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Abstract: A pinacol-type rearrangement of intramolecular photocycloadducts has been accomplished by exploiting a novel ester

i raminuad hy an teteamaalacolacs T d oo
protecting group that can be easilyremoved from a hindered alcohol. The ester is removed by an intramolecular lactonization,

overcoming the steric factors normally associated with pivalate esters. © 1998 Elsevier Science Ltd. All rights reserved.
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The selective manipulation of functional groups in complex organic molecules often requires the use of
protecting groups. While a variety of useful hydroxyl protecting groups are available,!-2 occasionally, a situation

hich cannot be resolved by cxisting protecting group technology. During the course of recent efforts

e ward the synthesis of the magellanane alkaloids, the intramolecular [2+2] photocycloaddition reaction of
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required to effect the pinacol-type rearrangement of the [6-4-0] fused-ring system {o the required [5-5-6]
carbocyclic system. The difticulty encountered in the removal of the tertiary pivalate prompted the development of

an alternative, novel protecting group, which would be more readily removed under mild conditions.

Scheme 1
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The ideal ester protecting group for this purpose would possess the following characteristics: 1) a-full
substitution to preclude a-deprotonation under basic conditions, 2) photochemical stability, and 3) easy removal
from a tertiary hydroxyl after the photocycloaddition reaction. The most efficient way to accomplish easy removal,
considering the sterically hindered nature of the required ester group, was to design a protecting group that could
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be removed by an intramolecular process, such as an internal lactonization, thus reducing the entropic and steric
factors experienced in an intermolecular deprotection of such a sterically hindered ester. A suitable protecting
group which met the above criteria was the 2,2-dimethyl-4-pentenoate (vinyl pivalate).

The synthesis of the vinyl pivalate is shown in Scheme 2. The enolate of methyl isobutyrate was alkylated
with allyl bromide to form methyl 2,2-dimethyl-4-pentenoate which was then hydrolyzed to the acid under basic
conditions. The dianion of isobutyric acid can also be alkylated with allyl bromide to afford the desired acid in a

single-step process.# Conversion of the acid to the acyl chloride proceeded smoothly by treatment with thionyl
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This acid chloride 2 was utilized in the acylation of eneol 3 in a manner analogous to acylation with pivaloyl
chloride (Scheme 3).3 The low yield for the protection of 3 can be attributed to the fact that both carbony! groups
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are enolizabie and multiple enol esters can be seen in the NMR spectrum of the unpurified product. Upon
irradiation, enedione 4 was converted to the expected photoadduct S. Treatment of 5 with 9-borabicyclononane
and subsequent oxidation under basic conditions® successfully effected removal of the vinyl pivalate and

rearrangement of the intermediate tertiary alcohol to the [5-5-6] skelcton 6.

Scheme 3
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To establish the generality of this novel protecting group, several simple alc
corresponding vinyl pivalates. The resulting vinyl pivalates were converted to alcohols by hydmbordtlon-
oxidation of the olefin which resulted in spontaneous lactonization to effect cleavage of the ester. Deprotection by
dihydroxylation with osmium tetroxide and 4-methylmorpholine N-o0xide® was successfully executed on the vinyl

pivalates of two alcohols, dodecanol and 4-z-butylcyclohexanol (Table 1).
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In conclusion, a novel protecting group which can be removed either oxidatively or reductively as dictated

by the sensitivity of the molecule in question has been developed . It has been exploited to effect a novel pinacol-

type rearrangement of intramolecular photocycloadducts in high yield. The easy removal of the highly hindered
viny! pivalate should render it an attractive alternative to the pivalate and other ester protecting groups

Preparation of 2,2-Dimethyl-4-pentenoic Acid: Method A: r-Butyllithium (101 mL, 0.162 mol) was
added dropwise to a solution of diisopropylamine (16.35 g, 0.162 mol.) in 50 mL. THF which had been precooled
to -78°C. The resulting pale yellow solution was stirred 30 min. Methyl isobutyrate (15.00 g, 0.147 mol) in 50
mL THF was added dropwise over 30 min and the light yellow solution was stirred for an additional 1 h. Allyl

bromide (19.54 g, 0.162 mol) in 50 mL THF was added dropwme and the solution was stirred for 1 h. Saturated
NHaCl was added at -78°C to quench the reactio

layer was washed with brine and t
combined organic layers were dried over MgSOy, filtered and concentrated in vacuo. Distillation of the residue
yielded 19.23 g (92%) of methyl 2,2-dimethyl-4-pentenoate. The methyl ester (8.89 g, 0.063 mol) was dissolved
in 400 mL methanol and 200 mL water. Sodium hydroxide (5.00 g, 0.125 mol) was added neat and the solution
was heated to 80°C in an oil bath overnight. After cooling to room temperature, the methanol was removed in
vacuo. The remaining aqueous layer was acidified with 10% H2SO4 and extracted with dichloromethane. The
combined organic layers were dried over MgSOQg, filtered, and concentrated, yielding 99% of 2,2-dimethyl-4-
pentenoic acid (7.94 g, 0.062 mol).

Method B: Isobutyric acid (1.00 g_
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butyllithium (8.00 mL of 1.6 M hexane solution, 12,80 minol) was added dropwise. The resulting mixture was

stirred for an additional 25 min at 0°C and then warmed to room temperature for 2.5 h. Allyl bromide (685 mg,
5.67 mmol) was added dropwise at 0°C, the mixture was stirred for 1 h at 0°C and then warmed to 25°C for 12 h.
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The mixture was then cooled to 0°C and 50 mL of water was added. The layers were separated, the aqueous layer
was acidified with 10% HCIl and then extracted three times with 50 mL ether . The combined extracts were washed
with brine, dried over NazSOy4, and concentrated to afford 460 mg (3.56 mmol, 63.3%) of acid 1.

Acid Chloride 2: Thionyl chloride (1.29 mL, 17.69 mmol) was added to a solution of acid 1 (1.50 g, 11.70
mmol.) in 15 mL of benzene and the resulting mixture was heated to 80°C (oil bath) for 15 h. The solution was
cooled to 25°C then carefully concentrated on a rotary evaporator to remove both the benzene and the excess thionyl

chloride  Yields of 2 were guantitative as assaved v IH NMR
chionge. Yieids of 5 were quantitative as assayed 1 INIVIN,
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chloride was added io a cooled (0°C) solution of alcohol 12 (0.28 mL, 1.79 mmoi) and triethylamine {0.40 mL,
2.86 mmol) in 10 mL of dichloromethane. The mixture was warmed to 25°C and stirred for 15h. Saturated
aqueous NaHCOj was then added to the reaction. The organic layer was dried over MgSQOy, filtered, and
concentrated. The residue was purified by flash chromatography providing 0.412 g (1.714 mmol, 96%) of the
ester.

General Procedure for Cleavage by Hydroboration. 9-BBN (1.5 mlL, 1.5 mmol in THF) was added to a
solution of the ester (1 mmol) in 10 mL THF and the mixture was stirred at 25°C for 6 h. After cooling to 0°C, 0.4

mL of ethanol and I mL of 6 N sodium hydroxide were added sequentially. The solution was stirred for 10 min

and 2 mL of 30% hydrogen peroxide was added. The mixture was warmed to 25°C and stirred for 15h. After
conling ta 000 catiiratad NaHO'() ., wac added and tha mivture wace dilnted with 18 ml athar Tha layare wara
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ether. The combined organic layers were dried over MgSQy, filtered and concentrated. The residual oil was
subjected to flash chromatography, yielding the purified alcohol.

General Procedure for Oxidative Cleavage: 4-methylmorpholine N-oxide (NMO) dihydrate (520 mg,
0.4416 mmol) and osmium tetroxide (0.17 mL of 0.04 M) were added to a solution of the vinyl pivalate of
dodecanol in 16 mL acetone and 2 mL water. The mixture was stirred for 12 h, whereupon 5 mL of 10% sodium
thiosulfate and 50 mL of ethyl acetate were added. The layers were separated and the organic layer was dried over
MgSOy, filtered and concentrated. The residue was purified by flash chromatography to provide 20 mg of
dodecanol 9 (77% yield).
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