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Abstract

To see if the peroxymercuration
cyclopropanes
reaction,

could

be extended

- demercuration
to include

reaction o f

the intramolecular

a series o f aldehydes, RCHO (R=Me, Et,iPr, and c-C^H^^)

were converted via alkylation, cyclopropanation, oxidation, conden
sation with p-tosylhydrazine,
2-hydroperoxyalkyl

reduction

and perhydrolysis

in to

cyclopropanes and hence by cycloperoxymer-

curation and reductive

demercuration

alkyl-5-ethyl-l ,2-dioxolanes.

into the corresponding

3-

The preparation o f 1-hydroperoxyalkyl-

cyclopropanes was hampered by serious side reactions.

In a separate study alkyl hydroperoxides

r'R?‘C(OOH)CH 2R^

were prepared from 30% H 2O 2 by hydro peroxymercuration o f the
corresponding

alkenes

R^R^C=CHR^

followed

by

addition

to

2-methoxypropene, reductive demercuration with basic NaBH^ and
deprotection
R^R2 C( 0

0

of

the

resultant

2-m eth oxyp rop yl

(CH^0 M e)CH 2 R^ with aqueous acetic acid.

d erivatives
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Chapter 1
General Introduction

1.0 G eneral Introduction
Organic

p e r o x id e s

3 ,4

that is molecules with the 0 - 0 functionality,

im portance both biologically and industrially.

are o f great

Industrially, they are im portant as curing

agents for polymer production and in the drying o f paints.

Medicinally, they are

im portant as antimalarial agents, (l)^,and as mycotoxins,(2)^.

Furtherm ore, they are

im portant as precursors to reactive intermediates such as peroxonium ions, biradicals,
and radical anions which are o f theoretical interest

0 ---- 0
( i :

0

H0

HO

MeO

(2)

The term, organic peroxides, encompasses a wide range of compounds which include

(i) alkyl hydroperoxides
(ii) dialkyl peroxides
(iii) cyclic peroxides
(iv) a-peroxy hydroperoxides
(v) a-oxy hydroperoxides
(vi) diacyl peroxides
(vii) peroxy acids
and (viii) peroxy esters

Of these the simplest and most commonly occurring are the alkyl hydroperoxides,
(3), dialkyl peroxides, (4), and cyclic peroxides, (5).

0—

ROOH

ROOR

(3)

(4)

0

<5)

The work described in this thesis will be concerned primarily with these types of
peroxides.
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1.1 Alkyl Hydroperoxides
The synthesis of alkyl hydroperoxides, can be divided into two general categories
(1) those methods involving the alkylation of hydrogen peroxide
and (2) those methods involving the direct oxygenation of a suitable substrate.
Each method will be considered briefly below.

1.10 Direct Oxygenation Methods
These methods involve the autoxidation, (oxidation at less than llCfiC without a
flame ), o f a suitable substrate.

Autoxidation proceeds via a free radical chain

mechanism, the preferred site of reaction being that which provides the most stable
radical.
especially

Consequently the most readily oxidised substrates are tertiary alkenes,
dienes and any other polyunsaturated hydrocarbons containing the

-C=CH-CH2 -CH=CH- units.

Fig. 1 Mechanism for Autoxidation

INITIATION

Inn
In- + RH

PROPAGATION

R + O2

R O a +RH
TERMINATION

2R00-

2InInH + RROO
ROOH + R
Non - radical products
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Industrial applications of autoxidation include the synthesis of t-butyl hydroperoxide
from [-butane, and the preparation of acetone and phenol from cumene by the acid
catalysed decomposition of cumene hydroperoxide (Fig.2).

Fig. 2 Industrial Applications of Autoxidation

(C H 3 )3 -C H +

(i)

O2

---------------- ► ( C H 3 ) 3 - C - 0 - 0 - H

ii)

I
(i> O2 A
(ii) H+

Autoxidation of metal compounds also gives rise to alkyl hydroperoxides.

For

example, treatment of alkyl derivatives of magnesium, lithium, boron, zinc and
cadmium, with oxygen result in the formation of alkylperoxymetal compounds which
can be subsequently hydrolysed to hydroperoxides (Fig.3).
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Fig.3 Autoxidation of Organometallic Compounds

(i)
RMgX + 02

^

ROOMgX

► R 00H + MgX2

(ii)
C dR 2 + O 2

^

C d (0 0 R )2

^

2 R 0 0 H + CdO

(i)H+,H202 (ü%0

The photosensitised oxidation of alkenes with singlet oxygen is used to prepare alkyl
hydroperoxides^’^ (Fig.4).

0

This method involves irradiating a solution of the substrate, with a small amount of
coloured sensitiser such as Rose Bengal with visible light whilst simultaneously
saturating the system with oxygen. The reaction may proceed by [4+2] cycloaddition
or via a perepoxide mechanism (Fig.5).
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Fig. 5 Perepoxide Mechanism of Photosensitised Oxidation

0

H

HOO.

a-Alkoxyaikyl hydroperoxides have been reported to be generated by treating alkenes
with ozone in an alcoholic solution (Fig. 6)

Fig.6 Ozonolysis of Alkenes

+ 0,

/
OOH

’ ■OR

POH
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1.10 Alkylation Methods
Hydrogen peroxide and its anion are both powerful nucleophiles, consequently
treatment with an alkylating agent, RX (where X is a leaving group), has been
employed in the preparation of alkyl hydroperoxides.

Treatment of hydrogen

peroxide with esters of sulphuric or sulphonic acids, alkyl halides, alcohols, ethers
and N-alkyl-N'-p-tosyl hydrazines has been reported

Fig.7 Alkylation of Hydrogen Peroxide

RX + H2O2 _______ i^ROOH

X = OSO2 OR, OSO2 R, OR, OH, OCOR, Br, Cl

For example.

OOH

□SDjMe
(i) OH- H2 O2

OOH
Cl

Cl

( OH+H 2 O2
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1.2 Dialkyl Peroxides Including Cyclic Peroxides
Dialkyl peroxides can be prepared in a manner similar to alkyl hydroperoxides
Hence the reaction of hydrogen peroxide or its anion with two equivalents of
alkylating reagent, RX, will result in the preparation of a symmetrical dialkyl
peroxide.

The reaction of a hydroperoxide, ROOH, with an alkylating agent, R'X,

will afford unsymmetrical dialkyl peroxides.

Fig. 8 Synthesis of Dialkyl Peroxides
Me

1e

(i>

Ph

OOH

Ph

He

Br

OOMe

Me

+

KDD

- f
(i) Me2 S0 4 , Base

The peroxymercuration-demercuration reactions of alkenes

also provide a

versatile synthetic route for the preparation of dialkyl peroxides (Fig. 9).

An

advantage of this route is that it gives reasonable yields of secondary alkyl peroxides
which are the most difficult to make by substitution routes.

16

Fig.9 Peroxymercuration-Demercuration Reactions in the Synthesis of Dialkvl
Peroxides

□D'Bu

<i>
Et

(iii)

(ii)

□O^Bu
(iv)

(v>
' HgBr

Br

(i) Hg(0Ac)2, tBuOOH (ii) KBr, H 2 O (iii) NaBH^, OH-(iv) Hg(02CCF3)2 ,tBuOOH,
CH 2 CI2 (v) Bf2

The peroxymercuration reaction proceeds by an initial electrophilic attack by a
mercury(II) salt on the carbon-carbon double bond to form a mercurinium ion, (6)
which subsequently undergoes nucleophilic attack by the hydroperoxide to yield the
peroxymercurial, (7) (Fig. 10).

The peroxymercurial is then reduced with alkaline

sodium borohydride to give the dialkyl peroxide.

17

Fig. 10

XHg

( 1)

XHg^

(7)

(6)

(i)HgX2

(ii)RiOOH

Dialkyl peroxides can also be prepared by treating an alkene with a copper, cobalt, or
lead salt in the presence of an alkyl hydroperoxide (Fig.l 1).

Fig. 11

^BuDDH +

^

^

(i)

(i) cobalt or copper salt

Cyclic peroxides

can be considered to be a subset of dialkyl peroxides.

Ring sizes

18

vary from three

to nine

atoms but the most commonly encountered are

derivatives of 1,2-dioxacyclopentane, (8), and 1,2-dioxacyclohexane, (9), which are
commonly referred to as 1,2-dioxolanes and 1,2-dioxanes respectively.

o

G ----- G

(8 )

(9)

Cyclic peroxides can be prepared by methods similar to those described earlier for
the synthesis of dialkyl hydroperoxides and these will be described in detail in the
relevant chapters.

The singlet oxygenation of certain alkenes and dienes can also yield cyclic peroxides
22, 23 por example, the [2+2] cycloaddition of singlet oxygen to an alkene with no
allylic hydrogens results in the formation of a four membered ring peroxide, (fig. 12).

However these compounds tend to decompose readily to give the corresponding
carbonyl compounds.

The [4+2] cycloaddition of singlet oxygen to a cisoid conjugated alkene results in the
formation of 1,2-dioxenes 24, 25

The saturated bicyclic peroxide can then be

generated by treating the dioxene with a mild reducing agent,(Fig.l3).
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Fig. 12

□

Y ■r

□

(i>
d 1.

H

R4

'

V -V

( 1) *0,

Fig. 13

(ii)

(i)
\

(i) IO2

rC]

(ii) NH=NH

1.3 Naturally Occurring Biologically Active Organic Peroxides
Cyclic peroxides occur widely as natural products, different carbon skeletons giving
rise to a variety of physiological responses.

For example, 1,2-dioxetanes are

20

responsible for the origin of light generated by many bioluminescent species.
Derivatives of 2,3-dioxabicyclo[2.2.1.]heptane, (10), give rise to a host of compounds
which act as intermediates in the biosynthesis of prostaglandins and thromboxanes
25, 26
The peroxidation of arachidonic acid, at Cl l , followed by two cyclisations and
trapping of oxygen gives rise to the C-15 hydroperoxy compound, PGG2. Reduction
of PGG2 affords the C-15 hydroxy compound PGH2, (fig. 14).

The reactions described above are all under enzymic control and attempts to model
these reactions have resulted in the synthesis of compounds which are epimeric to
PGH2 at C8 andC12^^= ^8, 29 As a result a lot of interest has been generated in the
synthesis and modelling of the PGH2 molecule^^’

Synthetic methods have also been developed for the preparation of 2,3-dioxabicyclo[2.2.1.]heptane, (10) 33 which can be considered to form the nucleus of

Ph

Ph

( 10)

( 11)

( 12)

(13a)

III o

X
III o

(S

MM l l o

0—

0
o

X
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the PGG2 and PGH2 molecules and its derivatives, (11)^^, (12)^^ ,(13) and(13a)^^.

Interest has been shown in a large variety of natural products containing the peroxide
moiety, as many of these compounds appear to have potential clinical use. Active
compounds have been isolated from a diverse range of species including, corals^^,
sponges^^, and seaweed^^.

)0 <

MgD

W R=(CH2)nCH3

□

(b) R=(CH2)gCH=CH2

(14)
For example, compounds (14a-b)^^^ exhibit significant anti-tumour activity as do
peroxides (15)-( 17)^0.

HDD

HDD

HDD

( 17 )
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Whilst artemisinin, (18), displays significant anti-malarial activity, comparable to that
of chloroquine (currently used in the treatment of malaria) and is active against
resistant strains of malaria.

(IS )

A major problem encountered with naturally occurring biologically active peroxides
is that they are not readily available as the species fi’om which they are derived
produce them on a very small scale. Studies of model ” bioperoxides” are therefore
important in understanding the chemical basis of the biological activity and more
importantly are useful in establishing synthetic routes fi*om which these active
compounds or their analogues can be prepared.

The ability to prepare active

compounds may then lead to the preparation of clinically useful derivatives.
Consequently new approaches for the synthesis of organic peroxides are of
considerable interest.

1.4 Applications
The simplest use of an organic peroxide is as a bleaching agent^"^, for example

24

peracetic acid. Other applications include the use of organic peroxides as germicides
and fungicides in food processing plants

The main use of peroxides however is as radical sources.

An important application of peroxides is in the manufacture of propylene oxide in
the Sharpless process^^,(Fig. 15).
Fig. 15

(i) Mo(IV) SuOOH

OR Ti(IV) PhCH(Me)OOH

Organic peroxides are also important as precursors to species of theoretical interest.
For example, Porter and Mitchell have proposed the intermediacy of peroxonium ions
in the reactions of bromoperoxides with silver salts, (Fig. 16).

When a non-nucleophilic solvent such as dichloromethane is used 1,2-dioxane (19) is
obtained. In contrast,when a nucleophilic solvent such as methanol is employed the
peroxy transfer products are obtained.
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The mechanism proposed for the reactions involves the the peroxonium ion (20) and
the acyclic carbocation (22) which are trapped by methanol to give (23).

Fig. 16

(20 )

DDR

(22 )

0 Me

OOR

(23)

>o
□ — □ (24)

The homolysis o f the 0 - 0 bond in cyclic peroxides, by pyrolysis or photolysis,
results in the generation of dioxyl biradicals, (Fig. 17).

These species are of

theoretical interest and their rearrangements have been reported by A dam ^ and
BloodwortM^.

26

Fig. 17

n

h V/ A

X

Radical anions can be generated from cyclic peroxides by treating the peroxides with
electron transfer reagents such as iron(II)sulphate. Kishi"^^ has shown that such
species may have an intermediate role in the bioconversion of PGH2 to TBX2 which
is of great biochemical importance (see section 1.3 ).

The work described in this thesis is primarily concerned with the development and
optimization of new and existing routes to organic hydroperoxides.
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Chapter 2
The Cyclopropanation o f
Some Primary Alkenyl
Alcohols

32

2.0 Introduction
The work described in this thesis is primarily concerned with the development and
optimization of new and existing routes to organic peroxides. For this purpose it can be
divided into three sections :

(i) The preparation of some organic peroxides
(ii) Cyclisation of the above peroxides
(iii) Modification and development of new and existing preparative routes

A major aim of this work was to extend the peroxymercuration - demercuration
reaction (see Chapter 6), to include the intramolecular reaction of cyclopropanes (eqn
1).

00

H
_

\

Ci) HgXj

eqn 1

,0

\
( : )

— 0.

/

(ii) NaBH^/OH"
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At present the peroxym ercuration-dem ercuration

reaction

includes

the inter-

and

intramolecular reactions o f alkenes (eqns 2,3), which provide a versatile route to dialkyl
peroxides k
eqn 2

NaSH

ROOH

OH'

HgX
R '

OÛR

OOR

eqn3

Such reactions are o f great synthetic value, allowing the synthesis o f both cyclic and
acyclic peroxides, their main drawback is that oxiranes are generated in significant
yields as by-products.^

34

Fig.l

WaBM. / OH

-RO

[H] donor

OOR

As is shown by fig. 1 the reduction proceeds via intermediate (3-peroxyalkyl radicals which
give rise to cyclic ethers by means o f competitive y-scission.

The peroxym ercuration-dem ercuration reactions o f cyclopropanes have not been as widely
studied and are limited to the intermolecular reaction.

35

The obvious advantage of using a cyclopropyl precursor to the peroxymercurial is that the
reduction now proceeds via y -peroxyradicals, fig.2.

These give rise to oxetanes via

ô-scission as opposed to y-scission which is observed with P-peroxyradicals. It would be
anticipated that ky >k § , hence with cyclopropyl derived peroxymercurials, cyclic ether
synthesis should be significantly reduced (Fig.2).
Fig.2

»
OCR

OOR
-H g "

OR

[H] donor

OOR

36

In order to achieve this it was necessary to prepare a series of cyclopropyl alkyl
hydroperoxides and the following route (eqnS) was proposed,
eqn 5

^

OH

OOH

For both 1^ (R=H) and 2^ alcohols we intended to cyclopropanate the alkenyl alcohols
and convert the subsequent alcohol to the peroxide. The method for the preparation of
the peroxides will be discussed in chapters 4 and 5 .

This chapter will deal primarily with the cyclopropanation of primary alkyl alcohols.

2.1 Preparation o f Cyclopropyl Derivatives
The methods available for the preparation of cyclopropyl derivatives can be loosely
divided into four categories involving :
(i) 1,3-bond formation,
(ii) the combination of Cl and C2 units,
(iii) rearrangement reactions, and

37

(iv) the transformation of cyclopropyl derivatives

2.2 Cyclopropanes Derived From 1.3-Bond Formation

(a) l,3-£limination of Two Heteroatoms
Cyclopropyl compounds can be prepared by the reductive elimination of 1,3heteroatoms.

Both metallic and organometallic reagents have been used as the

reducing agents (eqns 6, 7)4»5,6.

eqns 6 &7

COOH

Br

HgO

BuLi

COOH

Br

COOMe

CL
CL

Cl

Ci

CDDMe

Z n /H C L
bo i I i ng
E tO H
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(b)£xtrusion Reactions
The extrusion of nitrogen from 1-pyrazolines has been used as a method for preparing
cyclopropanes^’^’^ (fig-4).

The extrusion reaction can be brought about both

photolytically and thermally.

However photolysis is favoured as alkenes are

commonly observed as by-products of the thermolysis reaction. These by-products
arise due to the migration of a substituent from the C4 to C3 position.
Fig.4

>

6

^

—
H

Me

Therm olysis (2 6 0 ^ )

21%

67%

D ir e c t hv

61%

30%

S e n s itis e d hv

41%

59%

(Ph^C=0)

Thermal decomposition tends to proceed with inversion of stereochemistry whilst
photolysis results in predominantly retention of the stereochemistry of the starting
pyrazolines^^ Better yields of the cyclopropyl product are observed with triplet
sensitised decomposition, and this occurs with loss of s t e r e o c h e m

i s t r y ^ 2 ,1 3
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(c) 1,3-Elimination of HX
This type of cyclisation has been applied to a large range of compounds. For example,
from strongly activated carbonyU^-^^, cyano^^’^^, sulfbnyl^^»^^, derivatives to moder
ately activated 1-alkenyl 23^ aryP"^, and pyridyl derivatives

Halogens are most commonly employed as the leaving group (eqn 8) though
sulfonoyxl and acycloxyl compounds can be used. The reaction proceeds via an SN^
displacement and hence with inversion of configuration at the carbon bearing the
leaving group.

eqn 8

MaOH

Br

Br

Dr

Br

(d) Cyclisation of 3-ButenyI Derivatives
3-Butenyl halides or sulphonates will cyclise under solvolytic conditions to give
cyclopropylmethyl derivatives providing that the substituents stabilise the cyclopropyl
methyl cation relative to the 3-butenyl and cyclobutyl cations (eqn 9)^^’27.
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Cyclopropyl methyl derivatives can be prepared from organom etallic com pounds by the
addition o f an electrophile to the terminal carbon atom o f the double bond followed by
loss o f the metallic group (eqn 10)28,29.

eqn9

„
Rl
eqr

R"

10

ShBUj

*

EX

(e)Formation Between Two Unsaturated Groups
Nonenolizable, 2,2-disubstituted P-diketones can be coupled intramolecularly to give
1,2-cyclopropanediols (eqn 11). This is effected by treating the ketone with either
Z n(H g)/A C 2 0 /H C 10 4

Li/NH3(liq)3i or by electrolysis32
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eqn 11

r2

r3

^O A c
+

OAC

OAc

OAc

and/or

2.3 Cyclopropanes Derived From The Combination O f C l and C2 Units
(a) Cyclopropanation Of Carbon-Carbon Double Bonds
Carbon carbon double bonds can be cyclopropanated in a number o f ways, including
carbene or carbenoid additions, or via their reaction with ylids.

The Simmons-Smith reaction has proved to be a versatile m ethod for the synthesis o f
cyclopropyl derivatives^^. It involves the reaction o f an organo-zinc reagent, prepared
from methylene iodide and a zinc-copper couple, with an alkene (eqn 12).
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eqn 12

+ C H jIj 4. Zn(Cu)

►

N

j

+ Z n I, + (Cu)

The transfer of methylene occurs regiospecifically and the reaction is free from side
reactions, such as the insertion of methylene into C-H bonds and isomerization which
are common when a free carbene is employed

The zinc reagents are weakly electrophilic and so the reaction is accelerated by
electron donating substituents at the double bond and retarded by electron withdrawing
groups. The active zinc reagent is believed to be iodomethylzinc iodide (1) though
other zinc species such as (2) and (3) are also believed to be present^^’^^
Some of the organozinc intermediates will not be capable of methylene transfer ,
whilst the others may show varying degrees of methylene transfer. Experimental data
indicates that compounds (1) and (3) are most likely to be the active methylene
transfer reagents in the Simmons-Smith cyclopropanation reaction^^’^"^
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Hz.C%
--------- f1

ICH^ZnCH^I

(ICH2)22n.Zn L

Znl

( 1>

O)

<2 )

The reaction is believed to proceed by means of a one-step methylene transfer
mechanism in which the methylene adds to the Ti-bond of an alkene so that both new
carbon-carbon bonds are formed simultaneously

fig. 5.

Fig. 5

- 1+
Znl
-Z n l
tZ n I

The stereochemistry of the Simmons-Smith reaction generally follows the rule of steric
approach control. Another attractive feature of this reaction is that the zinc reagent
has a high affinity for oxygen and nitrogen atoms and so it is possible to direct the
cyclopropanation to some extent^^»^^. The hydroxyl group is generally more effective
in assisting and directing the stereochemistry of the cyclopropanation than the ether or
ester linkages. The cyclopropanation occurs at the more accessible face of the double
bond with respect to the functional group. This is best shown by the observed syn/anti
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ratios as a function of ring size fig.6^^.
Fig.6

OH

OH

%syn
>99
>99
90

Xanti

10
>99
100

As the ring size is increased the directing effects of the substituent diminish and the
cyclopropanation is sterically controlled.

With regard to the zinc-copper couple several methods have been published for its
generation^O’"^^ and dibromomethane may be used in place of diiodomethane when the
appropriate couple is used^f"^^. However we have found that regardless of the couple
used diiodomethane consistently gives better results.

Ultrasound irradiation of the

reaction mixture has also been shown to facilitate the reaction and does not affect the
final product nor as we have found the product distribution
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In contrast carbene generated thermally or photochemically is highly reactive and as a
consequence such cyclopropanation reactions are prone to side reactions. One way of
reducing the extent of the by-products is to carry out the reaction under catalytic
c o n d i t i o n s ' ^ T h e catalysts most often employed are copper salts and complexes and
palladium acetate (eqn 13)^^.

eqn 13

Pd(OAc)

(b) Alkyl-, Alkenyl-, And Arylcarbenes
The intermolecular addition of alkyl alkenyl and aryl carbenes into C=C is not a
synthetically useful reaction as these species rapidly insert into a - and (3- C-H bonds
consequently the yield of the desired product is low^^.

In some cases where a substituent has a directing effect satisfactory results are
obtained (eqn 14) and the C-H bond insertion products are not observed"^^.

46

eqn 14

X

V

"

(c) Acyl- and Alkoxycarbonyl carbenes
Acyl- and alkoxylcarbonyl carbenes can be generated either thermally or photolyti
cally

When the reaction is carried out in the presence of an alkene

cyclopropanation occurs though it is usually accompanied by serious side reactions
ranging from C-H insertion reactions, hydrogen abstraction, 1,3-dipolar additions and
Wolf rearrangements.

Such side reactions can be avoided by using a catalyst to aid

the decomposition of the diazo compound. The most commonly employed catalysts
are copper and its salts.

However more recently soluble complexes of copper ,

rhodium and palladium have been favoured and these allow the decomposition to
occur under homogenous conditions (eqn 15).
eqn 15
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Under catalytic conditions acyl and carboxyacyl carbenes add stereospecifically to
alkenes. The addition usually occurs on the less hindered side of the double bond and
the sterically less hindered anti isomers are formed. A variety of cyclopropanes have
been prepared by this method.

2.4

Cyclopropanation O f M ichael Acceptors

(a) With Ylids
Unsaturated carbonyl compounds such as, aP-unsaturated ketones, esters, nitriles,
sulfones and nitro compounds can be cyclopropanated by ylids

The reaction is not

stereospecific, and proceeds via zwitterions. Consequently the stereochemistry of the
product can be predicted on the basis of a stepwise mechanism

Generally the

addition of the ylid occurs on the side of the double bond which is less hindered and
cyclisation will occur in the conformation which minimises bond interactions.

Unsaturated carbonyl compounds undergo carbonyl addition when treated with reactive
ylids, whereas stabilised ylids add in the Michael manner; Fig. 7

Sulphur ylids (fig. 8) are most commonly used in the méthylation of Michael

acceptors^"^’^^’^^.

An attractive feature of these types of reaction is that a variety of functional groups
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including cyano, carbonyl, sulfonyl and sulfoxide functionalities can be tolerated.
Fig.7
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2.5 Cyclopropanes From Rearrangement Reactions
Cyclopropanes may be generated by ring contraction reactions. Cyclobutanones with
an electron donating group and suitable leaving group undergo facile ring contractions

(fig-9).

Fig.9

%

-X

Nu-

2-Substituted cyclobutanols, a-substituted cyclobutanones and the corresponding
acetals, 1,2-cyclobutanediones, and 1,2-epoxycyclobutanes can all undergo such ring
contractions to give the corresponding cyclopropyl derivatives (eqn 16)^^.

The irradiation of certain non-conjugated dienes, with a di-Ti-methane system, with
UV light also results in the formation of a cyclopropyl derivative (eqn 17)^^.
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eqn 16

<
BF^. OCt g

CHO
OH

eqn 17

hv

The irradiation o f the diene with UV light results in the m igration o f one 7i-moiety
originally

bonded to the unsaturated carbon C3 to C4 with

sim ultaneous ring

formation. This rearrangem ent occurs most readily in the triplet excited states o f
dienes, where rotation about the 7i-bond is prohibited.

In the case o f a non-symmetrical di-7r-methane system, the less terminally substituted
double bond migrates in preference to the more substituted double bond.
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P,y-Unsaturated ketones undergo an analogous reaction (eqnlS)^^’^^’^!.
eqn 18

hv

2.6 Transformation Of Cyclopropane Derivatives
An obvious route to a particular cyclopropyl derivative is via the manipulation of an
existing cyclopropyl compound. This may be brought about via several methods some
possible methods of functionalising the ring are discussed below.

(a) Organometallics
The cyclopropane ring can be derivatised via organometallic intermediates.

It is

necessary to use organometallic compounds as nucleophilic substitution of the ring is
usually slow except where a cation stabilising group such as an alkoxyl group is
present. A further advantage is that the organometallic derivatives are generally stable

OH
COOH

SiMe.
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so that cleavage o f the cyclopropyl ring is not usually a problem^^’^^’^"^.

(b) Substitution Reactions
Various cyclopropyl derivatives readily undergo substitution reactions.

For example,

cyclopropanes undergo reactions with a large variety o f nucleophiles such as Grignard
reagents^^, aryllithiums

c y a n i d e a n d enamines^^ (eqn 19).

eqn 19

OEt

R'MgX

OR

*

X

OH

Gem-dihalo cyclopropanes can also be hydrogenated w ithout ring cleavage.
reduction can be achieved

using n-BugSnH,

LiAlH^, ZnA cO H,

Partial

C r(0A c)2,

and

electrolysis (eqn20).

eqn 20

Br

Br

Br
n - Ru- SnH

Com plete reduction to the hydrocarbon can be achieved by using dissolving metal
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reductions such as an alkali metal in alcohol^^, or liquid ammonia

2.1 Summary
A large and diverse range of synthetic methods are available for the preparation of a
wide variety o f cyclopropyl derivatives.

Each has its merits and drawbacks and is

suited best to particular sets of precursors. We chose to use the method developed by
Simmons and Smith (see section 2.3(a)).
This particular method was chosen as :
(i) The reaction is stereospecific with respect to the double bond and no isomeric
compounds are observed^^>^k
(ii) The reaction tends to be

discrim inant

in so far as only double bonds are

attacked^
(iv) The reaction can be carried out under mild conditions, refluxing ether, and gives
cyclopropanes in good yield
(v) The reagents required are relatively inexpensive.
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2.8 Results And Discussion
4-Penten-l-ol, 3-buten-l-ol and 3-methyl-3-buten-l-ol were cyclopropanated via the
Simmons-Smith cyclopropanation reaction.

4-Penten-l-ol was cyclopropanated by

means of three methods A, B,and C whereas 3-buten-l-ol and 3-methyl-3-buten-l-ol
were cyclopropanated by method C only (fig. 10)
Fig. 10

METHOD A
Zinc-copper couple 4 equivs, methylene iodide 2 equivs
substrate 1 equiv
were refluxed in diethyl ether for 1 hour

METHOD B
Zinc-copper couple 4 equivs, methylene iodide 2 equivs
substrate 1 equiv
were sonicated in diethyl ether for 1 hour

METHOD C
Zinc-copper couple 3 equivs, methylene iodide 2.6 equivs
substrate 1 equiv and a few milligrams of iodine
were sonicated in diethyl ether for 1 hour
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For 4-penten-l-ol the results of the cyclopropanation by methods A and B were
unusual because the reaction was complicated by a significant amount of by-product.
N.m.r. data from the crude products were superimposable, showed both cyclopropyl
and alkenyl characteristics and curiously indicated that formal, (CH2 (OR)2 ), synthesis
had also occurred. In addition to this, t.l.c data from the crude products showed that
the same compounds were present in each ; the crude products could be resolved into
two components with R f values 0.66 and 0.23 (method A), and 0.68 and 0.20 (method

B).

Formal synthesis is a known albeit uncommon side reaction of the Simmons-Smith
cyclopropanation^^ In the case of allyl alcohol it occurs exclusively and forms the
basis of a good preparative route to the corresponding cyclopropanated formal (eqn
21 ).

However this particular side reaction appears to be restricted to allyl alcohols and in
all other reported cases the proportion of formal in the final product is small compared
to the proportion of the simple cyclopropane^^ (fig.l 1).

eqn 21
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Furthermore a modified cyclopropanation method^^’ (Method C) has been published
which claims to reduce significantly the proportion of formal observed in the end
product.
Fig. 11

Alkenvl Alcohol

% Formal in end product

% Cvclopropane in end product

allyl alcohol

60

0

methallyl alcohol

1 0

70

trans-buten-l-ol

2 0
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The cyclopropanation of 4-penten-lol was repeated using method C, in the hope that
formal generation could be suppressed or even eliminated. However there appeared to
be little if any effect on the crude product composition.

N.m.r data for the crude

product were superimposable with the data obtained from methods A and B. T.l.c data
were very similar with those obtained from methods A and B and showed that the
crude product could be resolved into two components with R f values 0.68 and 0.24.

The data obtained from methods A, B, and C indicated that in each case the crude
products were of very similar if not identical compositions.

Consequently only one

product mixture, that obtained from method C was investigated fiirther.
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The crude product obtained from method C, was resolved into its components by
means o f H.P.L.C. and yielded compounds (4), (5), (6), (7), (8) and a minor fraction
X which we have not been able to identify (Table 1).

Table 1

Compound.

% composition, by. weight.

3-hydroxyprop-l-ylcyclopropane (4)

10.5

1,1 -di-(pent-4-en-l-oxy)mcthane (5)

33.6

1-(pent-4-en-1 -oxy)-l-(4,5-cyclopropapent-l-oxy)methane (6)

28.8

l-(pent-4-en-l-oxy)-1-(4,5-cyclopropapent-1-oxy)ethane (7)
1,1 -di-(pent-4-ene-1-oxy)ethane (8)

9.8
9.8
7.3

% YIELD OF MAJOR PRODUCT BASED ON STARTING ALCOHOL : 3%

3-Buten-l-ol and 3-methyl-3-buten-l-ol were also cyclopropanated via method C.

In

both cases n.m.r. data for the crude products indicated that a number o f compounds
had been formed. The crude products were resolved into their components by means
o f preparative H.P.L.C. and the results are presented below.
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(4)

,0 ^

0

.
Y

(6 )

C7 )

3-Buten-l-ol
The crude product was isolated as a viscous brown oil. It was separated into its
individual

components by a mixture of gravity column chromatography and

preparative H.P.L.C. (Table 2).

3-Methyl-3 -buten-1-ol
The crude product was isolated as a viscous orange oil and was resolved into its
components by a combination of gravity column chromatography (CH2 CI2 eluent) and
preparative H.P.L.C. (Table 3)
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Table 2

Compound

% composition by weight

1,1 -di-(3,4-cyclopropabut-1-oxy)ethane (9)

0.4

1-(3,4-cyclopropabut-1-oxy)-1-(but-3-en-1-oxy)ethane (10)

0.4

1-(3,4-cyclopropabut-1-oxy)-1-(3,5-di-iodo-pent-1-oxy)ethane (11)

50.6

1

-(3,5-di-iodo-pent- 1 -oxy) - 1 -(but-3-en- 1 -oxy)ethane ( 1 2 )
-di-(3,5 -di-iodo-pent- 1 -oxy)methane (13)

5.8

-(3,5-di-iodo-pent- 1 -oxy) - 1 -(ethoxy)ethane (14)

9.5

1,1

1

25.0

1,1 -di-(3,5-di-iodo-pent-1-oxy)ethane (15)

4.6

3,5 -di-iodopentan- 1 -ol (16)

3.5

(9)
(10)

( 11 )
( 12)

(15)

I

(13)
(16)

HO
( 14)
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Table 3

% composition bv weight

Compound
1

48.0

-methyl- 1 -( 2 -hydroxyethyl)cyclopropane (17)

1,1 -(3 -methyl-3,4-cyclopropabut-1-oxy)ethane (18)

11.3

1,1 -(3 -methyl-3,4-cyclopropabut-1-oxy)methane (19)

15.4

XI

7.2

X2

9.0

X3

1 0 .0

% Yield of major product based on starting alcohol : 31%

The results of these experiments show that the Simmons-Smith reaction does not
proceed cleanly with primary alkenyl alcohols.
were generated.

In all three cases many compounds

These included, formais, which are known by-products of the

Simmons-Smith cyclopropanation, but are thought to be restricted to allyl
More suprisingly ACETALS were also observed.
}

a lc o h o ls ^ ^

These compounds have not

previously been reported to be generated during the Simmons-Smith reaction.
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0 H
(17)

0
(19)

O'
(18)

The compounds observed from these reactions can be conveniently grouped into four
categories ;

Cyclopropylalkyl alcohols
Formais

CH2 (OR) 2

Acetals

MeCH(0 R ) 2

lodinated analogues of the above.

Each of these classes of compound can be considered to have been generated via one
or more of the following reactions :
Cyclopropanation
Nucleophilic substitution
Méthylation
Iodine induced ring opening.
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The order in which these events take place is not clear, and our results provide little
insight on this matter.

The cyclopropyl alcohols observed, (17) and (4), are quite clearly generated by the
normal Simmons-Smith reaction as outlined in the introduction.(see Section 2.3(a)).

Znl

-Znl
*Zn I

Compound (16), can be envisaged to have been generated by the normal
Simmons-Smith cyclopropanation followed by iodine induced ring opening (eqn 22).

These compounds and their alkenyl substrates can then act as precursors for the
synthesis of the various compounds observed (eqn 23).
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eqn22

S i mm o n

j

OH Smith

dLTCed
r i n g n p e n ing

eqn 23

H

H

H

zm,

Zn

y
R -Ü H

H

/

H

H

R-ÜH

(2 0 )

(2 1 )

The first step of such a process involves the reaction of methylene iodide with an
alcohol molecule to generate compound (2 0 ) which is capable of reacting with a
further alcohol molecule to give compound (2 1 ), a formal.

In the systems which we are considering there are two types of alcohol molecule,
(X=OH), present; cyclopropanated and alkenyl.

Consequently up to three different

types of formal A, B, and C can be generated (fig. 12).
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These three types of formal can then act as precursors to the acetals (fig. 13).

As is shown in figs. 1 2 and 13 the acetals and formais observed may have been
generated via a combination of convergent reactions. For the simplest case, that of
3-methyl-3-buten-l-ol, compound (19) is clearly generated fi'om compound (17) and
compound (18) is formed as a result of the

méthylation of compound (17)

(Scheme I).
Scheme I

CHgIg _ Zrt<Cu>

Znl

(17)

Znl

( 19 )

The products observed from 4-penten-l-ol, follow a more complicated reaction
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scheme (Scheme II). In this case compounds (6 ) and (7) may be formed by a
combination of reactions.

The most complicated senario however is that observed with 3-buten-l-ol.
complicated by the fact that iodine induced ring opening occurs.

This is

As is shown by

scheme III this may occur at various stages and as a result a product may be formed
by a number of convergent reactions.

In the case of 3-methyl-3-buten-l-ol an alternative reaction scheme can also be
envisaged, Scheme IV.

This reaction route however is less attractive than that

depicted by Scheme I as it involves a large number of interacting reactions giving
only three observed products (17), (18), (19). Furthermore none of the proposed
intermediates (22), (23), (24) and (25) were observed and so it is unlikely that
compounds (17), (18), and (19) are generated via this route.

3-Methyl-3-buten-l-ol differs in its reaction with the Simmons-Smith reagents,
methylene iodide and zinc-copper couple, compared to 4-penten-l-ol and 3buten-l-ol. 3-Methyl-3-buten-l-ol tends to give a much cleaner reaction.

The

proportion of by-products present in the product mixture is much less than that of the
required product (17) and a modest yield 31% of compound (17) is obtained.

This can be explained quite simply by the electron donating effect of the methyl
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Scheme II

Zn<Cu)

+ CHgI g

t
I CH^ Zn l

■►HO,
(4)

CH„I„

CH„I„

2nl„

Znl
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Znl,
4 —P C n t C n —l - o l "
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(5)
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Scheme III

EtgO
Zn(Cu)

+

-► ICHgZnI

CHgIg

1

4^

(27)

(see F ig. 15)

I C Hg Z n I

3-B u ten -l-ol

>■

hO

IH,C

IH„CO

(10)

[

9]
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Scheme III cont.

( 13)
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^

qA

q/ s

^

m

( 10)
CH„I„

Zn(Cu)

L

L

CHgIg
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/

( 16)

( 15)
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Scheme IV
CH„1,

Zn(Cu)

CH, 1
Znl

r— (17)
CH„I^

Znl

3 —miCthy 1 - 3 - b u t C n —1 —o l

Zn(Cu)

(23)

( 22 )

■^^2^2

Zn(C u)

(19)

(18)

Zn(Cu)

(24)

(25)

Zn(Cu)
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substituent. As a result of this donating effect the nucleophilicity of the double bond
is increased and hence reaction at the double bond is favoured compared to reaction at
the hydroxyl substituent.

Acetal formation has not been reported previously to occur under the Simmons-Smith
conditions.

Such compounds can be considered to have been generated by the

insertion o f methylene into the carbon hydrogen bond of a formal.

The nature o f the species responsible for this insertion reaction is not known.
However a possible mechanism for this reaction is given below (fig. 14) and basically
mirrors the known reaction of the organozinc reagent with the diethyl ether solvent
(fig. 15)'73.

Fig. 14

n

J

^ ---------+

IZnCH,I

\

Interestingly the dimethylated species are not observed.

This may be because the

73

transition state is too sterically hindered for such molecules to be formed, or may
reflect the reduced reactivity of the monomethylated

species relative to the

non-methylated species.
Fig. 15

CHo— I

- CH^I

>r

Zn

X
27

In order to test the proposed mechanism we attempted to methylate compound (26)
using the Simmons-Smith cyclopropanation.
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Compound (26) was treated as follows; (1) As in method A
(2) As in method B
(3) As in method C

X

*

-—

- - A

However unreacted starting material was recovered in each case.

This was an

unexpected result, and would probably tend to suggest that the proposed mechanism
is unlikely to be correct.

However at the present time an alternative cannot be

offered.

The iodinated compounds observed from the reaction of 3-buten-l-ol are quite clearly
formed by iodine induced ring opening of the corresponding cyclopropanated
analogues (scheme III). It is unclear why iodine induced ring opening occurred with
only 3-buten-l-ol. The role that iodine usually plays in the reaction is to clean the
surface o f the zinc in order to facilitate the cyclopropanation reaction. In the case of
3-buten-l-ol it is conceivable that too much iodine may have been used resulting in
the ring opening reactions observed.
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The mechanism proposed for the generation of formais has been discussed previously
and is reproduced below.

eqn 23
n

___

H

n

r- d'

Zn

y

H

R -OH

^

H

' ''

v ^ d. r‘
H

R-DH
(20)

(2 1 )

We anticipated that the nucleophilicity of OH was the limiting factor in the formation
of formais.

We reasoned that- by modifying the OH group to reduce its

nucleophilicity we mighfr be able to suppress formal and therefore acetal generation.
Accordingly the cyclopropanation reaction was extended to include the methane
sulphonates, (28), (29), (30) and the tosylates (31), (32) and (33).

Each compound was cyclopropanated as described by method A. In each case only
the desired cyclopropanated analogue was observed. However a major disadvantage
of using the mesylate and tosylate compounds is that the cyclopropanatcn proceeds to
only 50% . A further drawback is that the product cannot be easily separated from the
starting material though some separation can be achieved using column chromatogra
phy (CH2 CI2 as the eluent).
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The following modifications were made to the cyclopropanation procedure, (Table 4),
in the hope that the yield and the extent of reaction could be improved.

(28)

(31)
OTos

(29)
OSOgMe

(30)

OSO^Me

CTOS

The reaction mixture was initially refluxed and then stirred at room temperature for
the time period indicated. In each experiment the volume of diethyl ether used was 30
ml.

As is shown by Table 4 the best conversion achieved was 3:1 in favour of the
cyclopropane. However this result was extremely difficult to reproduce and a
conversion o f 2 : 1 in favour of the cyclopropane was usually observed.

Table 4.

Mesylate (mol)

Zn(Cu) (mol) Refluxing time (hrs)

Stirring time (hrs) Ratio of methane sulphonate to
cyclopropane in end product

0.05

0 .2

0 .0 1

0 .2

0 .0 1

0 .2

6

1:1

24

6

1:1

12

2:1

0 .0 1

0 .8

6

1:2

0 .0 1

0.4

6

1:2

0 .0 1

0.4

6

24

1:3

Increasing the proportion of methylene iodide in the reaction mixture to 2 equivs had no effect.
S tir r in g t im e in d ic a t e s th a t t h e m ix t u r e w a s s tir r e d a t r o o m t e m p e r a tu r e a ft e r r e f lu x in g .
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It is not clear why an incomplete reaction was consistently observed. One possible
explanation is that the organozinc reagent is poisoned during the reaction.

2.9 Summary
The Simmons-Smith cyclopropanation reaction of primary alkenyl alkyl alcohols does
not proceed cleanly.

A range of by-products are generated but can be broadly

grouped into acetals and formais.

The required cyclopropyl analogues are usually

minor products except in cases where the starting material is substituted at the alkenyl
group with an alkyl substituent.

By-product synthesis can be eliminated by substituting for the hydroxyl function.
Suitable substituents are less nucleophilic than the hydroxyl group and include the
tosylate, methane sulphonate and acetate functionalities.

A disadvantage of this

substitution is that the cyclopropanation now proceeds to only 50%.

However

compared to the direct cyclopropanation of the primary alkenyl alcohols this is a
•Sijni^icanè iniprc'VemÉ’nt.

79

Note : The results of these experiments were of interest as they indicated that
1^alkenyl alcohols cannot be successfully cyclopropanated by the Simmons-Smith
cyclopropanation reaction. Solving this puzzle proved to be an interesting diversion.
However the amount of each compound isolated tended to be quite small due to the
scale we were working on and in some cases we are not able to present as much
S p e c tr o s c o p i c - ciata. a s w e w o u ld h a v e hoped

to ,
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EXPERIMENTAL
CHAPTER 2
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E2.1 Generation of Zinc-Copper Couple
Zinc dust ( 20g ,0.03 mole ) was washed succesively with hydrochloric acid ( 3% ,
4x20 ml ), distilled water ( 4x30 ml ), aqueous copper sulphate ( 2% , 2x50 ml ),
distilled water ( 4x30 ml ), absolute alcohol ( 4x30 ml ), and anhydrous diethyl ether
( 5x30 ml ).

The first five washings were conveniently performed by rapidly stirring a mixture of
the zinc and each wash solution with a glass rod in a beaker, and then decanting the
supertant liquid. The last distilled water washing was poured directly on to the solid
in a Buchner funnel as were the subsequent absolute alcohol and anhydrous diethyl
ether washings. After the last diethyl ether washing the couple was allowed to dry
under suction. Once dry the couple was ready for use.

The couple can be stored indefinitely by one of two methods. It can be kept in a
desiccator and then transfered to an oven at 140

for ten minutes before use or it

may be stored permanently in an oven at 140 ^C.

F.2.2 Cyclopropanation Methods
METHOD A
Methylene iodide (0 .0 6 mol ), and the alkenyl substrate (0 .0 3 mol ), dissolved in
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anhydrous diethylether (

1 0

ml ), were added dropwise to a stirred slurry of

zinc-copper couple (0 .1 2 mol ), in anhydrous diethyl ether (30 ml).
addition, approximately
the ether occurred.

1 0

During the

minutes, the mixture was heated so that gentle reflux of

After the addition was completed stirring and heating were

continued for a further 4 hours. The reaction mixture was then diluted with diethyl
ether ( 80 ml ), and filtered through a pre-washed pad of Celite. The filtrate, a white
cloudy solution, was washed with saturated sodium chloride ( 3x40 ml ), dried over
anhydrous sodium sulphate and the solvent removed at a rotary evaporator to yield
the crude product.

METHOD B
Methylene iodide ( 0.06 mol ), was added dropwise to a sonicated slurry of
zinc-copper couple (0 .1 2 mol ), in anhydrous diethyl ether ( 30 ml ). The mixture
was sonicated in a sonic cleaning bath. After the addition was complete, the mixture
was sonicated for a ftirther 10 minutes. The alkenyl substrate ( 0.03 mol ), was then
added dropwise over a period of no more than 15 minutes.

The mixture was then

sonicated further for 1 hour. The reaction mixture was then diluted with diethyl ether
( 80 ml ), and filtered through a pre-washed pad of Celite.

The filtrate, a white

cloudy solution, was washed with saturated sodium chloride ( 3x40 ml ), dried over
anhydrous sodium sulphate and the solvent removed at a rotary evaporator to yield
the crude product.

83

METHOD C
A mixture of zinc-copper couple ( 0.09 mol ), methylene iodide ( 0.08 mol ), a few
milligrams of iodine (crystals), and anhydrous diethyl ether (4 5 ml ), were sonicated
for 45 minutes. The alkenyl substrat<^ ( 0.03 mol ), was then added dropwise over 10
minutes.
hours.

After the addition was complete, sonication was continued for a further 2
The mixture was then diluted with diethyl ether ( 45 ml ), and saturated

ammonium

chloride added dropwise until the ether layer discharged a grey

precipitate. The ether layer was then separated from the precipitate, and the
precipitate extracted with diethyl ether ( 3x 15 ml ). The combined ethereal material
was washed with saturated ammonium chloride( 3x15 ml ), saturated potassium
carbonate ( 3x15 ml ), and finally saturated sodium chloride. It was then dried over
anhydrous sodium sulphate and the solvent removed at a rotary evaporator to yield
the crude product.

E2.3

RESULTS FROM THE

CYCLOPROPANATION OF

SOME

PRIM ARY ALKENYL ALCOHOLS.
The products obtained from these reactions were initially separated by means of
column chromatography (stationary phase and solvent) into two fractions A and B as
described in the results and discussion.

Unless othErw^ist stated the fractions were

separated further by H.P.L.C. using 25% ethyl acetate, 75% hexane and a 50 +
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250x4.6 mm Nucleosil 100 5|im silica column.

The products isolated are listed

below in the reverse order of elution.

E2.31 REST ÏÏ-TS FOR 4-PRNTF.N-1-OT,

3-HYnROXYPROPYT. CYCI.OPROPANF. (41
5

h(CDC 1 3 , 200MHz ); 0.01( 2H,m ), 0.42( 2H,m ), 0.66(lH,m), 1.27( 2H,m ),

1.67( 2H,m ), 3.67( 2H,t,J=6.65Hz )
3c( CDClj.lOOMHz ); 4.49. 10.64, 30.92, 32.73, 62.78

1.1 -nitPF,NT-4-F,NE-l -OXYIMETHANE fSl
5 h( CDCL3, 400MHz ); 1.66( 4H,m ), 2.12( 4H,m ), 3.52( 4H,m), 4.64( 2H,s ),
5.03( 4H,m ), 5.79( 2H,m )
5c : The sample was too weak for 13C N.M.R. analysis.

1-(PF.NT-4-RNR-1 -OXYl-1 -(4 S-CYCT.OPROPAPRNT-l -OXYIMF.THANF. (61
Sh( CDCL3, 400MHz ); 0.00( 2H,m ), 0.39( 2H,m ), 0.65( lH,m), 1.23( 2H,m ),
2

. 1 2 ( 2H,m ), 3.52( 2H,m ), 4.10(2H,m ), 4.64( 2H,s), 3.52( 4H,m ), 5.03( 2H,m ),

5.79( lH,m )
Sc : The sample was too weak for 13C N.M.R. analysis.
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COMPONBS; (7) and (8) were isolated as a 1:1 mixture. The N.M.R. data given
below is based on that mixture.
1-(PENT-4-EN-1 -OXYl-1-14 S-CYCT .OPROPAPF.NT-1-OXYII ETHANE f7~l
5 h( CDCl3,400MHz );

0.00( 2H,m ), 0.37( 2H,m ), 0.64(lH,m), 1.23( 2H,m ),

1.24( 2H,d,J=5.34Hz ), 1.65( 4H,m ), 2.10( 2H,m ), 3.40( 2H,m ), 3.57( 2H,m ),
4.65( IH,q,J=5.35Hz ), 4.98( 2H,m ), 5.83( lH,m )
5c(CDClî,100MHz ); 4.40, 10.63, 19.80, 29.06, 29.86, 30.39, 31.31, 64.57, 65.16,
99.97, 114.7, 138.28
m /e

(E .I.);

21 l((M -l)+ ,2 8 % ),

197((M -15)+,4% ),

83((M -29)+,34% ),

69((M -143)+,100%), 55((M-157)+,69%), 41((M-171)+,77% )
Exact mass; Found for (M-l)+,
Calcd.for (M-l)+,

1

8

1

C 1 3 H2 3 O2

,211.1694

C 1 3 H2 3 O2 ,211.1698

-nT-fPENT-4-ENE-l-OXriETHANE (81

h( CDCI3 , 400MHz ); 1.27( 3H,d,J=5.33Hz ), 1.67( 4H,m ), 2.12 (4H,m ), 3.40 and

3.55( 2x2H,m ), 4.64( lH,q,J=5.33Hz ), 4.98( 2H,m ), 5.83( 4H,m )
8

c(CDCy, lOOMHz ); 19.8, 29.05, 30.39, 64.61,99.74,114.71, 138.26
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m/e ( E l. ); 198( (M+,2% ), 183( (M-15)+,4% ),

69( (M-129)+,100% ),

55( (M-143)+,5% ), 41( (M-157)+,65% )
A fraction X was also isolated. However we have been unable to identify the
compound(s) present.

E2.32 RESULTS FOR 3-BUTEN-l-OL
Compounds (9) and (10) were isolated as a 1:1 mixture .The N.M.R. data given below
is based on that mixture.

1■1-DT-r3,4-CYCLOPRQPABUT-l-OXY^ETHANE (9^
Ôh CCDCIj ,

400M H z

);

0.0 3(4H ,m ),

0.0 4 (4 H ,m ),

0 .7 5 (2 H ,m ),

1.29( 3H,d,J=5.33Hz ), 1.49( 4H,m ). 3.50 and 3.63( 2x2H,m ), 4.71( lH,q,J=5.32Hz)
6c(CDClj, lOOMHz ); 4.20, 7.95, 19.92, 35.24, 65.33, 99.58

1-r3.4-CYCT,OPROP ABI IT-1 -OXY3-1 -(BT rT-3-F.NE-l -OXYIETHANE 1103
5 h (C D C 1 j ,

400M H ?

);

0.03(2H,m),

0.40(2H,m),

0.75(lH,m),

1.29( 3H,d,J=5.32Hz ), 1.46( 4H,m ), 3.02(2H,m), 3.50 and 3.63( 2x2H,m ),
4.71( lH,q,J=5.32Hz ), 5.06( 2H,m ), 5.81( lH,m )
Sc(CDCL). lOOMHz); 4.20, 7.95, 19.83, 34.98, 65.23, 65.33, 99.65, 116.34, 138.26
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Compounds (11) and (12) were isolated as a 2:1 mixture in favour of the
cyclopropanated product. The N.M.R. data below is based on that mixture.

1-0.4-CYCLOPROP)|iABTJT-l -OXD-I -(3S-DT-TODO-PENT-1 -OXDETHANR
m )
5

h(CDC 1 3 ,

200MHz

);

0.03(

2H,m

),

0.82(

2H,m

),

0.56(

lH ,m

),

1.32( 3H,d,J=5.32Hz ), 1.45( 2H,m ), 2.2 and 2.4( 2x2H,m ), 3.4 and 3.6( 2x2H,m ),
3.0-3.39( 2H,m ), 4.31( lH,m ), 4.68( lH,q,J=5.33Hz )

l-(3.4-CYr,T,OPROPARITT-l-OXr)-1-fBT]T-3-F,NF.-l-OXr)RTHANEn2~>
200MHz
3.4(2H,m),

);

1.32(

3.6(2H,m),

3 H , d , J= 5 . 3 2 H z

3.0-3.9(

5H,m ),

),

2 .2 -2 .4(2H ,2xm ),

4.68(lH,q,J=5.33Hz),

5.06( 2H,m

),

5.83( lH,m )

1 .1

-DT-f3.5-DT-TOnn-PF.NT-l-nxriMETHANE (133

SnCCDClj , 400MHz ); 2.24(8H,m),

3.0-3.9(5H,m), 3.62(4H,m), 4.25( 2H,m ),

4.66( 2H,s )

ôc; SAMPLE TOO WEAK FOR 1% N.M.R. ANALYSIS.
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1

- n 5-DT-TODO-PENT- 1 - O X r > - 1 -ffiTHOXriETHANE ( 14^

Ôh CCDCIj ,

200MH z

); 1.21(

2.2 and 2.5( 2x2H,m

3H,t,J=7.02Hz

), 3.00-3.9(2H,m),

),

1.34(

3.60( 2x4H,m

3H,d,J=5.33Hz ),
), 4.32(

lH,m ),

4.67( lH,q,J=5.33Hz )
m/e ( E.I. ); 411( (M-l)+,0.40% ), 397( (M-15)+,0.05% ), 367( (M-45)+, 1.46% ),
337( (M-75)+, 24.28%
128((M-286)+,2.43%),

), 323( (M-89)+, 11.08% ), 309(
127(

(M-285)+,8.53%

),

103(

(M-103)+,0.71% ),
(M-309)+,0.07%

),

75((M-367)+,3.67% ), 45( (M-367)+,84.45% ).
Exact mass ; Found for (M-l)+, (C9 H 1 7 I2 O2 ) ; 410.9388
Calcd.for (M-l)+,(C 9 H] 7 l 2 0 2 ) ; 410.9316

1.1 -DI-(3.S-D1-10D0-PENT-1-0XY1ETHANE ( \ 51
Sh(CDC 1 3 , 200MHz ); 1.31( 3H,d,J=5.33Hz ), 2.09, 2.15, 2.19, 2.31( 4x2H,m ), 3.27,
3.36, 3.38, 3.69( 4x2H,m ), 4.43(lH,m), 4.69( lH,q,J=5.33Hz )
ôc; SAMPLE TOO WEAK FOR 130 N.M.R. ANALYSIS

3 S-DT-IODO-PENTAN-5-OL 061
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Ôh(CDC13, 400MH z );1.80( 1H,s ), 1.96( lH,dddd approx ), 2.06( lH,dddd approx ),
2.30( lH,dddd approx ), 2.26( lH,dddd approx ),

3.24( lH,dddd approx ),

3.38( lH,dddd approx ), 3.8( 2H,ddd approx ), 4.3( lH,tt approx )
ôc(CDCl3 , lOOMHz );5.73, 34.60, 42.09, 43.44, 62.05
E 2 3 RESULTS FOR 3-METHYL-3-BUTEN-1-OL

1-METHYL-1-r2-HYDROXYETHYL^CYCLOPROPANE ri71
Ôh(CDC13, 200MHz);0.22( 4H,m ), 1.01( 3H,s ), 1.48( 2H,t ), 1.79( lH,br.s ),
3.72( 2H,t )
m/e ( E.I.) ; 100( M+ , 0.3% ) , 83( (M-17)+,5.9% ) , 82( (M-18)+,27.4% ) ,
69( (M-31)+,26.19% ) , 67( (M-33)+,100% ) , 55( (M-45)+,61.9% )
Exact Mass ; Found for M+, C6 H 1 2 O ; 100.0087
Calcd for M+, C6 H 1 2 O ; 100.0082

1

■1 -r3-METHYL-3,4-CYCLQPROPABUT-l-OXyiETHANE r18)

ôc(CDCl3 , 200MHz);0.22(

8

H,m

),

1.03(

6

H,s

),

1.28( 3H,d,J=5.33Hz

),

1.51( 4H,m ), 3.53( 4H,m ), 4.65( lH,q,J=5.33 )
The sample was too weak for carbon n.m.r analysis

1 ■1 - r 3 - M E T H Y L - 3 , 4 - C Y C L O P R O P A B U T - l - O X Y V M E T H A N E ( 1 9 >
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Ôh(CDC1 3 ,2 0 0 MHz); 0.22(

8

H,m ), 1.00(

6

H,s ), 1.55( 4H,t ), 3.61( 4H,t ),

4.46( 2H,s )
The sample was too weak for carbon n.m.r. analysis.

FRACTION
The H.P.L.C. trace indicates that at least two compounds are present.

The main

features of the proton n.m.r suggest that cyclopropyl protons and formal protons are
present, but the exact identity of the compounds could not be ascertained.

FRACTION X2
The H.P.L.C. trace indicates that the sample is a mixture. The proton n.m.r. suggests
that a cyclopropyl group, alkenyl group and perhaps an acetal functionality are
present.

E3 0 PREPARATION OF MESYLATES
Pyridine, ( 0.116 mol ), was added dropwise over 2 hours to a stirred mixture of
alkenyl alcohol, ( 0.058mol ), and methanesulphonyl chloride, ( 0.058mol ), in an
atmosphere of nitrogen. During the addition the reaction vessel was cooled in an ice
hath. Stirring, was continued for a fiirther 2 hours once the addition was completed.
Cold HCl (20%, 15ml ), was then added to the reaction vessel and the organic product
extracted with diethyl ether ( 5x20ml ). The ether extracts were washed with
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saturated sodium chloride ( 3x20ml ), and saturated sodium bicarbonate, ( 3x20m l ),
dried over anhydrous sodium

sulphate, and the solvent rem oved at a rotary

evaporator.
Data fo r the m esylates is given in Chapter 4.
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Chapter 3
preparation O f Some
Secondary Cyclopropyl
Alkenyl Alcohols
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3.0 Introduction
The methods available for the preparation of cyclopropyl derivatives can be divided
into four categories involving :
(i) 1,3-bond formation,
(ii) the combination of C l and C2 units,
(iii) rearrangement reactions, and
(iv) the transformation of cyclopropyl derivatives.
These methods^ have been described in Chapter 2 and will not be considered here.

This chapter is concerned with the application of the cyclopropanation method
developed by Simmons and Smith^ (see Chapter 2 section 2.3) to the preparation of
seven secondary cyclopropylalkyl alcohols (1) - (7).

OH

OH

(1)

(3)

(2 )

OH

(4)

OMe
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3.1 Results and Discussion
The alkenyl alcohols ( 8 ) - (14) were prepared by means of a Grignard reaction.

R

=

(8 )Me,

(9)Et,

(10)

fr,

(11)

^Bu,

(12)cyclohexyl,

(13)phenyl,

( 14)p-methoxyphenyl

Compounds ( 8 ) - (14) were not isolated but used in their crude forms in the
subsequent cyclopropanation step.

Compounds (1) -(7) were successfully prepared and by treating the corresponding
alkenyl alcohols ( 8 ) -(14), with methylene iodide (2 equivs), and zinc-copper couple
(4 equivs), in diethyl ether as described by Simmons and Smithk

Compounds (1) -

(7) were purified by either silica column chromatography or distillation.
compounds are new and their structures have been confirmed by

All the

and ^^C nuclear

magnetic resonance spectroscopy and either mass spectroscopy or elemental analysis.

In contrast to the behaviour of primary alkenyl alcohols (see Chapter 2), the
cyclopropanation reaction of the secondary cyclopropyl alcohols proceeded cleanly

99

and no by-products were observed.
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E3.0 Experimental

E.31 Preparation O f Zinc-Copper Couple
See Chapter 2 section E2.1.

E.32 Preparation o f Alkenyl alcohols T8) - fl4 1
A three necked flask was fitted with a mechanical stirrer, dropping fimnel and reflux
condenser, care being taken to ensure that the apparatus was completely diy. Diy
magnesium turnings (3 mol) and anhydrous diethyl ether (150 ml), were added to the
flask.

AUyl bromide (3 mol) dissolved in anhydrous diethyl ether was added to the

flask with constant stirring. The reaction mixture was cooled in an ice-water bath and
the allyl bromide added at such a rate that only gentle reflux of the ether occurred.
After the addition was complete the aldehydic substrate (0.25 mol) dissolved in
anhydrous diethyl ether (150 ml) was added dropwise over a period of forty-five
minutes.

Saturated ammonium chloride (60 ml) was then added dropwise to the

mixture.

The mixture was cooled in an ice water bath during the addition.

reaction mixture was then filtered . The solid was extracted with diethyl ether
3x25ml).

The
(

The combined ether solutions were dried over anhydrous magnesium

sulphate and the solvent removed at a rotaiy evaporator to give the crude product.

The pure product was not isolated.
cyclopropanation step.

The crude product was used in the subsequent
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E3.3 Preparation o f Cyclopropanes
Methylene iodide (0.06 mol), and the alkenyl substrate (0.03 mol), were disolved in
anhydrous diethyl ether

( 1 0

ml) and added dropwise to a stirred slurry of zinc-copper

couple (0.12 mol) and anhydrous diethyl ether ( 30 ml).

During the addition ,

approximately ten minutes, the mixture was heated so that gentle reflux of the ether
occured. After the addition was completed stirring and heating were continued for a
further four hours. The reaction mixture was then diluted with diethyl ether (80 ml),
and filtered through a pre-washed pad o f Celite. The filtrate a white cloudy solution,
was then washed with saturated sodium chloride (3x40 ml), dried over anhydrous
sodium sulphate and the solvent removed to give the crude product.

The crude cyclopropane was purified by either fi'actional distillation or silica column
chromatography (CH 2 CI2 eluant).

2-Hvdroxvpropvl cyclopropane
Physical appearance : colourless oil
5

bp 115-118*0

Yield: 80%

h(CDC 1 3 , 200MHz) ; 0.00(2H,m), 0.37(2H,m), 0.65(lH,m), 1.14(3H,d,J=6.10Hz),

1.31(2H,m), 2.16(lH,br.s), 3.85(lH,m)
8c(CDCl3,50MHz) ; 3.67, 4.05, 7.35, 22.97, 43.93, 68.35
m/e (E.I.) ; 99((M-1)+, 0.12%),

82(M-18)+. 12.20%),

85((M-15)+, 2.16%),

45((M-55)+,100%), 55((M-45)+,29.30%), 41((M-59)+, 59.26%)
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Accurate Mass: Calcd. for, (M-l)+, (CjH k,0) : S>9.0810
Found : 99.0912

2-Hvdroxvbutvl Cyclopropane ( 2 )
Physical appearance : colouiless oil

bp 150 **C

S„(CDCl3 ,200MHz) ; 0.08(2H,m), 0.50(2H,m),

Yield ; 75%
0.68(lH,m),

0.96(3H,t,J=7.5Hz),

1.37(2H,m), 1.54(2H,m), 2.00(lH,br.s), 3.51(lH,m)
5c(CDCl3,50MHz) ; 3.75, 4.52, 7.48, 9.97, 29.84, 41.78, 73.83
m/e (E.I.) ; 113((M+1)+, 0.18%),
59((M-55)+,25,54%),

96((M-18)+, 2.73%),

55((M-59)+,

25.24%),

85((M-29)+, 3.51%),

41((M-73)+,

55.29%),

31((M-83)+, 98.56%)
Accurate Mass ; Calcd. for (M-l)+, (CyH^O) : 113.0990
Found : 113.0958

5-Methvl-2-hydroxvbutvl Cyclopropane (3 )
Physical appearance : colourless oil
5

h(CDC1 3 ,6 0 MHz)

:

0.00(2H,m),

bp 149-149.5 ‘*0
0.44(3H,m),

Yield : 82%

0.88(6H,d),

1.26(2H,m),

1.85(lH,br.s), 1.41(2H,m)
Sc(CDCl3,50MHz) : 3.50, 4.61, 7.78, 17.16, 18.76, 33.14, 33.99, 77.16
m/e (E.I.)

: 127((M-1)+, 0.02%),

113((M-15)+, 0.38%),

85((M-43)+,27.8%),

73((M-55)+, 99.78%), 55((M-73)+, 98.86%), 41((M-87)+,89.58%)
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Accurate mass ; Calcd. f o r , (M-1)^, (CgHjjO) : 127.1123
Found : 127.1134

Physical appearance : colourless oil
8

c(CDCl3 ,

400MHZ)

:

Yield : 82%

0.02(2H,m),

0.10(2H,m),

0.42(lH,m),

0.84(9H,s),

1.26(2H,t,J=6.39Hz), 1.58(lH,br.s), 3.32(lH,t,J=6.24Hz)
SclCDClj,50MHz) : 3.29, 5.09, 8 .6 6 , 25.67, 34.54, 36.46, 80.38
m/e

(E.I.)

:

125((M -17)+,
67((M-75)+,

142(M+0.19%),
5.71%),
66.26%),

141((M-1)+,

2.78%),

127((M-15)+,

86((M -56)+,41.40% ), 85((M -57)+,
56((M-86)+,

41.40%),

57((M-85)+,

5.71%),

76.02% ),
100.00%),

41((M-101)+, 95.72%)

Accurate mass

Calcd. for M+, (C^HjgO) : 141.1279
Found : 141.1288

l-C vcloprrpj|,-2--C ylohex^L -ethfl,ii-2~pi
Physical appearance : colourless oil

15)

Yield : 85%

5c(CDCl3,50 MHz) : 3.52,, 4.65, 7.65, 26.06, 26.21, 26.42, 27.67, 80,54
m/e (E.I.) : 167((M-1)+, 0.60%),

113((M-55)+, 13.69%), 85((M-83)+, 48.56%),
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83((M-85)+ 34.11%), 55((M-113)+, 24.11%), 41((M-127)+, 80.02%)
Accurate mass

Calcd. for (M-l)+, (C^HigO) : 167.1436
Found : 167.1422

Compound (5) was purified by column chromatography (dichloromethane eluant).

1 "Ci[cbproj)^l.':

oL

r.

Physical appearance ; white crystalline solid
8

h(CDC 1 3 ,

200MHz)

:

0.2(2H,m),

(6 )
mp 50 - 50.3 °C

0.43(2H,m),

Yield ; 90%

0.47(lH,m),

1.62(1H, octet,

J=6.55Hz), 2.38(1,H,br.s), 4.75(1H, t, J=6.65Hz)
ôcCCDClj, 50MHz) ; 3.91, 4.43, 7.58, 44.05, 125.86, 127.34, 128.27, 144.60
m/e

(E.I.) : 162(M+, 3.67%), 107((M-55)+, 100.00%), 77((M-85)+, 64.82%),

41((M-121)+,1.61%)
Accurate mass

Calcd. for M+, (C uH ^O ) : 162.1041
Found : 162.1039

l-Cjdopropjl-^-^p-j)iethQXijphf,iitjL)- ethcin- g-o i : .
Physical appearance : colourless oil
6

f? )
Yield : 65%

h(CDC 1 3 , 60MHz) : 0.00(2H,m), 0.40(3H,m), 1.84(2H,m), 3.42(lH,m), 3.60(3H,s),

6.67(2H,m), 7.60(2H,m)
m/e

(E.I.)

:

192(M+,

2.27%),

174((M-18)+,

0.57%),

161((M-31)+,0.24%),

106

137((M-55)+100.00%),

119((M-73)+

0.10%),

73((M-119)+2.39%),

55((M-

137)+,3.28%), 41((M-151)+, 3.07%)
Accurate mass

Calcd. for M+, (CjjHigQ) : 192.1150
Found ; 192.1163

Compound (7) could not be separated by fractional distillation as it polymerised.
was purified by silica column chromatography (dichloromethane eluant).

References
1. See Introduction Chapter 2
2. H.E.Simmons and R.D.Smith, J.Am.Chem.Soc., 81, 4256,(1964).
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4 .0 Introduction
The methods available for the synthesis of alkyl hydroperoxides can be divided into
two general categories :
(1) those methods involving the alkylation of hydrogen peroxide
and (2) those methods involving direct oxygenation o f a suitable substrate.
These preparative routes have been considered in the General Introduction (Chapter 1)
and consequently will not be considered here.

This chapter is concerned with the application of the alkylation method developed by
Mosher and Williams ^ ^ to the preparation of some primary cyclopropyl alkyl
hydroperoxides.

Mosher-Williams Preparative Route to Alkyl Hydroperoxides
The Mosher-Williams preparative route to alkyl hydroperoxides involves the alkylation
of 30% hydrogen peroxide with an alkyl methane sulphonate (eqn l)h

eqn 1
(

K

1)

GSO„l%*

(i) 30% H 2 O 2 , 50% KOH

\
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Hydrogen peroxide ( 30%, 1 equiv) is added to a cold solution of the alkyl methane
sulphonate dissolved in aqueous methanol. Potassium hydroxide (50%, 2 equivs) is
then added dropwise and the mixture stirred for twenty-four hours. The temperature
of the reaction mixture is maintained between

0 - 4

during the addition. The

crude hydroperoxide is then isolated by means of base extraction.

This preparative route has been reported to give good yields of hydroperoxides for
primary substrates (Table 1)^ and has been extended to include the preparation of
secondary alkyl hydroperoxides ^ (see Chapter 5).

Table 1
HYDROPEROXIDE

YIELD

n-amyl hydroperoxide

43%

n-hexyl hydroperoxide

44%

n-octyl hydroperoxide

38%

n-nonyl hydroperoxide

39%

n-decyl hydroperoxide

45%

Our results which are presented below describe the application of this particular
preparative route to the preparation of one primary cyclopropyl alkyl hydroperoxide
(1). We have been unable to develop this method into a general preparative route for
the synthesis of primary cyclopropyl alkyl hydroperoxides.
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The structure o f com pound (1) was confirmed by means o f

and

nuclear

magnetic resonance spectroscopy, positive peroxide test with acidic ferrous thiocyanate
and by elemental analysis.

OOH
(

1)

4.1 Results and D iscussion
I he following reaction scheme (Scheme I) was proposed for the preparation o f a series
o f priman^ alkyl cyclopropyl hydroperoxides.

Scheme I

(»

y
OH

on

osojMe.

I'/I
OOH

Reaye.i^*"^

(■) M e S c x c i , p i^ r td m e , l" )

Zn(ciA ).

tu )

i c

X

, 6 C%

R- L<L|(. , H

I lowever we were able to prepare only one hydroperoxide ( 1) by this method.

KOH

I ll

As has been described in Chapter 2 primary alkenyl alcohols

cannot be

cyclopropanated directly by the Simmons-Smith cyclopropanation reaction because a
large number of by-products are generated during the reaction. This problem may be
overcome by modilying the -OH group to reduce its nucleophilicity. Accordingly the
cyclopropanation reaction has been extended to include alkenyl methanesulphonates
(see Chapter 2).

OSG.Me

.Me

OSO^Me
(2 )

The alkenyl methanesulphonatc (2) was prepared by treating 3-methyl-3-buten-1-ol
with methanesulphonyl chloride (1 equiv) and excess pyridine.
cyclopropanated

analogue

was

prepared

by

means

The corresponding

of the

Simmons-Smith

cyclopropanation reaction as described in Chapter 2.

The cyclopropyl methanesulphonatc

(3) was obtained as a 1:1 mixture with the

conesponding umeacted alkenyl methane sulphonate (2) (eqn2) (see Chapter 2).
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Attempts

to separate

the two

compounds

(2) and

(3) by silica

column

chromatography were unsuccessful. Consequently the mixture of compounds (2) and
(3) was treated with

30% hydrogen peroxide

and 50% potassium hydroxide in

aqueous methanol in order to prepare the hydroperoxides (1) and (4) (eqn3).

UMe
( 1)

(3)

O SO „M e
(2 )

(4)

We correctly anticipated that compound (4) would react faster than compound (1) with
mercury(II) acetate and were therefore able to separate the two hydroperoxides as is
described below:
The mixture of peroxides (1) (1 equiv), and (4) (1 equiv), was dissolved in anhydrous
dichloromethane,

(15 ml) and mercury(II)

acetate (1

equiv) added.

After

approximately thirty minutes all of the mercury acetate was consumed in the reaction.
The reaction mixture was then concentrated to approximately one half of its original
volume by means of a rotaiy evaporator. On cooling a white solid crystallised out.
Pentane (15 ml) was then added and the the mixture filtered. The solid material was
disgarded. The filtrate was dried over anhydrous sodium sulphate and the solvent
removed to yield the crude cyclopropyl alkyl hydroperoxide.

The cyclopropyl alkyl

hydroperoxide was purified by silica column chromatography (dichloromethane as the
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eluent).

Its structure was confirmed by means of

and

nuclear magnetic resonance

spectroscopy, positive peroxide test with acidic ferrous thiocyanate and elemental
analysis.

Attempts to extend this method to include the preparation of other primary cyclopropyl
hydroperoxides (5) - (6 ) failed consistently and on each occasion

only unreacted

methanesulphonate was recovered.

O '
OOH
a)

More discouragingly we were not able to repeat the preparation of compound (1) and
only unreacted mesylate was recovered. It must therefore be concluded that the
preparative route to hydroperoxides developed by Mosher and Williams cannot be
extended to include the synthesis of primary cyclopropyl alkyl hydroperoxides
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E4.1 Preparation O f Methane Sulphonates
Pyridine (0.116 mol) was added dropwise over 2 hours to a stirred mixture of the
alkenyl alcohol (0.058 mol) and and methane sulphonyl chloride (0.058 mol) in an
atmosphere of nitrogen. During the addition the mixture was cooled by means of an
ice-water bath. Stirring was continued for a further two hours.

Cold hydrochloric acid

(20%, 15 ml), was then poured onto the cold reaction

mixture, a pale yellow solid, which dissolved upon addition of the acid. The organic
product was extracted with diethyl ether (3x15 ml). The combined ether extracts were
washed with saturated sodium chloride (2x15 ml) and saturated sodium bicarbonate
(2x15 ml) solutions successively and dried over anhydrous sodium sulphate.

The

solvent was removed at a rotaiy evaporator to yield the crude product.

N.M.R. data for mixed mesvlate
5 c ( C D C l 3 ,5 0 M H z ) :

12.49 , 12.62 , 22.28 , 22.51 , 38.27 , 37.26 , .7.36 , 36.90 ,

67.87 68.62 , 113.16, 140.05

E4.2 Preparation o f Hydroperoxides
The crude mixture of methane sulphonates ( approximately 0.01 mol alkenyl mesylate
and 0.01 mol cyclopropyl mesylate) was dissolved in methanol (40 ml) and cooled in
an ice bath. Cold hydrogen peroxide (30%, 0.04 mol) was then added to the mixture
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this was followed by the dropwise addition of cold potassium hydroxide (50%, 0.02
mol). The reaction mixture was cooled in an ice-water bath throughout the addition.
The mixture was stirred over twenty-four hours and allowed to warm up to room
temperature.

The reaction mixture was cooled in an ice-water bath and cold potassium hydroxide
(50%, 50 ml) added.

The mixture was extracted with benzene. The aqueous layer

was neutralised with 2M hydrochloric acid and the hydroperoxide extracted with
benzene.

The benzene extract was extracted with 25% potassium hydroxide

(2x15 ml). The basic solution was neutralised with 2M cold hydrochloric acid and the
organic product extracted into diethyl ether (3x15 ml).

The combined ether extracts

were dried over sodium sulphate and the solvent removed at a rotary evaporator to
yield the crude product.

N.M.R. Data For Mixture O f Peroxides

3-Methyl-3-butenyl-l-hydroperoxide
5

h(CDC 1 3 ,200MHz) : 1.74(3H,s),

2.34(2H,t,J=6.74Hz),

8.75(lH,br.s)
0c(CDCl3,50MHz) : 22.43, 35.81, 75.00, 111.96, 142.14

4.08(2H,t),

4.72(2H,m),
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Literature Values:
Sj/CDCÏ3,400MHz) : lJ4(3H,s),

2.34(2H,t,J=6.30Hz), 4.08(2HxJ=6.31Hz),

4.72(2H,m)
0c(CDCl^}OOMHz) : 22.39, 35.78, 75.04, 112.01, 142.12

l-Hydroperoxy-3-methyIcyclopropane
6

h(CDC 1 3 ,200MHz)

: 0.00(4H,m),

1.00(3H,s),

1.72(2H,t),

4.33(2H,m),

8.75(lH,br.s)
8c(CDCl3,50MHz) : 12.76, 14.97, 22.84, 36.80, 75.61

E4.4 Separation o f cyclopropyl and alkenvl hydroperoxides
The mixture

of peroxides,

consisting

of approximately

7.5

mmol alkenyl

hydroperoxide and 7.5 mmol cyclopropyl alkyl hydroperoxide, was dissolved in
anhydrous dichloromethane, (15 ml) and mercury(II) acetate (7.5 mmol) added. After
approximately thirty minutes all of the mercury acetate was consumed in the reaction.
The reaction mixture was then concentrated to approximately one half of its original
volume by means of a rotaiy evaporator.

On cooling a white solid crystallised out.

Pentane (15 ml) was then added and the the mixture filtered. The filtrate was dried
over anhydrous sodium sulphate and the solvent removed to yield the crude
cyclopropyl alkyl hydroperoxide.

The cyclopropyl alkyl hydroperoxide was purified

by silica column chromatography (dichloromethane as the eluent).
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l-Hvdroperoxv-3-methvl Cyclopropane (1)
Ôh(CD C 13 400M H z)

:

0 .2 4 (4 H ,m ),

1 .0 0(3H ,s),

1 .5 2 (2 H ,t,J= 7 .0 1 H z),

4.10(2H,t,J=7.02Hz), 8.50(lH ,br.s)
Sc(CDCl 3, 1 0 0 MHz) : 12.83,

13.02, 22.91, 36.87, 77.32

./Analysis Required for Q H 13O 2 :

C : 61.52

H : 11.18

Found for C ^H | 3 0 2 :

C ; 61.74

H : 11.24

References

in Mosher and kVViliams , J.Am .Chem .Soc., 76, 2984, (1954).
2xM osher and Williams. J.Am .Chem .Soc., 76, 2987, (1954).
3. II.E.Simmons R.D. Smith, J.Am .Chem .Soc., 16, 1337, (1964).
See also Chapters 1 & 2
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5.0 Introduction
The synthesis o f alkyl hydroperoxides can be divided into two general categories:
( 1 ) those methods involving the alkylation of hydrogen peroxide
and (2 ) those methods involving the direct oxygenation of a suitable substrate.
These preparative routes have been briefly considered in the General Introduction
(Chapter 1) and hence an overview of these methods will not be considered here.

This Chapter is concerned with the application of the alkylation methods developed by
Mosher and

W illia m s

^ ^ and Caglioti^ to the preparation of some cyclopropylalkyl

hydroperoxides. Each of these methods will be considered briefly below.

(1) Mosher-Williams Synthesis o f Alkvl Hydroperoxides
The Mosher and Williams preparative route to alkyl hydroperoxides involves the
alkylation of 30% hydrogen peroxide with an alkyl methane sulphonate

R

OSO„Me

n

OOH

(i) 307/H^O^, 50% KOI
Hydrogen peroxide (30%1 equiv), is added to a stirring solution of the alkyl methane
sulphonate dissolved in aqueous methanol. Potassium hydroxide (50%, 4 equiv) is then
added dropwise and the mixture stirred for twenty-four hours. During the addition the

Deqwna Koiicodiios
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temperature of the reaction mixture is maintained between 0 - 4

by means of an

ice-water bath The crude hydroperoxide is isolated by means o f base extraction.

This preparative method has been extended to include the preparation of both primary
and secondary alkyl

h y d r o p e r o x id e s f 2.

in

the case of primaiy hydroperoxides the

reported yields of the isolated hydroperoxides are generally good (Table l)k However
poor yields of peroxides are obtained with secondary methane sulphonates (Table 2 )2 .
This is to be expected as the reaction proceeds by an S^2 mechanism and consequently
for secondary substrates the rate of reaction is reduced and competing reactions such as

Table 1
HYDROPEROXIDE

YIELD

n-amyl hydroperoxide

43%

n-hexyl hydroperoxide

44%

n-octyl hydroperoxide

38%

n-nonyl hydroperoxide

39%

n-decyl hydroperoxide

45%

elimination and hydrolysis are observed 2 .

a further complication is that for both

primary and secondary substrates the concentration of the sodium hydroxide in the
reaction mixture is often sufficient to cause the product to decompose.

Despina Korkodilos
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(2) Caglioti synthesis of Alkyl hydroperoxides

Table 2
YIELD

HYDROPEROXIDE
2

-butyl hydroperoxide

2

-pentyl hydroperoxide

19.5%
2 0

.8 %

cyclopentyl hydroperoxide

20.9%

4-heptyl hydroperoxide

trace

-heptyl hydroperoxide

25.7%

2

The Caglioti preparative route to hydroperoxides provides a means of synthesizing
primary

and secondary hydroperoxides

from ketone

or aldehyde

precursors

(Scheme I)^.

Scheme 1
,R^
(i)

(ii)

R

R
l\NiTs

/s

IWfTs

(lii )

OOH
(i) p-Toluenesulphonhydrazide(ii) BgHg (iii) 30% HgOg NsgOg
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The method is based on the oxidation of N-alkyl-îsT-tosyl hydrazines with hydrogen
peroxide and sodium peroxide.

[Q ]
.
---------p •

iNHM-iïs

R

OOH

Using this particular preparative route high yields of alkyl hydroperoxide have been
reported (Table 3)^.

This preparative route has also been extended to include the

preparation of alkenyl hydroperoxides'^ However in spight of this it has not yet found
general use.

Table 3
ALKYL HYDROPEROXIDE

YIELD

t-BuCHjOOH

87%

C 1 5 H 3 1 CH 2 OOH

95%

CgHiiOOH

92%

CH^CH2 CH 2 CH(CH 3 )CH(OOH)CHg

90%

Despina Koikodilos
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Our results which are presented below describe the successful application of the
Caglioti synthesis to the preparation of four cyclopropyl alkyl hydroperoxides (1), (2),

(3),(4).
GGH

OGH

( 1)

GOH

(3)

(2 )

OGH

(4 )

5.1 Results and Discussion
The Mosher-Williams synthesis of alkyl hydroperoxides ^ ^ is attractive in so far as it is
straight forward to carry out and involves the use of readily available and inexpensive
reagents. However we were unable to apply this synthetic route to the preparation of
secondary cyclopropylalkyl hydroperoxides.

eqn

2

OSO„he

(I)

(i) 30% H 2 O 2 50%KOH

(i)

OGH

(II)
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The cyclopropyl alkyl methane sulphonate (I) was prepared readily by treating the
corresponding alcohol with methane sulphonyl chloride and pyridine.

Compound (I)

was then treated with 30% hydrogen peroxide in basic methanol in order to convert it
into the corresponding hydroperoxide (H) (eqn2 ).

However compound (I) was found to be unreactive toward hydrogen peroxide, the
unreacted alkyl methane sulphonate being recovered on each occasion. This contrasts
sharply with the behaviour of primary alkyl methane sulphonates which react
moderately with hydrogen peroxide.

The lack of reaction observed with secondary

alkyl methane sulphonates is presumably attributable to the fact that S^ 2 reactions
proceed more slowly with secondary substrates.

(Ill)
Changing the leaving group from the methane sulphonate to the triflate was not
possible as the preparation of the triflate (HI) was hampered by a large number of side
reactions.

In an attempt to provide an alternative route to such hydroperoxides we decided to
investigate the oxidation of N-cyclopropylalkyl-N’-p-tosyl hydrazines. This method is
based on that applied by Caglioti and co-workers^ to the preparation o f a small number

Despina Korkodilos
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of alkyl hydroperoxides.

This method is attractive as high yields are reported for each of the three steps (Scheme
I). However it has not yet found general use. We have been able to apply a modified
sequence of the above reactions to the preparation of four cyclopropyl alkyl
hydroperoxides.
OOH

(

1)

GOH

OGH

(

2)

OOH

(4 )

The hydroperoxides (1), (2), (3), (4) were prepared successfully by the modified
procedure as shown in Scheme II.
M\HTs

Scheme II

Reagents : Pyridine-borane complex, HCl
R=Me, Et, f r , ^Butyf Cyclohexyl, Phenyl, p-Methoxyphenyl
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The structures of the hydroperoxides were confirmed by

and

nuclear magnetic

resonance spectroscopy, positive peroxide test with acidic ferrous thiocyanate, either
mass spectrometry or chemical analysis

and finally by conversion into the

corresponding dioxolanes (see Chapter 6 ).

OOH

OOH

(7 )

We were unable to prepare peroxides (5), (6 ) and (7) by this route.

Scheme III

OH

+ KCMO

T
N NH Ts

NHNH

i-i

( l U)

OOH

(V( )

O-

(ii)CH2l2,Zn(Cu) (iii)p>Tidinjum chlorochromate,sodium acetate (iv)p-tolijpe sulphonhydrazide
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The alcohol precursors were prepared as is shown in Scheme (III). The alkenyl
alcohols were prepared by means o f a Grignard reaction and were subsequently
converted to the cyclopropyl alkyl alcohols

by means of the Simmons-Smith

reaction^ , as outlined in Chapter 3.

The ketones (9) were prepared by oxidation of the cyclopropyl alcohols with
pyridinium chlorochromate. Initially the method described by Corey and Suggs ^ was
applied. Typically the alcohol precursor (1 mmol) is added to a stirring suspension of
pyridinium chlorochromate (1.5 mmol) and sodium acetate (0.3 mmol) in anhydrous
dichloromethane. The resulting mixture is stirred for two hours , the organic material
decanted and the residue extracted with anhydrous diethyl ether.

The combined

organic material is then filtered through Celite, dried over anhydrous sodium sulphate
and the solvent removed to yield the crude product, typically a brown oil.

R = Me (13), Et (14), ‘Pr (15), ‘Bu (16), Cyclohexyl(lT), Phenyl(18),

p-Methoxyphenyl (19)

We found that very poor yields of ketone were obtained by this method. Typically for
R=Et 20% at the crude stage falling to 10 - 15 % after purification. By modifying the
method due to Corey and Suggs we were able to prepare ketones (13) - (19) in high
yield.
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The modification consisted of refluxing the reaction mixture over a period of five
hours, extracting the oiganic material with anhydrous diethyl ether and filtering the
combined oiganic material through a thick sandwich of silica and Celite. This
modification, though not a major one is very attractive primarily because high yields of
ketone are obtained (Table 4). Another advantage of this method is that the ketones
were usually obtained analytically pure and no further purification was necessaiy.
Their structures were confirmed by

and

nuclear magnetic resonance

spectroscopy and either elemental analysis or mass spectroscopy

Table 4
KETONE

YIELD

13

72%

14

80%

15

83%

16

80%

17

82%

18

87%

19

72%

The ketones (13), (14), (15), (17), (18) and (19) were converted readily into the
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Table 5

TOSYL HYDRAZONE

YIELD

RATIO OF ISOMERS

2 0

99%

1;4

21

98%

1

2 2

99%

1:5

23

50%

:1

24

99%

1

:6

25

99%

1

:

26

99%

I ; 1.5

1

corresponding N- cyclopropylalkyl-N’-p-tosyl hydrazones by the method developed
by Bamford and Stevens^. The tosyl hydrazones were obtained in yields of 98 - 99
% after recrystallisation from methanol (Table 5). Geometrical isomers were
observed in each case. However the nuclear magnetic spectroscopic data was not
sufficient to distinguish between cis and trans isomers.
f\i NH (s

K= Me 1 2 0 ) , É t t a O ,
Pheny L ( 2 S)

,

‘ P, (.2 2 ), ‘ 6 a

p- merhoxy p h c n y l

, c.|clchtxi,L ( 2

(Z(,)

rhe preparation of compound (23) by this method proved to be a challenge and this
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perhaps reflects the increasing steric hindrance about C-1.

Increasing the reaction time to five hours had no effect on the reaction and unreacted
material was recovered. Using increasingly forceful conditions such as carrying out
the reaction in refluxing ethanol for periods of one hour, five hours, and ten hours also
appeared to have little effect on the reaction and unreacted material was recovered.
However when the reaction was carried out in refluxing ethanol for twenty- four hours
a 40 - 50% reaction was achieved. The unreacted ketone was easily separated fi"om the
crude product by vacuum filtration and washing the organic solid with a little cold
ethanol.

However,

separating the required product and unreacted p-toluene

sulphonhydrazide proved to be more difficult.

The two compounds could not be

separated by either fractional recrystallisation nor column chromatography.

Conse

quently it was decided to proceed through reaction scheme HI using compound (23) in
its crude form.

Preparation of N -cvclopropyl alkyl-N’-tosyl hydrazines
p-Tosyl hydrazones have been reduced to the corresponding p-tosyl hydrazines via
diborane and sodium cyanoborohydride reductions ^*^(eqns 3&4).

R -

N -

NH - I s

R = N - NH - Is

-------------

R -N H

n JH

- T

s

--------------------R - N H - N H - T j,
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The sodium cyanoborohydride reduction is easier to cany out than the diborane
reduction and was chosen preferentially as previous work by members of the group
indicated that this was a more effective method for reducing p-tosylhydrazones to
p-tosylhydrazines.

As

a result it was decided to incorporate the sodium

cyanoborohydride reduction as part of the overall reaction scheme.

Reduction by this method involves adding, p-toluene sulphonic acid (40 mmol) , in
tetrahydrofuran to a stirred solution of the precursor tosyl hydrazone
sodium cyanoborohydride (40 mmol), in tetrahydrofuran.

(1 0

mmol), and

The pH of the reaction is

maintained at about 3.5 by controlling the rate of addition of the p-toluene sulphonic
acid. In order to facilitate this a few milligrams of bromocresol green are also added to
the reaction mixture.

Initial attempts to prepare the cyclopropyl alkyl tosyl hydrazine (28) by this route were
hampered by side reactions and complex mixtures of products were obtained
repeatedly.

We have been unable to resolve the crude product mixtures into their

components but believe that they consist of mainly over reduction products and a small
amount of the required cyclopropyl alkyl tosyl hydrazine.

Based on

nuclear

magnetic resonance spectroscopic data of the product mixtures we cautiously suggest
that the following compounds (34), (35) and (36) may have been generated in the
reduction.
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A possible mechanism for the synthesis of the by-products is given below.

-t
H

nJHMT s

I

M H nI H T s

rJaBH3CNl

M- N-H
(35)

kI oiBH oC nI

(36)

Tôuble-6

8q Values for compounds (34) -(36) based on N.M.R. data o f product mixture
COMPOUND

Cl

C2

03

(32)

4.24

4.72

7.50 36.64

(33)

4.14

4.62

7.43

(34)

4.37

4.52

04

36.42

7.63 36.59

05

06

61.41

08

9.84

143.82

9.67

61.95
34.13

07

41.64

10.75

09

OlO

Oil

0

129.46

128.89

135.38

24.
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Reducing the reaction time from four hours to one hour did not appear to have much
effect on the crude product mixture. The crude product obtained by this method was
treated with 30% hydrogen peroxide and sodium peroxide as described by Caglioti in
an attempt to prepare the corresponding cyclopropyl alkyl hydroperoxide (2 ).

The cyclopropylhydroperoxide (2), was obtained in a yield of 10%. This result is
reproducible and perhaps reflects the low yield of the cyclopropyl alkyl tosyl hydrazine
obtained by the sodium cyanoborohydride reduction.

In order to provide an alternative route to the N-cyclopropyl alkyl-N’-tosyl hydrazines
we decided to investigate the pyridine-borane reduction of N-alkyl-N’-tosyl hydrazones
developed by Kikugawa and Kawase^ (see Chapter 7).

Reduction by this method

involves adding a mixture of concentrated hydrochloric acid dissolved in ethanol to a
stirred solution of the tosylhydrazone (1 mmol) and pyridine-borane (3 mmol) in
ethanol-dioxan. We preferred this method rather than the diborane method of Caglioti
as diborane has the disadvantage of being difficult to handle as it is a toxic flammable
gas.
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The cyclopropylalkyl tosyl hydrazone (21) was described by Kikugawa and Kawase^®.
The reaction was initially carried out on a scale of Immol and yielded the crude
cyclopropyl alkyl tosyl hydrazine (28) as a viscous pale yellow oil.

nuclear magnetic

resonance spectroscopy indicated that the required product was present in the reaction
mixture and that the proportion of by-products was significantly reduced compared to
the sodium cyanoborohydride reduction.

Attempts to scale the reaction up to 5 and 10 mmol scales were ineflFective. All attempts
were complicated by poor reproducibility and more discouragingly an increase in the
generation of by-products was observed . In an attempt to improve the reaction a series

Table 7 ; Modifications Made To Pyridine-Borane Reduction
Conditions used by Kikugawa & Kawase

Modified Conditions

The tosyl hydrazone was dissolved in a

The ratio of ethanol : dioxan was

mixture of ethanol and dioxan in a ratio

altered to

1

;

8

of 1 : 1

The hydrochloric acid-ethanol mixture was

The addition of the hydrochloric

added in one portion.

acid-ethanol mixture was carried
out over thirty minutes.
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Table 7 cont.

The organic product was extracted

The organic product was extracted into

into chloroform.

chloroform and the chloroform extract
washed with dilute hydrochloric acid
and sodium bicarbonate successively.

of modifications were made to the original reaction conditions (Table?).

The cyclopropylalkyl tosylhydrazones were only sparingly soluble in the 1:1 solution
of ethanol and dioxan. Increasing the proportion of dioxan in the solution increased
the solubility of the cyclopropyl alkyl tosylhydrazines and hence facilitated the
reaction.

We found that for large scale preparations, (5 - 10 mmol), of the cyclopropyl alkyl
tosyl hydrazines adding the hydrochloric acid in one portion caused a sudden increase
in the temperature of the reaction mixture of up to 0.5 ®C.

We reasoned that this

sudden increase in temperature m i^ t cause the product to decompose. Consequently
the hydrochloric acid was added dropwise over a period of up to thirty minutes. The
reaction time was also increased to three hours.

A major problem observed with large scale preparations, ( 5 - 1 0 mmol), was that the
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product was contaminated with pyridine
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which was carried over from the

pyridine-borane complex. Column chromatography was not effective in separating the
pyridine from the product. A more effective method was to extract the crude product
into chloroform and wash the chloroform extract with cold 2M hydrochloric acid.

Using the new conditions the problems associated with poor reproducibility were
eliminated.

Furthermore by-product i^thesis

was also reduced so that the

cyclopropylalkyl tosylhydrazine (28) was obtained in a yield of 50% after column
chromatography (eluent : 50% ethyl acetate, 50% petroleum spirit).
high yields reported by Kikugawa and Kawase

In view of the

this result was disappointing and an

alternative method of purification was sought.

Attempts to crystallise the crude product from ethanol-pentane failed but when a
mixture of pentane - water was added and the crude product cooled in an acetonedrycol bath the tosyl hydrazine crystallised out rapidly (see experimental). Using this
method of purification the tosyl hydrazines (27 ) - (29 ) and (31) - (38) were obtained
quantitatively.

The reaction of compound (23) with pyridine-borane was hampered by side reactions
and only complex mixtures of products were obtained. This perhaps reflects the fact
that compound (23) contained a large proportion of unreacted p-toluenesulphonhydrazide and perhaps a small proportion of unreacted compound (16).
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Preparation o f Cyclopropylalkyl Hydroperoxides
The tosyl hydrazines were converted into the corresponding peroxides by means of the
Caglioti^ method as described in the General Introduction.

The cyclopropyl tosylhydrazine precursor was dissolved in tetrahydrofuran (50 ml) and
cooled to between 0 - 4^C by means of an ice water bath.

30% Hydrogen peroxide

(100 equiv) was then added followed by sodium peroxide, (1.7 equivs). The mixture
was stirred over night and the crude product isolated by means of base extraction (see
experimental).

The crude peroxide was purified by means of

silica column

chromatography (dichloromethane eluent).

Using this method peroxide (2) was isolated in a modest yield of 10%. This was rather
disappointing and the following modifications were made in order to improve the
reaction:
(1) The proportion of sodium peroxide in the reaction mixture was increased to 3.0
equivs
(2) The crude product was extracted into chloroform. Base extraction was not
performed inorder to minimise any loss due to decomposition.
(3) Purification was achieved by column chromatography at sub ambient temperature
(0-4‘^C) inorder to minimize any decomposition of the product.
(4) All solutions used m the work up and purification of the peroxide were kept at a
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temperature of between

0
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- 4^C inorder to minimize any decomposition of the product.

Using all four modifications a significant increase in yield was achieved fi’om 10% to
52%. When modifications (3) and (4) were omitted a significant decrease in the yield
of pure peroxide isolated was observed firom 52% to 35%. When modification (2) was
omitted and the crude peroxide isolated by base extraction a dramatic decrease in yield
was observed from 52 % to 25%. When modification (1) was omitted and the sodium
peroxide used in the experiment was 1.7 equivs a modest decrease in yield was
observed fi'om 52% to 48%.

Using the modified preparative route peroxides (1), (2), (3), and (4) were prepared
successfully in yields of 80%, 52%, 43%, and 42% respectively.

We were unable to

prepare compounds (5), (6 ), and (7). The unreacted cyclopropyl tosylhydrazine was
isolated on each occasion. This is a somewhat surprising result as according to the
mechanism proposed by Caglioti (Scheme 4) one would expect these compounds to
react readily .

In view of our results it seems unlikely that this is the correct mechanism. However an
alternative mechanism cannot be offered at present.
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Preparation o f Ketones
The alcohol, ( 1 mmol), was dissolved in anhydrous dichloromethane, (10 ml), and
was added dropwise to a magnetically stirred suspension of pyridinium chlorochromate
( 1 ,5 mmol), and sodium acetate, ( 0.3 mmol), in anhydrous dichloromethane (50 ml).
On addition of the alcohol the pyridinium chlorochromate immediately turned dark
brown from bright orange. The mixture was refluxed over a period of five hours at a
temperature of 40^ C. Anhydrous dichloromethane, (20 ml), was then added and the
liquid component decanted. The residual material a gummy black tar was washed with
anhydrous dichloromethane, (2x40 ml), and anhydrous diethyl ether , (2x40 ml). The
combined organic material was then filtered through a thick sandwich of silica and
celite.

The filtrate a colourless liquid was then dried over sodium sulphate and the

solvent removed at a rotary evaporator to yield the product as colouriess, pleasant
smelling oil.

The product was usually obtained
spectrometry or elemental analysis.

pure and this was verified by either mass
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-Cvcloprop^oroDan-2-one (13)

Physical appearance : colourless oil
SjjCCDClj,400MHz) ; 0.04(2H,m). 0.50(2H,m), 0.88(lH,m),

1.02(3H,t,J=7.S0Hz),

2.22(2H,d,J=6.88Hz)
8

<-(CDCl3 ,50MHz) ; 4.28, 6.23, 29.37, 48.72, 208.80

E.I.

(m/e)

:

98(M+,0.68%),

83((M-15)+,3.02%),

55((M-43)+,13.04%),

433((M-55)+ ,3.00%), 41((M-57)+ ,4.68%)
Accurate mass ; Calcd. for M+ : 98.0732
Found for M+ : 98.0738

1-Cvclor)ropvlbutan-2-one 1141
Physical appearance : colourless oü
5

h(CDC 1 3 , 2 0 0 MHz) : 0.06(2H,m), 0.50(2H,m), 0.88(lH,m),

1.02(3H,t,J=7.50Hz),

2.22(lH,d,J=6.88Hz), 2.42(2H,br q)
5,,(CDCl3,50MHz) : 3.82, 7.41, 10.01, 29.82, 41.73, 209.23
E.I. (m/e) : 112(M+,2.39%),
43((M-69)+,1.20%),

57((M-550)+, 100.00%),

41((M-67)+,4.27%), 69 ((M-43)+,1.25%)

Accurate mass : Calcd. for M+ : 112.0878
Found for M+ : 112.0878

55((M-57)+,38.07%),
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1-CvcloDropvl-3-nietlMbutan-2-one (15)
Physical appearance : coloinless oil
8

h(CDC 1 3 ,2 0 0 MHz) : 0.04(2H,mX 0.51(2H,m), 0.96(lH,m), 1.04(2H,d,J=6.69Hz),

2.29(2H,d,J=6.96Hz), 2.61( lH,heptet,J=6.96Hz)
5c(CDCl3,50MHz) :4.40, 6.16, 18.14, 18.23, 40.24, 45.65, 214.58
E l.

(m/e)

: 126(M+,7.48%),

71((M-55)+,71.08%),

111((M-15)+,1.36%),

43((M-83)+, 100.00%),

83((M-43+), 12.76%),

41((M-85)+,25.15%)

Accurate mass : Calcd. for M+ : 126.10375
Found for M’*' ; 126,1052

1-CvcloDropvl-3|S-ditii<t)Ml-)iulün2-one (16)
Physical appearance : colourless oil
Sh(CDC1 3 ,2 0 0 MHz)

: 0.02(2H,m),

0.49(2H,m),

0.84(lH,m),

1.08(9H,s),

2.36(2H,d,J=6.71Hz)
0c(CDCl3,50MHz) : 4.40, 6.21, 26.28, 40.34, 41.73, 215.71
E.I.

(m/e) : 140(M+,5.49%),

85((M-55)+,23.44%),
41((M-99)+,41.48%)

125((M-15)+,4.54%),
57((M-83)+, 100.00%),

83((M-57)+,24.53%),
55((M-85)=,82.24%),
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Accurate mass : Calcd. for M'*' : 140.1201
Found for M"*" : 140.1222

l-Cvclopropvl-2-cvclohexvl-ethan"2-one (17)
Sh(CDC1 3 ,200MHz) : 0.32(2H,m),

0.48(2H,m),

0.94(lH,m),

1.20(4H,m),

1.60(2H,m), 1.74(4H,m), 2.30(2H,d,J=3.38Hz), 2.34(lH,m)
6

c(CDCl3 lOOMHz) :4.36, 6.05, 25.63, 25.81, 28.35, 45.86, 50.26, 213.89

E.I. (m/e) : 166(M+,7.67%),

lll((M-55)+,54.98%),

83((M-83)+, 100.00%),

55((M-111)+,93.17%), 41((M-125)+,66.05%)
Accurate mass

: Calcd. for

: 166.1358

Found for M+ : 166.1637

1-Cvclopropvl-2-phenvl-ethan-2-on e (18)
Physical appearance : colourless oil
0

h(CDC 1 3 ,2 0 0 MHz) : 0.17(2H,m), 0.54(2H,m),

1.13(2H,m), 2.86(2H,d,J=6.66Hz),

7.49(3H,m), 7.95(2H,d,J=1.20Hz)
0c(CDCl3,100MHz) : 4.46, 6.55, 43.68, 128.00, 128.45, 132.82, 136.82, 136.87,
199.87
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(m/e)

:

161((M +1)+,1.68% ),
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160((M +,5.52%),

119((M -41)+ 2.02% ),

105((M-64)+, 100.00%), 77((M -92)+,83.25% ), 41((M -119)+,0.46%)
Accurate mass : Calcd. for M+ : 160.0886
Found for

: 160.0877

K>clopropvlrl-(pn)erty^pbg^iy-eAan-^^

(19)

Physical appearance : colourless oü
dH(CDCl3,60N4Hz)

:

0.20(2H ,m ),

3.65(3H ,s), 6.78(2H,d), 7.79(2H ,d)

0.26(2H ,m ),

1.40(lH ,m ),

2.64(2H ,d,),
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Preparation O f Tosyl H ydrazones
The ketone, (0.05 mol), was dissolved in absolute alcohol, (5 ml), and was added in
one portion to a stirred slurry o f p-toluene sulphonhydrazide,
alcohol,

(20 ml).

The mixture was stirred over a period o f 30 mins and kept at a

tem perature o f 4 0 ^

by means o f a water bath.

T he solvent was then removed by

means o f a rotaiy evaporator to yield the crude product,
which ciystallised

(0.05 mol), in absolute

on cooling.

a viscous pale yellow oif

The crude product was then recrystallised

from

methanol.

Cyclopropyl - 1~

p -bos

( 2d)

Physical appearance : White crystalline solid
5 h(C D C 13, 400M Hz): 0.02/0.01(2H,m),

1.79(8H,s),

mp. : 76.9 - ll.l^C

0.36/0.49(2x2H ,m ),

0.75/1.12(2xlH ,m ),

1.45(4H,m), 2.04(6H,m), 7.28/7.3l(2x2H d).

0 h(CDC13,100MH z): 4.36/4.93, 8.20/7.01, 15.39/23.34, 21.53, 23.34, 43.33/34.90,
128.57/128.52, 129.34/129.48, 143.83/144.47, 158.55/159.51.
800(m, aromatic, C-H def), 1155(s, > S 0 2 str), 1379(m ,-C H 3 ,
symm, del), 1636(m, >=N str), 3068(w, cyclopropyl C -H str), 3206(m, N -H str).
Anal for 0 , 3 Hj^N ^ O^S Found : C = 56.37
Calcd. : C = 56.67

H = 6 .6 6

N =11.29

H = 7.10 N - 11.08
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Physical appearance : white ciystalline solid
dH(CDCl3 400M Hz):

mp. :81-81.5^C

-0.06/0.06(2x2H ,m ),

0.34/0.44(2xH,m),

0.70(2xlH ,m ),

0.95(6H, t, J-7.33HZ), 2.02(6H,2xs), 2.16-2.29(8H,m), 2.39(2H,s), 7.29(4H,d).
dc(100MHz,CDCl3): 4.44/5.02,

6.89/8.15,

9.37/10.21,

21.49,

22.19/29.88, 25.50,

34.05/41.15, 128.10/128.17, 129.26/129.28, 143.72/144.38, 162.32/162.65
Data for major isomer is given first.
^max(P^raffin mull) : 808(m, aromatic, C -H del),

1159( s, >S 0 2 , str),

1376(m, -C H 3,

s\'mm del), 1635( m, >=N, str), 3062(w, cyclopropyl, C-H str), 3208( m, N-H, str)
m e (FAB) : 281(M+,100%),

115((M-125)+, 1.44%),

110((M -170)+,

9 9 ((M -189)+ ,

1.69% ),

5.8% ),

125((M-115)+, 11.31%),
69((M -211)+ ,3.31% ),

55((M -225)+,2.15%), 53((M-234)+, 0.34% )
.Anal, for C 14H 20N 2O 2S

Found: C = 60.02

H = 7.07

N = 9.99

Calcd. : C =59.97

H = 7.18

N = 9.99

Cyclopropyl-l-(butan-3-methvl-2N-tosvlhvdrazone) (2 2 )
Appearance : White crystalline solid

mp. :72-73^C

8^(400M H z, CDCI 3) .M AJOR ISOM ER

0.13(2H,m),

0.97(3H,s),

J= 6 . 8 Hz),

0.99(3H,s),

2.04(2H,d,

7.28(2H,d, J=8.18Hz), 8.23(2H,d, J=8.23Hz).

0.50(2H,m ),
2.04(3H,s),

0.88(lH ,m ),
2.49(1 H,m),
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M IN O R ISOM ER -0.07(2H ,m ), 0.38(2H ,m ), 0 .6 0 (lH ,m ), 2.05(3H ,s),
2 .0 3 (2 H ,d J=6.95 Hz),

2.42(3H,s),

1.07(3H,s),

7.30(2H,d, 1=8.20 Hz), 2.42(3H ,z), 7.30(2H,d,

J=8.20H z), 7.80(2H,d, J=8.10Hz).
0 , ( 1 0 0 M H z,C D C l 3): 5.08, 7.05, 19.01, 21.54, 32.65, 35.63, 129.25, 129.28, 135.35,

143.82.

I-Cvclopropvl-1 - cvclohexvl“ei-hay>-j^Qn-.p4o£jjlhj4r3jon^ (ltd
A ppearance: white crystalline solid

m p : 111 -111. 8 ®C

Data for M aior isomer only
8 h ( 4 0 0 M H z,C D C 13);

0.12(2H ,m ),

0.50(2H ,m ),

0.5 9 (lH .m ),

1.22(5H,m),

1.70(6H,m ), 2.04(2H ,d J=6.17Hz), 7.78(2H ,d, J=8.36H z)
0c(100M Hz,CDCl3): 4.49, 5.84, 7.04, 21.56, 25.99, 26.10, 30.19, 32.85, 45.68,
128.02, 129.29, 133.16, 143.74, 164.02
Anal. For CigH^gN.OoS

Found : C = 64.29

H = 7.96

N = 8.38

Calcd. : C = 64.64

H = 7.84

N = 8.43
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-Cvcloproovl-1- Dhenvl-2rOn'p-l:osijl-bijd]^jcnf> (25)
Appearance : Peach coloured crystalline solid

mp : 139.7-140.2^C

0h(400M Hz, CDCI 3) ; 0.03„,.„^/0.04^„^J2H ,m ),
1.20/1.22(3H,d,

J=7.02/7.03Hz),

0.12/0.34(2H,m ), 0.71/0.78(lH ,m ),

2.32/2.60(2H ,d,

1=7.15/7.23),

7.604H,d),

7.32(6H,d), 7.35/7.38(2H,d, J=7.02/7.03H z), 7.86/7.88(2H ,d J=7.04/7.03Hz)
0 , ( 1 0 0 M Hz,CDCl 3) : 4 .4 8 ^ ,„ ^ ^ .0 0 ^ ^ ^ ^ ,

136.84/135.35,

128.49/128.36,

129.41/129.52,

128.25/127.96,

7.32/8.25,

129.43/129.52,

30.35/42.92,

155.17/158.58,

127.24/127.89,

144.03/143.86,

18.32/21.54

Data for minor isomer is given first.
.Anal, for CJ0 H 2ON2O 2S

Found: C =65.55
Calcd.:

H = 6.23

C = 65.83 H = 6.14

N = 8.57
N = 8.53

l-Cvclopropvl-t-^ethoxvphenvl-2-iatvtosvlhvdrazonel (26)
Physical appearance : white crystalline sohd

mp: 133.5-134.2^0

8 h( 4 0 0 M Hz,CDC 13) : 0.11^^^/0.33^^^X 2H ,m ),

2.38/2.42(3H,s),

2.59/2.32(2H ,d

6.8 4/6.92(2H ,d,
7 .0 2 ( 2 H ,d

J

.T

=

=

J

=

0.44/0.34(2H ,m ),
6.11/7.23Hz),

8 .9 5 /8 .89H z),

8 .7 6 H z )

,

3.79/3.8 l(3H ,s),

7 .2 8 (4 H ,d ,
7 .5 9 { 2 H ,d ,

0.75(2H, br.m),

J
J

=
=

8 .9 5 H z)

,

9 .0 1 H z )

,

7.88/7.77(2H,d, J = 8.20/8.68Hz)
0 , ( 1 0 0 MFlz,CDCl 3)

155.25/157.56

:

5.05^^^^/4.52„„„^^ ,

135.84/138.92,

7.30/8.41,

142.63/145.20,

21.57/21.60,

128.52/130.60,

30.19/43.01,
129.42/129.63,
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142.98/144.68

Preparation O f T osylh yd razin es
Method A
A three necked flask was fitted with a condenser, pressure equalising funnel, gas inlet
and gas outlet tubes.

The exit gases were passed through a series of three dreschel

bottles, of which the last two were filled with bleach.

The apparatus was flushed

through with nitrogen and a flow of nitrogen was maintained throughout the
experiment. The apparatus was kept at room temperature by means of water bath.

The hydrazone, (0.011 mol), was dissolved in THF, (50 ml), and added to the three
necked flask. A few milligrams of bromocre^sol green were then added followed by
sodium cyanoborohydiide,

(0.044 mol),

The reaction mixture immediately turned

blue. The sodium cyanoborohydiide was added in one portion and the vessel in which
it was contained placed into a beaker containing bleach.
(0.044 mol), was then added dropwise with stirring,

P-toluene sulphonic acid,

until the solution turned fi’om a

dark blue to a tan colour (pH - 3 . 5 ) . Stirring was maintained for a period of four
hours and the solution of p- toluene sulphonic acid added at a rate so as to keep the
pH of the mixture at approximately

3.5

( tan colour ).

Not all of the p-toluene

sulphonic acid is necessarily consumed in the reaction.

The reaction mixture was then filtered through a thick pad of celite,

and the filtrate
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reduced to approximately one third of its original volume. Distilled water, (100 ml)
was then added to the resulting solution and the mixture allowed to stand for one hour.
The organic material was then extracted into dichloromethane , (4x30 ml ), dried over
anhydrous magnesium sulphate and the solvent removed at a rotaiy evaporator to yield
the crude product, a pale yellow oil.

Method B ( conditions for 1 mmol scale onlvl
The hydrazone (1 mmol), was dissolved in absolute alcohol, (3 ml), and anhydrous
dioxan , (3 ml), in an atmosphere of nitrogen. Pyridine-borane complex, (3mmol),
was then added in one portion and the mixture cooled to between
an ice bath.

0

- 5®C by means of

A solution of 20% HCl : EtOH 5ml, ( 5 ml concentrated hydrochloric

acid dissolved in 25 ml absolute alcohol ), was then added dropwise and the mixture
stirred for 45 mins. The solvent was then removed at a rotaiy evaporator, sodium
carbonate ( 1 0 % ) was then added to the residue with cooling until no further reaction
was observed. The organic material was then extracted into chloroform,

(4x20 ml),

dried over anhydrous sodium sulphate and the solvent removed at a rotary evaporator
to yield the crude product, a colourless oil.
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Method C (5 mmol scale )
The hydrazone, (5 mmol), was dissolved in absolute alcohol, (1 ml) and anhydrous
dioxan

ml) in an atmosphere of nitrogen. Pyridine-borane complex (15 mmol) was

(8

then added in one portion and the mixture cooled to between

0

- 4®C by means of an

ice bath. A solution of 20% HCl:EtOH, (17 ml ) was then added to the mixture over
a period of 30 mins and the mixture stirred for a further 2 hrs. The volume of the
reaction mixture was then reduced to approximately one-third of the original and the
resulting solution neutralised with 10% sodium carbonate. The organic product was
then extracted into chloroform (4x20 ml), dried over anhydrous sodium sulphate and
the solvent removed to yield the crude product, a pale yellow oil. AH attempts to
crystallise the product failed.

Method D ( anv scale)
The hydrazone, (5 mmol), was dissolved in absolute alcohol, (1 ml), and anhydrous
dioxan,

(8

ml) in an atmosphere of nitrogen. Pyridine-borane complex, (15 mmol),

was then added in one portion and the mixture cooled to between 0 -5®C by means of a
water bath. A solution of 20% HCl : EtOH, (17 ml), was then added to die mixture
dropwise over a period of no longer than 30 mins. Stirring was continued for a further
2 hrs .

The solvent was then removed by means of a rotaiy evaporator and the

resulting oil allowed to cool to room temperature . The residue was then neutralised
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The mixture was then cooled in an ice bath

10 % sodium carbonate added so that the hydrazine just begun to precipitate

Pentane ,

(10 ml),

was then added

and the remaining hydrazine caused to

precipitate out o f solution by means o f a freeze - thaw cycle. The hydrazine was then
tilterted and washed with distilled water , ( 1 0 ml), and pentane, ( 1 0 ml), to yield the
crude product a pale yellow solid.

This was then further purified by recrystallisation

from anhydrous diethyl ether and pentane .

H{k?vclopropvl-l-tnfjh^TgMn

nrj

Physical appearance : white crystalline solid
5 h(C D C 13,400M H z) ; 0.09(2H,m ),

1.14(lH ,m ),

1.25(lH ,m ),

mp : 8 6 - 8 6 .3^C

0.37(2H ,m ),

2.41(3H,s),

0.40(lH ,m ),

2.89(lH ,q,J= 6.42H z),

0.92(2H ,d,J=6.3H z),
7.32(2H ,d,J=7.39H z),

7.77(2H ,d,J=6.98H z)
8 c(C D C l 3,lOOMHz) ; 4.38,

4.44,

7.48,

18.53,

21.54,

170((M -

97)+,

0.04% ),

39.80,

55.79,

128.10,

129.51, 135.50, 143.90
E.I. (FAB) : 268(M+, 97.24% )
E.I.

(m/e)

: 268(M +,0.02% ),

13 9 ((M -129)+ ,70.37% ),

113((M -155)+ , 13.84% ),

91((M -177)+,100% ), 83((M -185)+ 75.91% )

155((M-113)+>7.71%),
9 8 ((M -1 7 0 )+ ,2 .0 8 % ),
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v|fl^y2N-tosvlhvdrazinel (28)

Physical appearance : white crystalline solid mp : 83.8 - 84.2
5 h(C D C 13,400M Hz) :-0.07(2H,m ),

0 .8 9 (lH ,m ),

l.ll(lH ,m ),

0.36(2H,m ),

0.53(lH ,m ),

1 .2 6 (lH ,m ),

2 .6 6 (1 H ,s e x te t, J = 6 .3 2 H z ),

0.77(3H,t,J=7.3H z),

1 .3 5 (lH ,m ),

3 .0 2 ( lH ,b r o a d ,s ) ,

2 .4 2 (3 H ,s),

7 .3 5 (2 H ,d , J = 7 .8 9 H z ),

7.81(2H,d,J=8.42Hz)
8 ^(CDCl 3, 1 0 0 M Hz) : 4.29,

129.51,
E.I.

4.75,

7.84,

9.97,

24.80,

36.81,

61.30.

128.21,

135.51, 153.90

(m/e) : 191((M -91)\1.17% ),

123((M -159)+ ,26.73% ),

155((M-127)+,17.94%),

97((M -185)+ ,25.23% ),

139((M -143)+,70.97%),
91((M -191)+ ,100% ),

55((M-227)+,97.74%), 41((M -241)+,77.90% )
Analysis Found :
Calcd. :

C = 59.54
C = 59.48

H = 7.85

N = 9.94

H = 7.99

N = 8.55

Physical appearance ; white crystalline solid
0c(CDCI 3,50MHz) ; 4.17, 5.14, 8.14,

17.21,

mp ; 117.8 - 118.4
18.39, 21.55, 28.38, 33.21, 65.28,

129.44, 129.73, 136.08, 143.82
Other data is not available as the compound decomposes rapidly.
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radyoLLnd. f.^^)
Appearance : white crystalline solid
8 h(C D C 13,400M Hz)

1.07(lH ,m ),

mp : 128.4 - 128.6

: -0.06(2H,m ),

1.20(lH ,m ),

0.38(2H,m),

1.46(lH ,m ),

0.86(lH ,m ),

0.88(lH ,m ),

2.42(3H,s),

2.57(1H ,quin

1.64(lH ,m ),

tet, J= 4.2 1Hz), 7.28(2H .d,J=8.08H z), 7.79(2H,d,J=8.20Hz)
6 ,(C D C l 3, 10 0 M Hz) : 4.26,

5.19, 8.22, 26.42, 26.56, 26.64, 28.11, 29.13, 33.83,

38.90, 65.21, 128.30, 129.52, 135.53, 143.98
Analysis

Found : C = 64.28

H = 8.39 N = 8.33

Calcd. : C = 64.25

H = 8.39

N = 8.33

Ti^sLjihjdrnj/w àer'wieà (ro m corO^cywxl

-

Physical appearance : peach coloured crystalline solid
Sh CCDCIj ,400M Hz)
2 .4 5 (3 H ,s),

: -0.10(2H,m ),

mp :I08.2 -108.8 **C

0.30(2H,m), 0.46(lH ,m ),

3 .6 4 (lH ,t,J = 7 .0 8 H z ),

7 .0 9 (2 H ,d ,J= 7 .8 6 H z ),

I.45(2H ,m ),
7 .2 6 (5 H ,m ),

7.77(2R dJ= 8.20H z)
SclCD CRlO O M H z) : 4.42,

7.80,

21.55,

39.86,

64.82,

127.26,127.69,

128.58, 129.49, 135.64, 140.73, 143.89
.‘\nalysis

Found ;

C

Calcd. :

C

= 59.65
= 59.62

H = 6.20
H =6.12

N = 7.81
N = 7.76

128.13,
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(% )___ __________

Physicalappearance : white crystalline solid

0 h (CD C 13,4 0 0 M H z )
1.4(2H,octet,J=7.11Hz),
3.77(3H,s),

:

mp ; 108.5-109.0

- 0 .0 1 2 (2 H ,m ) ,
2.00(1H

6.78(2H,d,J=8.71Hz),

hr

s),

0 .2 9 ( 2 H ,m ),

0 .3 1 ( lH ,m ) ,

2.44(3H ,s),

3.58(lH ,t,J=8.75H z),

6.97(2H ,d,J=8.70H z),

7.29(2H,d,J=7.92Hz),

7.78(2H,d,J=8.36Hz)

5,(CDCl3,100Hz) : 4.28, 4.71, 7.85, 21.01, 39.78, 55.29, 64.26, 114.09, 128.18,
128.46, 129.56, 135.48, 143.98, 159.93
Analysis

Found

: C = 62.48 H = 6.72

N = 7.62

Calcd.

: C = 62.31 H - 6.71

N = 7.77
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P reparation o f C yclop rop ylalk yl H yd rop eroxid es
The cyclopropyl alkyl tosylhydrazine, (0.003 mol), was dissolved in tetrahydrofuran,
(50 ml), and the resulting solution cooled to between 0 -4

by means of an ice bath.

Sodium peroxide, (0.009 mol) was then added in one portion, followed by ice cold
hydrogen peroxide, (30% 0.3 mol) in three portions. The mixture was then stirred for
24 hours, during which time the sodium peroxide dissolved, so that the mixture became
homogenous.

The reaction mixture was cooled to 0^ by means of an ice-salt bath. Distilled water,
(50 ml), was then added and the mixture acidified with 2M hydrochloric acid. The
organic product was extracted into cold dichloromethane, (4x20 ml).

The organic

material was then washed with ice cold distilled water, (2x15 ml), and dried over
anhydrous magnesium sulphate.
evaporator

The solvent was removed by means of a rotary

(the water bath was filled with ice and water), to give the crude product.

With the exception of the cyclohexyl compound the crude product was obtained as a
dark orange-yellow

oil. In the case of the cyclohexyl compoimd the crude product

was obtained as a pale yellow solid.

W A R N IN G
CARE SHOULD BE TAKEN TO ENSURE THAT THE DICHLOROMETHANE EXTRACT DOES
NOT CONTAIN ANY HYDROGEN PEROXIDE BEFORE ROTARY EVAPORATING.

159

Despina Koilcodilos

The crude hydroperoxides were purified by means of column chromatography,
(CH 2 CI2 eluent ),

at between 0 - 4 ^C.

Column chromatography at ambient

temperatures proved unsuccessful due to extensive decomposition.

2-Hvdroperoxv propvl cvclopropane (I)
Appearance : colourless oil
6

Yield : 80%

h(CDC 1 3 ,200MHz) ; 0.38(2H,m), 0.42(2H,m), 0.66(lH,m),

1.20(3H,d,J=6.18Hz),

1.25(lH,m), 1.51(lH,m), 4.10(lH,sextet,J=6.18Hz), 7.54(lH ,brs)
0,(C D C l3,50M hz) :4.26, 4.39, 7.16, 18.00, 38.85, 81.91

E.I.

(m/e)

: 99((M-17)+,0.35%)),

83((M-33)+,0.25%),

101((M-15)+,0.47%),

55((M-61)+,98.82%), 41((M-75)+,60.23%)
Accurate mass : Calcd. for (M-OH)^ : 99.0810
Found for (M-OH)+ : 99.0931

2-Hydroperoxv butvl cyclopropane (21
Physical appearance : colourless oil
Sh(CDC1 3 200MHz) : 0.00(2H,m),

Yield ; 38%
0.39(2H,m),

0.75(lH,m),

1.32(2H,m), 1.50(2H,m), 3.89(lH,m), 8.43(lH,brs)
0 c(CDCL3,50MHz) : 4.45, 7.34, 9.53, 24.37, 36.60, 87.02

0.89(3H,t,J=7.5Hz),
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160

E.I.

(m/e)

:

130(M+0.08%),

97((M-33)+,4.29%),

129((M-1)+, 0.06%),

113 ((M -17)+, 6.54% ),

115((M -15)+, 0.12% ),

101((M -29)+,0.49% ),

56((M -74)+,20.99% ),

55((M -74)+,93.00% ),

41((M -81)+,38.53% ),

29((M-101)+,85.54%)
Accurate mass ; Calcd. for (M-OOH)+ ; 97.1017
Found for (M-OOH)+ : 97.1024
Calcd. for (M-OH)+ : 113.0966
Found for (M-OH)+: 113.0965

1-Methvl-2-livdroperoxv butvl cvclopropane
Physical appearance : colourless oil
8

(3)

Yield : 43%

h(CDC 1 3 ,2 0 0 MHz) ; 0.00(2H,m), 0.40(2H,m), 0.79(lH,m), 0.56(6H,d,J=7.00HZ),

1.19(lH,m), 1.50(lH,m), 2.07(lH,m), 3.82(lH,m),7.65(lH,br s)
dc(CDCl3,50MHz) : 4.45, 7.34, 9.53, 24.67, 36.60, 87.02
E.I. (m/e) : 127((M-17)+,0.18%),
55((M-89)+,92.02%),

126((M-18)+,3.90%),

43((M-101)+, 100.00%),

Accurate mass : Calcd. for (M-18)+ : 126.1053
Found for (M-18)+ : 126.1065

111((M-31)+,1.36%),
41((M-103)+,79.66%),
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l-CvcIohexvI-2-hvdroperoxyethvlcyclopropane
Appearance : colourless oil
5
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(4)

Yield : 33%

h(CDC 1 3 ,200MHz) : 0.06(2H,m), 0.47(2H,m),

0.78(lH,m), 0,81 - 2.00(13H,m),

3.76(lH,m), 6,58(lH,brs)
ôcCCDClj, 50MHz) : 4.64, 4.74, 7.99, 26.27, 26.52, 28.52, 28.66, 34.09, 39.59,
90.33
E.L (m/e) : 166((M-18)+,2.70%),

151((M-33)+,0.12%),

11 l((M-73)+, 15.50%,

83((M-101)+, 100.00%), 55((M-129)+,98.18%), 41((M-143)+58.95%
Accurate mass ; Calcd. for(M-18)^ ; 166.1357
Found for (M-18)'*' : 166.1343
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Chapter 6
Preparation Of Some 1,2Dioxolanes
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6.0 Introduction
1,2-Dioxolanes can be prepared from the following substrates :
(i) 1,3-diols and their derivatives
(Ü) acyclic peroxides
(iii) dienes
(v) unsaturated peroxides
(iv) cyclopropanes
(v) carbonyl Oxides
This presents a diverse range of synthetic methods, each of which will be considered
briefly below.

6.1 Dioxolanes Derived From 1.3-Diols And Their Derivatives
The synthesis of a 1,2-dioxolane from a 1,3-diol was first reported by Criegee^ and
involved treating the 1,3-diol substrate with acidified hydrogen peroxide. For example
treatment of the diol (1), with acidified hydrogen peroxide affords 3,3,5,5tetramethyl-1,2-dioxolane (2) in good yield.
eqn 1

OM

OH

(i>
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This approach was later extended to include various derivatives of 1,3-diols. For
example Salomon and Salomon^, have described the synthesis of 1,2-dioxolanes from
bis-trifluoromethanesulphonates and bis(tri-n-butyltin) peroxide (eqn2).
eqn2
( 1)
"
OTf

n

0

OTf

r

0

'

( 4)

(3)

(i)(n-Bu^SnO)2

Bis-methanesulphonates have also been used as substrates. For example Corey^ has
reported the preparation of the 1,2-dioxolane (6) (eqn 3).
eqn 3

Ph
Ph

(i)

OMeS

OMeS

(5)

(i) 4 KO 2 , 18Crown-6, DMSO, 25°C, 3 minutes

0

0

(è)
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The reaction of 1,3-dibromides with a silver salt and 90% tertiaiy-butyl hydroperoxide
has also been reported to give the corresponding 1,2-dioxolanes. For example. Porter
and Mitchell ^ have described the synthesis of the 1,2-dioxolanes (8) and (10) from the
corresponding dibromides (eqn 4 & 5).
eqn 4
Ph

Ph

Br

Br

o

0

(7)

(9 )

(i)t-BuOOH, Ag+

eqn 5

U)
D

0

(10)

OOBu

( 11 )

(i) t-BuOOH, Ag+

Interestingly the dibromide (9) afforded 3,3 -dimethyl-1,2-dioxolane (10) in a yield of
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30% together with 11-18% of bromoperoxide (11). The bromoperoxide (11) was
subsequently found to be an intermediate in the conversion of (9) to (10) and gave
dioxolane (10) in high yield upon treatment with a silver salt (eqn 6).
eqn 6

(i)Ag-

This reaction was later used by Bloodworth, Cooksey and Chan^>^ to prepare
1,2-dioxolanes from bromoperoxides via the peroj^mercuration and bromodemercuration of cyclopropanes (see section 6.5 ).

6.2 Dioxolanes From Acyclic Peroxides
A common preparative route to 1,2-dioxolanes is via the cyclisation of acyclic
peroxides (eqn 6). In general, hydroperoxides with suitable functional groups at the
y-carbon may be converted to 1,2-dioxolanes. Porter^ has reported the cyclisation of
unsaturated hydroperoxides on treatment with mercury(ü) nitrate and subsequent anion
exchange with potassium bromide (eqns 7 -9).
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eqn 7

H^r

( 1)

V

=

<ll)

\ A
OOH

( 12)

eqn 8

HgBr

(il)
‘□□H
(13)

(IB )

eqn 9

.DOH

HgBr

(i)

(1 1 )
(14)

(i) Hg(NO ) ) 2 l/lHgO.CHgCIg (ii) HgO, KBr

0

a

169

The dioxolanes (17) and (18) and the p-bromodioxolanes (19) and (20) were generated
from the bromomercuiiodioxolanes (15) and (16) by either treatment with a basic
solution of sodium borohydride or upon treatment with bromine in dichloromethane
(eqns 10 & 11).

eqn 10 cmpds

i l l
0—

0

(17)

eqn 11

Br

(i)

f ij )

□

0

( 19)

(IB )

(i) NaBH 4 , 3M NaOH, CH2Cl2,<0°C (ii) Bf2 , CH 2 CI2

0

------ 0
(2 0 )
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Cycioperoxymercuration has also been used by Corey et al.^*^ for the preparation of
1,2-dioxolane intermediates for the synthesis of prostaglandin analogues (eqns 12 &13)

eqn 12

HOO

( 22 )
R

Reagents : (i)Excess Hg(02CCH2Cl)2,THF followed by KCl

R
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eqn 13

ngci
(i)

HOO

(2 4 )

R‘

(i) Excess Hg(02CCH^Cl)2,THF followed by KCl

Compounds (21) and (23) gave only one diastereomer of the dioxolanes (22) and (24)
upon treatment with mercuiy(II) chloroacetate.

Gunstone and Bascetta^^ have prepared the dioxolanes (26) , (27) and (28) (eqnl4).
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eqn 14

■D

0

(26)

□

''

0

(27)

(25a)R’=(CH^)6Me, R=(CH^fi02MQ (27a) X=HgCl
(25b) R ’=(CH2)6C02Me, R=(CH2 ) 6 Me (27b) X=HgBr (28) X=H
Reagents : (i) HgCNO^)^ (ii) KCl or KBr or NaBH^

The allylic peroxides (25a) and (25b) cyclize via the 5-endo mode to give
1,2-dioxolanes upon treatment with mercury(II) nitrate. Treatment of the nitratomerculiodioxolanes (26) with a potassium halide result in the formation of the chloro- and
bromo- mercuhodioxolanes (27a) and (27b), Treatment with sodium borohydride
affords the 1,2-dioxolane (28).

y,ô-Unsaturated hydroperoxides can also be cyclised to give 1,2-dioxolanes. For
example, Porter^ ^ has reported the preparation of compounds (30) (eqn 15).
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eqn 15

R®

K

R'

R*

R‘
R

OOH

QOH
(i)

D

(29)

(29a) Ri=M e, R2=R3=H

□
(35)

(29b) RI=R2=H, R ^ -E t (c) Ri=H, R2=R3=H

(i) DBPO, CgH^, 48 hours,

(ü)Ph^P

Peroxide (29) affords the p-hydroxydioxolane

(30) when treated with di-t-butyl

peroxalate (DBPO), in oxygen saturated benzene followed by treatment with triphenyl
phosphine. The reaction proceeds via a free radical chain mechanism as is shown in
Fig.l.

Thermolysis o f the DBPO gives rise to the t-butoxyl radical which abstracts a
hydrogen to give the peroxyl radical (31). fh e radical then cyclises via the 5-exo-trig
mode to give the alkyl radical (33) which subsequently abstracts a hydrogen from
compound (29) to give the product (35) and radical (31) which carries on the chain.
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Fig.l

DDH

+ '"BuO"

00"

DO"

□

(3 1 )

+

^BuOH

□

(33)

□O'

0

□

0
(33)

0

( 34)

00'
OQH

□

0

ŒH
D

0

+

<29)

Another example of radical cyclisation of an unsaturated hydroperoxide to give a

(31}
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1,2-dioxolane has been reported by

G u n sto n e ^ ^

16). This method involves the

treatment o f an unsaturated bromide with a silver salt to give an unsaturated
hydroperoxide intermediate (37) . Compound (37) then undergoes radical cyclisation
followed by hydrogen trapping to give the hydroperoxy dioxolane (38)^^«^'*.
eqn 16

OQH
DGH

Hr

fi'

0

O S)

<37)

□

(38)

1,2-Dioxolanes can also be prepared via the cyclisation of y-aiyl substituted
hydroperoxides. This is achieved by treating the y-aryl substituted peroxide with
lead(IV)acetate^5>^'^ (eqn 17).
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eqn 17

H
(i)
DDH

(3 9 )

D

0

( 40 )

(i) Pb(OAc)4 , petroleum ether.
= aiyl, R2 = H,alkyl, R^= alkyl, R^ = alkyl, aryl

The mechanism of this reaction (Fig. 2) involves the interaction of the y-aryl
hydroperoxide with the lead(IV) acetate followed by dissociation to give the peroxyl
radical (41) . This radical then abstracts a benzylic hydrogen either intra or
intermolecularly to give the benzylic radical (42). An electron transfer reaction then
occurs which results in the formation of a benzylic carbocation (43). The carbocation
(43) then cyclises to give the 1,2-dioxolane (44).
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Fig.2

Cii)

<i)
Ar

Ar

DDPb(DAc).

Ar

'DO

(4 1 )

( 111)

( 43 )

*

—

o
□—

0
(44)

(i) Pb(OAc> 4 (ii) Pb(OAc) 4 (iii) H abstraction (iv) Pb(OAc> 4

6.3 Dioxolanes From 1.4-Dienes
Bloodworth, Khan and Loveitt^^ have reported the synthesis of 1,2-dioxolanes by
means of peroxymercuration followed by either hydrido- or bromo-demercuration (eqn
18).
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eqn 18

R

HflCI

R'

R

HgCl

(45)

(46)

(i) Hg(N 0 3 ).H 2 0 , 85%H20n, C H 2CI 2 (ü) KCl(aq)
Reagents : X = H : NaBH^, 3M NaOH, CHjCU, <0^C
Reagents : X= Br : Bf 2, C I K L
X =H

X=Br

R' =R2 = R3 =H

(47)

(51)

R' = Me, R2 = R3=H

(48)

(52)

R' = R2 = Me, R 3 - H

(49)

(53)

R ' - R 2 = H, R3 = Me

(50)

(54)

These reactions presumably proceed via intermediate y,6-unsaturated hydroperoxides
(see section 6.2).
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T b c L o y ^ 5« œ -o « .< » a tio n ( T o e c ) h o s a lso W c „ u sc A in I k u p y z p w a t c n a f

1,2-dioxolanes (Fig.3).

The reaction proceeds via a free radical chain mechanism. The thiophenoxyl radical is
generated in the initiation step and adds to the terminyl vinyl group to generate the
alkyl radical (55). This radical then traps oxygen to give the peroxyl radical (56),
which subsequently cyclises via the 5-exo trig mode to give the alkyl radical (57). This
radical is trapped by oxygen hence generating a peroxyl radical which abstracts a
hydrogen from thiophenol to give a 1,2-dioxolane (58) and a thiophenoxyl radical
which carries on the chain. Treatment of (58) with triphenyl phosphine reduces the
hydroperoxide to the alcohol (59).

F i g .3

PhS

-►

PhS

□

DQH
0 —— 0

□

( 57)

Civ)

OH
D

D

(5 9 )

(i) PS‘

R

(iv) Ph^P

(Ü) Og (iii) O 2 , PhSH
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6.4

1.2-Dioxolanes via

the cycloperoxyhalogenation

o f Unsaturated

Peroxides
1,2-Dioxolanes have been prepared via the cycloperoxyhalogenation of unsaturated
hydroperoxides. For example Paquette^ et al. have reported the preparation of
compound (61) (eqn 19).

eqn 19

.B r

(1 )
0

——0

OQH

0

(1)
Br,

^ ,B r

(61)

Br

Bascetta^^ has reported the preparation of the
bromocyclisation (eqn

2 0

).

1,2-bromodioxolane

(62) via
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eqn 20

Br

R
iii
0 —

MOO

0

Br

□DH
(ii)

62

(i)Br2 (ii)Ag+
(a)Ri = Me(CH 2 ) 7

R^= (CH2)gC02Me

(b)Ri = MeO (CH^)? R^ = (CH 2 )6 Me

6.5 Dioxolanes From Cyclopropanes
1,2-Dioxolanes can be prepared from cyclopropanes by electrophilic ring opening to
give y-bromoperoxides followed by subsequent silver salt induced cyclisation. Adam
reported the reaction of cyclopropanes with N-bromosuccinimide (NBS) and hydrogen
peroxide (eqn 21)^^.
eqn 21

.Br

OOH

(i)

Pi ) Y

(ii)

:>o
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Using a peroxymercuration approach Bloodworth, Cooksey and Chan^^,

21

were able

to prepare a series of y-bromoalkyl peroxides (64) which could be cyclised to give
1

,2 -dioxolanes in yields of between 80-100% for crude material (eqn

eqn

2 2

).

2 2

R'

Br

( ii i )

R

R
D

(a) R=H, R’-H

0

(65)

(b) R=Et, R =H (c) R-Ph, R ’=H (d) R=Me, R’=Me

(e) R=Me, R ’=Ph (f) R=Ph,R’=Ph
(i) ‘BuOOH, Hg(OAc)2 , 20 mol% HCIO4 , CH 2 CI2 (ii) KBr(aq) (iii) Br2 ,
CH2 CI2

(iv) Ag+
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îh a related study Lampman and Bloodworth^^ reported an unusual example of
1,2-dioxolane synthesis from cis-1,2-diphenyl cyclopropane ( 6 6 ) with mercuiy(II)
acetate in tertiaiy-butyl hydroperoxide (eqn23).

eqn 23

Ph
Ph

(i)

Ph
□OBu*

HgBr
(S7)

Ph

Ph

C&8 )

(i) Hg(OAc>2 , muOOH

No peroxymercurials of type (67) were recovered , but d s -3,5-diphenyl-1,2-dioxolane
(6 8 ) was isolated in a yield of 10 %. The formation of (6 8 ) can be rationalised by the
oxidative demercuration of (67).

When the reaction was repeated with 2 equivalents of mercury(II) acetate and
tertiaiy-butyl hydroperoxide in dichloromethane both cis and trans isomers of (6 8 )
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were isolated. The trans isomer of 1,2-diphenylcyclopropane did not give such a
reaction.

Feldman et al.^ were able to synthesize 1,2-dioxolanes by opening of a cyclopropyl
carbinyl radical (69) to a homoallyl radical (70) (Fig. 4).

y

\

( 0

'-XPh

\
(6 9 )

DD-

XPh

XPh

(7 0 )

□

g

□

R

□

■XPh

(a) R=Ph, R ’=H (b) R=Ph, R ^CH^CH^CH.Ph (c) R^CH^CH^CH Ph, R ’=H
(d) R=CH2CH2CH.Ph, R’=CH2 CHjCH Ph
Rtoawk; (i) PbX' (ill (*2. (ill) PhX , x =Se,s

Fig.4

185

The photooxygenation of cyclopropanes has also been used to prepare 1,2-dioxolanes,
though this is restricted to mainly cyclopropanes with aromatic substituents. For
example Mizuno et

a l. 24

were able to use this technique to obtain 1,2-dioxolanes in

yields in excess of 90% (eqn 24).
eqn 24

0

D

0-------0

Ph

(i) hv, CH 3 CN, 9,10-dicyano anthracene, O 2

Shim and Song^^ have similarly prepared 3,3-diphenyl-5-ethenyI-1,2-dioxolane (72)
from 1,1 -diphenyl-2-ethenylcyclopropane (71) in a yield of 90% (eqn25).
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eqn 25

(0

Ph

(7 1 )

(i) hv,DCA,Biphenyl,CH3 CN,

Singlet oxygenation of methylene cyclopropanes has also been used to prepare
, -dioxolanes (eqn 26)26.

1 2

eqn 26

(73)

0 ------ 0

(a)R-R =

(b)R-R =

(74)
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The reaction proceeds by the formation of a perepoxide (75). This rearranges to a
cation (76) which rearranges to an allylic cation (77) (fig. 5).

Fig.5

)= < ]

— .

I

0

—.
(75)
0 0

"

(76)

0

00 -

(77)

6.6 L2-Dioxolanes from Carbonyl Oxides
The ozonolysis of alkylvinyl ethers has been reported to give 1,2-dioxolanes by
Kuczkowski

(eqn 27)
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eqn27

(i)

□----- □
: >

v

<

0 -----D
'

•

X

>

c

“

(i) O3 , pentane

An intermediate carbonyl oxide is generated , which undergoes [3+2] cycloaddition to
the alkyl vinyl ether to give 3-alkoxy-l,2-dioxolanes.

6.7 S um m ar y
A wide range of methods are available for the preparation of 1,2-dioxolanes. Each
method has its merits and drawbacks and is suited best to a particular set of precursors.
We were particularly interested in the peroxymercuration-demercuration reactions of
cyclopropanes (Section 6.5), and hoped to extend this preparative route to include the
intramolecular reaction (eqn 28) which mirrors the known intraryhnolecular reaction
(see Section 6.2) (eqn 29).

At present only one example of a mercury(II) mediated cyclisation of a cyclopropane
has been published (eqn 30)^0
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eqn 28

OOH

eqn 29

OOH

0 -------- □

u
eqn 30

HO.C
(i)

(in

(i) H g(O A c >2 (ii) N aB H 4, N aO H
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6.8 Cvclopropanes As Synthetic Tools
The chemistry of cyclopropanes closely resembles that of alkenes, this is due to
the fact that the geometric restrictions imposed by the cyclopropane ring cause the
electronic charge within the carbon skeleton to adopt n type orbitals. This
phenomenon is best accounted for by the Walsh orbital modeP^.

In the Walsh model each carbon is sp%ybridised, with one hybrid being used for
each carbon-hydrogen bond, and the third pointing into the centre of the ring;

The atomic orbitals interact in two sets.

The three sp^ hybrids pointing towards

the centre of the ring overlap form ing three molecular orbitals ; one bonding and
two antibonding.
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The bonding molecular orbital holds two electronswhich are delocalised in the centre
of the ring. The p orbitals interact to give three delocalised orbitals ; two bonding
and one antibonding.

It

I

2.

3

Relative energies and occupancies for the ground state

ct3

MOhJ

—

4- .

B O H O lN G r

L E V tU
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The Walsh model shows cleaiiy the n nature of the cyclopropane bonding and
indicates that significant electron density will be concentrated outside the equilateral
triangle defined by the intemuclear lines. It is also likely that the six delocaUsed
electrons constitute a set with aromatic stability analogous to that of the benzene n
system

Schematic Diagram Showing Electron Densities

As a result of the boiyng in cyclopropane an analogy exists between the reactivity of
alkene and cyclopropyl derivatives.

Both show ionic, pericyclic and radical

reactions

The most synthetically useful reactions of cyclopropyl derivatives are the ionic and
pseudo ionic reactions^ .

Such reactions can be conveniently split into two

categories :
-those that proceed by (a) nucleophilic attack,
-those which proceed by (b) electrophilic attack on the cyclopropane.
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These reactions are generally supported by electron acceptor (A) and electron donor
(D) substituents respectively and closely resemble the analogous alkene reactions.

Foe example equations 31 and 32 clearly show the similarity existing between
cyclopropanes and alkenes
eqn31
eqn 32

E

.til-* -

' --------- /

f
- tü l-* .

/ --------

Substituted cyclopropanes may undergo addition (eqns 33 & 34) or substitution
reactions.
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eqn 33

+E+

eqn 44

+N'

+E+

Wlien the cyclopropane is not activated, that is it does not contain either electron
donating or electron accepting groups rather forceiul conditions must be
employed in order to bring about ring opening.

O f these two reactions are

synthetically useful and will be discussed briefly below.
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Hvdrogenolvsis of Cvciopropanes
This procedure is useful for converting ketones into geminal dimethyl
compounds^^.

(i) quantitative H 2, Pt 0 2

Reactions With Strong Electrophiles
Unactivated cyclopropanes can onl}^ be cleaved by strong electrophiles.

For

example, halogens and some metal cations. Only mercury-induced ring-opening
is of any synthetic value at present (see Section 6.5).

Furthermore intramolecular capture by the nucleophile can give rise to
heterocycles, though at present only one such example is known (eqn 37)^^.
eqn 37

HO3C

(i)
(in

, (4 M«bh, , oh-
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The aim o f this project was to use cyclopropyl derivatives, usually non-activated as
intermediates in the route to cyclic peroxides and hence extend the peroxymercuration-demercuration of cyclopropanes to the intramolecular reaction (see Chapter 1).
Our results which are presented in the following section , describe the successful

OOH

D

0

application o f this method to the preparation of some 1 ,2 -dioxolanes.
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Results And Discussion
The 1,2-dioxolanes (78) - (81) were successfully prepared from the corresponding
cyclopropyl alkyl hydroperoxides (82) -(85) (see Chapters), via mercury (ü) induced
cyclisation.
0— 0

0— 0

(78)

(79)

p——0

,

(80)

0 -^ 0

1/

The structures of the dioxolanes were confirmed by^H and

nmr spectroscopy, mass

spectroscopy and elemental analysis. In addition to this each dioxolane gave a positive
peroxide test with acidc ferrous thiocyanate.

The dioxolanes were obtained as

mixtures of cis and trans isomers. The cis isomer was the major product in each case.
(82) R=Me, (83) R=Et, (84) R=iPr, (85) R=cyclohexyl

OOH

Compounds

-(S5)
[

>

^

The cyclopropylalkyl hydroperoxides (82) -(85) were treated with mercury(U) acetate,
(1

equiv), and perchloric acid,

(2 0

mol%), in dichloromethane in order to prepare the
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corresponding acetoxymercurioethyl 1,2-dioxolanes.

The peroxymercuration did not

proceed in the absence of the perchloric acid catalyst so the required conditions
mirrorthose for the intermolecular reactions. These compounds wre not isolated but
treated with an aqueous solution of potassium bromide, ( 1 . 1 equiv), to afford the
bromoperoxymercurials ( 8 6 ) - (89).

(86)

(87)

(88)

0— 0

(sa>

The peroxymercurials ( 8 6 ) - (89) were isolated as white ciystaUine solids and were
purified via fractional recrystallisation from dichloromethane/pentane. The pure
compounds (8 6 ) - (89) were obtained in yields of 82%, 80%, 99% and 80%
respectively.

Their structures were confirmed by means of

and

nmr

spectroscopy and analysis. Further to this all four compounds gave positive peroxide
tests with acidic ferrous thiocyanate and positive mercury tests with dithiazone.
Nuclear magnetic spectroscopic data indicated that a mixtures of cis and trans isomers
were obtained in each case and that thh cis isomer was the major product.

199

Recently, Spencer has demonstrated that for some alkenyl hydroperoxides the
peroxymercuration reaction will occur in the absence of perchloric add if such cases
the reaction mixture is sonicated at room temperature. We wondered whether it would
be possible to use sonication in the case of cyclopropylalkyl hydroperoxides.

The peroxymercuration of (83) was carried out using three further methods, Methods
A, B and C. In the case of method A the substrate, (lequiv) was stirred with
mercury(U)

acetate in dichloromethane at room temperature. Method B involved

sonicating the substrate (1 equiv) and mercury(II) acetate (1 equiv) in refluxing
dichloromethane. All three experiments were set up to run for a period of twenty-four
hours and were monitored by T.L.C. , testing for peroxide with acidic ferrous
thiocyanate and mercury with dithiazone. However in all three cases no reaction was
observed.

Consequently one can conclude that in the case of cyclopropylalkyl

hydroperoxides perchloric acid catalysis

is necessary for a reaction to occur.

Furthermore one can suggest that the reactivity of a cyclopropylall^l hydroperoxide is
less than that of an analogous alkenyl hydroperoxide.

Hydridodemercuration of the bromoperoxymercurials

( 8 6 ) - (89) afforded the

corresponding 1,2-dioxolanes. The reactions were initially carried out in an atmosphere
of air and yielded 60%, 53%, 53% and 52% of compounds (78) - (81) respectively
after purification.

The dioxolanes were purified by silica column chromatography

(dichloromethane eluant) at a temperature of

0-4 ^C. Column chromatography at

200

ambient temperatures resulted in the decomposition of the dioxolanes.

The generation of epoxides is a well documented side reaction associated with the
hydridodemercuration

of

p-mercurioalkyl

peroxides. Thus

for

alkene-derived

peroxymercurials the reduction proceeds via (3-peroxyalkylradicals and oxiranes are
generated readily by y-scission (Fig. 5 see also chapter! section 2.0).

Fig. 5

Hg

X

H abstraction
y-scission

OOR
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In the case of cyclopropyl-derived peroxymercurials (Fig. 6 ) the side reaction ought to
be less pronounced as the reduction proceeds via intermediate y-peroxyalkylradicals.
W|le these might give rise to oxetanes via 8 -scission, this is expected to be considerably
less favourable than y-scission. Hence with cyclopropyl derived radicals cyclic ether
synthesis should be significantly reduced.

Hg

«9X
OCR

OOR

8

-scission

H abstraction

COR

We did not observe oxetane product in any of the hydridodemercuration reactions and
this suggests that the hydridodemercuration of cyclopropyl-derived peroxymercurials is
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cleaner than that observed with their alkenyl counterparts.

However, in each

reduction a chromatographically slow running fraction (Rf 0.13-0.15 dichloromethane
eluant) was observed.

We have been unable to identify these compounds but they

gave positive peroxide tests with acidic ferrous thiocyanate. A possible explanation is
that the by-products were generated by the trapping o f oxygen from the air .
In order to test this hypothesis the demercuration reactions were repeated under an
atmosphere of argon. Under these conditions the composition of the crude products
remained unchanged and the slow running material was still present. In light of these
results

it would appear unlikely that the by-products could have arisen from the

trapping of oxygen from the air and their identity remains to be determined.
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Chapter 6
Experimental
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E6.1 Preparation o f Bromoperoxymercurials
The cyclopropylalkyl hydroperoxide (1 mmol), was dissolved in anhydrous dichlo
romethane (5 ml), and added in one portion to a stirred slurry of mercury(II) acetate
(Immol), suspended in anhydrous dichloromethane (20 ml). 20 mol% Perchloric acid
was then added and the mixture stirred. When the reaction was complete as indicated
by T.L.C. the reaction mixture was washed with distilled water (3x10 ml). Potassium
bromide, (

1 .1

mmol) dissolved in distilled water

(2 0

ml) was then added and the

resultant two phase mixture stirred vigorously for 20 minutes. The aqueous layer was
discarded and the organic material washed witii distilled water (3x10 ml), dried over
anhydrous sodium sulphate and the solvent removed to yield the crude product as a
white crystalline solid.

The crude product was purified by recrystallistion from dichloromethane and 60-80
petroleum spirit.

3-r2-Bromomercurioethyl V5-methyl-l .2-dioxolane

(86)

Physical appearance : white crystalline solid
5

c(CDCl3 , 1 0 0 MHz)

:

82.41(81.76),

77.17(76.76),

30.24(30.16), 17.57(19.06)
Analysis ; CgHuBrHg0

2

requires. : C ; 18.12

H ; 2.80

Found ;C ;18.77

H ; 2.97

47.02(46.52),

33.46(32.44),
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Isolated as a mixture of cis and trans isomers in a ratio of 1:1.8 in favour of the cis
isomer. Data for the minor isomer are shown in brackets.

3-r2-BromomercurioethylV5-ethyl“1.2-diQxolane

T87 )

Physical appearance : white crystalline solid
6c(CDCl3,100MHz)

: 82.52(82.03),

82.16(81.63),

45.17(44.76),

33.28(32.51)

0.94(3H,t,J=7.47Hz),

1.52(4H,m),

30.09(30.00), 25.92(26.82), 10.52(10.25)
Data for the minor isomer are shown in brackets.

0

h(CDC1 3 ,400MHz)

1.65(4H,m ),

:

0.93(3H,t,J=7.47Hz),

1 .8 2 (lH ,m ),

2.01(4H ,m ),

2.32(2H ,dt, J=7.3H z, J=5.8H z),

2.81(lH,dt,J=11.86Hz), 4.18(4H, m)

Analysis: CyHi3 BrHg0

2

requires : C ; 20.52 H ; 3.19
Found : C ; 20.79 H ; 2.98

Compound (87) was isolated as mixture of cis and trans isomers in a ratio of 1:1.5 in
favour of the cis isomer.
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3-(2-BromomercurioethvlV5-isopropyl“L2-dioxolane

(88^

Physical appearance : white ciystalline solid
8c(CDCl3,10GMHz)

:

86.25(85.65),

82.32(82.06),

43.45(42.77),

33.05(32.24),

31.17(31.41), 30.49(30.40), 19.45(19.01), 18.69(18.43)
Isolated as a mixture of cis and trans isomers in a ratio of 1:1.5 in favour of the cis
isomer. Data for the minor isomer are given in brackets.

Analysis : CgHigBrHg0

2

requires : C ; 22.68
Calcd. C ,22.96

H ; 3.59
H ; 3.37

3-r2-BromomercurioethylV5“Cyclohexyl-l .2-dioxolane

(89)

Physical appearance : white crystaUine solid
6c(CDC13,100 MHz) ; 85.38(84.80), 82.10(81.90), 43.41(42.86), 40.94(41.26),
33.19(32.34), 29.90(30.27), 29.12(29.44) ,26.15(27.95) 25.74(26.10), 25.43(25.48)
Analysis : CjiHjpBrHgOj requires :

C ; 28.49 H ; 4.12

Found :

C ; 28.53 H ; 4.25

Compound (89) was isolated as a mixture of cis and trans isomers in a ratio of 1:1.8 in
favour of the cis - isomer.
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E6.2 Hydridodemercuration o f Bromoperoxymercurials
The peroxymercurial (1 mmol), was dissolved in dichloromethane, (20 ml) and cooled
to 0 ^C. Sodiumborohydride, (1.3 mmol) was dissolved in ice-cold sodium hydroxide,
(2M), and added dropwise. The mixture was then stirred for a further thirty minutes
and distilled water

(1 0

ml) was added to the reaction mixture and stirring was

continued for a further ten minutes. The organic material was separated and the
aqueous material extracted with dichloromethane (4x15 ml).

The combined organic

material was washed with distilled water (2 x 1 0 ml), dried over anhydrous sodium
sulphate and the solvent removed to yield the crude 1,2-dioxolane. The crude
dioxolanes were purified by column chromatography (dichloromethane as the eluant) at
0-4^C using a jacketed column .

3-Ethyl-5-methyl-l.2-dioxolane (78)
Physical appearance : colourless oil
0

h(CDC 1 3 ,400MHz) : CIS ISOMER MAJOR : 0.93(3H,t, J=5.1Hz), 1.26(3H,d,

J=6.12Hz), 1.53(lH,m), 1.68(lH,m), 1.77(lH,dt, J=6.82Hz, J=11.77Hz), 2.78(lH,dt,
J=11.77Hz, J-7.16HZ), 4.16(lH,m), 4.36(lH,m)
0

h(CDC 1 3 ,400MHz) : TRANS ISOMER MINOR : 0.94(3H,t,J=7.49Hz), 1.27(3H,d,

J=6.11Hz),

1.53(lH,m)<

1.68(lH,m),

2.21(lH,ddd,

J=6.27Hz),

J=7.67Hz),

J-11.67Hz), 2.29(lH,ddd, J=6.27Hz, J=7.67Hz, J=11.65Hz), 4.20(lH,m), 4.36(lH,m)
0c(CDC13,100MHz)

: 10.43(10.27),

77.05(76.87), 82.64(82.26)

18.79(18.42),

27.19(26.26),

47.33(46.61),
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Analysis : required for CgHi2 0 2 : C ; 62.04

H ; 10.41

Found : C ;62.34

H ; 10.64

Compound (78) was isolated as a mixture of cis and trans isomers in a ratio of 1:1.6 in
favour of the cis isomer.

3.5-Diethvl-L2-dixolane

(79)

Physical appearance : colourless oü
8

h(CDC 1 3 ,400MHz) TANS ISOMER MINOR : 0.93(6H, t, J=7.52Hz), 1.50(4H,m),

, 2.24(2H,t,,J=6.86Hz), 4.16(2H,m)
0

h(CDC 1 3 ,400MHz): CIS ISOMER MAJOR : 0.94(6H,,J=7.54Hz), 1.65(4H,m),

1.78(lH,dt,,J=l 1.80Hz), 2.73(lH,dt, J=11.79Hz), 4.16(2H,m)
8c(CDC13,100MHz) : 10.43(10.28), 26.82(26.30), 44.74(45.00), 82.08(82.43)
Data for minor isomer are given in brackets.
Analysis : C 7 H 1 4 O 2 requires ; C ; 64.38 H ; 10.55
Found: C ; 64.58 H ; 10.84
m/e (E.I.)

: 130(M+,

3.52%),

101((M-29)+,

6.12%),

72((M-58)+,

9.53%)_,

58((M-72), 17.93%), 29((M-101)+,100%)
Accurate Mass : Calcd. for M+ : 130.0994
Found : 130.0998
Compound (79) was isolated as a mixture of cis and trans isomers in a ratio of 1:1.8 in
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favour of the cis isomer.

3 “Ethyl-5-isopropvl-1.2-dioxolane

^80)

Physical appearance : colourless oil
6h(CDCB,400MHz) : 0.88,0.94(18H,2xm),
J=6.43Hz),

1.65(2H,

ddd,

J=7.23Hz,

1.49(2H, ddd, J= 13.60Hz,J=6.24Hz,

J=11.51Hz,

J=7.58Hz),

1.76(2H,

ddd,

J=6.95Hz,J=13.54Hz, J=7.52Hz), 2.31(1H cis isomer, dt, J=7.36Hz, J=11.79Hz),
2.17(1H trans isomer, ddd, J=6.95Hz, J=6.15Hz, J=12.14Hz), 2.23(1H trans isomer,
dt, J= 11.79Hz, J=6.93Hz),

cis isomer,àX, J=12.19Hz, J=7.08Hz), 3.88(2H,m),

4.13(2H,m)
0,(CDC13,100MHz)

; 10.45(10.025),

18.65(18.62),

19.40(19.54),

26.75(26.18),

31.82(31.35), 43.74(42.91), 82.59(82.42), 86.35(86.44)
Compound (80) was isolated as a mixture of cis and trans isomers in a ratio of 1:1.6 in
favour of the cis isomer. Data for the minor isomer are shown in brackets.
Analysis :

Found : C ;?1.91
C H O2 Requires : C ; ^1.63

H ; 11.21
H ; 10.18

m/e (E.I.) : 144(M+,2.94%), 101((M-43)+5.20%), 29((M-115), 62.59%, 43((M-101)+,
100%)
Accurate Mass : Calcd. for M+ : 144.1150
Found : 144.1153
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3-Cyclohexyl-5-ethyl"l.2-dioxolane

(811

Physical appearance : colourless oil
6

h(CDC 1 3 , 4

0 0

MHz)

:

0.92(3H,fra«^

/5o/wer,t,J=7.52Hz),

0.93(3H,c‘w

zjo-

w^r,J-7.52Hz), 0.95(4H,m), 1.17(4H,m), 1.49(2H,m), 1.56(2H,m), 1.65,1.68(10H,
2xm),

1.88(5H,m), 2A6{\YL,trans wc?/ner,ddd,J=7.64Hz, J-5.99Hz,

J=11.79Hz),

2.33(lHj?r«/w wower,ddd,J=7.58Hz, J=6.80Hz, J=11.80Hz),2.62(lH,dt,cz^ isomer,
J=7.06Hz, J=11.79Hz), 3.90(2H,m), 4.13(2H,m)
0c(CDC13,lOOMHz)

;

10.47(110.27),

25.56(2C),

25.59(25.89),

26.87(26.26),

29.14(26.86), 29.88(29.58), 41.55(41.81), 43.76(42.99), 82.45(82.25), 85.35(85.05)
Analysis :

Found : C ; 71.52
Requires C 1 1 H 2 0 O 2 : C ; 71.70

m/e

(E.I.)

:

184(M+,2.96%),

H ; 11.09
H ; 10.94

155((M-29),0.92%),

101((M-83)+, 10.90%),

83((M_101)+,83.80%), 29((M-155)+,68.81%)
Accurate mass : Calcd. for M+ : 184.1463
Found : 184.1440
Compound (81) was isolated as a mixture of cis and trans isomers in a ratio of 1:1.6 in
favour of the cis isomer. Data for the minor isomer are shown in brackets.
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Chapter 7:
Chemoselective Reduction
With Pyridine-Borane

215

Introduction
Diborane, has been modified and developed into a large number of extremely useful
synthetic reagents, so that in recent years organoboranes are no longer restricted to
reduction but have been used in C-C bond formation, and are being applied more and
more to stereoselective synthesis.

For example. Brown and Jadar^ , have prepared

(s)-artemisia alcohol in a yield of 85% and an enantiomeric purity of 96%
enantiomeric excess, using an organoborane transfer agent (eqn 1 ).
eqn

1

B
1 . (CH^)CHCHO

The reduction reactions performed by diborane and its derivatives have also been
improved and extended by using amine-borane complexes.

We have become

interested in one such complex, namely pyridine-borane complex, which is a versatile
reducing agent and is readily available.
functions only as a mild reducing agent.

In neutral media, pyridine-borane complex
However in acidic media its ability to

function as a hydride donor is greatly increased and it can be used to reduce various
classes of compounds some of which will be discussed briefly below^.
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n i Reduction Of Oximes. 0-Acyloximes and 0-Alkyloximes
Oximes, (2 ), 0-acyloximes, (3), and 0-alkyloximes, (4), are readily reduced to the
corresponding N-monosubstituted hydroxylamines, (5), 0-acylhydroxylamines, (6 ),
and 0-alkylhydroxylamines,

(7), respectively. The reaction occurs rapidly in acidic

media and is sufficiently slow that it may be carried out with 3-5 molar excess of
pyridine-borane complex (Fig.l).
Fig.l

NÛH

■n h o h

(2 )

(5)

% YIELD OF ( S )
Ph
m -

NOjCgH^

PhCH.(OH)

H

85 %

H

91 X

Ph

89 %

INOCOR^

NHOCOR^

(3)

(B)

RZ

R3

Ph

H

Me

69 %

Ph

Ph

Me

95 X

PhCHgCHg

H»

He

92 %

as YIELD OF (6>
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INOMe

■NH
O
M
e

C+)

(7)
% YIELD
P h C H jC H j

He

83 %

Ph

Ph

98 %

H

92

P -

C 1C ,H ^

OF

C7)

%

(2) Reduction of Heterocycles
Pyridine-borane complex is capable of reducing heterocycles in glacial acetic acid at
room temperature (Table 1).

Table 1
Substrate

Product

Quinoline

1,2,3,4-Tetrahydroquinoline

71%

[ndole

Indoline

86%

[soquinoline

1,2,3,4-Tetrahydroquinoxaline

Yield

48%

O) Reduction of Tosyl Hydrazones
The reduction proceeds readily, in good yield, (Table 2), and pyridine-borane is a
suitable replacement for sodium cyanoborohydride which has been commonly
employed for such reactions.
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Ri

R2

CgH;

Me

-(CH2)5-

Me

98%

CgHg

C2H 5

94%

% Yield of (8)

96%

R ‘R2C=NNHTs

Table 2

■►rIR^CHNHNHTs ( 8 )

The reduction of tosyl hydrazines is important in the preparation of hydroperoxides by
the method developed byCaglioti (see Chapter 5 ).

However at present the reaction

has not been extended to include the pyridine-borane reduction.
(4) Reduction of Aldehydes and Ketones
Aldehydes and ketones can be successfully reduced with pyridine-borane complex.
The reduction of aldehydes in trifluoroacetic acid gives rise to ethers, whereas the
treatment of ketones under the same conditions results in the formation of the
corresponding alcohol compounds (Figs 2,3,& 4)
Fig.2

Aldehyde

% Yield of Ether

m- CH 3 OC6 H 4 CHO

63%

CpHjsCHO

59%
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Fig.3

ArCOR

► ArCHgR

(A lk y l),C O

TFA

(A lkyl)jC H O H

Ketone

Product

Yield

QHgCOQHs

C6 H 5 CH2 C6 H 5

97%

C6 H 5 CH2 COCH2 C6 H 5

C6 H 5 CH2 CHOHCH2 C6 H 5

80%

Fig.4

Alcohol

Product

Yield

1-Tetralol

Tetraline

47%

C6 H 5 CH(0 H)C 6 H 5

C6 H 5 CH2 C6 H 5

97%
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We became interested in pyridine-borane as a reducing agent for the following
reasons:
—Sodium cyanoborohydride had been successfully replaced with pyridine-borane
complex in the reduction of cyclopropylalkyl tosyl hydrazones (see Chapter ).
—Pyridine-borane complex has a low reactivity and we wondered whether we could
take advantage of this feature in order to induce some selectivity in the reduction of
alkenyl tosyl hydrazones.

We were particularly interested in extending the pyridine-borane reduction to include
the reduction of alkenyl tosyl hydrazones, and then incorporating this modified
reduction step into the method developed by Caglioti and co-workers^ for the
synthesis of organic hydroperoxides (Fig.5).
Fig.5

r 1 r *C=NNHT8

—

r 1 r 2c HNHNHTs

► R^R^CHOOH

Alkenyl tosylhydrazines have been prepared previously by Courtneidge^, Melvin
Curtis^’^ and Spencer

as intermediates to alkenyl hydroperoxides, by reducing the

alkenyl tosylhydrazone with either sodium borohydride or sodium cyanoborohydride.
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The latter reducing agent has recently become the method of choice , as solubility
problems are commonly encountered with sodium borohydride and this tends to limit
the viability of the reaction.

The sodium cyanoborohydride reduction, though markedly better is not without its
drawbacks. The main disadvantages of this particular route include :
—Long reaction times, which may result in over reduction
—Rearrangements occur with certain systems
—The reaction does not proceed cleanly and many by-products are generated, which
makes it difficult to isolate the pure tosylhydrazine.
—Highly toxic by-products are generated during the reaction.

No attempt has been made to prepare alkenyl tosylhydrazines via a borane reduction
route and this perhaps reflects the belief that such a reduction would be complicated
by competing hydroboration reactions.

We have found that the reduction proceeds

cleanly and smoothly when pyridine-borane is employed as the reducing agent, and
now report the successful application of this modified reduction step to the synthesis
of four 0,8-unsaturated hydroperoxides and to cyclo-oct-4-enyl hydroperoxide via the
method developed by Caglioti and co-workers ^ (Fig.5).
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Results and Discussion
Acyclic Alkenyl Hydroperoxides
The hydroperoxides, (9)-(12) were prepared by the oxidation of the corresponding
acyclic alkenyl tosylhydrazones.

The structures of the peroxides were confirmed by

positive peroxide test with iron(III)thiocyanate,

nmr spectroscopy and by

comparison of the spectral data with published literature values.

Ph

Ph

OOH

OOH

OOH
(9)

(1C)

(11)

OOH

(12)

The aldehyde precursor of compound (9) and the ketone precursors of compounds
( 1 0 ) and (11) were prepared by Richard Curtis as is shown in schemes 1, 2 and 3.
The aldehyde precursor of compound (12) is commercially available.
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Scheme 1

Ph

Ph

(iii)
52

X

85

OH
(i)

CHgCHCHgMgBr

(ii)

H, 0 +

%

0
( L i i ) PCC

Ph

0

Ph

O
H

( i) MeMgl

(ii)

H,0*

(iii)

0

PCC

Scheme 3

cet
0

<i ) NaOEt

(iii)H3 0 +

0

(ii)

CH^C(CH3>CH2Ci

O i)^

(jiO
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The alkenyl tosylhydrazones

(13)-(16) were prepared from the corresponding

aldehydes and ketones by the method developed by Banford and Stevens^.

By

modifying the work up method the yields of tosylhydrazones derived from compounds
(13),

(14), and (15) were increased from 42%, 55%

and 64%

as reported by

C u r t i s t o 85% , 92% and 95% respectively.

The alkenyl tosylhydrazones (13)-(16) were then treated with pyridine-borane complex,
(1 mol equivalent), in an acidic medium, (cone HCl:C 2 H^OH ; 1:5), in order to effect
the reduction. Complete reduction was usually achieved within thirty five minutes, and
^^C nmr spectroscopic data indicated that the required alkenyl tosylhydrazines were
generated as major products.

Some minor products were also generated but the

proportion of these in the final product were negligible.

A major problem observed

was contamination of the products with pyridine which is released as the reduction
proceeds.

Fh

Ph

NNHTs

NNHTs

NNHTs

(13)

(15)

(14>

NNHTs
(IG)
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This was alleviated by washing the crude product with cold hydrochloric acid (2M),
and saturated sodium bicarbonate solutions.
tosylhydrazines included,

Further attempts to purify the

drying at 0.1 mm Hg, column chromatography and

crystallisation from chloroform/pentane.

However these attempts proved to be

unsuccessful and as a result the alkenyl tosylhydrazines were used in their crude
forms in the subsequent oxidation step.

The alkenyl hydroperoxides (9)-(12), were successfully prepared by treating the
corresponding alkenyl

tosylhydrazines

with 30% aqueous hydrogen peroxide,

(100 mol equivalent), and sodium peroxide, (11 mol equivalent), in tetrahydrofuran as
described by Curtis^. The work up method was modified so that the crude alkenyl
hydroperoxides underwent minimum manipulation and the purification procedure of
column chromatography was performed at between 0-4°C inorder to minimise any
decomposition of the products.

The yields of the hydroperoxides (9)-(12), prepared by the route incorporating the
pyridine-borane reduction step, showed an improvement when compared to the yields
of the

same

peroxides

prepared

via

the

route

incorporating

the

sodium

cyano borohydride reduction (Table 3) . However the improvement may be at least
partly due to the modified work up of the hydroperoxides. Another advantage of the
pyridine-borane route is that reaction times are shorter than those necessary with
sodium cyanoborohydride and it is easier to carry out than the sodium cyanoborohydride reduction.
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Table 3

A lk en yl H ydroperoxide

Yield'»

Y ield''

(S)

39 X

51 X

<10)

8 X

40 X

(11)

59 X

58 X

(12)

No Data

47 %

R*R^C= NNHTs

^ ^

^

R^R^CHNHNHTs-------------- ► R^R^CHOOH

(b) Pyrldlr»e-boranB A i*

( a ) N11HH3 CN /» *

UydooGtmyl tiydropemides
Cyclo-oct-4-enyl hydroperoxide, (19), was successfully prepared by the oxidation o f
the tosylhydrazine (18), which was prepared by the pyridine-borane reduction o f the
corresponding tosylhydrazone, (17).

The intermediates w ere prepared as shown in

scheme 4 as described by Spencer^’^.

"HciCrO^'

*
OH-

NHJNHTs

ÛÛH

NHNHTs

P y rld in * b o ran *

(19)

Scheme 4

(10)
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The tosylhydrazine, (18), was prepared by treating the corresponding tosylhydrazone,
(17),

with

pyridine-borane,

(conc. HC1:C2H^0H ; 1:5).

(1

mole

equivalent),

in

an

acidic

medium,

Complete reduction of the tosylhydrazone was usually

effected within twenty-five minutes.

Nmr spectroscopic data indicated that the

reduction had proceeded cleanly and that the required product had been generated. As
with the pyridine-borane reduction of the acyclic alkenyl tosylhydrazones the product
was contaminated with pyridine generated from the reduction. No attempt was made
to remove the pyridine and the crude tosylhydrazine was used in the subsequent
oxidation step.

The crude cyclo-oct-4-enyl-tosylhydrazine,

(18), was treated with aqueous 30%

hydrogen peroxide, (100 mol equivalent), and sodium peroxide, (1.6 mol equivalent)
in tetrahydrofuran.

The work up procedure was once again modified in order to

minimise any possible decomposition and column chromatography was carried out at
between 0-4 ^C. Cyclo-oct-4-enyl hydroperoxide, (19) was obtained in a yield of 48%
(for the final step) which is comparable with that reported by Spencer^»^.

Cyclo-oct-4-enyl hydroperoxide, (19), has been prepared previously by Courtneidge^,
M e l v i n a n d Spencer*. In each case the intermediates were prepared as is shown in
Scheme 4, fi-om commercially available cis,cis-cyclo-octa-1,5-diene.
preparation of the cyclo-oct-4-enyl tosylhydrazine,
Courtneidge prepared

(18), via the

However the

(18), differs in each case.

sodium borohydride

reduction of the
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corresponding tosylhydrazone.
by poor solubility.

This particular method o f reduction w as complicated

The best results were obtained using a m ixture o f aqueous

methanol and dichloromethane and gave an overall yield o f 19 % for conversion to
hydroperoxide (Fig 6)

OOH

NHNHTs

NNHTs

Fig.6

HA
N«A
(1 9 )

[H I

U 7>

(16)

METHOD OF REDUCTION

OVERALL YEILD

C o u rtn e id g e

N aB H ^/O H ^C l^A leO H

19 %

Me I v i n

NaBHjCN/H*

50 %

Spencer

NaBHgCN/H*

+0 X

K o r k o d l 1 oS

P y r i d i n e - b o r a n e A t*

42 %

The m ethod was later improved by Melvin ^ who adopted the sodium cyanoborohydride
reduction o f Rosini and co-workers^. This achieved an increase in the overall yield o f
the tw o steps to 50%.
overall yield o f 40%

This method was later adopted by Spencer w ho achieved an
similar to that reported by Melvin.

The pyridine-borane

reduction method used here affords an overall yield o f 42% which is as good as that
reported by Spencer and comparable with Melvins' results.

H ow ever a major disadvantage o f the sodium cyanoborohydride reduction is that an
acid catalysed rearrangement is observed with the

cyclo-oct-4-enyl-

system (Fig7).

The rearrangem ent occurs only when the pH o f the reaction m ixture falls considerably
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below 3.5 but can be avoided by carefully controlling the pH o f the reaction mixture.

It has been suggested that when the pH falls below 3.5 the tosylhydrazone (20),
rearranges to an enamine which may subsequently form(21). Com pound (21) can then
rearrange so that the tosyl hydrazine group becomes attached to the carbon atom
adjacent to the one to which it was originally bonded (Fig. 7).

Cr

NNKTs

NHNKTs

-H-*

(2 0)

W**fTs

(2 1 )
NHNHTs

NHNHTs

NHNHTs

NaBH^CN

Fig-7

Consequently the hydrazine consists o f tw o isomers which yield cyclo-oct-4-enyl
hydroperoxide and cyclo-oct-3-enyl hydroperoxide in the subsequent oxidation step.
Under the pyridine-borane conditions such a rearrangement was not observed and only
cyclo-oct-4-enyl hydroperoxide was isolated.

This is a further advantage o f the new
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method.

We were unable to prepare cyclo-oct-3-enyl hydroperoxide, (22), via the route
incorporating pyridine-borane reduction.

The intermediate tosylhydrazone was

prepared by Spencer^’^ as is shown in Scheme 5.

OOH

(22)

We were unable to prepare the tosylhydrazine (23), via pyridine-borane reduction.
This was due to the fact that compound (23) was only sparingly soluble in solvent
initially used, ethanol-dioxan, (1:8 respectively) and only unreacted tosylhydrazone
was recovered. Changing the solvent composition to ethanol-dioxan-dichloromethane
(3:6:3 respectively) increased the solubility, but had no effect on the reaction and
again only unreacted starting material was isolated.
pronounced difference in solubility
cyclo-oct-3-enyl tosylhydrazines.

It is not clear why such a

should exist for the cyclo-oct-4-enyl and
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Scheme 5

HO

M# CO,H

'HjCrO^'

LiAlH.

TsNHN

Scheme 6

NHNHTs

NHNHTs

p y rid in ^ b o ra n e

(23)
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Summary
Pyridine-borane can be used to reduce alkenyl tosylhydrazones. The reaction proceeds
cleanly and no by-products are observed. A major problem however is contamination
of the alkenyl tosylhydrazines with pyridine released during the reduction. This may
be alleviated by washing the hydrazine with dilute acid.

Pyridine-borane is a suitable replacement for sodium cyanoborohydride and the main
advantages of this particular reduction is that :
— the reaction time is short, thirty minutes at the most
—Acid sensitive compounds such as cyclo-oct-4-enyl tosylhydrazone may be reduced
via this route with no rearrangement.
—Pyridine-borane is readily available and easy to handle.
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Experimental
Preparation of p-Tosylhydrazones
The carbonyl substrate ,(lmmol), was dissolved in absolute alcohol (1 ml), and added
in one portion to a stirred slurry of p-tosylhydrazine (Immol), in

absolute alcohol

(10 ml), at 40 ^C. Stirring was continued until all of the solid was dissolved.

The

volume of the mixture was then reduced to one half at a rotary evaporator and the
mixture cooled to

0

whereupon the product crystallised out. The product was

then recrystallised from ethanol pentane and dried at 1 mm Hg.

The spectral data obtained are given below and compare well with published literature
values.

2-Phenylpent-4-enal-p-tosylhydrazone (13)
Physical appearance: white crystalline solid

mp : 109 - 110.4

5c(CDCl3,50 MHz) : 21.63, 37.05, 48.32, 116.92, 127.10, 128.12, 128.74, 129.61,
135.15, 135.34, 139.56, 144.23, 153.42

3-Phenylhex-5-en-2-on-p-tosylhydrazone (14)
Physical appearance: White crystalline solid

mp : 123.5 - 124.3

5c(CDCl3,50 MHz) :15.16, 21.62, 36.64, 53.85, 116.15, 126.89, 127.99, 128.15,
123.46, 129.52, 135.44, 136.27, 140.13, 143.92, 157.99
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5-M ethylhex-5-en-2-on-p-tosylhydrazone (15)
Physical appearance: white crystalline solid

mp: 110 -ll.d ^ C

0,(CD Cl3,50 M Hz) : 15.72, 21.63, 22.24. 33.63, 36.88, 110.45, 128.09, 129.48,
135.47, 143.86, 144.51, 156.57

4-M ethyl-4-pentenal-p-tosylhydrazone

(16)

Not isolated

Preparation o f N-alkenyl-N'-p-tosylhydrazines
The tosylhydrazone, (Im m ol),w as dissolved in absolute alcohol (1 ml), and anhydrous
dioxan (8 ml), in an atm osphere o f nitrogen.

The resulting solution was cooled to O

by means o f an ice w ater bath and pyridine-borane (3 mmol) added in one portion.
A solution o f concentrated hydrochloric acid, (1 ml), and absolute alcohol, (5 ml) was
prepared and cooled to 0

; 5 ml o f this solution was then added to the reaction

mixture and stirring continued for a further twenty-five minutes.

The volume o f the reaction mixture was then reduced by tw o-thirds at a rotary
evaporator , and the resulting viscous mixture allowed to cool to room tem perature.

•SoTiûrnîarbonQÊE 5oluficn 10%*U/'OS 4lte vi ttdded drcpuCise ithtd no fu-rtViÈ.*'
effervescence was observed.

Adding pentane and cooling the m ixture did not cause

crystallisation to occur at this stage. Consequently the organic product was extracted
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into chloroform, dried over anhydrous sodium sulphate and the solvent removed at a
rotary evaporator to yield the crude product as a viscous yellow oil.

The spectral data below compares well with literature values though not all hydrazines
were examined at 100 MHz. In some cases the

nmr spectrum at 60 MHz was used

to determine if the reaction had proceeded.

The N-alkenyl-N'-p-tosylhydrazines (13) (14) and (16) were not isolated but convertrd
directly to the corresponding alkenyl hydroperoxide.

N-r5-Methylhex-5-en-2-ylVN'-p-tosylhydrazine derived from (15)
0c(CDCl3,100MHz) : 18.28, 21.41, 22.29, 32.42, 33.69, 55.95, 109.65, 128.28,
129.31, 135.62, 143.68, 145.34
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N-rCyclo-oct-4-enyn-N-tosylhydrazine (18)
ôc(CDCl3,100MHz) :21.24, 22.84, 25.32, 25.86, 31.15, 32.56, 59.67, 129.20, 129.47,
129.53, 129.82, 135.47, 143.47

Preparation Of Hydroperoxides
To a stirred solution of crude N-alkenyl-N'-p-tosylhydrazine

(7.5 mmol),

in

tetrahydrofuran (100 ml), cooled in an ice bath was added 30% aqueous hydrogen
peroxide (750 mmol), and sodium peroxide (11 mmol).
room temperature for 24 hours,

The mixture was stirred at

distilled water (200 ml), was then added and the

mixture cooled by means of an ice bath. The solution was then neutralised with cold
2M hydrochloric acid and extracted into cold dichloromethane, dried over sodium
sulphate and the solvent removed at a rotary evaporator ( water bath filled with
ice/water mixture) to yield the crude product. The crude product was then purified by
column chromatography at 0

(CH2 CI2 eluent ).

The spectral data obtained compare well with literature values.

2-Phenylpent-4-enyl.hydroperoxide

(9)

0c(CDCl3,100MHz) :37.00, 43.95, 116.95, 126.68, 127.98, 128.65, 136.57, 141.87
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3-Phenylhex-5-en-2-yl. hydroperoxide (10)
ôc(CDCl3,100MHz) : 16.00, 36.58, 49.12, 116.48, 126.98, 128.54, 128.75, 136.69,
141.00

5-Methyl-hex- 5-en-2-yl. hydroperoxide (11)
5c(CDCl3,100MHz) : 19.12, 22.67, 32.00, 33.45, 81.54, 110.35, 146.71

4-Methyl-pent-4-en-1-yl.hydroperoxide (12)
5c(CDCl3,100MHz) : 29.84, 33.09, 67.82, 80.49, 114.50, 138.21

Cyclo-oct-4-enyl. hydroperoxide (19)
ôc(CDCl3,100MHz) : 22.58, 24.65, 25.42, 30.10, 36.01, 85.92, 129.26, 129.92
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Chapter 8
Preparation O f
Alkylhydroperoxides By
Peroxymercuration And
Reduction
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During the course of this project I became acutely allergic to
organo-mercury compounds and therefore I was unable to continue
any experimental work.

As a consequence o f this the work

described here is incomplete and many spectra and analytical results
are missing.

However I include it here as it describes a new preparative route to
alkylhydroperoxides by hydroperoxymercuration and reduction.

242

8.0 Introduction
The alkyl peroxymercuration-demercuration reactions o f alkenes (R=4), have been
widely studied and form the basis o f a versatile method for the preparation o f a wide
range o f dialkyl peroxides

This method o f peroxide synthesis is attractive as it is

relatively easy to perform, can tolerate a wide range o f functional groups, and can be
extended to include the preparation o f cyclic and bicyclic peroxides (Scheme 1).
Scheme 1

RiR2C=CHR3 + R 4 0 0 H + Hg(02CCX 3)RiR2C(CX)R4)CH (Hg02CCX3)R3 +

HO 2 CCX 3

In contrast the hydroperoxymercuration o f alkenes, (R^=H), has not been studied as
widely and until recently all the preparative methods available involved the use of
either concentrated, (55 -87% ), or anhydrous hydrogen peroxide. As a consequence of
the harsh conditions and prolonged reaction times which are neccessaiy to effect the
peroxidation yields o f the alkylhydroperoxide are often low.
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For example the hydroperoxy mercurials (A) and (B) derived from cyclohexene
and styrene respectively have been prepared by Schmitz and

co-w orkers ^

by

treating parent alkene with mercury(II) acetate and 55% hydrogen peroxide.

HgOAc

Bloodworth and Loveitt^ have reported the preparation of the peroxymercurials
shown the below by treating the parent alkene with mercury(II) tiifluoroacetate
and 78 -80% hydrogen peroxide. A major drawback of this particular method is
that the hydroperoxymercurials are obtained as mixtures with the corresponding
bis- p-mercurioalkyl peroxides.

RiR2C=CH

+

Hg(02CCF3)2 ----------------

RiR2C(00H)CH2Hg02CCF3
(F3CC02HgCH2CRiR20)2

Alkene

R

R

Ethene

H

H

Propene

Me

H

Phenylethene

2-Methylpropene

Ph

Me

H

Me
.................J

+
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More recently, Bloodworth and Spencer^ have described the preparation of some
hydroperoxymercurials

and the corresponding hydroperoxymercuiy bromides by

treating the alkenyl substrate with 30% hydrogen peroxide and mercury(II)acetate
(Scheme 2).
Scheme 2

RiR2C=CHR3
R e a g e n ts : H g (O A c )^

RiR2C(OOH)CH(%Br)R3 + RiR%(OH)CH(HgBr)R3
^30% H^O^, KBr

Table 1

Alkene
Tex-l-ene

Yield <%) o f Pure Product
24

i-Methylstyrene

79

x-Methylstyrene

86

Cyclopentene

10

[E)"But-2-ene

15

[E)-Hex-3-ene

11

1-Methyicyclohexene

82

P r o d u c t R :R % (O O H )C H (% B r )R 3
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This method is attractive as it can be extended to include a wide range of alkenes
(Table 1) and employs the use o f 30% hydrogen peroxide which is less hazardous than
60 - 90% hydrogen peroxide.

We became interested in the hydroperoxymercuiy acetates and bromides as possible
intermediates for the synthesis of alkyl hydroperoxides. Two possible routes for the
hydroperoxide synthesis can be envisaged, (Scheme 3).
Scheme 3

RiR2C=CRW

Rm2C(OOH)CH(HgX)R^R^

RiR2C(OOH)CHR^R4

RiR2C(OOR5X:H(HgX)R3R4

RiR2C(OOR5)CH(H)RW

Route A involves the direct demercuration of the peroxymercurial. Route B involves
demercurating the protected compound and then deprotecting the peroxymercurial.
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Direct reduction o f the alkylperoxymercurial is

not possible as the hydroperoxide

group is reduced under the conditions o f demercuration. Consequently the peroxide
group must be protected, Route B.

Spencer^ has unsuccessfully attempted to protect the hydroperoxide function by
converting it to the corresponding silyl chloride. This particular protecting group was
attractive as oiganosilicon peroxides are relatively stable and are readily desylilated
upon treatment with tetra-n-butylammonium chloride in tetrahydrofuran.
However , we now find that conversion o f the hydroperoxymercurials, (I), into the
2-methoxyprop-2-yl derivatives,

(II), protects the peroxide linkage during the

borohydride reduction. Subsequent deprotection then affords the alkylhydroperoxides,

(in). The four step procedure (Scheme 4) is easy to cany out and uses readily
available reagents. Our results are presented below.
Scheme 4

r ir 2c =c 3 H

R - Î ^ RiR2C(OOH)CH(%Br)R3

RiR2C(00CMe20Me)CIÇl3

RiR2C(00CMe20Me)CHR^

RiR2C(OOH)Cim3

(i) 30% HO , Hg(OAc) then KBr (ii) MeOC(Me>=CH2 , catalyst pyH+ GTs% (ii^NaBH^, NaOH (w)

AcOH^H^O
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8.1 Results A nd D iscussion
The alkylhydroperoxides (4), (8), (12), (16), (20), (21) and (22) were prepared
successfully by the method shown in Scheme 4. .The structures of the peroxides were
confirmed by

and,

nuclear magnetic resonance spectroscopy, elemental analysis

or by conversion to the corresponding alcohol. Where appropriate the structure of the
peroxide was confirmed by comparison with published literature values.

The p-hydroperoxyalkylmercuiy(II)broni, do . (1), (5), (9), (13) and (17) were prepared
by treating the corresponding alcohols with mercury(II) acetate and 30% aqueous
hydrogen peroxide as described by Bloodworth and Spencer^.

The alkene substrate (10 mmol), was added to a magnetically stirred suspension of
mercury(U) acetate (10 mmol) and 30% aqueous hydrogen peroxide (90 mmol). The
mixture was stirred for forty-five minutes and then extracted with dichloromethane.
The combined extracts were stirred vigorously with aqueous potassium bromide (11
mmol) for thirty minutes.

The organic layer was then separated and the aqueous

material extracted with dichloromethane.

The combined dichloromethane solutions

were dried over anhydrous magnesium sulphate and the solvent removed at a rotary
evaporator to yield the crude product which was purified by silica column
chromatography.
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OOH

HgBr
( 1)

HgBr

(3)

(2 )

,00H

(4)

OOH

4gBr

(5)

(6 )

(7 )

(8 )

OOH

OOC(Me)„OMe

OOC(Me)^OMe

HgBr
(10

( u)

OOH

02)
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OGH
MeO.

MeO'

(13)
Œ3H
MeO

(16)

ÜOH

4gBr

4gBr

(1 9 )

(18)

(1 7 )

OGH

( 20 )

GGH

(2 1 )

(2 2 )
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We found that by using the following modified method better yields o f the
p-hydroperoxy alkylmercuiy(II) bromides were obtained (Table 2) ;

Table 2
Yield of
Alkene

p-hydroperoxymercury(II) bromide (%)
A

Styrene
4-Methylstyrene
3t-Methylstyrene
Cyclohexene

Not available
79%

B
95%
90%

Not available

88%

13%

92%

A : results published by Bloodworth and Spencer^

Mercuiy(II) acetate (10 mmol), was added in one portion to 30% aqueous hydrogen
peroxide (90 mmol) and the resulting suspension stirred vigorously until all of the
mercuiy(II) acetate dissolved (approximately 5 minutes).

The alkene substrate (10

mmol) was then added and the mixture stirred for ninety minutes.
proceeded the p-mercury(II) acetate precipitated out o f solution.

As the reaction
The mixture was

filtered and the solid suspended in dichloromethane (15 ml), ' aqueous potassium
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bromide (11 mmol) was then added and the mixture stirred vigorously until all the
soUd was consumed in the reaction. The aqueous layer was separated and extracted
with dichloromethane (2x10 ml).

The combined dichloromethane solutions were

washed with distilled water (2xl0ml), dried over anhydrous magnesium sulphate. The
volume of the mixture was reduced to about 10 ml at a rotary evaporator. The mixture
was then cooled in an ice water-bath and afew drops o f pentane added. Upon addition
of the pentane the product crystallised out. The mixture was filtered and the ciystals
washed with cold pentane.

An attractive feature o f this method is that the

peroxyalkylmercuiy(n)acetates can be purified by recrystallisation as opposed to
liquid-liquid extraction with dichloromethane or silica colunm chromatography as
described by Bloodworth and Spencer.

The 2-Methoxyprop-2-yl derivatives (2), (6), (10),(14) and (18)were prepared readily
by treating the p-hydroperoxyalkylmercuiy(II)bromides

with 2-methoxy propene

(1.5 equiv) and a few milligrams o f pyridinium p-toluene sulphonate as described
byDussault and Sahlif The 2-methoxyprop-2-yl derivatives were obtained as viscous
yellow oils which crystallised on cooling. With the exception of the styrene derivative
(2) which was isolated by Chris Cooksey, all 2-methoxyprop-2-yl derivatives were not
isolated but used crude in the subsequent hydridodemercuration step.

Compounds (2), (6), (8), (10), (14) and (18) were reductively demercurated as
follows ; The mercurial (1 mmol), was disolved in dichloromethane (20 mis) and
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added dropwise to a solution of ice cold sodium borohydiide dissolved in 2.5M
sodium hydroxide (10 ml). During the addition the reaction mixture was cooled by
means of an ice-water bath. After the addition was complete the mixture was stirred
for a further ten minutes.

The mercuiy was then removed by filtration and the

aqueous and dichloromethane layers separated. The aqueous layer was extracted with
dichloromethane (2x10 ml).

The combined dichloromethane extracts were washed

with distilled water (2x10 ml), dried over anhydrous magnesium sulphate and the
solvent removed to yield the crude product.

Again with the exception o f the styrene derivative which was isolated by Chris
Cooksey, compounds (6), (10), (14) and (18) were not isolated but used crude in the
subsequent step.

Care must be taken with the hydrido-demercuration step , especially for compounds
derived firom disubstituted ethenes otherwise extensive formation o f epoxide takes
place.^ Using the method described above some epoxide formation was observed for
compounds (2), (6), (10), (14) and (18). However when the following modification
was

made to

the hydrido-demercuration

procedure,

epoxide

formation was

was significantly reduced :

The mercurial was dissolved in cold dichloromethane (20 ml) and sodium hydroxide
(2.5M, 2 ml) and added dropwise to a cold solution o f sodiumborohydride (20mmol)

dissolved in sodiumhydroxide (2.5M, 8 ml).

The peroxyacetal protecting group was removed readily upon treatment with aqueous
acetic acid. The hydroperoxides (4), (8), (12), (16) and (20) were purified by silica
column chromatography at a temperature o f 0 - 4^C (dichloromethane eluant) and were
obtained in good yields table

The procedure was then modified to allow for a 'one pot ' method details o f which are
given below. Compounds (21) and (22) were prepared by this method.

Pyridinium p-toluenesulphonate (5 mgs) and 2-methoxypropne (15 mmol) were added
to a solution of p-hydroperoxyalkylmercuiy(II) brimide

(I) prepared firom the

corresponding alkene (10 mmol) as previously described. The mixture was stirred for
forty minutes and then sodium hydroxide ( 2.5M, 2 ml) was added. Using a Pasteur
pipette, this mixture was added a little at a time to an ice cold solution o f sodium
borohyhrode (20 mmol) in sodium hydroxide (2.5 M , 8ml),. After the addition was
complete (about twenty minutes) the mixture was stirred for forty-five minutes , then
filtered into a separating funnel.

The residue was washed with dichloromethane

(10 ml) and the combined dichloromethane layer isolated and washed with water (20
ml).

The dichloromethane was removed at a rotary evaporator and 2,6,-

di-tert-butyl-4-methylphenol ( 2-5 mg) , tetrahydrofuran (6 ml) ,

distilled water

( 6 ml ) and glacial acetic acid (12 ml) were added in that order. The solution was
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stirred for twenty-four hours, distilled water (30 ml) added and the whole extracted
with diethyl ether (3x15 ml). The ether extract was wqashed with water (2x10 ml),
dried over anhydrous magnesium sulphate and the solvent removed at a rotaiy
evaporator.

The crude product was chromatographed (Si02, CH2 CI2 ) to afford the

pure alkyl hydroperoxide (IV).

~\oM e,3

Peroxide
(4)

Overall Yield
38%

(B)

30%

(12)

40%

(16)

32%

(20)

37%

(21)

40%

(22)

33%

The method has been shown to work for a tertiary alkyl hydroperoxide (20), but we
have concentrated on secondary alkylhydroperoxides because they are the type most
difhcult to prepare from hydrogen pei^oxide by standard methods.

Our yields

(Table 3) which have not been optimised compare favourably with those obtained from
substitution based routes including that (19%) obtained for oct-2-yl hydroperoxide by
the new use o f 2-methoxyprop-2-yl hydroperoxide.

The latter reagent gives
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exellent yields of primary alkyl hydroperoxides, whereas a general synthesis of these is
precluded by the regioselectivity of the hydroperoxymercuration step. Thus our method and
that of Dussault and Sahli,^while both making use of peroxyacetals are complementary.
It has recently been shown that racemic mixtures hydroperoxides can be resolved by
chromatographic separation of peroxyacetals derived from a chiral vinyl ether

H
1

R O O ^O

.

JL

booh

(»p«cal,pu«)
H

Thus by inccorporating such a reagent in place of 2-methoxypropene, it should prove
possible to prepare enantionerically pure secondary alkyl hydroperoxides from alkenes.
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Peroxvmercuration O f Olefinic Substrate
The olefinic substrate, (10 mmol), was added in one portion to a magnetically stirred
solution o f mercuiy(n)acetate, (10 mmol), dissolved in 30% hydrogen peroxide, (90
mmol). Stirring was continued for 90 minutes during which time the crude
hydroperoxyalkyl mercury acetate precipitated out. The crude hydroperoxy mercuiy
acetate was filtered , washed with distilled water, (4x10 ml) and suspended in
dichloromethane, (40 ml). A solution o f potassium bromide, (15 mmol), dissolved in
distilled water, (40 ml), was then added and the resulting two phase mixture stirred
vigorously until all the hydroperoxalkyl mercury acetate dissolved. The organic layer
was then separated, washed with distilled water, (2x20 ml), dried over anhydrous
magnesium sulphate and the solvent removed under reduced pressure to yield the
crude hydroperoxyallc^ mercuiy bromide quantitatively as either a white solid or
colourless oil.

Protection O f The Hydroperoxide Group
2-Methoxypropene, (10 ml), was added in two portions to a magneticalfy stirred
solution o f pyridinium toluene sulphonate, (50 mgs), and hydroperoxyalkyl mercuiy
bromide, (9 mmol), in dichloromethane, (30 mis). After 15-20 minutes the perketal
precipitated out as a white crystalline solid. Stirring was continued for a further 30
minutes. The solvent was then removed under pressure to yield the crude product
quantitatively as a white crystalline sohd.
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Demercuration O f The Perketal
The perketal, (10 mmol), was dissolved in dichloromethane, (20 ml), and added
dropwise to a magnetically stirred suspension o f ice cold sodium borohydiide, ( 1 5
mmol), in 2.5M sodiun hydroxide, (10 ml). After the addition was complete the
mixture was stirred for a further 10 minutes. The mercuiy was removed by filtration
and the dichloromethane layer washed with distilled water, (2x20 ml), dried over
anhydrous sodium sulphate and the solvent removed to yield the crude product as a
colourless oil.

Deprotection O f Peroxide Group
The perketal derivative, (10 mmol), was added in one portion to an ice cold
magnetically stirred solution o f BHT, (1.2 mgs), in tetrahydrofuran, (2 ml), glacial
acetic acid, (4 ml) and distilled water (2 ml). The mixture was stirred over 24 hours.
Distilled water, (30 ml), was then added and the mixture stirred for a further 5
minutes. The organic material was then extracted into ether, (4x15 ml), dried over
anhydrous sodium sulphate and the solvent removed to yield the crude alkyl
hydroperoxide as a colourless oil.
The pure hydroperoxide was isolated by means o f column Chromatography at a
temperature o f between 0-5 ®C, using dichloromethane as the eluent.
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Preparation o f 1-phenvl ethyl hydroperoxide (4)
Compound (1)
N.m.r. data compares well wuth published literature values

Compound (2^
5h(CDC13,400MHz)
JHg=196Hz),

; 1.40(3H,s),

1.41(3H,s),

2.43(lH ,dd,J=5.7H z,

2.27(lH,dd,J=7.3Hz,

J=11.8Hz,

J=11.9Hz,

JHg=196Hz),

3.27(3H ,s),

127.98(10,d),

125.83(20,d),

5.42(lH,dd,J=5.6Hz, J=7.2Hz)7.31 -7.39(5H,m)
6c(CDCl3,100MHz) : 142.53(10,s),
105.10(10,8),

128.54(20,d),

84.16(10,d,JHg=94Hz),

49.37(10,q),

40.03(10,t,JHg=1526HzX

22.93(10,q), 22.73(10,q)
multiplicity was determined by an APT experiment.
Analysis

Found : O : 29.58

Required for Oi2 H i^ 3 BrHg :

H : 3.38

O : 29.43

H : 3.50

1.36(3H,s),

1.47(3H,d,J=6.66Hz), 3.22(3H,s),

Compound 3
§h(ODO13,400MHz) : 1.31(3H,s),

5.08(lH,q,J=6.66Hz), 7.24-7.38(5H,m)
0c(ODOl3,100MHz) : 142.27(10,s),

128.15(20,d),

127.62(10,d),

126.46(20,d),
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104.52(lC,s), 81.58(lC,d), 49.10,1C,q), 22.87(lC,q), 22.17(10,q), 20.57(lC,q)
multiplicity was determined by mans o f an APT experiment.
Analysis ;

Found :

C : 68.28

H : 8.95

Required for C1 2 H 1 8 O3 :

C ; 68.54

H: 8.63

Compound 4
N.M.R values compare well with published data.

Preparation o f hydroperoxide (8^
Compound (5>

Compound (5) was not isolated and the data given below is for the crude product
5

h(CDC1 3 , 6 0 MHz) : 2.44(2H,m), 2.48(3H,s),

6.20(lH ,t),

7.04 - 7.64(4H,m),

8.70(lH ,s)

Compound (61

Comound (6 ) was not isolated and the data given below is for the crude product.
6c(CDCl3,60MHz) : 1.44(6H,s), 2.22(2H,m), 2.39(3H,s), 3.24(3H,s), 5.60(lH,m),
7.00 - 7.40(4H,m).

Comound ( 7\

Compound (7) was not isolated. The data given below is for the crude product.
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6

h(CDC1 3 ,60MHz) : 1.523(3H,d), 2.48(6H,d), 3.32(3H,s), 4.08(lH ,t), 7.2(5H,m)

Compound (81
0

h(CDC1 3 ,200MHz)

:

1.46(3H,d,J=6.66Hz),

2.38(3H,m),

5.40(lH,q,J=6.66Hz),

7.34(3H,m), 7.45(lH,d), 9.67(lH ,s)

0c(CDCl3,100MHz) : 18.87,

19.29, 79.98,

124.89,

126.38,

127.73,

130.58,

135.56, 139.43
Analysis

Found C : 71.32
Required for C9 H 1 2 O2

C : 71.02

H : 8.20
H : 7.91

Preparation o f hydroperoxide (12)
Compound (91
The n.m.r data compares well with literature values.

Compound (101
Compound (10) was not isolated and the data given below is based on the crude
product.
6

h(CDC1 3 , 6 0 MHz) : 1.62(6H,s), 2.44(2H,m), 2.52(3H,s), 3.48(3H,s), 5.44(lH,m),

7.32(4H,s)
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Comound (11)
8

h(CDC1 3 ,60MHz) : 1.72(3H,s), 2.62(3H,s), 3.52(3H,s)5.48(lH,m), 7.3(4H,m)

Compound (12)
0

h(CDC1 3 ,2 0 0 MHz)

1.48(3H,d,J=1.2Hz),

2.39(3H,s),

5.16(lH,qJ=1.2Hz),

8.26(2H,d,J=8.25Hz), 8.27(2H,d,J=8.24Hz)
5

c(CDCl3 , 1 0 0 MHz) : 19.85, 30.21, 83.34, 126.48, 129.14, 137.82, 138.24

Analysis

Found : C : 71.29

Required for C ^ j 2 ^ 2

C : 71.03

H : 8.24
H : 7.95

Preparation o f Compound (16)

Compound (13^
Compound (13) was converted directly into the coresponding perketal (14)

Compound (141
Compound (14) was not purified the data below is for the crude mixture.
6

h(CDC1 3 ,6 0 MHz) : 1.44(3H,s),

6.88(2H,d), 7.24(2H,d)

2.28(2H,m), 3.62(3H,s), 3.82(3H,s), 5.24(lH,mO,
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Compound H51
Compound (14) was not purified the data below is based on the crude product
6

h(CDC1 3 , 6 0 MHZ) : 1.48(9H,br.s), 3.88(3H,s), 5.16(lH,m), 7.64(2H,d), 7.80(2H,d)

Compound (161
ônCCDasôOMHz) : L40(3H,s), 3.80(3H,S0, 5.10(lH,m ), 7.04(2H,d),7,24(2H,d),
7.94(lH,br.s)
6c(CDCl3,100MHz) ; 19.68, 30.14, 55.09, 82.96, 113.73, 114.59, 127.92, 127.98
Analysis Found :
Required for C9 H 1 2 O3 :

C :64.59

H :7.23

C : 64.27 H : 7.19

Preparation o f cumyl hydroperoxide (201
Compound (171

N.M.R. data compares well with published data.

Compound (181
8

h(CDC1 3 ,6 0 MHz) : 1.90(6H,s), 2.24(3H,s), 2.86(2H,s), 2.72(3H,s), 7.72(5H,m)
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Comound (19)
Compound (19 was converted directly into the corresponding hydroperoxide.

Compound (20)
The n.m.r. data compares well with published values.
0

h(CDC1 3 , 6 0 MHz) : 1.72(6H,s), 7.42(5H,m)

0c(CDCl3,100MHz) : 26.06, 83.94,125.35, 127.44, 128.31, 128.52, 133.14, 144.54

Preparation o f Cvclohexvl Hydroperoxide ( 2 n
Compound (14) was prepared by the ’one pot’ method described earlier consequently
data for the intermmediate compounds is not available. The m.m.r data compares well
with published literature values.

Compound (21)

0c(CDCl3,50MHz) : 82.24, 44.51, 35.32, 34.47, 32.63, 26.28

Compound (23) Cyclohexanol
Ôq(CDC1 3 , 60MHz) : 2.04- 2.68(5H, envelope), 4.30( IH, br.m), 7.24(lH,br.s)

Compound (22)
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Compound (22) was prepared by the 'one pot method ' described earlier consequently
data for thr intermediate compounds is not available.
The n.m.r. data compares well with published literature values.

0c(CDCl3,100Mhz) : 18.06, 22.67, 27.49, 28.19,38.64, 81.62
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MERCURY(II)-MEDIATED CYCLISATION OF HYDROPEROXYALKYLCYCLOPROPANES:
A NEW ROUTE TO CYCLIC PEROXIDES
A J Bloodworth* and Despoina Korkodilos
Chemistry Department, University College London
20 Gordon Street, London WCIH OAJ (UK)

S u m m a r y : A l d e h y d e s , R C H O ( R = M e , E t , ‘P r , a n d c - C g H n ) , h a v e b e e n c o n v e r t e d v i a
a lk y la t io n , c y c lo p r o p a n a t io n , o x id a tio n , c o n d e n s a t io n w ith p -t o s y lh y d r a z in e , r e d u c tio n a n d
p e r h y d r o l y s i s i n t o 2 - h y d r o p e r o x y a l k y l c y c l o p r o p a n e s , R C H C O O K O C T H îC - C j H j , a n d t h e n c e b y
c y c lo p e r o x y m e r c u r ia t io n a n d r e d u c t iv e d e m e r c u r ia tio n in to th e c o r r e s p o n d in g 3 - a lk y l- 5 - e t h y l- l,2 d io x o la n e s .
M e r c u r y (I I )-m e d ia te d c y c lis a t io n o f a lk e n y l h y d r o p e r o x id e s p r o v id e s th e b a s is o f a u s e f u l
s y n t h e t ic r o u te to c y c l i c p e r o x id e s .' * T h e m e r c u r y s u b s t it u e n t in t h e c y c li s a t io n p r o d u c t c a n
u s u a lly b e r e p la c e d b y h y d r o g e n b y r e a c tio n w it h a lk a lin e s o d iu m b o r o h y d iid e , th e r e b y c o m p le t in g
a t w o -s t e p c o n v e r s io n o f a lk e n y l h y d r o p e r o x id e in t o t h e is o m e r ic c y c lic p e r o x id e c o r r e s p o n d in g
to 0 - H a d d itio n a c r o s s th e d o u b le b o n d ( e g ' s c h e m e 1 )

Schem e 1

Reagents: ( i ) H g ( N

0

] ) 2.H

20,

C H jC lz ( ii) K B r , H ^ O ( iii) N a B H ,, N a O H .

H o w e v e r , t h e d e m e r c u r i a t i o n p r o c e e d s b y a f r e e r a d i c a l m e c h a n i s m a n d t h e j 8- p e r o x y a l k y l r a d i c a l
p a r titio n s b e t w e e n h y d r o g e n a b s tr a c tio n to g iv e t h e d e s ir e d c y c li c p e r o x id e a n d in tr a m o le c u la r
h o m o ly tic

d is p la c e m e n t

at oxygen

h y d r o x y a lk y lo x ir a n e ( e g ' s c h e m e 1 ).

to

a ffo r d ,

a fte r

su b seq u en t

hydrogen

a b str a c tio n , an

T h e e x t e n t o f h y d r o x y a lk y lo x ir a n e fo r m a tio n d e p e n d s

c r u c ia lly u p o n th e s tr u c tu r e o f th e c y c lic p e r o x id e ’ a n d c a n b e c o m e p r e d o m in a n t .' ^ C le a r ly th e
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a v a ila b ilit y o f th is c o m p e t in g p a t h w a y in t h e r e d u c t io n s t e p d e t r a c t s f r o m t h e g e n e r a lit y a n d v a lu e
o f t h is m e t h o d o f p r e p a r in g c y c li c p e r o x id e s .
T h e p e r o x y m e r c u r ia t io n o f c y c lo p r o p a n e s a f f o r d s p e r o x id e s w it h t h e m e r c u r io s u b s titu e n t
o n e c a r b o n a to m fu r th e r r e m o v e d f r o m t h e 0 - 0 b o n d th a n in t h o s e d e r iv e d f r o m a lk e n e s . T h e
r a t h e r l i m i t e d d a t a a v a i l a b l e * '® i n d i c a t e t h a t t h e s e c o m p o u n d s u n d e r g o r e d u c t i v e d e m e r c u r i a t i o n
w it h o u t t h e c o m p lic a t io n o f c o m p e tin g in tr a m o le c u la r h o m o ly t ic s u b s titu t io n a t o x y g e n . A lt h o u g h
th e c le a v a g e o f y -p e r o x y a lk y l r a d ic a ls to o x e t a n e s h a s b e e n o b s e r v e d u n d e r o th e r c o n d it io n s " , it
a p p e a r s t o b e t o o s lo w to c o m p e t e e f f e c t i v e l y w it h h y d r o g e n a b s t r a c tio n d u r in g d e m e r c u r ia tio n .
T h e a im o f t h is w o r k w a s to e x a m i n e t h e h it h e r t o u n k n o w n p r o c e s s o f in t r a m o le c u la r
p e r o x y m e r c u r ia tio n o f c y c lo p r o p a n e s a s a n a lt e r n a tiv e r o u te to c y c li c p e r o x id e s to s e e i f th e
p o t e n t ia l a d v a n ta g e o f a c le a n e r r e d u c t iv e d e m e r c u r ia tio n c o u ld b e r e a lis e d .
P r e v io u s e x a m p le s o f o th e r ty p e s o f in tr a m o le c u la r o x y m e r c u r ia t io n o f c y c lo p r o p a n e s a r e
r a r e , b u t th e r e p o r te d is o la tio n o f la c t o n e a n d te tr a h y d r o fu r a n d e r iv a tiv e s '^ p r o v id e d a n e n c o u r a g in g
p reced en t.

E x a m p le s o f h y d r o p e r o x y a lk y lc y c lo p r o p a n e s a r e a ls o r a r e a n d n o n e o f th e r e p o r te d

c o m p o u n d s ' * ’'^ a p p e a r e d

p r o m is in g

as

a

c a n d id a te

fo r

m e r c u r y (I I )-m e d ia te d

c y c lis a tio n .

A c c o r d in g ly , th e fir s t s te p w a s to d e v e lo p a v ia b le a n d p r e f e r a b ly g e n e r a l s y n t h e s is o f s u ita b le
h y d r o p e r o x y a lk y lc y c lo p r o p a n e s . T h e r o u te fin a lly a d o p te d is s h o w n in s c h e m e 2 .

OH

OH

(i)

RCHO

(ii)

(iii)
NHNHTs

NNHTs

(V)

(iv)

(vi)
OGH
R = M e , E t P r , c -Cg H u

Schem e

2

Reagents: ( i ) C H 2= C H - C H 2M g B r t h e n H 3O

( iv ) T s N H N H , ( v ) p y .B H j ( v i) H A , N a A

( ii) C H J ^ , Z n /C u ( iii) P C C
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The cyclopropane group is introduced early in the sequence by a Simmons-Smith reaction.
The method of then transforming hydroxyl into hydroperoxyl is basically the same as that used
by us to prepare alkenyl hydroperoxides.^

Once again it gives far better yields than the

conventional route involving perhydrolysis of mesylates. A key modification was the replacement
of sodium cyanoborohydride by pyridine-borane'® for the reduction of the p-tosylhydrazones.
This provided a much cleaner product in addition to being experimentally more convenient.
By optimising conditions for each example, yields of 72-98% were achieved in each step
except for the perhydrolysis where only 42-52% could be managed when R ^ Me.

The

hydroperoxides were purified by chromatography on silica at 0 “C. It should be noted that two
examples with aromatic aldehydes (R = Ph, 4-MeOC&H4) proceeded satisfactorily to the A^-alkylN'-p-tosylhydrazine stage but then failed to yield any hydroperoxide.
Cycloperoxymercuriation (scheme 3) did not proceed with mercury(II) acetate alone and
required perchloric acid catalysis as in the analogous intermolecular r e a c t io n s H o w e v e r , the
reactions were much cleaner than the intermolecular ones and recrystallisation of the crude product
gave each bromomercurioethyl-1,2-dioxolane" in a yield of over 80%, Each product was obtained
as a mixture of cis and trans isomers in a ratio of about 60:40,

OOH

0 — 0

0 — 0

(i)_
R

Br H g '

R = Me , E t Pr , c - Cé Hji

Scheme 3

Reagents: (i) Hg(OAc)z, 0.2 HC10„ CH^Cl^ (ii) KBr, H^O (iii) NaBH,, NaOH.

Reduction with alkaline sodium borohydiide (scheme 3) afforded the corresponding 3alkyl-5-ethyl-l,2-dioxolanes'* which after purification by chromatography on silica at 0 °C were
isolated in yields of 52-60%.

In each case by-products, which are as yet unidentified, were

formed but amounted to less than 10% of the product mixture.
The nearest analogous reduction of an alkenyl hydroperoxide-derived peroxymercurial is that
shown in scheme 1 where the by-product amounted to 25% of the product mixture.' It therefore
appears likely that the new route does possess the expected advantage. However, more work is
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availability of this competing pathway in the reduction step detracts from the generality and val
of this method of preparing cyclic peroxides.
The peroxymercuriation of cyclopropanes affords peroxides with the mercurio substitue:
one carbon atom further removed from the 0 - 0 bond than in those derived from alkenes. T1
rather limited data available*

indicate that these compounds undergo reductive demercuriatio

without the complication of competing intramolecular homolytic substitution at oxygen. Althoug
the cleavage of y-peroxyalkyl radicals to oxetanes has been observed under other conditions", i
appears to be too slow to compete effectively with hydrogen abstraction during demercuriation
The aim of this work was to examine the hitherto unknown process of intramoleculai
peroxymercuriation of cyclopropanes as an alternative route to cyclic peroxides to see if the
potential advantage of a cleaner reductive demercuriation could be realised.
Previous examples of other types of intramolecular oxymercuriation of cyclopropanes are
rare, but the reported isolation of lactone and tetrahydrofuran derivatives^^ provided an encouraging
precedent. Examples of hydroperoxyalkylcyclopropanes are also rare and none of the reported
compounds" " appeared promising as a candidate for mercury(II)-mediated cyclisation.
Accordingly, the first step was to develop a viable and preferably general synthesis of suitable
hydroperoxyalkylcyclopropanes. The route finally adopted is shown in scheme 2.

OH

OH
(0

RCHO

^

^

R

NHNHTs

(ii)

NNHTs

1

^
R

^

[ >

^

^

(iv)

R

(vi)

OOH

Scheme 2

R = M e ,E t .‘ P r . c - C g H i ,

Reagents: (i) CHz=CH-CH2MgBr then HjO (ii) CH.lj, Zn/Cu (iii) PCC

(iv) TsNHNH, (v) py.BH] (vi) H A , N aA -

6 95 6

needed to establish this firmly, especially in the challenging field of 1,2-dioxane synthesis where
the alkenyl hydroperoxide route appears to be markedly less successful/ ^
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Synthesis of Alkyl Hydroperoxides by Hydroperoxymercuriation and Reduction
A. J. Bloodw orth,* Christopher J. C ooksey and D espoina Korkodilos
Chemistry Department, U niversity College London, 20 Gordon Street, London WC1H OAJ, UK
Alkyl hydroperoxides, RiR2C(OOH)CH2R3, have been prepared from 30% hydrogen peroxide by
hydroperoxym ercuriation of th e co rresponding alkenes, RiR^OCHRs, follow ed by addition to 2-m ethoxypropene,
reductive dem ercuriation with basic sodium borohydride and deprotection of the resultant 2-m ethoxyprop-2-yl
derivatives, RiR2C(00CMe20Me)CH2R3, with aq u e o u s acetic acid.
The preparation o f alkyl hydroperoxides (R O O H ) is a
challenging problem . The most generally applicable route
involves the alkylation of hydrogen peroxide. A lthough a
number of variants o f this method has b een described, i none is
wholly satisfactory. Harsh conditions and prolonged reaction
tim es are often required leading to decom position o f sensitive
hydroperoxides. Y ields are frequently low , especially for
secondary alkyl com pounds. The form ation of appreciable
amounts o f the corresponding dialkyl peroxide (R O O R ) is
another com m on problem. In a recent report , 2 2-m ethoxyprop-2-yl hydroperoxide was used as a m asked form of
hydrogen peroxide to try to avoid som e o f these difficulties.
This prompts us to disclose our new preparation o f alkyl
hydroperoxides since it similarly involves the intermediacy o f
peroxyacetals, R O O C M czO M e.
We have previously shown that the alkyl peroxymercuriation of alkenes coupled with reductive demercuriation

(Schem e 1) provides a versatile route to dialkyl peroxides.^
Furthermore it is particularly well suited to the preparation of
secondary alkyl com pounds (R2 = H ).
RiR2C=CHR3 -L R>R2C(O O R4)CH (H gX)R3

R i R2C(OOR4)CH2R3
Schem e I Reagents', i, R ^O O H , H gX ;; ii N a B H j, N aO H

Direct extension to the preparation o f alkyl hydroperoxides
(R** = H ) is not possible because the hydroperoxide group is
reduced under the conditions of dem ercuriation. H ow ever,
we now find that conversion of the hydroperoxym ercurials H
into the 2-m ethoxyprop-2-yl derivatives 2 protects the perox
ide linkage during borohydride reduction. Subsequent de
protection then affords the alkyl hydroperoxides 4. The
four-step procedure (Schem e 2) is easy to carry out, involves
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Table 1 A lkyl hydroperoxides 4, R *R2C(OOH)CH 2R^, ob tain ed via
Schem e 2
C om pound

R‘

R2

R3

Y ield (% )“

a

Ph
2-M eC6H4
4-M eC6H4
4-M eOCéH 4
Bu
Ph
H
H

H
H
H
H
H
Me

H
H
H
H
H
H

38
30
40
32
37
40
33

b
c

d
e

f
g

h

- iC H .U -(C H 2 )3 C H M e-

54»

° Based on alkene; product hydroperoxides w ere stabilised by
addition o f up to 1% o f 2,6-di-tert-butyl-4-m ethylphenol. * M ixture o f
2- and 3-m ethylcyclohexyl hydroperoxides.

mild conditions and uses readily available reagents including
30% hydrogen peroxide.
R>R2C=CHR3 -L R iR 2C (O O H )C H (H gB r)R 3 ^

1
R iR 2 C (0 0 C M e2 0 M e)C H (H g B r)R 3

2
^ RiR2C(00CMe20Me)CH2R3 ^ R ‘R2C(OOH)CH2R3
3

4

Scheme 2 Reagents: i, 30% H 2 O 2 , H g (O A c ) 2 then KBr; ii, M eO C (M e)=C H 2 . cat. pyH Ô T s; iii. N aB H a, N a O H ; iv, A c O H , H iO

The general procedure is described below and the results
obtained are presented in Table 1.
Pyridinium p-toluenesulfonate (5 m g) and 2-m ethoxy
propene (15 m mol) were added to a solution (or solutionsuspension) in dichlorom ethane (20 cm3) of (3-hydroperoxyalkylm ercury(ii) bromide 1 prepared from the correspond
ing alkene (10 m m ol) as previously described.-* The mixture
was stirred for 40 min and then sodium hydroxide (2.5
mol dm~3; 2 cm3) was added. Using a Pasteur pipette, this
mixture was added a little at a time to an ice-cold solution of
sodium borohydride (20 mmol) in sodium hydroxide (2.5
mol dm"3; 8 cm3). After addition was com plete {ca. 20 m in),
the mixture was stirred for 45 min then filtered into a
separating funnel. The residue was washed with dichloro
methane (10 cm3) and the com bined dichlorom ethane layer
isolated and washed with water (20 cm3). The dichloro
methane was rem oved at a rotary evaporator and 2,6-di-rerrbutyl-4-m ethylphenol (2-5 mg), tetrahydrofuran (6 cm3),
glacial acetic acid (12 cm3) and water (6 cm3) were added in
that order. The solution was stirred for 24 h, water (30 cm3)
added and the whole extracted with diethyl ether (3 x 15 cm3).

The ether extract was washed with water (2 x 10 cm3), dried
(M gS 0 4 ) and the solvent rem oved at a rotary evaporator. The
crude product was chromatographed (S i 0 2 , C H 2 CI2 ) to afford
pure alkyl hydroperoxide 4 (yield given in T able 1), which was
identified by
and *3C N M R spectra, characteristic oxidising
properties and reduction to the corresponding alcohol.
For styrene, the intermediate peroxyacetals 2a (m .p.
6 5 -6 6 .5 °C) and 3a (b.p. 3 8 -4 0 °C70.04 m m H g) were addition
ally isolated and their structures confirm ed by N M R spectro
scopy and elem ental analysis.
Care must be taken with the reduction step (2
3 ),
especially for com pounds derived from disubstituted ethenes
(Table 1, entries f - h ) , otherwise extensive form ation of
epoxide takes place as with the related tert-butylperoxymercurials.3
The m ethod has been shown to work for a tertiary alkyl
hydroperoxide (Table 1, entry f), but w e have concentrated on
secondary alkyl hydroperoxides because they are the type
most difficult to prepare from hydrogen peroxide by standard
m ethods. Our yields (Table 1), which have not been opti
m ised, com pare favourably with those obtained from substitu
tion-based routes, including that (1 9 % ) obtained for oct-2-yl
hydroperoxide by the new use o f 2-m ethoxyprop-2-yl
hydroperoxide.2 The latter reagent gives excellent yields of
primary alkyl hydroperoxides,2 whereas a general synthesis of
these by our route is precluded by the regioselectivity o f the
hydroperoxym ercuriation step (Schem e 2). Thus our m ethod
and that o f Dussault and Sahli,2 while both m aking use of
peroxyacetals, are com plem entary.
It has recently been shown that racemic hydroperoxides can
be resolved by chromatographic separation o f peroxyacetals
derived from a chiral vinyl ether.^ Thus, by incorporating such
a reagent in place of 2-m ethoxypropene in the procedure, it
should prove possible to prepare enantiom erically pure
secondary alkyl hydroperoxides from alkenes.
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