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Abstract- Wittig-Homer reaction of dimethyl phthalide-3-phosphonates with 1- 

indanones in the presence of bases was investigated. The 3-(1'- 

indanylidene)phthalides obtained above were transformed into dibem-1,4- 

di&et0spiro[4.4]nonanes, the BCDE ring system of fredericamycin A, by 

consecutive treatments with diisobutylaluminum hydride and pyridinium 

dichromate. 

Ftedericamycin A, isolated from Streptomyces griseus, has been an attractive synthetic target because of its 

unique_ structural complexity and potent antihunour activity.1 Many synthetic effom including three total 

syntheses,Z have focussed on the creation of the dibenz~l,4diketospiro[4.4]nonane system, the cote of 

fredericamycin A, or its closely related derivatives. Major synthetic approaches to the spirocyclic system 

include a) radical ~~iroc~clization,2~~~~~3 b) Diels-Alder reaction,4 c) Friedel-Crafts reaction,S d) spiro 

alkylation,6 e) mercury-mediated acyl migration,7 f )  palladium-ptumoted intramolecular wylation,8 g) 

photochemical cyclizatioQ h) intramolecular a lwe -chmium carbene benzannulatioq10 and i) 

transformation of ylidenephthalides.2a As an application of phthalide-3-phosphonatesl 1 in organic synthesis,12 

we wish to report hem a convenient synthesis of 3-(1'-indany1idene)phthalides (3) by Wittig-Homer reaction of 

dimethyl phthalide-3-phosphonates (1) with 1-indanones (Z), and thereby establish a new general route to 

dibem-l,4-diketospiro[4.4]nonanes (5) as shown in Scheme 1. 
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Scheme 1 

Dimethyl phthalide-3-phmphonate (1a)ll was treated with 1.1 equivalent of lithium bii(trimethy1silyl)amide 

(LHIvDS) in THF at -78'C for 1 how and then allowed to react with 1-indanone @a) at room temperature for 

10 horn under argon atmosphere. After usual work-up, 3-(Y-indany1idene)phthalide (3a)13 was obtaii in 

72% yield as a mixture of E- and Z-isomers in a 1.711 ratio.l4 If neccessary, this mixture could be separated 

into E-3a and Z-3a by silica-gel column chromatography. When methoxy-substituted starting materials (lb, e, 

and 2b) were employed in a similar Wittig-Homer reactioq a vatiety of methoxy-substituted 

indanylidenephthalides Ob-0 was easily synthesized in modest to high yields as shown in Scheme 2. Although, 

dkspite several attempts, 3c wuld not be separated into its E and 2-isomers, the Wiig-Homer reactions of 
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la,b with 2a,b un&r the conditions described here predominantly provided ~isomers.l2a However, in the 

d o n s  of l c  with 2a and 2b (1.5 eq. LHMDS / -78'C / 3 h for generation of the anion of lc), only the Z- 

isomers of 3e and 3f were isolated in 58% and 41% yields, respectively. These results may be rationalized by 

considering the steric hindrance of the methoxy-substituent of ~ 2 .  Sodium hydri& / O'C to room 

temperahm / 12 h) or cesium carbonate15 (i-PrOH / m m  temperature / 24 h) can be used as bases in the 

reaction of l a  with2a, and 3a was obtained in 69% and 81% yields, respectively. These conditions seem to be 

equal or better than those using LHMDS, except for the reactions with the methoxy-substituted materials such 

as  l b  withzb, where the yields of 36 decreased (40%: NaH; 23%: Cs2C03) compared with that for LHMDS 

2 

2s : R ~ - H  
2b : R3-0~e 

Scheme 2 

RL R2 R3 Yield (96) @ mp ('C) 
31:  H H H 72 1.711 156-158(E), 180-l82(Q 
3b: H H OMe 72 2.511 134-136(E),116-1190 
3e: OM= H H 82 2.611~) 1168-173 
3d: OMe H OMe 58 1.511 175-176@),220-221 (Z) 
3e: OMe OMe H 58 - 212-215 (Z) 
3f: OMe OMe OMe 41 - 179-181 (2) 

~m~ '5-NMR rpsmun. 

Scheme 3 

58: H 
5b: H 
5c: OMe 
5d: OMe 
5e: OMe 
Sf: OMe 

H H 
H OMe 
H H 
H OMe 

OMe H 
OMe OMe 

Transformation of 3 synthesized here to spimcyclic 5 was achieved by the following l6 treatment 

of an lp? mixture of 38 with diisobutylaluminum hydride (DIBAL) in CH2Cb at -78'C for 30 minutes 
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fouowed by the addition of a catalytic amount of sodium methoxide and then stirring at room ternparahue for 3 

hours gave the spirokebalcohol (&I).% This alcohol was oxidized with pyridinium dichromate (PDQ in 

C3C12 at room temperature for 12 hours to furnish desired 5 2 %  3% 3% 5 7 ,  8% 9a in 85% overall yield 

Similarly, all methoxy-substituted indanylidenephthalides (3b-f) were converted into the companding 

methoxy-rmbstituted spirodiketones (5b417 in moderate to good overall yields as shown in Scheme 3. 

In summary, we have developed a general and efficient route applicable to the regioselective preparation of 

methoxydubstituted dibenzo-l,4-diketospiro[4.4]~na~e derivatives. Since it is based on the easy availability 

of methoxy-substituted dimethyl phthalide-3-phosphonatesll and 1-indanones, this short mute to spimcyclic 

diketones constitutes one of the most efficient syntheses of a model system for fredericamycin A reported to 

date. 
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