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(+)-syn-Benzotriborneol: the first functionalised enantiopure
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Abstract—Copper(I) thiophencarboxylate readily and effectively cyclotrimerises protected 5-bromo-6-trimethylstannylborn-5-en-2-
ols, leading to oxygen-functionalised benzocyclotrimers. The remarkably high syn to anti ratio is driven by relative displacement
of the halide and metal on the alkene moiety and depends on the steric hindrance of the protecting group of the hydroxy function.
The less hindered methyl derivative affords exclusively syn-benzocyclotrimer. The readily removable methoxymethyl derivative

gives enantiopure syn-tribenzoborneol in high yields. © 2003 Elsevier Science Ltd. All rights reserved.

C;-Symmetric chiral triols can be effectively used as
ligands for metal ions,! which can be used in asymmet-
ric synthesis.? Furthermore, the corresponding ethers
are related to crown ethers, with relevant interest on
ion transportation.®* Our research group has been
involved for a long time in the cyclotrimerisation reac-
tion of polycyclic molecules which affords benzocy-
clotrimers of cup-shaped geometry with potential
host—guest properties.* Recently we have focused our
efforts on the achievement of the following goals: (a) to
obtain selectively syn cyclotrimers (usually the
cyclotrimerisation reactions afford mixtures of syn and
anti diastereomers, where the anti isomer prevails the
syn); (b) to obtain cyclotrimers functionalised at the
outer rim; (¢) to obtain enantiopure structures. In this
paper we report the achievement of these goals by
selective synthesis of the enantiopure trimer of born-5-

en-2-ol syn-1 (Fig. 1).
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Figure 1. Flat and perspective representation of syn-1.

The starting material for the synthesis of syn-1 is
commercially available (-)-bornyl acetate 2, that was
oxidised to ketone 3 as reported by Meinwald and
co-workers.> The hydrolysis of the acetyl group was
accomplished with potassium hydroxide in methanol
giving 4 in high yield.®
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The ketoalcohol was reacted with excess of hydrazine
monohydrate to afford hydrazone 5 quantitatively.’
The latter was converted into the bromide 7 using
different methods. The reaction with piridinium
perbromate® underwent with difficulty, producing an
unseparable mixture of 6 and 7. The former was con-
verted into the olefin 7 in a further step with an overall
yield of 58%.°

Better results were obtained with NBS in pyridine,'° or
with bromine in the presence of potassium tert-butox-
ide. The latter reaction was conveniently carried out
under sonication. 5-Bromoborn-5-en-2-ol was easily
purified by sublimation.

2 eq. Br,
2 eq. NBS 5 eq. t-BuOK
Py,0°C  H,NN OH Et,0, rt
(62% yield) 5 (74% yield)

The next step was the protection of the alcoholic moi-
ety with different protecting groups, able to resist to the
strongly basic and nucleophilic conditions of the metal-
lation step. Methyl,!' methoxymethyl'> and methoxy-
ethoxymethyl'? derivatives have been produced. Metal-
lation with lithium diisopropylamide followed by
quenching with trimethyltin chloride gave the precur-
sors for the cyclotrimerisation in high yields.*>-h-¢

The cyclotrimerisation reactions mediated by copper(l)
thiophenecarboxylate*>® (CuTc) were carried out in
NMP at -20°C and afforded benzocyclotrimers high
yields (R =Me: 82%, R=MOM: 86%, R=MEM: 93%
yields). Remarkably, high syn to anti ratios were
obtained in for 9b (5.5:1) and 9¢ (5:1) and complete
syn-diastereoselectivity for 9a. These stereochemical
results are in accordance with other experiments carried
out with (+)-camphor and (-)-epicamphor derivatives
aimed at the determination of the mechanism of the
cyclotrimerisation reaction.'
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The cleavage of methoxymethyl moiety of syn-10b with
hydrochloric acid in methanol' led to the isolation of
the enantiopure triol syn-1 in high yield.'¢

HCI (cat.)

MeOH
(98% yield)

In conclusion, we have successfully synthesised for the
first time a enantiopure functionalised syn-benzocy-
clotrimer. The high syn selectivity of the cyclotrimerisa-
tion reaction, the high yields obtained in every step and
the ready availability of the substrate allow the prepa-
ration of large amounts of the triol, which will be
implemented in several applications of asymmetric
synthesis.
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Analytical data for (1R,2R,4S,5R,6R,8S,9R,10R,12S5)-
3,4,7,8,11,12-hexahydro-2,6,10-trihydroxy-1,5,9,13,13',14,
14',15,15-nonamethyl-1,4:5,8:9,12-trimethanotriphenylene
syn-1: mp 250-252°C. [¢]¥=+105 (¢ 0.8, MeOH). 'H
NMR (300 MHz, CDCl;) 6 (ppm) 4.20 (3H, d, J=7.6
Hz), 3.02 (3H, d, J=3.5 Hz), 2.55 (3H, m), 1.97 (3H, bs),
1.33 (9H, s), 1.01 (3H, d, J=12.6 Hz), 0.94 (9H, s), 0.56
(9H, s). '*C NMR (75 MHz, CDCl;) § (ppm) 141.9,
134.1, 77.7, 58.1, 57.7, 48.8, 38.0, 21.2, 19.2, 12.0. IR
(KBr) v 3387, 2956, 1455, 1389, 1051 cm™!. Anal. calcd
for C;,H,,05: C, 79.96; H, 9.39. Found: C, 79.94; H,
9.38%.
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