
Tetrahedron Letters,Vo1.23,No.33,pp 3401-3404,1982 0040-4039/82/333401-04$03.00/O 
Prmted m Great Brltam 01982 Pergamon Press Ltd. 

AN ASYMMETRIC SYNTHESIS OF CIS, ANTI, CIS-TRICYCL0[5,3,0,02'63DECANES 

APPLYING y-HYDROXYMETHYL-y-BUTYROLACTONE AS A CHIRAL SYNTHON. 

FIRST ASYMMETRIC TOTAL SYNTHESIS OF (-)-I~-B~uRB~NENE 

Klyoshi Tomloka, Masahlde Tanaka, and KenJl Koga* 

Faculty of Pharmaceutical Sciences, University of Tokyo 

Hongo, Bunkyo-ku, Tokyo 113, Japan 

Sumnary. The asymmetnc total synthesis of cls, anti, cls-tncyclo[5,3,0,0 2y6]d ecane sesqui- 
terpene 8-bourbonene 1s described The key (2+2) photocycloaddltlon was carried out 
applying the optically pure butenollde denvatlve 6b as a choral synthon 

The cls, anti, cls-trlcyclo[5,3,0,02'6 ldecane system 1s found ln the carbon skeleton of both 

bourbonene sesqulterpenolds and spatane dlterpenolds such as for example, B-bourbonene (L)', nor- 

bourbonone (z)2, and spat01 (s3y4 Spatol, recently isolated from the brown seaweed, 1s known 

to be endowed with remarkable blologlcal properties including a potent lnhlbltlon of cell repll- 

cation and 6-bourbonene has been the SUbJeCt of synthetic lnvestlgat10ns5. 

We report herein a total synthesis of (-)-B-bourbonene and (-)-norbourbonone employing an 

asymnetnc (2+2) photocycloaddltion reactlon and thus record a first, general method of entry 

into the optically pure trlcyclo[5,3,0,02'6]decane series The general approach under conslder- 

atlon involves the asymnetnc lnductlon shown ln Scheme I wherein the optically active y-hydroxy- 

methyl-y-butyrolactone (4) might be expected to be a choral synthon applicable not only as a 

choral source, but alsoys a building block for the cyclopentenone portion ofz, the promising 

intermedlate leading to l_, 2_, and 2 

The present approach possesses three attractive features First, both enantlomers (-)-, and 

(+)-2 are readily available from L-glutamlc acld.6 Second, lt 1s possible to predict the 

1 X=CH* 

2 x=0 
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absolute stereochemistry at the newly created choral centers on the basis of the least hlndered 

approach.7'8 Third, the particular appllcabllity offf, in the choral synthesis of cyclopentenone 

series will be Illustrated. 
9 

Photochemical (2+2) cycloaddltlon reactlon was thoroughly revlewed by Baldwin8 and reaction 

between racemic y-butyl-crotonolactone and 1,1-dlmethoxyethylene has been developed by Uda", 

giving two cls-blcycllc 4-5 fused ring compounds ln almost nonstereocontroiied manner. Our 

synthesis begins with the lrradlatlon of a solution of the trltyl ether 6~ , prepared from (-)- 

$, and cyclopentene in CH3CN using a low pressure mercury lamp at 20°C under argon, giving two 

adducts of structure 3 and @ in the ratlo of 60.4:3in 37% yield." Improvement in the stereo- 

selectivity was obtained when the plvaloyl ester 3 , prepared from 5 in 62% yield in two 

steps (1) cone HCl/MeOH, (2) t-BuCOCl/pyndlne, was used in place of 6a, affording 2 and j@ in 

the ratio of 72.28 ln 74% yield The stereochemlstry was asslgned based on 
13 

C NMR in which 

methyl carbon ofz appeared at higher field (ca 13ppm) than that of& (ca 19ppm) due to stenc 

compression Using 6,b photocycloaddltlon was next carried out with cyclopentenone ethyleneketal 

and was found to afford the adducts of structure g, 12, 13, and 1B in the ratlo of 48 20.16 

16 in 62% yield 13y14'15 For the practical purpose the desired maJor adduct z could be easily 

isolated in 25% yield after short column chromatography on silica gel (AcOEt/n_hexane=1/5) 

followed by recrystalllzatlon (AcOEt/n-hexane) 

As demonstrated in the following transformation In which removal of the original choral 

center having played its role to create new choral centers and construction of the cyclopentenone 

moiety were achieved, the structural features of the photoadduct 9_b can be effectively utilized 

in forming the optically pure cis, anti, cis-tricyclo[5,3,0,0 2y6]decane nucleus 5 Thus z was 

treated with methyl llthlum to give the hemlketal 12 (95% yield) which was then converted to (-)- 
$3,16 in 74% overall yield by the sequence of operations. (1) NaOMe ln refluxlng MeOH, (2) 

oxldatlve cleavage of the dlol with NaI04 in aqueous AcOEt, (3) aldol condensation of the corres- 

ponding keto aldehyde with NaOH in aqueous ether. 

The stage was thus set for the synthesis of (-)-8-bourbonene (L) Hydrogenation of Lover 

10% Pd/C in AcOEt followed by highly stereoselectlve reduction of the corresponding ketone with 

NaBH4 in MeOH gave 12 as a single product in 96% yield Tosylation of 12 followed by reaction 

with sodium dlethyl malonate in refluxlng DME afforded 12 as a single product in 91% yield. 

Treatment of 5 with LlAlH4 gave the dlol El3 in 85% yield Deoxygenatlon by LlA1H4 reduction 

of the dlmesylate of 12 followed by deyytectlon (p-TsOH/acetone) afforded (-)-norbourbonone (3 

as a crystallln compound in 64% yield. Finally Wlttlg reactlon of (-)-2 according to the 

known procedure for racemlc materla15a 

from the choral synthon $$).13 

gave (-)-B-bourbonene ('I_) in 98% yield (10% overall yield 

Optical rotations, melting point (for (-1-z), and spectral data 

(IR, NMR, MS) of synthetic (-)-Land (-)-Lwere identical with those of natural products."2y13 

Now that utlllty of y-hydroxymethyl-y-butyrolactone as a choral synthon for the aSymmetrIC 

synthesis of bourbonane sesqulterpenolds has been illustrated, the asymmetnc synthesis of 

spatane related substances is the SubJect of current studies 
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Scheme I 

6 

a R’= CPh3 

b d = COtBu 

7 R2,R3,H 2 

9 R2=H2 R3=O(CH2),o 

10 R2=O(CH2J20 R3=H2 

8 R* R3,H = 
2 

11 R* =H2 R3=O(CH2)20 

1 2 R*=O(CH,),o R3=H2 

16 R’ = CHKH20H)2 R2= H 
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