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Aktnzcr: With the aim to alter the steccochemical mode in the cyclktion of the title compound the 
diastefeoselectivities ia that of the sulx&ates with an oxy-subatituent at 1’ und 2’ positions of the side 
chain were investigated. In the cycli&on of the substrate with the doxy-substituent its conhulhog 
effect was not enough to reverse the diasterecsekctivity. On the other hand the cyclixation of the 
substrates with the l’-oxy-suit pmce&ed under its ensuing Ed to afford the octaloac 
derivatives with a variety of stereocbe&al outcomes. Through the choice with mapects to kinds aad 
stereochemistry of the oxy-substkent, and the Lewis acids, the respective steawsektive formatbs of 
the three diasterwomers out of four including the octalone derivative with 8.9~irons-dimethyl 
configurationwereachieved. 

Previously we reported the cyckation of titie compound 1 (Y = H) proceekd under cornpIe* double 

diastereocontrols (simple diastemo and diastereoface selections) to afford the diastereomer 2 (Y = H) 

exclusively after equilibration with sodium me&oxide.* By the appkation of this reaction a one-pot construc- 

tion of the 8,9-cis-dimethyl-cis-fused clerodanc skeleton was acomplished? Subsequently we observed the 

sten~~ontrul mode in the cyclization was altered by the presence of an 2’-an&methyl group in the substrate 1 
to give pre-dominantly a 8,9-transdimethyl derivative (3, Y = Xx-Me).3 This result indicates that, by the use 

of 2’- or possibly I’-substituent Y as a removable controlling group, the stereoselective cons~ctio~ of 89 

~~-dimethylcleredane skeleton, a naturally occurring stereaehemical variant,4 could be malized in this letter 

we delineale the result of our investigation dimcted toward such an end using oxy-substituent as the controlling 

group- 
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Scheme I 

We investigated fit the cyclization reaction of diastereomeric 2’-oxy-substituted allylsilane substrates 7 

and 8, which were synthesized by coupling of Zlithio-l-ethylenedioxy-2-cyclohexene as a higher order 

cuprate 4 with syn- and anfi-(~-l.2-epoxy-3,4-dimethyl-~~~yis~yl-4-hes 5 and 65, respectively, 
albeit both in low yields (- 2~).6 Cyclization of the syn-acetoxy substrate (7, R = AC) gave, after equilibra- 

tion, 8,9-cis-dimethyl product 97 exclusively as expected. In contrast the cyclizacion of the u&i-substrates 89 

(R = AC) and 8b QTBDMS) gave four diastereomers 10.11.12, and l# in ratios of 7.7: 1: 2.4: 0 and 4: I: 

2: 2 respectively. Although the form&on of desired 8,9-truns-dimethyl umqwund 32 was confirmed in these 

cyclizations, the selectivity remained too low to be synthetically useful. The result indkated that the slrain ener- 
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Scheme 2 

gy difference of diastereomeric transition states caused by the oxy-substituents with relatively small A-values 

was not enough to make the reaction selective. 

9 Y =#bOAc 
lOa Y = a-OAc 
lob Y = a-GTBDMS 

Subsequently our attention was moved to the control of the cyclization mode of 1 by the introduction of l’- 

oxy-substituent from the expectation that it might affect the energy difference between the diastereomeric 

transition states effectively through additional perturbation caused by the per&interaction with the carbonyl 

group of the cyclohexene ring, which could act attractive (chelation) or repulsive (steric and dip&u). The pair 

(syn and anti) of diasteromeric cyclization substrates 16 and 17 for (E) and (Z)-series were synthesized by 

the reaction of corresponding allylsilane aldehydes 14 and U, each prepared stereoselectively with 2-lithio- 

l-ethylencdioxy-2-cyclohexene. and subsequent deketalization and chromatographic separation on silica gel 

column. The stereochemistry for the E pair was deaermin cd through the X-ray crystallographic analysis of the 

p-bromobenzoate derived from the anti diastemomer (E)-17 and that of @)-isomers was assigned from the 1~ 

NMR comparison with reference to the difference observed between the (E)-counterparts. The diastereometic 

pairs 16 and 17 were converted respectively to t-butyldimcthylsilyloxy, metboxymcthoxy, methoxy, and 

acetoxy derivatives, which were subjected to the cyclization reaction with TiCI4 or BF3-OEt2. Generally there 

obtained a mixture of all of the four possible diastereomeric A*-l-octalone derivatives U-21, formed by the 

cyclization and concomitant elimination of the oxy-substituents. Their configurations were assigned on the 

basis of lH NMR analysis, having been confirmed for 20 and 21 by single crystal X-ray analysis of the 

derivatives1 1 and for 18 by the chemical conversion via the Birch reduction to the octalone derivative 

previously obtained.1 The results arc summarized in the Table 1. 

Although the diastereomeric outcome in the cycliz.ed products is rather compiicated and seems not to be 

correlated simply with the substrate configuration (ryn or anri), kinds of the oxy-substituent or the Lewis acid 

(Tic4 or BFseOEt2). the several distinct propensities were noted and some comments are to be made with 

relation to the cause of the selectivity. (1) The definite dependance of the stereochemical preference to the oxy- 

substituents indicates its elimination occurs after the cyclization at least for the most part. (2) Generally 

dominant bias is for the formation of the diastereomer 18 under normal orientation and folding strain stereo- 

controls.l~3*12 Preference for the formation of 18 is syn c anti. This fact indicates that a clinal rather than a 
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synperiplanar transition state is favored even when the bidentate Tic4 is used. An exception is the case of the 

MeO-substrate, (E) where TiQ chelates effectively and preference for the formation of 18 was the highest for 

the reaction, syn/TiClq. (3) In the syn-substrates the cyclization more tends to produce the octalone 20 or 21. 

Specially in the (El-substrate the preferential formation of 20 is noted in the cases of syn-TBDMWTiClq and 

anti-TBDMS/ BF3Et20. In the former case the severe pen’ repulsive interaction would compelled the reaction to 

pass through the [b-n-r]-TS. In the latter case the driving force for adoption of the [b-n-r]-TS might he some 

energetically favorable interaction existing between the carbonyl oxygen and the silicon atoms. Contrastingly in 

Table 1. Diastereoselectivities in the cyclization of diastereomeric I’-oxy-substituted 2-(3’.4’-dimethyl-6’- 
trimcthylsilyl-4’-hexenyl)-2cyclohexenones 

substrate formation ratioa* bv c 
from (El-substrate from Q-substrate 

R config. Lewis acid 18 : 19 : 20 : 21 (yield, %) 18 : 19 : 20 : 21 (yield, %) 

16a TBDMS syn TiCI4 13 0 74 13 lo 3 87 
16a TBDMS syn BF3eOEt2 68 12 9 11 z:; 84 : 0 13 ::; 

16b 16b fzz 
SYfl 
sYn TiC& g BF3.OEt2 1: 20 56 :;:j 8’: 0 0 0 0 5 0 81 g; 11 

16c Ac 
SYfl 

16c Ac sYn Tic14 :: 0 13 77 (96) 0 0 BF3OEt2 38 42 (71) 176 0 6 93 :z; 78 
16d g sYn Tic14 97 x 0 0 0 8 (92) 

16d 
SYn 

BF3.OEt2 73 15 6 

3 :;:; 

6 

;; 

7 0 16a TBDMS Mti TiCl4 83 10 
7: 

10 (77) 
‘tz : 2: 

14 fs$ 3 
17a TBDMS anti BF3.0Et2 12 5 12 

0 I::; 
58 

17b MOM a& Tic4 79 15 6 97 0 0 3 g; 
17b MOM a& BF3OEt2 80 12 : 0 (72) 
17c AC afUi TiCl4 95 3 2 

:::j 

;: : 10 39 (28) 
0 4 (94) 

17c Ac Qnti BF3.OEt2 81 19 0 0 91 6 0 3 (77) 

17d kz mti TiCl4 26 21 31 22 (81) 0 0 17d a?& BF3.OEt2 70 15 15 0 (70) :: 9 4 42 ;;; 23 

a The reactions with TiCl4 and BF3vOEt2 were conducted in CH2C12 solution respectively at -78 ‘C and at 
ambient temperature for 30 min. 

b The formation ratios were determined from the integral of terminal methylene signals in lH NMR spectra_ 
c The selectivities over 50% am listed as bold letters. 
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(EZ)-syn-[c-n-n]’ (EZ)_ansi-[c-n-n]’ 

TS: [conf.-orientation-folding]= 

codes: c = chair, b = boat; 

n = normal, r = reversed 

Scheme 4 

the (ZJ-syn-substrate an explicit trend for formation of the octalone 21. By adoption of the reversed orienta- 

tion the folding of the chain leading to TS could escape from the seven double gauche interaction exerted to 

the allylsilane methylene group and A( lv3) strain. Thus in the cyclization of the l’-oxy-substituted 2-(3’,4’- 

dimethyl-6’-trimethylsilyl-4’-hexenyl)-2-cyclohexenones the stereoselective preparation of three diaste~omeric 

octalones was proved to be virtually feasible through the oxy group modification and, the choice of substrate 

stereochemistry and the Lewis acid. The result would be quite intriguing in view of stereoselective 

methodology13 and, moreover, the products 18 and 20 could be the useful intermediates respectively for the 

syntheses of 8,9-c& and fruns-clerodane ditemnoids. Studies toward this direction is now in progress. 
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