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Although methods for preparing boric acid esters have been known for many years (1), this
means of protecting hydroxyl groups has found very limited practical use particularly in the
field of organic synthesis.* We wish to communicate here the conversion of several complex
alcohols to borates and subsequent utilization of these borates in hydrobromination, alkylatiom,
and Wittig reactions where protection of a hydroxyl group was required. More specifically, we
have applied these reactions to the synthesis of dihydro-p-santalol (I), a material with. the
powerful, woody fragrance of East Indian sandalwood oil (2). We also record here a novel
Meerwein~Pondorf reduction discovered during these synthetic studies.

.The basic system of santalol I can be constructed by alkylating methyl norcamphor with the
appropriate six carbon side chain. The required alkylation agent seemed most easily obtained
from alcohol II (3) by protection of the hydroxyl group and subsequent anti-Markownikoff hydro-
bromination of the terminal unsaturation. Chart I depicts the stepwise sequence Yequired to
construct dihydro-B-santalol. Although several standard blocking groups (acetate, tetrahydro-

pyranyl ether) did find a place in this work,** we found protection of the alcohol as the boric

* See J. Stangk, M. Eerni, J. Kocourek, and J. Pacdk, The Monosaccharides, Academic Press, New

York (1963), pp. 40, 254 and references therein for applications in carbohydrate chemistry.

L. F. Fieser and M. Fieser, Reagents for Organic Synthesis, J. Wiley and Sons, Inc., New York,

(1967), pp. 64-66, and references therein describe limited applications in hydroxylation and
condensation reactions and in monoglyceride chemistry.
**  These groups had several deficiencies which prevented their general usage in this synthetic

scheme., These limitations will be elaborated in the full paper.
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acid ester to be far more versatile and convenient. The borates were formed in quantitative
yield and were decomposed during product isolation by aqueous workup.*

Refluxing a benzene solution of alcohol II, bp 57-58° (12 mm), and one third of a molar
equivalent of boric acid with constant removal of generated water afforded a quantitative yield
of crude borate III: ir**(neat) 3.30, 6.11, 6.78, 7.08, 7.51, 9.61, 10.06, 10.94 u; nmr (CC14)

T 3.95-4.42 (multiplet, 1, -CH=), 4.85-5.15 (multiplet, 2, CH=CH,)}, 6.35 (doublet, 2, J = 6 Hz,
CEZO), 7.65-8.50 (multiplet, 3, -C§2C§(CH3)-), 9.08 (doublet, 3, J = 6 Hz, CHCga). Hydrobromina-
tion of an ice-cooled, hexane solution of crude borate III in the presence of benzoyl peroxide
followed by dilute aqueous base isolation afforded bromohydrin IV (86%): bp 62° (0.02 mm);

ir (neat) 2.99, 9.68 u; omr (CC14) T 4.30 (singlet, 1, OH), 6.61 (doublet, 2, J = 6 Hz, CEZOH),
6.63 (triplet, 2, J = 6 Hz, CﬂzBr), 9.07 (doublet, 3, J = 6 Hz, CHCH3) (4). Subsequent inter-
action of IV with boric acid as previously described afforded a quantitative crude yield of the
required alkylating agent V: ir (neat) 6.75, 7.05, 7.48, 9.68 y; nmr (CCI4) T 6.38 (doublet,

2, J =5.5Hz, ngoB), 6.63 (triplet, 2, J = 6.5 Hz, ngBr), 9.10 (doublet, 3, J = 6 Hz,

CHCH,) .

Treatment of the sodium enolate of 3-methylnorcamphor (5) with bromide V in refluxing
toluene for 68 hr afforded ketol VI (62%): bp 127-130° (0.07 mm); ir (neat) 2.90, 5.73, 7.30,
9.60, 10.92, 13.02 y; nmr (cCl,) v 6.72 (doublet, 2, J = 6 Hz, CH,0H), 7.06 (singlet, 1, OH),
9.07 (singlet, 3, C§3), 9.16 (doublet, 3, J = 6.5 Hz, CHCEB) (4,6). The ketol VI on conden-
sation with excess methylenetriphenylphosphorane in dimethyl sulfoxide afforded, in additionm to
dihydro-B-santalol, substantial amounts of the isomeric hydroxy olefin IX. A sample of the
material collected by preparative glpc showed the following spectral data: ir (neat) 2.96,

3.28, 6.10, 9.42, 10.03, 10.96 y; nmr (CCIA) T 4.45 (multiplet, AA'BX, 1, dap ® 17 Hz, dyig ™

10 Hz, I =7 Hz, )cnxch-cuAaA.), 5.18 (doublet, 1, J,. = 17 Hz, ==CH,H,
1, gA,B = 10 Hz, -=CHA§A.), 6.50 (doublet, 1, J = 4 Hz, CHOH), 9.02 (doublet, 3, J = 7 Hz,
CHCEB), 9.21 (singlet, 3, CH3). The combination of a highly hindered ketone and a labile alcohol

+), 5.21 (doublet,

in a strongly basic medium apparently sets the stage for an unusually facile Meerwein-Pondorf

reaction. This process can be visualized as proceeding through an intramolecular eight membered

* Although quite stable to anhydrous base or acid conditions, the borates are smoothly
hydrolyzed by shaking for a few minutes in aqueous media whether neutral, acidic or basic.

ok Infrared spectra were recorded on a Perkin-Elmer Model 137 spectrophotometer.
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transition state to the intermediate hydroxy aldehyde VIII which subsequently reacts with
Wittig reagent. Oxidation of the resulting hydroxy olefin afforded keto olefin X: ir (neat)

3.30, 5.73, 6.11, 10.03, 10.95 y; nmr (CC14) 4.46 (multiplet, AA'BX, 1 = 17 Hz,

» Jap Iarp ™
10 Hz, Jpy = 7 Hz, ::CHXC§B=-CHAHA.), 5.19 (doublet, 1, Jup = 17 Hz, ==CH,;H,:), 5.22 (doublet,
1, Jpg = 10 Hz, ==CHA§A.), 9.05 (doublet, 3, J =7 Hz, CHC§3), 9.09 (singlet, 3, CEB) “.
A high yield of dihydro-g-santalol (I) could be realized by prior conversion of ketol VI
to keto bo;ate VII: ir (uneat) 5.72, 7.08, 7.50, 9.69, 10.59, 10.98 u. Subsequent treatment
with excess methylenetriphenylphosphorane in dimethyl sulfoxide for 24 hr at 70° afforded,
on hydrolysis, 90% pure dihydro-B-santalol (90% from ketol VI), A sample of the alcohol purified

by glpc showed the following spectral data: bp 106-107° (0.1 mm); n§6

° 1.4920; ir (neat) 3.00,
3.29, 6.03, 9.64, 11.35 y; nmr (CCIA) 5.31, 5.57 (singlets, 2, =C§2), 5.87 (singlet, 1, OH),
6.65 (quartet, 2, gl = 6 Hz, 22 = 4 Hz, CEZOH), 7.35, 7.89 (broad singlets, 2, bridgehead H's),
8.96 (singlet, 3, C§3), 9.09 (doublet, 3, J = 6 Hz, CHCES); mags spectrum parent ion, m/e 222 (4).

A priori, one may be surprised by the apparent stability of these borates to nucleophilic
reagents. However, this phenomenon is not entirely unexpected if one considers the fact that
in this instance rather bulky nucleophiles would be required to react with highly substituted
borates. Regardless of the reason for the stability, it would appear from the representative
cases studied above that protection of alcohol groups as borates should find broad utility in
organic synthesis.
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