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Studies on synthesis of heterocycles and carbocycles by sequential reactions using u
nsaturated esters
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New efficient cyclization reactions using highly reactive alfa,beta-unsaturated es
ters by sequential bond formations has been developed.
The reaction of unsaturated esters such as ethenetricarboxylates, 2-phosphonoacrylate and 2-(trifluorometh
yDacrylate with diethyl azodicarboxylate and PPh3 gave pyrazolines efficiently. Reaction of allyl ethene
tricarboxylates and the amides with Lewis acids such as TiCl4, TiBr4 and AICI3 gave 3,4-trans-halogenometh
yl 2-oxotetrahydrofuran and pyrrolidine derivatives stereoselectively in high yields. The stereochemistrie
s were determined b¥ NOE experiments. Reaction of (E)/(Z2)-2-butenyl esters with AICI3 or FeCl3 gave 3,4-tr
ans 4-(1-chloroethyl) tetrahydro-2-oxofuran diastereoisomers stereospecifically. Reaction of (E)/(2)-2-but
enyl and 2-pentenyl amides with Znl2 gave 3,4-trans 4-(1-iodoethyl and propyl) tetrahydro-2-oxopyrrolidine

diastereoisomers stereospecifically.

These reactions represent efficient ways to construct potentially useful compounds.
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Table 1. Reaction of 2a-f and 3a

2 R! 4 Yield
2a ‘Bu 4a 89%
2b Et 4b 86%
2c 'Pr 4c 76%
2d CH,Ph 4d 82%
2e CH,CH=CH, de 58%
4f CH,C=CH 4f 89%
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Table 2. Reaction of 6a-d, 1laand 2
6 X R’ 2 R’ 7 Yield (%)
6a PO(OCH;); CH;, 2b Me 7a 80
6b CF; CH; 2b Me 7b 61
6c CF; ‘Bu 2a Et 7c 71
6d CN CH,CH; 2a Et 7d 44

la CO,'Bu ‘Bu 2a Et 7e 72
la CO,'Bu ‘Bu 2b Me 7f 72
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Table 3. Reaction of 8a-b and 9a-b

8 9 solvent time 10 Z R yield
8a 9a CHCl; 5 min 10a H Me 54%
8a 9 CHCl; 5 min 10b H Et 58%

8b 9a CH,Cl, overnight 10c Cl Me 58%
8b 9b CHCl; 1h 10d Cl Et 50%
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Table 4. Reactions of Allyl Ester 11
Entry MX, (equiv) Yield (%)
1 AlCl; 1 12a 58"
2 AlCl; 2 12a 72
3 AlBr; 1 12b 57
4 AlBr; 2 12b 45
5 TiCl, 1 12a b
6 TiCly 2 12a 90
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Table 2. Reactions of Allyl Amides 15

Entry R" MX, (equiv.) X ng)ld
1 Me TiCl, 1 16a Cl 98
2 Me SnCl, 1 16a Cl 28
3 Me SnCl, 2 16a Cl 38
4 Me FeCl; 1 16a Cl 17
5 Me FeCl; 2 16a Cl 83
6 Me AlCl; 1 16a Cl 65
7 Me AlCl; 2 16a Cl 76
8 Me AlBr; 1 16b Br 69
9 Me TiBr, 1 16b Br 87
10 Me ZnBr, 1 16b Br 47
11 Me Znl,  1x2° l6c I 73
12 Me Znl, 2 6c I 69
13 Allyl TiCly 1 16d Cl 86
14 Allyl TiBr, 1 16e Br 71
15 Allyl  Znl, 1x2° 16f T 59
16  Allyl ZnI, 2° 16f 1 77
17 Propyl TiCl, 1 16g Cl 48
18 Propyl TiCl, 2 16g Cl 98
19 Propyl FeCl; 2 16g Cl 54
20 Propyl TiBry 1 16h Br 88
21 Propyl Znl, 1x2° 6 1 67
22 Propyl Znl, 2° 161 I 87
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