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Abstract

A series of compounds containing oxime-ester linkage in place of the ester linkage in pyrethroid ester are designed and

prepared. Bioassay data of insecticidal activities of these compounds on Ostrinia nubilalis (H.) and Culex pipines (L.) are presented.
Among them 4-dimethyaminobenzaldehyde oxime ester of 2, 2, 3, 3-tetramethylcyclopropanecarboxylic acid and 4-dimethyamino benzalde-
hyde oxime ester of cyclopropanecarboxylic acid are found to be potent insecticide against Ostrinia nubilalis (H.). Structure-activity rela-

tionship of the compounds is discussed.

Keywords:

Much attention has been paid to the structural
modification of pyrethroids since Schechter and co-
workers!!] reported the synthesis of allethrin in 1949.
Various synthetic pyrethroids have been invented
through retaining chrysanthemic acid as the acid moi-
ety and modifying the alcohol moiety. These com-

pounds, such as resmethrin'?’ (3]

, prallethrin*’", phe-
nothrint*} and cyphenothrin[5 ! have been commercial-
ly produced and have been in broad use as active in-
gredients, mainly for household insecticides. Then
many pyrethroids having a chemically stable phenoxy-
benzyl group as the alcohol moiety with a modified
acid moiety have been introduced. Pyrethroids, such

[6]’ [7] [7]

as permethrin cypermethrin‘’’, deltamethrin

and fenvaleratel® have been used for agricultural pur-
poses because of their chemical stability. Subsequent
developments include some compounds produced by
replacing the ester linkage with other linkages, exam-

ples being etofenprox[g], silafluofen!'?’

[11]

and flufen-
prox

It is known that some oxime derivatives have bi-
ological activity, and typical examples of this can be
found in pharmaceuticals and agrochemicals. For
pyrethroids,
have been previously examined''?!. However, oxime-
ester linkage of pyrethroids has got only limited atten-

compounds with oxime-ether linkage

tion. In our recent studies!'>'! for finding novel

classes of insecticidal compounds relating to

pyrethroid, we focused on pyrethroid acid oxime-ester

pyrethroids, insecticides, oxime-ester, synthesis, structure-activity relationship.

derivatives. Amongst these compounds, a series of
substituted benzaldehyde oxime esters of pyrethroid
acids were selected. Through synthesis and biological
assay against Ostrinia nubilalis H. and Culex pip-
ines L., we have succeeded in finding novel
pyrethroid acid oxime ester derivatives possessing in-

secticidal activity.

Herein we report the synthesis of novel substi-
tuted benzaldehyde oxime esters of pyrethroid acids
and the insecticidal activity of these compounds, in-
cluding detailed structure-activity relationships of the
substitutents on the molecule and 1.Csy values for rep-
resentative compounds.

1 Experimental methods
1.1 General experimental procedures

Melting points were measured with a Yanaco
MP-500 apparatus and the thermometer was uncor-
rected. NMR spectra were recorded on a Bruker AC-
P200 instrument using tetramethylsilane as an inter-
nal standard in deuterochloroform. Elemental analy-

ses (CHN analyses) were carried out on a Yanaco
MT-3 analyser.

1.2 Chemical synthesis

2, 2, 3, 3-tetramethylcyclopropanecarboxylic
acid!™, 3-(2, 2-dichloroethenyl )-2, 2-dimethylcy-
clopropanecarboxylic acid''®! ( cis/trans = 43/57), 3-
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(2, 2-dibromo ethenyl)-2, 2-dimethylcyclopropanecar- -

boxylic acid'”) ( cis/trans = 45/55), 2-(4-chloro
phenyl )-3-methylbutyric acid!'7}, chrysanthemic
acid '8 (cis/ trans = 40/60) were prepared according
to the Cyclopropane-
carboxylic acid was obtained from Bayer A-G. Aro-

procedures in literature.

matic aldoximes were synthesized from the corre-
sponding aldehydes as described in Ref. [19]. The
synthetic pathways used to prepare the new oxime-es-

ter derivatives are shown in Fig. 1.

Reaction of pyrethroid acids I with thionyl chlo-
ride produces acid chlorides II. A number of new
pyrethroid acid oxime-ester derivatives IV were pre-
pared by reacting the acid chlorides II with arometic
aldoximes III in the presence of triethylamine.

Representative procedures are given below.

o)
] SOC1 |
Py—C—OH ——2»Py—C—Cl
I II
Py H3C CH3
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HsC
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Fig. 1. Synthetic route to novel pyrethroid acid oxime ester derivatives.

1.2.1 General procedure for the preparation of aro-
matic aldoxime III Here (R! = H, R® = 4-
(CH3),N is an example. To a solution of 4-dimethy-
laminobenzaldehyde (1.80 g, 12.1 mmol) and
H,NOH - HCI (0.92 g, 13.3 mmol) in ethanol
(10 mL), triethylamine (1.34 g, 13.3 mmol) was
added dropwise at 0~ 5 C . The reaction was stirred
for 2 h at this temperature. The mixture was concen-
trated in vacuum, diluted with water (20 mL) and
extracted with ethyl acetate (3 X 15mL). The com-
bined organic layers were washed with brine, dried
over magnesium sulfate and evaporated in vacuum.
The residue was recrystallized from 80% ethanol to
give colorless needles (1.74 g, 87.9%), mp 144~
146C. 'HNMR (CDCl;): & = 3.00 (s, 6H,
2CH;), 6.65~7.60 (dd, 4H, Ar), 8.20 (s, 1H,
N=CH).

1.2.2  General procedure for the preparation of
oxime-ester derivatives IV Acid chlorides II
(4.2 mmol) in toluene (5mL) was added dropwise to
a solution of aromatic aldoximes III (3.5 mmol) and
triethylamine (4.2 mmol) in toluene (10 mL) at 0~
5°C . The reaction mixture was stirred at this tem-

perature for 2~4 h when a thin layer chromatography
analysis revealed the complete consumption of the
starting material. Toluene (15 mL) was added to the
resultant solution, washed with water (10 mL),
10% NaHCO; (10 mL) and brine. The organic layer
was dried over magnesium sulfate and evaporated in
vacuum. The residue obtained was recrystallized from
petroleum ether (60~90 T ) or separated by column
chromatography to produce the required oxime esters
(Compounds 1~30, Tables 1, 2 and 3).

The physical, analytical and spectroscopic data
for the synthetic oxime esters are reported in the Ap-
pendix.

1.3 Biological assays

Tests described below were repeated twice for
each concentration. The insecticidal activity was ex-
pressed as indexes of 0 to 3, corresponding to 0, 1%
~50%, 51% ~99% and 100% mortality respective-
ly.

1.3. 1 Asiatic maize borer ( Ostrinia nubilalis
(Hubner)) Each compound was tested for its in-
secticidal activity against O. nubilalis at three dif-
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ferent concentrations (500, 250, 125 mg+ L71).
Maize stems were immersed in solutions for 20 s.
Each treated stem was put into a glass tube (2 cm in
diameter, 10 cm in length) with a small amount of
water. After drying, instar larvae of O. nubilalis
were released into each tube, which was kept at 25 C
with 50% relative humidity. Mortality was observed
24 h later, and 10 ~ 20 larvae were used for each
treatment. A similar technique, with six concentra-
tions, was used to determine LCsy values of selected
compounds towards O. nubilalis (Tables 1~4).

1.3.2 Northern house mosquitos ( Culex pipines
(Linnaeus)) Instar larvae of C. pipines were
immersed in a solution of the test compounds at two
different concentrations (10, 2 mg+L™!) for 20 s.
The treated mosquitos were kept at 25 C and 50%
relative humidity during the test period. The mortali-
ty was observed 24 h after treatment (Tables 1~3).

2 Results and discussion

Table 1 contains data on a series of substituted
benzaldehyde oxime esters of 2, 2, 3, 3-tetramethyl-
cyclopropanecarboxylic acids, in which the 4-position
on the phenyl group was replaced with various sub-
stituent and atoms.

Table 1. Biological activities of compounds 1~ 14
against Ostrinia nubilalis and Culex pipines

HsC_ CHs3
0O
H3C i —/Rn
C—0—N=CH \ 7
H;C

Activity rating (mg+L™!)

Compound R® O. nubilalis C. pipines
No. 500 250 125 10 2
1 H 1 0 - 1 -
2 4-CH, 1 0o — 1 0
3 4-(CHy),CH 1 0 L=
4 4-(CH3)1C 1 0 - 1 0
5 4-cl 1 o - 0o -
6 4-NO, 6 - - 1 -
7 4-(CHN 3 3 3 2 1
8 4-(CH;CH,)2N 2 1 1 3 3
9 4-CH;0 t o — 1 0
10 4-CH;CH,0O 1 0 - 0 _
11 4-(CH;3),CHO 1 0 - 1 0
12 4-OPh 1 0 - 0 -
13 3,40CHO 2 1 0 1 0
14 4-OCH,Ph 1 0 -— 1 0
— not tested.

A hydrogen atom at the 4-position (1) gave low
activity against Q. nubilalis and C. pipines. The

introduction of alkyl groups at the 4-position on the
phenyl ring, although not leading to complete inacti-
vation, showed similarly low activity (2~4). In ad-
dition, the activity of compounds containing a chlo-
rine atom (5) or a nitro group (6) as electron-with-
drawing substituent was reduced or completely elimi-
nated. The introduction of dialkylamino groups at 4-
position drastically increased overall activity: com-
pounds (7) showed 100% mortality at 125 mg+ L™}
against O. nubilalis and compound (8) possessed
100% mortality at 2 mg* L™! against C. pipines.
However, replacement of dialkylamino groups with
alkoxyl or phenoxyl groups (9~14) led to low activi-
ty.

Table 2 shows the effect of substitution at the 2-
and 3-position of the phenyl group. Compounds 185,
16 versus 7 exhibited low activity. In addition, when
the substituent at the 4-position was a dimethylamino
group, the introduction of substituent was unfavor-
able at the other positions of the aldoxime moiety
(17, 18, 19, 20).

Table 2. Biological activities of the examined compounds
against Ostrinia nubilalis and Culex pipines

HsC CHj;
HaC 9 R' — \ R
C—O—N=C—<\___>/
HiC
Activity (mg*L™1)
ConI:I;:)ound R R" O. nubilalis C. pipines

500 250 125 10 2
7 H 4 —(CH,;),;N 3 3 3 2 1
15 H 3-(CH;3);N 2 1 0 1 0
16 H 2-CH;NH 2 1 0 1 0
17 H 2-Cl-4-(CH3);N 1 0 — 2 1
18 H 3-Cl-4-(CH3);N 1 0 —_ 1 0
19 Cl 3,5-Ch-4-(CH;);N 1 0 — 1 0
20 CN 3,5-C-4-(CH;);N 1 0 — 1 .0

— not tested.

Although some compounds gave high activity a-
gainst O. nubilalis and C. pipines, their structure-
activity relationships are not clear. However, consid-
ering the results shown in Tables 1 and 2, dialky-
lamino group at the 4-position of the phenyl ring is
required for the activity.

To examine the effect of the acid moiety, some
pyrethroid acids were introduced. The results are
shown in Table 3. It is interesting to note that most
of the compounds listed in that table possess insectici-
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dal activity against the two species. Compounds 7, phenyl ring with the diethylamino group showed a
23, 24 and 25 gave the highest rating against O. tendency to reduce activity against O. nubilalis.
nubilalis, while compounds 8 and 27 exhibited the However, this replacement tended to increase activity

highest rating against C. pipines. Replacement of against C. pipines.
the dimethylamino group at the 4-position of the

Table 3. Biological activities of oxime-esters of pyrethroid acids against Ostrinia nubilalis and Culex pipines

o)
1]
Py—-C—O—N=CH—®—NR22

Activity rating (mg'L™!)

Compound No. Py R? O. nubilalis C. pipines
500 250 125 10 2
HaC, CH3
7 HacA CH, 3 3 3 2 1
HiC
al HaC,  CH,
219 o CH; 3 3 2 2 0
Br HaC CH;
229 e’ CH, 3 1 — 2 0
H4C
HC 3 CH,
239 e’ CH; 3 3 3 2 0
HaC._ CH,
24 u—@l CH, 3 3 3 1 0
25 [>_ CH; 3 3 3 2 0
HasC_ CHs
HsC,
8 3 A CH;CH, 2 1 0 3 3
HsC
al HaC_  _CH,
26 o’ CH;CH; 2 1 0 2 0
or H3C_  CH,
27" o’ CH;CH; 2 1 0 3 3
HaC
HC 3 CH,
28" He' CH;CH, 2 1 0 2 !

To be continued
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Continued
Activity rating (mg*L"1)
Compound No. Py R? O. nubilalis C. pipines
500 250 125 10 2
HyC_ CHs
29 m_@l CH;CH, 2 1 0 2 1
30 I>— CH,CH, 1 0 - 3 2
a) The oxime esters were (1RS)-cis, trans isomeric mixtures. — not tested.

To assess in detail the insecticidal potential a-
gainst O. nubilalis, compounds 7, 21, 23, 24 and
25 were selected from the compounds showing high
activities. The results in terms of L.Csq values are
shown in Table 4. Compounds 7 and 25 were the
most active of those tested against O. nubilalis,
with LCsq values of 7.7 and 6.6 mg*L ™!, respective-
ly.

Table 4. LCsp values of selected oxime-esters of pyrethroid

acids against Ostrinia nubilalis

o)
1}
Py—C—O—N=CH—©—N(CH3)z

Compound

L L7t
No. Py Cso(mg )
HsC_ CHs
HyC
al HC, CH;
219 o’ 19.0
H,C
H4C, 3 CHsy
239 ne” 14.5

HsC_ CHs

24 cl

25 6.6

Y g

a) The oxime esters were (1RS)-cis, trans isomeric mixtures.

As mentioned above, to obtain new insecticidal
compounds, 30 derivatives of pyrethroid acid oxime-
esters were synthesized. Among them, 4-dimethy-
lamino  benzaldehyde

oxime ester of cyclo-

propanecarboxylic acid (25) was found to be potent
insecticide against O. nubilalis.

References

1 Schechter, M. S. et al. Constituents of pyrethrum flowers XXIII.
Cinerolone and the synthesis of related cyclopentenclones. J. Am.
Chem. Soc., 1949, 71: 3169.

2 Elloitt, M. et al. 5-Benzyl-3-furylmethyl chrysanthemate: a new
potent insecticide. Nature, 1967, 213: 493.

3 Matsunaga, T. et al. New pyrethroid insecticides for indoor appli-
cations. In: Proc. Int. Congr. Pestic. Chem., 1982, 2: 231~
8.

4 Fujimoto, K. et al. A new insecticidal pyrethroid ester. Agric.
Bio. Chem., 1973, 37; 2681.

5 Matsuo, T. et al. Acaricidal and insecticidal m-phenoxyl and m-
benzyl-a-cyanobenzyl cyclopropane carboxylates, Chem. Abstr.,
1973, 78: 8B4072w.

6 Elloitt, M. et al. A photostable pyrethroid. Nature, 1973, 246:
169.

7 Elloitt, M. et al. Synthetic insecticide with a new order of activi-
ty. Nature, 1974, 248 710.

8 Ohno, N. et al. 2-Arylalkanoates, a new group of synthetic
pyrethroid esters not containing cyclopropane carboxylates. Pestic.
Sci., 1976, 7: 241.

9 Nakatani, K. et al. 2-Arylethyl ethers and sulfides as insecticides
and acaricides. Chem. Abstr., 1982, 97: 181952 h.

10 Katsuda, Y. et al. Arylalkylsilicon compounds as insecticides and
miticides. Chem. Abstr., 1986, 105: 191385y.

11 Bushell, M. J. et al. Insecticidal and acaricidal arylfluorcalkyl
arylmethyl ethers and processes for their preparation. Chem. Ab-
str., 1987, 106: 175940r.

12 Bull, M. J. et al. Alkyl aryl ketone oxime-ethers: a novel group of
pyrethroids. Pestic. Sci., 1980, 11: 249.

13 Huang, R. Q. et al. Synthesis and bioactivity of aldoxime substi-
tuted cyclopropanecarboxylates (I). Chinese J. Applied Chem. (in
Chinese), 1998, 15: 9.

14 Ma, J. A. et al. Synthesis and bioactivity of aldoxime substituted
cyclopropanecarboxylates (III). Chem. J. Chinese Universities (in
Chinese), 1999, 20: 747.

15 Matsuo, M. et al. Studies on chrysanthemic acid Part XVIII. A
new biologically active acid component related to chrysanthemic
acid. Agroc. Biol. Chem. 1967, 31: 1143.

16 Burt, P. E. et al. The pyrethrins and related compounds XIX.
Geometrical and optical isomers of 2, 2-dimethyl-3-( 2, 2-
dichlorovinyl )-cyclopropanecarboxylic acid and insecticidal esters
with 5-benzyl-3-furylethyl and phenoxybenzy! alcohols. Pestic.
Sci., 1974, 5: 791.



276

Progress in Natural Science

Vol.12 No.4 2002

17 Ohno, N. et al. A new class of pyrethroidal insecticides: a-substi-
tuted phenyl acetic acid esters. Agric. Biol. Chem., 1974, 38:

881.

18 Harper, S. H. et al. Chrysanthemumcarboxylic acids I. Prepara-
tion of the chrysanthemic acids. J. Sci. Food Agric., 1951, 2:

94.

Appendix: physical, analytical and spectroscopic data

Physical and elemental analytical data of compounds (1~30)

J.

A. et al.
noacetonitriles from aldoximes. Synthetic Commun., 1999, 29:
3863.

A convenient synthesis of a-hydroxyimi-

Elemental analysis( %, Caled.)

Compound No. Formula m.p.(C) Yield( %) C q N
1 C1sHisNO;, 136~138 67.6 73.52(73.43) 7.83(7.80) 5.57(5.71)
2 CisH21NO, 118~119 59.3 73.93(74.10) 8.14(8.16) 5.42(5.40)
3 CigHysNO; 119~120 64.9 74.99(75.22) 8.72(8.77) 4.86(4.87)
4 C19Hy7NO, 130~132 93.4 50.10(49.89) 4.97(5.04) 3.01(3.06)
5 CysHysCINO, 143~144 71.5 64.00(64.40) 6.62(6.48) 4.75(5.01)
6 Cy1sH1sN,0, 179~180 69.6 62.52(62.71) 5.36(5.26) 10.08(9.75)
7 Ci7Hz4N, 0, 152~154 62.5 70.90(71.08) 8.10(8.38) 9.53(9.76)
8 CioHpsN,0, 79 ~80 79.6 71.92(72.15) 8.64(8.86) 8.72(8.86)
9 Ci6H;;NO; 9596 70.4 69.65(69.79) 7.84(7.69) 5.36(5.09)
10 C17H23NO;3 73~74 57.1 70.54(70.56) 7.93(8.01) 4.85(4.84)
11 C1sHzsNO;3 74~75 50.6 71.05(71.25) 8.27(8.31) 4,58(4.62)
12 C21Hp3NO; 93~94 90.1 74.90(74.75) 6.62(6.87) 4.07(4.15)
13 C1sHisNO, 165~167 90.2 66.77(66.44) 6.75(6.57) 4.79(4.84)
14 C2HysNO;3 124~125 75.8 74.96(75.18) 7.08(7.17) 3.91(3.98)
15 C17H2N; 0, 62~63 65.0 70.79(70.79) 8.20(8.38) 9.55(9.71)
16 CisHzN,0, 110~112 35.1 70.00(70.03) 8.10(8.08) 10.00(10.21)
17 C17H23CIN; O, 78~79 67.6 63.23(63.25) 7.12(7.18) 8.85(8.68)
18 C17HpCIN, O, 89~90 61.4 63.21(63.25) 7.35(7.18) 8.73(8.68)
19 C17Hz CN;0, 110~111 40.5 52.01(52.13) 5.33(5.40) 7.20(7.15)
20 Cy1sHz1CbN3O, 138~139 42.0 56.42(56.55) 5.34(5.54) 11.00(10.99)
21 C17H20CLN;O, 101~ 106 84.0 57.30(57.46) 5.83(5.63) 7.43(7.88)
22 C17Hz0Br;N; O, 128 ~135% 74.0 46.03(46.06) 4.49(4.29) 6.32(6.32)
23 Ci9Hz6N,0, 66~76% 68.3 72.60(72.60) 8.18(8.28) 8.61(8.92)
24 CaH2;CIN, O, 108 ~109 71.5 67.00(66.95) 6.65(6.42) 7.80(7.86)
25 C13H N, O, 108~110 81.0 66.86(67.24) 7.04(6.95) 11.97(12.07)
26 CisH24CLN, 0, 92~110" 72.5 59.43(59.53) 6.06(6.31) 7.06(7.31)
27 Ci19HBroN, O, 80~ 86° 78.4 48.06(48.41) 5.20(4.88) 5.64(5.94)
28 Ca1HyN, O, Viscous liquid® 90.0 73.87(73.47) 9.03(9.04) 7.88(8.16)
29 CxH;;CIN, O, Viscous liquid 86.6 67.98(68.31) 6.72(6.99) 6.99(7.24)
30 Cy1sHyoN,0, Viscous liquid 77.6 69.34(69.23) 7.54(7.69) 10.82(10.77)

a) The oxime esters were (1RS)-cis, trans isomeric mixtures.

'H NMR data of compounds (1~30)

Compound No. 'H NMR (&, CDCl)

1 1.22(s, 6H, 2CH3), 1.26(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH3), 7.38~7.74 (m, 5H, Ar), 8.33(s, 1H, N=
CH)

2 1.22(s, 6H, CH;), 1.25(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CHj), 2.36(s, 3H, CH;3) 7.17~7.63(dd, 4H, Ar),
8.33(s, 1H, N=CH)

3 1.17~1.30(m, 19H, 6CHs, cyclopropane-H), 2.28(q, 1H, CH), 7.22~7.66(dd, 4H, Ar), 8.30(s, 1H, N=CH)

4 1.16~1.30(m, 22H, 7CHa, cyclopropane-H), 7.20~7.50(dd, 4H, Ar), 8.29(s, 1H, N=CH)

5 1.22(s, 6H, 2CH;), 1.25(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH3), 7.34~7.68 (dd, 4H, Ar), 8.29(s, 1H, N=
CH)

6 1.24(s, 6H, 2CH;), 1.27(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH;), 7.89~8.24 (dd, 4H, Ar), 8.40(s, 1H, N=

CH)

To be continued
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Continued

Compound No.

'H NMR (&, CDCLy)

7

10

11
12

13

14

15

16

17

18

19

20
21

22

23

24

25

26

27

28

29

30

1.21(s, 6H, 2CH,), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH3), 3.00(s, 6H, 2CH3), 6.65~7.60(dd, 4H,
Ar), 8.22(s, 1H, N=CH)

1.13~1.30(m, 19H, 6CH,, cyclopropane-H), 3.36(bq, 4H, 2CH,), 6.63~7.57(dd, 4H, Ar), 8.19(s, 1H, N=CH)

1.24(s, 6H, 2CHy), 1.27(s, 1H, cyclopropane-H), 1.29(s, 6H, 2CH;), 3.82(s, 3H, CH,), 6.87~7.67(dd, 4H,
Ar), 8.27(s, 1H, N=CH)

1.21(s, 6H, 2CH3), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH,), 1.41(t, 3H, CH;), 4.06(q, 2H, CH,), 6.86
~17.66(dd, 4H, Ar), 8.27(s, 1H, N=CH)

1.21~1.34(m, 19H, 6CH;, cyclopropane-H), 4.62(q, 1H, OCH), 6.84~7.66(dd, 4H, Ar), 8.25(s, 1H, N=CH)
1.21(s, 6H, 2CH;3), 1.24(s, 1H, cyclopropane-H), 1.28(s, 6H, 2CH,), 7.00~7.36 (m, 9H, 2Ar), 8.28(s, 1H, N
=CH)

1.21(s, 6H, 2CH,), 1.24(s, 1H, cyclopropane-H), 1.29(s, 6H, 2CH,), 5.99(s, 2H, OCH,0), 6.81(d, 1H, Ar),
7.24(d, 1H, Ar), 7.34(s, 1H, Ar), 8.28(s, 1H, N=CH)

1.21(s, 6H, 2CHjy), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH,), 5.08(s, 1H, OCH;), 6.95~7.68(m, 9H,
2Ar), 8.40(s, 1H, N=CH)

1.22(s, 6H, 2CH,), 1.26(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH;), 2.95(s, 6H, 2CH;), 6.80~7.30(m, 4H,
Ar), 8.28(s, 1H, N=CH)

0.80(s, 1H, NH), 1.22~1.29(m, 13H, 4CHj, cyclopropane-H), 3.18(s, 3H, NCH;), 7.20~7.90(dd, 4H, Ar),
8.25(s, 1H, N=CH)

1.21(s, 6H, 2CH,), 1.26(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CHs), 3.00(s, 6H, 2CHs), 6.65(d, 1H, Ar), 6.66
(s, 1H, Ar), 7.95(d, 1H, Ar), 8.22(s, 1H, N=CH)

1.22(s, 6H, 2CH,), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH,), 2.88(s, 6H, 2CH;), 7.03~7.74(m, 4H,
Ar), 8.21(s, 1H, N=CH)

1.22(s, 6H, 2CH3), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CHj), 2.91(s, 6H, 2CH;), 7.87(s, 2H, Ar)
1.22(s, 6H, 2CH3), 1.24(s, 1H, cyclopropane-H), 1.30(s, 6H, 2CH;), 2.94(s, 6H, 2CH;), 7.82(s, 2H, Ar)
1.22~1.34(m, 6H, 2CH,), 1.60~2.10(m, 2H, cyclopropane-H), 3.00(s, 6H, 2CH,), 5.75(d, trans-1H, CH=C),
6.28(d, cis-1H, CH=C), 6.65(d, 2H, Ar), 7.57(d, 2H, Ar), 8.22(s, 1H, N=CH)

1.27~1.32(m, 6H, 2CH;), 1.69~2.04(m, 2H, cyclopropane-H), 3.01(s, 6H, 2CH3), 6.09(d, trans-1H, CH=C),
6.66(d, cis-1H, CH=C), 6.84(d, 2H, Ar), 7.57(d, 2H, Ar), 8.23(s, 1H, N=CH)

1.14—~1.70(m, 13H, 4CH;, cyclopropane-H), 2.24(m, 1H, cyclopropane-H), 3.01(s, 6H, 2CH;), 4.99(d, 1H, CH=
C), 6.82~7.67(m, 4H, Ar), 8.24(s, 1H, N=CH)

1.07(d, 6H, 2CH,), 2.30~2.50(m, 1H, CH), 3.00(s, 6H, 2CH,3), 3.12(d, 1H, CH), 6.59~7.42(m, 8H, 2Ar),
8.24(s, 1H, N=CH)

0.80~1.07(m, 4H, cyclopropane-H), 1.70~1.85(m, 1H, cyclopropane-H), 3.00(s, 6H, 2CH,), 6.65~7.60(dd,
4H, Ar), 8.24(s, 1H, N=CH)

1.12~1.34(m, 12H, 4CH;), 1.73(d, 1H, cyclopropane-H), 2.41(q, 1H, cyclopropane-H}, 3.37(q, 4H, 2CH,), 5.63
(d, trans-1H, CH=C), 6.30(d, cis-1H, CH=C), 6.68(d, 2H, Ar), 7.54(d, 2H, Ar), 8.21(s, 1H, N=CH)
1.13~1.34(m, 12H, 4CH,;), 1.73(d, 1H, cyclopropane-H), 2.25(q, 1H, cyclopropane-H), 3.38(q, 4H, 2CH;), 6.05
(d, trans-1H, CH=C), 6.61(d, cis-1H, CH=C), 6.84(d, 2H, Ar), 7.56(d, 2H, Ar), 8.23(s, 1H, N=CH)
1.12~1.69(m, 19H, 6CH;, cyclopropane-H), 2.28(m, 1H, cyclopropane-H), 3.38(q, 4H, 2CH;), 4.89(d, 1H, CH
=C), 6.56-7.40(m, 4H, Ar), 8.21(s, 1H, N=CH)

0.84~1.18(m, 13H, 4CH,;, CH), 2.44(m, 1H, CH), 3.35(q, 4H, 2CH,), 6.60~7.53(m, 8H, Ar), 8.15(s, 1H,
N=CH)

0.89~1.19(m, 10H, 2CH,, 2CH,), 1.72(m, 1H, cyclopropane-H), 3.36(q, 4H, 2CH;), 6.85(d, 2H, Ar), 7.55(d,
2H, Ar), 8.22(s, 1H, N=CH)




