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1. Sequences

Coding sequences for NanoLuc

ATGAGAGGATCGCATCACCATCACCATCACGGATCCATGGTCTTCACACTCGAAGAT
TTCGTTGGGGACTGGCGACAGACAGCCGGCTACAACCTGGACCAAGTCCTTGAACAGGGAG
GTGTGTCCAGTTTGTTTCAGAATCTCGGGGTGTCCGTAACTCCGATCCAAAGGATTGTCCTGA
GCGGTGAAAATGGGCTGAAGATCGACATCCATGTCATCATCCCGTATGAAGGTCTGAGCGG
CGACCAAATGGGCCAGATCGAAAAAATTTTTAAGGTGGTGTACCCTGTGGATGATCATCACT
TTAAGGTGATCCTGCACTATGGCACACTGGTAATCGACGGGGTTACGCCGAACATGATCGAC
TATTTCGGACGGCCGTATGAAGGCATCGCCGTGTTCGACGGCAAAAAGATCACTGTAACAG
GGACCCTGTGGAACGGCAACAAAATTATCGACGAGCGCCTGATCAACCCCGACGGCTCCCT
GCTGTTCCGAGTAACCATCAACGGAGTGACCGGCTGGCGGCTGTGCGAACGCATTCTGGCGT
AA

NanoLuc protein sequence

MRGSHHHHHHGSMVFTLEDFVGDWRQTAGYNLDQVLEQGGVSSLFQNLGVSVTPIQRI
VLSGENGLKIDIHVIIPYEGLSGDQMGQIEKIFKVVYPVDDHHFKVILHYGTLVIDGVTPNMIDYF
GRPYEGIAVFDGKKITVTGTLWNGNKIIDERLINPDGSLLFRVTINGVTGWRLCERILA
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2. Expression and purification of NanoLuc
1 2 3 4 5 6 MW

Figure S2.1. Purification of NanoLuc by immobilized metal affinity chromatography. (1) cell
lysate, (2) flow-through, (3-5) elution fractions at 50 mM Imidazole, (6) elution at 500 mM Imidazole,
MW - protein marker.
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3. Screening in vitro

Table S3.1. Optical properties of chromophores and the results of interaction with Nanoluc

Enhancement
Cmpd Stucture Abs?
380 430 480 530 580 630
o
laa N N\>/ 372 1.6 1.2 1.1 1.1 1.3 1.0
(e} N\
o
lab N \f:> 394 1.3 1.2 1.1 1.1 1.2 1.1
N
o\
o
lac N NJ@ 429 1.5 1.6 1.6 1.1 1.1 0.9
[¢] N\
o
OH
lad N NM@ 432 1.5 1.7 1.9 1.4 1.1 0.9
0 N\
o
lae X NM@O\ 433 1.4 1.5 1.5 1.1 1.0 1.7
(6] N\
'S _
1af ' Y 432 | 13 | 13 | 13 | L1 | 09 | L0
O N\
o
lag \Nﬂc' 433 | 14 | 14 | 14 | 11 | 09 | 09
O N\
o
lah NN /S\ 436 1.4 1.3 1.3 1.2 1.0 1.8
(e} N\
o
CN
lai \Nﬂ 438 1.4 1.2 1.3 1.2 0.9 1.2
(0] N\
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2aa < 381 13 | 12 | 11 | 11| 10 | 06
\>,—
(6] N\
o
2ab < 407 | 14 | 12 | L1 | 10 | 10 | 09
)
o\
o
2ac \N>J/’® 442 | 15 | 18 | 19 | 12 | 10 | 10
O N\
V
2ad \“J@OH 445 | 14 [ 13 | 13 | 12 | 10 | 12
o N\
=
2ae \Nﬁo\ 445 | 14 | 16 | 16 | 12 | 09 | 13
o N\
o _
2af wn 446 | 14 | 13 | 13 | 11| L1 | 13
o\
=
2ag \NJ@CI 445 | 15 | 16 | 16 | L1 | 09 | LI
O N\
)
2ah wn_s 452 | 14 | 13 | 15 | 13 | 11 | 09
O N\
Z
2ai \Nﬁw 451 | 14 | 14 | 14 | 12 | 11| L
O N\
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3aa N 31| 13 | 12 | L1 | 10 | L1 | 10
\>,—
O N\
S
3ab SO 395 | 14 | 12 | 11 | 10 | 10 | 09
\
N
o\
o
3ac \N\>I® 429 | 19 | 27 | 25 | L1 | 10 | 10
(e} N\
$
OH
3ad \NJ@ 435 | 15 | 21 | 28 | 21 | 10 | LI
O N\
S
3ae \NJOO\ w34 | 15 |18 | 17| 11| 10 | 22
O N\
. _
3af N Wi 432 | 14 | 17 | 17 | L1 | 12 | 17
e} N\
S
3ag \NMOC' 432 | 15 | 16 | 16 | 11 | 10 | 09
(6] N\
S
3ah son 4 437 | 14 | 15 | 18 | 13 | 11 | LI
O N\
3ai 437 | 14 | 17 | 17 | 11| L |12
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HN7/
4an Y 386 [ 13 | 11| L1 [ 10 | 10 | 19
\>/
o N\
HNi/
4ac \Nﬂ 452 | 16 | 34 | 36 | 13 | L1 | 10
O N\
HNi/
OH
4ad \N\>I® 452 | 21 | 81 | 102 | 28 | 13 | 09
e} N\
HNj
4ae \NJ@O\ 454 | 23 | 93 | o1 | 15 | 11 | 14
(6] N\
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1ba N 372 | 14 | 12 | 11 | 11 | 09 | 10
(e}
o
NN /)
1be N 430 1.7 2.8 3.0 1.1 1.2 1.0
OC;
o
OH
N NJ@
1bd N 438 1.9 3.1 4.9 4.1 1.2 1.3
O@
o
) NM’@ R
1be N 434 1.4 1.5 1.3 1.1 1.0 1.0
>///’<\:>/
1bf 433 1.7 2.7 2.6 1.1 1.0 0.7
o
Cl
X Nﬂ
1bg sN 433 1.4 1.5 1.3 1.0 1.0 1.0
o
/|
X N\ // S
1bh N 439 1.2 1.8 2.8 1.8 1.2 0.9
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N
2ba '\?" 382 14 1.2 1.1 1.1 0.9 0.9
OC?
S
2bc D 443 1.5 2.6 2.8 1.1 1.0 0.9
OCE
o
J@ o
x-N_ /
2bd ,\: 448 1.9 3.0 4.7 34 1.0 1.3
OC;
o
o)
x N>’///®‘ \
2be D 446 1.5 1.5 14 1.0 1.0 1.0
OC;
S
cl
X NJ@
2bg D 446 1.3 1.4 1.2 1.0 1.0 1.1
8
o/
ﬁ o
x-N. /
2bi D 453 1.7 2.8 2.5 1.2 0.9 1.2
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d
\N\
3ba N 372 | 14 | 12 | 11 | 12 | 09 | 12
(e}
S/
\N\>///’®
3be ) 430 | 14 | 16 | 15 | 1.0 | 10 | 18
C%j
S
OH
\Nﬂ
3bd ) 37 | 16 | 24 | 35 | 25 | 12 | 28
OC;
s
\NJ@/O\
3be P #3713 | 14 | 13| 11| 10 | 12
S _
\NJ@N
3bf P 433 | 23 | 43 | 30 | 12 | 10 | 10
S/
Cl
\N\>I®
3bg N 433 | 14 | 17 | 14 | 11 | 13 | 18
zj
s/
a
\N\/ S
3bh N 441 | 14 | 19 | 30 | 14 | 14 | 11
6
d
CN
\N»////@»
3bi P 38 | 16 | 28 | 24 | 12 | 18 | 13
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4ba e 390 | 14 | 12 | 11 | 12 | 12 | 10
5
HN._
\N\)///’@
dbe y 453 | 1.8 | 46 | 58 | 17 | 15 | 12
zj
HNi/
OH
\N»I@
4bd ) 456 | 19 | 37 | 57 | 50 | 20 | 13
C)C;
HN7/ _
\NJ@N
abf P 461 | 1.8 | 46 | 58 | 27 | 17 | 10
HN__
a
\N\ // S
4bh P 461 | 20 | 45 | 79 | 67 | 10 | 12
HNi/
CN
\N»IO
4bi 464 | 20 | 35 | 48 | 33 | 25 | 09
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o,
N
\>/
lea o N 373 | 14 | 12 | 11 | 11 | 11 | 11
OH
SO
\N\>.’///®
lec o N 430 | 20 | 31 | 26 | 11 | 13 | 15
OH
P
OH
\N\/
led o N 437 | 15 | 18 | 23 | 12 | 09 | 10
OH
P
lee o N 436 | 16 | 21 | 26 | 12 | 13 | 11
OH
o
a
\N\/ S
Ich o N 439 | 14 | 16 | 17 | 12 | 10 | 09
OH
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o/
N
S—
2ca o N 383 14 1.2 1.1 1.1 14 1.1
OH
P
X NJ@
2cc o N 443 2.1 4.1 2.9 1.2 1.1 1.0
OH
P
O
N Nﬁ\
2ce o/ N 446 1.7 2.5 3.0 1.2 1.0 1.1
OH
o
a
XN N\ Y/ S
2ch o N 452 14 1.5 1.7 1.2 1.0 0.9
OH
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.
N
\>__,_—
3ca o N 374 | 14 | 12 | 12 | 11 | 1o | 11
OH
d/
3ce o N 430 | 19 | 26 | 16 | 12 | 14 | 009
OH
i
OH
\N\/
3cd o N 436 | 14 | 17 | 19 | 14 | 14 | 13
OH
g/ _
NN/ Wi
3cf o N 433 | 15 | 21 | 20 | 13 | 15 | 009
OH
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HN.
N
\>/
4ca o N 397 | 14 | 12 | 11 | 11 | 12 | 13
OH
HN.
\N\>’///®
dce o N 452 | 17 | 37 | 57 | 20 | 11 | 14
OH
HN.
OH
\N\/
ded N 454 | 16 | 34 | 68 | 37 | 14 | 09
OH

a — maxima position in nm;
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4. Determination of affinity constants

Table S4.1. Dissociation constants values of complexes [Nanoluc-chromophore]

Chromophore Structure Kp.pM

HNi/
(e} N\
HN7/
dac N J@O\ 1.810.07
(6] N\
HNi/
X N\>’//’®
4be P 0.59+0.04

HNi/
) NJ@ >
4bd ) ’\: 0.50+0.03

HN j _
N
x-N J@
4bt » >3
OC;

HN_

a
X N\>’[’<3j
4bh ) 0.32+0.02
OC?
HN7/
X N\>’//’®
N

0.55+0.04
4cc

OH
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4cd

HN_~

JOOH
\N\/

OH

0.48+0.02
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Fig S4.1. Titration curves.
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5. Fluorescent microscopy

Fig. S 5.1. Live-cell imaging of sparsely expressing NanoLuc HEK293 cells with 4ce, 4cd, and

4bh fluorogens at 1 pM concentration. HEK293 cells were transiently transfected with NanoLuc-H2B
and were imaged using GFP filter and bright field microscopy (B, D, F respectively) in the presence of
fluorogens (A, C, E). Only NanoLuc expressing cells show fluorescent signal in the nuclei. Scale bar is 20

um,

S19



Fig. S 5.2. Imaging of fixated with methanol NanoLuc-H2B expressing HEK293 cells with 4cc
(A, B), 4cd (C, D) fluorogens at 1 pM concentration. Widefield fluorescent microscopy with GFP filter
(A, C) and bright field microscopy (B, D) were used. Scale bar is 10 um.
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6. Spectral characteristics

5.1 5-(Z)-arylidene-2-methyl/phenyl-3-R-3,5-dihydro-4H-imidazol-4-ones

(O
Xx_N
\>,
O N\

(2)-5-(furan-2-ylmethylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (1aa)

Dark-yellow solid (0.95 g, 50%); mp 119-121 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 7.92 (d,
J=1.1 Hz, 1 H), 7.32 (d, J=3.4 Hz, 1 H), 6.81 (s, 1 H), 6.70 (dd, J=3.0, 1.6 Hz, 1 H), 3.07 (s, 3 H), 2.33 (s,
3 H); *C NMR (75 MHz, DMSO-d¢) § ppm 169.3, 163.8, 150.3, 146.2, 136.4, 117.8, 113.5, 111.9, 26.3,
15.4; HRMS (ESI) m/z: 191.0815 found (calcd for C1oH11N2O,", [M+H]" 191.0815).

(ONGZ
\N\>’/
0] N\

(2)-5-((5-methylfuran-2-yl)methylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (2aa)

Orange solid (1.29 g, 63%); mp 132-134 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 7.26 (d,
J=3.3 Hz, 1 H), 6.73 (s, 1 H), 6.36 (d, J=3.3 Hz, 1 H), 3.07 (s, 3 H), 2.35 (s, 3 H), 2.31 (s, 3 H); *C NMR
(75 MHz, DMSO-ds) & ppm 169.3, 162.9, 155.9, 149.1, 135.2, 119.6, 112.1, 110.4, 26.3, 15.3, 13.7;
HRMS (ESI) m/z: 205.0972 found (calcd for C11Hi3N,O,", [M+H]" 205.0972).

SNPZ

x_N
\>,,

(0] N\

(2)-5-(thiophen-2-ylmethylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (3aa)
Yellow solid (1.50 g, 73%); '"H NMR (300 MHz, DMSO-d¢) & ppm 7.85 (d, J=5.1 Hz, 1 H), 7.66
(d, J=3.4 Hz, 1 H), 7.32 (s, 1 H), 7.14 (dd, J=5.0, 3.6 Hz, 1 H), 3.08 (s, 3 H), 2.33 (s, 3 H).

! Zaitseva S.0., Golodukhina S.V., Baleeva N.S., Levina E.A., Smirnov A.Yu., Zagudaylova M.B., Baranov M.S.
Chem. Select, 2018, 3 (30), 8593-8596.
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5-((1H-pyrrol-2-yl)methylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (4aa)
It was obtained as a mixture of two isomers. The mixture was successfully separated by column

chromatography:

HN__~

AN N\}/
O N\
(2)-5-((1H-pyrrol-2-yl)methylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (4aa-Z)
Yellow solid (1.05 g, 56%); mp 150-152 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 11.23 (br. s.,
1 H), 7.15 (d, J=1.2 Hz, 1 H), 6.88 (s, 1 H), 6.81 (br. s., 1 H), 6.22 (ddd, J=3.5, 2.3, 2.2 Hz, 1 H), 3.08 (s,
3 H), 2.33 (s, 3 H); >C NMR (75 MHz, DMSO-ds) 5 ppm 168.9, 160.0, 133.0, 128.1, 125.4, 117.9, 115.9,

110.5, 26.1, 15.1; HRMS (ESI) m/z: 190.0975 found (calcd for C1oH12N;O", [M+H]" 190.0975).

N N
\ | h >
O N\

(E)-5-((1H-pyrrol-2-yl)methylene)-2,3-dimethyl-3,5-dihydro-4H-imidazol-4-one (4aa-E)

Yellow solid (0.76 g, 40%); mp 141-143 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 12.89 (br. s.,
1 H), 7.30 (d, J=1.1 Hz, 1 H), 7.17 (s, 1 H), 6.82 (br. s., 1 H), 6.32 (ddd, J=3.6, 2.3, 2.1 Hz, 1 H), 3.16 (s,
3 H), 2.26 (s, 3 H); *C NMR (176 MHz, DMSO-ds) & ppm 168.2, 155.9, 132.7, 128.3, 125.2, 124.7,
119.9, 111.4, 26.5, 14.6; HRMS (ESI) m/z: 190.0975 found (calcd for C1oH12N50", [M+H]" 190.0975).
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x-N
\>,_
o N

(2)-5-(furan-2-ylmethylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one (1ba)

Yellow solid (1.31 g, 49%); mp 96-98 °C; '"H NMR (700 MHz, DMSO-ds) & ppm 7.94 (d, J=1.3
Hz, 1 H), 7.34 - 7.38 (m, 3 H), 7.29 (t, J=7.4 Hz, 1 H), 7.24 (d, J=7.2 Hz, 2 H), 6.90 (s, 1 H), 6.72 (dd,
J=3.2, 1.5 Hz, 1 H), 4.82 (s, 2 H), 2.25 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.3, 162.9,
150.3, 146.5, 136.7, 135.7, 128.8, 127.5, 126.9, 118.3, 113.5, 112.8, 43.0, 15.6; HRMS (ESI) m/z:
267.1126 found (calcd for CisHisN2O,", [M+H]" 267.1128).

%
x-N
\>/
e

(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one
(2ba)

Dark-yellow solid (1.99 g, 71%); mp 98-100 °C; '"H NMR (700 MHz, DMSO-ds) & ppm 7.36 (t,
J=7.6 Hz, 2 H), 7.27 - 7.31 (m, 2 H), 7.23 (d, J=7.2 Hz, 2 H), 6.82 (s, 1 H), 6.37 (d, J=3.4 Hz, 1 H), 4.81
(s, 2 H), 2.37 (s, 3 H), 2.23 (s, 3 H); °C NMR (75 MHz, DMSO-ds) & ppm 169.3, 161.9, 156.3, 149.1,
136.8, 134.5, 128.8, 127.5, 126.9, 120.1, 112.9, 110.5, 43.0, 15.6, 13.7, HRMS (ESI) m/z: 281.1282
found (caled for Ci7H7N2O,", [M+H]" 281.1285).
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x-N
\>,,,—
o N

(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one (3ba)

Yellow solid (2.03 g, 72%); mp 101-103 °C; 'H NMR (700 MHz, DMSO-d¢) & ppm 7.87 (d,
J=5.1 Hz, 1 H), 7.70 (d, J=3.4 Hz, 1 H), 7.41 (s, 1 H), 7.36 (t, J=7.5 Hz, 2 H), 7.29 (t, J=7.5 Hz, 1 H),
7.24 (d, 3=7.2 Hz, 2 H), 7.16 (dd, J=5.1, 3.7 Hz, 1 H), 4.82 (s, 2 H), 2.25 (s, 3 H); *C NMR (75 MHz,
DMSO-ds) 6 ppm 169.1, 162.0, 137.2, 136.8, 135.8, 135.1, 134.5, 128.8, 127.6, 127.5, 126.9, 119.9, 43.0,
15.7; HRMS (ESI) m/z: 283.0897 found (calcd for C1sHisN.OS™, [M+H]" 283.0900).
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5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one (4ba)

Yellow solid (2.15 g, 81%); mp 127-129 °C.

It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to
individual isomers:

(E)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one

"H NMR (700 MHz, DMSO-d¢) § ppm 12.84 (br. s., 1 H), 7.35 - 7.38 (m, 2 H), 7.32 (d, J=1.1 Hz,
1 H), 7.27-7.31 (m, 1 H), 7.24 - 7.27 (m, 3 H), 6.88 (br. s., 1 H), 6.35 (ddd, J=3.6, 2.5, 2.3 Hz, 1 H), 4.89
(s, 2 H),2.19 (s, 3 H).

(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-methyl-3,5-dihydro-4H-imidazol-4-one

"H NMR (700 MHz, DMSO-d¢) & ppm 11.28 (br. s., 1 H), 7.34 - 7.37 (m, 2 H), 7.27 - 7.31 (m, 1
H), 7.23 (d, J=7.1 Hz, 2 H), 7.17 (d, J=1.1 Hz, 1 H), 6.97 (s, 1 H), 6.86 (br. s., 1 H), 6.24 (ddd, J=3.5, 2.4,
2.2 Hz, 1 H), 4.81 (s,2 H), 2.24 (s, 3 H).

13C and HRMS data presented as is for a mixture:

BC NMR (75 MHz, DMSO-d¢) & ppm 168.9, 168.2, 159.1, 155.1, 137.0, 136.8, 132.4, 132.1,
128.8 (2 C), 128.3, 128.0, 127.5 (2 C), 126.9, 126.8, 125.8 (2 C), 125.6, 120.6, 118.4, 116.8, 111.7, 110.7,
43.3,42.8, 15.4, 15.0; HRMS (ESI) m/z: 266.1286 found (calcd for C1gHigNO", [M+H]" 266.1288).
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OH

(2)-5-(furan-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-methyl-3,5-dihydro-4H-imidazol-4-
one (1ca)

Brown solid (1.99 g, 67%); mp 149-151 °C; "H NMR (700 MHz, DMSO-d¢) & ppm 9.22 (s, 1 H),
791 (d, J=1.0 Hz, 1 H), 7.31 (d, J=3.2 Hz, 1 H), 6.96 (d, J=8.4 Hz, 2 H), 6.80 (s, 1 H), 6.70 (dd, J=3.0,
1.6 Hz, 1 H), 6.67 (d, J=8.4 Hz, 2 H), 3.70 (t, J=7.0 Hz, 2 H), 2.73 (t, J=7.1 Hz, 2 H), 2.03 (s, 3 H); “C
NMR (75 MHz, DMSO-d¢) 6 ppm 169.2, 163.3, 156.0, 150.3, 146.3, 136.0, 129.8, 128.2, 117.9, 115.3,
113.4, 112.0, 42.1, 33.4, 15.0; HRMS (ESI) m/z: 297.1231 found (caled for Ci7H;7N>O5", [M+H]"
297.1234).

o~

N
—

5 N
OH

(2)-5-((5-methylfuran-2-yl)methylene)-3-(4-hydroxyphenethyl)-2-methyl-3,5-dihydro-4H-
imidazol-4-one (2ca)

Orange solid (1.71 g, 55%); mp 192-194 °C; "H NMR (700 MHz, DMSO-ds) & ppm 9.22 (s, 1 H),
7.24 (d, J=2.9 Hz, 1 H), 6.95 (d, J=8.4 Hz, 2 H), 6.72 (s, 1 H), 6.67 (d, J=8.2 Hz, 2 H), 6.35 (d, J=2.5 Hz,
1 H), 3.69 (t, J=7.0 Hz, 2 H), 2.72 (t, J=7.1 Hz, 2 H), 2.36 (s, 3 H), 2.01 (s, 3 H); °C NMR (75 MHz,
DMSO-ds) & ppm 169.2, 162.3, 156.0, 156.0, 149.1, 134.8, 129.8, 128.3, 119.7, 115.3, 112.1, 110.4, 42.1,
33.5,15.0, 13.7; HRMS (ESI) m/z: 311.1388 found (calcd for C1sH9N>O5", [M+H]" 311.1390).
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OH
(2)-5-(thiophen-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-methyl-3,5-dihydro-4H-imidazol-
4-one (3ca)
Yellow solid (2.22 g, 71%); mp 135-137 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 9.22 (s, 1 H),
7.84 (d, J=5.0 Hz, 1 H), 7.66 (d, J=3.4 Hz, 1 H), 7.29 (s, 1 H), 7.15 (dd, J=5.1, 3.7 Hz, 1 H), 6.97 (d,
J=8.4 Hz, 2 H), 6.67 (d, J=8.4 Hz, 2 H), 3.70 (t, J=7.1 Hz, 2 H), 2.74 (t, J=7.1 Hz, 2 H), 2.05 (s, 3 H); °C
NMR (75 MHz, DMSO-d¢) 6 ppm 169.0, 162.3, 156.0, 137.3, 136.1, 134.7, 134.2, 129.8, 128.2, 127.6,
119.0, 115.3, 42.1, 33.5, 15.1; HRMS (ESI) m/z: 313.1003 found (calcd for Ci7H17N20,S", [M+H]"
313.1005).
N

XN
Vb

0]

OH

(E)-5-((1H-pyrrol-2-yl)methylene)-3-(4-hydroxyphenethyl)-2-methyl-3,5-dihydro-4H-
imidazol-4-one (4ca)

Dark-yellow solid (2.07 g, 70%); mp ~230 °C with decomposition; 'H NMR (700 MHz, DMSO-
de) & ppm 12.88 (br. s., 1 H), 9.24 (br. s., 1 H), 7.31 (br. s., 1 H), 7.16 (s, 1 H), 6.96 (d, J=8.0 Hz, 2 H),
6.83 (br. s., 1 H), 6.68 (d, J=8.2 Hz, 2 H), 6.33 (br. s., 1 H), 3.76 (t, J=7.1 Hz, 2 H), 2.78 (t, J=7.1 Hz, 2
H), 1.97 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 168.1, 156.0, 155.5, 132.4, 129.8, 128.4, 128.2,
125.4, 124.9, 120.1, 115.3, 111.5, 42.4, 33.4, 14.4; HRMS (ESI) m/z: 296.1391 found (calcd for
Ci7H1sN30, ", [M+H]" 296.1394).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-phenyl-3,5-dihydro-4H-imidazol-4-one (1ab)
Yellow solid (0.60 g, 31%); mp 153-155 °C; 'H NMR (300 MHz, DMSO-d¢) & ppm 7.99 (d,
J=1.6 Hz, 1 H), 7.94 (dd, J=7.8, 1.6 Hz, 2 H), 7.56 - 7.67 (m, 3 H), 7.48 (d, J=3.5 Hz, 1 H), 7.02 (s, 1 H),
6.76 (dd, J=3.4, 1.8 Hz, 1 H), 3.27 (s, 3 H); C NMR (75 MHz, DMSO-ds) & ppm 170.1, 162.1, 150.5,
146.8, 136.2, 131.6, 128.9, 128.8, 128.7, 119.0, 113.8 (2 C), 28.8; HRMS (ESI) m/z: 253.0971 found
(calcd for Ci1sH13N20,", [M+H]" 253.0972).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-phenyl-3,5-dihydro-4H-imidazol-4-one
(2ab)
Orange solid (0.40 g, 15%); mp 164-166 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 7.92 (dd,
J=7.9, 1.6 Hz, 2 H), 7.54 - 7.66 (m, 3 H), 7.42 (d, J=3.4 Hz, 1 H), 6.93 (s, 1 H), 6.42 (d, J=3.3 Hz, 1 H),
3.25 (s, 3 H), 2.38 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) & ppm 170.0, 161.1, 156.6, 149.4, 135.1,

131.4,129.0, 128.8, 128.6, 120.8, 113.9, 110.8, 28.7, 13.8; HRMS (ESI) m/z: 267.1126 found (calcd for
Ci6HisN2Oy", [M+H]" 267.1128).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-phenyl-3,5-dihydro-4H-imidazol-4-one (3ab)

Yellow solid (0.56 g, 21%); mp 142-144 °C; '"H NMR (300 MHz, DMSO-d¢) & ppm 7.88 - 8.03
(m, 3 H), 7.75 (d, J=3.4 Hz, 1 H), 7.52 - 7.69 (m, 4 H), 7.19 (dd, J=5.1, 3.7 Hz, 1 H), 3.28 (s, 3 H); °C
NMR (75 MHz, DMSO-d¢) 6 ppm 169.8, 161.1, 137.6, 136.4, 135.4, 135.1, 131.5, 129.0, 128.8, 128.7,
127.7,121.2, 28.8; HRMS (ESI) m/z: 269.0740 found (calcd for C;sHi3N,OS", [M+H]" 269.0743).
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5.2 5-(Z)-arylidene-2-(E)-arylvinyl-3-methyl-3,5-dihydro-4H-imidazol-4-ones
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one (1ac)
Brown solid (178 mg, 64%); mp 143-145 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 8.04 (d,

J=15.8 Hz, 1 H), 7.96 (d, J=1.3 Hz, 1 H), 7.87 (d, J=7.1 Hz, 2 H), 7.57 (d, J=3.4 Hz, 1 H), 7.43 - 7.49 (m,
3 H), 7.24 (d, J=15.8 Hz, 1 H), 6.88 (s, 1 H), 6.78 (dd, J=3.2, 1.5 Hz, 1 H), 3.28 (s, 3 H); *C NMR (75
MHz, DMSO-ds) 6 ppm 169.5, 160.0, 150.9, 146.4, 140.4, 137.1, 135.1, 130.2, 129.0, 128.4, 118.5, 113.9
(2 C), 111.9, 26.5; HRMS (ESI) m/z: 279.1125 found (caled for Ci7HsN2O,", [M+H]" 279.1128).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-imidazol-4-

one (lad)

Brown solid (270 mg, 92%); mp ~250 °C with decomposition; "H NMR (300 MHz, DMSO-ds) &

ppm 10.07 (s, 1 H), 7.90 - 8.02 (m, 2 H), 7.72 (d, J=8.3 Hz, 2 H), 7.52 (d, J=3.3 Hz, 1 H), 6.99 (d, J=15.6
Hz, 1 H), 6.85 (d, J=8.5 Hz, 2 H), 6.80 (s, 1 H), 6.76 (br. s., 1 H), 3.25 (s, 3 H); *C NMR (75 MHz,
DMSO-ds) & ppm 169.5, 160.4, 159.9, 151.0, 146.1, 141.0, 137.3, 130.5, 126.4, 117.9, 115.9, 113.8,
110.7, 109.9, 26.4; HRMS (ESI) m/z: 295.1074 found (calcd for C17H;sN2O5", [M+H]" 295.1077).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-imidazol-4-
one (lae)

Orange solid (123 mg, 40%); mp 142-144 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.01 (d,
J=15.7 Hz, 1 H), 7.95 (d, J=1.3 Hz, 1 H), 7.84 (d, J=8.7 Hz, 2 H), 7.55 (d, J=3.4 Hz, 1 H), 7.00 - 7.12 (m,
3 H), 6.82 (s, 1 H), 6.77 (dd, J=4.3, 1.5 Hz, 1 H), 3.83 (s, 3 H), 3.26 (s, 3 H); °*C NMR (75 MHz, DMSO-
ds) 8 ppm 169.5, 161.1, 160.3, 151.0, 146.2, 140.5, 137.3, 130.3, 127.9, 118.1, 114.5, 113.8, 111.1 (2 C),
55.4,26.5; HRMS (ESI) m/z: 309.1231 found (caled for C1sH;7N2O5", [M+H]" 309.1234).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-2-(pyridine-4-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (1af)
Brown solid (117 mg, 42%); mp 192-194 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 8.67 (d,
J=5.6 Hz, 2 H), 7.93 - 8.04 (m, 2 H), 7.82 (d, J=5.9 Hz, 2 H), 7.60 (d, J=3.4 Hz, 1 H), 7.49 (d, J=15.9 Hz,
1 H), 6.95 (s, 1 H), 6.80 (dd, J=3.1, 1.4 Hz, 1 H), 3.28 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm
169.4, 159.3, 150.8, 150.4, 146.9, 142.1, 137.5, 136.8, 122.1, 119.2, 118.6, 114.0, 113.1, 26.6; HRMS
(ESI) m/z: 280.1077 found (calcd for C16H1sN;O,", [M+H]" 280.1081).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-imidazol-4-one
(1ag)

Orange solid (168 mg, 54%); mp 189-191 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 8.03 (d,
J=15.8 Hz, 1 H), 7.97 (d, J=1.1 Hz, 1 H), 7.91 (d, J=8.4 Hz, 2 H), 7.57 (d, J=3.4 Hz, 1 H), 7.54 (d, J=8.6
Hz, 2 H), 7.27 (d, J=15.8 Hz, 1 H), 6.89 (s, 1 H), 6.78 (dd, J=2.9, 1.5 Hz, 1 H), 3.27 (s, 3 H); °C NMR
(176 MHz, DMSO-d¢) & ppm 169.3, 159.7, 150.8, 146.4, 138.9, 137.0, 134.6, 134.1, 130.0, 128.9, 118.5,
114.6, 113.8, 112.0, 26.4; HRMS (ESI) m/z: 313.0734 found (caled for C;7H;4sCIN,O,", [M+H]"
313.0738).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-2-(thiophen-2-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (1ah)

Red solid (162 mg, 57%); mp 154-156 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.21 (d, J=15.5
Hz, 1 H), 7.96 (d, J=1.3 Hz, 1 H), 7.78 (d, J=4.9 Hz, 1 H), 7.67 (d, J=3.4 Hz, 1 H), 7.55 (d, J=3.4 Hz, 1
H), 7.20 (dd, J=5.0, 3.7 Hz, 1 H), 6.81 - 6.90 (m, 2 H), 6.77 (dd, J=3.3, 1.7 Hz, 1 H), 3.24 (s, 3 H); *C
NMR (176 MHz, DMSO-d¢) 6 ppm 169.3, 159.6, 150.9, 146.2, 140.3, 137.1, 133.1, 131.6, 129.9, 128.7,
118.2, 113.7, 112.1, 111.4, 26.3; HRMS (ESI) m/z: 285.0694 found (calcd for CisH13N>0,S", [M+H]"
285.0692).
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(2)-5-(furan-2-ylmethylene)-3-methyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-imidazol-4-one
(1ai)

Orange solid (58 mg, 19%); mp 240-242 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.03 - 8.13
(m, 3 H), 7.99 (d, J=1.1 Hz, 1 H), 7.94 (d, J=8.3 Hz, 2 H), 7.60 (d, J=3.4 Hz, 1 H), 7.43 (d, J=16.0 Hz, 1
H), 6.93 (s, 1 H), 6.79 (dd, J=3.0, 1.5 Hz, 1 H), 3.28 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm
169.3, 159.4, 150.8, 146.8, 139.6, 138.1, 136.9, 132.7, 129.0, 119.0, 118.7, 117.5, 113.9, 112.8, 111.8,
26.5; HRMS (ESI) m/z: 304.1079 found (calcd for CisH14N30,", [M+H]" 304.1081).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-
one (2ac)

Orange solid (184 mg, 63%); mp 145-147 °C; '"H NMR (300 MHz, DMSO-d¢) § ppm 8.01 (d,
J=15.8 Hz, 1 H), 7.86 (d, J=6.1 Hz, 2 H), 7.39 - 7.56 (m, 4 H), 7.22 (d, J=15.9 Hz, 1 H), 6.80 (s, 1 H),
6.45 (br. s., 1 H), 3.27 (s, 3 H), 2.40 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.4, 159.0, 156.2,
149.7, 140.0, 136.0, 135.2, 130.1, 128.9, 128.4, 120.3, 113.9, 112.0, 110.9, 26.4, 13.8; HRMS (ESI) m/z:
293.1282 found (calcd for CisH17N2O,", [M+H]" 293.1285).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-
imidazol-4-one (2ad)

Red solid (253 mg, 82%); mp ~250 °C with decomposition; 'H NMR (300 MHz, DMSO-ds) &
ppm 10.05 (br. s, 1 H), 7.94 (d, J=15.7 Hz, 1 H), 7.70 (d, J=8.5 Hz, 2 H), 7.47 (d, J=3.4 Hz, 1 H), 6.97 (d,
J=15.7 Hz, 1 H), 6.84 (d, J=8.5 Hz, 2 H), 6.73 (s, 1 H), 6.42 (d, J=2.9 Hz, 1 H), 3.24 (s, 3 H), 2.38 (s, 3
H); *C NMR (75 MHz, DMSO-ds) & ppm 169.4, 159.8, 159.5, 155.8, 149.8, 140.5, 136.2, 130.4, 126.5,
119.7, 115.9, 110.9, 110.7, 110.0, 26.4, 13.8; HRMS (ESI) m/z: 309.1231 found (calcd for CisHi7N>O;",
[M+H]" 309.1234).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-
imidazol-4-one (2ae)

Red solid (132 mg, 41%); mp 133-135 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 7.98 (d, J=15.6
Hz, 1 H), 7.82 (d, J=8.8 Hz, 2 H), 7.49 (d, J=3.2 Hz, 1 H), 7.01 - 7.07 (m, 3 H), 6.75 (s, 1 H), 6.43 (d,
J=3.2 Hz, 1 H), 3.83 (s, 3 H), 3.25 (s, 3 H), 2.39 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.4,
161.0, 159.4, 155.9, 149.8, 140.0, 136.2, 130.2, 128.0, 119.8, 114.5, 111.2, 111.1, 110.8, 55.4, 26.4, 13.8;
HRMS (ESI) m/z: 323.1387 found (calcd for C19H19N>O5", [M+H]" 323.1390).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-2-(pyridin-4-yl)vinyl)-3,5-dihydro-
4H-imidazol-4-one (2af)

Red solid (182 mg, 62%); mp 174-176 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 8.66 (br. s., 2
H), 7.95 (d, J=15.9 Hz, 1 H), 7.81 (d, J=4.8 Hz, 2 H), 7.55 (d, J=3.0 Hz, 1 H), 7.47 (d, J=15.7 Hz, 1 H),
6.87 (s, 1 H), 6.46 (d, J=2.2 Hz, 1 H), 3.27 (s, 3 H), 2.40 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) § ppm
169.2, 158.3, 156.8, 150.3, 149.6, 142.2, 137.0, 135.7, 122.1, 121.0, 118.6, 113.2, 111.1, 26.5, 13.8;
HRMS (ESI) m/z: 294.1237 found (calcd for Ci7H16N3O,", [M+H]" 294.1237).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-
imidazol-4-one (2ag)

Orange solid (241 mg, 74%); mp 177-179 °C; '"H NMR (300 MHz, DMSO-d¢) § ppm 8.00 (d,
J=15.7 Hz, 1 H), 7.90 (d, J=8.4 Hz, 2 H), 7.48 - 7.58 (m, 3 H), 7.25 (d, J=15.9 Hz, 1 H), 6.81 (s, 1 H),
6.45 (d, J=3.3 Hz, 1 H), 3.26 (s, 3 H), 2.40 (s, 3 H); >°C NMR (176 MHz, DMSO-ds) & ppm 169.2, 158.8,
156.2, 149.6, 138.4, 135.9, 1344, 134.1, 129.9, 128.9, 120.3, 114.6, 112.2, 110.8, 26.4, 13.7; HRMS
(ESI) m/z: 327.0891 found (caled for CisHi6CIN,O,", [M+H]" 327.0895).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-
imidazol-4-one (2ah)

Red solid (197 mg, 66%); mp 171-173 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 8.17 (d, J=15.4
Hz, 1 H), 7.76 (d, J=5.1 Hz, 1 H), 7.65 (d, J=3.6 Hz, 1 H), 7.50 (d, J=3.4 Hz, 1 H), 7.19 (dd, J=5.0, 3.6
Hz, 1 H), 6.83 (d, J=15.6 Hz, 1 H), 6.77 (s, 1 H), 6.43 (d, J=3.4 Hz, 1 H), 3.23 (s, 3 H), 2.39 (s, 3 H); *C
NMR (75 MHz, DMSO-d¢) 6 ppm 169.2, 158.8, 156.1, 149.7, 140.4, 136.0, 132.8, 131.5, 129.8, 128.7,
120.1, 112.2, 111.6, 110.8, 26.3, 13.8; HRMS (ESI) m/z: 299.0845 found (calcd for Ci¢HisN>O>S",
[M+H]" 299.0849).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-methyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-
imidazol-4-one (2ai)

Orange solid (117 mg, 37%); mp 222-224 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 8.01 - 8.09
(m, 3 H), 7.93 (d, J=8.4 Hz, 2 H), 7.55 (d, J=3.2 Hz, 1 H), 7.41 (d, J=15.9 Hz, 1 H), 6.85 (s, 1 H), 6.46 (d,
J=3.1 Hz, 1 H), 3.27 (s, 3 H), 2.40 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.2, 158.5, 156.7,
149.7, 139.7, 137.7, 135.8, 132.7, 128.9, 120.9, 118.7, 117.5, 112.9, 111.7, 111.1, 26.5, 13.8; HRMS
(ESI) m/z: 318.1228 found (calcd for C1oH 6sN30", [M+H]" 318.1237).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one (3ac)
Orange solid (91 mg, 31%); mp 172-174 °C; '"H NMR (700 MHz, DMSO-ds) & ppm 7.97 (d,
J=15.8 Hz, 1 H), 7.92 (d, J=5.0 Hz, 1 H), 7.85 (d, J=7.2 Hz, 2 H), 7.73 (d, J=3.6 Hz, 1 H), 7.44 - 7.49 (m,
3 H), 7.40 (s, 1 H), 7.24 (d, J=15.8 Hz, 1 H), 7.19 (dd, J=5.0, 3.6 Hz, 1 H), 3.28 (s, 3 H); °C NMR (75
MHz, DMSO-ds) & ppm 169.2, 159.2, 140.1, 138.1, 137.2, 135.1, 134.9, 134.7, 130.2, 129.0, 128.4,
127.8,119.3, 114.1, 26.5; HRMS (ESI) m/z: 295.0897 found (calcd for C;7H;sN,OS", [M+H]" 295.0900).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-imidazol-
4-one (3ad)

Orange solid (180 mg, 58%); mp ~250 °C with decomposition; "H NMR (300 MHz, DMSO-d¢) &
ppm 10.07 (br. s., 1 H), 7.85 -7.96 (m, 2 H), 7.64 - 7.74 (m, 3 H), 7.32 (s, 1 H), 7.17 (dd, J=4.7,3.7 Hz, 1
H), 6.99 (d, J=15.6 Hz, 1 H), 6.85 (d, J=8.6 Hz, 2 H), 3.25 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) &
ppm 169.3, 159.8, 159.6, 140.6, 138.2, 137.4, 134.3, 134.1, 130.5, 127.7, 126.3, 118.0, 115.9, 110.1,
26.4; HRMS (ESI) m/z: 311.0846 found (calcd for C17H;sN>0,S", [M+H]" 311.0849).
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(Z2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-imidazol-
4-one (3ae)

Orange solid (143 mg, 44%); mp 169-171 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 7.94 (d,
J=15.7 Hz, 1 H), 7.89 (d, J=5.1 Hz, 1 H), 7.82 (d, J=8.8 Hz, 2 H), 7.71 (d, J=3.4 Hz, 1 H), 7.34 (s, 1 H),
7.18 (dd, J=4.8, 3.9 Hz, 1 H), 7.00 - 7.12 (m, 3 H), 3.83 (s, 3 H), 3.26 (s, 3 H); *C NMR (75 MHz,
DMSO-ds) & ppm 169.3, 161.1, 159.5, 140.1, 138.2, 137.4, 134.5, 134.3, 130.2, 127.8, 127.7, 1184,
114.5,111.3, 55.4, 26.4; HRMS (ESI) m/z: 325.1002 found (calcd for CisH;7N,0,S", [M+H]" 325.1005).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-2-(pyridine-4-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (3af)

Red-orange solid (150 mg, 51%); mp 203-205 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 8.67 (d,
J=5.1 Hz, 2 H), 7.96 (d, J=4.9 Hz, 1 H), 7.89 (d, J=15.8 Hz, 1 H), 7.81 (d, J=5.7 Hz, 2 H), 7.77 (d, J=3.4
Hz, 1 H), 7.44 - 7.55 (m, 2 H), 7.20 (dd, J=4.6, 4.1 Hz, 1 H), 3.29 (s, 3 H); *C NMR (75 MHz, DMSO-
ds) 6 ppm 169.1, 158.5, 150.4, 142.1, 137.9, 137.1, 137.0, 135.5, 135.3, 127.9, 122.1, 120.6, 118.8, 26.6;
HRMS (ESI) m/z: 296.0851 found (calcd for Ci;6H14N;0S”, [M+H]" 296.0852).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-imidazol-4-
one (3ag)

Orange solid (190 mg, 58%); mp 204-206 °C; 'H NMR (700 MHz, DMSO-d¢) & ppm 7.94 (d,
J=15.8 Hz, 1 H), 7.92 (d, J=5.1 Hz, 1 H), 7.89 (d, J=8.6 Hz, 2 H), 7.74 (d, J=3.6 Hz, 1 H), 7.54 (d, J=8.4
Hz, 2 H), 7.40 (s, 1 H), 7.27 (d, J=15.6 Hz, 1 H), 7.19 (dd, J=5.0, 3.8 Hz, 1 H), 3.27 (s, 3 H); °C NMR
(176 MHz, DMSO-ds) 6 ppm 169.1, 158.9, 138.5, 138.0, 137.1, 134.8, 134.6 (2 C), 134.0, 129.9, 128.9,
127.7, 119.4, 114.8, 26.4; HRMS (ESI) m/z: 329.0511 found (calcd for C;7H;4CIN,OS", [M+H]"
329.0510).
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(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-2-(thuophen-2-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (3ah)

Orange solid (171 mg, 57%); mp 131-133 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.11 (d,
J=15.6 Hz, 1 H), 7.91 (d, J=5.1 Hz, 1 H), 7.78 (d, J=5.0 Hz, 1 H), 7.72 (d, J=3.6 Hz, 1 H), 7.67 (d, J=3.4
Hz, 1 H), 7.37 (s, 1 H), 7.17 — 7.19 (m, 2 H), 6.87 (d, J=15.5 Hz, 1 H), 3.24 (s, 3 H); *C NMR (176 MHz,
DMSO-ds) & ppm 169.0, 158.8, 140.2, 138.0, 137.2, 134.6, 134.4, 132.7, 131.4, 129.8, 128.7, 127.7,
118.7, 112.3, 26.3; HRMS (ESI) m/z: 301.0463 found (calcd for CisHi13N,0S", [M+H]" 301.0464).

S s
CN
x_N
N
(0] N\

(2)-5-(thiophen-2-ylmethylene)-3-methyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-imidazol-4-
one (3ai)

Red solid (124 mg, 39%); mp 231-233 °C; '"H NMR (300 MHz, DMSO-ds) § ppm 8.06 (d, J=8.4
Hz, 2 H), 7.91 - 8.02 (m, 4 H), 7.76 (d, J=3.4 Hz, 1 H), 7.38 - 7.49 (m, 2 H), 7.17 - 7.23 (m, 1 H), 3.28 (s,
3 H); “C NMR (75 MHz, DMSO-ds) & ppm 169.1, 158.6, 139.6, 138.0, 137.8, 137.1, 135.3, 135.1, 132.8,
128.9, 1279, 120.3, 118.7, 117.7, 111.8, 26.5; HRMS (ESI) m/z: 320.0853 found (calcd for
CisH14N30S", [M+H]" 320.0852).
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(2)-5-(1H-pyrrol-2-yl)methylene)-3-methyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one
(4ac)

Orange solid (150 mg, 54%); mp 191-193 °C; "H NMR (300 MHz, DMSO-ds) & ppm 11.42 (br.
s., 1 H), 8.18 (d, J=15.9 Hz, 1 H), 7.83 (d, J=6.9 Hz, 2 H), 7.42 - 7.51 (m, 3 H), 7.25 (br. s., 1 H), 7.19 (d,
J=15.8 Hz, 1 H), 6.96 (s, 1 H), 6.89 (br. s., 1 H), 6.24 - 6.34 (m, 1 H), 3.27 (s, 3 H); *C NMR (176 MHz,
DMSO-ds) & ppm 168.9, 156.5, 139.2, 135.5, 133.8, 129.7, 128.9, 128.8, 128.0, 126.3, 118.8, 116.0,
113.8,110.9, 26.2; HRMS (ESI) m/z: 278.1285 found (calcd for C17H6N;O", [M+H]" 278.1288).
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(2)-5-((1H-pyrrol-2-yl)methylene)-3-methyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-
imidazol-4-one (4ad)

Dark-red solid (149 mg, 51%); mp ~190 °C with decomposition; '"H NMR (300 MHz, DMSO-ds)
S ppm 11.39 (br. s., 1 H), 10.00 (br. s., 1 H), 8.09 (d, J=15.8 Hz, 1 H), 7.68 (d, J=8.7 Hz, 2 H), 7.22 (br.
s., 1 H), 6.94 (d, J=15.7 Hz, 1 H), 6.82 - 6.90 (m, 4 H), 6.22 - 6.31 (m, 1 H), 3.24 (s, 3 H); *C NMR (176
MHz, DMSO-ds) & ppm 169.0, 159.4, 157.0, 139.7, 134.0, 130.0, 128.9, 126.7, 125.8, 118.2, 115.8,
114.9,110.7, 109.9, 26.2; HRMS (ESI) m/z: 294.1235 found (calcd for Ci7HsN3O2", [M+H]" 294.1237).
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(2)-5-((1H-pyrrol-2-yl)methylene)-3-methyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-
imidazol-4-one (4ae)

Orange solid (144 mg, 47%); mp 182-184 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 11.40 (br.
s., 1 H), 8.14 (d, J=15.8 Hz, 1 H), 7.79 (d, J=8.7 Hz, 2 H), 7.23 (br. s., 1 H), 6.99 - 7.07 (m, 3 H), 6.91 (s,
1 H), 6.86 (br. s., 1 H), 6.23 - 6.30 (m, 1 H), 3.83 (s, 3 H), 3.25 (s, 3 H); *C NMR (176 MHz, DMSO-ds)
d ppm 168.9, 160.7, 156.9, 139.1, 133.9, 129.8, 128.9, 128.2, 125.9, 118.4, 115.2, 114.4, 111.1, 110.7,
55.3,26.2; HRMS (ESI) m/z: 308.1391 found (calcd for CsHisN3O,", [M+H]" 308.1394).
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(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one (1bc)

Dark-red solid (198 mg, 56%); mp 157-159 °C; '"H NMR (700 MHz, DMSO-d¢) § ppm 8.02 (d,
J=15.6 Hz, 1 H), 7.99 (d, J=1.5 Hz, 1 H), 7.77 (d, 3=7.1 Hz, 2 H), 7.61 (d, J=3.4 Hz, 1 H), 7.40 - 7.47 (m,
3 H), 7.35 (t, J=7.5 Hz, 2 H), 7.30 (d, J=7.4 Hz, 2 H), 7.26 (t, J=7.2 Hz, 1 H), 7.20 (d, J=15.8 Hz, 1 H),
6.96 (s, 1 H), 6.79 (dd, J=3.1, 1.4 Hz, 1 H), 5.07 (s, 2 H); *C NMR (75 MHz, DMSO-d¢) & ppm 169.4,
159.3, 150.8, 146.7, 140.6, 137.3, 136.6, 135.0, 130.3, 129.0, 128.8, 128.4, 127.5, 126.9, 118.9, 114.0,
113.6, 112.6, 42.6; HRMS (ESI) m/z: 355.1436 found (caled for C23HoN2O,", [M+H]" 355.1441).
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(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-imidazol-4-
one (1bd)

Dark-red solid (155 mg, 42%); mp 174-176 °C; "H NMR (700 MHz, DMSO-dg) & ppm 10.06 (s, 1
H), 7.91 - 7.98 (m, 2 H), 7.62 (d, J=8.4 Hz, 2 H), 7.56 (d, J=3.4 Hz, 1 H), 7.34 (t, J=7.5 Hz, 2 H), 7.25 -
7.30 (m, 3 H), 6.94 (d, J=15.6 Hz, 1 H), 6.88 (s, 1 H), 6.82 (d, J=8.4 Hz, 2 H), 6.77 (d, J=1.7 Hz, 1 H),
5.03 (s, 2 H); C NMR (75 MHz, DMSO-ds) & ppm 169.5, 159.9, 159.7, 151.0, 146.3, 141.1, 137.3,
136.8, 130.5, 128.8, 127.5, 126.9, 126.2, 118.3, 115.9, 113.8, 111.3, 109.7, 42.5; HRMS (ESI) m/z:
371.1384 found (calcd for Co3HoN>O5", [M+H]" 371.1390).
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(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-imidazol-4-
one (1be)

Dark-red solid (173 mg, 45%); mp 168-170 °C; '"H NMR (300 MHz, DMSO-ds) § ppm 7.94 -
8.04 (m, 2 H), 7.74 (d, J=8.7 Hz, 2 H), 7.59 (d, J=3.4 Hz, 1 H), 7.23 - 7.39 (m, 5 H), 6.97 - 7.09 (m, 3 H),
6.90 (s, 1 H), 6.78 (br. s., 1 H), 5.05 (s, 2 H), 3.81 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.4,
161.2, 159.6, 150.9, 146.4, 140.6, 137.3, 136.8, 130.3, 128.8, 127.7, 127.5, 126.9, 118.4, 114.5, 113.9,
111.7,110.9, 42.5, 29.0; HRMS (ESI) m/z: 385.1542 found (calcd for C24H»1N>O5", [M+H]" 385.1547).

o~

pu—

N
NN \_/

o N

(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-(pyridin-4-yl)vinyl)-3,5-dihydro-4H-imidazol-
4-one (1bf)

Brown solid (85 mg, 24%); mp 184-186 °C; '"H NMR (700 MHz, DMSO-d¢) & ppm 8.64 (d, J=5.9
Hz, 2 H), 8.02 (d, J=1.1 Hz, 1 H), 7.97 (d, J=15.8 Hz, 1 H), 7.72 (d, J=6.1 Hz, 2 H), 7.64 (d, J=3.6 Hz, 1
H), 7.47 (d, J=15.8 Hz, 1 H), 7.35 (t, J=7.5 Hz, 2 H), 7.28 - 7.32 (m, 2 H), 7.26 (t, J=7.2 Hz, 1 H), 7.03 (s,
1 H), 6.81 (dd, J=2.9, 1.7 Hz, 1 H), 5.08 (s, 2 H); C NMR (75 MHz, DMSO-ds) & ppm 169.2, 158.6,
150.7, 150.4, 147.2, 141.9, 137.7, 137.2, 136.3, 128.8, 127.6, 126.9, 122.0, 119.6, 118.2, 114.1, 113.8,
42.6; HRMS (ESI) m/z: 356.1389 found (calcd for CooHisN;O,", [M+H]" 356.1394).
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(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-imidazol-4-one
(1bg)

Orange solid (58 mg, 15%); mp 189-191 °C; '"H NMR (700 MHz, DMSO-ds) § ppm 8.01 (d,
J=15.8 Hz, 1 H), 7.99 (d, J=1.1 Hz, 1 H), 7.82 (d, J=8.4 Hz, 2 H), 7.61 (d, J=3.4 Hz, 1 H), 7.51 (d, J=8.6
Hz, 2 H), 7.34 (t, J=7.6 Hz, 2 H), 7.28 (d, J=7.4 Hz, 2 H), 7.22 - 7.27 (m, 2 H), 6.96 (s, 1 H), 6.79 (d,
J=1.3 Hz, 1 H), 5.06 (s, 2 H); *C NMR (75 MHz, DMSO-ds) § ppm 169.3, 159.1, 150.8, 146.8, 139.2,
137.2, 136.5, 134.8, 134.0, 130.1, 129.0, 128.8, 127.5, 126.9, 119.1, 114.4, 114.0, 112.8, 42.6; HRMS
(ESI) m/z: 389.1047 found (calcd for Co3H;sCINO,", [M+H]" 389.1051).
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(2)-5-((furan-2-ylmethylene)-3-benzyl-2-((E)-2-(thiophen-2-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (1bh)

Red solid (133 mg, 37%); mp 145-147 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.16 (d, J=15.6
Hz, 1 H), 7.98 (br. s, 1 H), 7.73 (d, J=5.3 Hz, 1 H), 7.56 - 7.62 (m, 2 H), 7.32 - 7.39 (m, 2 H), 7.24 - 7.30
(m, 3 H), 7.17 (dd, J=4.5, 3.8 Hz, 1 H), 6.93 (s, 1 H), 6.73 - 6.84 (m, 2 H), 5.02 (s, 2 H); >C NMR (75
MHz, DMSO-d¢) 6 ppm 169.3, 159.0, 150.9, 146.6, 140.3, 137.2, 136.7, 133.3 (2 C), 131.8, 130.2, 128.8,
127.6,126.9,118.8,113.9, 112.1 (2 C), 42.5; HRMS (ESI) m/z: 361.1001 found (calcd for C21H17N,0,S",
[M+H]" 361.1005).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-
one (2bc)

Dark-red solid (224 mg, 61%); mp 105-107 °C; '"H NMR (700 MHz, DMSO-d¢) § ppm 7.99 (d,
J=15.8 Hz, 1 H), 7.76 (d, J=7.1 Hz, 2 H), 7.56 (d, J=3.2 Hz, 1 H), 7.40 — 7.46 (m, 3 H), 7.34 (t, J=7.6 Hz,
2 H), 7.29 (d, J=7.2 Hz, 2 H), 7.26 (t, J=7.2 Hz, 1 H), 7.18 (d, J=15.8 Hz, 1 H), 6.88 (s, 1 H), 6.46 (d,
J=3.2 Hz, 1 H), 5.05 (s, 2 H), 2.41 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) & ppm 169.3, 158.3, 156.5,
149.7, 140.1, 137.3, 135.5, 135.1, 130.2, 129.0, 128.8, 128.3, 127.5, 126.9, 120.7, 113.7, 112.7, 111.0,
42.5,13.8; HRMS (ESI) m/z: 369.1592 found (caled for C24H2iN>O,", [M+H]" 369.1598).

(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-
imidazol-4-one (2bd)

Dark-red solid (242 mg, 63%); mp ~220 °C with decomposition; '"H NMR (300 MHz, DMSO-ds)
d ppm 10.05 (s, 1 H), 7.91 (d, J=15.7 Hz, 1 H), 7.61 (d, J=8.4 Hz, 2 H), 7.51 (d, J=3.4 Hz, 1 H), 7.24 -
7.37 (m, 5 H), 6.93 (d, J=15.5 Hz, 1 H), 6.76 - 6.85 (m, 3 H), 6.44 (d, J=3.0 Hz, 1 H), 5.02 (s, 2 H), 2.40
(s, 3 H); >C NMR (75 MHz, DMSO-d¢) & ppm 169.4, 159.8, 158.8, 156.1, 149.8, 140.6, 137.4, 135.8,
130.4, 128.7, 127.5, 126.9, 126.3, 120.1, 115.9, 111.5, 110.9, 109.8, 42.5, 13.8; HRMS (ESI) m/z:
385.1541 found (calcd for Co4H21N>O5", [M+H]" 385.1547).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-
imidazol-4-one (2be)

Dark-red solid (107 mg, 27%); mp 146-148 °C; "H NMR (700 MHz, DMSO-d¢) § ppm 7.96 (d,
J=15.6 Hz, 1 H), 7.73 (d, J=8.7 Hz, 2 H), 7.54 (d, J=3.3 Hz, 1 H), 7.24 - 7.37 (m, 5 H), 6.97 - 7.06 (m, 3
H), 6.83 (s, 1 H), 6.45 (d, J=3.1 Hz, 1 H), 5.03 (s, 2 H), 3.81 (s, 3 H), 2.40 (s, 3 H); °C NMR (75 MHz,
DMSO-ds) & ppm 169.3, 161.1, 158.7, 156.2, 149.8, 140.1, 137.4, 135.7, 130.1, 128.7, 127.8, 127.5,
126.9, 120.3, 114.5, 113.4, 111.8, 110.9, 55.4, 42.5, 13.8; HRMS (ESI) m/z: 399.1699 found (calcd for
C2sH23N>05", [M+H]" 399.1703).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-
imidazol-4-one (2bg)

Red solid (180 mg, 45%); mp 168-170 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 7.98 (d, J=15.8
Hz, 1 H), 7.81 (d, J=8.5 Hz, 2 H), 7.57 (d, J=3.2 Hz, 1 H), 7.51 (d, J=8.4 Hz, 2 H), 7.18 - 7.38 (m, 6 H),
6.88 (s, 1 H), 6.46 (d, J=3.1 Hz, 1 H), 5.05 (s, 2 H), 2.40 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) § ppm
169.2, 158.2, 156.7, 149.7, 138.7, 137.3, 135.4, 134.6, 134.0, 130.0, 129.0, 128.8, 127.5, 126.9, 120.9,

114.4, 112.9, 111.1, 42.5, 13.8; HRMS (ESI) m/z: 403.1204 found (calcd for C4Hp0CIN,O,", [M+H]"
403.1208).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-benzyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-
imidazol-4-one (2bi)

Red solid (189 mg, 48%); mp 167-169 °C; 'H NMR (300 MHz, DMSO-ds) § ppm 8.03 (d, J=15.8
Hz, 1 H), 7.97 (d, J=8.4 Hz, 2 H), 7.90 (d, J=8.4 Hz, 2 H), 7.60 (d, J=3.4 Hz, 1 H), 7.39 (d, J=15.6 Hz, 1
H), 7.23 - 7.23 (m, 5 H), 6.93 (s, 1 H), 6.48 (d, J=3.2 Hz, 1 H), 5.06 (s, 2 H), 2.41 (s, 3 H); >*C NMR (176
MHz, DMSO-ds) 6 ppm 169.1, 157.7, 156.9, 149.6, 139.5, 137.8, 137.2, 135.3, 132.6, 128.7 (2 C), 1274,
126.8, 121.3, 118.6, 117.1, 113.5, 111.7, 111.1, 42.5, 13.7; HRMS (ESI) m/z: 394.1557 found (calcd for
CasH20N30,", [M+H]" 394.1550).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one (3bc)

Orange solid (222 mg, 60%); mp 185-187 °C; '"H NMR (700 MHz, DMSO-ds) § ppm 7.92 — 7.96
(m, 2 H), 7.77 (d, J=3.6 Hz, 1 H), 7.75 (d, J=6.8 Hz, 2 H), 7.48 (s, 1 H), 7.42 - 7.47 (m, 3 H), 7.35 (t,
J=7.6 Hz, 2 H), 7.30 (d, J=7.3 Hz, 2 H), 7.26 (t, J=7.3 Hz, 1 H), 7.18 - 7.23 (m, 2 H), 5.07 (s, 2 H); “C
NMR (176 MHz, DMSO-d¢) 6 ppm 169.1, 158.5, 140.2, 138.0, 137.3, 136.7, 135.3, 135.1, 134.9, 130.3,
129.0, 128.8, 128.3, 127.9, 127.5, 126.9, 120.0, 113.8, 42.5; HRMS (ESI) m/z: 371.1207 found (calcd for
C23H9N,OS”, [M+H]" 371.1213).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-imidazol-
4-one (3bd)

Orange solid (154 mg, 40%); mp ~250 °C with decomposition; '"H NMR (300 MHz, DMSO-ds) &
ppm 10.08 (br. s., 1 H), 7.83 - 7.93 (m, 2 H), 7.73 (d, J=3.5 Hz, 1 H), 7.60 (d, J=8.6 Hz, 2 H), 7.40 (s, 1
H), 7.23 - 7.38 (m, 5 H), 7.19 (dd, J=5.1, 3.8 Hz, 1 H), 6.96 (d, J=15.7 Hz, 1 H), 6.82 (d, J=8.6 Hz, 2 H),
5.04 (s, 2 H); C NMR (75 MHz, DMSO-ds) & ppm 169.2, 159.9, 158.9, 140.7, 138.1, 137.4, 136.9,
134.7, 134.5, 130.4, 128.8, 127.8, 127.5, 126.9, 126.1, 118.7, 116.0, 109.9, 42.5; HRMS (ESI) m/z:
387.1156 found (calcd for C23HoN>O,S", [M+H]" 387.1162).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-4-methoxystyryl)-3,5-dihydro-4H-imidazol-
4-one (3be)

Red solid (200 mg, 49%); mp 204-206 °C; '"H NMR (300 MHz, DMSO-ds) & ppm 7.86 - 7.97 (m,
2 H), 7.67 - 7.77 (m, 3 H), 7.42 (s, 1 H), 7.24 - 7.38 (m, 5 H), 7.20 (dd, J=5.0, 3.8 Hz, 1 H), 6.96 - 7.09
(m, 3 H), 5.05 (s, 2 H), 3.82 (s, 3 H); *C NMR (75 MHz, DMSO-d¢) & ppm 169.2, 161.1, 158.8, 140.2,
138.1, 137.4, 136.9, 134.8, 134.7, 130.2, 128.8, 127.8, 127.6, 127.5, 126.9, 119.1, 114.6, 111.1, 55.4,
42.5; HRMS (ESI) m/z: 401.1314 found (calcd for CosH21N20,S™, [M+H]" 401.1318).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-2-(pyridine-4-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (3bf)

Orange solid (156 mg, 42%); mp 173-175 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.65 (d,
J=5.3 Hz, 2 H), 7.99 (d, J=5.0 Hz, 1 H), 7.88 (d, J=15.7 Hz, 1 H), 7.81 (d, J=3.6 Hz, 1 H), 7.72 (d, J=5.9
Hz, 2 H), 7.56 (s, 1 H), 7.48 (d, J=15.7 Hz, 1 H), 7.26 - 7.38 (m, 5 H), 7.22 (dd, J=4.9, 3.9 Hz, 1 H), 5.08
(s, 2 H); ®C NMR (75 MHz, DMSO-ds) & ppm 168.9, 157.8, 150.4, 141.8, 137.8, 137.3, 137.2, 136.5,
135.9, 135.7, 128.8, 128.0, 127.6, 126.9, 122.0, 121.4, 118.4, 42.6; HRMS (ESI) m/z: 372.1160 found
(caled for CoH 1sN3OS™, [M+H]" 372.1165).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-4-chlorostyryl)-3,5-dihydro-4H-imidazol-4-
one (3bg)

Orange solid (141 mg, 35%); mp 210-212 °C; 'H NMR (700 MHz, DMSO-d¢) & ppm 7.95 (d,
J=5.0 Hz, 1 H), 7.92 (d, J=15.8 Hz, 1 H), 7.80 (d, J=8.4 Hz, 2 H), 7.78 (d, J=3.6 Hz, 1 H), 7.51 (d, J=8.6
Hz, 2 H), 7.48 (s, 1 H), 7.34 (t, J=7.5 Hz, 2 H), 7.29 (d, J=7.4 Hz, 2 H), 7.23 - 7.28 (m, 2 H), 7.21 (dd,
J=4.9, 3.9 Hz, 1 H), 5.06 (s, 2 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.1, 158.3, 138.8, 138.0,
137.3, 136.7, 135.4, 135.2, 134.7, 133.9, 130.0, 129.0, 128.8, 127.9, 127.5, 126.9, 120.3, 114.6, 42.5;
HRMS (ESI) m/z: 405.0819 found (calcd for Co3HisCIN,OS™, [M+H]" 405.0823).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-2-(thiophen-2-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (3bh)

Orange solid (165 mg, 44%); mp 182-184 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 8.06 (d,
J=15.5Hz, 1 H), 7.93 (d, J=5.1 Hz, 1 H), 7.70 - 7.79 (m, 2 H), 7.59 (d, J=3.4 Hz, 1 H), 7.46 (s, 1 H), 7.24
- 7.40 (m, 5 H), 7.13 - 7.23 (m, 2 H), 6.80 (d, J=15.4 Hz, 1 H), 5.02 (s, 2 H); *C NMR (75 MHz, DMSO-
ds) 6 ppm 169.0, 158.2, 140.1, 138.0, 137.2, 136.8, 135.1, 134.9, 132.8, 131.7, 130.1, 128.8 (3 C), 127.9,
127.6, 126.9, 119.6, 112.2, 42.5; HRMS (ESI) m/z: 377.0772 found (caled for C21H17N,0S,", [M+H]"
377.0777).
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(2)-5-(thiophen-2-ylmethylene)-3-benzyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-imidazol-4-
one (3bi)

Orange solid (40 mg, 10%); mp 193-195 °C; 'H NMR (300 MHz, DMSO-ds) & ppm 7.88 - 8.01
(m, 6 H), 7.80 (d, J=3.8 Hz, 1 H), 7.54 (s, 1 H), 7.42 (d, J=16.0 Hz, 1 H), 7.25 - 7.37 (m, 5 H), 7.22 (dd,
J=4.5, 4.1 Hz, 1 H), 5.08 (s, 2 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.0, 157.9, 139.4, 138.0,
137.9, 137.2, 136.6, 135.8, 135.6, 132.8, 128.9, 128.8, 128.0, 127.5, 126.9, 121.1, 118.7, 117.4, 111.9,
42.6; HRMS (ESI) m/z: 396.1154 found (calcd for CosH sN3OS™, [M+H]" 396.1165).
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5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one (4bc)
Dark-red solid (243 mg, 69%); mp 120-122 °C.
It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to

individual isomers:

(E)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one 'H
NMR (700 MHz, DMSO-d¢) 6 ppm 12.97 (br. s., 1 H), 7.71 - 7.77 (m, 1 H), 7.70 (d, J=7.3 Hz, 2 H), 7.23
-7.46 (m, 9 H), 7.14 (d, J=15.8 Hz, 1 H), 6.94 (br. s., 1 H), 6.39 (d, J=3.5 Hz, 1 H), 5.15 (s, 2 H).

(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-styryl)-3,5-dihydro-4H-imidazol-4-one 'H
NMR (700 MHz, DMSO-d¢) 6 ppm 11.45 (br. s., 1 H), 8.15 (d, J=15.8 Hz, 1 H), 7.71 - 7.77 (m, 2 H),
7.23 - 7.46 (m, 8 H), 7.14 (d, J=15.8 Hz, 1 H), 7.03 (s, 1 H), 6.94 (br. s., 1 H), 6.31 (d, J=3.3 Hz, 1 H),
5.05 (s, 2 H).

13C and HRMS data presented as is for a mixture:

3C NMR (75 MHz, DMSO-ds) & ppm 168.8, 168.0, 155.8, 152.6, 139.2, 137.5, 137.3, 137.2,
135.4, 135.3, 133.3, 133.1, 129.8, 129.6, 129.2, 128.9, 128.8 (2 C), 128.7 (2 C), 128.0, 127.8, 127.5,
127.4, 126.9, 126.8, 126.7, 126.6, 125.8, 121.3, 119.3, 116.7, 113.8, 113.6, 112.1, 111.1, 42.8, 42.4;
HRMS (ESI) m/z: 354.1597 found (calcd for C23HpoN;O", [M+H]" 354.1601).
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5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-imidazol-4-
one (4bd)

Red solid (79 mg, 22%); mp ~240 °C with decomposition.

It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to
individual isomers:

(E)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-
imidazol-4-one

"H NMR (700 MHz, DMSO-ds) & ppm 12.93 (br. s., 1 H), 9.91 (br. s., 1 H), 7.66 (d, J=15.8 Hz, 1
H), 7.54 (d, J=8.6 Hz, 2 H), 7.23 - 7.36 (m, 7 H), 6.85 - 6.92 (m, 2 H), 6.79 (d, J=8.6 Hz, 2 H), 6.35 - 6.39
(m, 1 H), 5.11 (s, 2 H).

(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-hydroxystyryl)-3,5-dihydro-4H-
imidazol-4-one

'H NMR (700 MHz, DMSO-ds) § ppm 11.41 (br. s., 1 H), 9.98 (br. s., 1 H), 8.07 (d, J=15.6 Hz, 1
H), 7.58 (d, J=8.6 Hz, 4 H), 7.23 - 7.36 (m, 6 H), 6.97 (s, 1 H), 6.85 - 6.92 (m, 2 H), 6.82 (d, J=8.6 Hz, 2
H), 6.27 - 6.30 (m, 1 H), 5.02 (s, 2 H).

3C and HRMS data presented as is for a mixture:

C NMR (75 MHz, DMSO-ds) & ppm 168.9, 168.1, 159.5, 159.2, 156.4, 153.2, 139.7, 137.6 (2
C), 137.3, 133.5, 133.3, 130.0, 129.7, 129.2, 128.9, 128.7 (2 C), 127.4 (2 C), 126.9, 126.8, 126.6, 126.5,
126.2, 126.1, 124.8, 120.7, 118.7, 115.9, 115.8, 115.5, 111.9, 110.9, 110.1, 109.8, 42.8, 42.3; HRMS
(ESI) m/z: 370.1544 found (caled for C23H2N30,", [M+H]" 370.1550).
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(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-2-(pyridine-4-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (4bf)

Brown solid (193 mg, 55%); mp 196-198 °C; "H NMR (700 MHz, DMSO-ds) & ppm 11.48 (br. s.,
1 H), 8.64 (dd, J=4.5, 1.4 Hz, 2 H), 8.09 (d, J=15.8 Hz, 1 H), 7.66 (dd, J=4.6, 1.3 Hz, 2 H), 7.41 (d,
J=15.8 Hz, 1 H), 7.34 (t, J=7.5 Hz, 2 H), 7.28 - 7.31 (m, 3 H), 7.26 (t, J=7.2 Hz, 1 H), 7.10 (s, 1 H), 6.99
(br. s., 1 H), 6.33 (dt, J=3.7, 2.3 Hz, 1 H), 5.07 (s, 2 H); °*C NMR (176 MHz, DMSO-ds) & ppm 168.6,
154.9, 150.3, 142.3, 137.4, 136.2, 133.1, 128.8, 128.7 (2 C), 127.4, 126.8, 121.6 , 120.0, 118.1, 117.8,
111.3, 42.4; HRMS (ESI) m/z: 355.1548 found (calcd for C2oH1oN4O", [M+H]" 355.1553).
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(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-2-(thiophen-2-yl)vinyl)-3,5-dihydro-4H-
imidazol-4-one (4bh)

Red solid (180 mg, 50%); mp 152-154 °C; '"H NMR (700 MHz, DMSO-ds) § ppm 11.44 (br. s., 1
H), 8.28 (d, J=15.4 Hz, 1 H), 7.69 (d, J=5.0 Hz, 1 H), 7.50 (d, J=3.4 Hz, 1 H), 7.34 - 7.36 (m, 2 H), 7.26 -
7.28 (m, 4 H), 7.16 (dd, J=5.0, 3.8 Hz, 1 H), 7.01 (s, 1 H), 6.77 (d, J=15.4 Hz, 1 H), 6.30 (d, J=3.4 Hz, 1
H), 5.01 (s, 2 H); *C NMR (176 MHz, DMSO-d¢) 5 ppm 168.7, 155.4, 140.6, 137.4, 133.3, 131.9, 130.2,
129.2, 128.9, 128.7, 128.6, 127.4, 126.8, (2 C), 119.2, 116.3, 112.3, 111.0, 42.3; HRMS (ESI) m/z:
360.1155 found (calcd for Co;HisN;OS™, [M+H]" 360.1165).
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5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-imidazol-4-
one (4bi)

Red solid (210 mg, 56%); mp 201-203 °C.

It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to
individual isomers:

(E)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4 H-imidazol-
4-one

"H NMR (700 MHz, DMSO-d¢) & ppm 13.00 (br. s., 1 H), 7.90 - 7.94 (m, 2 H), 7.86 - 7.88 (m, 2
H), 7.79 (d, J=15.8 Hz, 1 H), 7.41 - 7.43 (m, 2 H), 7.25 - 7.37 (m, 6 H), 6.99 (br. s., 1 H), 6.41 (ddd,
J=3.8,2.4,2.2 Hz, 1 H), 5.16 (s, 2 H).

(2)-5-((1H-pyrrol-2-yl)methylene)-3-benzyl-2-((E)-4-cyanostyryl)-3,5-dihydro-4H-imidazol-
4-one

"H NMR (700 MHz, DMSO-dg) & ppm 11.47 (br. s., 1 H), 8.18 (d, J=15.8 Hz, 1 H), 7.90 - 7.94
(m, 4 H), 7.25 - 7.37 (m, 7 H), 7.08 (s, 1 H), 6.99 (br. s., 1 H), 6.33 (ddd, J=3.7, 2.3, 2.1 Hz, 1 H), 5.06 (s,
2 H).

3C and HRMS data presented as is for a mixture:

C NMR (176 MHz, DMSO-ds) 8 ppm 168.6, 167.8, 155.1, 151.9, 139.8, 137.4, 137.1, 137.0,
135.0, 133.2, 132.9, 132.7 (2 C), 132.6, 129.2, 128.9, 128.7, 128.6, 128.4 (2 C), 128.3, 127.4 (2 C), 127.1,
126.9, 126.8, 126.5, 121.8, 119.9, 118.6, 117.5, 117.3, 117.1, 1124, 111.4, 111.3, 111.2, 42.9, 42.4;
HRMS (ESI) m/z: 379.1545 found (calcd for C24H19N4O", [M+H]" 379.1553).
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(2)-5-(furan-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-4H-
imidazol-4-one (1cc)

Brown solid (316 mg, 82%); mp 193-195 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 9.13 (s, 1
H), 7.96 (d, J=1.1 Hz, 1 H), 7.92 (d, J=15.6 Hz, 1 H), 7.75 (d, J=7.2 Hz, 2 H), 7.55 (d, J=3.4 Hz, 1 H),
7.46 (t, J=7.2 Hz, 2 H), 7.41 - 7.44 (m, 1 H), 7.00 (d, J=8.4 Hz, 2 H), 6.89 (d, J=15.6 Hz, 1 H), 6.85 (s, 1
H), 6.77 (dd, J=3.1, 1.5 Hz, 1 H), 6.63 (d, J=8.4 Hz, 2 H), 3.97 (t, J=7.0 Hz, 2 H), 2.76 (t, J=7.0 Hz, 2 H);
C NMR (75 MHz, DMSO-ds) & ppm 169.3, 159.6, 156.0, 150.9, 146.5, 140.1, 136.8, 135.1, 130.1,
129.9, 128.9, 128.4, 128.0, 118.5, 115.2, 113.9, 113.6, 111.8, 41.3, 34.1; HRMS (ESI) m/z: 385.1542
found (caled for C24HaiN2O5", [M+H]" 385.1547).
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(2)-5-(furan-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-hydroxystyryl)-3,5-dihydro-
4H-imidazol-4-one (1cd)

Red solid (133 mg, 33%); mp ~220 °C with decomposition; 'H NMR (700 MHz, DMSO-ds) &
ppm 10.03 (s, 1 H), 9.13 (s, 1 H), 7.93 (d, J=1.1 Hz, 1 H), 7.87 (d, J=15.4 Hz, 1 H), 7.61 (d, J=8.6 Hz, 2
H), 7.50 (d, J=3.4 Hz, 1 H), 7.00 (d, J=8.4 Hz, 2 H), 6.84 (d, J=8.6 Hz, 2 H), 6.76 (s, 1 H), 6.74 - 6.76 (m,
1 H), 6.68 (d, J=15.6 Hz, 1 H), 6.63 (d, J=8.4 Hz, 2 H), 3.93 (t, J=7.0 Hz, 2 H), 2.75 (t, J=7.0 Hz, 2 H);
C NMR (75 MHz, DMSO-ds) & ppm 169.3, 160.0, 159.7, 155.9, 151.0, 146.0, 140.6, 137.0, 130.4,
129.8, 128.1, 126.3, 117.8, 115.8, 115.2, 113.7, 110.6, 109.7, 41.2, 34.1; HRMS (ESI) m/z: 401.1491
found (caled for C24HaiN2O4", [M+H] 401.1496).
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(2)-5-(furan-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-methoxystyryl)-3,5-dihydro-
4H-imidazol-4-one (1ce)
Brown solid (213 mg, 51%); mp 201-203 °C; '"H NMR (700 MHz, DMSO-d¢) § ppm 9.12 (s, 1
H), 7.93 (br. s, 1 H), 7.90 (d, J=15.6 Hz, 1 H), 7.72 (d, J=8.6 Hz, 2 H), 7.52 (d, J=3.2 Hz, 1 H), 7.02 (d,
J=8.8 Hz, 2 H), 7.00 (d, J=8.2 Hz, 2 H), 6.79 (s, 1 H), 6.72 - 6.78 (m, 2 H), 6.63 (d, J=8.4 Hz, 2 H), 3.95
(t, J=6.9 Hz, 2 H), 3.83 (s, 3 H), 2.75 (t, J=6.8 Hz, 2 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.3,
161.0, 155.9, 151.0, 146.2, 133.0, 130.2, 129.9, 129.8, 128.1, 127.9, 118.1, 115.2 (2 C), 114.4, 113.8,

113.4, 110.9, 55.4, 41.2, 34.1; HRMS (ESI) m/z: 415.1648 found (caled for CrsH23N>O4", [M+H]
415.1652).
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(2)-5-(furan-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-2-(thiophen-2-yl)vinyl)-3,5-
dihydro-4H-imidazol-4-one (1ch)

Brown solid (334 mg, 86%); mp 169-171 °C; '"H NMR (700 MHz, DMSO-d¢) § ppm 9.12 (s, 1
H), 8.06 (d, J=15.4 Hz, 1 H), 7.95 (br. s., 1 H), 7.75 (d, J=4.6 Hz, 1 H), 7.58 (br. s., 1 H), 7.53 (d, J=2.9
Hz, 1 H), 7.16 - 7.19 (m, 1 H), 6.97 (d, J=8.2 Hz, 2 H), 6.82 (s, 1 H), 6.76 (br. s., 1 H), 6.63 (d, J=8.0 Hz,
2 H), 6.49 (d, J=15.3 Hz, 1 H), 3.91 (t, J=6.6 Hz, 2 H), 2.74 (t, J=6.6 Hz, 3 H); “C NMR (75 MHz,
DMSO-ds) & ppm 169.2, 159.3, 156.0, 150.9, 146.4, 140.4, 136.9, 132.9, 131.6, 129.9, 129.8, 128.6,

128.0, 118.4, 115.3, 113.8, 111.9, 111.4, 41.4, 34.0; HRMS (ESI) m/z: 391.1106 found (calcd for
C22H19N203S+, [NH—H]+ 391.111 1).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-
4H-imidazol-4-one (2cc)

Red solid (212 mg, 53%); mp ~210 °C with decomposition; '"H NMR (300 MHz, DMSO-ds) &
ppm 9.14 (s, 1 H), 7.89 (d, J=15.7 Hz, 1 H), 7.74 (d, J=6.6 Hz, 2 H), 7.39 - 7.52 (m, 4 H), 7.00 (d, J=8.2
Hz, 2 H), 6.88 (d, J=15.7 Hz, 1 H), 6.77 (s, 1 H), 6.63 (d, J=8.3 Hz, 2 H), 6.43 (d, J=2.8 Hz, 1 H), 3.95 (t,
J=6.5 Hz, 2 H), 2.75 (t, J=6.5 Hz, 2 H), 2.39 (s, 3 H); '*C NMR (75 MHz, DMSO-ds) 5 ppm 169.2, 158.7,
156.3, 155.9, 149.7, 139.7, 135.7, 135.2, 130.0, 129.9, 128.9, 128.3, 128.1, 120.3, 115.2, 113.6, 111.9,
110.9, 41.2, 34.1, 13.8; HRMS (ESI) m/z: 399.1699 found (calcd for C2sH»3N>05", [M+H]" 399.1703).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-(4-hydroxyphenethyl)-2-((E)-4-methoxystyryl)-3,5-
dihydro-4H-imidazol-4-one (2ce)

Brown solid (146 mg, 34%); mp 192-194 °C; '"H NMR (700 MHz, DMSO-d¢) & ppm 9.12 (s, 1
H), 7.86 (d, J=15.4 Hz, 1 H), 7.71 (d, J=8.8 Hz, 2 H), 7.47 (d, J=3.1 Hz, 1 H), 6.99 - 7.03 (m, 4 H), 6.71 -
6.75 (m, 2 H), 6.63 (d, J=8.2 Hz, 2 H), 6.42 (br. s., 1 H), 3.94 (t, J=7.0 Hz, 2 H), 3.83 (s, 3 H), 2.75 (t,
J=7.0 Hz, 2 H), 2.39 (s, 3 H); *C NMR (75 MHz, DMSO-ds) & ppm 169.2, 160.9, 159.0, 155.9 (2 C),
149.8, 139.7, 135.9, 130.1, 129.9, 128.1, 127.9, 119.9, 115.2, 114.4, 111.1, 110.9, 110.8, 55.4, 41.2, 34.1,
13.8; HRMS (ESI) m/z: 429.1806 found (caled for CosHasN2O4', [M+H]™ 429.1809).
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(2)-5-((5-methylfuran-2-yl)methylene)-3-(4-hydroxyphenethyl)-2-((E)-2-(thiophen-2-
yl)vinyl)-3,5-dihydro-4H-imidazol-4-one (2ch)

Dark-red solid (102 mg, 25%); mp 244-246 °C; 'H NMR (700 MHz, DMSO-ds) & ppm 9.13 (s, 1
H), 8.02 (d, J=15.4 Hz, 1 H), 7.73 (d, J=5.0 Hz, 1 H), 7.56 (d, J=3.2 Hz, 1 H), 7.48 (d, J=3.2 Hz, 1 H),
7.17 (dd, J=5.0, 3.6 Hz, 1 H), 6.97 (d, J=8.2 Hz, 2 H), 6.74 (s, 1 H), 6.63 (d, J=8.4 Hz, 2 H), 6.48 (d,
J=15.4 Hz, 1 H), 6.43 (d, J=3.1 Hz, 1 H), 3.90 (t, J=6.9 Hz, 2 H), 2.73 (t, J=6.9 Hz, 2 H), 2.39 (s, 3 H);
5C NMR (176 MHz, DMSO-ds) & ppm 169.0, 158.3, 156.1, 155.9, 149.7, 140.4, 135.7, 132.3, 131.2,
129.7, 129.6, 128.5, 128.0, 120.1, 115.2, 112.0, 111.4, 110.8, 41.3, 34.0, 13.7; HRMS (ESI) m/z:
405.1263 found (calcd for C3H21N20;S™, [M+H]™ 405.1267).
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(2)-5-(thiophen-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-4H-
imidazol-4-one (3cc)

Orange solid (219 mg, 55%); mp 101-103 °C; '"H NMR (700 MHz, DMSO-ds) § ppm 9.13 (s, 1
H), 7.91 (d, J=5.0 Hz, 1 H), 7.86 (d, J=15.6 Hz, 1 H), 7.70 - 7.77 (m, 3 H), 7.47 (t, J=7.2 Hz, 2 H), 7.44
(t, 3=6.7 Hz, 1 H), 7.36 (s, 1 H), 7.19 (dd, J=5.1, 3.7 Hz, 1 H), 7.01 (m, J=8.4 Hz, 2 H), 6.91 (d, J=15.6
Hz, 1 H), 6.63 (m, J=8.4 Hz, 2 H), 3.97 (t, J=7.0 Hz, 2 H), 2.77 (t, J=7.0 Hz, 2 H); >*C NMR (75 MHz,
DMSO-ds) & ppm 169.0, 158.8, 156.0, 139.8, 138.0, 136.9, 135.0, 134.9, 134.7, 130.1, 129.9, 129.0,
128.3, 128.1, 127.8, 119.2, 115.2, 113.8, 41.2, 34.1; HRMS (ESI) m/z: 401.1314 found (calcd for
C24H21N,0,S7, [M+H]" 401.1318).
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(2)-5-(thiophen-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-hydroxystyryl)-3,5-
dihydro-4H-imidazol-4-one (3cd)

Orange solid (200 mg, 48%); mp ~240 °C with decomposition; '"H NMR (700 MHz, DMSO-ds) &
ppm 10.04 (br. s., 1 H), 9.13 (s, 1 H), 7.87 (d, J=5.0 Hz, 1 H), 7.81 (d, J=15.6 Hz, 1 H), 7.69 (d, J=2.9
Hz, 1 H), 7.59 (d, J=8.2 Hz, 2 H), 7.28 (s, 1 H), 7.16 - 7.18 (m, 1 H), 7.01 (d, J=7.8 Hz, 2 H), 6.85 (d,
J=7.6 Hz, 2 H), 6.69 (d, J=15.4 Hz, 1 H), 6.64 (d, J=8.2 Hz, 2 H), 3.93 (t, J=6.9 Hz, 2 H), 2.76 (t, J=6.8
Hz, 2 H); ®C NMR (75 MHz, DMSO-ds) § ppm 169.1, 159.7, 159.2, 155.9, 140.3, 138.2, 137.2, 134.3,
134.2, 130.4, 129.9, 128.1, 127.7, 126.3, 118.0, 115.9, 115.2, 109.9, 41.2, 34.2; HRMS (ESI) m/z:
417.1263 found (calcd for C4Hp1N20;3S™, [M+H]" 417.1267).
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(2)-5-(thiophen-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-2-(pyridine-4-yl)vinyl)-3,5-
dihydro-4H-imidazol-4-one (3cf)

Brown solid (378 mg, 94%); mp ~230 °C with decomposition; '"H NMR (300 MHz, DMSO-d¢) &
ppm 9.12 (s, 1 H), 8.65 (d, J=5.5 Hz, 2 H), 7.95 (d, J=4.9 Hz, 1 H), 7.69 - 7.78 (m, 2 H), 7.66 (d, J=5.5
Hz, 2 H), 7.44 (s, 1 H), 7.20 (dd, J=4.6, 4.1 Hz, 1 H), 7.10 (d, J=15.7 Hz, 1 H), 6.99 (d, J=8.1 Hz, 2 H),
6.60 (d, J=8.2 Hz, 2 H), 3.99 (t, J=6.2 Hz, 2 H), 2.76 (t, J=6.7 Hz, 2 H); >*C NMR (201 MHz, DMSO-ds)
d ppm 168.7, 158.0, 155.9, 150.1, 141.9, 137.8, 136.7, 136.4, 135.2, 135.0, 129.8, 127.9, 127.8, 121.8,
120.3, 118.2, 115.1, 41.2, 33.9; HRMS (ESI) m/z: 402.1267 found (calcd for C,3H20N30.S", [M+H]"
402.1271).
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5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-4H-
imidazol-4-one (4cc)

Dark-red solid (249 mg, 65%); mp ~180 °C with decomposition.

It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to
individual isomers:

(E)-5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-4H-
imidazol-4-one

"H NMR (700 MHz, DMSO-ds) & ppm 12.99 (br. s., 1 H), 9.13 (s, 1 H), 7.69 (d, J=7.4 Hz, 2 H),
7.66 (d, J=15.6 Hz, 1 H), 7.42 - 7.47 (m, 3 H), 7.37 (br. s., 1 H), 7.29 (s, 1 H), 7.02 (d, J=8.4 Hz, 2 H),
6.89 (br. s., 1 H), 6.86 (d, J=15.8 Hz, 1 H), 6.60 - 6.66 (m, 2 H), 6.38 (ddd, J=3.6, 2.4, 2.2 Hz, 1 H), 4.04
(t, J=7.2 Hz, 2 H), 2.81 (t, J=7.1 Hz, 2 H).

(2)-5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-styryl)-3,5-dihydro-4H-
imidazol-4-one

'H NMR (700 MHz, DMSO-ds) & ppm 11.39 (br. s., 1 H), 9.11 (s, 1 H), 8.05 (d, J=16.0 Hz, 1 H),
7.72 (d, J=7.2 Hz, 2 H), 7.42 - 7.47 (m, 1 H), 7.39 (d, J=7.2 Hz, 2 H), 7.24 (br. s., 1 H), 7.00 (d, J=8.6 Hz,
2 H) 6.93 (s, 1 H), 6.89 (br. s., 1 H), 6.85 (d, J=15.8 Hz, 1 H), 6.60 - 6.66 (m, 2 H), 6.26 - 6.30 (m, 1 H),
3.95 (t, J=7.1 Hz, 2 H), 2.76 (t, J=6.9 Hz, 2 H).

3C and HRMS data presented as is for a mixture:

3C NMR (201 MHz, DMSO-ds) & ppm 168.6, 167.9, 156.1, 155.9, 155.8, 152.9, 138.8, 136.8,
1354 (2 C), 133.5,133.3, 129.7 (2 C), 129.5, 129.3, 129.1, 128.8, 128.7 (2 C), 128.2, 128.1, 127.9, 127.7,
126.4, 126.0, 125.1, 120.7, 118.7, 115.7, 115.1 (2 C), 113.7, 113.5, 111.8, 110.8, 41.5, 41.0, 34.1, 33.9;
HRMS (ESI) m/z: 384.1701 found (calcd for C24H2»N30,", [M+H]" 384.1707).
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5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-hydroxystyryl)-3,5-dihydro-
4H-imidazol-4-one (4cd)

Dark-red solid (205 mg, 51%); mp ~250 °C with decomposition.

It was obtained as a mixture of two inseparable isomers. 'H NMR signals were assigned to
individual isomers:

(E)-5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-hydroxystyryl)-3,5-
dihydro-4H-imidazol-4-one

"H NMR (700 MHz, DMSO-ds) & ppm 12.95 (br. s., 1 H), 9.89 (s, 1 H), 9.14 (s, 1 H), 7.56 - 7.61
(m, 1 H), 7.53 (d, J=8.6 Hz, 2 H), 7.33 (br. s., 1 H), 7.22 (s, 1 H), 7.02 (d, J=8.4 Hz, 2 H), 6.80 - 6.85 (m,
3 H), 6.62 - 6.66 (m, 3 H), 6.35 (ddd, J=3.6, 2.3, 2.1 Hz, 1 H), 4.00 (t, J=7.2 Hz, 2 H), 2.79 (t, J=7.2 Hz, 2
H).

(2)-5-(1H-pyrrol-2-ylmethylene)-3-(4-hydroxyphenethyl)-2-((E)-4-hydroxystyryl)-3,5-
dihydro-4H-imidazol-4-one

"H NMR (700 MHz, DMSO-d¢) & ppm 11.35 (br. s., 1 H), 9.95 (s, 1 H), 9.12 (s, 1 H), 7.99 (d,
J=15.6 Hz, 1 H), 7.56 - 7.61 (m, 2 H), 7.21 (br. s., 1 H), 7.00 (d, J=8.6 Hz, 2 H), 6.86 (s, 1 H), 6.80 - 6.85
(m, 3 H), 6.62 - 6.66 (m, 3 H), 6.26 (ddd, J=3.5, 2.3, 2.1 Hz, 1 H), 3.92 (t, J=7.1 Hz, 2 H), 2.75 (t, 3=7.0
Hz, 2 H).

3C and HRMS data presented as is for a mixture:

C NMR (201 MHz, DMSO-d¢) & ppm 168.7, 168.0, 159.2, 159.0, 156.6, 155.8 (2 C), 153.4,
139.3, 137.2, 133.7, 133.5, 129.8, 129.7, 129.5, 129.1, 128.8, 128.7, 128.1, 128.0, 126.6, 125.7, 125.5,
124.1, 120.1, 118.1, 115.7, 115.6, 115.5, 115.1 (2 C), 114.7, 111.6, 110.6, 110.0, 109.7, 41.4, 40.9, 34.1,
33.9; HRMS (ESI) m/z: 400.1651 found (calcd for C24H2N305", [M+H]" 400.1656).
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7. Structure confirmation

Fig S7.1. Results of the investigation of the structure of compounds lac, 2ac, 3ac, and 4ac by
heteronuclear NMR spectroscopy. Chemical shifts of 'H (in blue), '*C (in red), and "*N (in green) are

shown. Key spin-spin coupling interactions are denoted with arrows.
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8. Copies of 'H and *C NMR spectra

S62



'1..-":." I"L\_._\_____‘—__”

0L
048 | L
[V o —
e ;
lga— —

B.S

7.5

Chamical Shil (ppen)

bl s )

v,

anz
e

1m
[

am
Sl

40 30

50

Cherical Shift {ppm)
563

55

85



_ %3 .
| 2=
ﬁ t - R
2 g ¥ 9 T | g
g ¢ F 8
Wl L_,J |. Jﬁu \ i\ _Jj
B S e O S-S A ] S, .S



_ =
B -
O~ 5 4
S—= H |
T
o~ N J‘ H
EE ® | | |
|~ “; |I L/ | —
| | h )
AN
! l’— N H’_ [ - ™ g 8
II|'| .'I|”| / l'lllf-
/AN AN AN U 2a 23 22
100 099 1.00 Chemical Shift (ppm)
| — | e —
74 73 72 1 70 B3 B8 BF B8 &5 B4 63 62 61
Chemical Shift {ppm)
2
['r]
|
a5 = .
iy 2
x = |
| - | |}
| B | | [ ||
ﬁ/_ I |||1,_ |III|I | |I |'|| | |
R 'm_._,_.._.g;"\_ o I'u_ - L. P#if'l I"\__...Fn .-.,_./r J'I I Il'\_.u.___‘_
= o s = g
[
s 0 85 &0 ss so . 45 a0 s a0 25 20
Chermical Shift {ppm)



168.30

162.86

15564

145,10

8

—11857

11207

110.38

12 104 o6 BE B0

—26.27

1533

13,75



) [DMs0-d6
(.../"

—2.33

[*1
I
/
2
w
K‘I
©
n INES
o © o
o [
|
EtOH |

=
-

| i w.j_,-JJ L 1 I

100 098 1.00 297 3.00
H HH H H

10.0 95 9.0 85 8.0 75 7.0

T T T
6.5 6.0 55 5.0 45 40 35 3.0 25 20 15
Chemical Shift (ppm)

S67



DMSO-d6

[4%=1 —

£1'92 —

= =

050bL——
19611 —
88°LLL—

9e'STL— —F

908zl — — —

00€El— ——

L6651 — —

98'89) —

24 16

32

72

104 96
Chemical Shift (ppm)

112

120

168 160 152

176

S68



ale—

Ll

FAVES

il

| —

68T~

V)

3.00
H

1.00
]

H

1.02 1.01

HH

[AAARLARALI R T L T T T T T L T T T T T T WU
11.0 105 10.0 a5 8.0 85 8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15
Chemical Shift (ppm)

T
115

,.
120

S69



DMSO-d6
7

pz

111.38
26.46
14.61

12516 1,475
119.87

168.16
155.91
132.69
128.32

L

192 184 176 168 160 152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8
Chemical Shift (ppm)

S70



1
JLL

\,.\_A_JILJ. A

200

-

ELE— PLT

J
865
N

BOE-

— g nre—- .
— e dF b ¥

—— . L&
%y —— m-.ﬂ

%9
889 — (TS

Chemical 3hift (ppm)

o689 7 ||I-|I._"Hm_.

R
TS

L, Il_l.._
Pe VL
bk

OH
TAS

15— g

ITE—

- 8
-

e - d_

b

25

=)

30

35

4.0

S71

J W

202 200

b

100

0z

0.0 85 80

95




OH

R
8 ¢
5 m - 3%
H 8 £ g2 & g |8 8 |ac 9
g & g g |8 = IR H I g
L .| L“l it |
_________ L, i, i LS R L .



| | I}~
I OH IJ_.]; || |JI |
- | - .
|.I'.I1|. '-II-III I.\' II-II.1I-\. II'II I.'. Il rll
055 204 1.00 203 0.8
! | ! i ! d | | b i
"725 7 715 710 705 700 695 680 685 €80 675 670 665 660 655 650 645 640 635

724
1.2
636
6.35

i;‘

238
2m

—272

~273

“2TM

A J
1.02 089 204 203 0.99 2.04
= 1= ek =
™ T - T Frrve ¥ TT LI | ¥ L ¥ ry?r T T LI | 7 v T T T TT T LI | =Ty T - TT TT T T L
a5 90 a5 B.O 7.5 TO B.5 8.0 85 50 4.5 40 35

Chemical Shift (ppm)

S73



OH

LTGH—-

138

14

16

24

104 o6 83
Chemical Shift (ppm)

112

128

S74



289 R P | .
iy I —— S mn— WE m”_...mx. -~
y S, A e——
L=}
_
1
“ i
] o
{ "
[
_ @
. L .
R —— m _
59 —
L
w. E
| I
[ S b
E.T.I...n.".:l..|u._ =] _ b ——
sie | 3 = AE
i “
I
I

7.4

75

-
P — MM
= g_ [ o
_ -
“
{ Lo
| gqf"
FRL “Whl.-n.. W.—-
SHL ,_ =
Frd

2.0

25

an

4.5

55
S75

Chemical Shift {ppm)

6.0

200

[ 5]

1.0 2.00
"]

5]

%]

d
v

1.00 0.9

14

1.00




3
A

168 160 152 144 138 128

1a.m

1538

104

S76

OH

3349

24

15,10

16



S77

5
|
OH
w
= & B
~ o L ©
o © o @
'. | ¢
- | S ) b
~ | il 2 3
| | ! © ©
i || (i : (|‘
| f\ M
il | '.I A
[ A | A
S e _ I/
. 1.00 ! 0.99
Trrrr T LLARY RAALS BRI o L L L L AR LARRA LARRE LLRR] L] T TITTTTTT T TeTTT T T e LARY I I RARLS RARAS RARLY RARAD LARAN LARLN LEAAN LI
710 705 700 695 690 68 680 675 670 665 660 655 650 645 640 635 630
Chemical Shift (ppm)
2. Water
©© © T e
w : P~
2 ]
Ll ©
3 W
- 3| e k[ Rk
% O|> l | t? . (\f 5
T
J ) ] Jo b
S | S S - e . il e dw_y\_l “k_,ul‘l [N |V
0.97 0.99 1.00 208 208 099 1.97 1.99 299
= H HHE HH Y H H H H
AR RALARRERARLERRRREREN L LN AR R AR LR LR RS LR LR R R RS LR LARRE LR L LA AR R Rl R RN R LN LR L R R R R AR R R R RN RARRELERES AR RS LR TITT T TR T IT P[P I I T[T 77 7] T
13.0 125 120 115 11.0 10.5 10.0 a5 9.0 85 8.0 75 7.0 65 6.0 55 5.0 45 40 35 3.0 25 20 15
Chemical Shift (ppm)



B i T

T
130

Chemical Shift (ppm)

eVl — ——

1g6c— ————————————

i

A A ottt

Wweek - —

jra{a %

18'6C1—

OH

9eeTl— ———

Wl ——

126

128

132

ES L —

LL0ZL— ——
PEVTL
L ——
STeel

WZel— —

05851,
66651

FLegl— ——

oy st aginy

Yo ¢t

A T

96

Chemical Shift (ppm)

S78



DMSO|

ST

Water |

8-, _

Nh.ﬂ..".._.l“_..n
g

veL

8¢

053
[

3l 103200
e =

Rl —8]

70 85 &8 &7

T

71 712

74

GChemical Shift (ppm)

0598 059

75
200
ket bl W

76

7.7

I'.I'_H.I

z0

25

40 3.0

70 65 60 50
Chemical Shift (ppm)
S79

75

BO




[DmsO|

EEl—

9e'aZL

VER — %

12 128 17 1%
Chemical Shift (ppm)

e

vy

BLTHL
FSELL-

BTELL

8
&
4
]
B9l £
oEZ1—

ZLGEL

TLEL —

Fack
BEMSE

il

eTal

&=
B
|

24 |

Ba

96

Chemical Shift (ppm)

104

152 144 138 128 20 12

160

S80



ELET—

I

L

)

S

[ater |

1y

LES

g

il

4
!

el

A ]
o
L
.u.n_m.n.m
_,.93 LR
m,&m BER
&
W.I-_..I.. ZB'8 _
» |
E !
M|_” b4 B |
5 L 5
e e g
g e &7
i3

197

203 203

296 2.97

b

bt et b

25

35

40

.---4\5---
Chemical Shift (ppm)

50

55

7o 6.5

73

S81



—181.3

120009

(DMSO

- —128.78
126,08

12752

b r

1300 1295 1280 1285 1280 175 1270 1285 1280

Chaemical Shift (ppm)




PR | SRR | O S

|
74

75

78

Chemical Shift (ppm)

ke

a1l
gl ]
o BELn J
ﬂ Hﬂ.ﬁ... .u..rh..rl.IIl._
L e——
e T - A —
Wi =
]
|
|
oLd— —_
WL __
hﬁh|_.. ——
gL |

bl

2.58

1.031.00

llbed bl W

50
Chemical Shift (ppm)

S83

&0

65

T jﬂl

75

&0



161 58
137.24
| 13BTT

11892

-169.08

133 13 1M
Chemical Shift (ppm)

12881
-—128.88

! o iy

il R T i A ek s

g8 il
- B bzt e sk atssietE P it e K s ¢
8=

126

15.85

------ B B e s LA Cd R B B RS EAR s EaRLy |

168 160 152 144 136 128 120 12 104 e

8 &

Chemical Shift (ppm)

S84

ot el



105 232 2022684
e e e |

1.3
=

~B.97

835
(635

[DMso-8]
o

w0 130
I—I | E—

il Dl Rl MR bR AR Rl bbbl Rl Rl bkl BB Rl LRGN Ml RALEN LA
T4) TE VI T OV TAS T TOE TO00 653

4

Chemical Shift (ppm)
&
5]

219

AR L e L e
690 883 6B} 67D

[ —mnas

A L s e s L
670  BEF  GB0 &% 630

489

FreprTrTE—Ee
645 640

W20

#

 TRLTiat et v S T
B35 83 62 &1

—2.24

]

am
[t

115 110




HMN, .=

L —————

ezl

LT — ==

SIEL

FOEEL - —=
PR~

T - R e ——
[0:4:rA

V)=
BE'ZEL— —=

137

132 3 130 12 128 1zr 'Ii'ﬂ
Chemical Shift (ppmj

133

135

136

=R

ors— ——=

STk ==
OE'ER

FLOLL
Pl A
Lokl
BERLL —
A
5521
£OEZI BLEZL - ey

BEZEL—
DR EEL- "
e0'Er————

L

Eresl——y

o065l —

L189L-
sesl——

A LR |

R E R EETr

16

104 a6 83
Chemical Shift (ppm)

12

168 160 152

178

S86



—'

o.ar

%
T
‘Il
|
‘{’
|
.
1.15

el — |Wr.ﬂ.nu )
T —— b
B9l ggii- =

Bl =" @
Sl ——
.wwhl.mm_lm]l ._:I-“ &
=

74 7.3 7.2 74
Chernical Shift (ppm)

T
g
ke
e

76

79

312
I

1.5

3.0 25

35

5.0

55

Chemical Shift (ppm])

R R
60

85

S87



omSO|

1275

1280

1285

Chesracal Shill {ppm)

ERELL

ELBEL—
IHHTE

aﬁ.l

Bl ——

ot i,

E6'BE1-
THIEL

i

B8l -

sgart m——

=g =1 o—

S egl——

20041 —

Srem e

120

135-

43 &0 32 24

56

104 96
Chemical Shift (ppm)

112

52

160

S88



T8

g5 A
[ i =
%8 D
" Iy g,
gl 75 7S |
U i | ]
I | | |
III | | If | |
1l I|II I .l!- IL I f | .'||
i M | i I T
o b he o NN e I\ Y e RIS & [ AR St
201 299 1.04 097 1,00 300 298
[ — b ==l b—y (= [ ==
T T T T T T T L T Y L T g T T T T T T
B0 75 70 85 B0 55 50 1 40 as 30 25 20
Chemical Shifl (ppm)

S89



12876
12884

—1Z8.78
125.64

-129.04

LNl
] a 8 11
® ' ¥ z 8 [
= g g 3 1 a ! g R
Q | E i = - N 8 i
& - J T S e e U SN R Lo Y- SO
- pr i 1300 1285 1280 1285 1280 1275 1270
2 Chemical SHil (ppen)
|
UIH. fnfin.
168 160 136 128 120 12 104 56 a8 a0 72 B4 56 43 &0 32 16

Chemical Shift (ppm)

S90



305 1.01 407

|

i

s

[ | —
75

80

5.0 55
Chemical Shift (ppm)

S91




8
gﬁ O \ 28
ki) &8
| .
3 » & e
5 §u 5 8 & 2
T =%7 | ?;t I ]
. ‘ I
|
P —— '\._,.-'-_-u-'l'“'\—..,-..-_.-_ .—rl|~—~_._.—f‘-'—.l I'I"‘-'-I‘ul-.—r--_r_ ._-.n_--ll-\_-\_._._
3 i,-‘ﬁ_ ] 140 138 138 13 13 130 128 126 124 12 120 18
- S Chemical Shift
2 S| =
g 2
! B
1 -~ J||, ."_,.Jl - s iy ._.I Y
168 160 152 144 138 128 120 112 108 % 88 80 72 &4 = a8 40
Chemical Shift (ppm)

S92




M0

(o

_m“ w BTE— f"ﬂ.._
T |
E.?m.ﬂr. g_ =
qLe- fo
E
E
- Al
o 1]l
|
3 I
mﬂ-_
e
k
L
k
e
4 £
(%]
.. IT“
o — j_.
8l I
g ;
.T.
.k
= _ =
L2 = P
L G =
hTh.lu.ll.lll“‘.. “ "
Wi — A,
i
) it
S L — o W\__n
v, 41 "
(=
: 248
e H.WJ.__ |
F = s
b 9
E
[m
i ) 5
] 3 a4
i —— m= o
b C T e S
_ L
P BrL
. il

VL9
=

Il

-

BUE-
508

300

W

1.03

1.03

R

bl el

bd Wl

B8O

25

s




162,45

159.06

150,68

146.43

140,45

O~

x_-N

5

126897
129.44

137.06
13315

130,24

118.42

/

113.86

111.89




OH

]
; 2 §$T
| N o
g | J” & v 8 H
I '} |I|{ I I uf|

ﬂ It '”'Ll'

| -}.' | 'r [ -.} { . | .
Pt et IA‘H WW—JJ H‘m-rw-d"l-‘l kﬂwhwwmwmwf 4 W 4 -"" ll""""‘-h-\.'u-mq.w

210 208 1.00 1.04 212107 1.07
| — | — I ] ]
81 80 78 T8 77 76 75 14 73 7z T 70 68 B8 &7 66
Chemical Shift (ppe)

2
Ine Bio
2 ~TRd 58 Tm
= I o = w

—325

e 10,07
—
—
[ﬂ;
=

;

05 20 2.081.00 104 107
[ e bed b Iy ETH]
B I B B Ml B L R B B B R R e R A AR AR R
105 10.0 a5 2.0 B85 a0 75 TO 65 6.0 55 S0 45 40 35
Chemical Shift {ppm)



i

i

]

5
1

801 i

o ——

BLELL- :

1

Va2

12 104 bE
Chemical Shift (ppm)

136

152

S96



DMB0.0)

[H20

b

309

i

67

6.8

6.8

7.0
50

71
55

7.2

7.3
6.0

T4

Chemical Shilt (ppm)

T
65

75

038

76

307

[

78

0.9

a0 78
100 202

el el

&0

81
BS

45 as 30 25 20
S97

Chemical Shift (ppm)

7o

75



WEs ——

iT

L3 =11

T
104 ]
Chemical Shift (ppm)

112

120

T

152

S98



75

8.0

Chemical Shift (ppem)

gL, gL ]

.,|1|]-I||. .
(740
6L8 | L
oG-~ 3
oes-
-
e u
- —————
B

A
e ,_

1.02

2.04

1.00

2031.96

50 45 40 35 30 25 20

55
Chemical Shift (ppm)

6.0

7.5

BS

9.0

a5

S99



Oy 2 =
N
N/ N\ Y
A,
N
0 \
B
g
= - 5 2—53 EE
R R IR
J. l__J J JJ _.l_ll__‘__ﬂ bt Ao &
152 1 1 128 120 12 14 o8 BA o 72 54 56 48 40
Chemical Shift (ppm)



[Water| DM50 |
~ Fad
0. .~
Cl
>~ _N jf
*
(0] N\
- i ?
=~
sg % | 25 Se "
" Ll r;- il
iy 1 | N
Hooa M i " H | .-
et b e N I B | T LWL PR | e W N 5
102 108 196 100188 1.00 0.68 102
|'r""1'-'-:'1"!:"1"' TT TT ] TTTT E"_:'#"—"""‘T"" LA | FI'-'_I G el A U F R LR RSN B A T R AR A
8.0 78 78 77 76 75 74 73 72 7 70 68 6.8
Charnical Shift (ppm)
ia 2
532 3 =7 g ¥
i B i e
11 I._._.- r
11 j Ji
196 198 100 102 305
;—JI-.-I_L--' ihl .IJ et 5 . i ; g j : : - I-.! : :
80 75 70 85 &0 55 50 45 40 as ao 25
Chemical Shift {ppm)

5101



Cl

8
o8B
g
w8
2 me
3 e B3 - 5 o
[ T EBmo =
g B ° 33 T

166 160 152 144 138 128 120 12 104 =i 88 80 T2 B4 58 ] 40

Chemical Shifl (ppm)

5102

26.41

24



! A
PEE— e
- Y
Er
88 £
L8| - 1
A — |
8L -
£e'e— e |
SRe— |.Irl|||.nrlll ”quuu .m L
899 ——= " lf=
E wm
=}
L]
34
BlLy _ B
0Td | -
Tl |3\
A 5 -w 1l
‘m
N Fre
.w Lo W
L]
{ £
m [
| i P
B8 — e E E
o5 - o ...w =
Lay
Fe
Wi ——" ] Tl
Wy e i 89| _
i e
| = 12 529 ﬂ.w.,lHu.
T el " W |
BT e BlLL
2 sl |
F T L=
Eon -
-
SE4 | | g5
I —— m ]

gl ——

B
T
I
|
|

-..n.-.-.-..n'-""l W 'W-:’I Il'\-ﬂﬂ-....—wh—{l-': I\-'-u-\.nz':"l

0.96

096 097 057 085

—
T

== == =
T

20

25

4.0 3.0

50
Chermical Shifl {pprm)

55

75 7.0 B.5

B0

B5

5103



8 Pa
” & =
F m E.g §
B 7 ¢ & =
g & 2 = 8 o-8 g
g il T 2 g =

OMS0

BN

168 160 152 144 136 124 120 112 104 o5 BB
Chemical Shifl (ppm)

5104



CN

g

112 203

199

By

.|

4

: 71

75 74 T3 i2
Chemical Shilt (ppm)

T8

T

3:1

B2

314

50

Chemical Shift (ppm)

6.0

25

a0

35

4.0

45

55

65

TO

75

80

5105



LOMSO)

O~

CN

/

= _-N

i

LU,
[ A S —
SEELL - —

Ll
ekl

0B

L8R ————
ELTEL |A

EBEL-
SLEEl——
FEBEL- T
Lol —
BLOSE —
resL - —

EE'581 — —

e
Chemical Shit (ppm)

104

136

112

20

128

160

168

5106



2 5 :
5~ il
- gﬁl| |
g | T % ” 3 (0]
. | ?‘I ) - 2 &
T i I ,-( 5 A &
| || )\ | ] | | T
~ A | |
Jfl [/ = |||I [ | ||
| IFA! / ‘ﬁw_l' e Il | A
u,-u-nlw-v-n_h-\.--.l-\-—'-f:'/ -,"_._r__‘. S et —'-"l w/-’ e 4 i,
204 411 1.04 087 1.00
7.5 7.0 5.5
Chemical Shift (ppm)
2
[
|
o3 F ¢
- HE
o e |
%T | (IS L
L o
il [ | I _.-"‘l ! !

1.02204 411 104 087 1.00 258
= b= = = = = =

T e e e o o o L e
an 75 70 B85 &0 55 50 45 40 A8

Chemical Shift {ppm| I

5107

240




‘DMso|

(NP~

/

-

= N

228zl

PEETl

6801
Z0THE
BE'ELE

BZ0TL

ZioEl

ZZGEL—
BESEL-
000

LLEFL

fra o1
FOESL

SEeal

-]

= i]

16

Chemical Shift {ppm)

104

112

144

5108



ll*“ﬂr-"-.»\.-u-..-,nw.-m-u- s I'“uvr WWW“&" et !

2

|

3% |

L |‘

2y |
i' 18

I||| 1.

I!IL_ o |,"|'_

-,

3y

e |§

"I,. |

[

I 4

1.00 1487 0.96 1.00 2m 055 068
[ e i ! i L I | i | —
a0 T8 TH T 7.8 75 T4 . . 7.0 ] [:1:] BT 66 65 B4
2
Sr
- L=
g 83 | I3 r r
E S
L LJ h | |
! 1
H_.rL I-, J .._.-'I"'L '_/J 'J'\..n..
0.85 1.00 157 096 1 308 255
e =l = = [ = [
1I:IH]I EIE a.0 a5 I ﬁ.lll a ?IE 7.0 I 6.5 6.0 ' $.I$I5!D I IAE ) 4.0 35 ' 3![!"2'5' 2!1]
Chemical Shift (ppm)



OH

— —158.76
15853
110080
= =110.75
- —108.96

BN =l T . . . .-...-. . -Il‘
160.5 180.0 15685 158.0 1585 1580
Chemical Shift (ppm)

ik L' o P M T

1115 110 105 1100 1085 109.0
Ghemical ShiR (ppm)

11567

3
8

168 160 152 144 135 128 120 112 104 95 B8 BO 2 &4 56 48 40
Chemical Shifl {ppm)

S110

13.78



783
—7.81

| A

r

79

204

TE3
T.81

7.8

L4z

* = Z-isomer (at the styrene moiety)

703

—8.75

Weier

325

(owso]

2.3

A
v ‘\.-. \'lll“"'

259

25




169.41

161.00
156,38

156,88

O~

148,73

_-N
A\

/

12785

114 .46

-111.21

111,10
110,78

Chemical Shift (ppm)

552

120 1115 111.0 1105 100

e o A 4 A o S5 e

o 88 B 72 &4 56

Chemical Shift (ppm)

S112

DM

1378



* = isomer (at the benzylidene moiety)

Water |
N b
(0] \ 8 g
| i
r i
; o5 :
b | 88 | G
7 g8 | mrng J %o
" - Je! =t e | L=
! e | =1 | [
] .| I | | | =]
I 5 L. P I 1 | | l:|" | |1
| A ! I ',__ /= [l 4] 11 il
A -, e A - A Rt Rt Y | PR e B 1 B e
206 110 215 1.011.05 1.00 113
il bieassa] — J | S e
T e —— L, —— DR, — = — — RO, —— —  W—
8.5 80 75 70 65
Chemical Shilt (ppm)
__."m & |
-] T '
| _"I'- |
H I g
gy | e 3
|| " |'f| ¥ l |
] rF | 1
( 7 |||1 - | (2] |1 [
fl L III | | il
I JUr i ':'!.'j'ru | [ [ L[y ull
PERTTLITISPnne ./ [, TENOR, T of.,*) o WY b TR e (AR | MR o T LY e . R
206 2158 TIIH 1.00 1.13 324 3.
el T} Ll | Laad e [
¥ T T T T T T T T T Tr T |
a0 85 ap 75 7.0 B85 80 55 50 45 40 a5 30 25 20
‘Chemical Shift (ppm)

5113



DMSO

O~
N
= _N / \ /
A
O\
8
5 13 2 8 8 g° o %
8 a8 3 z gt N2 oc E i
2 B g -# 87T
44l A AN St

Chemical Shift (ppm)

5114



681

—326

240

&
g
i
g%
o
.
LW |
AN ',
1.06 199 08
Y e | - |
BO 79 T8 77 76
4
8 3
S .
& Bq
Eh L T
I
199 309 100 .
S = k L=
&0 7.5 70

Chemical Shit (ppm)



DaAs0

Cl

B HT L
IEETL

BLOLE
BT
SEFLL

LEDTE

LF'SEL

Foarl

02 951

16

24

a2

T2

a3

=]
Chemical Shifl (ppm)

104

12

136

5116



— * = Z-isomer (at the styrene moiety)
6 [ .
N 4 | i
I E
AR :
N
o\
:
.- ! Rea '
s? g2 gy 0® ﬁ.'r:-ir- : -
' L . P
| J
] . _ el " -
l;’ | I}T l‘l if J “
--'ll‘—._,-._,-_...- = 1 P T .-"Ii— e ,-J l'—.. . '-—-.L.-._._-n..-'!a-'lh.--.._,- - o _,——-...-"-—-'J't-' I-\—J M= e —"I L
1.00 087 D6 0o 1 097 098 104
= e { - —l [ e -l
T8y T ae 78 78 77 7e 78 14 73 72 71 76 &8s &s &7 &8 &5
Chemical Shift (pprm)
ik
= [ ry
. PP ;
B - E 2 1
S RemamR 23
}.-' ~ - |
e | 1_4 |
| s o | D |- — il T -u_..._.-_-rJ-l J....-' I'in.J L CREE=y
1.00 Ds8OSE 1M1 058 1.04 284 309
=l i .‘ %] I-II : b = .-HI i 4} i : : : ; : b i : :-l e I W
80 75 70 65 60 50 45 40 a5 30 25

55
Chemical Shift (ppm)

5117



omsa,

LUEL N

Lol e —
oL 3
LVZLL

riozt - ———

oLezl -

Chemical Shift (ppm)

EB'BZL—
o lEL TR E——.

0H'ZEL-
EOBEL

POl —d

ovos— ———
sres———

rFEESL 1

iz 1 12 104 o6

138

5118



* = isomer (at the benzylidene moiety)

CN

70

75

B.O

Chermical Shilt (ppm)

an

ER L

1.081.08

20

45 40 3s 30 25

" 0
Chemical Shift (ppm)

55

I
B5

70

75

B0

5119



NG
CN
= N /
b
N
o\
& g
. s
- B- !i-'
: | |
|
|
11 ( |
) 5 .':.:["‘f'""',"ﬂ'r ":l‘."-"""f—'i.'f "'\-J"r".\-_'n"l‘l_"‘;. 1'v|r rML s r\.w:_:.:-ﬂ| v
Hom 115 14 113 1z AL 10 09 08
= Chemical Shift {ppm)
g £ ap 388 7 B
%2 9 RE8 = = n
§ E’ﬁ Y a59 gEE = = 8
.| | Nn
"J | W skl .L__.'l B T L - a ek A b ikl o Ny s - g
Bkt * i " "SR VR AR e A PR N S i D A e R S bl
Chemical Shift (ppm)



S . ~

= N

e

/

* = isomer (at the benzylidene moiety)

DMEOD

.

Chemical Shift (ppm)

S121

d
T
: |
5 - g
Tgy T 728 [t
g Hoe® A
2~ g 4
= _"ﬂ &
- I A m
;J A I,".||||.|| |l i H
(LT i i -"',f- ra
e ) ba AV
3.08 1.03 103 1.06
L L L l L d
765 T.60 TE5 7.50 T45 T.40 T35 730 T.25 TH TS
Chemical Shift (ppm)
L 1 d | Y
304
%]
P e S ST . . :
a0 35 50 45 40 35 30 25



o
=
129.02
12830

— 13507
— 13487
e 13460
e 1302
12781

P SRR | W U WU TP YA | i
al e o P Lanbhey e s v

13558 1350 1ME 130 1235 1330 1325 1320 1ME 1MO 135 130 1285 1280 135S 130 13775
Chemical Shift (ppm)

| . B A P
R el L BT S PR TL N PR
.

1202
128,39

137,18
13507
134.87

168.18
140,08
13805

—130.23
-127.81
119,30
114.07

—

160 152 144 136 128 120 1z 104 - w7 64 58 43 40 32 24
Chemical Shift (ppm)

5122



]
: i
23
R |'I' 7w
B |
"~ ,,.% - '
| 4l B
2 i = 5
g = | o - w
T |- f e I -
1 |I||I | i | " r"" L I ’ ‘
. / Hifs ' |
[\ (] /
.- /| I [ || |
| I_,-' | | '. |I!’ I _J |hr '.
| -—1' ! || |I l'- ||I I- |i." | | I | I.
I 5 ! f X A ! i
T i WP MW ""‘"--w-«—u-ﬂ"ll i W-" I""'\r'J ll"“—* = = T, 0
181 2.93 1.00 .01 | 0.93 195 I
TTT T TETT T TETrT T T TTTrT T I Ty T T T UL | T Ty
B0 79 TE Ty TE 75 T4 T3 72 T TO 6.9 BE 8.7
Chemical Shift (ppm])
gn &7 2
. g8f% 7 T gac
] r::_r:-_.. *’ PC: | I;?} |
T i ' [
s Ju JJ i . Y N AW
055 151 253 101 185 305
] e=d b e e = e =
T R L B LR R | T T PN Rl R A T T T LN LR T MR TR R I U ™
105 100 a3 a0 a5 80 75 TO0 65 60 R 50 45 &0 k5 30 25 20
Chemical Shift (ppm)



S. z
OH
x-N_ /

s

168.27
158,63
159.562

AN o PR o P o P A A AT '-W
188 166 184 182 180
Chaemical Shift (ppm)

1\ 140 139 138

137

Chemical Shift (ppm)

11553

130,46

168 160 152 144 136 128 120 1z 104 = BE a0
Chenmical Shifl {ppm)

5124




S125

’/
0]
= N /
h,
0 N\
DM50-08
&~
: :
P
g8 | r 8
T |I |
5 ¥88 || =8 ‘ o2 = ||
2 Tes |l RY | 22%e T ||
Iry || - 1 P:'__':.'_f‘ '| Il/||
ot L | il | I 2
Yy B/ 1
_-....m_.,_,_,-ﬂ'fz"j'-::—" 5 I"'-"".I-"I A I"--\mn_m.._..,_,_._._...m-.—m—u--élf'l \—-u_.___,_.-rilp/ L-r"l."'t" b . Ll
0S8 087 200 100 101 101 301
| — S — e | — | —
' 8.0 79 78 77 76 f 74 73 72 T 70
Chemical Shift (ppm)
g B
588 e
E'r_ﬁ :E | A
[ — | |
I ) )\
L% N T
057100 101 30 108 108
vl (g - -
85 80 75 70 85 60 55 50 45 40 35 30 25 20 15
Chemical Shift {ppm)



S A

DMS0

X N\ / N 5 i 4 r,-.ﬁ
: B 3t
I 1
0" "\ | | I
I |
I| | | | I.|
¥ | | J "-.'I ] I A ¥ I'i
".-".-'\f--"'-.--'.'\.*\-—-,-u‘l:"-"" ey e, o e '\:-.-‘\-4"-' "‘ﬁ";-,d"'.v'-a'-ad-'a-\.'\u':‘-w -'wf""'“"'l o
g 141 140 139 138 137 138 135 134
o Chemical Shift (ppemi)
I|
20
[ 7
|
I| |I III
,I | ,"I
s 1 1305 130.0 s 1m0 | 1mS | 1D | 1S o 1985
Chemical Shift {ppm)
3 g
.S_ -
2 @ i
5% 588 | g s & 2
s 2% sihzz |8 I . &
L W T r T ] |
[ Y b=
J__' _J.l.J. . .._L_J |IJ-l_] W il e ol ...L. ..JI!L....
168 180 152 144 136 128 120 12 104 % 8 80 72 B4 56 48 a0 24
Chemical Shift {ppri)



mﬂf.ﬁdl

_

!

/

g 1S
ﬁ:h.| |”.“.||f_
@i |

{

_

|

]

Wl ——
T5L— |]|.||w._.J.._J

=
iy
|
1
S
187100

gt =
W—— u.w.
e |.Iluf
ZEL— r||uh_n,

L e
WL Ty

i
T

L}

1
7.2

L
Th 75 T4 T3
55 50 45

77
S127

d

Chemical Shift {ppm)

ok J L .
Ta 78
60

053 083

L

Y
Chermical Shaft (ppm)
85

81
70

6.2

84

B85

B6

a7




- —137.9
— =307
137.00
13551
135.31

. : M M Ty LR LT
VL 1 o W L,
! M LS. ———

135 130 1378 137.0 1365 136.0 135.5 135.0

Chemical Shift {ppm)

=]
158.50

| " i Uy T
i LY AL W




Sz

* = isomer (at the benzylidene moiety)

Cl

/

= N

o 7
SERL
e e
S
{ I

|

| A
ov'L— e —

BlL
GL'd |

1.00

204 100 Z021.02

bdas

50 45 40 35
Chemical Shift (ppm)

55

7.0

7.5

S129



DM=0

Cl

13747
13711
34
13457
134.55
13398

128,48

o '---'-'--."-.'-""'I W | iy .I'.r Wit e -'.'.I LR P T -."-._-".. kL o T TPl ._-. -."' -I'-.' ud's ‘ b iy v & ¥
1385 138.0 1375 137.0 1365 1360 1355 1350 1345 134.0 1335
Chemical Shift {ppm)

12084
12882

168 150 152 144 136 128 120 112 104 o5 BB 80 72 B4 55 48
Chemical Shifl {ppr)

5130



OMSE0-d6

Water
5 .
=
2 23
h
& 3 Epe B ~fAfafe T ® z
I L T g e '_':
1 11 e '
F | aﬁ 1 H} m| | (lbl !
'3 li'g a i & - '
|L—4| | ¥l ]L|I;]J i |m ﬂ ”—-L
izl Nl Aor sl Nl TN WIS ] TR o N
1.00 089 059 104 102 102 208 1.0
— el |_]_r_l | ! |
LA B T B LSS LAl T T YR T Al HRRRAR AR SR T T T T T |
82 81 80 78 78 77 78 75 7.4 73 7.2 71 70 69 BB &7
Chemical Shift {ppm)
m
-
g3
3 cpBlzRB22s
qu%EEE:"E Nreorc ¥
100 059 102 102205 1.0 298
el el bl [y W} e =
LS | T X7 T T T T ! TFYTT] T T TrYTT] TET it T i kg AL R T TRy
8.0 85 80 75 70 85 &0 55 50 as 40 35 30 25 20 15
Chemical Shift (ppm)

5131



168.03

1401

163

15881

138,05

T4

1371

14021
138.05
13455
134,36
132 67

12371

13145
12083

128.70
12768

135

118,75

120

13455
13436

134

13267

133 132

Ghemical Shift (ppm)

123

12

104 96
Chemical Shifl {ppm)

5132

a3

131.45

12883

128,70

T2

12769

127

DMs0



CN

'n...._._-&.-.-—"‘l I"~--.'I

F
Bl'L- - T
- o
T T
| fa
5 P
f 3
I S
W — e wu
_rlh 2 |F
e | 3
1 JEw
|
X
| 178
1k =
I S _
awi-—=—< 8| 9
L 57l
| P
-.w |g
Wi———— "
= T =}
SEL Thow
g Iu\m, BT
B —— |
B0~ -
1 ‘P
1 E
| .
ﬁ BLL-
8Ly E:

ars . — —

oun i

o [ el
Y - e ——=
6L gng e

3.04

30

20

T
2.5

AR R S .
6.0 35 50 45 40 35
Chemical Shift {ppem])

6.5

8.0 75

a5

5133



CN

139.56
137.07

[ ] f
[ | [
T, i ! ™ Mo L 1 1
L Ll W Oy i e

1405 1400 1395 1350 1385

1380 1375 1370
Chemical Shift (ppm)

1772

189.07
15864
r139.58
| 13795
AITTT
137.07
3513

_—
eI
p—

-120.30

11871

~111.77

e
'F_
=

1385 1360 1355 1350 1345 1340

—2652

176 166 160 152 144 136 128 120 1z 104 e ma
Chemical Shift (ppm)

5134



20

25

/

4

HN. =
= N

30

am

35

B3
45 a0

G4

65
50

E8  EF 68
100
B0 55

65

Chemical Shift {ppm}

0
b
70
S135

bied

T

72
306 108 105
kel b
75

73
80

76 TS5 T4
Chamical Shift (ppr)
100 209
T | ]
o B85

7T
a5

78
100

74
105

80
1o

a1

ns




DME0

HN. 2
8 8
: 8 NN/
T =
|
N
o\
8 8
| | H
&
1300 1285 1280 1265 12680 127.5 1270 126.5

Cherrical Shift (pom)

128.86
123.00

H
&
g g
T = - B
8 b g 8 = &
2 -~ T - T

13847
118.84

168 160 152 144 135 128 120 12 104 =] 83 80 72 64 58 43 40 3z 24
Chemical Shiff (ppm)

5136



HN_ =

N

7

/

OH

o 2 &
Wﬂﬁ
\ g8 8
. m o 5| Water
- H k-3
= [ e | “’l t'!, :
! | {| f | 111 ]
I 'y i ; | L]
__,__;C-ﬂ_-“-._,_._,_..__,.,_.,-i-"{"-u-.__a,_,___”m_,::*f"-...--u_._,._.-','tv"": S
1.00 208 1.18 111417
T A B e
80 75 70
Chemical Shift {ppmi}
&
23
8
;!ir-' i
ol =
uB Ny N
® B w P -
- o . | ﬁ |~ ﬁ | |
T = | | S @ [
i B J 1i | l Ii
|3 Y I I'l
e v Ja{.._._...-'. Mt R | W s, PR I LV P P
0.96 059 100 205 119 417 107 LT
3 i i e bt o (] o 1=
T el FreeTy TTreT L ¥ T ¥ ™ FTFErF I TFFLY | Mol A Ll L TFETT T ¥ ¥ T ™ AL Ak LA LLALE LRSS
s 1.0 105 100 a5 a0 85 8D 75 70 85 80 55 50 a5 40 as 30 25 20
Chemical Shift {ppm)

5137



DMS0

HN_ =
OH
= N
</
O N\

120999
11581
M|AT

168 160 152 Tk 138 128 120 112 104 oF 83 a0 72 B4 56 48 4 32 |
Chemical Shift {ppm)

5138



= N .
N\ / = isomer (at the benzylidene moiaty) % m‘
N ]
o
\
Gt .
3 2/ ;
7T T 1 @
I rl || [] 7] .Iu | |||’j, | T § n_‘?:;_.. §
| ! ) Wi L) e
LAY, LT I Y U | B W | o A

B
2
?
3
B
'8

89 | 75 I it 70 ' 85 ' 80
Chemical Shift (ppm) .
of
- ri: s_
" [
y |
2 )
= ~ Vi
®= & B
w7 8 ﬁ;ﬁg
| gie
| I’] -\.l.l !
l"—w-—‘"-lr--' .J" i' . J“ i




HN. =

x-N_ / N

A

13304

134

114.40

12977

129.77

2
8

I sty o ¥ ol

132

13 130 128
Chemical Shift (ppmi)

DME0

12820

— — 12594

128 127 126

55.30

168 160 152 144 138 128 120 112 104
Chemical Shifl (ppm)

5140

&3 a0 T2

26189



uso,

Weier

68 | o]
BLY pa———_ O
g | |7
oee-
i
L
269 rh“..ﬂ_m
[
m
i
alL ||ILanm
() J..m -
IR
. e
o B 21
.vﬁ.h./ 5 N |
L m
BEE———, 1 |
T IR
LIl —— m
e T
_
“
i -_ |
= .Dn.hl..Hl..._rllulu. w
bl |
o i
z7 £ |
/ | ]
_ A\ o T -
gL -
o |
d
1
| __
BEL =’

7.0

T

76 75 74 73
Chemical Shift {ppm)

7.7

7.8

05

LAl

058 1.00
[

191 0.94
=

10

205 1.1
I e

(=

3.0

35

I 5.5-I I I E.DI I AEI
Chermical Shifl {pprm)

&0

6.5

a.0

2.5

4.0

7.0

75

5141



N
O K
=
g g
|
&
B 5
T
&
B & 5 %2 B
% ! = = 7
| |II If I| |I J || |
I AT I‘I I_ il i |
i Bl e b i i e i e e st ety g g sl
S m s = = om0 ms ms na 2
Chemical Shift (ppm)
E g
H 1
- g"
& |8
a 3 o« &893 g 5 28%
i 8 % 3 %7g3 8 s zgf g
v | I | |
L. [ J__l I||_L L H y . .

T TPRTTT T T i L 4 T
155 150 145 140 135 130 125 120 115 10 105 100 o« 50 B3 ad I TQ 65 B0 55 50 45
Chemical Shift (ppm)

165 1ﬁll;ll

5142



800 THS THO VA5 TAO TVS YVO V65 Ve0 TES TH) V45 V40 T TI V2 T2 O TAS TAD VOS5 VOO 655 650 685 680 675

OH

. _N / = Z-isomer (at the styrene moiety)

——7.56
-T.58
T3

71 i r '3

i oo ha ) Il
= T B )

e R ) : I LY N L
1.88
L L

Chemical Shift (ppm)

[ g [ [Water|

L r
f f /

- —5.08

u.:? ?'g | ﬁwf
|_.I"| |I|- Wy nl'-:l‘- ] .Il'ﬁ, Ir-- "JI'II

1.02 212 312 1.08 102 205 1.1
| . l 1 i |

jowsol

200 102 312 1080

-

=] e Hi e

8.5

8.0 B85 a0 ?:5 T0 65 6.0 2.9
Chemical Shift {ppm)

eile

a5 a0 35 a0

5143

20



OMsO

. N /
\
N
O i
& 2
T &
| |
5 2
2 g
E =
| o1 -
| & a ' 5
| T8 ; 2
|
I | H | |
. , | . |
e lbalit Mttt o Y ema N bl g f . f
161 160 159 158 ! M i I o
Chemical Shift {ppm) A 0 e gt i S AN L g S M L g,
13I? 135 135 134 133 132 13 130 129 128 127 126
Chemrical Shilt (pomm)
4
.
T
g F
E =
S #
® b 2 -
2 -8 T o
- g

168 160 152 144 136 123 120 112

1EIH o5
Chemical Shift {ppm)

5144



8
[ & i
[ E 1

—7.76

— e i ]

&,
"

a.02

758

- 78
7.35

’.||
L
|

-

a7
=

-7
e

—&6 T8

| A \ - \
Nk .II'.-'.l. TV | p il [ 1
1 | A J i N LR 3 [
....... P NV A N o S L S N L
1.9 142 054 £14 204 1.00 0.95
||  m— e | e | | — e
e — TRt S

T AR i il i LA LR B v
al 8.0 75 7.8 77 7.6 75 T4 73 72 7.1 70 69 68 6.7
Chermical Shift (ppm)

505

181 152084 594 284 085 1.95
— = | — =

s

OMS0-d6

a.0 a5 a.0 7.5 7.0 6.5 6.0 2.5 2.0 4.5

x5 2.0



128,75

126.01

1373
130.25
127.48

127.73

®

8 |
' |

| I

i LS 1
5 L T L ) d i Wl | i § kil ] q.".‘ LAY ""l-_"'n
I".'LF'.,'I.: Tl :','H 1; i e e P \':‘-.I 'I‘\.",!r‘-" I.-“'IL!II,,.\H h"'"ﬁ .li."t'!l'"*‘w ;'n “"I'I:'H -,"-1|'_.|;'|ﬂ H T ".‘I"n'," }\If L ";r\'l L Ill' v ”‘.Iﬂ *l .'l"ll a

138 137 136 135 134 133 132 1M 130 129 128 127 126
Chemical Shift {ppm)

2 o
28 g &k B
2 =8 g g ¢

168 180 152 144 136 128 120 12 104 96 BB 80 72 B4 56 48 &0
Chemical Shifl {ppm)

5146



[DMs0-08|

e
-
Ea: B

-7 .,“.2.
®il——==; O
AT ,

N i
et —— g
- =
L - i
egl——= n |
._

S

1.00

69

73

T4
Chemical Shift (ppm)

TE

8.0

L2

T.0

T

T2

15

T8 7T

T8

20

25

30

a5

40

45

05— 8o

55

Chemical Shift (ppm])

50

&0

85

‘5

w
k.
1.00

5
b
O9E102 112 0858

o

K
P
I
1.00
80

70

75

%

B

200
=

20

5147



OMS0

o
128.80
12694

= a (=]
& 5 : 5 =2
| | i I ||

. L ‘. , i I i, il il . :
e it Mg VY Y hoon bt oy o I SRR A A gl
128 126 124 122 120 118 116 114
Chamical Shilt (pper)

150.38

128 80
126,94
15073

13767
13716
136,32

141.82

— — 147,

| | | ||
et Pt S W A R L o e

150 148 146 144 142 140 124 1345
Chemical Shift (ppm)

13&32
127.57
121.99

118.64
1182
114.10
“113.83
4263

170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 o 85 B0 75 70 65 L1] 55 50 45 40 35
Cherical Shift {ppm)

5148



iowsol

[Water|

Cl

685 B.60 675
Chaemical Shift (ppm)

690

T00

R i e LALE n as B s o e e o oo e n

725

730

T ?.IW'
Chernical Shaft (ppm)

?35 :

7.70

Lt S

=

097 1.00
7.0

088 1.50

200
o[

1.98
=

=

]

25

40 35 3.0

45

5.0

Chermical Shifl {pprm)

™
24

6.0

B85

a.0

5149



OMSO |

12877
26,50

2
g

© g & o B I 2
2 : = - - 2 = 8 2
2 58 5 B | ] = - ci
= - | — = - -
II | | | | { i |||:| I | 4 | |
el Vo ol ik Al LA et a1 T VP L 00| VU T o
T T el L L " e e ' L T
138 138 134 152 120 128 119 118 117 118 115 114 113

Chermical Shift {ppm)

Chemical Shift (ppm)

12677
126.80

~130,07
! 128004

15811
150,81
14663
13016
13723
136.54
134.76
13387

#
2

170 165 160 155 150 145 40 135 130 125 120 115 110 105 100 ©5 90 2B5 0 0BY 075 070 GBS 0 60 055 0 50 0 45 0 40 0 35
Chenical Shifl {ppm)

5150



H20 | |oms0-08
\ S
"
8 - g
-] s " 8o 2
-+ r~ o I | = -
e I =R B IS NS © pRERG
= r= g 1 Eeni g A
P il 1 =0 o | =
| T ¥ AW Wit il o
B e e L - o hal Cree e e Y \q,i.ﬁ-"'.rr-'r‘x’ "
085 0.94 1.00 165 216 319 088 0.98 247
B3 B2 B1 80 79 7.8 7.7 7.8 T8 T4 T3 T2 71 7.0 8.9 ::} 87
Chemical Shift (ppm)
B
« 8 g Eﬂﬁﬁhx ® w2 T
o - . 'y
G2 TRRE S Rn7 NV 8RR
N | I I ' '
4-"-..-.-.- P T | -n.-k -'L---"I 4 - P ll'l.—..-.-!"\—.—.—
083 084 100195 216 Q08 058217 20
B0 75 ] 65 6.0 8.5 5.0 4.5 4.0 3.5 30 25
Chermical Shifl (ppm)

5151



[omso

]l = 3 E:g
x_N = = =g
Q /s E TS

0 N a1 bt . | ' _ 1

o |

= - E t E

5 2 a8 5 3 &

T 2 BB = =

-

| i

| i 1 1 P
NP AP Ly by A paton s W o me ik e MY e b I|_I AR Sy lld_."l-'- e I-.-..u-'w. bbb
Py b -I"ll'.' P o e -'-"..' Lr .\I-hl .f."-"'u'q'l'-‘-' #-".I',, Wy i .r,_. 'Iu i .I"-".' MY W™ gy g .-r""'-, 4'|-..I'|"~l.{'

137 136 135 134 133 132 131 130 129 128 127
Chesnical Shilt (ppm)

120 112 104 96 a8 a0 2 &4 55 48 &0 a2
Chemical Shifl {ppm)

5152



I

4

S R |

e

e

* = isomer (at the benzylidene moiety)

690

655 650 645

6.60 675

=

b=
|

i

l
107

112

2.1

o R Wy
L — -
G — e M

T T T T T T TE[ITIN AT T
7.95 7.90 7.85 T.ED 7.75 7.70 TES 7.60 755 7.50 745 7.40 735

B.OD

Chemical hift (ppem)

]

)

Y —
geg

300
]

25

3.0

4.5

50

Chemical Shift {ppem)

6.5

5153



O~

/

= N

4

05921

eroel——

asgl —

b b

gl — ——

e IEL —

B
127

|
g e -

126

128

130 128

L

133 13

132
Chemical Shift (ppm)

134

h
135

R
E

137
B
%

oEszl ||Um
=T T

ETL Bl

90'5E1
IFGEL —=ml
FELEL
Bl —

P

olewl———

e R

TERSE

bl

Ty

LTE - —

P U S R

16

24

T2

104 96 ]
Chemical Shift (ppm)

128 112

136

144

168

5154



[H20  OMS0-a6 |

OH

2
g
L |
|/ 2
28 2 E
3 " gE : | lﬁ £3 | 23
E = 1 | P ."" E _,I i g Ir"- b o
v |~ il (i1 I ‘;I.
| ! yn ) L LA
SRR 1-\-; | LW S | ) vw‘*ﬂ-rﬁ-l'—'l el Ml “—-—-b----.--w--q._—.q-h.h.._,-f'. e
085 1.80 083 513 0.96 300 0.9
a0 .48 TH .7 T 75 T4 T3 .'!'.2 TA .0 . 3] ] - &7 GG L] G4 &3 =]
Chemical Sheft (ppm) i
a 2
o
2] a8 .8
|& @
- ig" K § N A vy
= 51 ° | e®
J __,Li__. WL R ! .-|IL : A et
Lol 0.86 053513 300 059 1.90 1S
105 1000 8.5 a0 a5 8.0 - 7.0 6.5 6.0 5.5 ) 5.0 ) 45 4.0 3.5 3.0 25 20
Chemical Shift (ppm)

5155



DMSO

OH

« 8B
% &
8 2
E g | @ T
88 8 e 2
8 =- 8
. i N

130 128 125 124 122 120 118 16 114 12 110

3 &
2 2 &
T B
=8 | |
i &
5" %
. 333 o o EE E ﬂ E g i Al . . 1|‘_i-'_ .
B ] o Bl T 8 7 @ 2 iyt Bt ity s e A [
2 Eﬂ;?} T 2 28 JS b= :EE 180 158 158 157 156 E o
[ | T I - Chemical Shift (ppen) T
1 lj ) l ]. J_J.__"_ | J.___ _'_JU J L ]
T e te0 | sz s 13 128 120 | 112 14 e 88 s 72 es s 4 4 % 24 18 8
Chemical Shift (ppm)

5156



* = isomer (at the benzylidene moiety)

~7.02
—6.59
—883

g

Tl | 23
[ |f ‘ W

H!JI 1

ey rs |

(oS0

N.

—240

308 056 1.00
ﬁ
T LR LA LAl L L TreTeT TrreTETrTT
71 TO 69 6.8 6.7 L 65
Chemical Shift (ppm)
]
uw
2
23
~
1 |
¢ I
L i M, A
1.00 185 3
[ = [
= 6.0 5.5 5.0 45 4.0
Chermieal Shift (pprr)

5157

25 20



114,40

110.63

4

-

T

~
11182

=
11343

1, Jos ]y

. . W am g NN al Nt wl .

i MY .I."'.'.".'.'.".ll W e R A,

118 18 14 13 1z 1 10
Chemical Shift (ppem)

128.74
12691

13014
127,60
127.48

|

e N et ool il s il s e N NS

1315 1310 1305 1300 1295 1280 1265 1230 1275 1270 1265 1260 1255
Chemical Shift {ppm)

128.74
12659
114 .45
110,93

130.14

148.76

8
B

168 180 152 144 136 128 120 112 104 95 B8 80 72 &4 56 43 40 a2 24 16 B8
Chemical Shifl {ppm)

5158



—6.68

T

[

=

—240

£
|
8 - g| 8
g7 X =
r:l-ly ) ﬁ || I]//’
28 8% e
]l =l e
|| I Bl | g
) - TR
[| | Ut ’__,.rT pS L
1 1A PIra W, 1
LS LN A VR /) BN ¢
057 197 058 201 815
S | E— ! 1
80 78 78 TT 16 75 74 73 72 T
Chemical Shift (ppm)
a
|
i
2 E HE i
g™ e
. =3l
Bh&[ =
s8 || wef e 3¢
Ld - | || [
H #
& |
U e X
087197 201 815 0.94 0.99
—_ e b e i —_
a.0 7.5 I 7.0 ﬂ!ﬁ I ﬂ!ﬂ I 5!5



126.90

129.98

(DMSG ]

Cl

128.75
i

13732

136 68
135.42
13463
134.04

127

| [ || 1 .l | .

| | | [ \ | i
| | 1 W f
P T R LT PSPPI | W ..v'\..._,-_--..-'l—v-\-h.r‘.-«.-\.#‘-?--ﬁ"l s '4.-.-,-.#\"’ i '.\.,-l'a-._\-.

138 138 134 132 130 128 126
Chesrical Shilt (ppm)

11443
—112B8
41107

120,862

425

=_
T

1382

ey i st e i A A S g g Ty L g M—A‘L g S it bt

120 12 104 o5 B8 80 72 B4 568 48 40 32
Chemical Shift (ppm)

5160



* = -jsomer (at the benzyledene moiety)

[oMs0-06)|

CN
™
N
9] 5 o f
T AT
| Eh ]
28| 2 Aa R :
gar | |n H Tl iatr .
g Ly [ Sl bon et T ; b
f I'II"". I'IL- _.I I..' /I.- ¥ |"'"| IlI I|II I| Ic'l L'; "‘, },_ .,-|4
L A R U
% 202 23 1.00 125 514
|
a0 78 78 7T 716 15 14 73 712
Cherical Shilt (pam)
I
5o s g
r o
] S
. ! \
FJ 2 83
24|15
g8 [~ gay™ [~ g3
8 %Wt_|w @ o
il I
| W | (
J | ||F F|II |}- [ ||
|;|',“"| L. |';- | ,'I I’i r |.t .Il.'."n 1, I I -VI_I
PRI J LS | T— e R s, R . Pt L ;
088230 1, 514 n.97 104 208 3,00
[ — [ = — =
a5 ﬂ.ﬂ ' ?!5 7.0 85 I E!ﬂ 2.9 S0 . 4‘5 ' ‘Iﬂ 3.5 3.‘0 '2!5 I 2 E:
Chemical Shift (ppm)

S161



DMS0

(N~

CN
x-N_ /

7

13265
126.83

130.47
137.82
137.18
13525
12742

| |
| | . -
e b e S g P g g B g e a8 o R e S et b it i e st
140 138 133 137 136 135 134 133 132 131 130 129 126 127 126
Chemical Shilt (ppm)

2
L
8 o S 2 @ g2
o o® & 8 = = =T
8 23 8 "533?’-’ 8 8 g WM‘IMIJIN-UW* @ T
g 58 ¥ 850y 88 BrF v
~ = T =T I 122 120 118 116 114 12 110

Chemical Shilt (ppm)

168 160 152 144 136 128 120 112 104 5 BB 80 72 &4 56 43 40 3z 24 18
Chemical Shifl {ppr)

5162



774
T
T

— L R S S

1.9 1.02 184

064 287

7B5 780 V5 TTO TES TBO 7S5 TS0
Chesrical Shifl {ppmi)

795 7.90

5.07

220

745 T4 T35

Ep-1

2

!

¥

212

7.30

hr-
(28
5

q

CH

1.33

7.25

=2
= T
bl Ly
| T
|l_‘r
H
g

158

7.20

1483

8.5 8.0 55 5.0
Chemical Shift (ppm)

5163

.MJ. .

a5

OMS0 |

/1
PR | T L S

25



-H"‘H
125,04
e | 2878
1283
— 128590

—12788
— —127.5

Yy | 1 |
VLAY AN
P Ly

Tt
Ill'-"..)" ".a"'_'fl‘l'-'c. .Thrlf LT

L A
L. t'-n.-,,':\q"." A .ﬁg e -.\_-,:' i .ﬂ"ﬁ r-" I
131 130 125 128 127 126
Chemical Shill (pam)

4 o
@ = o i
= & = ' 3
g 5 ; 883
il
: { '
] | | ||
B g I i f |
I'--. = E ) b , ) ) | flr . | ) .'I |II I.hl' l.
E 5 b T :‘,a'-.-'f ﬁ':-,-." "y X *"',"."\hdl' |JII;|'.I1""' II.- -'.-"-_-'-'I o '-."'-',,"" J I|' .-;‘-J,-“‘,'.,-'-'-." 7 |-|-1.I_"'I I 1'.'.- r‘l_.
8 ' 140 139 136 137 136 135
o g D i Chernical Shifl (ppm)
3 5 g5 8
T T

T T T T T T T T reerT
170 165 160 155 150 145 140 135 130 125 120 115 110 105 100 g5 80 BS 80 ™ o [+ 60 55 50 45 &0
Chemical Shift {ppm)

5164



S\ A
OH

[H20

7.90
T2
7.58
740
7.30
681

782
B3
774
772
T3
728

i
i
& o R E
3 i - o
- | E E—r-—-r-.ﬁ <
i & r | -
H i L= " | |- g
. o SR L ' = A . .

180 T pas 504 100 T s 194
f L . | .
75 T4 T3 7.2

Chemical Shift (ppm)

5.04

8.0 75 7.0 6.5 6.0
Chemical Shifl {ppm)

5165



|omso

OH

/

g
.

128.75
125.88

&)
13040

127.78
12747
12613

i L a Ll s Toog WY . A ol S | b
I A TR PE L L W, ¥ ¥ P oo ey

1305 1300 1265 12680 1285 1380 125 1370 1265 1260
Chemical Shift (ppm)

128.75
126,68

130,40
115.98
138,14
136,95
134,668
13451

137.36

13895

136,14

168.20
15891
158.92
140,88
13465
134.51
12613
172
109,63
%
4248

138 137 136 135 134
Chemical Shift {ppm)

Chermical Shift {ppm)

5166



CEE

¥ E
EhuuL:Hh.m 3
we-—=——xy § i
wi-—=%

@
~
1
rI
WA
1.03

2
|

J 1ﬁ.
|
5.14

75 74 7.3

7.8

Chemical Shift (ppm)

78 T

T8

a0

=1 k-]

-

258

15

20

50 45 4.0

Chemical Shift (ppm)

55

w3
o

5167



—183,18

68

18113
153.78

152

14016

——138.10
137.35

138.90
13456

136

13016

126,90

11811

120

Ly

o |

oMs0

13375
126.80

13016

127.62
127 84
127.48

A i L L L] - ol
' L P e A e, A oY T LT STl g P o TE T,
"l v - Wy v ¥ T

1316 131.0 1305 1300 1295 !Eﬂ.lﬂ'ﬂ.‘i.ﬂﬁﬂ 1276 1270 13.5 1260 1255

11456

12

11106

Chemical Shilt {ppm)

138.10
137.35
1365.90
13483
134.68

140.16

55 40
4281

104 ]
Chamicad Shift (ppm)

5168



[
=
|
e
1
208
Tr

8
1
I
(1
78

Cherrical Shift (ppm)

o
h B P
Wp————_ 8 |f
g ——

s 25 z0

35

4.5 4.0

213
50

55

Chemical Shift (ppm)

65 60
5169

7.0

1.15

Y

100208 085
75

S i

2,00
=
8.5 a0

80




SN~
N
N /NS

-

128,80
12693

150.41

13728
4 13720
1359
135.72

166,85
157.77

~141.84
-137.83

121.87
1M .40
11842

L] 130 128 128 127 126 125 124

o b oms o Rl Aa il n kb T W o
A Al b Ml T g nl g i

112

128
126,63

12758

Chemical Shift (ppm)

141.84
13852
13581

142 141 140 138 13 13 138
Chernical Shift (gpm)

Cherical Shift {ppm)

5170

13572

104 96 B8 a0 72 64 56

135

4281

|OMs0|

32



Cl

4o &
¥ .
_8 RS % B =
E | ) i b= }
| b
) . | 1 L.
835 2 ? ' - - &%
e | [k - ~ Ik | =¥lq
o | i il | 5;| |{ ﬁ A - J
Lf E If|1 |) | rll lI“Lﬁ uﬁvr
- - — A | =
||'I-]’|| Ilr I"I'I I | l} Il}n I i |I!||,'I.|I |I|I \ |'||'II.! |I Ilk
|.".. Ul II.I W .I.I \ -IlI | | / Vo | v/ Jl'ul .I."I |
il b S s e R e R ! oo S N,
053 1.00 188 1. 1.80 1.01 1.99 182 2.M 0.8o
L L d ! i d L 'l ] ! Il 4 l L J
795 700 785 780 778 770 7ES  TE0 TES TE) 745 740 A5 70 76 720
Chemical Shift (ppm)
|
—_— [
|
| - J WAN]
1.94
-
' E!ﬁ I E!l:l I 2.9 S0 4\.‘5 I Ifﬂ I 3!5 I 3.0 25
Chemical Shift (ppm)

5171



18506
8.

1T 165

13875

13756

L A13T3T

13517

34T

-123.08

130.00

Cl

12005 128,76
126 83

127.50

128.76

130,00
2005

12027
114 80

i P e W

138.0 13385 1330

LR C——

160 155 150 145 140 133 130 125 1200 115

Chemical Shift {ppm)

5172

129.0

i

"o 105 100 95

12781
12750

1285 1280
Chermical Shift (ppm)

1275

137.27

13668

"'-\. .
1375 1370 1355 1360
Chernical Shifl [pom)

80 85 8O TS

W Tl VL LR

OmMsO |

126,68

b [’ o F.
INUSE U PIPR-

1355 1350 1345 1340 1335

T

0 85 &) 35 30 45 L0



]
=
I'I
L
212

512

69 68 &7

70

80 79

B

|P

DEM
.

e

BTL

2
i

2
Ir “’

3
U

R
ol
|

&
"

0548
fa—

100 2.000881.00512212

185
S—

[ | T

=

2.5

3.0

5.0

5.5

Cherical Shifl {pprm)

7.5

5173



1]
N\
12882

126.86

1388
12758

130,07
Fi

-—132.75

|

Aa m 2 T b M e ] VY I TR E T L

.,‘ o n'.'u_-r.ll._ . u""'.-"“..-"-"'.' poeet ! sl i EALLF U T N Ay

1325 1320 135 1310 1305 1300 125 1290 1285 1280 1275 1270 12685
Chernical Shift {ppm)

12882

12686
14013
138,03
13719

T "
ot i) Moy s ot S

141 140 138 138 137 136 135
Chemical Shift (ppm)

WMM e

128 120 12 104 96 BB B0 T2 L] 56 48 &0 32
Chemical Shift {ppm)

15816
14013
13803
137.19
136,79
135,09
134.91
13188
127.56
119,60
M2
4252

189,01

5174



i

72

73

25

3.0

058

e il Wt
T

y |4."p.._ m |” 2

7.4
5.0

g
55
S175

Chemical Shift (ppm)

76

Chemical Shift (ppm)

7T

CN

-
&
~

1 A

I-v-" |

N.&.unn T

&

P

|
II|'|

o
o

B
P
i
L
I
[

[ —

it

G.04

s
P

7.0

=

101 107

7.5

S

B0

BS




168.97

=
CN 8
e B
== i Er
e 5 B b
g 22 g U8
i |
| |- |
] | | |

1% 128 137 136 135 124 133
hermical Shift {spm)

128.76
26.90

128,68

28.02
12752

il [ fed BV £l M ey AT ¥
T WA LT A Rl vty W A el AP L T
-1 . T rrrrerpere Al >

Chemical Shift (ppm)

~130.38
138.01
11187

128 120 112 104 o BB BO 72
Chemical Shifl {pprm)

5176

1285 1280 1285 130 1275 10 135 1250

|omso




HN. .=

N

j :.'

o N
|
I-l'III
/
|II
.- g
i Q .-I.th' E I
R - [ 138
" N ] P 'f'l__':':'r- P
-EE E 3_,']', |"| -—I".'___I 'd
8|F> el | 3
: = | r .
e )k L I8
WL y U L
210 482199 2T AT 307 202 247 110 212
S - ] b b e Iy —
L AR LRl LAl LARS Ak T | ARAS MRS RARRY B T T bl Rl LA LAAAN RAALS LALASLARLY LI T LA AR | T T T TETr T LA RS RARRS Rl RARAR RARAN LALLE RaALY |
B2 81 a0 79 T8 7T T.E 75 T4 73 7.2 A 7.0 L] L] 8y 66 85 63
Chemacal Shift (ppm)
Il'
f
|
||
| g
58 2
E.EE": v ' a
L il - "
7 e mm
& = gy EE_ ’ FRvw '
o T N | P ee
| u-_ B
X I 4 S . e L. __.__.__q LS S —
0.g3 216 210 199 2787 297 212 405
— = =] H = Hid HH HE
bkl Mobbd b L bl LA Riekid Lbh LALEL |kl Rk | Mkl B | Ukl R BRRRL Ul Al Sobbd bt bl ML Rhbhl bl | T T T T TR T LRLR bbbl Rkl hiiid
130 125 120 115 110 105 100 95 80 85 a0 75 70 65 &0 55 50 40 35 a0 25 20
Chemical Shift (ppm)



i ||

| 55 :

E I IE |I E E E

& . 2 5 g7 By
E E |I .II' | III !. E f |I'.I§ ﬁ

.‘. |I || f
..,.'..'.',.' RS T T R '.'l'.. ST SRR T T e T S T T ...-......"-..-.*.;-.-.'.:-..'..' ..'.;' =
1335 1390 135 1380 1375 130 1385 1380 1355 1350 1345 1340 1335 1330

Chemical Shéft {ppm)

g

T 3
| 2

118.35

=

o v ' 1 Ferrpreeepe veprrar
= 121 120 119 118 17 118 115 114
- Chemical Shift {ppmj)

168,84
16800
155,78
13323
13755

U ST ) NP | S | .

111.08

184

163 160 152 144 138 - 126 120 112 104 55 a8 80 T2 a4

Chermical Shift {ppm)

5178



| oMs0-06]

&
HM, = o
e
N OH Bgo oo
o f o ) | . a
N l g2 B
pes (s g ! |-
oW Booh © §
H |,' | |IJI| il I:E_.I"__, i
I NSV N B I, Gl | S
243 BT 50523 1.00 246 r
—d —_— — — —HE
7.0 69 68 67 85 65 64 6.3 62
Chernical Shift (ppm)
II.I
/ =
' "]
EE E |ﬁ |
f k=
oY :aﬁtil 8. -
eIl 8§ =
||'! R w
Eﬁ 8 ﬁg $IJ'%1 I —
§ s\ Ml | )
|'L_:'r ) 1A J} ALY —_—
.| S © S A v a0 Lo 204 503
0S8 480 203 2263 .
. | 54 50 48
80 78 7.8 77 78 75 74 73 Chesmical Shift {ppm)
Chemical Shift {ppm) 2 o
W
¢ . |
\ ]
&
I - .gf
I |~ i
—_ “-:;k__ =
23 105 BR ﬁﬂ B
3 —_ e =& W@ @
3 E T T T T T T o B R [ =
& - @_ 000 980 & 5, 3
= [ 2 Chemical Shift (ppm) I : ‘5’.,]-"
= I
I 1 J i . | l . L i, Ay
089 2w 1.05 239 4902263 231 246 5.03
[M] = N 5] H = WLk e (¥ N]
13-.5 I 'IEI.I:I I 12I‘.5 I 12I‘.D ' 'I'II.E 110 "H::.E ' 1ﬂl.ﬂ I 'B!E I E!ﬂ I a5 I a.0 75 . 7:0 I E.I$ I E!l] I 5!5 - 5.0 I 45 4.0 ' 3}5 I 3}0 2!5 I ZTEI 15
Chemical Shifl (ppm)

5179



ceesl

LZE5L-

LrE5—

cieal-

8
g

|

s T R S RS PR P,

g N S e gt T i e A b e i g e, T e T i

T

162

Chermical Shilt (ppm)

154

156

158

160

184

168

L der B

BLPTL— =

g e e i

DEEEL——

0281

s
&

oD 2EL I

a
2
|
I

OB — ==

—p

= P T

134

e,

-4 &6 BoL — ——

B
¥

IE0)— ———=
aroet- =

1

okl —

Tt - W ".MM'I'.W

L ——=

o
12

Chermical Shift (ppm})

S59LE

l

116

cesLy

TT
118

- ECBLL

g
B
|
e b
120

]
N

133 132
Charmcal Shift (ppm)

134

OTESE— —

SR ——
WL
LPESL—

L8k

TP —

T2 64

&0

B e T T T
B8 88

12
Chomical Shift {ppm)

128

B T e
Tak 138 120

152

B D T T T T
160

178

5180



oMso

— 7
o
HN.  ~ — 9 : * = isomer (at the benzylidene moiety)
F_ E E
-
= _N / \_4 A Ihﬁiﬁ ]
RS T =l
RS " aad
N i 1jrr-: o] @ & ag
o ut ik c —
__.h'..il |~_. .-I.-ﬁ'ﬂ_.'.' | !" 1 __,i-{::_.,é:?\.,__ - . T
108 220307113 102 o 100
= = =l (— | —
7.4 T3 I T!z I ?I'l 7.0 659 E!ﬂ I ﬂ!? I 6.6 8.5 E!‘ I H.IE
Chemmical Shift (ppm)
/
b
t =¥
| . 1
);- : 3 I Vit
[/l 4 s hl g
_Am i o o
2.02 1.00 221
— — —
"gs | eas B4 a3 &1 8o 78 718 17 0
Chemical Shilt (ppm) I
‘;j Dl:hlm'wruﬂ'm
[°] ([ 5
! - g T
20 = r L.
=" Ryl /
| p il
= o ® 1k ® e
/ i i S B | A
094 202 100 221 113087 100 2.00
[ = H — b HUl HH [ H
13‘.1] 125 120 I 11‘.5 '|'|I.D I '||::.5 "Hiﬂ a5 E!El I E!E I B!ﬂ I 7.‘5 ) T0 6.5 I ﬂ!ﬂ I 5!5 I 5!0 ' 4.5 4.0 3.5 ' Efﬂ I 2!5 I 2!0
Chemical Shift {pprm)

5181



DMS0

'Y W

R
o N
B &
& ]
2
9 =
& £ 93‘5
i 5 = o
E -
| |
& & ) ..I_IJ 1 I
= 8 e Rl e L st U it A= A v e e e gt S e S
128 125 124 122 120 118 118 114 112

Chamical Shift (ppm)

150,30
121,63

168 160 152 144 136 1238 120 12 104 =] 88
Chemical Shifl (ppm)

5182



\Weter|  [OMSO)|

/ lll * = jsomer (at the benzylidene moiety)

!
.T. g _
;I 8= ~
a3 1:.
[ | f=RT
g8 8 il oo s
88 SO G B Bt ¥ 33
4 (] [l |’ B @ ¢ F g [ [
L f s / 'il g1 ¥ { ror
x A | A |
U A e L) i ke SR | I.__ M. VA AT W e __,J'__,_._A.,- N L o e ] I._ =
g7 108 1.01 2‘.4:| 417 118 1.01 _ﬂ.‘ﬁ]l ﬂ.ﬂ?_' 1.00
| [ ] o =l —t — - - b

53 B2 &1 80 78 T8 77 78 75 74 73 72 71 70 69 €8 67 68 65 @4 €3

11.44
B30
=827
+T7.69
T
r J?T.m =
(7.0
S8
| S—T
Lo
E—1
875
630
| o

103 os7 1.014171.01 057 1.00 1.99
i H W OB SN HEN 5} H

T T T T T T T T T T T TrrTTTTTTTETTTTTY TrrTTTTITTTT T e T T
13.0 1258 120 1.5 1.0 105 100 a5 a0 85 B.O 75 7.0 BS5 6.0 5.5 5.0 4.5 40 35 an 25 2.0
Chemical Shift (ppm}

5183



DME0

= -4
& &
=
cw
E -
£
© i :
B = = a8 &
3 2 L i 8
T = | B
T | | | | :
|
il [,
WA et it et gl sl Tt o PRl S T R s I i A,
Chesmical Sift (ppm)
g
]
w (&
5 2 % g8l 8 K|
2 3 ¢ % g~ = 8 1
] T =

170 165 180 155 150 145 140 135 130 125 120 115 14¢ 105 100 9 90 BS 80 75 2T 65 B0 55 S0 45 40 235
Chemical Shifl {ppr)

5184



HM, =

CHN

J

N

bEL

a

w_nﬁfa_m.ﬂ Ik s g
gen gl
e _m - o —
o L ,
worr e
e | b
g o
Fw
L
L=3
- W05—
s u_-mx||...l..|._
o
.
| Ea
| Co
| t
ﬂAm A
i — 8]
| o

e

Ll
e
BLL— =
oL I-..._.
i,

gE-—

p

ML DB L
Eh--ur.
1
_
g—k ©

GLE— .b.

103
== =

THE03

v

T2

73

Chemical Shift (ppm)

?,II

AL

0rEl—=

2

b

1
L

15520

Hid N

12 103

1.8

[F

(=
1.5

I
10.0

T
105

1.0

T T T
130 125 120

i |
135

5185



123.65

128.45

T

58 3 g3 8 8% &
l 1 B | 1 It | |I 1
R i A ALY

134

CN

128.65
126,62

13270

163 152 136 112

176

5186

132
Chemical Shift (ppm)

13

104
Chemical Shifl {ppm)

& 8
g =] -
- =
=

M7 116 1S
Chemical Shift {ppem)

DMSO-d6




[omsol

9 g @
roe— = 2|t
._ L=
_ w
L9 | E
£Lgs A 2
Ty T m..,.._ m‘—
g | o
{ o
| L
SEE— - .Iﬂlhﬁmﬁu
o —— g ||
06g —— = | @
[}
0oL |mWH_m L
W I{.¢1~ =
_ E
oS
I
...........I- .."m -
' .
z7 < :
e
| o
_ N7 Yo I
o |
LTVl | [
Lo ST SO, uh.
o=
wi = i
| Cour
| Lo
S5 L— "-“Illu..““_ ﬂl_.. 1—
554 [ =
| =
N
N
1 ..._
L el & ._
ars -
Lo
[
_ o
gLt B [
P ——" 2 ||
8L m——— B[]
96 1 2°

Chemical Shift (ppm)

EL'6—

158

192099

1.12
e

HEH =

It

0.99 1.85
i

4.5 4.0

2.0

55
Chermical Shifl {pprm)

60

5187



OMSO |

128.m
12890
12838

o
-—130.42

OH

11518

118,52
113.66
11358
1M11.78

| -

| [l P | .
gt ettt Y el St s et
120 118 116 114 112 110

o
A8y
fz

] Chemical Shift [ppm)
2
& # =
= &
168 160 152 144 138 128 120 112 104 o5 88 a0 72 B4 55 a8 a0 3z

Chemical Shift {ppm)

5188



OMSO |

OH

(), T U ¥ W

ot

wLE

210

are

Z-isomer (at the styrene moiety)

w —

74

75

T2 71 7o 68 BB 6.7 BE

73
Chernical Shifl {ppim)

7.9 7.8 7T 75

a0

VG

et

e,

PEES )

1.

0.99

0.95

30

6.0 55
Chemical Shifl {ppm)

6.5

1.97 2.08

85

20

25

4.5 4.0 35

5.0

BS 80 7.5 70

8.0

100

5189



DMSC-d6

13- —

FLEGE—
BEES1

ZEEGL - —

104 96

112

152 144 Cm

168

178

24

V2

Chemical Shift {ppm)

128

5190



|omso

5 8 1 B

N T H

O i || |
D_.Eg " 1m' e e -'1-99 e S M '1.m'- wm

Chemical Shilt (ppm)
H = g B =
2R v ¢ =8
i | = ¥
o
1 8
k |_f - P
200108 104 213 211
1 l I |
T.05 T.00 6.485 6.90 6.85 6.80 6.75 6.70 6.65 6.60 6.55
Chamical Shift (ppm)
] g
o g R2F E"Eﬁ"_"?%ﬁ P b
o - %’“‘ o S = - &
= : ~ -
5 F ? d
TN J.
N S . [ A o B | | S L W
1.08 1,00 189 1,00 198 1.04211 311 196
20 B85 80 7.5 70 65 60 55 50 45 40 35 a0 25 20

Chemical Shift (ppr)

5191



OmMsO |

0.z
/ N
N
M
N
o
; OH 82
ﬂ = -
g |k ST eg
3 'ﬁ .,,;v_-_r
: F o 2 |} | 2f
T |

—_—

| | | 4 |

J | .
. i LAY Lyt A I| |
it ¥ it T Nl ot i ALt M w* W »_,,.Mr ol

133 132 13 130 128 128 127 126 123 124 123 122 121 120 118 18 "7 116 113 114 113 12 i

=————11093

Chemical Shift (ppm)
Y s
i)
3 EE §=¥
8 2 T
T 88 S ooy
Iig il 2
. ) - %
i e 1s2 s 13 i 120 12 104 s PO s 2 A s a w2 24
Chemical Shift (ppm)

5192



* = Z-isomer (at the styrene moiety)

785
5.98

B.07
805
775
774
T

—

II... Ilr . |"’ |/ ' ¥ \ Iz
5 . r r { [’
A e M e
1.00 m 082 114100

77 TE

e

111115

1.15
?ﬂ...

225

TO

81 a0 TH 75 74 T3 T2 71 69 1]

67
Chemical Shift {ppm)

Il.. ‘I. -r' Il- I|
3 se% pampy =358 ..
o] mebEn R Tew |
I 'S B O S A TS A

111 082 1.0

6.0 55

Chermical Shift (pprm)

5193

1.02
6.6 65

\ M/ A K
\ () - il

213

64

!ﬂi‘ab&r.

OMsO |



[omso

— 12083

- —129.93

OH

13265
- 1M 58
- —128.64
- 2T 87

A  AAELAR PLa 8 A Mo A A ] WAL .
o LR P M M AF W' Y Al Lk,

Chemical Shift (ppm)

115.30

168 180 152 144 136 128 120 112 104 %6 B8 B0 72 &4 55 48 40 32 24
Chemical Shifl {ppm)

5194



H20| (D003
e “
— &
O .z 9
. N
- / E -
' o B
¢ N o g E-% ¢
I N % ,
gh ~l R | 22
o e
||I ||| || | IL'JT .'lH |||I ||| || II.|| [
_.?_I,-I‘-‘I"'I'C.—-i/ T"\-\-...._..,—-’_I/ L‘q—__h-._,._,-—J_/A:H'_LI"I'Lmdli':--—F’I_/ﬂ ’ —
100 203 156 204 104 100 203 1.01
H : 11 .I I, : | . |I=;|=| |=| . =|  S—
75 70 85
Chemical Shift (ppm)
b
2 T
i E
g 3
¢ | T
=8 7 [ .
~ g w
8| { ¥
o2 ‘ g | (33
o ‘ i g/® R
wl | ‘“.\'hr}'
W i |
: f | “{ |-
|
| I | | | If [f (l
_\ VA '»‘u_.flj' h‘*ﬂh{' L't._ _ A J\ AW, I".-lI
1.03 203 385 1.04 2031.01 159 202 a0s
""""I"'l%'l' AR LA |"'I'E|£"%'l"%‘?l=le'l%'l LA RLARLE "I"|"'|"|'"'"|'"%"l""""""'%' "H' LA R B T
100 85 8.0 &5 80 TS T.0 B5 6.0 55 50 4.5 4.0 3.5 3.0 25 20 1.5
Chemical Shift (pprm)

$195



1516

128,68
i -128.87
128.08 198,30

169,18
15886
156.26
155 54
140,69
13966
13567
13547
113.62
11180
11088

~130.01

g

|omso

- —12.89
2667
— —128.30

- — 13001

1305 1300 1235 1200 1285 1280 1275 127
Chemical Shil (ppen)

e . 158 157 156 . 15'5”
Chemical Shift (ppm)

13.78

104 o5 88 B0 72 &4 56 48 &0 32 24 18
Chemical Shifl {pprm)

5196



(oMsO.

Z-isomer (at the styrene moiety)

P |
BE'E >
]
LT
GLT— =T,
8Lz
_ 4
i -
CH TG — ——— I“.ﬂ_ EBqtw
._ =
. <
o EEE— 5
= £HE- T
_ d e
), te
g R
——
[ oo - m.ﬁ-
N
Tie— — e
Lo Jﬂﬂm_-
Be 3
_- -
]
|
§ @
§ w
| S 3
(-4 ..II-.h
=u-..h.,. ...II..Il..I|| . - =
rﬂ.-_.||.rl“:..[|hllﬂlun i ml— L
2oL T
| C s
- )
| 3 L d
rE &
" .m H L, Fa o
. B |“..-,._. .m £ey _
T o e :
o ” o B
I E J
WL
=z e
-__.m = e -
O e wl— hw.hJIr_
s uy wiel
= CE YIS d
Nhh II'M_
STL-=x
b =
B Ll
5
L =]
y -
_ =
|
SgL-———=_ B
A
b IJ 1# &
b

ol ZWE— lIJ

314
(S

228 1.00

(S

429
[

087
[}

1.001
=

35

4.0

LR |
55

Chermical Shifl {pprm)

T
6.0

6.5

7.0

8.0

5197



DMS0

126.68
115.15

OH

13013
114,38

—_—

128,08
12791
119,87
111.08

J 1ingz
11077

|l ! |

1 L { | i
1o U b j A y YT 1 L A f | { il 1 i Y [
Ut Y et Rt A i A e i bt S i b e b Mg
130 129 128 127 126 123 124 123 122 1 120 118 118 117 1&g 115 114 113 112 111 110
Chemical Shift (ppm]

11515

129.88
111,08 11439

15591

o
C

&
H

mmmmw

168 160 152 144 135 128 120 112 104 o 883 BO 72 B4 58 &8 40
Chemical Shifl {ppm)

128.09

127.91
11987
110,77

1357

i)
e

A
e

41.18

5198



* = Z-isomer (at the styrene moiety)

\Water

oMsO)|

= Za
& @ =
=] OH B | !
.| w
f . 1 @ g
= T P 1= -
g3 RE N 2= o $o ¥
=y i Ly |I Al | . 1 |
| I L | I | — ( [}
- I L I | | 111
H I T | [ l . :e'ui_ Il
o 1) N, RS o | SN | T § U | SRty 4 e G SN J\ J Fuah
1.00 104 1M 103 1.23 235 108 2,44 103 1.23
i k d ! & i k d d L d d L i
B0 7.8 78 T 78 75 T4 Ta 7.2 74 Ta 1] [} 6.7 (1] 6.5 &4
Chemical Shift {ppm) ﬁ
[<] -
o L
a AE B g
i F! i EEE'E 2 '
| EERPRRR S T59Y =g i
| o o h-hl'-h-"":r-h; u"‘im o B8 8- | R o |
oy = - L (i J Il Jl
f | |
1 i B—A—&Ll_] _IJ _HJ - i L a g L ~|
1.08 100 104 103 1.23 238 244 123 198 218 295
] L T L o TR U ¥
85 80 a5 B0 75 7.0 6.5 60 55 E0 45 40 as an 25 20

Chemical Shift (ppm)

5199



DMSO

Q. .2
/7 : 38
= N i i
N / S
N |
0
Kl L]
160 159 158 157 156 155
Chemical Shift (ppm)
a
OH
9 5
¥ ¢ =
8 | Y 1) N
gﬁ - 118 115 114 11;"1: ?12 111 110 109
- Chaemical Shift (ppm)
g
- ® gk T
3 gs2 8 % - 2gEg o | @E g
g gg8 ¥ g ggolmfy g 82 ”‘ 3
| | | | | |.| | 1 ||| | Il \ |
e s Pty e s Pt e v e . e e e P e e o e -

Chemical Shift (ppm)

S200



MSO |

k

[Etoa

i

R

20

Water

4

=
o

2
|

OH

6.6

209
[

S VY . SN
T
8 67
[Etoae]
5
3k

0ss — o
S — ; 3
W — mL 2
0L = -
b
|
e k
siL |
62 ..Hr.....M 3| T
b ps
) w
i &
.,___ e m 99, ]
S 2y & oo~
- 269
L | = WLyt

g . pra i I
a T ER
= mm___...__.ll,
~_ (LY8
b WL
\ % ]
- ﬂh_mrl.:l ! 5 -
Elmﬁ.ﬁj 2l
{ e
u —
sgi——=" g |t
Wi——= -
L= 8 || Be
e

4.5 4.0

T
2.0

55

5201

Cherical Shifl {pprm)

B0

6.5

102 209
[

1.00 280 1.3531.08
e WY U JY
7.0

a0




138.04

—13892

yat]

a - i [T .I"l i1 _' A .'_q. |.
TN WL el A e P ""|J L/ q-'-_n.. gy

r T
140

138 13

137
Chemical Shilt (ppm)

136 135 134

3 8 8
@ T & &
b RERT
TES ' e | ’ | By
TS 8 | S
. E ! III |I III_ II :
|| f o
8 28 To885 o (|Fy A RYANL
g 3" cageats s 8 |5 A Jl e
' T l ' T 1305 1300 1295 1290 1285 1280 1275 1270 3 %
l Chemical Shift (ppm) I
VL WLA#
165 160 I 152 ) 144 138 I 128 I 120 lI'II'E 1I:IH o968 83 EIJ T2 I a4 I 56 .IS 40 I 32
Chemical Shifl {ppm)

5202



DME0

OH

* = Z-isomer (at the styrene moiety)

oL
f40

\

L

W d

LVL ==
#hL-

122 204

208

098

185

0.a7

7.2

7.3

7.4

7.0 6.9 6.8 6.7 6.6

T

Chermical Shift (ppm)

7.8 7.7 7.6 7.5

7.9

[Water |

..\.,. gg'g “J.._,

L. sEw

S FE

I'-\. A

SLE
LLE

| S —

e

5a'g ¥ o —

k]

p—

l.JIH.

T, ...
LAk L
Ve
BTL
654
[ .
2 [ S

oo A4
058 2061598 204

')
1.00 1,95

BEL

)

.
|
|
FO0L— =
|

204

203

10

0.87

3.0

45

L]

6.5

70

25

3.5

40

5.0

55

Chemical Shifl {ppm)

85 9.0 B85 8.0 7>

100

5203



159.75
15584

L1822

|omso|

OH

129.90

= 130.41

12812
12773
126.26

132 13 130 128 128 127 126 125
Chernical Shift (ppm)

14033
1381
13715
~134.32
13416

2
11518

~11589

130,41

128,12

.
| , WA
s il 0 T ¥ it M Ak O

g 140 139 136 137 138 135 134

138,21

13715

Chermical Shift (ppm)

140,33
134.32
134,16
123773
126.26
117.95
4130
a7

144 136 126

112 104 o5 B8 &0 72 B4 s 48 40 az
Chermical Shift (pprm)

120

5204



| oMso-08

[Hzo|

OH

B5'9
[tk

]
0L

ol
[

-

"

AW

v

I X

Mo o b e WL

o

25\
1.07

. .\"'Lﬂ-

212

s

g

!

183

147 082

1.00

220 209

7.0

75

Chemical Shift (ppen)

8.0

UT——=
BT
™
LT
BEE
g ==
me .
e —
I 1
Fd W
0z'2-
T
FL Ls
wr
T ——
s T
Tyl ru
LT
864
P
98'e

ZVE = =

2.1

2.07

153

1.00

1.07

2.24

4.3

117 212
65 6.0 55
Chemical Shift {ppm)

2.08
75

25

25

30

35

4.0

50

7.0

&85 8.0

8.0

S205



DMSO

120.80

137.78
13667
136.42
1351
13497
127.87
127.78

v H-qi-’ I-r I"*-' emirghey L( Y \1"-'-"-'-0!"-#.'-'-.'-\4& et o e e ||"1--¢---r-—.'|l'|l|‘ ‘-!:r“rh'lv-ﬁ,l.,-lﬂ*rl T —

138 137 158 135 134 13 e 13 130 128 128 27
Chamical Shift (ppm)

2
" 2 b
5 .
- T o e 4 &
4 g 8 eEY¥g8 B- &I &
2 28 58883 §R  CE2 3 ®




g
T
HN. | . A58h
B I | o
(l E I lglﬁ | 5 §—‘-’i:‘l‘_.-;
(e I . : i an
NN/ }F | IS I =T 8t
..n 1A _ __I_l. ;._..".__I,_:;hlnupl B i W I o
(o] N 653 2.04 108427 426 8.63 330 1.00
| | | i | e PR | | Ml

700 6895 €30 685 680 G675 670 665 660 655 650 645 640 635 630

OH g2
T

|

|

I

s &
k= E E:: || ’ r‘-‘-hEIiI II H |I | ﬁ_
P B b & PN r{ [\I-'.lill.-_llp A I -
- A .|I' '__|| il s | ¥ II':\_. WS VY s -I|i | e

A hoses s ches
N R L E L e e Frerepiae- prersperieteigar e LR ETa T - [T T e P e E e f et P e proasbeiasg

8.05 8.00 85 7.0 TS TED 778 770 765 TED 7.55 T8 745 740 735 730 T&E 20

—B.13

293
1.3
an
~4.05

305 1.06 055 106 345 1.26 427863 100 203 214
(i = ] W L O (8.1 i

135 130 125 120 115 110 105 100 @5  8p  8s  BD 75 780 &5 €0 55 S0 45 40 35 30 285 =20
Chemical Shifl (ppm)

5207



OMS0-06]|

2 2
HN_ | §| @
|

hl\ Y

T T S e e ) Rt At ey L e et il e

156.0 1555 155.0 1545 154.0 1535 1530 152.5
M Chemical Shift (ppm])
o

OH

1205 1280 128 123.0
Chemical Shilt (ppm)

138.76

et i ot e

138 137 136 135 134 152 E

11375
11348

- 111.85

= 1155 1150 1145 1140 1135 1130 1125 1120 1115 1110
i Chemical Shift (ppm)

168 160 152 T 155 128 120 112 104 o5 8B B T2 64 of 4B A 32
Chemical Shifl {ppm)

5208



710

* = Z-isomer (at the styrene moiety)

| r
e e

[k a..q.....n W
sr——== = [fm Lo

P 1M

a

Bk . |
sz o |
oz |8

48 ||.,m : Mm
e U3 &
w

4.00 418
as 30

Ll

7.5 o 85 &0 55 5.0 45 40

503100 604 998 210

1.88

80
S209

130 125 120 115 110 105 100 85 80 &5
Chemical Shift {ppmi)

135



|Dms 05|

P EE

QLyE-— -9

OH

S

T L
rarrrrrpTieTY rpres

1840

R e o iy
T

1525

1550 1545

1855

oeor -

o i

116

Liesl .,._ F

1090

148

t [
A |8
Wi~ Ee crenl - \_,
1 i3
.ﬂl PODEL |._ _ =
w H
il |t8
-8 BS O =

110

123

1.5

124

125

25

8

i
Chemical Shft (ppm)

1120

1125

126
Cheemical Shéft (ppm)
&

8
bt

§
—F-\.ri-d.'—-ul
1130
;i
8

8
8
128

123 .
1140
&~
=
L]
-

130

B 1 A St DT
1145 13s

)

i

B

Fi-p it |...“

™

eS|
Ca'esl
FESEL

1150

DG L

132

6sH 3 1L
.r t Emwu 2
m st |12 IZEs
“ T
! B ———= |
-8 R WEsh-
| Lt LA HaL—
el —— | la
FEEEL .||w T

138

144

S210



