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REGIOSELECTIVE FORMATION OF CYCLIC AND
ALLYLIC HYDROPEROXIDES

Manolis Stratakis and Michael Orfanopoulos*

Department of Chemistry, University of Crete
71110 Iraklion, Crete, Greece.

Abstract: A regioselective photosensitized oxygenation is reported for the
preparation of cyclic and allylic hydroperoxides.

The formation of allylic hydroperoxides via the ene reaction of singlet
oxygen with alkenes has not only biological, enviromental and mechanistic
interest but also is synthetically useful as an oxygen functionalization of
unsaturated hydrocarbons. !> 2

Recently, it has been shown that the ene addition of singlet oxygen to
unsymmetrical cis and trans alkenes is regioselective.3 The new double bond is
formed preferentially next to the larger group. Furthermore in the reaction of 10,
with tri- and tetra-substituted alkenes the major product has the double bond
geminal to the larger substituent of the olefin.4 These regioselectivities were
explained by the energy difference of isomeric transition states in the product
determining step. The energy difference arises from the repulsive non bonded
interactions of the incoming oxygen with the alkyl substituent of the double
bond.#b

*To whom correspondence should be addressed.
425

Copyright © 1993 by Marcel Dekker, Inc.



Downloaded by [Michigan State University] at 13:23 02 February 2015

426 STRATAKIS AND ORFANOPOULOS

OOH

R R OOH  R=Pheny,
.....___> t-butyl,
(R
Solvent + (1) neopenty
n n n=123,4

Major or only product.

Chart 1. Regioselective Formation of Allylic Hydroperoxides in the Ene Reaction
of 0, with Alkyl and Aryl substituted Cycloalkenes?
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*The product ratio was determined by NMR integration and after reduction, by GC.
Numerical values represent percent of hydrogen abstractionFrom the literature®
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We now report here that unlike the syn selectivity of singlet oxygen with
1-methyl-1-cycloalkenes,’ alkyl or aryl substituted cycloalkenes show general
preference for hydrogen abstraction from the methylene group that is geminal to
the alkyl or aryl substituent of the cycloalkene. This highly regioselective
reaction in cycloalkenes, has not been previously recognized and produces allytic
hydroperoxides according to the equation (1).

This reaction is synthetically useful since allylic hydroperoxides can be
easily transformed by reduction to the corresponding allylic alcohols. These
results are summarized in Chart 1. Photooxygenation of a series of alkyl- and
phenyl-substituted cycloalkenes 1-11, show a strong preference for hydrogen
abstraction on the methylene group that is geminal to the alkyl or phenyl
substituent of the double bond. The presence of a phenyl substituent does not
alter the geminal selectivity.This is demostrated with substrates 2, 10 and 11
where the formation of the allylic hydroperoxide is highly regioselective.

Experimental Section

Structure and purities of compounds were determined by NMR (FT-80A
Varian), Gas Chromatography (Varian 3700) and Infrared spectroscopy (Perkin-
Elmer 598). The progress of photooxidation was monitored by GC (SE-30, 10ft x
1/8” column). Purification of olefins (where necessary) was accomplished by
flash column chromatography7 {silica gel 60, 230-400 mesh) using hexane as
eluant, or by preparative Gas Chromatography (OV-275, 10’x3/8" and SE-30,
6'x1/4”"). 1-Alkylcycloalkenes were prepared by the addition of the proper
organolithium or organomagnesium reagent to the corresponding cycloketones,
followed by dehydration of the carbinols. The organometallic reagents were tert-
butylithium, phenyl magnesium bromide and neopentyl magnesium bromide. In
some cases, due to enolizable character of ketones, substantial amount of
unreacted cycloketone was observed and removed by flash column
chromatography.

Dehydration was carried out with catalytic amounts of p-toluenesuifonic
acid, either at 110°C without solvent or in refluxing benzene. The only olefinic
product from dehydration was the desired cycioalkene. The ratio of the
photooxygenation products was determined by NMR integration of the proper
peaks and by Gas Chromatography.
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General photooxidation procedure

All photooxidations were carried out at 0°C or 25CC in acetone or carbon
tetrachloride as solvents. The apparatus for preparative scale photooxidation
experiments is equipped with oxygen inlet, thermometer , moisture protecting
tube and cooling jacket. The temperature was controlled by continuous water
fiow. The irradiation with a 300W sun lump or 650W tungsten-halogen lamp was
external through the bottom of this equipment.

For small scale (<lmmol) photooxidation, oxygen was bubbled
continiously by a syringe in a suitable cell containing 2ml of 104 M tetrapheny!
porphyrin or methylene blue solutions.

In a preparative scale photooxidation of 1.35g (9.76 mmol) 1-tert-butyl-1-
cyclohexene (Aldrich Co.)were dissolved in 100ml solution of acetone with 104
mmol methylene blue as the sensitizer. Oxygen was bubbled continuously
through the solution. After 18h, GC analysis showed that starting material was
completely consumed. The solution was concentrated to 25ml and one equivalent
of dimethyl sulfide was added at -78°C. The reaction mixture was stirred at room
temperature for one hour and was poured into water. The product was exctracted
with 2x50 ml diethylether. The combined organic layers were washed with water
and dried over MgSO4_Evaporation of the solvent afforded 1.36g of allylic
alcohols in 90% yield.

1-neopentyl-1-cyclopentene (1) Purified on SE-30 6’x1/4”" preparative
column. 1H NMR (DMSO-dg) d 5.34 (m, 1H), 2.15 (m, 4H), 2.15 (br. 5, 2H), 1.7
(m, 2H), 0.88 (s, 9H).

tbutyl-1-cyclopentene (3). Purified on a 10°x3/8>’ OV-270 preparative
column (T=90°C) H NMR (acetone-dg) d 5.32 (m, 1H), 2.25 (m, 4H), 1.70 (m,
2H), 1.04 (s, 9H).

1-neopentyl-1-cyclohexene (4). Purified on a SE-30 6'x1/4"" preparative
column (T=110°C) 1TH NMR (DMSO-dg) 8 5.32 (m, 1H), 1.96 (m, 6H), 1.40 (m,
4H), 0.87 (s, 9H).

1-tbutyl-1-cyclohexene (5). Comercialy available from Aldrich Co.
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1-neopentyl-4-tbutyl-1-cyclohexene (6). Purified on a 10°x3/8”* OV-270
preparative column (T=1400C) |H NMR (DMSO-dg) 5 5.34 (m, 1H), 1.95
(m,4H), 1.60 (m, 3H), 0.86 (s, 9H), 0.84 (s, 9H).

1-neopentyl-1-cycioheptene (7). Purified ona SE-30 6°x1/4" preparative
column (T=120°C) 'H NMR (DMSO-dg) d 547 (t, 1H J=6Hz), 2.00 (m, 2H),
1.40 (m, 68), 0.86 (s, 9H).

1-tbutyl-1-cycloheptene (8). Purified on a 10°x3/8’* QV-270 preparative
column (T=1300C) H NMR (acetone-dg) B 5.64 (t, I1=6.8 Hz 1H), 1.95-2.20 (m,
4H), 1.35-1, 55 (m, 6H), 1.00 (s, 9H)

1-thutyl-1-cyclooctene (9).Purified on a 10°x3/8'* OV-270 preparative
column (T=140°C) 1H NMR (acetone-dg) ® 5.45 {t, J=8Hz, 1H), 2.10 (m, 4H),
1.47 (m, 8H), 1.04 (s, 9H).

1-Phenyl-1-cycloheptene (10). 11 NMR ( CDCl3) d 7.29 (br. s, 5H), 6.11
(br. m, 2H), 2.60 (br. m, 2H ), 2.30 (br. m, 2H) 1.50 (br. m, 6H).

1-Phenyl-1-cyclooctene (11) 14 NMR (CDCl3) 8 7.25 (m, 5H), 5.99 (4,
1H), 2.58 (br. m, 2H), 2.29 (br. m, 2H), 1.54 (br. s, 6H).
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