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Abstrad: The Lewis acid mediated ¢ksymmetfie intramoleculf cyclization ofprochinfl allylstmnyl 
diketoae I gave • mixture of two dimtweomers 2 and 3. Highly diutaeosdective synthesis of each 
diastegeolmme: was accomplished by proper choice of the Lewis acids. 
© 1997 Elsevier Science Ltd. All rights reserved. 

The condensation of allylstaunane with aldelaydes and ketones is one of the most important synthetic 

methods for C-C bond formation.~ The utility of this reaction derives from the high yield, excellent regio- and 

sterenselectivity, and mild conditions under which the reaction can be performed. While a number of methods 

for inter- and inlramolecular condensation with aldehydes and ketones have been studied during last decade, 2 

to the best of our knowledge, there is no report on the desymmetric condensation of allylstannanes with 

ketones. 3 We wish to report a highly diastereoselective desymmetric intramolecular cyclization of allylslannane 

with a 1,3-diketone; the Lewis acid media~l desymmetrie intmmoleeular eyclization of proehiral allylstannyl 

diketone 1 gave a mixture of two diasterenmers 2 and 3, and highly diastereoselective synthesis of each 
diastereoisomer was accomplished by proper choice of the Lewis acids (eq 1). The use of TIC1, and 

T~21a(OiPr) 2 afforded c/s-trans 2 with high diastereoselectivity, while the use of InC13, SnCI,, and Yb(OiPr)3 
gave cis-cis 3 exclusively or predominantly. 

~ ~ ~ . . ~ /  ' , , . . .aO H ',,.. ,~0 H 
SnBus ,,~ 

CH2Cl2 ~ " ~ ~ 0 (eq 11 

1 
cls - trans 2 cl: - cis 3 

The preparation of I is shown in Scheme 1. The reaction of 1,4-butanediol 4 with TBDMSCIFunidazole in 

DMF gave the monosilylated alcohol 5 in 86% yield. Swem oxidation of 5 followed by the treatment with 
methyl (triphenylphosphoranylidene)acetate gave the corresponding ot, l~-unsaturated ester 6 in 70% yield. The 

ester group of 6 was reduced by DIBAL, and the resulting alcohol was acetylated with acetic anhydride in 

pyridine. Subsequent treatment with acetic acid in THF-H20 gave 7 in 94% yield. The bromination of 7 was 
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Scheme 1 
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Table 1. Cyclization of 1 = 

entry Lewis Acid (equiv) temp/'C timdh ratio (2 : 3) b ~i¢ld/% c 

1 TiCI 4 (1.0) -78 1 92 : 8 83 (87 e) 

2 TiCl2(OiPr) 2 (1.5) -35 12 95 : 5 67 d 

3 A1CI 3(1.0) -78 2 73 : 27 61 

4 EtAICI 2 (2.0) -10 2 77 : 23 66 

5 Et2AICI (2.0) rt 50 O f 

6 SnCI 4 (1.0) -78 1 I : >99 62 (66 e) 

7 ZnBr 2(1.0) rt 96 21 : 79 60 

8 InCl 3(1.0) -20 13 3 : 97 55 

9 Yb(OiPr)3 (1.0) rt 1.3 8 : 92 76 

10 BFa.OEt 2 (2.0) -10 2 32 : 68 29 d 

aThe reactions we~ carried out with 0.1M substrate in CH2Ci2 under tim conditions indicated in the 
table, and quenched with satmted aqueom NatiCO3 solution at the reaction temperature, bRafios were 
detmataed by tH-NMR, eyields were detmnined by IH-NMR (p-xylene was used as an internal 
standard). 'q'ae mtuced product lit was obtained as a by-product (entry 2: 26%, eney 10: 10%, see 
reference 6). "Overall yield of isolated mixue of diastereomers. 'No reaction took place. 

performed by CBrJPPh 3 to give 8 in 88% yield. Alkylation of 8 with 3-methyl-2,4-pentanedione/NaH in 

DMF produced 9 in 80% yield. The palladium catalyzed reaction of 9 with Et2AISnBu 3' gave 1 in 53% yield. 

The results of lhe Lewis acid mediated cyclization of 1 are summarized in Table 1. 5 In all cases, only two 

diastereoisomers, cis-trans 2 and cis-cb 3, were obtained among four possible stereoisomeric cyclization 

products. The use of T~CI, gave a 92:8 mixture of c/s-trans 2 and cis-cb 3 in 87% isolated yield (entry 1). 
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Although the diastereoselectivity of 2 increased up to 95:5 in the presence of TiCl2(OiPr) 2, the chemical yield 

decreased to 67% and the reduced product 10 was obtained in 26% yield (entry 2). The reactions mediated by 
and EtAICi~ also afforded c/s-trims isomer 2 as a major product, but in both cases, the chemical yield 

and the diastereoselecfivity were lower than those via the TtCI 4 mediated reaction (entries 3 and 4). The 

cyclization of 1 did not proceed in the presence of a weaker Lewis acid such as Et2AICI (entry 5). 

Interestingly, the reactions mediated by ZnBr 2 (entry 7), InCl 3 (entry 8), and Yb(OiPr)3 (entry 9) afforded ds- 

c/~ 3 as a major product in moderate yields. The use of SnC14 gave only c/s-c/s isomer 3 in 66% isolated yield 

(entry 6). The BF3.OEt ~ mediated cyclizafion of I gave a mixture of 2 and 3 in low diastereoselectivity and 

low chemical yield (entry 10). 

The stereostructures of the two products were assigned by IH-NMR decoupling and NOE experiments. 

The coupling constants between Ha and Hb of 2 and 3 were J = 12.5 Hz and J = 12.0 Hz, respectively, 

indicating that the stereochemical relation between Ha and Hb were axial-axial in both compounds. Therefore, 

the vinyl substituent of both isomers could be assigned to be equatorial. In c/s-trans isomer 2,  NOE effects 

were observed between a hydroxyl proton and the neighboring methyl group, between Hb and the methyl 

group attached to the carbon of COl-l, and between these two methyl groups, indicating that the methyl group 

atCOH was in the 1,3-diaxial position from Hb. It is clear that the stereochemical relation between the vinyl 

and hydroxyl group is trans, and that of hydroxyl and acetyl group is cis. In cis-cis isomer 3, NOE effects 
were observed between Ha and the neighboring methyl group, and between Ha and the methyl group attached 
to the carbon of C(CO)CH 3. It is clear that the stereocbemical relation between the vinyl and hydroxyl group is 

cis, and that of hydroxyl and acetyl group is cis. 

The mechanism for the present dramatic diastereoselectivity difference between the TIC1, mediated and 

SnCI 4 (also InCl3 and Yb(OiPr)3) mediated reactions has not been unambiguously established. A possible 

explanation is as follows. When TICI 4 was used as a Lewis acid, the transmetalation between stannane of 1 

and TtCI, would take place very rapidly and the resulting allyltitanium compound would undergo cyclization 
via a cyclic transition state 11. Perhaps the ethylalumininm dichloride mediated reaction would proceed also 

via 11. On the other hand, the transmetalation reaction between stannane of 1 and SnCI 4 (InC13 and 

Yb(OiPr)3) would be slower, and thus the cyclization would take place via an acyclic transition state 12, in 

which the Lewis acid would coordinate to carbonyl oxygen and facifitate the cyclization. 

O ° ° cyclic NOEI I \ \  ' 
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Irrespective of the precise mechanism, we are now in a position to carry out desymmetric inC~amolecular 
c y ~ n  of prochiral allyistmmyl diketone 1 by proper choice of Lewis acids, and to con~l  the 
s~neochemistries of three contiguous ~ cemers of 2 and 3. Application of this methodology to the 
a~rameCic ~.~ymmetric cyclizadon is under investigation. 
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brine, and dried over MgSO 4. The solvents were removed in vacuo, and the residue was purif~l by silica 
gel column chromatography. The diastereomer ratio was determined by ~H-NMR; a 92:8 mixture of 2 and 
3 was obtained in 87% (17.1 rag). 
2: ~H-NMR (500 MH z, CDCI~) 86.13 (ddd, J = 17.5, 10.5, 6.0 Hz, 1H), 5.09 (ddd, J=  10.5, 2.0, 2.0 

Hz, IH), 5.00 (ddd, J=  17.5, 2.0, 2.0 Hz, 1H), 4.55 (q, J=  1.2 Hz, 1H), 2.52 (ddd, J=  6.0, 6.0, 12.5 
Hz, IH), 2.23 (s, 3H), 2.07 (m, 1H), 1.77-1.70 (m, 2H), 1.57 (ddd, J = 3.8, 14.5, 14.5 Hz, IH), 1.36 
(dddd, J=4 .2 ,  12.0, 12.5, 12.5 Hz, 1H), 1.22 (s, 3H), 1.20 (m, 1H), 1.03 (d, J=  1.2 Hz, 3H); HRMS 
calcd for C~2H2oO 2 (196.1463), found 196.1473. 
3: IH-NMR (500 MH z, CDC13) 85.92 (ddd, J =  17.0, 10.0, 8.5 Hz, 1H), 5.03 (ddd, J=  10.0, 2.2, 0.4 

Hz, IH), 4.99 (ddd, J=  17.0, 2.2, 0.8 Hz, 1H), 4.32 (s, 1H), 2.20 (s, 3H), 2.15 (ddd, J = 4.0, 8.5, 
12.0 Hz~ IH), 2.05 (ddd, J =  4.5, 13.0, 13.0, 1H), 1.75 (dddd, J =  4.5, 12.0, 12.5, 12.5 Hz, 1H), 
1.65-1.58 (m, 211), 1.45-1.38 (m, 2H), 1.30 (s, 3H), 1.13 (s, 3H); HRMS calcd for C~2H2oO 2 
(196.1463), found 196.1460. 

6. Destannylated dikctone 1 0 was obtained as a by-product. 


