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Abstrac t :  The fLrSt synthesis of (:t:)-fraxinellonone and its short step convcraicm into (+)- 
fraxinellone and (+)-isofraxi~llone is ~ b e d .  The synthesized ce~pounds exhibited moderate 
insect-antifeeding activity aE~in~t Spodoptera exiguo H. (Boisduval) and ichthyotoxicity a~Ain~t 
killifish. Copyright © 1996 Elsevier Science Ltd 

Limonnids constitute a large group of natural products. At present, more than three hundred 

compounds have been isolated from mainly rntaceae and meliaceae plants. Many of them display various 

biological activities, including antifeeding and growth regulating activities against insects, 1 and are therefore, 

considered as prototypes for insecticide. In connection with limonoids, some degraded limonoids are 

known. 2 Since they are small and rather simple compounds showing partial structures in common with 

limonoids, they are regarded as important intermediates for the total synthesis of limonoids, and in fact, 

several degraded limonoids have already been synthesised. 3 In addition to being synthetically useful, these 

compounds seem to be effective probes for seeking the relationship between the structures and biological 

activities of limonoids. Previously, however, there has been no information with regard to their biological 

activities. In this report, we describe the first synthesis of (±)-fraxinellonone (la), 2a and its short step 

conversion into (:i:)-fraxinellone (2a) 2b,3a,b and (±)-isofraxinellone (3a), 2e,3a,b along with the biological 

activities of all three degraded limonoids and their related compounds (Fig. 1). 

la: fraxinellonone 

Synthesis of degraded iimonoids 

2a: fraxinellone 3a: isofraxinellone 

Fis. l 

Synthesis of (+)-fraxinellonone (la) was started from racemic keto lactone 4 which was readily 

prepared by Robinson annulation 4 of ethyl vinyl ketone and 2-methyl-3-oxo-butanolide 5 (Scheme 1). 

Reduction of 4 with DIBAL afforded dihydroxyl compound 5 as a single isomedi, 7. To introduce the 3'-furyl 
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group at the C-3 position of 5, we initially examined the direct reaction of 5 with excess 3-1ithiofuran. 8 

Unfortunately, no reaction occurred at low temperature (less than -20°C), and decomposition of 3-1ithiofuran 

occurred predominantly at the higher temperature (-20°C~rt). Thus we converted compound 5 into more 

reactive aldehyde 7 by the following process: i) hydra.zone formation; ii) acetyiation of the resulting hydroxyl 

groups; and iii) hydrolysis of hydrazone. 9 The reaction of 7 with 3-1ithiofuran proceeded smoothly and 

afforded the desired isomer 8a as a major isomer (9.6 : 1) after hydrolysis. 10 Fortunately, oxidation of 1- and 

6- hydroxyl groups was immediately achieved by Ag2CO3-cclite, 11 and afforded a good yield of an easily 

separable diastereomeric mixture of (+)-la and its epimer (±)-lb. Since the 1H and 13C NIVIR spectra of the 

synthesized (+)-la 12 showed good agreement with those of the naturally occurring compound, 2a the first 

synthesis of (:l:)-fraxinellonone (la)  was achieved. Phenyl analogs of fraxineUonone (+)-lc and ld  were also 

synthesized by a similar method. 

O . ~ )  aHo ~ ~ :~ I'NMe2 
b,c H d 

. . . .  AcO" "~1 ~ 7 J OAc 4 R 
e or e' , ~ O H  

"°" T 
8a: R = 3a-furyl 
8b: R = 315-furyl 8c: R = cz-phenyl 8d: R = 15-phenyl 

5 6 R 

la: R = 3~-furyl 
1 b: R = 31~-furyl 
1¢: R = a-phenyl ld: R = I~-phenyl 

~AcO"~c 
7 

a) DIBAL, 71% b) dimethylhydrazine c) Ac20, EtsN, DMAP, two steps 93% d) 
Cu(AcO)2, 85% e) 3-1ithiofuran then aq. KOH, 87% 8a:8b = 9.6 : 1 e') PhLi 
then aq. NaOH, 82% 8¢:8d = 15 : 1 f) Ag2CO3, 68% for 8a, 65% for 8¢ 

Scheme 1 

(±)-Fraxinellone (2a) and (±)-isofraxineUone (3a) were derived from (±)-la in short steps (Scheme 

2). DIBAL reduction of (±)- la  afforded 6-hydroxyfraxinellone (9a) which was further converted into 

chloride 10a by TsCI and Et3N treatment. Reductive dehalogenation of 10a yielded (±)-isofraxinellone (3a) 

along with a small amount of (±)-fraxinellone (2a). 12 Since the conversion of 3a into 2a was already 

reported, 2b we herein confirmed a general synthetic route of the degraded limonoids having y-lactone ring. 

In the above synthesis, total yields from compound 4 were 30% for (+)-fraxinellonone (la), 14% for 

(:l:)-fraxinellone (2a), and 16% for (+)-isofraxinellone (3a). 

Biological activities of degraded iimonoids and their related compounds. 

The biological activities of the synthesized degraded limonoids (+)-la~3a, the phenyi analog (+)-lc, 

the synthetic intermediates 9a and 10a, and their epimers were examined with ichthyotoxicity (against 

kill±fish) and ant±feeding activity (against Spodoptera exigua H. [Boisduval], leaf disk testl3). The results 

listed in the table suggest that the type and stereochemistry of the substituent at C-6 exert a rather strong 
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influence on the biological activities of degraded limonoids and intermediates, whereas the substituent at C-3, 

the characteristic 3'-fury1 substituent of the limonoid family, has only a limited influence. 

a = .-- c ~ .-- .- ..-- 

lOa: R - Cl 
d 

a) DIBAL b) TsCl, EtaN, DMAP, two steps 70% c) Zn, AcOH 77% for 3a 
3% for 2a d) aq. NaOH, EtOH, 82% 

Scheme 2 

Table. Biological activities of synthesized compounds 

ichthyotoxicity a) antifeeding activityb) 
compound 50 ppm I0 ppm I000 ppm 500 ppm 

I a ++ ++ + 

1 b ++ ++ + 

1 c ++ nt c) nt c) 

1 d ++ nt c) nt c) 

2 a ++ + ++ + 

2 b ++ + ++ + 

3a ++ + + 

3b ++ + + 

9a 

9b 

10a 

10b 
a) ichthyotoxicity: 

++ ++ 

+4- ++ 
++ strong (within 12h), + moderate (within 24h), - no 

activity, b) antifeeding activity: ++ strong (remainder leaf disk > 50 %), + 
moderate (< 50 %), - no activity, c) nt: not tested. 
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