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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-santelol and B-santalol --
comprise greater than 90% of the commercial oil, total syntheses of these
two alcohols have not been recorded (2). Earlier degradations and
syntheses established the tricyclic skeleton of @-santalol (3). The more
recent synthesis of a-santalene (L4) coupled with the conversion of o=
santalol to a-santalene and spectroscopic studies on a-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 a-santalols -- seqcis-o-santalol (I) and seqtrans-o-
santalol (II) ~-- from (+)-m-bromotricyclene (IV). Since s 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 seqcis structure
I rather than the segtrans structure IT (5).

The readily available (+)-x-bromocamphor (III) was converted to (+)-
m-bromotricyclene (IV) by known procedures (4). Although displacement of
bromide ion from IV was snticipested 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 80-90% yielad.
The composition of this mixture depends greatly upon the reaction time and
temperature as well as the solvent employed. For example: when IMSO wss
the solvent end the reaction was cerried out for 2 hours at 100-110°, IV,
V, and VI were found to be present in the product mixture in a ratlo of
0:1.0:2.4. However, after 160 hours at 23-25° in DMSO the ratio of
IV:V:VI was 0.5:1.6:1. When HMPA was the solvent employed and the reaction
was carried out at 25-27° for 22 hours, the ratio of IV, V, eand VI in the
product mixture was 0:1.0:9.0, but after 160 hours at 25-27° VI was the
only product isolated.

Treatment of VI or a mixture of the V and VI for 2k hours with sodium
amide in refluxing xylene afforded V (63% yield), b.p. 49-50° (2.5 mm),
[@]3% -23.60° (chloroforn), infrared Aoc:¥ 3.00, 3.38, h.72, 6.91 u, mmr

TCDCl3 9.12 (2H, singlet), 8.10 (1H, doublet, J = 2.8 cps), 7.98

10,12

(2H, doublet, J = 2.8 cps) (8). Anal. Found: ¢, 89.7; H, 10.0.

10,12
Alternatively, V was precipitsted from an ethancl-water solution of the
mixture by silver nitrate addition. The silver salt of V was filtereq,
washed with ether and suspended in carbon tetrachloride from which pure V
was liberated by treatment with hydrochloric acid. The internal isomer
VI (8) was recovered from the ethanol-water filtrate by extraction with
n-hexane. Monohydrobdération of V with one equivalent of a one molar solu-
tion of disismylborane in THF and subsequent alkaline hydrogen peroxide
oxidation of the resulting trialkylborsne (9) produced tricycloekssantalasl

(VII) in 60% yield, infrared xﬁgih 3.40, 3.69, 5.81, 6.88 u, nmr ool
3
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I, R=CHs, R'=CHa0H
II, R=CH,OH, R'=CHy
VI, R=CO0,C,Hg, R'= CH,

IX, R= CHy, R'= CO,C,Hg
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9.02 (2H, singlet), 7.55 (2H, sextet, I = 2.2 cps, J = 7.6 cps),
2

12 10,11

0.10 (1M, triplet, J = 2.2 cps).

11,12
Treatment of VII with (carbethoxyethylidene)triphenylphosphorane in
methanol afforded a mixture (b.p. 128-135°/0.6 mm) of two «,B-unsaturated
esters, VIII and IX, in a ratio of 5:1 respectively (8% yield). The use
of methylene chloride as the solvent in the above Wittig reaction increased
the ratio of VIII to IX to 10:1 (50% yield). The two esters were easily
seperated by gas chromatography (10). The major component, VIII, had
[«]2° +32.75° (chloroform), infrared Aok 3.37, 5.8, 6.08 w, mur oo
9.07 (5H, singlet), 8.71 (3H, triplet, J = 7.6 cps), 5.86 (2H, quartet,

3

J = 7.6 cps), 3.28 (1H, multiplet, J = 8.0 cps). Anal. Found:

11,12
¢, 77.8; H, 9.7. The minor product, IX, had [a]%5 +8.17° (cnloroform),

. cc
infrared kma cDe

(3H, triplet, J = 7.k cps), 5.85 (2H, quartet, J = 7.4 cps), 4.16 (14,

ih 3.37, 5.85, 6.09 4, mmr T, 9.18 (SH, singlet), 8.72

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

11,12
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 o,B-unsaturated esters, such as VIII and IX, depend upon their
cis or trens relationship to the B-carbethoxy group (ll). The olefinic
signal in VIII was centered at v 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 allyl aleohol II (60% yield), b.p. 113-119° (0.5 mm),
[01]12)5 +18.09° (chloroform), infrared Xﬁgih 2.99, 3.48, 5.95 u, nmr TCIC13
9.17 (5H, singlet), 8.33 (3H, singlet), 6.01 (2H, singlet), 4.59 (1H,
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triplet, .Jn’l2 = 6.2 cps), Tes, 8.42 (3H, singlet). Anal. Found: C,
81.8; H, 11.2. Treatment of IX with lithium aluminum hydride in ether at
25-26° yielded the segcis sllyl slcohol I as a clear oil (55% yield),

25 s CCl
[a]D +18.33° (chloroform), infrared Xmaxh 2.70, 2.90, 3.35 u, nmr TCDCl3
9.18 (5H, singlet), 8.23 (3H, singlet), 5.90 (2H, singlet), L.72 (1H,
triplet, J11,12 = T.4 eps), 1C52 8.32 (3H, singlet). Ansl. Found: C, 81.5;
H, 11.1. The nmr and infrared spectral data as well as the gas chromato-

graphic retention times for I were identical with those of natural

a—santalol.a
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(a) Natural o-santalol was isolsted by gas chromstography at 200° with a
columm of 20% Reoplex on Chromosorb W, HMDS, helium flow rate of
60 ml/min from a sample of East Indien sandalwood 0il obtsined from
Givaudan-Delawanna, Inc. The gas chromatogrephic retention times,
infrared and nmr spectra of this materisl were identical to those
exhibited by I and differed from the gas chromatographic and spectral
data obtained from II. The a-santalol content of seven additicnal
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 15% EgSSX on gas chrom P, helium
flow of 57 ml/min (conditions that separsted I and II very well). All
of the samples were found to contain only the segcis-isomer I; none
of the seqtrans-isomer II could be detected in any of the oils. The
mmr spectrum of our synthetic seqecis-isomer T and that of the natural
a-santalol studied by Brieger (and assigned the seqtrans-configuration
(5)) were essentially identical and contrested significantly with the
nmr spectrum of the synthetic seqtrans-isomer. We are grateful to
Dr. Brieger for sending us the nmr spectrum of his natural o-santalol.
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During the preparation of this manuscript, a total synthesis of &
mixture of o- and P-santalols appeared; J. Colonge, G. Descotes, Y.
Bahurel, and A. Menet, Bull. Soc. Chim. France, 374 (1966). Isolation
and identification of the Individual components, other than by gas
chromatographic retention times on a Reoplex column, were not recorded.
Since it has been our experience that the seqcis-seqtrans isomers of
a-zantalol are not separated by gas chromatography on a Reoplex column,
it is impossible to tell whether these authors obtained the segcis-

or seqtrans-isomer or a mixture of both isomers from their synthesis.
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Displacements on alkyl halides with sodium acetylide in liquid ammonia
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158, 1346 (191k); 169, 32 (1919). (b) T. Vaughn, J. Am. Chem. Soc.
5, 3453 (1933). Towever, we found that neither 1iquid ammonia/lithium
ﬁgetylide-ethylenediamine complex nor IMF/lithium acetylide-ethylene-
diamine complex gave satisfactory displacement of bromide ion from IV.

All nmr spectra were obtained at 100 Mc from dilute solutions with
tetramethylsilane as internal standard. Complete spectral, physical,
and analytical data will be recorded in the full paper to be published.

H. C. Brown and G. Zweifel, J. Am. Chem. Soc. 83, 1°h1 (1961); ibid.
83, 3834 (1961). =

Gas chromatographic separation of this mixture was accomplished at
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rate of 60 ml/min.
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