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A b s t r a c t  - Heating of the title compounds ( l a , b )  at 130 "C in o -  

dichlorobenzene afforded [5+2] annulation products (2a,b) in 70% yield; 27- 

33% d.e. via 3-oxidopyrylium ylide. Reaction of the title compounds (lb,c) 
in the presence of ZnC12 at 40 "C furnished [5+2] annulation products (2b,c) 

in 23.64% yield and 53.59% d.e. In the event, treatment of the 5-silyloxy 

derivatives (ld,e) with TBSOTf in the presence of 2,6-lutidine at even 20 "C 

for 16 h gave [5+2] annulation products (2d,e) with 75% d.e. and 78%' d.e: 

in high yields, respectively. 

Efficient, expeditious approaches to stereodefined bicyclo[5. 3. Oldecane framework have been sought 

due to increasing awareness of the occurrence of these substructures in a wide variety of bioactive 

natural products, including sesquiterpenes, diterpenes, and t r ~ ~ o n o i d s . ' ~ ~  Convenient methodology for 

the synthesis of a seven-membered ring involves trapping oxidopyrylium species with various olefins. 

Notwithstanding, less attention has been paid to the asymmetric induction in the [5 + 21 cycloadditions 

compared with the [4 + 21 cycloadditions. 

Wender et al. found that the thermal [5 + 21 cycloaddition at high temperature (200 "C) proceeded to 

construct bicyclo[5. 4. Olundecane framework with high diastereoselectivity in the course of the 

synthesis of phorbol.3a Magnus et al. have also developed the diastereoselective cycloaddition (60.80% 

d.e.) of the pyrylium ylide-alkene during the synthetic investigations of taxane d i t e r p e n e ~ . ~ ~  These high 

diastereoselective reactions would be attributable to the stereogenic center at the a-position (at the most 

neighbor position) in the side chain of 3-oxidopyrylium ylide. Recently, the asymmetric synthesis of the 

oxahicyclo[3. 2. llocta-2,6-diene derivatives was found by using (S)-lactate or (R)-pantolactone as 

chiral auxiliaries on the carbenoid.4 We report here the asymmetric induction in the intramolecular [5 + 
21 cycloaddition of 2-(4-alkenyl)-5-benzoyloxy(or 5-silyloxy)-4-pyrones (la-e) to give the adducts 

(2a-e) by means of chiral auxiliaries (-)-menthy1 and (-)-8-phenylmenthyl as shown in Scheme 1. 

Reaction of commercially available kojic acid (3) with benzoyl chloride, followed by chlorination with 

thionyl chloride afforded 5-benzoyloxy-2-chloromethyl-4-pyrone (4) in 41% yield over the two steps.j 

Treatment of 4 with di-(-)-menthy1 2-propenylmalonate (6a), di-(-)-menthy1 2-methyl-2- 



propenylmalonate (6b) and di-(-)-8-phenylmenthyl isobutenylmalonate (6c) gave 2-(4-alkeny1)-5- 

benzoyloxy-4-pyrones (la-C) in 39%. 28% and 13% yields, respectively.6 Reaction of kojic acid (3) 

with thionyl chloride followed by 0-5  silylation afforded chloride (5) (76% yield over the two steps).7 

Reaction of 5 with 6b,c gave 2-(4-alkeny1)-5-silyloxy-4-pyrone (Id) and (le) in 60% and 34% yields, 

respectively. In the preparation of la-c and le ,  a large amount of starting materials was recovered. 

These yields were calculated to be 40-97% on the basis of the recovery. 

- 
solvent 

1 a-e 2a-B 
Reagents and Sohenis: 5 6 8 : f l 2 = ~ ,  R' R2 R3 

a: (1) CBHSCOCI. KOH in EIOH-H20; R~ = (-)menthy1 la ,  2a CsHsM H (-)menthy1 
(2) SOC12, pyridine in THF 6b: R2 = Me, lb, 2b CBH5C0 Me (-)-menthy1 

b: (1) SOCI,, pyndine in THF; R3 = (-)menthy1 lc. 2c CsH&O Me (-)-8-phenylmenthyl 
(2) t-BuMe2SiCI, Et$, DMAP in THF 6c: R2 = Me. 1d,2d t-BuMefii Me (-)-menthy1 

C: NaH, Nal in THF and then 6a-c R3 = (-)-8-phenylmenthyl 10, 2e 1-BuMefii Me (-)-8-phenylmenthyl 

Heating of la,b in o-dichlorobenzene at 130 OC for 2 d gave the adducts (2a) (71% yield 33% d.e.) 

and (2b) (73% yield; 27% d.e.), respectively (entries 1, 2). Two diastereomen of 2b were separated 
by preparative TLC on silica ge1.8 Reaction of l b  in the presence of ZnBn in the same solvent at 80 "C 

gave 2 b  (50% yield; 34% d.e.) (entry 4). When ZnC12 in o-dichlorobenzene was used as the acid 

catalyst, the reaction of l b  occurred at lower temperature (40 "C) for 4 d to give 2 b  in higher 
stereoselectivity (23% yield; 56% d.e.) (entry 5). Treatment of l c  with ZnCl2 at 40 "C for 5 d in 

toluene afforded 2c (64% yield; 59% d.e.) (entry 7).9a These results are summarized in Table 1. The 

Lewis acid promoted cycloaddition resulted in higher selectivity relative to that under heating (no 

catalyst) (entries 1,2). The diastereoselectivity in the cycloaddition in which (-)-8-phenylmenthyl group 

was used as the chiral auxiliary (entry 7) was slightly increased compared with that utilized the (-)- 
menthyl group. The other catalysts (TiC4, AICl3) were all ineffective in the cycloaddition. 

While migration of silyl group in 5-silyloxy-4-pyrone derivative occurred only at high temperature (200 

" ~ ) , 3 a  the migration is expected to proceed smoothly by means of silyl triflate. In the event, reaction of 

Id with t-butyldimethylsiiyl triflate (3 eq) in the presence of 26-lutidine at even 20 "C for 16 h afforded 

the silyloxy derivative (24 with 70% d.e. in quantitative yield (entry Q.10 The smooth migration of 

the silyl group can be rationalized in terms of generation of the 3-oxidopyrylium ion ~ ~ e c i e s . 3 ~  The 

diastereoselectivity in the conversion of le into Ze was improved to 78% d.e. by utilizing the (-)-a- 

phenylmenthyl chiral auxiliary (entry 9).9b The stereochemistry of 2a-e was determined to be an exo- 

isomer by considerations of the 1~ NMR spectral data: coupling constants and DIF-NOE 

measurements. Furthermore, angle strain at the fusion points of the oxatricyclo system also suggests 

exo-attack in the cycloaddition.ll 
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Table 1 Asymmetric [5+2] cycloaddition in la-e 

enuy reactant solventa conditions product yield (9%) d.e. (%)b chiral auxiliary 

1 l a  A 130 "C, 2 d 2a 71 33 (-)-menthy1 

2 l b  A 130 "C, 2 d 2b 73 27 (-)-menthy1 
3 l a  A ZnBr2 (leq), 80°C, 15 h 2a 76 34 (-)-menthy1 
4 l b  A ZnBr2 (leq), 80 "C, 15 h 2 b  50 34 (-)-menthy1 

5 l b  A ZnCI2 (leq),4O0C, 4 d  2b 23 56 (-)-menthy1 

6 l b  B ZnCh (2eq), 40 "C, 7 d 2b 49 53 (-)-menthy1 

7 l c  B ZnC12 (leq), 40 "C, 5 d 2c 64 59 (-)-8-phenylmenthyl 

8 I d  CC TBSOTf(2eq), 20°C, 16 h 2d 96 70 (-)-menthy1 

9 l e  CC TBSOTf (2eq), 20 "C , 16 h 2e 78 78 (-)-8-phenylmenthyl 

a solvent, A: o-dichlorobenzene, B: toluene, C: dichloromethane. b The diastereomeric excess was 

determined by IH NMR or HPLC. c in the presence of 2,6-lutidine (3 eq) 
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added 2,6-lutidine (0.025 mL, 0.21 mmol) and t-butyldimethysilyl triflate (TBSOTf) (0.05 mL, 

0.21 mmol) under nitrogen atmosphere and the mixture was stirred at 20 "C for 16 h. The reaction 

mixture was poured into ice-cooled aqueous 2.5% Nap203 solution and extracted with CH2C12. 

The extracts were dried over MgS04 and concentrated. The residue was purified by preparative 

TLC on silica gel (hexane-EtOAc, 10 : 1) to give a pure sample (2d) (48.9 mg) in 96% yield at 
. . !  

97% conversion and with 70% d.e. 
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C39H6407Si 672.4421); for le, 6: 7.53 (s, IH), 6.16 (s, lH), 4.89 (s, lH), 4.70 (s, IH), 3.06 
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to the 8-phenylmenthyl moiety; HRMS d z :  Found, 824.5060 [M+] (Calcd for C ~ l H 7 2 m S i  
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