TETRAHEDRON
LETTERS

g the Mn(III)-Based Radical Cyclization of

1¥ia LY RATAREDID L 1 1 1VAEEL 2 A 1

Terminai Alkadienes and Oiigomethyiene Di(3-oxobutanoate)s

Tomomi Yoshinaga,* Hiroshi Nishino,** and Kazu Kurosawa®

*Department of Chcnustry, Faculty of Science, Kumamoto Umversnty, Kurokami, Kumamoto 860-8555, Japan

b
Department of Environmental Science, Faculty of Science, Kumamoto University, Kurokami, Kumamoto 860-8555, Japan
Received 11 August 1998; revised 22 September 1998; accepted 2 October 1998
Abstract: a,o,w,w-Tetraphenyl-a, w-alkadienes reacted with ollgometnylene di(3-oxobutanoate)s in the
presence Uf Illallgﬂll\;)h\lll’ acetate at !% C under an afg\’)n a{mgaph\d\. g g ive new 12 to 22-membered

macrocyclic compounds which were two fused dihydrofuran rings in a one-step procedure.
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Many naturally occurring macrocyclic compounds, which were isolated from actinomyce soil bacteria,’ marine
sponges,” sea hares,” senecio plants,* pathogenic fungi,’ lichens,® etc., are known and some have significant
biological activities. On the other hand, some macrocyclic compounds reveal supramolecular behavior such as
molecular recognition, metal ion transport, enzymatic catalysis, chemical switching, and so on.” Therefore,
many chemists have been attracted by the total synthesis and physicochemical properties of these macrolides for
over three decades.® We were interested in the synthesis of macrodiolides in the course of our manganese(III)-
based radical cyclization of a, w-alkadienes. Although a double ionic lactonization strategy was employed to
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synthesize most of the macrodiolides, we developed oxidative radical macrocyclization promoted by
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could be explained as the oxidative radical cyclization involving the manganese(Ill)-enolate complex.''
Construction of rings larger than six members by radical cyclization was rarely reported except for the
macrocyclization using tributyltin hydride.'” In order to accomplish the manganese(III)-based radical cyclization
as a practical byntheuc method of macrodiolides, we scrutinized the reaction and developed new 12-22-membered

eaction control. Here we report the results of our
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the Presence of Manganese(III) Acetate®
Entry 1x 2y Molar ratio” Reaction time Product 3x Ring size
X y min Yield/%*

1 1 2 1:1.5:7 60 0 11

2 2 2 1:1.5:7 30 71 12

3 2 3 1:1.5:7 60 64 13

4 2 4 1:1.5:7 60 66 14

5 3 2 1:1.5:7 50 64 13

6 4 2 1:1.5:7 50 76 14

7 4 3 1:1.5:7 60 75 15

8 4 4 1:1.5:7 60 74 16

9 5 4 1:1.5:7 60 36 17

10 6 4 i:1.3:6.5 45 49 i8

“ The reactions were carried out in acetic acid (250 mL) at 100 °C under an argon atmosphere except for entry 2

which was conducied under simiiar condiiions in acetic acid (’O\’) mL).
® The molar ratio was determined to be 1« (0.5 mmol):2y:mar ng anese(III) tate.

¢ Isolated yield based on the amount of the ‘alkadiene 1x us

1,1,6,6-Tetraphenyl-1,5-hexadiene (1,) (0.5 mmol), ethylene di(3-oxobutanoate) (2,) (0.75 mmol),
and manganese(III) acetate (3.5 mmol) were added to acetic acid (250 mL), and the mixture was sufficiently
degassed under reduced pressure using an ultrasonicator for exchange with an argon atmosphere. The mixture
was then heated at 100 °C until the brown color of Mn(11l) disappeared (usually for 30 min).  After removal of the

lvent, followed by addition of water, the almost purely crystalline 12-membered macrodiolide 3-- was formed
and filtarad off (609 vield) The filtrate wac extracted with chloraform followed hv T C cenaratinon with diethul
QRIM LA Ui \VU U Yivaa) ELIV AU GIT WAS LAUALILA WAL VIUULUILI L, IVMUWLAL Uy Tl SUPGIGUR/IL VY LML WIviy 3
nthawllhavama 7.2 "I 2\ mrieries oy additineanl 2 11O <rinald) (Malala 1 Tateer D) MTha TD NRAD T AD MMC cwvnnteal
CUlICL/1ICAALIC \I J ViV ), SIVIIIE L‘ILIU la.l Jzz \1170 yl i) (1avic 1, L lu_y ~ ). ITHC BN, INIVIN, 1" AAD 1Y1D )pc&ual

data and mp of 3,, were identical with that already reported.'® The most important technique to improve the yield
was the dilution method and degassing procedure. A similar reaction with 22 was applied to 1,1,5,5-
tetraphenyl-1,4-pentadiene (1,), 1,1,7,7-tetraphenyl-1,6-heptadiene (1,), and 1, 1,8,8-tetraphenyl-1,7-octadiene
(1,). The reaction of 1, and 1, gave the corresponding macrodiolides 3,, and 3, (Entries S and 6), however, 1,
did not afford any macrodiolides (Entry 1), probably due to steric hindrance of the four phenyl groups. A similar
treatment of 1, with trimethylene and tetramethylene di(3-oxobutanoate)s 2, and 2, gave the desired novel 13-
18-membered macrodiolides in good yields (Enmes 3,4,7- 10)
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glycol) and reacted with «,a, o, w-tetraphenyl-a, w-alkadienes 1, (x = 1-6) und
1-6, z=

reaction gave the corresponding new 14-22-membered macrodiolides 5, (x 2,3) in moderate to high
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Table 2.  Reaction of a, a, o, »-Tetraphenyl-o, w-alkadienes 1_ with Oxaethylene Di(3-oxobutanoate)s 4 in the

Presence of Manganese(III) Acetate®

Entry 1x 4. Molar ratio” Reaction time I.S?qd!.lf:!:g;z Ring size
X z min Yield/%"
11 1 2 1:1.5:7 80 27 14
12 2 2 1:1.3:7 50 71 15
13 3 2 1:1.3:7 50 77 16
14 4 2 1:1.3:7 30 86 17
15 1 3 1:1.3:7 60 0 17
16 2 3 1:1.3:7 80 45 18
17 3 3 1:1.37 60 56 19
18 4 3 1:1.3:7 70 68 20
19 5 3 1:1.3:7 80 55 21
20 6 3 1:1.3:7 60 56 22

“ The reaction was carried out in acetic acid (250 mL) at 100 C under an argon atmosphere except for entries 12,

12 and 14 whisrh wara candiintad iindar cimilar caanditiang 1n anatin naid F1NN IO amd T8N Tl cacrmantivals)
10, dalild 15 Wilitil wWiC LolduLicad uliucd suiiial CULTIUILULELS 1 alTULC allu { 1VU, LUV, alild 10U 1L, I0SpPaiuUyely ).

® The molar ratio was determined to be 1x (0.5 mmol):4z:manganese(IIl) acetate.
‘ Isolated yield based on the amount of the alkadiene 1x used.

yields (Table 2)."*  Although pentadiene 1, reacted with 4, to afford the 14-membered macrodiolide 5,, (Entry
11), the yield was quite low (27%) as expected together with 2-methyl-3-(2,5, 8-trioxa-1,9, | | -trioxododecyl)-4-
(3,3-diphenyl-2-propenyl)-5, S-diphenyl-4, 5-dihydrofuran in 11% yield. The best yield of the macrocyclization
was achieved when the combination of 1, and 2, or 1, and 4, was used, and the corresponding 17-membered
macrodiolide 3., or 5,, was obtained in 86% yield (Entries 9 and 14). The novel pseudo-crown type 19-

odiolide (7) was also synthesized by the reaction of bis(3,3-diphenyl-2-propenyl) ether (6) with
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For example, 5,,: Colorless crystals (from CH,Cl,/hexane), mp 258-260 C; IR (CHCl,) v 1690, 1644;
"H NMR (CDCl,) §7.34-7.01 (20H, m), 4.37-4.34 (2H, m), 4.01-3.91 (2H, m), 3.64-3.53 (6H, m),
2.19 (3H, s), 2.17 (3H, s), 1.20-0.67 (6H, m); *C NMR (CDCL,) §166.02, 165.96, 164.78, 164.68,

144.40, 144.33, 139.90, 139.81, 127.01, 126.70, 126.57, 125.93, 125.88, 125.57, 125.49, 125.15,
3,94.18, 68.29, 68.18, 61.59, 61.45, 48.54, 48.08, 31.09, 30.76,
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