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An Enantiospecific Synthesis of Longiborneol and Longifolene 
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(+)-8-Bromocamphor (7) is readily converted into a chiral enol ether acetal (8 )  which undergoes TiCI4-promoted 
cyclization to  provide a tricyclic intermediate that can serve as a synthetic precursor of longibornane and longifolane 
sesquiterpenoids. 

In previous reports' we outlined a general synthetic plan for 
the construction of a series of structurally and perhaps 
biosynthetically related bicyclic, tricyclic, and tetracyclic 
sesquiterpenoids in which (+)-camphor (1) or its enantiomer 
could be regarded as an important chiral starting material. 
Included in this proposal was the assumption that (+)- 
longicamphor (2)t could be synthesized from (+)-camphor 
(I) ,  and then serve as the synthetic precursor of the naturally 
occurring sesquiterpenoids, (+)-longiborneol(3) ,$ (+)-longi- 
folene (5 ) ,+  and (+)-longicyclene (6). Recent studies in our 
laboratory have shown that the bicyclic trimethylsilyl ether 
(€9, derived from (+)-8-bromocamphor (7)s (Scheme l), 
undergoes facile intramolecular cyclization when treated with 
titanium tetrachloride6 at -78 "C for 45 minutes. The product 
of this reaction, isolated in -85% yield, was a mixture (-3 : 1) 
of diastereoisomeric methoxyketones (9a,b)3 and the struc- 
ture and absolute configuration of the major epimer (9a) was 
confirmed by X-ray crystallographic analysis.' Subsequent 
functional group transformations {reduction [Ca/NH3( l)] , 
acetylation [ Ac20,  4-N,N-dimethylaminopyridine( DMAP), 
CSHSN], demethylation (BBr3, 15-crown-5, NaI, CH2C12) ,8 

and oxidation [pyridinium dichromate (PDC), CH2C12, 
72 hI9} provided the keto acetate (11)T[ in -75% overall yield. 
Conversion of the ketone group in (11) to the required 

(5) (6)  

t Several synthetic routes to racemic or optically active forms of 
longicamphor,* longiborneo1,z longifolene,, longicyclene,2 and cul- 
morin4 have been reported previously. 

$ The naturally occurring enantiomers of (3) and ( 5 )  would of course, 
be accessible using commercially available (-)-camphor as starting 
material. 

0 Diastereoisomeric hydroxyethoxyketones were obtained in -75Y0 
yield when the ethylene acetal corresponding to (8) was cyclized in a 
similar way. 

f i  Attempts to convert methoxy-acetate (10) to keto acetate (11) by 
reaction with nitronium tetrafluoroborate'0 provided a low yield of 
the corresponding diketone. 

gem-dimethyl group11 was accomplished by an efficient 3-step 
procedure (methylenation, cyclopropanation, and hydro- 
genolysis)3d~ll and, when this was coupled with reductive 
removal of the acetate group, (+)-longiborneol ( 3 ) * 2  [a], 
+15.8" (c 0.54, CHC13), was obtained in -70% overall yield. 
The n.m.r. spectrum [400 MHz; 6 0.84 (3H, s), 0.86 (3H, s), 
0.94 (6H, s), 3.77 ( lH,  dd, J 2 Hz, 5 Hz)] and capillary g.1.c. 

(8 )  
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Scheme 1. Reagents and conditions: i. Br,. 

R' 

$& OAc 

(12) 

JXX 
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HBr. HOAc, 110°C; i i .  
Br2, CIS0,H; i:, Zn, HOAc. Et,O, 0°C; iv, KI,  dimethyl sulphoxide 
(DMSO), 110 "C, 3 days; v ,  Me3SiC1, HOCH,CH,OH; V I .  NaCN, 
DMSO, 70 "C, 2 days; vii, lithium di-isopropylamide (LDA), THF, 
-78 "C ; ButMe2SiOCH2CH2CH2Br; viii, K, hexamet hylphosphor- 
amide (HMPA), Et,O, BufOH, 0°C; ix, HCl, Me,CO; x ,  PDC, 
CHzCl,; xi, HC(OMe),, CeCl,, MeOH; xii, LDA. THF. -78°C; 
Me3SiC1; xiii, TiC14, CH2Clz, -78 "C; xiv, Ca/NH,(I), Et,O; xv, 
Ac20, DMAP, C,H,N; xvi, BBr3, 15-crown-5, NaI, CH,Cl,; xvii, 
Ph,MePBr, BuLi, -78 + 20°C; xviii, EtzZn, CH212, PhMe; xix, 
H2/Pt, HOAc, 2.5 atm; xx, LiA1H4, THF; xxi, PCC, CH,Cl,; xxii, 
MeSO,Cl, C5HSN, DMAP, 100"C, 16 h. 

~ ~~ 

11 We are currently investigating the possibility of converting ketoacet- 
ate (11) directly to (12) by the procedure (Me,TiCl,. CH,CI,) 
developed by Reetz and coworkers.lld 
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retention times were identical to those of authentic longibor- 
neol. Oxidation of (+)-longiborneol (3) with pyridinium 
chlorochromate (PCC)13 gave (+)-longicamphor (2)* * which 
was converted into isolongiborneol (4) by reduction with 
LiAlH4, tetrahydrofuran (THF). Subsequent treatment of 
isolongiborneol (4) with methanesulphonyl chloride and 
DMAP, pyridine at -100 "C provided (+)-longifolene (5)3d 

s), 0.95 (3H, s), 1.00 (3H, s), 4.5 ( lH ,  s), 4.75 ( lH,  s)} in 
-65% yield. 

{[(xID +51.78 (C 0.89, CHC13); 6 (400 MHz, CDC13), 0.9 (3H, 
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