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The powerful, sweet, woody fragrance of East Indian sandalwood oil 

places this isolate of Santalum album Linn among the most prized of the -- 

Oils essential in the compounding of soap and cosmetic perfumes (1). 

Although its two major constituents -- a-santalol and B-santalol -- 

comprise greater than $K$ of the commercial oil, total syntheses of these 

two alcohols have not been recorded (2). Earlier degradations and 

syntheses established the tricyclic skeleton of CY-santalol (3). The more 

recent synthesis of o-santalene (4) coupled with the conversion of (Y- 

santalol to o-santalene and spectroscopic studies on cu-santalol (5) 

indicated that the stereochemistry of natural a-santalol was that repre- 

sented by the seqtrans structure II (6). We report here the synthesis of 

the two isomeric cY-santalols -- seqcis-o-santalol (I) and seqtrans-a- 

Santa101 (II) -- from (+)-rr-bromotricyclene (IV). Since a total synthesis 

of the latter compound has been recorded (4), the present conversion 

represents a total synthesis and unambiguously establishes the stereo- 

chemistry of the natural isomer as that represented by the _s_e_qcis structure 

I rather than the seqtrans structure II (5). 

The readily available (+)-o-bromocamphor (III) was converted to (+)- 

n-bromotricyclene (IV) by known procedures (4). Although displacement of 

bromide ion from IV was anticipated to be difficult because of the neopentyl 

nature of the bromo structure, it was found that lithium acetylide- 
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ethylenediamine complex gave rapid displacement of bromide ion from IV when 

dimethyl sulfoxide or hexamethylphosphoramide was employed as solvent (7). 

However, the expected acetylenic product V underwent rapid isomerization 

to the internal isomer VI under these reaction conditions; consequently 

VI or a mixture of the two isomers VI and V was isolated in 80-gO$ yield. 

The composition of this mixture depends greatly upon the reaction time and 

temperature as well 8s the solvent employed. For example: when DSO was 

the solvent and the reaction was carried out for 2 hours at lOO-llO", IV, 

V, and VI were found to be present in the product mixture in a ratio of 

0:1.0:2.4. However, after 160 hours at 23-25O in IMSO the ratio of 

IV:V:VI: was 3.5:1.6:1. When HMPA was the solvent employed and the reaction 

was carried out at 25-27O for 22 hours, the ratio of IV, V, and VI in the 

product mixture was O:l.O:P.O, but after 160 hours at 25-27" VI wss the 

only product isolated. 

Treatment of VI or a mixture of the V and VI for 24 hours with sodium 

amide in rafluxing xylene afforded V (633 yield), b.p. 49-50” (2.5 mm), 

[(u]E5 -23.60~ (chloroform), infrared AZZ~ 3.00, 3.38, 4.72, 6.91 u, nmr 

rCE1 

3 
9.12 (2H, singlet), 8.10 (lH, doublet, Jlo 12 = 2.8 cps), 7.98 

, 
(2H, doublet, J 

lO,l2 
= 2.8 CPS) (8). Anal. Found: C, 89.7; H, 10.0. 

Alternatively, V was precipitated from an ethanol-water solution of the 

mixture by silver nitrate addition. The silver salt of V was filtered, 

washed with ether and suspended in carbon tetrachloride from which pure V 

wss liberated by treatment with hydrochloric acid. The internal isomer 

VI (8) was recovered from the ethanol-water filtrate by extraction with 

n-hexane. Monohydrobdration of V with one equivalent of a one molar solu- 

tion of disiamylborane in THF and subsequent alksline hydrogen peroxide 

oxidation of the resulting trialkylborsne (9) produced tricycloekssantalal 

(VII) in 60$ yield, infrared $Ci4 3.40, 3.69, 5.81, 6.88 IL, nmr 7CE1 
3 
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I, R = CH,, R’=CH20H 

3I, R=CH20H, R’=CH, 

=, R = CO,C,H,, R’= CH, 

IX, R= CHS, R’= CO,C,H, 
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9.02 (2H, singlet), 7.55 (2H, sextet, Jll,U = 2.2 CPS, JlC,ll = 7.6 cpa), 

0.10 (lR, triplet, J11,12 = 2.2 cps). 

Treatment of VII with (carbethoxyethylidene)triphenylphosphorane in 

methanol afforded a mixture (b.p. 128-135"/0.6 mm) of two ru,S-unsaturated 

esters, VIII and IX, in a ratio of 5:l respectively (86$ yield). The use 

of methylene chloride as the solvent in the above Wittig reaction increased 

the ratio of VIII to IX to 1O:l (50% yield). The two esters were easily 

separated by gas chromatography (10). The major component, VIII, had 

r@l;5 +32.75" (chloroform), infrared Amax cc14 3.37, 5.86, 6.08 !.I, nmr TcDcl 
3 

9.07 (5H, singlet), 8.71 (3H, triplet, J = 7.6 cps), 5.86 (2H, quartet, 

J = 7.6 cps), 3.28 (IH, multiplet, Jl1 12 = 8.0 cps). Anal. Found: 
, 

C, 77.8; H, 9.7. The minor product, IX, had roIE5 +8.17" (chloroform), 

infrared AZ:4 3.37, 5.85, 6:09 p, nmr 7C,,_l 9.18 (5H, singlet), 8.72 
3 

(3H, triplet, J = 7.4 cps), 5.85 (2H, quartet, J = 7.4 CPS), 4.16 (lH, 

multiplet, Jll,= = 8.0 cps). Anal. Found: C, 77.9; H, 10.0. The 

structures of VIII and IX were delineated by nmr spectroscopy. It is well 

known that the chemical shifts of the signals exhibited by the olefinic 

protons in cu,g-unsaturated esters, such as VIII and IX, depend upon their 

cis or trans relationship to the S-carbethoxy group (11). The olefinic -- 

signal in VIII was centered at r 3.28 while in IX it was centered at 

higher field (T 4.16). Since compound VIII had the lower field olefinic 

proton signal, it was assigned as the component with the olefinic proton 

cis to the carbethoxy group, - and IX was assigned as the material with the 

olefinic proton trans to the carbethoxy group. 

Reduction of VIII with lithium aluminum hydride in ether at 25-26" 

afforded the seqtrans ally1 alcohol II (60% yield), b.p. 113-119" (0.5 mm), 

r$y +18.09" (chloroform), infrared Amax ccl4 2.99, 3.48, 5.95 N, mm 7cE1 
3 

9.17 (5R, singlet), 8.33 (3H, singlet), 6.01 (2H, singlet), 4.59 (lH, 
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triplet, Jll ~ = 6.2 cps), 7CS 8.42 (3H, singlet). Anal. Found: C, 

81.8; H, 11.1. 
2 

Treatment of IX with lithium aluminum hydride in ether at 

25-&O yielded the seqcis ally1 alcohol I as a clear oil (55$ yield), 

[cc];~ +18.33" (chloroform), infrared kcc14 2.73, 2.90, 3.35 
lll8X 

9.18 (5H, singlet), 8.23 (3H, singlet), 5.90 (2H, singlet), 

triplet, Jll ~ = 7.4 cps), rCS 8.32 (3H, singlet). Anal. 
f 2 

H, 11.1. The nmr and infrared spectral data as well as the 

Found: c, 81.5; 

gas chromato- 

graphic retention times for I were identical with those of natural 

Aclcnowlede: The technical assistance of Mr. Kenneth W. Pieper on 

part of this work is gratefully acknowledged. 

(a) Natural c?-santalol was isolated by gas chromatography at 200° with a 
column of 2% Reoplex on Chromosorb W, HMCG, helium flow rate of 
60 ml/min from a sample of East Indian sandalwood oil obtained from 
Givaudan-Delawanna, Inc. The gas chromatographic retention times, 
infrared and nmr spectra of this material were identical to those 
exhibited by I and differed from the gas chromatographic and spectral 
data obtained from II. The u-santalol content of seven additional 
East Indian sandalwood oil samples and one Australian sandalwood oil 
sample, all obtained from different sources, was investigated by gas 
chromatography at 175" with a column of 15s EgSSX on gas chrom P, helium 
flow of 57 ml/min (conditions that separated I and II very well). All 
of the samples were found to contain only the seqcis-isomer I; none 
of the seq'crans-isomer II could be detected in any of the oils. The 
nm spectrum of our synthetic se cis-isomer I and that of the natural 
o-santalol studied by Brieger e and assigned the seqtrans-configuration 
(5)) were essentially identical and contrasted significantly with the 
nmr spectrum of the synthetic seqtrans-isomer. We are grateful to 
Dr. Brieger for sending us the nmr spectrum of his naturslcr-santalol. 
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