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� �. ����� ��� ��� ���� alkoxyallylthiopyridazine ����� maleic anhydrides��� �

����. ��� HCl�� maleic anhydrides� hydrazine monohydrate� ���� dihydroxypyridazines� ���

�, � ���� phosphorus oxychloride� ����� dichloropyridazines�� �����. Dichloropyridazines�

� � �� ����� ��� THF ���� ���� sodium alkoxides� ��� ����� 	�� alkoxy-

chloropyridazines� ����, � ���� lithium 2-propene-1-thiolate� ��� �� ��
� alkoxyallyl-

thiopyridazines�� �����.

���: ������������, ��� ���, ��

ABSTRACT. Alkoxyallylthiopyridazine derivatives which exhibit superior effect for the treatment of hepatic diseases

were synthesized from maleic anhydrides. The reaction of maleic anhydrides with hydrazine monohydrate in aq HCl at

reflux afforded dihydroxypyridazines, which were transformed to dichloropyridazines with phosphorus oxychloride. The

substitution of the first chlorine atom in dichloropyridazines proceeded selectively with alcoholic sodium alkoxides in

THF to afford alkoxychloropyridazines, which were converted to alkoxyallylthiopyridazines with lithium 2-propene-1-

thiolate in high yields.

Keywords: Alkoxyallylthiopyridazines, Maleic Anhydrides, Substitution

� �

����� ������(µ=3.95 D)� �� ��

� ����� ������ �� ��� �� 	�

�,1 ����, �� � �� �� ��� ����2�

���� ��� ��� �. ���� ��� ��

�� � �	� � mEH(microsomal Epoxy Hydrolase)


 GST(Glutathione S-Transferase)� ��� ��
�

���� ������� ����� ���� ��

� ��� ������3� ��� alkoxyallylthiopyridazines

� 1,2-dimethylhydrazine�� ��� 	 � ����

� �� ��� ���� �.4

����� ��� ���� ���� ���� �

�� ��� �� ���� 
� ���� ����

����, Streptomyces violaceoniger� ��� ���

pyridazinomycin5� ��� �� �	��. ����

��� ��� � ����� ����� ����

�� tetrazines� ����, ����� 1,2- �� 1,4-
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���� � maleic anhydrides ���� ���� �

��.6 1,2- �� 1,4-����� ����� ����

��� hydrazone ���� ��� ���� triethyl

phosphonoacetate,7a ethyl trimethylsilylacetate7b
 ��

��� ����� ��� dihydropyridazines� PtO2

� ����8 ����� �����, � ��� 	

	 ���
� ��� ���� ����� 	��

�. Tetrazines� KOH ���� ������ ��,9a

����9b ���� ��� ���� �  Diels-Alder

���� ����� ���� ��� � �
� 	

����, tetrazines ��� ��� ����. ���,

maleic anhydrides� HOAc ���� ������ �

����10 maleic acids� PCl3 ��� hydrazones�

�����11 ���� ���� �� � �
�

pyridazinols� ����.

Pyridazinols� phosphorus oxychloride12�� ���

�� CH3CN ���� chlorosulfonyl isocyanate13� �

��� ���� ����� 	�� dichloropyridazines

�� ����. Dichloropyridazines� � �� ���

�� ��� ���,14 �	�,15 DMF16 ���� sodium

alkoxides� �� ������ 	�� ����

alkoxychloropyridazines� �����, ����� �

�� ������ 	���. ��, 1,4-dichloroph-

thalazines� �	�� K2CO3 � ���� ����

�����17 dichloroethane ���� AlCl3 � ��

���� ����18 1-alkoxy-4-chlorophthalazines�

���� ��� ��� ��
� ��. Alkoxychloro-

pyridazines� alkoxyallylthiopyridazines��� ���

��� ���� sodium 2-propene-1-thiolate� ��

��19�� �
���, ������ � �����

���� ��
� ��. � ����� 3-alkoxy-6-

allylthiopyridazine� ��20� ���� maleic anhydrides

��� dichloropyridazines� alkoxychloropyridazines

� �� ���� �� ��� ��� alkoxyallylthio-

pyridazine ����� ��� ���� �����

����� ��.

�� � ��

3,6-Dihydroxypyridazines � 1,4-dihydroxyphthal-

azines(2)� ��. Hydrazine monohydrate� 2���

conc HCl� ���� ��� �� ���� 1���

maleic anhydrides(1)� ���� 3 ���� ����,

��� ������ monohydrazide �� ����

�� ���� ��� ��� �� � ��� ���

���� ��� 2� ����(Scheme 1). ��� �

�� � ��� �� ��� ���� ���� ��

�� ���� ���� pyridazinol ��� ��� 2

� �	 ��
� ����(R1, R2=H, H: 83%; H, CH3:

93%; CH3, CH3: 96%; -(CH2)4-: 97%; -(CH)4-: 94%).

3,6-Dichloropyridazines � 1,4-dichlorophthalazines

(3)� ��. Phosphorus oxychloride� �� � ���

� �� ��� 2� ���� 70 oC� �����

7 ���� ���� ��� ��� HCl� � ��

� ����� ��� ��� 3� ����. �� �

��� POCl3� ���� �����, 28% NH4OH

��� �� ���� ��� � ����� �� �

�� ��� ���� ����� ����� ��

Scheme 1.
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��. �� ���� CH2Cl2� ���� �����

��� ��� �, ���� ���� ���� 3�

����. � ����� R1, R2=H, 	��� ���

	�� 3� 88-96%� �	 ��
� �����, R1,

R2=���� ��� 1,4-dichlorophthalazine	 ��


� ���	�(R1, R2=H, H: 94%; H, CH3: 96%; CH3,

CH3: 88%; -(CH2)4-: 89%; -(CH)4-: 52%).

3-Alkoxy-6-chloropyridazines � 1-alkoxy-4-chlorophthal-

azines(4)� ��. 3� � �� ��
�� ����

����� ���� ��� �� 	���� � �

���� ���
�. THF ���� 3,6-dichloro-

pyridazine� LiOEt, Cu(OEt)2� ���� ���� 



 48 h, 24 h �� 35%, 87%� ���� ��� �

� 3-ethoxy-6-chloropyridazine� 48%, 3%� ��


� ���	�. ��, 3,6-dichloropyridazine� THF �

EtOH ���� NaOEt� ���� 

 10 h, 1.5 h

�� 3-ethoxy-6-chloropyridazine� 84%, 85%� ��


� ���	�. ���, 3,6-dichloropyridazine� THF

���� 	��� NaOEt(21 wt% in EtOH)� ����

0.2 h �� 87%� ��
� 3-ethoxy-6-chloropyridazine�

����, THF/EtOH=9/1� ������ ����

�� � ����
�.

THF ���� 3,6-dichloropyridazine� 2.5���

ethanolic sodium ethoxide� ���� ���� 24 �

��� ������� 3-ethoxy-6-chloropyridazine�

� 89%� ��
� ���� � �� ��
�� �

��� ��� ����. 3,6-Dichloropyridazine� �

��
�� ��	 THF ���� 2.5 ��� NaOEt

� ���� 65 oC�� 20 ���� ��� � ��

� 3,6-diethoxypyridazine� 87%� ��
� ���

	�. ���, 3,6-dichloropyridazine� � �� ��


�� ���� ��� ���� ��� ���� �

�� �� 
�� 3-��� ������ 	�� �

�� ��� ����� ��� 6-��� ��
��

���� ��� ���� ���� ���.

��� ��� Table 1� ���
�. 3,6-Dichloro-

pyridazine	 1, 2� NaOR(R=CH3, CH2CF3, i-C3H7)�

���� 1�� �� �	 ��
� ���� 3-alkoxy-

6-chloropyridazines(4a~4c)� ���	��, NaO-t-

C4H9(4d)	 ����� ��� ����� �� ��

� �	�
�. 3,6-Dichloropyridazines� 4,5-���

�� 		 ����� ��� 	�(4e~4k)� ���

	��� ���� ��� ��� NaOR� ����

��� �� 
� �� ���. ���, �����

3,6-dichloro-4-methylpyridazine	 NaOMe� �� ��

�� 3-methoxy-4-methyl-6-chloropyridazine� 3-methoxy-

Table 1. Preparation of alkoxychloropyridazines(4) and alkoxyallylthiopyridazines(5)

Entry
Dichloropyridazines(3)

R1      R2

NaOR
R

Reaction time, ha

step 3; step 4 

Isolated yield, %
4   ;   5

a H  H C2H5 0.2  ;  4 87  ;  93
b H  H CH2CF3 0.4  ;  0.5  82  ;  82
c H  H i-C3H7 1  ;  4 88  ;  89
d H  H t-C4H9 3.3  ;  4 99  ;  86
e   H  CH3 CH3 0.2  ;  5 97c  ;  87d

f CH3  CH3 CH3 0.5  ;  2b 96  ;  95
 g CH3  CH3 n-C3H7 3.5  ;  3b 98  ;  92
h CH3  CH3 i-C3H7 1.5b ;  3b 89  ;  89
i -(CH2)4- CH3 1.5  ;  3b 95  ;  91
j -(CH2)4- C2H5 4.5  ;  3b 99  ;  89
k -(CH2)4- n-C3H7 1b  ;  3b 84  ;  92
 l -(CH)4- C2H5 0.1  ;  0.8 91  ;  97
m -(CH)4- CH2CF3 0.4  ;  0.1 91  ;  84
n -(CH)4- i-C3H7 0.2  ;  0.8 93  ;  91
o -(CH)4- t-Pentyl 1.3  ;  2 87  ;  89
p -(CH)4- C6H5 3  ;  0.1 99  ;  86

aAt room temperature. bAt 65 oC. cA mixture of 3-methoxy-4-methyl-6-chloropyridazine and 3-methoxy-5-methyl-6-chloropy-
ridazine(1.5:1). dA mixture of 3-methoxy-4-methyl-6-allylthiopyridazine and 3-methoxy-5-methyl-6-allylthiopyridazine(1.5:1).
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5-methyl-6-chloropyridazine� 1.5:1� ���(4e)� �

��	�. 1,4-Dichlorophthalazine� 1, 2, 3� NaOR�

�� ��	 ��
�� benzylic ��� ����� �

 ��� ��� ���� 1-alkoxy-4- chlorophthalazines

(4l~4p)� �	 ��
� ���	�.

3-Alkoxy-6-allylthiopyridazines � 1-alkoxy-4-allylthioph-

thalazines(5)� ��. 4� 	������ �� ��


�� ���� ��� ��� �� 2-propene-1-thiolate

� ����� ���
�. THF ���� 3-ethoxy-

6-chloropyridazine� sodium 2-propene-1-thiolate� �

��� 24�� �� 84%� ��
� 3-ethoxy-6-

allylthiopyridazine� ���� ��, copper(II) 2-

propene-1-thiolate� ���� ��� �
 ����

���� ����� 96% ���
�. ���, THF

���� 2-propene-1-thiol� 1 ��� n-BuLi�� 0 oC

�� ���� ��� lithium 2-propene-1-thiolate�

���� 3-ethoxy-6-chloropyridazine� ���� ���

� 4�� �� 81%� ��
� 3-ethoxy-6-allylthiopyrida-

zine� ���	�. �� � THF� ���� ���

��, n-��� ����� LiCl� ��� ���� 20%

EtOAc/n-��� ����� �� ��� �� ��

������ �	�� 5� �	 ��
� ����.

Table 1�� ��� 4� 3-��� 	���� ��

� ��� ���� 4�� �� �	 ��
� �

��� 3-alkoxy-6-allylthiopyridazines(5a~5d)� ��

�	�. ���, 4� 4,5-��� ��, ����� �

�� 	�� 	��� ���� ��� ��� ��

� ��� �	�
��, ������ �	�� 3�

� �� ���� 3-alkoxy-6-allylthiopyridazines (5e~5k)

� �	 ��
� ���	�. 1-Alkoxy-4-chloroph-

thalazines(4l~4p)	 ��
�� benzylic ��� ��

�� �� lithium 2-propene-1-thiolate� �� ��� �

 ��� �����, ����� � sodium t-pentoxide

� 2�� �� 1-tert-pentoxy-4-allylthiophthalazine(5o)

� 89%� ��
� ���	�.

� �

1H NMR ����	 Bruker Avance 300(300 MHz)

� ���	��, tetramethylsilane(TMS)� ����

� �� δ ��� ���	�. FT-IR ����� Bruker

vector 22� ���� cm−1 ��� ���	�. ��

�� ����	 Agilent Gc/Ms(6890 Gc/5973N Ms)�

���	�. �� �������� ���(0.25 mm,

60F-254, E. Merck)� ����� ���	�, ���

��� ��	 Aldrich Chemical Co.�� ���	�

�, THF� 	� ��� ���� ����� �� �

�� � ���� ���	�.

3,6-Dihydroxypyridazine(2)� ��(���� ��).

Hydrazine monohydrate(1.50 mL, 30.92 mmol)� ��

�(30 mL)� ���� ��� �, conc HCl(5.08 mL,

61.84 mmol)� ���� ����. ��� �� ��

�� maleic anhydride(3.03 g, 30.92 mmol)� ���

� 3���� ��� �, �
�� ����� ��

��. ��� ���� ���� ���� ��� �,

���� ����� 2(2.88 g, 83%)� ����. M.p.

294-295 oC(lit.10a 299.5-300 oC); 1H NMR(300 MHz,

DMSO-d6) δ 11.41(broad s, 2H), 6.96(s, 2H); FT-IR(KBr)

3350(broad), 3054, 1266, 739 cm−1.

3,6-Dichloropyridazine(3)� ��(���� ��).

Phosphorus oxychloride(18.64 mL, 200 mmol)� 3,6-

dihydroxypyridazine(2.24 g, 20.0 mmol)� ���� 7

���� ����. ��� phosphorus oxychloride�

���� ����� ��� 28% NH4OH ����

��� ��� ����(pH=8)�� �� ��� �

�� ���� ��� ���� ����. �� ��

�� CH2Cl2 ��� �� ��� �, ����� �

�� ����, ���� ���� ���� 3(2.80 g,

94%)� ����. M.p. 67-69 oC(lit.12b 68-69 oC); 1H

NMR(300 MHz, CDCl3) δ 7.54(s, 2H); FT-IR(KBr)

3054, 1585, 1385, 1142, 737 cm−1.

3-Ethoxy-6-chloropyridazine(4a)� ��(���� �

�). 3,6-Dichloropyridazine(595.9 mg, 4.00 mmol)�

THF� �� �, ���� sodium ethoxide(1.50 mL,

21% wt in EtOH, 4.02 mmol)� ��� ���� 15

�� ����. THF ��� ���� ���� �,

���� CH2Cl2(3�10 mL)� � �����. ���

��� NaCl� ����, CH2Cl2� ���� ���

� ���� 4a(551.8 mg, 87%)� ����. M.p. 60-

62 oC(lit.14c 59-61 oC); 1H NMR(300 MHz, CDCl3) δ
7.36(d, J=9.3 Hz, 1H), 6.94(d, J=9.3 Hz, 1H), 4.55(q,

J=7.2 Hz, 2H), 1.44(t, J=7.2 Hz, 3H); FT-IR(KBr) 3055,

2983, 1587, 1427, 1389, 1140, 1031, 839 cm−1. 4b: M.p.

62-64 oC(lit.16 62-65 oC); 1H NMR(300 MHz, CDCl3) δ
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7.50(d, J=9.0 Hz, 1H), 7.15(d, J=9.0 Hz, 1H), 4.92(q,

J=9.0 Hz, 2H); FT-IR(KBr) 3057, 2966, 1586, 1425,

1266, 1170, 1052, 838, 740 cm−1. 4c: M.p. 83-86 oC

(lit.14b 82-84 oC); 1H NMR(300 MHz, CDCl3) δ 7.34(d,

J=9.3 Hz, 1H), 6.89(d, J=9.3 Hz, 1H), 5.52(septet, J=6.3

Hz, 1H), 1.40(d, J=6.3 Hz, 6H); FT-IR(KBr) 3060, 2981,

1587, 1423, 1374, 1145, 1109, 858, 738 cm−1. 4d: M.p.

89-90 oC(lit.14c 86-89 oC); 1H NMR(300 MHz, CDCl3)

δ 7.32(d, J=9.0 Hz, 1H), 6.84(d, J=9.0 Hz, 1H), 1.65(s,

9H); FT-IR(KBr) 3061, 2976, 1583, 1418, 1367, 1141,

854, 703 cm−1. 4e(mixture): M.p. 58-64 oC; 1H NMR(300

MHz, CDCl3) δ 7.21 & 6.85(s, 1H), 4.13 & 4.09(s, 3H),

2.36 & 2.23(s, 3H); FT-IR(KBr) 3029, 2989, 2951, 1600,

1464, 1371, 1188, 1084, 1017, 916, 758 cm−1. 4f: M.p.

81-82 oC(lit.4 80-82 oC); 1H NMR(300 MHz, CDCl3) δ
4.10(s, 3H), 2.33(s, 3H), 2.21(s, 3H); FT-IR(KBr) 2988,

1578, 1461, 1372, 1344, 1266, 1107, 741 cm−1. 4g: M.p.

64-65 oC; 1H NMR(300 MHz, CDCl3) δ 4.43(t, J=6.0

Hz, 2H), 2.33(s, 3H), 2.21(s, 3H), 1.85(sextet, J=6.0 Hz,

2H), 1.04(t, J=6.0 Hz, 3H); FT-IR(KBr) 2962, 1576, 1421,

1361, 1334, 1233, 1115, 733 cm−1. 4h: M.p. 95-96 oC; 1H

NMR(300 MHz, CDCl3) δ 5.49(septet, J=6.0 Hz, 1H),

2.32(s, 3H), 2.18(s, 3H), 1.39(d, J=6.0 Hz, 6H); FT-

IR(KBr) 2982, 2931, 1577, 1412, 1385, 1372, 1335, 1266,

1115, 1029, 742 cm−1. 4i: M.p. 119-120 oC(lit.4 117-119 oC);
1H NMR(300 MHz, CDCl3) δ 4.10(s, 3H), 2.61-2.70(m,

2H), 2.52-2.61(m, 2H), 1.80-1.91(m, 4H); FT-IR(KBr)

2946, 2870, 1574, 1463, 1361, 1265, 1054, 737 cm−1.

4j: M.p. 105-106 oC(lit.4 105-107 oC); 1H NMR(300 MHz,

CDCl3) δ 4.53(q, J=6.0 Hz, 2H), 2.60-2.68(m, 2H), 2.42-

2.50(m, 2H), 1.76-1.87(m, 4H), 1.43(t, J=6.0 Hz, 3H);

FT-IR(KBr) 2983, 2943, 1575, 1427, 1381, 1335, 1265,

1106, 1053, 738 cm−1. 4k: M.p. 88-90 oC; 1H NMR(300

MHz, CDCl3) δ 4.42(t, J=6.0 Hz, 2H), 2.61-2.67(m,  2H),

2.52-2.61(m, 2H), 1.70-1.90(m, 6H), 1.03(t, J=6.0 Hz,

3H); FT-IR(KBr) 2943, 1576, 1429, 1361, 1333, 1254,

1062, 733 cm−1. 4l: M.p. 79-80 oC(lit.4 76-78 oC); 1H NMR

(300 MHz, CDCl3) δ 8.20-8.25(m, 1H), 8.11-8.16(m, 1H),

7.85-7.93(m, 2H), 4.71(q, J=7.5 Hz, 2H), 1.55(t, J=7.5

Hz, 3H); FT-IR(KBr) 3053, 2985, 1541, 1416, 1382,

1330, 1265, 1026, 739 cm−1. 4m: M.p. 104-106 oC; 1H

NMR(300 MHz, CDCl3) δ 8.21-8.30(m, 2H), 7.92-8.05

(m, 2H), 5.06(q, J=9.0 Hz, 2H); FT-IR(KBr) 3054, 1547,

1409, 1383, 1268, 1166, 1064, 960, 740 cm−1. 4n: M.p.

107-108 oC; 1H NMR(300 MHz, CDCl3) δ 8.16-8.23(m,

2H), 8.09-8.16 (m, 2H), 5.71(septet, J=6.3 Hz, 1H), 1.51

(d, J=6.3 Hz, 6H); FT-IR(KBr) 3052, 2982, 1539, 1403,

1313, 1265, 1108, 916, 738 cm−1. 4o: M.p. 62-64 oC; 1H

NMR(300 MHz, CDCl3) δ 8.11-8.19(m, 2H), 7.83-7.91(m,

2H), 2.14(q, J=6.0 Hz, 2H), 1.73(s, 6H), 0.99(t, J=6.0 Hz,

3H); FT-IR(KBr) 3053, 2978, 1537, 1398, 1295, 1265, 1158,

848, 740 cm−1. 4p: M.p. 113-116 oC; 1H NMR(300 MHz,

CDCl3) δ 8.39-8.44(m, 1H), 8.19-8.24(m, 1H), 7.95-

8.01(m, 2H), 7.38-7.46(m, 2H), 7.19-7.21(m, 3H); FT-

IR(KBr) 3053, 1594, 1544, 1483, 1373, 1292, 1206, 990,

738 cm−1.

3-Ethoxy-6-allylthiopyridazine(5a)� ��(����

��). 2-Propene-1-thiol(263 µL, 3.30 mmol)� THF�

���, 0 oC�� n-butyllithium(2.06 mL, 1.6 M in n-hexane,

3.30 mmol)� ��� ����. 15�� ��� ��

� ����� THF(6 mL)� ��� 4a(475.8 mg, 3.0

mmol)� ���� ���� 4���� ����. THF

� ���� ���� �, n-��(3�10 mL)� � �

��� ��� LiCl ��� ����, ���� 20%

EtOAc/n-hexane� ����� �� ��� �� �

������� ���� ��� 5a(547.6 mg, 93%)

� ����. 1H NMR(300 MHz, CDCl3) δ 7.20(d,

J=9.3 Hz, 1H), 6.80(d, J=9.3 Hz, 1H), 5.94-6.06(m, 1H),

5.32(d, J=17.0 Hz, 1H), 5.13(d, J=9.6 Hz, 1H), 4.52(q,

J=7.2 Hz, 2H), 3.95(d, J=6.9 Hz, 2H), 1.44(t, J=7.2 Hz,

3H); FT-IR(film) 3080, 2979, 1636, 1591, 1425, 1387,

1141, 1032, 915, 836 cm−1; Ms m/z(%) 196(M+, 6), 181(100),

153(83), 135(41), 98(24), 70(25). 5b: 1H NMR(300 MHz,

CDCl3) δ 7.30(d, J=9.3 Hz, 1H), 6.96(d, J=9.3 Hz, 1H),

5.96-6.02(m, 1H), 5.34(d, J=15.6 Hz, 1H), 5.16(d, J=9.5

Hz, 1H), 4.88(q, J=8.4 Hz, 2H), 3.95(d, J=6.9 Hz, 2H);

FT-IR(film) 3086, 2963, 1591, 1425, 1265, 1169, 1050,

962, 739 cm−1; Ms m/z(%) 250(M+, 24), 236(10), 235(100),

217(8). 5c: M.p. 44-47 oC; 1H NMR(300 MHz, CDCl3)

δ 7.20(d, J=9.3 Hz, 1H), 6.76(d, J=9.3 Hz, 1H), 5.97-6.06

(m, 1H), 5.50(septet, J=6.3 Hz, 1H), 5.31(d, J=17.0 Hz,

1H), 5.13(d, J=12.0 Hz, 1H), 3.95(d, J=6.9 Hz, 2H),

1.40(d, J=6.3 Hz, 6H); FT-IR(KBr) 3081, 2979, 2934,

1637, 1591, 1422, 1385, 1142, 1108, 989, 939, 834 cm−1;
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Ms m/z(%) 210(M+, 32), 195(41), 167(14), 153(100). 5d:
1H NMR(300 MHz, CDCl3) δ 7.17(d, J=9.3 Hz, 1H),

6.70(d, J=9.3 Hz, 1H), 5.94-6.06(m, 1H), 5.28(d, J=17.0

Hz, 1H), 5.12(d, J=9.4 Hz, 1H), 3.96(d, J=6.9 Hz, 2H),

1.64(s, 9H); FT-IR(film) 3080, 2977, 2928, 1636, 1587,

1423, 1316, 1171, 988, 901, 835 cm−1; Ms m/z(%) 224(M+,

16), 168(8), 154(9), 153(100), 135(10). 5e(mixture): 1H

NMR(300 MHz, CDCl3) δ 7.02 & 6.66(s, 1H), 5.97-6.06

(m, 1H), 5.34 & 5.31(dd, J=6.8, 1.2 Hz, 1H), 5.14 & 5.11

(d, J=9.3 Hz, 1H), 4.09 & 4.06(s, 3H), 3.99 & 3.93(d,

J=6.9 Hz, 2H), 2.22 & 2.16(s, 3H); FT-IR(film) 3030,

2979, 2949, 1603, 1461, 1374, 1230, 1167, 1016, 924 cm−1;

Ms m/z(%) 196(M+, 29), 193(16), 182(10), 181(100), 73(10).

5f: 1H NMR(300 MHz, CDCl3) δ 6.01-6.10(m, 1H),

5.33(d, J=15.0 Hz, 1H), 5.13(d, J=9.0 Hz, 1H), 4.07(s,

3H), 3.97(d, J=6.0 Hz, 2H), 2.18(s, 3H), 2.14(s, 3H);

FT-IR(film) 2943, 1586, 1456, 1366, 1229, 1124, 1002,

923, 735 cm−1; Ms m/z(%) 210(M+, 15), 196(23), 195(100),

177(30), 162(17), 98(15). 5g: 1H NMR(300 MHz,

CDCl3) δ 6.01-6.10(m, 1H), 5.33(d, J=15.0 Hz, 1H), 5.12(d,

J=9.0 Hz, 1H), 4.40(t, J=6.0 Hz, 2H), 3.97(d, J=6.0 Hz,

2H), 2.20(s, 3H), 2.15(s, 3H), 1.84(sextet, J=6.0 Hz, 2H),

1.04(t, J=6.0 Hz, 3H); FT-IR(film) 2966, 1586, 1417, 1358,

1332, 1227, 1103, 910, 733 cm−1; Ms m/z(%) 238(M+,

19), 224(24), 223(100), 181(100), 163(54). 5h: 1H NMR

(300 MHz, CDCl3) δ 6.01-6.10(m, 1H), 5.48(septet, J=6.0

Hz, 1H), 5.32(d, J=18.0 Hz, 1H), 5.13(d, J=9.0 Hz, 1H),

3.97(d, J=6.0 Hz, 2H), 2.18(s, 3H), 2.12(s, 3H), 1.39(d,

J=6.0 Hz, 6H); FT-IR(film) 2978, 1585, 1406, 1383,

1331, 1226, 1112, 913, 734 cm−1; Ms m/z(%) 238(M+,

16), 223(83), 195(16), 181(100), 163(52). 5i: 1H NMR

(300 MHz, CDCl3) δ 6.00-6.09(m, 1H), 5.32(dd, J=17.1,

1.5 Hz, 1H), 5.12(d, J=10.2 Hz, 1H), 4.07(s, 3H), 3.97(d,

J=6.9 Hz, 2H), 2.46-2.54(m, 4H), 1.75-1.80(m, 4H); FT-

IR(film) 2946, 2862, 1587, 1458, 1374, 1255, 1050, 915,

732 cm−1; Ms m/z(%) 236(M+, 18), 235(19), 222(37),

221(100), 203(55). 5j: 1H NMR(300 MHz, CDCl3) δ
6.01-6.10(m, 1H), 5.32(d, J=18.0 Hz, 1H), 5.12(d, J=9.0

Hz, 1H), 4.51(q, J=6.0 Hz, 2H), 3.97(d, J=6.0 Hz, 2H),

2.47-2.56(m, 4H), 1.76-1.81(m, 4H), 1.42(t, J=6.0 Hz,

3H); FT-IR(film) 2979, 2940, 1586, 1414, 1380, 1332,

1255, 1108, 1051, 916, 734 cm−1; Ms m/z(%) 250(M+,

22), 235(100), 207(70), 147(24). 5k: 1H NMR(300 MHz,

CDCl3) δ 5.97-6.09(m, 1H), 5.33(d, J=18.0 Hz, 1H),

5.11(d, J=9.0 Hz, 1H), 4.40(t, J=6.0 Hz, 2H), 3.97(d,

J=6.0 Hz, 2H), 2.51-2.58(m, 4H), 2.44-2.51(m, 2H),

1.74-1.84(m, 4H), 1.03(t, J=6.0 Hz, 3H); FT-IR(film)

2939, 1587, 1412, 1361, 1330, 1255, 1082, 916, 733 cm−1;

Ms m/z(%) 264(M+, 2), 130(100), 88(31), 87(39), 74(82).

5l: 1H NMR(300 MHz, CDCl3) δ 8.09-8.15(m, 1H),

7.90-7.96(m, 1H), 7.71-7.78(m, 2H), 6.08-6.18(m, 1H),

5.38(dd, J=17.0, 1.2 Hz, 1H), 5.16(d, J=9.9 Hz, 1H),

4.66(q, J=7.2 Hz, 2H), 4.09(d, J=6.9 Hz, 2H), 1.53(t,

J=7.2 Hz, 3H); FT-IR(film) 3080, 2979, 1580, 1535,

1411, 1379, 1325, 1281, 1111, 1026, 919, 770 cm−1; Ms

m/z(%) 246(M+, 5), 231(100), 203(85), 130(16), 120(12).

5m: 1H NMR(300 MHz, CDCl3) δ 8.21-8.27(m, 1H),

8.07-8.13(m, 1H), 7.88-7.96(m, 2H), 6.04-6.18(m, 1H),

5.40(dd, J=17.1, 1.2 Hz, 1H), 5.19(d, J=10.1 Hz, 1H),

5.02(q, J=8.4 Hz, 2H), 4.10(d, J=6.9 Hz, 2H); FT-IR

(KBr) 3053, 2982, 1542, 1421, 1379, 1266, 1165, 950,

738 cm−1; Ms m/z(%) 300(M+, 6), 299(28), 286(20), 285

(100), 80(21). 5n: 1H NMR(300 MHz, CDCl3) δ 8.10-

8.86(m, 1H), 7.91-7.97(m, 1H), 7.70-7.77(m, 2H), 6.05-

6.18(m, 1H), 5.69(septet, J=6.0 Hz, 1H), 5.38(d, J=18.0

Hz, 1H), 5.17(d, J=9.0 Hz, 1H), 4.11(d, J=6.0 Hz, 2H),

1.50(d, J=6.0 Hz, 6H); FT-IR(film) 3082, 2978, 2931,

1578, 1533, 1399, 1314, 1283, 1109, 918, 770 cm−1; Ms

m/z(%) 250(M+, 11), 245(38), 228(100), 203(94), 178(47),

130(41). 5o: 1H NMR(300 MHz, CDCl3) δ 8.15-8.19(m,

1H), 7.98-8.02(m, 1H), 7.78-7.82(m, 2H), 6.04-6.19(m,

1H), 5.38(d, J=18.0 Hz, 1H), 5.16(d, J=9.0 Hz, 1H), 4.13

(d, J=6.0 Hz, 2H), 2.14(q, J=6.0 Hz, 2H), 1.73(s, 6H),

0.99(t, J=6.0 Hz, 3H); FT-IR(film) 3050, 2976, 2929,

1575, 1530, 1390, 1282, 1159, 922, 738 cm−1; Ms m/z(%)

288(M+, 11), 218(16), 204(24), 203(100), 130(22), 120(16).

5p: M.p. 75-77 oC; 1H NMR(300 MHz, CDCl3) δ 8.34-

8.39(m, 1H), 8.06-8.11(m, 1H), 7.86-7.91(m, 2H), 7.40-

7.47(m, 2H), 7.21-7.32(m, 3H), 6.00-6.12(m, 1H), 5.34

(d, J=18.0 Hz, 1H), 5.13(d, J=9.0 Hz, 1H), 4.06(d, J=6.0

Hz, 2H); FT-IR(KBr) 3056, 2920, 1594, 1579, 1485, 1373,

1282, 1208, 994, 912, 737 cm−1; Ms m/z(%) 294(M+, 58),

281(24), 280(70), 279(100), 146(61).
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