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Design, Synthesis, Crystal Structure, and Fungicidal Activity of
L-Carvone Derivatives Containing an Oxime Ester Moiety
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(“ Long Ping Branch, Graduate School of Hunan University, Changsha 410125)
(® Hunan Agricultural Biotechnology Research Institute, Hunan Academy of Agricultural Sciences, Changsha 410125)

Abstract L-Carvone is a natural product with fungicidal activity, which can be used as a lead compound for screening new
fungicides. A series of L-carvone derivatives containing an oxime ester moiety were synthesized by splicing active substructure
strategy with L-carvone as the lead compound. The structures of the L-carvone derivatives were characterized by IR, 'H NMR,
13C NMR and HRMS analyses. The antifungal activities of these compounds were evaluated against five plant pathogenic
fungi, namely Sclerotinia sclerotiorum, Fusarium graminearum, Pyricularia grisea, Fusariwn oxysporum and Thanatephorus
cucumeris. The results indicated that most of the compounds showed good antifungal activities. Among them, (E)-2-
methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one O-(4-ethylbenzoyl)oxime (4e) had the best fungicidal activity against Fusarium
graminearum (ECs0=15.07 mg/L), and (S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one O-(3-methylbenzoyl)oxime
(4b) had the best fungicidal activity against Sclerotinia sclerotiorum, (ECso=18.84 mg/L), which were better than the
commercial fungicide enestroburin. Therefore, L-carvone derivatives have the potential to develop new fungicides.
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fungicides are used to control fungal plant diseases. How-

1 Introduction 4 :
ever, current studies have shown that widespread and un-

Fungus as insects and weeds can drastically affect the
growth and yield of crop plants in the world, and the gen-
eral production losses can be as high as 25%.[1 At the
same time, fungal disease also reduces the quality of fruits
and vegetables, and shortens their storage time.>* In addi-
tion, some fungus are harmful to human and animal health
because they metabolize into mycotoxins.’! Therefore,

* Corresponding author. E-mail: zhouxmlab@163.com

controlled use of pesticides has caused resistance, residue,
and resurgence, which is known as the 3R problems.!!]
Consequently, it is necessary to screen low-toxicity, envi-
ronment-friendly and high efficiency fungicides.

Natural products with relatively low-toxicity and less
environmental risk are commonly used as lead compounds
in the discovery of new pesticides, such as insecticides,
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acaricidals, herbicide safeners, antitumor agents, antibacte-
rial agents and fungicides.?! L-Carvone (Figure 1), a
natural plant essential oil, is commonly used in flavors and
fragrances of food and cosmetics.['*! In addition, L-car-
vone, as an agonist, acts on tyramine and octopamine re-
ceptors to regulate the physiological and biochemical pro-
cesses in insects. Thus, it is an important ingredient of
plant essential oil-based insecticides for tick control.l'¥
Moreover, L-carvone was demonstrated to have fungicidal
activities against fungi, such as Colletotrichum gloeospor-
ioide,["®!  Penicillium digitatum,'®  Alternaria citrii,'7)
Bowytts cinema,'® and Colletotrichum gloeosporioides,!”)
indicating that L-carvone can be used as a novel lead for
the screening of fungicides.

Figure 1 Chemical structure of L-carvone

Oxime derivatives have a wide range of biological activ-
ities, including antitumor,®! herbicidal,?! insecticidal and
acaricidal,”>?3 antiviral,”! and antifungal activities.[""]
Particularly, oxime derivatives such as trifloxystrobin and
orysastrobin are used as commercial fungicides for con-
trolling fungi such as Botrytis cinerea, and Phytophthora
cryptogea (Figure 2).12528 Thus, oxime moiety can be con-
sidered as a useful fragment for the discovery of new fun-
gicides.

o}
F F 5 ?/N\ H/ N‘/O\
~~°N N\O
o] \

Trifloxystrobin Orysastrobin

Figure 2 Chemical structures of some commercial oxime-con-
taining fungicides

Splicing active substructure strategy (combining the ac-
tive groups of two different highly active compounds to
form a new structure with potential biological activity) is

typically used to prepare novel pesticides such as fungi-
cides.?3! Thus, in order to screen for fungicides with
high activities, a series of L-carvone derivatives were syn-
thesized through combining the oxime ester moiety by this
method (Scheme 1). The structures of the synthesized
compounds were identified through infrared spectroscopy
(IR), "H NMR, '3C NMR, and high-resolution mass spec-
troscopy (HRMS). Then, the fungicidal activities of syn-
thesized analogs were evaluated against the positive con-
trol of enestroburin, an ester moiety-type fungicide. The
results are promising and can provide guidance for the
discovery of novel fungicides based on existing products.

2 Results and discussion

2.1 Chemistry

Target compounds 4a~4z were prepared according to
the synthetic route described in Scheme 1. The intermedi-
ate 2 was synthesized by one-pot condensation reaction of
L-carvone and hydroxylamine hydrochloride under reflux
condition in 78% yield.[?*331 The target compounds were
synthesized by condensation reaction of substituted benzo-
ic acid and the intermediate 2 in the presence of 1-(3-dime-
thylaminopropyl)-3-ethylcarbodiimide hydrochloride (ED-
Cl) and 4-dimethylaminopyridine (DMAP) in dichloro-
methane solvent. The product yields were 34%~87%.

The chemical structures of target compounds 4a~4z
were characterized by IR, 'H NMR, *C NMR, and HRMS.
In the IR spectra of compounds 4a~4z, strong absorption
peaks at 3300~3500 cm ' were observed, which were
attributed to phenyl ring. The strong absorption bands at
1600~1700 and 1500~1600 ¢cm™! were attributed to C=
O and C=N functionalities, respectively. The 'H NMR
spectra of compounds 4a~4z clearly showed the hydrogen
protons of double bonds as double peaks at ¢ 6.22~6.32,
as well as the protons of phenyl ring as multiplicities at ¢
6.58~8.19. The '3C NMR spectra of compounds 4a~4z
showed the resonance peaks of phenyl ring and C=CH; at
0110.1~166.1.

2.2 Crystal structure of compound

The chemical structure of compound 4r was further
confirmed via X-ray single crystallography. The crystal
packing diagrams and crystal structure of compound 4r are

COOH
)
X X 0
o | N ™) R N.
NH,OH*HCI, N ZNoH 3a~3z 70 ™ g
=
- C2HsO0H , reflux - (2) EDCI, DMAP :
AN AN N
1 ) 4a~ 4z

4a:R = H, 4b: R = 3-CH3, 4c:R = 4-CH3, 4d:R = 2-CH2CH3, 4e:R = 4-CH20H3, 4R = 4-CH(CH3)27 4g R= 4-C(CH3)3, 4h:R = 4-CH2CH(CH3)2,
4i: R = 2-OCHj3, 4j: R = 3-OCHg, 4k: R = 2-OCH,CHg, 4l: R = 4-OCH,CHj3, 4m: R = 2-OCH,CH,CHg, 4n: R = 2-Cl, 40: R = 3-Cl, 4p: R = 4-C|,
4q: R = 2,3-Cl,, 4r: R = 2-Br, 4s: R = 3-Br, 4t: R = 4-Br, 4u: R = 2-F, 4v: R = 3-F, 4w: R = 4-F, 4x: R = 2,6-F,, 4y: R = 4-CF3, 4z: R = 4-NH,

Scheme 1 Synthetic route of target compounds
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shown in Figures 3 and 4. As can be seen from Figure 3,
the skeleton of (R,E)-2-methyl-5-(prop-1-en-2-yl)cyclo-
hex-2-en-1-one O-(2-bromobenzoyl)oxime is formed via a
benzene ring and a cyclohexene ring. The bonds in the
phenyl ring, such as C(12) —C(13) (0.1408(7) nm),
C(13)—C(14) (0.1373(7) nm), C(14)—C(15) (0.1376(8)
nm), C(16) — C(15) (0.1383(8) nm), C(17) — C(16)
(0.1392(7) nm) and  C(12)—C(17) (0.1379(8) nm) are
also analogous to the aromatic C—C bonds of phenyl ring
(0.1370~0.1467 nm).[3*331 The bromo-substituted benzene
ring is linked together with the cyclohexene ring via an
oxygen atom with C(12)—C(11)—0(1) and O(1)—N(1)—
C(2) bond angles of 108.4(5)° and 108.9(4)°, respectively.
The dihedral angle between benzene ring and cyclohexene
is 10.7°. Cyclohexene ring is connected to isopropenyl
through C(4)—C(8) bond length of 0.1607(16) nm,
which is an R configuration.

Figure 4 Crystal packing diagram of compound 4r

2.3 Evaluation of fungicidal activities

Sclerotinia  sclerotiorum, Fusarium  graminearum,
Pyricularia grisea, Fusariwn oxysporum, and Thanateph-
orus cucumeris are common plant pathogenic fungi which
cause great harm to crop production.l3¢4l Therefore, the
fungicidal activities of the target compounds 4a~ 4z
against these fungi were preliminarily determined (50
mg/L), and enestroburin was used as a positive control.
The corresponding results are shown in Table 1. The re-
sults reflected that the target compounds displayed better
fungicidal activity against Fusarium graminearum (F.
graminearum, 46.1%~92.9%) and Sclerotinia scleroti-

2010 http://sioc-journal.cn/
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orum (S. sclerotiorum, 39.1%~80%) than that against
Pyricularia grisea (P. grisea, 24.6%~74.6%), Fusariuwn
oxysporum (F. oxysporum, 27.1%~62.5%), and Than-
atephorus cucumeris (T. cucumeris, 6.7%~44.1%). Com-
pared with L-carvone, all target compounds 4a~4z dis-
played higher activities against S. sclerotiorum. In addi-
tion, compounds 4b and 4r displayed better activities than
the positive control enestroburin. Particularly, compound
4b with 3-CHj3 substituent had the best fungicidal activity
against S. sclerotiorum (80%). Compounds 4a~4d, 4f~
4k and 4m~4u had similar fungicidal activities against F.
graminearum. Compound 4e with 4-CH,CH; substituent
had the best fungicidal activity against F. graminearum
(92.9%). Compared with the positive control enestroburin,
the lead compound L-carvone showed poor activity against
S. sclerotiorum (32.9%), F. graminearum (57.7%), P.
grisea (22.3%), F. oxysporum (35.3%), and T. cucumeris
(8.3%).

The experimental results were analyzed to determine the
fungicidal activities of the target compounds, and the rela-
tionship between the structure and the activity of the target
compounds was obtained as follows: (1) the target com-
pounds had similar excellent activities against all five
fungi, which indicated that insertion of oxime ester moiety
into the structure of L-carvone was beneficial for enhanc-
ing fungicidal activities. (2) The activity of target com-
pounds with electron-donating substituents at para-posi-
tion on phenyl moiety against S. sclerotiorum was in the
following order: CH(CH3), > CH,CH; > OCH,CH; >
CH; > C(CHs3); > CH,CH(CHj3),. On the other hand, the
activity of target compounds with electron-donating sub-
stituents at para-position on phenyl moiety against F.
graminearum displayed the following order: CH,CH3;>
OCH,CH; > CH,CH(CH3;), > C(CHj3); > CH(CH3), > CHj.
Especially, compound 4e demonstrated better activity
against F. graminearum than 4f, 4g, and 4h, which might
be due to the small steric hindrance effect of ethyl moiety.
(3) Compared with compounds 4n~4p and 4r—~4w, the
electron withdrawing groups (Br and F) were more active
at ortho-position than para- and meta-positions against F.
oxysporum. Electron withdrawing groups (F and Cl) were
more active at para-position than ortho- and meta-posi-
tions against F. graminearum. (4) Compared with 4u~4w,
compounds with fluorine substituent groups demonstrated
better activity against F. Graminearum than compounds
with no substitution, which was probably due to the
induction effect of F atom. (5) Compared with compounds
4q (2,3-Cly) and 4x (2,6-F,), there was no significant
difference in the fungicidal activities between mono-sub-
stituted and disubstituted compounds against all five tested
pathogenic fungi.

The fungicidal activities of the compounds were further
investigated. The median effective concentrations (ECsg)
of the positive control enestroburin and highly-active target
compounds were measured (inhibitory rate>>80%) against
F. graminearum. Representative plant pathogens were se-
lected for comparison and the data are shown in Table 2.
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Table 1 Fungicidal activities of target compounds 4a~4z against five pathogenic fungi (50 mgsL " ')?

Inhibitory rate/%
Compd. R - - - -
S. sclerotiorum  F. graminearum P. grisea F. oxysporum T.cucumeris
4a H 53.4 48.3 29.6 42.5 14.6
4b 3-CHs 80.0 46.1 30.0 43.8 44.1
4c 4-CH3 58.4 533 329 47.1 26.8
4d 2-CH2CH3 63.3 57.9 42.9 38.7 32.1
4e 4-CH2CH3 68.4 929 50.0 38.7 39.6
4f 4-CH(CHz3)2 70.9 62.1 26.7 46.3 6.7
4g 4-C(CH3)3 57.1 62.9 333 46.2 22.1
4h 4-CH2CH(CHs)2 39.1 69.6 28.8 45.6 10.5
4i 2-OCH3 73.4 64.2 453 51.3 15.8
4j 3-OCH3 41.2 66.7 30.8 38.8 11.7
4k 2-OCH2CH3 74.6 56.6 29.2 52.5 30.3
41 4-OCH2CH3 62.9 83.3 31.7 57.5 10.4
4m 2-OCH2CH.CH3 57.8 49.6 74.6 62.5 7.9
4n 2-Cl 453 48.8 28.3 47.5 7.8
40 3-Cl 62.7 54.2 27.5 49.6 9.3
4p 4-Cl 41.6 82.9 36.7 44.1 10.4
4q 2,3-Cl 62.8 51.7 29.6 36.3 6.6
4r 2-Br 76.1 57.1 279 40.4 14.6
4s 3-Br 44.2 50.4 24.6 27.1 7.1
4t 4-Br 64.6 47.1 29.2 433 5.5
4u 2-F 583 67.5 28.7 383 20.4
4v 3-F 43.7 80.8 29.2 37.5 7.1
4w 4-F 44.6 83.1 42.1 51.7 11.7
4x 2,6-F 63.4 75.5 45.4 40.4 8.4
4y 4-CF3 60.3 89.6 26.7 36.3 32.1
4z 4-NH> 55.9 80.4 27.1 37.9 11.6
L-Carvone — 32.9 57.7 223 353 8.3
Enestroburin — 73.8 77.1 77.5 51.6 52.5

“The experiments were repeated three times to ensure better reproducibility.

Table 2 ECso values of compounds exhibiting high activities against F. graminearum. ¢

Compd. R ECso/(mgeL™") R? Regression equation  95% confidence limit

4e 4-CH2CH3 5.07 0.936 y=0.037x—0.187 0.32~8.65

41 4-OCH:CH3 7.88 0.947 »=0.025x—0.200 1.47~12.61

4p 4-Cl 14.62 0.960 »=0.027x—0.392 9.87~18.89

4v 3-F 16.26 0.959 »=0.029x—0.469 12.03~20.28

4w 4-F 8.79 0.955 y=0.026x—0.225 2.67~13.41

4x 2,6-F 17.90 0.950 »=0.024x—0.437 13.02~22.69

4y 4-CF3 7.92 0.946 »=0.033x—0.263 3.23~11.62

4z 4-NH: 20.47 0.952 »=0.038x—0.786 9.56~34.50
Enestroburin — 11.66 0.936 »=0.022x—0.261 5.23~16.73

“Each experiment was repeated a total of three times to ensure improved reproducibility of results. SPSS 21.0 software package was used for statistical analysis of

fungicidal activity data. In this way, reproducible ECs, values were obtained.

As described in Table 2, the measured compounds (4e,
41, 4p, 4v~4z, and enestroburin) exhibited moderate to
excellent fungicidal activities, and the ECso values ranged
from 5.1 mg/L to 20.5 mg/L. Compounds 4e, 41, 4w and 4y
exhibited better fungicidal activity against F. graminearum
than the commercial fungicide enestroburin, and com-
pound 4e revealed the best fungicidal activity. The fungi-
cidal activity of compound 4e against Fusarium gramine-
arum is shown in Figure 5.

The preliminary screening results indicated that some
target compounds with high activity displayed nearly com-

Chin. J. Org. Chem. 2021, 41, 2008~2018
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plete inhibition of F. graminearum. Importantly, the ECsg
test results showed that some of the compounds had better
fungicidal activities than enestroburin. In addition, com-
pounds 4b, 4i~4k, and 4r displayed good fungicidal ac-
tivities against S. sclerotiorum, where ECso values ranged
from 18.44 mg/L to 27.89 mg/L (Table 3). The fungicidal
activities of compounds 4b and 4k were better than that of
commercial fungicide enestroburin. These results suggest-
ed that they may be potential candidates to control F. gra-
minearum and S. sclerotiorum, which can be helpful to
design useful lead compounds for new fungicides. In the
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Comound 4e L-carvone

Enestroburin

Figure 5 Fungicidal activity of compound 4e against Fusarium graminearum at 50 mg/L
Enestroburin: the positive control. CK: the negative control

Table 3 ECso values of compounds with high activities against S. sclerotiorum. *

Compd. R ECso/(mg'Lfl) R? Regression equation 95% confidence limit
4b 3-CH;3 18.84 0.959 »=0.032x—0.595 9.45~28.84
4e 4-CH2CH3 26.11 0.949 »=0.025x—0.658 14.58~48.01
4f 4-CH(CH3)2 24.58 0.998 y=0.022x—0.551 16.29~31.17
4i 2-OCHj3 23.15 0.998 y=0.023x—0.529 17.33~25.50
4k 2-OCH:CHj3 18.44 0.976 y=0.022x—0.411 13.11~29.07
41 4-OCH:CHj3 27.89 0.941 y=0.018x—0.500 20.84~36.84
4r 2-Br 25.34 0.995 »=0.023x—0.593 17.76~31.69
Enestroburin — 23.31 0.961 »=0.029x—0.669 13.93~36.33

“Each experiment was repeated for a total of three times to ensure improved reproducibility of results. SPSS 21.0 software package was used for statistical analysis of

fungicidal activity data. In this way, reproducible ECs, values were obtained.

future, more related compounds will be synthesized and
their ECso values against F. graminearum and S. scleroti-
orum will be tested to establish a quantitative struc-
ture-activity relationship (QSAR) model.

3 Conclusions

A series of L-carvone derivatives was successfully syn-
thesized by splicing active substructure method. The
structures of the synthesized compounds were confirmed by
IR, NMR, HRMS, and X-ray crystal structure analyses. The
fungicidal activities were evaluated. The results revealed
that compounds 4b and 4e possessed the best fungicidal
activity against S. sclerotiorum and F. graminearum, re-
spectively, showing potent activity when compared to the
control enestroburin. Hence, the proposed strategy of syn-
thesizing L-carvone derivatives by structural modification
of carvone has potential application value in developing
new fungicides.

4 Experimental section

4.1 Experimental instruments and reagents

Benzoic acid, substituted benzoic acid, hydroxylamine
hydrochloride and L-carvone were purchased from Shang-
hai Maclean Biochemical Co., Ltd. Absolute ethanol, di-
chloromethane and sodium carbonate were purchased from
Sinopharm Chemical Reagent Co., Ltd. 1-(3-Dimethylami-
nopropyl)-3-ethylcarbodiimide hydrochloride (EDCIl) and
4-dimethylaminopyridine (DMAP) were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Beijing, China).
All reagents from commercial sources were used as re-
ceived, except dichlorohexane which was dried further.

2012 http://sioc-journal.cn/
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The melting points were measured using an open capil-
lary tube on an automatic melting point apparatus (Hanon
MP100, Jinan Hanon Instruments Co., Ltd., Jinan, Shan-
dong, China). '"H NMR and 3C NMR spectra of com-
pounds were obtained on a JNM-ECZS spectrometer (Mu-
sashino, Tokyo, Japan),*'! using bromotrimethylsilane
(TMS) as the internal standard and chloroform-D (CDCls)
as the solvent. X-ray single-crystal structure data were
collected using a Rigaku SuperNova, Dual, AtlasS2 dif-
fractometer (Agilent, CA, USA). High-resolu- tion mass
spectra (HRMS) were recorded on a Varian 7.0 T
FTICR-MS instrument (Varian IonSpec, Lake Forest,
USA). Infrared (IR) spectra were obtained using a JASCO
FT/IR-4600 spectrometer (JASCO, Gross-Umstadt, Ger-
many). Optical rotations were measured at 25 C on a
JASCO P-2000 polarimeter.

4.2 Synthesis
4.2.1 Synthesis of L-carvone oxime (2)

L-Carvone (1.02 g, 6.6 mmol), pyridine (0.8 g, 10
mmol), hydroxylamine hydrochloride (1.02 g, 14.7 mmol)
and sodium carbonate (1.12 g, 9.6 mmol) were added to 20
mL of absolute ethanol. The mixture was refluxed at 55 C
for 1 h, and the reaction completion was monitored by
thin-layer chromatography (TLC). Next, the resulting
mixture was cooled down and filtered, and the filtrate was
collected. Then, water (25 mL) was added to the filtrate
and the solid was allowed to precipitate for a while. After
that, the precipitate was filtered, collected and dried to ob-
tain the crude product. The crude product was recrystal-
lized twice with anhydrous ethanol to obtain 0.78 g (4.7
mmol, 78% yield) pure white solid intermediate 2. m.p.

Chin. J. Org. Chem. 2021, 41, 2008~2018
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732~73.6 C (lit¥ 72 C); [aly +4.6 (¢ 0.05,
CHCL).
4.2.2 Synthesis of target compounds 4a~4z

Benzoic acid or substituted benzoic acid (3 mmol), in-
termediate 2 (3 mmol, 0.5 g), 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (EDCI, 6 mmol, 1.15 g)
and 4-dimethylaminopyridine (DMAP, 0.3 mmol, 0.037 g)
were added to 25 mL of dichloromethane. The mixture was
stirred at room temperature for 24 h. Next, the resulting
reaction solution was transferred to a 250 mL separatory
funnel, and deionized water was added. The mixture was
shaken and separated to afford the raw products. Then, the
solvent was removed from the raw products using rotary
evaporator. The raw products were recrystallized using an
appropriate amount of petroleum ether. Finally, column
chromatography was performed using ethyl acetate/petro-
leum ether (V/V=1/10) to yield the pure target compounds
4a~4z.

4.2.3 Characterization data for target compounds 4a—~
4z
(R,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-benzoyl oxime (4a): White solid, yield 51%, m.p.
98.8 C; [a]y —11.4 (¢ 0.03, CHCl3); 'H NMR (600
MHz, DMSO) ¢: 8.06~8.07 (m, 2H, ArH), 7.57~7.60
(m, 1H, ArH), 7.45~7.48 (m, 2H, ArH), 6.27~6.28 (m,
1H, C=CH), 4.81 (d, J/=14.8 Hz, 2H, C=CH,), 3.27~
3.30 (m, 1H, CH), 2.42~2.47 (m, 2H, CH>), 2.31~2.36
(m, 1H, CH), 2.13~2.19 (m, 1H, CH), 2.02 (s, 3H, CH3),
1.77 (s, 3H, CH3); '3C NMR (150 MHz, DMSO) §: 164.1,
164.0, 147.3, 137.5, 133.3, 130.3, 129.6, 129.5, 128.6,
110.7, 40.3, 30.5, 29.4, 20.7, 17.9; IR (KBr) v: 3417
(ArH), 1737 (C=0), 1636 (C=N),1577 (C=C) cm .
HRMS (ESI) caled for Cj;;H;oNNaO, [M + Na] *
292.1308, found 292.1311.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(3-methylbenzoyl) oxime (4b): White solid, yield 58%,
m.p. 83.9~84.1 C; [a]p +3.3 (¢ 0.03, CHCL); 'H
NMR (600 MHz, CDCl3) ¢: 7.84~7.88 (m, 2H, ArH),
7.33~7.39 (m, 2H, ArH), 6.26~6.28 (m, 1H, C=CH),
4.81 (d, J=15.4 Hz, 2H, C=CH»), 3.26~3.30 (m, 1H,
CH), 2.41~2.47 (m, 4H, CH+CH3), 2.31~2.38 (m, 2H,
CHy), 2.13~2.19 (m, 1H, CH), 2.02 (s, 3H, CH3), 1.77 (s,
3H, CH;); *C NMR (150 MHz, CDCl;) J: 164.2, 164.1,
147.3, 138.5, 137.4, 134.0, 130.4, 130.3, 129.4, 128.5,
126.7, 110.7, 40.3, 30.6, 29.4, 21.4, 20.7, 17.9; IR (KBr) v:
3448 (ArH), 1740 (C=0), 1639 (C=N), 1580 (C=C)
cm . HRMS (ESI) caled for CisHaNNaO, [M+Na]"
306.1465, found 306.1468.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-methylbenzoyl) oxime (4¢): White solid, yield 81%,
m.p. 81.9~823 C; [a]lp +4.6 (¢ 0.02, CHCL); 'H
NMR (600 MHz, CDCl3) ¢: 7.94~7.97 (m, 2H, ArH),
7.24~7.29 (m, 2H, ArH), 6.26~6.27 (m, 1H, C=CH),
4.81 (d, J=15.3 Hz, 2H, C=CH»), 3.26~3.30 (m, 1H,
CH), 2.41~2.46 (m, 4H, CH+CH3), 2.30~2.36 (m, 2H,
CHy), 2.12~2.18 (m, 1H, CH), 2.01 (s, 3H, CH3), 1.77 (s,
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3H, CHj); '*C NMR (150 MHz, CDCI;) J: 164.1, 164.0,
147.3, 144.0, 137.3, 130.4, 129.7, 129.3, 126.7, 110.7,
40.3, 30.6, 29.4, 21.8, 20.7, 17.9; IR (KBr) v: 3447 (ArH),
1738 (C=0), 1639 (C=N), 1607 (C=C) cm '. HRMS
(ESI) calcd for CisHxNNaO, [M+Na]® 306.1465, found
306.1469.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-ethylbenzoyl) oxime (4d): White solid, yield 55%,
m.p. 43.0~433 C; [a]ls +1.3 (¢ 0.02, CHCL); 'H
NMR (600 MHz, CDCLs) J: 7.82~7.83 (m, 1H, ArH),
744~17.46 (m, 1H, ArH), 7.30~7.31 (m, 1H, ArH),
7.25~7.27 (m, 1H, ArH), 6.26~6.27 (m, 1H, C=CH ),
4.79 (d, J=17.7 Hz, 2H, C=CH>»), 3.20~3.24 (m, 1H,
CH), 2.97~3.02 (m, 2H, CH,), 2.40~2.45 (m, 1H, CH),
2.26~2.36 (m, 2H, CH»), 2.11~2.18 (m, 1H, CH), 2.02
(s, 3H, CHs), 1.74 (s, 3H, CHz3), 1.26 (t, J/=7.5 Hz, 3H,
CH3); 3C NMR (150 MHz, CDCl3) J: 165.2, 163.9, 147.3,
146.4, 137.5, 137.4, 132.3, 130.4, 130.3, 128.7, 125.8,
110.7, 40.4, 30.6, 29.6, 27.5, 20.7, 17.9, 16.1; IR (KBr) v:
3438 (ArH), 1749 (C=0), 1642 (C=N), 1575 (C=C)
ecm '; HRMS (ESI) caled for CioH2NO, [M+H] "
298.1802, found 298.1805.
(E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-ethylbenzoyl) oxime (4e): White solid, yield 58%,
m.p. 52.7 ‘C; [a]5 0.0 (¢ 0.03, CHCl3); 'H NMR (600
MHz, CDCl3) d: 7.96~8.00 (m, 2H, ArH), 7.26~7.31 (m,
2H, ArH), 6.24~6.28 (m, 1H, C=CH), 4.81 (d, J=15.3
Hz, 2H, C=CH,), 3.26~3.30 (m, 1H, CH), 2.69~2.73
(m, 2H, CH,), 2.41~2.47 (m, 1H, CH), 2.30~2.35 (m,
2H, CH»), 2.13~2.18 (m, 1H, CH), 2.01 (s, 3H, CHj3),
1.77 (s, 3H, CH3), 1.25 (t, J=7.7 Hz, 3H, CH3); '3*C NMR
(150 MHz, CDCl3) d: 164.1, 164.0, 150.2, 147.3, 137.3,
130.4, 129.8, 128.2, 126.9, 110.7, 40.3, 30.5, 29.4, 29.1,
20.7, 17.9, 15.3; IR (KBr) v: 3462 (ArH), 1738 (C=0),
1645 (C=N), 11607 (C=C) cm '. HRMS (ESI) calcd for
CioH23NNaO, [M+Na]" 320.1621, found 320.1622.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-isopropylbenzoyl) oxime (4f): White solid, yield
34%, m.p. 93.6 C; [a]p +10.0 (¢ 0.02, CHCL); 'H
NMR (600 MHz, CDCl3) 4: 7.98~8.00 (m, 2H, ArH),
7.31~7.32 (m, 2H, ArH), 6.25~6.27 (m, 1H, C=CH),
4.81 (d, J/=15.0 Hz, 2H, C=CH>»), 3.26~3.30 (m, 1H,
CH), 2.94~2.99 (m, 1H, CH), 2.41~2.46 (m, 1H, CH),
2.30~2.35 (m, 2H, CHy), 2.13~2.18 (m, 1H, CH), 2.01
(d, J/=1.4 Hz, 3H, CH3), 1.77 (s, 3H, CH3), 1.27 (d, J=6.9
Hz, 6H, 2CH;); *C NMR (150 MHz, CDCl3) J: 164.1,
164.0, 154.7, 147.3, 137.3, 130.4, 129.8, 127.0, 126.7,
110.7, 40.3, 34.4, 30.5, 29.4, 23.8, 20.7, 17.9; IR (KBr) v:
3385 (ArH), 1722 (C=0), 1645 (C=N), 1610 (C=C)
cm . HRMS (ESI) caled for CyHasNNaO, [M+Na]"
334.1778, found 334.1782.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-isobutylbenzoyl) oxime (4g): White solid, yield 77%,
m.p. 91.3~92.0 C; [a]s +52 (¢ 0.04, CHCL); 'H
NMR (600 MHz, CDCls) 8: 7.96~7.98 (m, 2H, ArH),
7.22~7.24 (m, 2H, ArH), 6.25~6.27 (m, 1H, C=CH),
4.81 (d, /=14.2 Hz, 2H, C=CH»), 3.27~3.30 (m, 1H,
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CH), 2.51~2.65 (m, 2H, CH,), 2.41~2.46 (m, 1H, CH),
2.30~2.36 (m, 2H, CHy), 2.12~2.18 (m, 1H, CH), 2.01
(s, 3H, CH3), 1.87~1.92 (m, 1H, CH), 1.77 (s, 3H, CH3),
0.90 (d, J=6.5 Hz, 6H, 2CHs); *C NMR (150 MHz,
CDCl;) 0: 164.1, 163.9, 147.7, 147.3, 137.3, 130.4, 129.6,
129.4,127.0, 110.7, 45.5, 40.4, 30.6, 30.2, 29.4, 22.4, 20.7,
17.9; IR (KBr) v: 3447 (ArH), 1648 (C=0), 1559 (C=N),
1391 (C=C) cm . HRMS (ESI) calcd for CyHxsNO;
[M-+H]" 326.2115, found 326.2119.

(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-(tert-butyl)benzoyl) oxime (4h): White solid, yield
87%, m.p. 72.1~72.5 C; [aly +4.5 (¢ 0.02, CHCLy); 'H
NMR (600 MHz, CDCl3) 6: 7.97~8.03 (m, 2H, ArH),
7.47~7.50 (m, 2H, ArH), 6.26~6.27 (m, 1H, C=CH),
4.81 (d, J/=14.4 Hz, 2H, C=CH>»), 3.27~3.30 (m, 1H,
CH), 2.41~2.47 (m, 1H, CH), 2.30~2.35 (m, 2H, CH>),
2.12~2.18 (m, 1H, CH), 2.02 (s, 3H, CH3), 1.77 (s, 3H,
CH3), 1.34 (s, 9H, 3CH3); '3C NMR (150 MHz, CDCl;) 6:
164.1, 164.0, 157.0, 147.3, 137.3, 130.4, 129.6, 126.7,
125.6, 110.7, 40.4, 35.2, 31.2, 30.6, 29.4, 20.7, 17.9; IR
(KBr) v: 3453 (ArH), 1743 (C=0), 1645 (C=N), 1613
(C=C) cm™'. HRMS (ESI) calcd for C,1H27NNaQ, [M+
Na]' 348.1934 found: 348.1939.

(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-methoxybenzoyl) oxime (4i): White solid, yield 62%,
m.p. 43.1~433 C; [a]b +6.8 (¢ 0.04, CHCL); 'H
NMR (600 MHz, CDCL) o: 7.82~7.84 (m, 1H, ArH),
746~17.49 (m, 1H, ArH), 6.97~7.01 (m, 2H, ArH),
6.24~6.25 (m, 1H, C=CH), 4.79 (d, J=11.9 Hz, 2H, C=
CH,), 3.87 (s, 3H, OCHs), 3.32~3.35 (m, 1H, CH),
2.39~2.44 (m, 1H, CH), 2.25~2.34 (m, 2H, CH»), 2.10~
2.16 (m, 1H, CH), 2.00 (s, 3H, CH3), 1.75 (s, 3H, CHy);
3C NMR (150 MHz, CDCl3) 6: 164.2, 163.9, 159.7, 147.2,
137.5, 130.8, 130.3, 129.6, 121.9, 119.5, 114.4, 110.7,
55.5,40.3, 30.5, 29.4, 20.7, 17.8; IR (KBr) v: 3445 (ArH),
1752 (C=0), 1648 (C=N), 1578 (C=C), 1252 (C—O0)
cm '. HRMS (ESI) caled for C;sH»NO; [M+H]"
300.1594, found 300.1597.

(S, E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
0-(3-methoxybenzoyl) oxime (4j): White solid, yield 55%,
m.p. 81.1~81.2 C; [a]y +5.0 (¢ 0.03, CHCL); IR
(KBr) v: 3450 (ArH), 1734 (C=0), 1645 (C=N), 1598
(C=0C), 1583 (C—O0) cm '; '"H NMR (600 MHz, CDCI;)
0: 7.63~17.65 (m, 1H, ArH), 7.58~7.59 (m, 1H, ArH),
7.35~7.38 (m, 1H, ArH), 7.11~7.13 (m, 1H, ArH),
6.27~6.28 (m, 1H, C=CH), 4.81 (d, J=16.4 Hz, 2H, C=
CH,), 3.85 (s, 3H, OCH3), 3.26~3.29 (m, 1H, CH),
2.41~2.46 (m, 1H, CH), 2.30~2.36 (m, 2H, CH»), 2.12~
2.18 (m, 1H, CH), 2.01 (s, 3H, CH3), 1.76 (s, 3H, CHz);
3C NMR (150 MHz, CDCl3) 6: 164.2, 163.9, 159.7, 147.2,
137.5, 130.8, 130.3, 129.6, 121.9, 119.5, 114.4, 110.7,
55.5, 40.3, 30.5, 29.4, 20.7, 17.8; HRMS (ESI) caled for
CisH2NNaO; [M+Na]" 322.1414, found 322.1411.

(R,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-ethoxybenzoyl) oxime (4k): White solid, yield 66%,
m.p. 42.3~42.7 C; [a]b —22.1 (¢ 0.03, CHCL); IR
(KBr) v: 3492 (ArH), 1758 (C=0), 1645 (C=N), 1575
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(C=0C), 1282 (C—O0) cm '; '"H NMR (600 MHz, CDCl;)
0: 7.83~7.84 (m, 1H, ArH), 7.45~7.48 (m, 1H, ArH),
6.97~7.01 (m, 2H, ArH), 6.26~6.27 (m, 1H, C=CH),
4.80 (d, J/=9.3 Hz, 2H, C=CH,), 4.12 (q, J/=7.0 Hz, 2H,
OCH>»), 3.32~3.35 (m, 1H, CH), 2.42~2.48 (m, 1H, CH),
2.27~2.32 (m, 2H, CH»), 2.14~2.19 (m, 1H, CH), 2.03
(s, 3H, CHz3), 1.76 (s, 3H, CHz3), 1.43 (t, J/=7.0 Hz, 3H,
CH3); 3C NMR (150 MHz, CDCl3) J: 164.7, 163.8, 158.3,
147.4, 137.1, 133.5, 132.0, 130.4, 120.2, 119.8, 113.0,
110.7, 64.5, 40.6, 30.7, 29.7, 20.5, 17.9, 14.9; HRMS (ESI)
caled for C1oH24NO; [M+H]" 314.1751, found 314.1756.
(E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-ethoxybenzoyl) oxime (41): White solid, yield 75%,
m.p. 90.7~90.8 C; [a]5 0.0 (¢ 0.04, CHCl); IR (KBr)
v: 3462 (ArH), 1743 (C=0), 1603 (C=N), 1512 (C=0C),
1243 (C—O0) cm ™ !; '"H NMR (600 MHz, CDCls) §: 7.99~
8.01 (m, 2H, ArH), 6.91~6.93 (m, 2H, ArH), 6.24~6.25
(m, 1H, C=CH), 4.81 (d, J/=14.1 Hz, 2H, C=CH>), 4.08
(q, J=7.0 Hz, 2H, OCH»), 3.25~3.29 (m, 1H, CH),
2.41~2.46 (m, 1H, CH), 2.29~2.35 (m, 2H, CH>), 2.12~
2.17 (m, 1H, CH), 2.01 (s, 3H, CHz3), 1.77 (s, 3H, CHj3),
1.43 (t, J=6.9 Hz, 3H, CH3); 3*C NMR (150 MHz, CDCl;)
0: 163.8, 163.7, 163.1, 147.4, 137.1, 131.7 , 130.4, 121.5,
114.3, 110.7, 63.8, 40.4, 30.5, 29.4, 20.7, 17.9, 14.8;
HRMS (ESI) caled for Ci9H4NNaO; [M + Na] *
336.1570, found 336.1572.
(R,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-propoxybenzoyl) oxime (4m): White solid, yield
53%, m.p. 42.3~42.7 C; [a]lp —17.6 (¢ 0.03, CHCL);
IR (KBr) v: 3423 (ArH), 1719 (C=0), 1639 (C=N), 1598
(C=0Q), 1254 (C—O0) cm '; '"H NMR (600 MHz, CDCl;)
0: 7.80~7.81 (m, 1H, ArH), 7.42~7.45 (m, 1H, ArH),
6.94~7.00 (m, 2H, ArH), 6.23~6.25 (m, 1H, C=CH),
4.78 (d, J/=12.2 Hz, 2H, C=CH»), 3.96~4.01 (m, 2H,
OCH>»), 3.28~3.32 (m, 1H, CH), 2.39~2.45 (m, 1H, CH),
2.23~2.33 (m, 2H, CHy), 2.11~2.17 (m, 1H, CH), 2.00
(s, 3H, CH3), 1.78~1.84 (m, 2H, CH,), 1.73 (s, 3H, CHj3),
1.00 (t, J=7.4 Hz, 3H, CH3); 3*C NMR (150 MHz, CDCl;)
0: 164.7, 163.7, 158.5, 147.4, 137.1, 133.5, 131.9, 130.4,
120.2, 119.8, 113.0, 110.7, 70.4, 40.6, 30.7, 29.6, 22.6,
20.4, 17.9, 10.6; HRMS (ESI) caled for C;)H>sNNaOs;
[M-+Na]" 350.1727 found 350.1731.
(E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-chlorobenzoyl) oxime (4n). White solid, yield 64%,
m.p. 95.5~95.6 C; [a]5 0.0 (¢ 0.03, CHCl); IR (KBr)
v: 3429 (ArH), 1752 (C=0), 1645 (C=N), 1583 (C=0C),
645 (CI) cm '; 'TH NMR (600 MHz, CDCls) é: 7.81~7.83
(m, 1H, ArH), 7.42~7.47 (m, 2H, ArH), 7.33~7.35 (m,
1H, ArH), 6.27~6.29 (m, 1H, C=CH), 4.78 (d, J=19.8
Hz, 2H, C=CH,), 3.27~3.30 (m, 1H, CH), 2.38~2.43
(m, 1H, CH), 2.26~2.35 (m, 2H, CH,), 2.11~2.17 (m,
1H, CH), 2.02 (s, 3H, CH3), 1.74 (s, 3H, CH3); *C NMR
(150 MHz, CDCl3) J: 164.4, 163.8, 147.2, 137.9, 133.4,
132.7, 131.6, 131.0, 130.1, 130.0, 126.8, 110.6, 40.2, 30.5,
29.8, 20.7, 17.8; HRMS (ESI) caled for C;7H3CINNaO,
[M-+Na]" 326.0918 found 326.0916.
(R,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one

Chin. J. Org. Chem. 2021, 41, 2008~2018



Chinese Journal of Organic Chemistry

O-(3-chlorobenzoyl) oxime (40): White solid, yield 77%,
m.p. 136.0~136.1 C; [a]y —11.5 (¢ 0.03, CHCL); IR
(KBr) v: 3437 (ArH), 1737 (C=0), 1639 (C=N), 1572
(C=0C), 740 (Cl) cm !; '"H NMR (600 MHz, CDCls) &:
8.02~8.03 (m, 1H, ArH), 7.93~7.95 (m, 1H, ArH),
7.54~7.56 (m, 1H, ArH), 7.39~7.42 (m, 1H, ArH),
6.28~6.29 (m, 1H, C=CH), 4.82 (d, J/=18.5 Hz, 2H, C=
CH»), 3.23~3.26 (m, 1H, CH), 2.42~2.47 (m, 1H, CH),
2.31~3.37 (m, 2H, CHy), 2.13~2.21 (m, 1H, CH), 2.00
(s, 3H, CH;), 1.77 (s, 3H, CHs3); C NMR (150 MHz,
CDCls) 0: 164.5, 162.9, 147.1, 137.9, 134.8, 133.3, 131.3,
130.2, 130.0, 129.7, 127.7, 110.8, 40.3, 30.5, 29.4, 20.7,
17.8; HRMS (ESI) caled for C;7H;sCINO, [M+H]"
304.1099, found 304.1097.
(S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-chlorobenzoyl) oxime (4p): White solid, yield 71%,
m.p. 77.7~78.0 C; [a]y +8.9 (¢ 0.03, CHCL); IR
(KBr) v: 3432 (ArH), 1740 (C=0), 1642 (C=N), 1592
(C=0Q), 746 (Cl) cm !; '"H NMR (600 MHz, CDCls) &:
7.98~8.00 (m, 2H, ArH), 7.43~7.44 (m, 2H, ArH),
6.28~6.29 (m, 1H, C=CH), 4.81 (d, /=19.3 Hz, 2H, C=
CH»), 3.22~3.26 (m, 1H, CH), 2.41~2.46 (m, 1H, CH),
2.30~2.36 (m, 2H, CH), 2.11~2.19 (m, 1H, CH), 2.00
(s, 3H, CH;), 1.77 (s, 3H, CHs3); C NMR (150 MHz,
CDCls) o: 164.3, 163.2, 147.2, 139.7, 137.7, 130.0, 130.2,
129.0, 127.9, 110.8, 40.3, 30.5, 29.4, 20.7, 17.8; HRMS
(ESI) caled for C;7H;sCINNaO, [M+Na] ™ 326.0918,
found 326.0925.
(S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
0-(2,3-dichlorobenzoyl) oxime (4q): White solid, yield
55%, m.p. 111.7~112.0 C; [a]p +4.1 (c 0.04, CHCL);
IR (KBr) v: 3414 (ArH), 1746 (C=0), 1645 (C=N), 1583
(C=0Q), 746 (Cl) cm !; '"H NMR (600 MHz, CDCls) &:
7.66~7.68 (m, 1H, ArH), 7.61~7.63 (m, 1H, ArH),
7.29~7.32 (m, 1H, ArH), 6.31~6.32 (m, 1H, C=CH),
4.80 (d, /=22.7 Hz, 2H, C=CH>»), 3.23~3.27 (m, 1H,
CH), 2.41~2.46 (m, 1H, CH), 2.34~2.38 (m, 1H, CH),
2.27~2.32 (m, 1H, CH), 2.13~2.19 (m, 1H, CH), 2.01 (s,
3H, CH3), 1.76 (s, 3H, CH3); '3C NMR (150 MHz, CDCI;)
0: 164.7, 163.5, 147.1, 138.2, 134.6, 133.2, 132.7, 1314,
130.0, 129.2, 127.4, 110.7, 40.2, 30.5, 29.7, 20.7, 17.8;
HRMS (ESI) caled for Ci7HisCLNO, [M-+H]" 338.0709,
found 338.0711.
(E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-bromobenzoyl) oxime (4r): White solid, yield 50%,
m.p. 96.7~97.0 C; [a]5 0.0 (¢ 0.02, CHCl); IR (KBr)
v: 3447 (ArH), 1755 (C=0), 1642 (C=N), 1586 (C=C),
743 (Br) cm '; '"H NMR (600 MHz, CDCl3) 6: 7.75~7.77
(m, 1H, ArH), 7.65~7.67 (m, 1H, ArH), 7.37~7.40 (m,
1H, ArH), 7.33~7.36 (m, 1H, ArH), 6.27~6.29 (m, 1H,
C=CH), 4.78 (d, J=18.3 Hz, 2H, C=CH,), 3.27~3.31
(m, 1H, CH), 2.38~2.43 (m, 1H, CH), 2.31~2.36 (m, 1H,
CH), 2.26~2.29 (m, 1H, CH), 2.11~2.17 (m, 1H, CH),
1.99 (s, 3H, CH3), 1.74 (s, 3H, CHs); 3C NMR (150 MHz,
CDCls) 0: 164.5, 164.2, 147.2, 137.9, 134.2, 132.6, 132.3,
131.4, 130.1, 127.3, 121.4, 110.6, 40.3, 30.5, 29.8, 20.7,
17.8; HRMS (ESI) caled for C7H9BrNO, [M+H]"
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348.0594, found 348.0599.

(R,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(3-bromobenzoyl) oxime (4s): White solid, yield 85%,
m.p. 147.1~1472 C; [a]d —98.2 (¢ 0.09, CHCl); IR
(KBr) v: 3453 (ArH), 1743 (C=0), 1639 (C=N), 1566
(C=0C), 738 (Br) cm '; 'H NMR (600 MHz, CDCl5) &:
8.18~8.19 (m, 1H, ArH), 7.98~7.99 (m, 1H, ArH),
7.70~7.72 (m, 1H, ArH), 7.33~7.36 (m, 1H, ArH),
6.28~6.30 (m, 1H, C=CH), 4.82 (d, /=19.3 Hz, 2H, C=
CH»), 3.23~3.26 (m, 1H, CH), 2.42-2.47 (m, 1H, CH),
2.31~2.37 (m, 2H, CHy), 2.14~2.18 (m, 1H, CH), 2.01
(s, 3H, CH3), 1.77 (s, 3H, CH3); 3C NMR (150 MHz,
CDCl) d: 164.5, 162.7, 147.1, 137.8, 136.2, 132.6, 131.4,
130.2, 130.1, 128.1, 122.7, 110.8, 40.3, 30.5, 29.4, 20.7,
17.8; HRMS (ESI) caled for Ci7H;sBrNNaO, [M+Na]"
370.0413, found 370.0419.

(S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-bromobenzoyl) oxime (4t): White solid, yield 65%,
m.p. 70.4~71.0 C; [a]d +3.9 (¢ 0.03, CHCL); IR
(KBr) v: 3441 (ArH), 1746 (C=0), 1639 (C=N), 1586
(C=QC), 743 (Br) cm !; '"H N' MR (600 MHz, CDCI;) &:
8.12~8.13 (m, 2H, ArH), 7.68~7.70 (m, 2H, ArH),
6.25~6.27 (m, 1H, C=CH), 4.77 (d, /=20.2, 10.0 Hz,
2H, C=CH,), 3.19~3.22 (m, 1H, CH), 2.38~2.44 (m,
1H, CH), 2.28~2.34 (m, 2H, CH>), 2.10~2.15 (m, 1H,
CH), 1.97 (s, 3H, CH3), 1.73 (s, 3H, CH3); 3C NMR (150
MHz, CDCl) o: 164.4, 163.4, 147.2, 137.8, 132.0, 131.1,
130.2, 128.4, 128.4, 110.8, 40.3, 30.5, 29.4, 20.7, 17.8;
HRMS (ESI) caled for Ci7HoBrNO, [M+H]" 348.0594,
found 348.0587;

(R,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(2-fluorobenzoyl) oxime (4u): White solid, yield 86%,
m.p. 89.1~89.4 C; [a]s —17.7 (¢ 0.02, CHCL); IR
(KBr) v: 3450 (ArH), 1752 (C=0), 1642 (C=N), 1610
(C=0C), 752 (F) em '; 'TH NMR (600 MHz, CDCl;) 4:
7.99~8.02 (m, 1H, ArH), 7.52~7.55 (m, 1H, ArH),
7.22~7.25 (m, 1H, ArH), 7.13~7.16 (m, 1H, ArH),
6.27~6.28 (m, 1H, C=CH), 4.80 (d, /=17.0 Hz, 2H, C=
CH»), 3.32~3.35 (m, 1H, CH), 2.39~2.45 (m, 1H, CH),
2.28~2.37 (m, 2H, CHy), 2.11~2.18 (m, 1H, CH), 2.01
(s, 3H, CH3), 1.76 (s, 3H, CHs); 3C NMR (150 MHz,
CDCl3) 6: 164.3, 162.3 (d, *Jcr=3.8 Hz), 161.6 (d, Jcr=
258.6 Hz), 147.1, 137.7, 134.6 (d, 3Jcr=9.0 Hz), 132.4,
130.1, 124.2 (d, 3Jcr=4.2 Hz), 117.8 (d, ZJcr=11.5 Hz),
116.9 (d, 2Jcr=22.3 Hz), 110.4, 40.1, 30.5, 29.6, 20.7,
17.7; HRMS (ESI) caled for C;7H;sFNNaO, [M+Na]"
310.1214, found 310.1209.

(E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(3-fluorobenzoyl) oxime (4v): White solid, yield 75%,
mp. 1182~118.9 C; [a]b 0.0 (¢ 0.02, CHClL;); IR
(KBr) v: 3450 (ArH), 1743 (C=0), 1645 (C=N), 1589
(C=Q), 746 (F) cm '; 'TH NMR (600 MHz, CDCl;) 4:
7.85~7.86 (m, 1H, ArH), 7.72~7.74 (m, 1H, ArH),
7.43~747 (m, 1H, ArH), 7.27~7.30 (m, 1H, ArH),
6.28~6.29 (m, 1H, C=CH), 4.82 (d, /=18.4 Hz, 2H, C=
CH»), 3.23~3.27 (m, 1H, CH), 2.42~2.45 (m, 1H, CH),
2.31~2.36 (m, 2H, CHy), 2.14~2.19 (m, 1H, CH), 2.01
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(s, 3H, CH;), 1.77 (s, 3H, CHs3); C NMR (150 MHz,
CDCl) 6: 164.3, 162.8 (d, *Jcr=2.7 Hz), 162.5 (d, 'Jcr=
247.6 Hz), 147.0, 137.7, 131.5 (d, *Jcr=7.3 Hz), 130.2 (d,
3Jcr=17.6 Hz), 130.1, 125.3 (d, *Jcr=2.9 Hz), 120.2 (d,
2Jer=21.5 Hz), 116.4 (d, 2Jcr=23.1 Hz), 110.7, 40.2,
30.5, 29.3, 20.6, 17.7, HRMS (ESI) caled for
Ci7H1sFNNaO, [M+Na]" 310.1214, found 310.1215.
(S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-fluorobenzoyl) oxime (4w): White solid, yield 73%,
m.p. 77.7~78.1 ‘C; [alb +34.4 (c 0.03, CHCL); IR
(KBr) v: 3444 (ArH), 1749 (C=0), 1603 (C=N), 1500
(C=0Q), 755 (F) cm!; 'TH NMR (600 MHz, CDCl;) &:
8.06~8.09 (m, 2H, ArH), 7.12~7.15 (m, 2H, ArH),
6.27~6.29 (m, 1H, C=CH), 4.82 (d, J=17.6 Hz, 2H, C=
CH,), 3.23~3.27 (m, 1H, CH), 2.42~2.46 (m, 1H, CH),
2.30~2.37 (m, 2H, CH), 2.13~2.19 (m, 1H, CH), 2.01
(s, 3H, CH;), 1.77 (s, 3H, CHs3); C NMR (150 MHz,
CDCl) d: 165.8 (d, 'Jcr=254.5 Hz), 164.1, 163.0, 147.1,
137.5, 132.1 (2CH, d, *Jcr=9.4 Hz), 130.2, 125.6 (d,
4Jcr=3.5 Hz), 115.7 (2CH, d, 2Jcr=22.2 Hz), 110.7,
40.2, 30.4, 293, 20.6, 17.7; HRMS (ESI) calcd for
Ci7H1sFNNaO, [M~+Na] "310.1214, found 310.1219.
(S,E)-2-Methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
0-(2,6-difluorobenzoyl) oxime (4x): White solid yield
66%, m.p. 75.4~75.9 C; [alf +9.9 (c 0.03, CHCL); IR
(KBr) v: 3441 (ArH), 1754 (C=0), 1618 (C=N), 1577
(C=0Q), 766 (F) cm!'; 'H NMR (600 MHz, CDCI;) &:
741~17.46 (m, 1H, ArH), 6.95~6.99 (m, 2H, ArH),
6.27~6.29 (m, 1H, C=CH), 4.78 (d, J=20.7 Hz, 2H, C=
CH,), 3.21~3.24 (m, 1H, CH), 2.38~2.43 (m, 1H, CH),
2.31~2.36 (m, 1H, CH), 2.26 (dd, J=16.6, 12.9 Hz, 1H,
CH), 2.11~2.17 (m, 1H, CH), 1.96 (s, 3H, CH3), 1.74 (s,
3H, CH3); 3C NMR (150 MHz, CDCl;) J: 164.5, 160.8
(2C, dd, 'Jcr=256.4 Hz, 3Jcr=6.0 Hz), 159.1, 147.0,
138.0, 133.0 (t, *Jcr=10.3 Hz), 129.9, 112.1 (2CH, dd,
2Jer=21.6 Hz, *Jcr=3.2 Hz), 110.5, 110.1 (t, 2Jcr=18.1
Hz), 40.1, 30.4, 29.4, 20.6, 17.6; HRMS (ESI) calcd for
Ci7H7F2NNaO, [M+Na]™ 328.1120, found 328.1116.
(R,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-(trifluoromethyl)benzoyl) oxime (4y): White solid,
yield 74%, m.p. 66.5~67.0 C; [a]d —142.5 (c 0.03,
CHCl;); IR (KBr) v: 3417 (ArH), 1751 (C=0), 1645 (C=
N), 1512 (C=C), 768 (F) cm '; 'H NMR (600 MHz,
CDCl;) o: 8.14~8.16 (m, 2H, ArH), 7.68~7.74 (m, 2H,
ArH), 6.26~6.28 (m, 1H, C=CH), 4.79 (d, /=20.2 Hz,
2H, C=CH,), 3.21~3.24 (m, 1H, CH), 2.40~2.45 (m,
1H, CH), 2.30~2.36 (m, 2H, CH,), 2.11~2.17 (m, 1H,
CH), 1.99 (s, 3H, CH3), 1.74 (s, 3H, CH3); '*C NMR (150
MHz, CDCl3) J: 164.7, 162.9, 147.1, 138.1, 134.7 (d,
2Jer=30.0 Hz), 132.8, 130.1, 130.0, 125.7, 123.6 (d,
Jer=270.0 Hz), 110.8, 43.3, 30.6, 29.4, 20.7, 17.8;
HRMS (ESI) caled for CisHoF3NO, [M-+H]" 338.1362,
found 338.1365.
(S,E)-2-methyl-5-(prop-1-en-2-yl)cyclohex-2-en-1-one
O-(4-aminobenzoyl) oxime (4z). White solid, yield 65%,
m.p. 189.3~189.8 C; [a]p +27.5(c 0.02, CHCl;+
CH;0H); IR (KBr) v: 3428 (ArH), 1722 (C=0), 1633
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(C=N), 1597 (C=C), 1175 (-NH,) cm '; 'H NMR (600
MHz, CDCls) 6: 7.86~7.88 (m, 2H, ArH), 6.64~6.67 (m,
2H, ArH), 6.22~6.24 (m, 1H, C=CH), 4.80 (d, J=13.9
Hz, 2H, C=CH,), 4.14 (s, 2H, NH,), 3.25~2.28 (m, 1H,
CH), 2.40~2.45 (m, 1H, CH), 2.28~2.34 (m, 2H, CH,),
2.11~2.17 (m, 1H, CH), 1.99 (s, 3H, CHs), 1.76 (s, 3H,
CHs); *C NMR (150 MHz, CDCl3) 6: 164.2, 163.5, 151.3,
147.5, 136.9, 131.8, 130.5, 118.6, 114.0, 110.6, 40.4, 30.5,
29.3, 20.7, 17.9; HRMS (ESI) caled for Ci7H0N;NaO,
[M-+Na]* 307.1417, found 307.1421.

4.3 Crystal structural determination

Crystal structure data for compound 4r was gathered at
100 K on a Rigaku Oxford Diffraction Supernova Dual
Source diffractometer, Cu at Zero, fitted with an AtlasS2
CCD utilizing Cu Ko radiation. The data was processed
using CrysAlisPro software.[*3l The structures were com-
puted via direct methods employing Olex2 software.[*!]
The non-hydrogen atoms located on the experimental
structure were refined anisotropically with SHELXL-2018
employing full-matrix least squares procedure based on
F21%] The wR, weighted R factor, and goodness-of-fit S
values were acquired based on F2.[*] Crystallographic data
of the structure in this paper were deposited and distributed
at the Cambridge Crystallographic Data Center with the
deposition number: CCDC 2025496 for compound 4r.

4.4 Fungicidal activity screening

The fungicidal activities of target compounds 4a~4z
were evaluated against five common fungi. The mycelium
growth rate means was adopted in this article, according to
the data reported in the literature.l'! The five fungi species
tested were Sclerotinia sclerotiorum, Fusarium gramine-
arum, Pyricularia grisea, Fusariwn oxysporum, and Than-
atephorus cucumeris. The sample solutions were prepared
by dissolving 50 mg of compounds 4a~4z in 1 mL of
DMSO to yield a concentration of 5 mg/mL. Then, 1 mL
was taken from this 5 mg/mL solution and mixed with 99
mL of potato dextrose agar (PDA) to prepare toxic medium
of 50 pg/mL. The toxic medium was divided into 4 parts
on average and poured into 4 Petri dishes with a diameter
of 9 cm to make the PDA plate. The same concentration of
enoxime ester was used as the control agent, DMSO was
used as the solvent control, and sterile water was used as
the blank control. Each sample analysis was repeated four
times. The above steps were sterile operations. After the
colonies in the blank control were fully grown, the diame-
ter of the cell colonies in each treatment was measured by
cross method, and the average value was taken.

C()_C
—0.5cm

Inhibition rate/% = — X100%

Where Cj is the colony diameter of control and C is the
colony diameter of the treated sample. All the experiments
were repeated three times, and the bioassay results were
the average of three replicates in this work. The sample
concentrations used for calculating ECso values were 50,
25, 12.5, 6.25, and 3.125 mg/L, respectively. All statistical
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analyses were performed by the SPSS 21.0 software pack-
age (IBM, NY, USA). The ECsy values were calculated
using log-probit analysis.

Supporting Information
of intermediates and target compounds

"H NMR and '*C NMR spectra
4a~4z; selected

crystallographic data and selected molecular structure pa-
rameters of compound 4r. The Supporting Information is
available free of charge via the Internet at http://sioc-
journal.cn.
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