, 1H); 3C NMR (101 MHz,
DMSO-ds) o: 168.96, 168.21, 139.71, 138.93, 131.55,
131.85, 129.41, 127.05~126.75 (m), 124.46~124.37 (m),
123.16~122.87 (m), 121.93~121.55 (m), 120.34 (d, J=
20.4 Hz), 119.04~118.69 (m), 92.35~89.76 (m), 41.65,
23.44, 23.28, 17.86, 10.58; "F NMR (376 MHz,
DMSO-dg) 6: —75.14 (d, J=7.5 Hz, 6F), —181.40 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for [C,H;5"°Br-
FN,0,] (M+H)" 555.0518, found 555.0518; HRMS
(ESI-TOF) calcd fOI‘ C22H1881BFF7N202 (M + H) *
557.0504, found 557.0504.
cis-N'-(4-lodobenzyl)-N?-(2-methyl-4-(perfluoropropan-
2-yl)phenyl)cyclopropane-1,2-dicarboxamide (1-13):
White solid, yield 69%. m.p. 154.4~155.3 °C; 'H NMR
(400 MHz, DMSO-dg) ¢: 9.55 (s, 1H), 8.60 (t, J=5.9 Hz,
1H), 7.75 (d, J=8.5 Hz, 1H), 7.54 (d, /=8.3 Hz, 2H),
7.49~7.38 (m, 2H), 7.04 (d, /=8.3 Hz, 2H), 4.32~4.10
(m, 2H), 2.32~2.16 (m, 4H), 2.13~2.03 (m, 1H), 1.60~
1.49 (m, 1H), 1.23~1.13 (m, 1H); '3C NMR (101 MHz,
DMSO-ds) o: 168.95, 168.21, 139.73, 139.34, 136.76,
131.58, 129.60, 127.06~126.75 (m), 124.48~124.39 (m),
123.18~122.93 (m), 121.70~121.43 (m), 120.32 (d, J=
20.6 Hz), 119.16~118.89 (m), 92.49~91.00 (m), 41.77,
23.46, 23.26, 17.87, 10.63; '°F NMR (376 MHz, DMSO-
ds) 0: —75.10 (d, J=7.3 Hz, 6F), —181.36 (hept, J=7.5
Hz, 1F); HRMS (ESI-TOF) calcd for Co,H;sF7N,O,I (M+
H)" 603.0379, found 603.0378.
cis-N'-(4-Methoxybenzyl)-N?-(2-methyl-4-(perfluoro-
propan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide ~ (1-
14): White solid, yield 86%. m.p. 81.5~82.6 C; 'H NMR
(400 MHz, DMSO-dg) ¢6: 9.57 (s, 1H), 8.55 (t, J=5.7 Hz,
1H), 7.77 (d, J=8.6 Hz, 1H), 7.46 (s, 1H), 7.42 (d, J=8.8
Hz, 1H), 7.16 (d, J/=38.5 Hz, 2H), 6.78 (d, J=8.6 Hz, 2H),
4.28~4.12 (m, J=14.8, 5.9 Hz 2H), 3.69 (s, 3H), 2.29 (s,
3H), 2.23~2.15 (m, 1H), 2.12~2.02 (m, 1H), 1.59~1.49
(m, 1H), 1.22~1.15 (m, 1H); '3C NMR (101 MHz,
DMSO-ds) o: 168.91, 168.32, 158.11, 139.77, 131.55,
131.28, 128.54, 127.05~126.76 (m), 124.41~124.34 (m),
123.15~122.95 (m), 121.92~121.54 (m), 120.26 (d, J=
20.2 Hz), 119.06~118.69 (m), 92.46~90.12 (m), 54.92,
41.75, 38.20, 23.72, 23.20, 17.87, 10.82; 'F NMR (376
MHz, DMSO-ds) 6: — 75.11 ~ — 7523 (m, 6F), —
183.30~—183.45 (m, 1F); HRMS (ESI-TOF) calcd for
C23H22F7N203 (NI‘“H)Jr 5071520, found 507.1520.
cis-N'-(4-(Difluoromethoxy)benzyl)-N?-(2-methyl-4-
(perfluoropropan-2-yl)phenyl)cyclopropane-1,2-dicar-
boxamide (1-15): White solid, yield 65%. m.p. §9.0~
89.7 'C; 'H NMR (400 MHz, DMSO-ds) 6: 9.55 (s, 1H),
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8.61 (t, /=59 Hz, 1H), 7.76 (d, J=8.5 Hz, 1H), 7.49~
7.39 (m, 2H), 7.27 (d, J=8.6 Hz, 2H), 7.15 (t, J=74.2 Hz,
1H), 6.99 (d, J/=38.6 Hz, 2H), 4.35~4.12 (m, 2H), 2.28 (s,
3H), 2.26~2.17 (m, 1H), 2.13~2.03 (m, 1H), 1.39~1.51
(m, 1H), 1.23~1.16 (m, 1H); C NMR (101 MHz,
DMSO-dg) J: 168.92, 168.24, 149.58, 139.73, 136.51,
128.76, 127.06 ~ 126.79 (m), 124.43 ~ 12431 (m),
123.16~122.89 (m), 122.10~120.92 (m), 120.31 (d, J=
21.2 Hz), 119.61~118.39 (m), 118.56, 116.29, 92.55~
90.61 (m), 41.57, 23.49, 23.27, 17.86, 10.65; "F NMR
(376 MHz, DMSO-ds) 6: —75.16 (d, J=7.5 Hz, 6F),
—81.94 (d, /=74.2 Hz, 2F), —181.32 (hept, J=7.5 Hz,
1F); HRMS (ESI-TOF) calcd for Cy3Hi9F9N,NaOs; (M—+
Na)" 565.1151, found 565.1151.
cis-N'-(4-(tert-Butyl)benzyl)-N*-(2-methyl-4-(perfluoro-
propan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide ~ (1-
16): White solid, yield 82%. m.p. 175.9~177.1 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.56 (s, 1H), 8.57 (t, J=
5.7 Hz, 1H), 7.83 (t, J=8.6 Hz, 1H), 7.49~7.39 (m, 2H),
7.23 (d, J=8.4 Hz, 2H), 7.15 (d, /=8.4 Hz, 2H), 4.35~
4.12 (m, 2H), 2.32~2.27 (m, 3H), 2.25~2.15 (m, 1H),
2.13~2.04 (m, 1H), 2.61~2.51 (m, 1H), 1.24~1.16 (m,
10H); *C NMR (101 MHz, DMSO-ds) 5: 168.93, 168.34,
149.02, 139.77, 136.27, 131.47, 127.00, 126.99~126.73
(m), 124.77, 124.34~124.22 (m), 123.14~122.89 (m),
121.92~121.54 (m), 120.26 (d, J=20.1 Hz), 119.05~
118.69 (m), 92.61~90.07 (m), 42.01, 33.99, 31.01, 23.72,
23.25, 17.87, 10.74; F NMR (376 MHz, DMSO-d;) ¢:
—75.17 (d, J=17.5 Hz, 6F), —181.38 (hept, J=7.5 Hz,
1F); HRMS (ESI-TOF) calcd for CyHy7F7N,NaO, (M—+
Na)" 555.1859, found 555.1859.
cis-N'-(4-Cyanobenzyl)-N?-(2-methyl-4-(perfluoropro-
pan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-17):
White solid, yield 62%. m.p. 71.5~72.8 ‘C; 'H NMR
(400 MHz, DMSO-ds) J: 9.59 (s, 1H), 8.71 (d, J=6.0 Hz,
1H), 7.77 (d, J=8.6 Hz, 1H), 7.61 (d, J=8.2 Hz, 2H),
7.50~7.38 (m, 4H), 4.47~4.27 (m, 2H), 2.32~2.23 (m,
4H), 2.17~2.08 (m, 1H), 1.60~1.53 (m, 1H), 1.22~1.16
(m, 1H); '*C NMR (101 MHz, DMSO-ds) &: 169.06,
168.19, 145.44, 139.69, 131.88, 131.57, 127.90, 127.04~
126.74 (m), 124.49~124.38 (m), 123.16~122.90 (m),
121.92~121.54 (m), 120.36 (d, J=20.6 Hz), 119.04~
118.74 (m), 118.72, 109.31, 92.46~90.15 (m), 41.97,
23.32, 23.27, 17.86, 10.49; 'F NMR (376 MHz, DMSO-
de) 61 —75.22 (d, J=7.5 Hz, 6F), —181.55 (hept, J=7.5
Hz, 1F); HRMS (ESI-TOF) calcd for Cy3H;sF7N3NaO,
(M+Na)" 524.1186, found 524.1186.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
(4-(trifluoromethyl)benzyl)cyclopropane-1,2-dicarbox-
amide (1-18): White solid, yield 64%. m.p. 107.3 ~
108.6 C; '"H NMR (400 MHz, DMSO-dy) 6: 9.57 (s, 1H),
8.69 (m, 1H), 7.77 (d, J=8.6 Hz, 1H), 7.57~7.33 (m,
6H), 4.50~4.23 (m, 2H), 2.35~2.21 (m, 4H), 2.20~2.08
(m, 1H), 1.65~1.54 (m, 1H), 1.27~1.16 (m, 1H); C
NMR (101 MHz, DMSO-ds) J: 169.01, 168.21, 144.37,
139.69, 131.44, 127.74, 127.35 (q, J=31.7 Hz), 127.02~
126.75 (m), 124.71 (q, J=3.6 Hz), 124.36~124.28 (m),
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123.05~122.81 (m), 121.90~121.52 (m), 120.41 (d, J=
20.4 Hz), 119.04~118.65 (m), 92.43~89.39 (m), 41.91,
38.12, 23.38, 17.81, 10.43; F NMR (376 MHz, DMSO-
ds) 0: —61.26 (m, 3F), —75.41 (d, J=17.5 Hz, 6F),
—181.58 (hept, J/=7.5 Hz, 1F); HRMS (ESI-TOF) caled
for CpHigFioNaNaO; (M + Na) © 567.1105, found
567.1105.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N2-
(4-phenoxybenzyl)cyclopropane-1,2-dicarboxamide (1-
19): White solid, yield 83%. m.p. 131.7~132.5 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.56 (s, 1H), 8.60 (t, J=
5.9 Hz, 1H), 7.77 (d, J=8.5 Hz, 1H), 7.48~7.32 (m, 4H),
7.25 (d, J=8.6 Hz, 2H), 7.15~7.06 (m, 1H), 6.98~6.90
(m, 2H), 6.86 (d, J=8.6 Hz, 2H), 4.40~4.13 (m, 2H),
2.28 (s, 3H), 2.25~2.16 (m, 1H), 2.14~2.03 (m, 1H),
1.59~1.49 (m, 1H), 1.24~1.16 (m, 1H); '*C NMR (101
MHz, DMSO-d¢) o6: 168.95, 168.27, 156.95, 155.18,
139.75, 134.64, 131.58, 129.90, 128.22, 127.05~126.76
(m), 124.43~124.32 (m), 123.13, 123.12~122.91 (m),
121.72~121.50 (m), 120.28 (d, J=20.5 Hz), 119.49~
119.29 (m), 118.57, 118.12, 92.18~90.06 (m), 41.71,
23.60, 23.23, 17.89, 10.75; “F NMR (376 MHz,
DMSO-dg) o: —75.16 (d, J=7.5 Hz, 6F), —181.41 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for CysH»3F7-
N;NaO; (M~+Na)” 591.1496, found 591.1496.
cis-N'-([1,1'-biphenyl]-4-ylmethyl)-N?-(2-methyl-4-
(perfluoropropan-2-yl)phenyl)cyclopropane-1,2-dicarbox-
amide (1-20): White solid, yield 81%. m.p. 96.2~96.9 C;
"H NMR (400 MHz, DMSO-ds) J: 9.58 (s, 1H), 8.65 (4,
J=5.9 Hz, 1H), 7.80 (d, /=8.6 Hz, 1H), 7.63~7.57 (m,
2H), 7.55~7.49 (m, 2H), 7.48~7.39 (m, 4H), 7.38~7.30
(m, 3H), 4.44~4.20 (m, 2H), 2.30 (s, 3H), 2.26~2.18 (m,
1H), 2.18~2.06 (m, 1H), 1.62~1.52 (m, 1H), 1.25~1.16
(m, 1H); C NMR (101 MHz, DMSO-ds) 6: 169.02,
168.28, 139.92, 139.77, 138.65, 138.61, 131.59, 128.81,
127.84, 127.25, 127.06 ~126.75 (m), 126.45, 126.39,
124.46 ~ 124.37 (m), 123.17 ~122.92 (m), 12191 ~
121.52 (m), 120.29 (d, J=20.6 Hz), 119.07~118.65 (m),
92.68~90.07 (m), 42.01, 23.65, 23.26, 17.89, 10.78; '°F
NMR (376 MHz, DMSO-dg) J: —75.11~—75.21 (m,
6F), —181.28~ —181.44 (m, 1F); HRMS (ESI-TOF)
caled for C28H24F7N2N302 (NI‘“N&)Jr 5531727, found
553.1727.
cis-N'-(2,4-Difluorobenzyl)-N?-(2-methyl-4-(perfluoro-
propan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide (1-
21): White solid, yield 71%. m.p. 131.8~133.1 C; 'H
NMR (400 MHz, DMSO-dy) J: 9.55 (s, 1H), 8.60 (t, J=
5.7 Hz, 1H), 7.76 (d, J=8.5 Hz, 1H), 7.49~7.39 (m, 2H),
7.38~7.28 (m, 1H), 7.19~7.08 (m, 1H), 6.82~6.72 (m,
1H), 4.26 (qd, J=15.4, 5.8 Hz, 2H), 2.28 (s, 3H), 2.26~
2.19 (m, 1H), 2.15~2.06 (m, 1H), 1.60~1.51 (m, 1H),
1.23~1.15 (m, 1H); 3C NMR (101 MHz, DMSO-ds) 6:
169.08, 168.17, 160.55 (dd, J=246.0, 141.7 Hz), 160.43
(dd, J=246.1, 142.1 Hz), 139.71, 130.69 (dd, /=9.7, 6.0
Hz), 127.03~126.75 (m), 124.39~124.28 (m), 123.13~
122.91 (m), 122.30 (dd, J=15.0, 3.6 Hz), 121.94~121.52
(m), 120.33 (d, /=20.4 Hz), 119.07~118.65 (m), 110.82
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(dd, J=20.9, 3.5 Hz), 103.32 (t, J=25.9 Hz), 92.43~
89.81 (m), 35.60 (d, J=4.1 Hz), 23.48, 23.19, 17.83,
10.58; '"F NMR (376 MHz, DMSO-ds) 6: —75.16~
—75.30 (m, 6F), —112.58~—112.73 (m, 1F),
—114.79~—114.91 (m, 1F), —181.35~181.54 (m, 1F);
HRMS (ESI-TOF) calcd for CnHisFoN2O» (I\/I‘f’H)+
513.1225, found 513.1226.
cis-N'-(2,6-Dichlorobenzyl)-N?-(2-methyl-4-(perfluoro-
propan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide  (1-
22): White solid, yield 72%. m.p. 149.6~151.0 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.51 (s, 1H), 8.39 (t, J=
4.8 Hz, 1H), 7.80 (d, J/=8.5 Hz, 1H), 7.50~7.40 (m, 4H),
7.37~7.30 (m, 1H), 4.56~4.40 (m, 2H), 2.30 (s, 3H),
2.17~2.09 (m, 1H), 2.08~1.98 (m, 1H), 1.56~1.48 (m,
1H), 1.23~1.16 (m, 1H); '*C NMR (101 MHz, DMSO-dj)
0:169.12, 168.19, 139.79, 135.54, 133.20, 130.17, 128.48,
127.02 ~126.71 (m), 124.38 ~124.25 (m), 123.16 ~
12291 (m), 121.92~121.61 (m), 120.32~120.20 (m),
119.16 ~118.95 (m), 92.39~90.04 (m), 39.99, 24.28,
22.53, 20.89, 17.87, 11.09; 'F NMR (376 MHz, DMSO-
ds) 61 —75.15 (d, J=7.5 Hz, 6F), —181.39 (hept, J=7.5
Hz, 1F); HRMS (ESI-TOF) caled for CxnH;7*Cl-
FsN,NaO, (M+Na)® 567.0453, found 567.0452; HRMS
(ESI-TOF) calcd fOI‘ C22H1735C137C1F7N2N302 (N[‘f’N.’:l)Jr
569.0424, found 569.0424; HRMS (ESI-TOF) calcd for
CyH7CLFN;NaO; (M + Na) © 571.0394, found
571.0394.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
(3,4,5-trimethoxybenzyl)cyclopropane-1,2-dicarboxamide
(1-23): White solid, yield 86%. m.p. 137.4~138.1 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.62 (s, 1H), 8.55 (t, J=
5.7 Hz, 1H), 7.73 (d, J/=8.5 Hz, 1H), 7.49~7.38 (m, 2H),
6.58 (s, 2H), 4.30~4.14 (m, 2H), 3.64 (s, 6H), 3.59 (s,
3H), 2.30 (s, 3H), 2.25~2.17 (m, 1H), 2.14~2.06 (m,
1H), 1.61~1.53 (m, 1H), 1.24~1.16 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) J: 168.97, 168.58, 152.66, 139.64,
136.16, 135.08, 131.92, 127.02~126.77 (m), 124.78 ~
124.65 (m), 123.05~122.84 (m), 121.92~121.80 (m),
120.58 (d, /J=20.4 Hz), 119.04~118.63 (m), 104.51,
92.59~89.80 (m), 59.80, 55.53, 42.53, 23.45, 23.13,
17.76, 10.80; 'F NMR (376 MHz, DMSO-ds) J: —75.30
(d, J=17.5 Hz, 6F), —181.52 (hept, J=7.5 Hz, 1F);
HRMS (ESI-TOF) calcd for CasHaeF7NaNaOs (M+Na)”
567.1730, found 567.1729.
cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
((tetrahydrofuran-3-yl)methyl)cyclopropane-1,2-dicarbox-
amide (1-24): White solid, yield 73%. m.p. 139.6 ~
141.2 “C; 'H NMR (400 MHz, DMSO-ds) J: 9.56 (s, 0.5H,
rotamer 1), 9.54 (s, 0.5H, rotamer 2), 8.20 (t, J=5.6 Hz,
1H), 7.82 (t, J=8.4 Hz, 0.5H, rotamer 1), 7.80 (t, J=8.4
Hz, 0.5H, rotamer 2), 7.50~7.39 (m, 2H), 3.82~3.66 (m,
2H), 3.60~3.50 (m, 1H), 3.20~3.02 (m, 2H), 2.31 (s,
3H), 2.21~2.00 (m, 2H), 1.87~1.62 (m, 3H), 1.54~1.39
(m, 2H), 1.24~1.14 (m, 1H); C NMR (101 MHz,
DMSO-d¢) 0: 169.60 (rotamer 1), 169.58 (rotamer 2),
168.59, 139.34, 132.06~131.76 (m), 127.07~126.82 (m),
124.80 ~ 124.51 (m), 123.15~122.92 (m), 121.97 ~
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121.45 (m), 120.83 (d, J=20.5 Hz), 120.76 (d, /=204
Hz), 119.04~118.63 (m), 92.95~89.62 (m), 77.00 (rota-
mer 1), 76.88 (rotamer 2), 67.09, 42.83 (rotamer 1), 42.74
(rotamer 2), 28.27 (rotamer 1), 28.16 (rotamer 2), 24.88,
23.52~23.39 (m), 23.02, 17.66, 10.53~10.45 (m); “F
NMR (376 MHz, DMSO-dg) J: —75.12~—75.26 (m,
6F), —181.40~ —181.53 (m, 1F); HRMS (ESI-TOF)
caled for C20H2]F7N2N303 (NI‘“N&)Jr 4931339, found
493.1339.
cis-N'-((6-Chloropyridin-3-yl)methyl)-N?-(2-methyl-4-
(perfluoropropan-2-yl)phenyl)cyclopropane-1,2-dicarbox-
amide (1-25): White solid, yield 66%. m.p. 145.1 ~
146.0 °C; '"H NMR (400 MHz, DMSO-dg) 6: 9.56 (s, 1H),
8.65 (t, J=5.8 Hz, 1H), 8.31 (d, J/=1.8 Hz, 1H), 7.72~
7.65 (m, 2H), 7.49~7.39 (m, 2H), 7.30~7.24 (m, 1H),
4.35~4.19 (m, 2H), 2.31~2.16 (m, 4H), 2.12~2.03 (m,
1H), 1.57~1.48 (m, 1H), 1.31~1.13 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) J: 169.01, 168.19, 148.85, 148.48,
139.67, 138.83, 134.67, 131.69, 127.07 ~ 126.82 (m),
124.59 ~ 124.50 (m), 123.60, 123.12 ~ 122.89 (m),
121.92~121.68 (m), 123.37 (d, J=20.0 Hz), 119.20~
118.98 (m), 92.61~90.04 (m), 40.01, 23.31, 23.06, 17.86,
10.50; F NMR (376 MHz, DMSO-d¢) 6: —75.14 (d, J=
7.5 Hz, 6F), —181.45 (hept, J/=7.5 Hz, 1F); HRMS (ESI-
TOF) caled for Co1H;7*°CIF;N3NaO, (M+Na)" 534.0795,

found 534.0794;, HRMS (ESI-TOF) caled for
CyH,7'CIF;NsNaO, (M + Na) © 536.0766, found
536.0766.

cis-N'-((2-Chlorothiazol-5-yl)methyl)-N?-(2-methyl-4-
(perfluoropropan-2-yl)phenyl)cyclopropane-1,2-dicarbox-
amide (1-26): White solid, yield 70%. m.p. 160.3 ~
161.4 °C; '"H NMR (400 MHz, DMSO-dg) 6: 9.53 (s, 1H),
8.80 (t, J/=5.8 Hz, 1H), 7.72 (d, J=8.6 Hz, 1H), 7.52 (s,
1H), 7.49~7.38 (m, 2H), 4.43~4.28 (m, 2H), 2.28 (s,
3H), 2.27~2.17 (m, 1H), 2.09~1.95 (m, 1H), 1.55~1.48
(m, 1H), 1.20~1.12 (m, 1H); '3C NMR (101 MHz,
DMSO-ds) o: 169.32, 167.87, 149.63, 139.87, 139.69,
139.20, 131.53, 127.09~126.85 (m), 124.43~124.36 (m),
123.10~122.84 (m), 121.93~121.71 (m), 120.29 (d, J=
20.5 Hz), 119.06~118.66 (m), 92.28~89.94 (m), 35.35,
23.32, 2294, 17.86, 10.43; F NMR (376 MHz,
DMSO-dg) 6: —75.14 (d, J=7.5 Hz, 6F), —181.47 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for C;oH;¢*Cl-
F/N;0,S (M+H)" 518.0540, found 518.0540; HRMS
(ESI-TOF) caled for C19H1537C1F7N3OQS (M + H) *
520.0510, found 520.0510.

cis-N'-(Furan-2-ylmethyl)-N?-(2-methyl-4-(perfluoro-
propan-2-yl)phenyl)cyclopropane-1,2-dicarboxamide ~ (1-
27): White solid, yield 65%. m.p. 150.2~151.7 C; 'H
NMR (400 MHz, DMSO-dy) J: 9.55 (s, 1H), 8.60 (t, J=
5.4 Hz, 1H), 7.76 (d, J=28.5 Hz, 1H), 7.53 (s, 1H), 7.50~
7.40 (m, 2H), 6.37~6.29 (m, 1H), 6.25~6.19 (m, 1H),
4.30~4.20 (m, 2H), 2.29 (s, 3H), 2.22~2.13 (m, 1H),
2.10~2.01 (m, 1H), 1.55~1.48 (m, 1H), 1.22~1.12 (m,
1H); '*C NMR (101 MHz, DMSO-ds) J: 168.99, 168.16,
152.15, 141.93, 139.74, 131.78, 127.00 ~ 126.78 (m),
124.64 ~124.52 (m), 123.19~122.95 (m), 122.02 ~
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121.63 (m), 120.31 (d, J=20.5 Hz), 119.16~118.79 (m),
110.32, 106.75, 92.60~90.44 (m), 40.94, 35.70, 22.86,
17.86, 10.86; YF NMR (376 MHz, DMSO-de) §: —75.15
(d, J=17.5 Hz, 6F), —181.46 (hept, J=7.5 Hz, 1F);
HRMS (ESI-TOF) calcd for CyH;7F7N2NaO; (M+Na)"
489.1025, found 489.1024.

cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
(thiophen-3-ylmethyl)cyclopropane-1,2-dicarboxamide (1-
28): White solid, yield 79%. m.p. 143.5~144.2 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.58 (s, 1H), 8.57 (t, J=
5.6 Hz, 1H), 7.79 (d, J=8.5 Hz, 1H), 7.50~7.35 (m, 3H),
7.29~7.21 (m, 1H), 7.04~6.95 (m, 1H), 4.34~4.19 (m,
2H), 2.30 (s, 3H), 2.25~2.15 (m, 1H), 2.13~2.03 (m,
1H), 1.60~1.50 (m, 1H), 1.24~1.15 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) d: 169.02, 168.47, 140.05, 139.47,
131.89, 127.33, 127.11~126.83 (m), 125.92, 124.71~
124.60 (m), 123.16~122.91 (m), 121.96~121.63 (m),
121.28, 120.66 (d, J=20.5 Hz), 119.88~119.52 (m),
92.76~90.00 (m), 37.95, 23.32, 23.19, 17.75, 10.47; "F
NMR (376 MHz, DMSO-ds) o: —75.14 (d, J=7.5 Hz,
6F), —181.43 (hept, J=7.5 Hz, 1F); HRMS (ESI-TOF)
caled for CaH;7F/N2NaO,S (M-+Na)" 505.0797, found
505.0796.

cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
(naphthalen-1-ylmethyl)cyclopropane-1,2-dicarboxamide
(1-29): White solid, yield 75%. m.p. 148.1~148.8 C; 'H
NMR (400 MHz, DMSO-ds) J: 9.57 (s, 1H), 8.67 (t, J=
5.6 Hz, 1H), 8.03 (d, /=8.4 Hz, 1H), 7.92 (d, /=8.0 Hz,
1H), 7.85~7.76 (m, 2H), 7.52~7.29 (m, 6H), 4.83~4.62
(m, 2H), 2.30 (s, 3H), 2.25~2.17 (m, 1H), 2.16~2.08 (m,
1H), 1.64~1.55 (m, 1H), 1.24~1.18 (m, 1H); '3C NMR
(101 MHz, DMSO-ds) o: 168.95, 168.30, 139.81, 134.36,
133.19, 131.48, 130.82, 128.38, 127.41, 127.05~126.79
(m), 126.04, 125.62, 125.53, 125.23, 124.32~124.21 (m),
123.47, 123.19~122.94 (m), 121.95~121.61 (m), 120.23
(d, J/=20.2 Hz), 119.30~118.72 (m), 92.81~90.16 (m),
40.48, 23.81, 23.16, 17.88, 10.85; YF NMR (376 MHz,
DMSO-de) 9: —75.16 (d, J=7.5 Hz, 6F), —181.39 (hept,
J=17.5 Hz, 1F); HRMS (ESI-TOF) calcd for C26H2,F7N20»
(M-+H)" 527.1570, found 527.1570.

cis-N'-(2-Methyl-4-(perfluoropropan-2-yl)phenyl)-N*-
phenethylcyclopropane-1,2-dicarboxamide (1-30): White
solid, yield 81%. m.p. 119.4~120.6 C; 'H NMR (400
MHz, DMSO-ds) 6: 9.59 (s, 1H), 8.26 (t, J=5.4 Hz, 1H),
7.83 (d, J/=8.5 Hz, 1H), 7.50~7.39 (m, 2H), 7.28~7.11
(m, 5H), 3.33~3.20 (m, 2H), 2.75~2.63 (m, 2H), 2.31 (s,
3H), 2.20~2.10 (m, 1H), 2.06~1.96 (m, 1H), 1.54~1.46
(m, 1H), 1.24~1.15 (m, 1H); C NMR (101 MHz,
DMSO-ds) o: 169.13, 168.51, 139.77, 139.39, 131.57,
128.51, 128.21, 127.05~126.79(m), 125.96, 124.35~
124.28 (m), 123.21~122.96 (m), 121.93~121.50 (m),
120.30 (d, J=20.5 Hz), 119.04~118.66 (m), 92.17~
89.72 (m), 40.47, 38.18, 35.09, 23.19, 17.86, 10.99; F
NMR (376 MHz, DMSO-ds) 6: —75.19 (d, J=7.5 Hz,
6F), —181.41 (hept, J=7.5 Hz, 1F); HRMS (ESI-TOF)
caled for CpHpF/N,O, (M 4 H) © 491.1570, found
491.1570.

Chin. J. Org. Chem. 2022, 42, 277~292



Chinese Journal of Organic Chemistry

trans-N'-Ethyl-N?-(2-methyl-4-(perfluoropropan-2-yl)-
phenyl)cyclopropane-1,2-dicarboxamide  (1-31): White
solid, yield 73.5%. m.p. 195.4~196.2 ‘C; 'H NMR (400
MHz, DMSO-dg) J: 9.81 (s, 1H), 8.27 (t, J=5.4 Hz, 1H),
7.83 (d, J=8.6 Hz, 1H), 7.52~7.40 (m, 2H), 3.15~3.06
(m, 2H), 2.44~2.35 (m, 1H), 2.33 (s, 3H), 2.09~2.01 (m,
1H), 1.21~1.13 (m, 2H), 1.03 (t, J=7.2 Hz, 3H); BC
NMR (101 MHz, DMSO-ds) J: 170.06, 169.65, 139.48,
131.47, 127.02 ~ 126.83 (m), 124.39 ~ 124.21 (m),
123.29 ~123.20 (m), 121.91 ~121.69 (m), 120.66 ~
120.59 (m), 119.12~118.96 (m), 95.18 ~93.53 (m),
33.61, 22.78, 22.02, 17.96, 14.66, 13.12; 'F NMR (376
MHz, DMSO-ds) 6: —75.13 (d, J=7.5 Hz, 6F), —181.36
(hept, J=7.5 Hz, 1F); HRMS (ESI-TOF) calcd for
Ci7HisFN,0, (M+-H)' 415.1256, found 415.1255.

4.3 General methods for anti-cancer activity evalua-
tion
43.1 MTT assay

Cells in the logarithmic growth phase were seeded in
96-well plates at 10000 cells per milliliter. The cells were
treated with different compounds (different gradients for
different compounds: 0.781, 1.563, 3.125, 6.250 and
12.500 pgemL™!; 6.25, 12.50, 25.00, 50.00 and 100 pge
mL™'; 10, 20, 40, 80, 160 pgemL™") and cultured for a pe-
riod of 48 h. 20 pL. of MTT (Dojindo) was added to each
well at a concentration of 5 mgemL™'. After incubated at
37 C for 4 h, the medium was aspirated. 100 pL of
DMSO was then added to each well to dissolve the forma-
zan, and the plate was shaken on a shaker for 10 min. The
optical density (OD) was measured by an enzyme-linked
immunosorbent assay reader (Thermo Fisher Scientific,
USA) at wavelengths of both 492 and 630 nm. Cell viabil-
ity was calculated according to the following formula:

Cell Vlablhty = [ODvalue of treatment group ~ ODvalue of back-
ground]/[ODvalue of control group _ODvalue of background] X'100%

Results were Mean=+SD of three independent experiments.

44 General procedure of target prediction and
molecule docking

4.4.1 Target prediction

The compositions in SDF format were submitted to
PharmMapper (http://59.78.96.61/pharmmapper/; access
date: March 30, 2021). The databases containing only hu-
man targets (the total number is 2241) were selected. The
weight of hydrophobic, hydrogen bond receptor (HBA),
hydrogen bond donor (HBD), positive, negative and aro-
matic scores were all set to 1. And the number of reserved
matched targets remained at the default of 300. For all the
other parameters not mentioned we used the default values.
After completion, 300 drug targets results presented by
PharmMapper according to the normalized fit scores.
Through the investigation, targets unrelated to cancer were
screened out manually. After filtering by normalized fit
score>>0.9, the top targets and their relationships with our
diamides were imported to Cytoscape for visual analysis.
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4.4.2 Molecular docking

Molecular modeling was preformed according to the
reported methods.[484]

The racemates 1-19 exhibited best anti-cancer activity
was selected for further molecular docking studies, getting
insights into the putative binding mode with the screening
target. The crystal structure of human STS (PDB code:
1P49) was acquired from the Protein Data Bank
(https://www.rcsb.org) and was treated using Maestro 10.2
to remove the waters from the crystal structure. The 3D
structure of composition 1-19 was firstly built in Chem-
BioDraw Ultra 14.0 and optimized by the Ligprep Module
in Maestro 10.2. Both compounds of (1S5,2R) and (1R,2S)
conformation configurations were docked into the STS
catalytic pocket simultaneously with Glide program with
standard precision (SP) mode in default settings. 100 con-
formations were output in each ligand docking run. The
superior poses were selected by Glide-Score for the further
binding mode analysis.

Supporting Information (1) Supplementary anti-cancer
activities data; (2) 'H NMR, “C NMR, "“F NMR and
HRMS spectra; (3) target prediction of 1-12, 1-14, 1-19
and 1-23; (4) 2D binding mode of 1-19. The Supporting
Information is available free of charge via the Internet at
http://sioc-journal.cn/.
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