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The major constituents of the prized essential oil of East Indian sandalwood (Santalum 

album Linn) -- - a'-santalol (I) and p-santalol (II) - were isolated and their gross structures 

characterized over 30 years ago (1). In spite of recorded syntheses of both epimers in sub- 

sequent years (2,3), the geometric configuration of the o-isomer was only recently correctly 

established as the seqcis-structure I (4). We report here the first unambiguous synthesis 

of dl-seqcis-8-santalol (II) and dl-seqtrans-8-santalol (III). The natural isolate, previously 

assigned the trans-stereochemistry III (5), is clearly established by this work as the seqcis- 

isomer II. 

I 
II, R, = CH,OH, R2= CH3 

I&R, = CH3,R2=CH20H 

The key intermediates in our projected synthesis of II and III were the corresponding esters 

X and XI which were prepared by two different routes. The first route is depicted in Chart I by 

the progression IV - X and XI. Treatment of the sodium enolate of 3-methylnorcamphor (6) with 

ally1 bromide in tetrahydrofuran at 66" for 3 hr afforded IV (80%), bp 83-84" (4.0 om) (7). 

Addition of excess ethereal methyl lithium to an ethereal solution of IV produced the alcohol 

V, bp 75-76" (0.7 mm), in 86% yield. Bromination of V in carbon tetrachloride yielded the 

partially crystalline dibromide VI, which was treated at 27" for a period of 16 hr with excess 
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sodium amide in hexamethylphosphoramide to afford VII (48% overall yield from V), mp 54.5-55.5'. 

Treatment of VII with thionylchloride in pyridine at O-5" led to a mixture of olefin VIII and 

chloro compounds. The mixture was refluxed in pyridine for 3 hr to afford VIII, bp 74" 

(5.0 mm), in 41% overall yield from VII. Conversion of VIII to IX (61% yield) was effected 

with one equivalent of disiamylborane in tetrahydrofuran and subsequent oxidation (8). The 

aldehyde, purified by preparative glc (7). on condensation with excess ethyl 2-(triphenyl- 

phosphoranylidene)-propionate afforded the mixture of esters X and XI, bp 110-120" (0.25 mm) 

(18%), in a ratio of 5:l. In the nmr spectrum of the major product (isolated by preparative 

glc (7)) the olefinic proton (Hx) beta to the carbethoxy group appeared at ~a. 1.0 ppm lower 

field than the corresponding proton Hx in the minor isomer (T 3.46 vs 7 4.28). The fact that - 

the chemical shift of the g-proton cis to the carbethoxy group of an o,g-unsaturated ester occurs - 

downfield relative to that of the g-proton trans to the carbethoxy group is well established (9). 

Consequently, the trans geometry (Hx-& to the carbethoxy group) can be unequivocally assigned 

to the major isomer and the cis geometry (H -trans to the carbethoxy) can be assigned to the 
X- 

minor isomer. 

The same ester mixture was produced in 25% overall yield via the sequence XII 4 X and XI - 

(Chart I). The acetal XII (6) was converted to XIII, bp 120-125" (0.5 mm), in 75% yield by 

treatment with an ethereal solution of methyl lithium. Hydrolysis was effected, without con- 

comitant dehydration of the tertiary alcohol function, by heating a solution of XIII, 2.5 ml 

of 10% sulfuric acid, and 50 ml of tetrahydrofuran at 57O for 16 hr. The resulting hydroxy- 

aldehyde (81% yield) was treated with ethyl 2-(triphenylphosphoranylidene)-propionate to yield 

the ester mixture XV and XVI in the ratio 5:l. Dehydration with thionyl chloride afforded 

X and XI in the same ratio. 

A solution of X and XI (5:l) in toluene or cyclohexane was irradiated with ultraviolet 

light (200 w, Hanovia mercury arc lamp) until the ratio of X to XI was approximately 2:l. 

(The ratio of x to XI reached a minimum of ~a. 1:l on further irradiation; however, further 

irradiation also led to deconjugation of the double bond.) The two isomers were separated by 

preparative glc (7), and their spectral properties (nmr, ir, mass) were identical with those 

of X and XI prepared by the alternate route above. 

Reduction of the 5:l and 2:l mixtures of esters X and XI with 1.1 equivalent (0.3 mole 

equivalent) of lithium aluminum hydride in ether at 0' for 1 hr afforded the corresponding 
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alcohols II and III, bp 100-110" (0.1 mm) (78%), in ratios of 5:l and 2:1, respectively. The 

two isomers were separated by preparative glc (7). Although the infrared spectra of the 

natural isoroer (10) and both synthetic isomers were strikingly similar, the glc retention times 

and nmr spectra were markedly different. The zxnt spectra and glc retention times of the 

synthetic seqcis isomer II and natural @-santalo were identical. In the nmr spectrum (10% in 

Ccl,) of this isomer the signal for the olefinic methyl hydrogens appears as a singlet at 

7 8.28 and the signal for the protons alpha to the hydroxyl group appears as a singlet at 7 6.0. 

In contrast, in the nmr spectrum of the synthetic trans isomer IKI,the olefinic methyl signal 

appears at T 8.40 and that of the protons alpha to the hydroxyl,at 7 6.20. 
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