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ABSTRACT

Dihalocarbenes were added to allenes to form dihalo-methylene-
cyclopropanes which were then converted by the n-butyl lithium method
to cumulenes. Both dichlbfo- and dibromocarbenes were found to add

to the allene double bond with the highest number of alkyl substituents.

Propargyl alkenylmalonates were prepared in good yields and
pyrolised under carefull& controlled conditions to give allenic
alkylidenemaionates in fair yields by Cope Rearrangement, but gave
fission products_under.more extreme conditions. The position of the
alkyl suﬁstituents on the alkenylmalonate group seeméd to influence

the ease of the rearrangement..

) Cyclopropanes were prepared in good yields from different types
oftx 13—unsaturated esters by the dimethylsulphoxonium methylide
reactlon 1n dimethyl sulphoxide and dimethylformamide solvents. An
allenm,ester, on the other hand, gave an unstable complex postulated

as dimethylsulphoxonium 3-ethoxycarbonyl 2-methylallylide.

The syntheéés of the only two naturally-occurring unconjugated
straight-chain allenic acids, octadeca-5,6-dienocic acid ("Laballenic
acid") and 8-hydroxy-5,6-dienoic acid, were attempted. Laballenic
‘ acid was synthesised and its absolute configuration determined via
theilithium aluminium hydride reduction of hexadec-2-en-4-yn-l-ol
~ and malonate condensation of the bromide from hexadeca-3,4-dien-l-ol.
A similar reduction of ' 1-tetrahydropyranyloxy-hex-2-yn-4-en-6-ol,
however, ylelded a mixture of hexa-4, S-dlen—l-ol and hex-4-yn-1l-ol

due to the elimination of the tetrahydropyranyl group.
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ACETYLENIC AND ALLENIC INTERMEDIATES IN ORGANIC SYNTHESES

INTRODUCTION

’Ad&itian of Dihalocarbenes to Allenes

Doering‘and Hoffmann; first showed in 1954 that dichloro-

and dibromocérbenes, formed from potassium t-butoxide and
either chloroform or bromoform, could be trapped by alkenes
and that this reaction.gave cyclopropanes. Subsequently
the kinetic studies of Hine and his co-workers2 established

the mechanism of this reaction.
CHX, + t-Buod="28ts © 4 t-Buon

cx;g-—JEEEL9>:CX2 + ]éa

\ / \ /
o f =t ———
Xy 4 C=C0 > G0
X,
(X=C1,Br)

The synthetic potential of dihalecarbenes for the
fofmation of cyclopropane derivatives was soon realised,
and during the last ten yeérs the formation and addition
reactions of dihalecarbenes together with the kinetics and
stereochemistry of thesevreactions;have been extensively

studied,




The following methods for generating dihalocarbenes

in aprotic media are described in the literature:-

1., The action of potassium t-butoxide on haléforms’ :-

CHX, + ROS—> CX, + 2 + Ron

(R = £-Bu)
2. The reactiom between an alkoxide base and (a) ethyl
trichloroacetatea, or (b) Qhexahalqacetoneu:-
2] @
CCOOR+RO=—> 1CC1,+(RO) 2C0+C1

3
(v) x3c0'00x3+no@_—-9 2:CX,+(RO) .,‘_,c:,os»'azxe

‘(a) cl

(R=Me ,Et,

X=C1,F)

3. Halogen-metal exchange reaction between lithium-alkys

and tetrahalomethanes5}-

BrCCl 3+n—B;_11Li—-> 3CC1,+L1Cl+n~Bubr

k., Thermal degradation of sodium trichloroacetate6:—

A
CISCCOONa-—a>:CClz+Na01+002
5. ' Thermal degradation of trihalomethylphenylmercury?z-
’ A
PhHgCX3-—>=CX2+Phng
(x=c1,Br)




The lafge majority of alkenes from which dihalocyclo~
propanes have been p:epgred are stéble under strong basic
conditions (i.e. 1-3). - Alkenes which are unstable under

basié conditions may be converted to cyclopropanes by the
- pyrelysis of sodium trichloroacetate and trihalemethyl-
phenylmercury (i.e. 4m5), €ee Uagner8 prepared 1l,l-dichloro-~
2-(chloromethyl)—cyclepropane from allyl chloride by heating
it with sodium trichloroacetate.

The dihalocarbene interme&iaté from the phemyltrihalo-
methylmercury:appears,to>be more reactive thamn dihalocarbene
generated by other methods and reacts with unreactive alkenes:
giving'excellent yields of cycleopropanes as well as some
products from C-H insertion reaction. Thus, tetrachloro-
ethylene, which reacts only to a neglipible extent with
dichlorocarbenes generated by other methods, gave 74 per
cent yield of hexachloreocyclopropane when reacted with

9

.phenyi—mercury-mono-bromo-dichloromethane .
| Repﬁrt& in the literaturelo sh#w that the dihalocarbenes
usedAto prepare dihalocyclopropanes contain either chlorine
or bromiﬁe. Difluoro- and diiodocarbenes do exist, but the
former are relatively stable and not particularly'reactivell,
and‘évgn when they do react, give mixtures of products from

addition and insertion reactions, while the latter form

diiodocyclopropanes as unstable intermediates which cannot
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bé isolatedl; Recently, Oliver and Ra012 confirmed the
existence of diiodocarbenes by generating them from iode-
'fqrm and potassium t-butoxide, and then preparing a
.diiodocyclopropane, gnd converting this immediately to
the corresponding monoiddo-cyclopropane by reduction with
tri-npbutyltinrhydride. The moneiodocyclopropane was
stable enoughltovbe isolated and identified.

The addition of dihalocarbenes to olefins has been

13 14

shown by Doering aﬁd LaFlamme 7, and.by Skell and Garner
té‘be a stereospgcific cis-addition. They regarded the
- addition as being a qoncerted three-centre process. A
charge‘separated interﬁediate would have to collapse to
the‘eyclopr§pane faster'than.rotation.could occur about
a C=€C single bond for the stepwise‘reaction to be stereo-

specific.

c c/
A @
Neo
X,

N
'

Thus it was shown that the addition of‘dihalocarbenes

to cis- and trans-but-2-ene occurred with complete stereo-

sPecifiaui£$g4—

Me: /Me :CcX Me: Me-
=gl —2 >c — c\/
H \H H '\ // H
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. Me H o Me H
and \ / M2 N\ /
o= c\ > ©—C
H Me. H \b/ \Me
X,

An alternative two-step mechanism involving the addition
of a trihalocarbanion to the alkene with subsequeht elimina-
13,14

tion of the halide ion was rejected as it neither

explained the stereospecificity of the addition nor was

it consistent with the function of the alkene as a nucleo-

phile:-
N\ S \ /
/,C:::C\\ + (ﬂé?——éyTU-——'cér\
C
%,
-xe
Seloe
N~
C
X,

Furthermore it may readily be shown that carbaniens
and organometallic compounds do not react with mon-polar
dbuble bonds. However, recently organometallic bompeunds

bearing a halogen(X), e.g. chnzx‘w and RZAICHZXJ']' have
been shown to react with alkenes to form cyclopropanes.

H.oberg;l6 has therefore suggested that trihalemethyl anions

might alsd display an.ingreased reactivity towards double
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bonds as compared with halogen-free carbanions, and that
the reactions commonly deslignated as "dihalocarbene addition
to olefins" may actually be due to the intermediate trihalo-
carbanion.

Nevertheless, the followiné observations have strohgly
- favoured the dihalocarbene addition mechanism rather than

the displacement mechanism:-

(1) The base-catalysed reactions of haloforms with
nucleophiles was shown to proceed by addition to the
dihalocarbenes and not by displacement at the trihaloe
~carbanion. |

The kinetic studies of Hine and co-workers2 have
established that added chloride ions would not produce
a kinetic effect if trichlorocarbanion is an intermediate,
buf would slow down the reaction if a dichlorocarbene was

involved:~

(a) 001;9 + €1®—, no effect
. (v)  :cc1, 4 c19<=\001_3@

A slowing down of the over-all rate was observed.
When bromide ians were used as nucleophiles instead of
the chloride ions, a new trihalemethyl anion i.e. the

mqnobromodichloromethyl ion was produced, thus confirmiﬂé
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the carbene mechanism; -no new trihalomethyl anion would
be expected if trichlorocarbanion was an intermediate.

o 11
(2) Kinetic studies of Franzen  showed that forma-

tion of difluorocarbene from the cyclohexene-dibromo-

- difluoromethane-n-butyl lithium system took place after

- all orgahometallic compounds had disappeared. Hence the

following steps must take place:-

F Br : F C’Br

\ / “ \ 7 :
C 4+ n-BuLi -——> C + n-BuBr

/7 \ //tJ\

F. Br F l Li

; F O F, .

~ <>< < Nes + LiBr
F E/?’

13

Doering and LaFlamme -, and Skell and Garnerlu also

showed that dihalocarbenes reacted preferentially with

more nucleophilic alkenes, i.e. the dihalocarbenes are
. electrophiles. Competitive experiments in which dihalo-
_carbenes ﬁere allowed to react with mixtures of alkenes

-demonstrated clearly that both dichloro- and dibromo-

carbenes showed a preference for reaction with olefine

containing more electron-donating substituents. This

»electrophiiic character of dihalocarbenes was further

demonstrated by reaCtidns with conjugated dienes, e.g.

I
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1 .
with isoprene 7, dihalocarbenes reacted preferentially

at the methyl-substituted double bond:-

Me Me
. __l 10X, [
CH 2_c-cH=cHz ————> CH, —/c~a/=cf/2
\\sz

Skatteb¢118, however, showed that in the reaction of
dihalocarbenes with penta-1-3-diene, a 40-60 mixture of

the two products was obtained:-

Me-CH=CH-CH=CH

2
l:cxz
Me-CH-CHwCH=CH_ + Me-CH=CH-CH-CH
N/ NEEA \/? 2
C C
X2 X2
Lo% 60%

-This predominant addition to the less-substituted double
"bond occurred onl& with dienes having terminal methyl
substit#ents, e.g. penta—l,j—diene and 2,4-dimethyl-
penta-l,3~-diene, and this was rationalised in terms

‘of an increése in the e;ectron density of the terminal
.double bbhd due to the hyperconjugative effect of the
methy; substituent.

Ball and Landorl9

reported in 1961 that dibromocarbenes
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always added across the allene double bond with the

. highest alkyl substituents:-

R R" R ;B"
\C=C=c/' :CBrzg‘; \¢-c=c

7 /N/ \

Rt H R € H
: Br2

Bezaguetzo as well as VoQuang, VoQuang, Emptoz and
Savignaﬁi?l, however, reported that addition of dichloro-

carbenes to allenes gave a mixture of two products:-

:CCl,
R - R R
\
.\C=C=CH2__> >C—C=CH, + ,C=C—CH,
R’ rR' \_./ R N\ /
c c
c1, : c1,
(T (I1)

The presence of (II) was later2? thought to be due to
thermal isomerisation of (I).

The work described in this thesis has shown that
‘both dichloro-_and dibromocarbenes react with alkenes
fo give predominantly one product and that both dihalo-
carbenes add exciusively across the double bond with the

highest number of alkyl substituents.
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Insertion Réaction of Dihalocarbenes

. Few reactions of dihalocarbenes afford products which
are supposed't§ arise by insertion of dihalocarbenes into
single bonds. Although the exact course of tﬁese reactions
‘haé not been fully elucidated, they do not proceed by the
three-ﬁéntre mechanism,:e.g.qptically active sec-butyl-
benzene was found to produce'2-methy1-2-phenyl-1,1-

- dichlorobutane with complete recemization.23
It seems generally true that insertion reactions take
_place only when (i) the dihalocarbenes possess extra thermal
energy, e.g. when generdted by the pyrolysis of sodium
trichloroacétate or phenyltrihalomethylmercury and
(ii) when the dihalocarbenes cannot add on to the nucleo-
philic double bond of the olefin owing to somé deactivation
inherent in the alkene. The yield of the insertion product

is generally poor.

Cumulénéa
The name "Cumulene" was first proposed by Kuhn and
Wallenfelsza in 1938 for compounds containing three or
more vontiguous double bonds, :0(=C)n/\ (n33).
Although the first cumulenes were reported in the

early twentie525 it is only in the last few years that

- the development of the chemistry of acetylenes and allenes

has given an impetus to the growth of the study of cumulenes.
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The large majofity of the cumulenes prepared so far
are phenyl substituted ones. Aromatic groups on either
side of the chain of double bonds in cumulenes tend to
‘stabilise the whole system. Most of the aromatic
cumulenes described in the 1iterature26 have been
syntheéised by reduction27 (Method 1), dehydrohalogenation28
(Méthod 2), or dehydrationzu (Method 3)of compounds having

a suitable arrangement of substituents for elimination: -

Method 1

- (¢ = phenyl or substituted
phenyl group).

Hethod 2
\CH~CX, ~CX.~CH’ — ZV/AcOH _ oy ox-cx-ca’
/ 2 2 \¢ 4 \¢
-2HX Alc.KOH
Ne=¢c=c=¢c”
7/ \¢

(x=C1,Br)
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Method 3
(1] H,SO ¢
>c— CHSCH-G< 2" 4 > > C =C=C=c<
q) ' ' ¢ —2H20 ¢ ¢
OH '

OH

Eéch.method gives good yields of cuﬁuleneas of high purity.
Most of these cumulenes& are high melting crystalline selids
and keep for a considerable time in the absénce of oxygén.

Recently, ferrocenyl and chromium tricabonyl system329
as substituents hav; also been shown to stabilise cumulene
dérivatives.

Few aliphatic cumulénes have been reported im the
literatgre. The simplest cumulene, buta-1,2,3-triene, was
first prepared in 195&30'in 52-65 per cent yield by the
reductien of 1,4-dibromo-but-2-yne with zinc. The cumulene
was found to be very volatiie and readily polymerizable. The
.excluéion;of air throughout its preparation and identifica-
tion was found to be vital. Catalytic hydrogenation yielded
only pélyméric materials, but hydration with 78 per cent
sulphuric‘acid gave methyl vinyl ketone.

2,5-dimethylhexa-2,3,4~triene (II, n=1) was first
‘prepared by Zalk:l.nd:uL and, more recently, by Skatteb¢132
ffomffhe reaction of 2,5-dichloro-2,5-dimethy1-hex-3-’ne

and magnesium bromide. The tetramethyl cumulene, a low
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melting crystalline solid (m.p. l&OO) was obtained in
92 per cent yield. It sublimed at 20°/1 mm. and was
also sensitive to oxygen.

| In a similar way Skattebgl also prepared 2,7-
dimethyl-octa-2,3,4,5,6~pentaene (II, n=2), but found

it to be very unstable.

Me\' )Me MéMgBr Mq\ Me
,&-(c=c) —¢ > ,c=(c=c=)n-_-c\
Me | | Me 4 Me Me

Cl C1l '

(1) | (1)

Maier33, as well as Bond and Brodwath obtained the
same cumulene (Ii, =1) from the carbene intermediate

generated from a tosylhydrazone:-

NJB .. - -
Me N—gfﬁx Me
Me/ /, ..
Cu powder R Me
Me M
4 A 1 e
TOS‘%—N Me Me
®
Na - -
~ ——
Me _ ,Me
Me,
,C=c=c:.c;’\'“e < . t
Me. Me.
of \\,Me
L Me
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The very uhstable tetrafluoro-cumulene was prepared by
Jacob835, and by Martin and Sharkey36 in 50 per cent

yield by the elimination reaction (Method 2):-

i

F F KOH F,

,)c-cn=cn—c( —s )c=c=c=c<F

F I F 140 F F
Br Br

There are only two reports of naturally occurring
cumulenes in the literature, the first37 in 1957
suggested the presence of the cumulene(III) in solution
of polyacetylenes obtained from "Coreopsis" strain. The
second naturally occurring cumulene (IV) discovered in
1965 was found to be present in an extract from "Astereae"
grﬁund plant38. It w#s identified as a lactone with a
cunulene side chaim.

/S0

Me-(CH,) fHs@=C=CH-CO0Me: M:e-CH=cn-cn=c=c=‘ |
o]

(1I1) (1v)

Most of the cumulenes investigated contain odd number
of contiguous double bonds. The first cumulene containing
an even number of double bonds was prepared by Kuhn,
Fischer and Fischer39 in 1964 and subsequently by

Skattebﬁluo in 1965.
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The first cumulene aldehyde —~ (VI) was prepared in
1963 in 10-15 per cent yield by the action of potassium-

hydrogenssulphate on l-methoxy-6-methyl-hex-l-en-3-yn-5-

ol (V):-
. KHSO
H%C—C‘C!’\lCH—O Me —_————&—9 CH&—C—C-CH-CHO
OH
(v) | (v1)

' The cumulene aldehyde was identifigd by hydrogenation,
| elemental analysis and by the melting point of the 3,5-
dinitrobenzoate of the saturated hydrogenated product
corresponding to rsevh@ptaldehyde. Cumulene aldehyde (VI)
- had similar spectroscopic and chemical properties to the
pParent cumulene hydrocérbon3¢ and the alkyl substituted
cumulenes with terminal methylene group (VII) described
in this thesis.

Vork descriﬁed in this thesis resulted in the prepara-
tion of the first alkyl substituted cumulenes with terminal

methylene group (VII):-

R H
Jc=c=c=c”
R! NH

(viI)
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Cope Rearrangemient

Cope and 'Hardyl‘2 observed in 1940 that an o(-allyl,
oK =vinyl-substituted cyanoécetate (I, R = cboEt, R = CN)
isomerised to an o(,‘ﬂ-'unsaturated cyanoacetate (II) on
heating to 150-2600; They wvere able to show by degradation
and analysis of the_rearranged product that the isomerisa-~
tion took place by a shift of the allyl group from &};',Fto
-GQ?;position accompanied by a shift of the double bond frem

the B,% - to thewl ,B-position.

}‘Ie /R _ Dlie /R
Me~CH=C Me~CH~C=€C
U : \R' a - , = &'
CH&§ :xna | CH,~CH=CH,
(1) | (11)

This was the first vase reported of an allyl group
undergoing thermally induced N,\i?'—shift in a three-carbon
sjstem. It was similar in type to Claisen rearrangement of
allyl phenol, pheny}tand vinyl ethers, and motivated by
similar forces, as for instance (1) when the allyl greup
was replaced by an alkylo group the isomefisation did not

take Place even at much higher temperature. Hence the allyl

the allyl group was replaced by
group was essential, ' WhenAa crotonyl group was—replaced—

the ester also underwent rearrangement similarly. Hence
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B, -aoubie bond was involved in the rearrangement.
(2) When two esters with different migrating groups were mixed,
and the rearranged products analysed, it was found that no interchange

of groups'had occurred. Hence this rearrangement was shown to be

intramolecular.
Me ‘ Me
| : |
n-BuCH -((_)z\ / CN - CH ot LC/\ N /COOEt
ry° N v ‘) N
CH,—~CH~—CH/ COo0Bt MeCH Jéf7/ COOEt
2 2 Qb
. . H CH2
A
e  CN e COOBY
CH— CH,_— CH c' ¢’ CH = CH— CH — CH.— 6 c/
==CH—CH — CH—C = + —CH—CH— CH — C —
n~-Bu COOQEt Me COOLt

The intramélecular rearrangemeht was also confirmed by kinetic studies4?
the high entropies of activation (-11.7 to -14.,0) resembles those of
'Claisen rearrangement. The ease of rearrangement could be explained by
. an approiimately,éo per'c;nt contribution due to the differences in the
energies of éctivation between (I) and‘(II) and a 40 per cent
contribution dué to the differences in the entropies of activation.
'1Co§e, Hoffmann and Hardy44 further showed that malononitrile
(I,R;R'=CN) and malonates.(I,R=R'=COOEt} also rearranged

thermally.
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45 next considered 3-phenyl- and 3-methyl-

Levy and Cope
1l,5-hexadiene. The former rearranged smoothly at 165-185o
to give 72 per cent yiéld of the expected rearranged
product, while the latter did npt rearrange at this
temperature and rearranged only partialiy (20-30 per
cent) when heated for 48 hours at 300°. Hence it was
demonstrated that a single phenyl group provided suffi-
cient activation for the rearrangement to occur while
the difference in the activation enérgy in theAlatter

case was so small that reverse reaction might also hawve

"occurred thus reducing the yield of the expected product:-

p: cnz\ - CHZ\\
Me-(IJH ‘cu o Me-('IH CH
. )
CH éﬁz 2300 __~ ¢y c‘m
NCH, - <5 Nen” Y2
2 48 hrs 2

This established the fact that a negative group need
‘not be bresent to weaken the bond between the allyl group
and thedcarbon atoﬁzbut that conjugation in the product
frbﬁ‘the fearrangemept ﬁas essential,

.Gope, Field and MacDowe1146 continuing this work
reported in 1956 that compounds containing aﬁ allyl
grbup and a benzenoid ring attached to a carbon atom

substituted by two electron-attracting groups failed to
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rearrange upon heating up to 290O with migration of the

allyl groupﬂb an ortho position.

>

CH é c’
& /—\ /9 \R‘1

-cugia

4\@

ihis behaviour is of course unlike that of phenolic
-ethers in the Claisen rearrangement.

Dimethyl (3,4~dimethoxy phenyl)-allyl malonate, in
which the rearranéement of an allyl group to an ortho
position might be facilitated by increased electron
density from tﬁe methoxy substituents, also failed to
undetgo rearrangement up to 246°

a phenyl growp by

Replacement of/a phenanthrene group (as the 9,10~
double bond of phenanthrene possesses more double bond
character than the cbrrespondingvbond in bengene) also

failed to rearrange to the required isomer,

Kochg7 reported that rearrangement of 3-4~diphenyl-
l,S—hexadiene gave two products: §£g§§-l,6-dipheny1-l,5-
diene (IIX) and 1,4-diphenyl-l,5-hexadiene (IV) in the
ratio 3:2, and he rationalised this in terms of two com-
ipeting processes, i.e., the intramocular ion - dissociative
éope rearrangement to give (III)‘and a homélytic.dissoci-
A _ative process which gives mesbmeric radicals that re-

combine to form (IV):~-
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Ph _ “"N\— Ph '—/\—Ph

/ A ‘o'
— oo ——
X\ Ph ' ..~ Ph Ph
R N\-pn
2 [(cH s=cH=C
Ph/

: d aw
This was considered to provide an example of a "limiting"

case of the Cope rearrangement in which the free energy of
 acfivation for the two reaction paths lie very close to-
~gether. The mechanism is further discussed later in this
thesis.

Recently a great deal of interest is focused on the
étereochemical and conformational aspects of cépe rearrange-
mentl‘8 involving multiple ring systems. Woodward and
Katzh9 provided an excellent example of Cope rearrangement
in which a diallyl system was contained in a. bicycliec
structure (V). When heated at 1ho it was smoothly
converted to the 1somer1c»a1cohol §zp-8-hydroxy-

dicyclopentadiene (VI) in, good yield:-

140

(vI)
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That the isomerisation was an equilibrium was
established by the fact that (VI) gave the same equi-
librium mixture under the same conditions.

Similarly, the~§- isomer also rearnmanged smoothly
and homogeneously to give ggﬁ}-B-hydroxy-dicyclopentadiene.

It was also shown that the optical activity of the ol -
and H -isomers was re,téined in the products. Thus it

>was concluded that the facility with which Cope rearrange-
ment occurs even without the benefit of activating groups
was as a result of the favourable preorientation of the
diallylic system imposed by the fixed geometry of the

bicyclic structure:-
Ho, ,H

§ ‘“éi——y'" %

------ H .
H OH H

Lutz and Roberts”° confirmed this result by isotopic
'labelling technique and showed that the rearranged product
had retained its optical activity and only altered the
site ofzthe optical centre.

51

Doering and Roth in a similar way interconverted
bicyclo~(5.1.0) - O0tta=2,5-diene to the superimposable
mirror image of itself, i.e. when using a fully symmetri-

cal and completely reversible Cope rearrangement,and they
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correlated the structural consequences by showing a

similar rearrangement of the cis- and trans-conformations

of 5,4-homotropilidene.

Cyclopropan-esters from the Reaction of Dimethyl-

sulphoxonium Methylide andcfré-unsaturated esters

Corey and Chaykovsk152 first showed in 1962 that
~dimethylsulphoxonium methylide (I) in dimethyl sulphoxide
reacted with o, - unaaturated ketones (II) which are
susceptible to»Michael addition to give cyclopropyl

.ketones (III):-

Me¢3 e
,S==CH

0.
Me 0

(1)

They were thus able to prepare 1npheny1§9dbpaquhmeePheny(

vketone (IV) from benzalacetophenone, and cyclopropane

2+

derivative (V) from carvone in excellent yield.

Ph-CH-CH-COPh =0

CH,
(Iv) (V)
Izoﬁu in 1963 prepared cyclopropane-dicarboximides;
(VII) by Corey and Chaykovski's method using (I) in

tetrahydrofuran and maleiimides (VI):-
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(v1) ? © (vIn)
(R' = Me, = H, Ph)

The reaction of dimethylsulphoxonium methylide and
_d,\&- unsaturated carbonyl compounds wgs extended in this
-laboratory te cover a wide range of d,*@- unsaturated
esters and malonates as well as allene esters and nitriles.

After this work was completed, the following repbrts
w_ére published:-

K8nig, Metzger and Seelerf55 reported in 1965 the
preparation of cis~ and trans-2-phenylcyclopropane-nitrile

from cis- and trans-cinnamyl nitrile:-

(1)

Ph~CH=CH-CN —> Ph—C{i—CH—CN

The same authors further showed that sorbiec acid-anilide
(MIII)reacted with the methylide (I) teo give a mixture of

a bis~-cyclopropyl adduct (VIXI) and a pyrrolidone (3X):-
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Me-CH=CH-CH=CH~CONHPh
(VIII)

1 (1)

Me-~CH-CH-CH-CH-CONHPh 4+ Me~-CH-CH-CH-CH,

Y. v
2 T2 | ‘ 2. \K/ \\0
Pn
(IX) (x)

They rationalised this result by assuming that the
methylide (I) initially attacked the x,é" - double bond
of (VIII) giving (XI) which then underwent intramolecular
rearrangement to give (X) and reacted further with (I) to
give (IX):-

, (X)

. (VIII) ——————> Me~-CH-CH-CH=CH~-COBHPh

CH 2

(1) (1X)

(x1)
Kaiser, Trost, Beeson and Weinstock56 in 1965 reported
. the reactionm of the first 0(,‘@'- unsaturated ester, trans-
ethyl cinnamate (XII, R=H, RﬂEt) by Corey and Chaykovski's

method to give trans-ethyl-2-phenyl-cy‘clopropane-l-parbmlate

. | .
(XIII, R = H, R =Et) in poor yield:~
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R ‘ - R

gy ' (1) | t
PR-CH=C-COOR" ———"——» ph-gﬁ;c-coon

| : o,

(x11) (XIIT)

_However, no cyclopropa;ne derivative was obtained
with ethyl-Z-methyl-cinnamafe (XII, R=Me, R'=Et).
Diethyl benz,alxﬁalonate (XII, R--R' =000Et).and diethyl-
3,4-dimethoxybenza1malonate gave good yield of the
cyc.lopropane derivatives. This result was attributed
to the function of the intermediate (XIV):-

Ph-CH—g(R .
| COOR

VWhen RsH, R=Et, small R' groups caused side reactions.

When R=COOEt, R'=Et, the two ester groups provided to

$he vir;termediate 'anion sufficient stability which

‘compensated for. the added bulk an& permitted cyclization.
They also showed that (I) reacted with an &, -acetylen-

ic ester.? ethyl phenyl-propiolate (XV) to give a resonance-

stabilised structure formulated as dimethyl sulphoxonium-

3-ethoxycarbonyl-2-phenyl allylide (XVI):-
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e
4)
| (1) /

Ph-C=C~-COOEt —> Ph-?=CH—COOEt D —— Ph—?—CH=C-OEt

CH CH
(xv) Me %-Me . Me-%@LMe
o 0
(xvT)

Ethyl prop-2-ynoate and ethyl but-2-ynoate by this

method gavé products which were too unstable to isolate
and identifyl%%,
In the same year, Corey and Chaykovski published

their detailed paperSB.

Naturally Occurring Unconjugated Straight-chain
Allenic Acids

A number of naturally occurring allenic acids have
4recent1y been isolated from plant origins, fungal cultures
| 59
and micro—organismsgé. Celmer and Solomons discovered

the first naturally occurring allenic acid in 1952 and

showed its structure to be (I).

_H§§E§Q§Q§CH=C=CH-CHSCH-cnﬁcn—cnzcoon
| (1)
Eollowihg Anchel's‘discovery6o, Bu'Loék, Jones and
Leeming®? isolated nemotinic acid (II, R=H) and its

lactone nemotin (III, R=H) and pro¥ed their structures.
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R-csc-csc-cn:c=CH-?H-CH2032acoom
’ OH
- (1I)
R-CEC—CEC-CH=C=CH-?H-CHZCHéCO
0
(1II)
62

The same authors in 1957 elucidated the structures
of odyssic acid (I, R=Me) and Odyssin (III, R=Me).

Jones, Leeming and Reexners63 in 1960 reported the
~isolation of a terminal allenic acid "Drosophilin D" (IV)
and elucidated its structuré. ’

€
CH2=C=CH-CEC;CEC-CH=CH-CH2-COOH
GVv)

Crombie, Hirschberg, Jones and Lowe—r64 isolated
 fmarasin.(V) and its corresponding acid (VI, R=H) and
methyl ester. (VI, R=Me).

HC=C-C=C-CH=C=CH-CH,-0OH  HCZC-CEC-CH=C=CH-COOR

(V) (vI)

All the above allenic acids have two features in
‘common:- (i) they aré all polyacetylenic allenic acids
and (ii) they are conjugated.

The first report of the isolation of the methyl ester
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of a non-conjugated allenic acid (VIII, R:Me) appeared
in 1964. The allenic compound was a component of the
seed 0il of "Leonotis nepetaefolia? (family "Labiatae")
and named By its ihve;tigators'"Laballenic acid", The
structure proposed for laballenic acid at that time .was
2,3-methylene-l,5-heptadecadienoic acid (VII):-
CH 3 (cH z)w ~CH=C=CH-CH— CH~COOH
CH2

(viI)

In 1965, additional work by the same authors66 showed
- that the correct structure of laballenic acid was
(VIII,R=H) i.e. it was an isomer of tarric acid (1x),
fhe first and simplest natural acetﬂmﬂb acid discovered

by Arnand67 in 1892.

CHB-(CHZ) 100H’=c=cu-(c;{2) 3=COOR cnj-(cnz) lo,ccr-(cn ) 4, ~COOH

(¥III) (IX)

The structure of (VIII, R=Me) was determined66 by the

following schemes:
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' MnQ /AcOH
CH,(CH) 1-oc11=;:-=cn(01§)3c113 — CHB(CI-Iz)mCOOH +CH,{CH, ) LOOH
N\
1, TosCl i -
2. LiAIH, e et ®
v H,/Pt
an(cHZ)locH;c=cn(qH2)3600n-——-——4—0H3(cnz)1écoon
M0, /AcOH
CHB(CHZ)IOCOOH + Hooc(cnz)jpoon

68

In the same year, Sprecher, Maier, Barber and Holman
reported fhe second naturally occurring non-conjugated
allenic acid (X,R=H) obtained from a lipid which was
éxtracted from the seed 0il of the Chinese tallow itiree
"Sapium Sebiferuﬁ". .The allenic acid was shown by mass
sﬁectral.and chemical analyses to be 8-hydroxy-5,6-

octadienoic acid (X,R=H) by the following scheme:-
Acocnzcn=c=ca(cnz)3000n
A002 Py

HOCH cn=c$cn(CH2)3000R

(x)

LiAl l

HOCH,,CH=C=CH(CH, ) , OH

2

H2/Pt ¢,0,Py
‘HO(CH,)) g0H AcOCH,CH=C=CH(CH, ) ,0Ac
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The methyl esters of these naturally occurring allenic
acids (VIII,R=Me) and (X,R=Me) were optically active and
exhibited optical rotation of/ o _gzo-lw. 3 and -46.0°

respectiﬁrely.



(11)

DISCUSSION

37




38

DISCUSSION

Additien of Dihalozarbenes to Allenes

Dihalocarbenes are electrophiles and therefore add
fo the more nucleophilic double bond of diene hydrocarbons.
The addition of dihalocarbenes to 1,3~dienes takes place
.at the double bond with tﬁe largest number of alkyl
;ubstituegts,'except where a terminal methyl group gives
rise to a hyperconjugative effect in which case addition
‘takes pPlace at the less substituted dpuble bond (see P 14 )

The addition of dilhalocarbénes to allenes can theoretic-

ally give three possible adducts:—

\ — T ——
/Cu—-C-—-CH

2
()

R R R .
2C—C = CH, - + /\C = C—CH, + )0 -m.c/—\CH
RN/ R N RN 2
X2 A XZ xz
(1) (11I) (V)

19 showed in their preliminary report that

Ball and Landor
dibromocarbenes always gave predominantly (II,X:Br) in

40-60 per cent yield. Skattebﬂluo reported that dibrowmo-
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‘mcarbenes added to 2,hfdiméthyl-z,3-pentadiene to give
A67 per cent of the mono-adduct and'6 per cent of the
bis-adduct, whilst dichioroéarbenes gave 73 per cent
' of the mono- and 3 per cenﬁ of the bis-adduct.
However, BEZaguetzo claimed that dichlorocarbenes gave

a mixture of (II, X=Cl) and (IITy; X=Cl), and in a subsequent
éublication, Bgrtrand and Bezaguet22 reported that (III,X=Cl)
might haﬁe been formed dﬁe to thermal isomerisation of

(IX, X=Cl1l) during the distillation. No yields were reported.
'Similarly;‘VbQuong; VoQuong,. . Emptoz and Savignat21 reported
that they also obtained (II, X=Cl) and (III, X=Cl) in 20-25
per cent and 10-15 per cent yields respectively.

. A more extensive investigation of the addition of both

dichloro- and dibromocarbenes to allenes is described here.

Prepafation of Allenes
The following more important methods have been_.described
in the literature for the preparation of the allenés re-
. qﬁired for this work:-
(i) Dehydrobromination of a 1,2,3-tribromo derivative
B foliowéd by removal of the bromine from the dibromo
olefin with.zincsa.
(i1) Protofropic rearrangemenf of acetylenes69.
(iidi) Reduction of l-bromo- or l-chloroallenes or of

. 3=-chloroacetylenes with ainc—copper‘couple70 or
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lithium aluminium hydride’T.

(iv) Reaction of gem-dihalocyclopropanes with sodium on
alumina72, magnesium in ether73 or alkyl&lithium in
ether74. |

Methgds (i) and (ii) are long, tedious and give poor
yiélds. "Method (iv) employing methyl- or butyl-lithium

gives an.exéellent yield but involveé three steps, i.e,

preparation of the olefin, dihalocyclopropane and allene.

A recent modification of this method. whereby the last two

‘éteps ware carried out in a single experiment (i.e. without

isolating the dihalocyclopropane) using carbontetrabwmide

and alkyl-lithium is reported77 to give a good over-all

. Yield of the allene.

| Method (iii) was found to be the most convenient as

most pf the acetylenic alcohols were either commercially

available or easily prepared by ethynylation of aldehydes

or ketones using sodium.acetyiide in liquid ammonia. This

method, first employed by Ginzburg7o has two modifications:-
(a) Hennion and Sheehamysfprepared chlemacetylenes from
acetylenic alcohols using concentrated hydrochloric acid

(for tertiary'acetylenicaalcohols) or thiomyl chloride

.and pyridine (for secondary acetylenic alcohels), and by

Ginzburgt's procedure, reduced the pure chloroacetylenes




41

with zinc-copper couple in ethanol to give mainly the
required allene hydrocarbons (Jacob78 has reported
improeed yieid of chloroacetylenes by using wvarious
ethers instead of pyridine in combination with thionyl
chloride).

(b) Baiiey'and Pfeifér76 did not purify the chloro-
acetylenes but reduced the crude product with lithium
aluminium hydride in dioxan to obtain 50-55 per cent
of the required allene hydrocarbons (Jacob71 also used
1ithium éluminium hydride to reduce the purified chloro-
acetylgnes and chloroallenes to give the same allenes in
approximately the same yield as obtained by Ginzburg using

couple
zinc-copperL}h ethanpl).

Bailey and Pfeifer claimed that the zinc-copper couple
method was inferior to their modified method for the
-following reasons:-

_"'(l) The yields of pure chloroacetylenes could not be
high because some hydrogen chloride was eliminated during
the distillation and some réarrangement to allenic chloride
occurred. It was therefore best mot to distil the chloro-
: acetjlene.but to use the crude material directly for
réductioﬁ.

(2) The final product of reduction always contained

the isomeric acetylenic hydrocarbon which had to be

hY
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rémoved by a separate step or by careful fractionation.

(3) Alcohol used in the'reduction very often formed
an azeotrope with the alleﬁe, necessitating additional
purification steps.
and (4) Ziﬁc-copper couple was very tedious to prepare.

As a result of many experiments it was found during our
investigation that the best yield was obtained by a modifi-
cation of the Ginzburg method. In our experience the crude
chloroacetylene could be readily prepared in near quanti-
tative yield from tertiary acetylenic alcohols by shaking
with éoncentratéd hydrochloric acid and checking for the
- hydroxyl band in the i.r. aﬁa?hoo em.”! as a criterion for
.the alcohol contenf, and this procedure was continued until
no alcohol could be detected (15-30 min.) Equimolar
quantities of thionyl chloride and pyridine were used
for preparing 3-chloro-hex-l-yne from hex~l-yn-3-0l in
near quantitative yield. The crude chloroacetylene which
contained ;ome chloroallene was dried with anhydrous:
potassium carbonate, and was found to be perfectly
‘satisfactory for reduction without any further purification
aé both.isdmers have been shown to yield the same allene

by the Ginzbungjmethod7l.
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R ' He R R

\ \ - \
/C-CECH — /C-C=CH + /C=C=CHCl
R | R’ | R

OB ' cl

Zu~-Cu | ETOH

R\
R/€I=€§=CHZ

The zinc-copper couple wés readily prepared in a few
minutes, and the ethanol used in the reduction always
formed an aéeotrope with the hydfocarbons. Ethanol was
completely removed from the azeotrbpe by shaking once
with a large exéess of water. The proportion of allene

fo acetylene hydrocarbon was about 90-95 per cgat to

5-10 per cent indicated by i.r. and g.l.c. The acetylenic
impurity was almost completely removed by treatment with
aqueous ammoniacal silver nitrate solution. Any slight
acetylenic impurity (1-2 per cent) was neglected as it

is well known79

that dihalocarbenes, under the conditions
employed here add exclusively to the olefinic double bond
(e.g. VoQuang and Cadiot80 as well as Dyakonov and
Danilkina81 showed that the additiom of dihalocarbenes
always occurs at the vinyl group rather than the acetylenic

linkage irrespective of which 6ccupies the terminal posi-

tion), and the more volatile acetylene could easily be
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removed during the distillation of the dihalomethylenecyclo-
propane. A& 55-60 per cent over-all yield of allenes was
obtained by this procedure.:

Table I shows the allenes prepared by this procedure,

together with their over-all yield and physical data:-

TABLE I
R
N\e=C=
o ,C=C=CH,
Allene
(o] D c =l
Allene b.p. /mm. [Yield(%) mgx Sm-
L ﬁ‘e’,‘o:hc:csnzs2 39-40 55 1950s, 850s
2: 3*}c:c:cn 82 72-74 65 1950s, 850s
e 2
.| Bt :
3+| Ec=c=cH 8% o 74 1950s, 850s
4 n'§§c=c=c11282 72-7h 52 1950s, 850s
‘ ndPent' "
o Mo — C=C=CH,, 46-48/200mn'1. 57 1950s, 850s
6. C'BH\/C:C:CHZ 86-388 . 55 1950 s ) B50s

Me
Preparation of Dihalomethylenecyclopropanes

DPihalocarbenes were generated by the method of Doering
and Hoffmann i.e. from dry potassium t-butoxide in dry

n-pentane and either chloroform or bromoform. Dichloro-



and dibromomethylenecyclopropanes (see Table II) were
obtained in 40-70 per cent yield and identified by

i.r., u.ve, n.m.r., g.1.c., ozonolysis, elemental

analysis and hydrogenation.

TABLE IXI
R\
,A‘:\-/C:CH
f
R %

X

2
2

Dihalomethylenetyilopropane

hs

t-Bu |Me|{Cl|78-80/65 5% [820w,1750w,1010m,910s,

865s

865s

R R |x b.Poo/fnn-:Yigld | Pmax cm”! Mmax " (£)
1| Me Me|c1| 65-66/80 | 49 [1820w,1730%,910s,865s [204(5,200),
sh.234(500)
2| Me Me Br 66-68/2o 68 [1820w, 1750w 1040m,905s, [206(5,250),
800s |[sh.225(3,000)
3| Et Me|C1 70/90 | 50 [{1820w,1730w,1002m,910s8,206(5,250,
- . 865s |sh.234(500)
4| EL Me| Br| 49-50/2 58 [1820w,1750w,1040m,9058,207(5,300)
. 800s |sh.225(3,000)
. 5|Et Et|{C1{62-64/70 | 54 [1820w,i720w 1002 m, qI0s ,
N $65
6Bt Et|Br|64-65/3 73 [820w,!750 w, /owm,qosss, 210 (5,760)
Boos
7\n-Pr |H |[C1|66-68/100| 47 {L820w,1720w,1038m,912s,
8 |n-Pent Me| 1| 64-65/70 | 36 [820w,1730w,1012m,910s,
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It was found that both the dichloro- and dibromo-
carbenes added exclusively to the alkyl-substituted double
bond of the allene. This result was confirmdd by the
following evidence:-

G.l.c. in each case gave a single component for the
distilled adduct. Elemental analysis for carbon, hydrogen
and chlorine or bromine agreed with the molecular formula,
The i.r. spectra of dichloromethylenecyclopropane showed
strong bands at 865 and 910_cm.-1 with overtones at 1730
and 1820 cm.-l, whereas dibromethylenecyclopropanes showed
maxima at 800,905 ( >C=CH deformations), 1750 and 1810
(overtones) cm.-l. All the cyclopropanes showed a band
at 1000-1070 om.” t which may be ascribed to the cyclo-
propane skeletal vibrations. @The ﬁ.v. absorption spectra
showed maxima at Mmax 205-207 mu (¢,5,200~5,300) and
shoulders at 225 m/a(is,Soo i for dichloro- and 30001
for‘dibromomethylenecyclopropanes). In the case of
dibromomethylenecyclopropames these shoulders which
increase with increased methyl substitution suggest

non-bonded interaction of the bromine atoms with the

Tl -orbital of the. allene system.
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This result is similar to that of dialkyl-substituted allene

bromides83 which show & shoulder or maximum at 217-227 3}& and the

intensity of this band also increased with increased alkyl substitution,

while the chloro-allenes did not show absorption above 205 Ey».
N.m.r. spectroscopy showed two non-equvalent protons for the

exocyclic methylene group atﬁﬂAQI and 4.5}

R.. .. H
N

| QOzonolysis gave forﬁaldehyde identified by its dimedone
derivative from its melting point and mixed melting point of an
authentic sample, thus confirming the exocyclic methylene group.

On hydrogenation, 1,1-dichloro-2,2-dimethyl-3-methylene-
-cyclopropane absorbed one molar equivalent éf hydrogen. As a further
check, 1,1—dichloro—2,2,3—trimethylcyclopropane was synthesised from
2-methyl—but-2—ene and dichlorocar‘bene14 and its i.r. spectrum
compared with thét of the hydrogenated sample of (II,R=R'=lie) and
found to be superimposable. G.l.c. also confirmed the identity of

" the two products.
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It is interesting to note that l-bromo-3,3-dialkyl
allenes seem to be inert to attack by dihalocarbenes
despite the fact that inductive electron withdrawal by
the bromine from the alkyl-substituted double bond must
'Be very weak..

As 1fbromoa11enes form allenic carbenessu by
l,leelimination,‘the usual experimental procedure was
modified, and a mixture of bromoallene and bromoform
or chloroform was added to the solid potassium t-butoxide
suspension in.dry pentane.

The recovery'of br§m9a1lene in almost quantitative
yield confirmed by g.l.c;;‘i.r., and its boiling point,
indicated that (a) dihalocarbenes were formed in preference
to allene carbenes, and (b) dihalocarbenes did not add on
to either bf the allene double bonds.

Varying the reaction conditions, e.g. adding haloform
to a mixture of potassium t-butoxide, péntane and allene
‘bromide and vérying the time, temperature and rate of
sfirring; gave no addition products. When the allene
bromide was reacted with sodium trichloroacetate in dry
dimethoxy-ethane follmwing Wagner's m.ethod6 no cyclo-
propane was produced.

Finally, following Seyferth's suggestion10 that
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 dihélocarbenes genefated from trihalomethyl-phenyl-
mercury were more reactive as they contaiﬁed extra
'tﬁermal energy; l-bromo-~3-methyl-penta-1l,2~-diene was
reacted with tribromomethyigphenyl—mercury in dry
benzene for 3 hr. under reflux. Again no addition
"took place although dibromocarbeneé were produced as
shown by the presence of phenyl;mercury-bromide at the
end of the experiment. This established the complete
. inertness of l-bromo allenes towards dihalocarbenes,

. and supported the explanation that their inertness was
' due-fo the non-bonded interaction of the MM-electrons

. of bropine atoms with those of-the allene system.
Seyferthts suééess in preparing the dichloro adduct
ffom tetrachlbroethylene may be due to the fact that
there is in this case no such non-bonded interaction

‘but simply conjugation of the p-electrons of C ahd Cl.
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Cumulenes from Dihalo-methylenecyclopropanes

The following cumulenes (II) were preparediuby the

treatment of dichloro- and dibromo-methylenecyclopropanes

(IT) and n-butyl-lithium in ether at temperatures between

-40° and -30°:-

" TABLE I
R, R
,G—C=CH, —————> C=C=C=CH
R/‘\d/ R”
X,
(1) (I1)
R | R |x b.p.? of Ratio of Yield of (II)
' II/ether (II):ether
azeotrope %)
@ Me| Me | c1 56-58° 50-50 70
Me| Me | Br 56-68 50-50 78
2| Me| Et | CcL 65-68 60-40 3
. Me | Et | Br 65-68 65-35 5
3] Et|Et | Cl 76-80 50-=50 73
Et| Et | 8% 76-80 50-50 80
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The general procedure was as follows:-

n-Butyl-lithium was prepared in dry ether at -10-0o
and cooled to ~40%- -30° in a Dewar flask. 4 solution
of dichloro- or dibromomethylenecyclopropane (I) in
&&ther precooled to -30°'was édded in one portion and
the mixture stirred vigorously on a magnetic stirrer
for 30 min. at -30°. Alternatively the dihalide solution
at room temperature was'added to the n-butyl-lithium
solution at 40~ -30°.  The mixtureAwas finally allowed
to warm up to room temperature slowly (ca. 30 min.),
distilled in vacuo and the volatile matérials collected
in a trap precooled at -40°, The trapped liquid was
fiﬁally re-distilled under nitrogen at atmospheric
pressure to give cumulene (II).

I.r., u.v., and g.l.c., were carried out immediately
and a weighed sample hydrogenated using platinum black.

All the cumulenes showed a sharp band in the i.r.
'at"D;naxzoso-209o (6xc=c=c) em.”™, and u.v. absorption
at )\maxzws-'zzo mu (£,3300-7700), 254-256 mu (%,13000-
16000) and 294 sh. (£700-900) (See Table II).

The absorption maximum of 2080 cm. ! is reminiscent

. c
of the allenic cyclopropyl systemsu, )C:C:C:L which has

.
Z)max2020 em.™t, This value is also close to that



reported for cumulene aldehyde

41

the rigid cumulene system.

52

‘at 2066 cm.'-1 and is ascribed to

The u.v. absorption maxima of the cumulenes gave the expected

batho%@omic shift for increased methyl substitution.

Hydrogenation of cumulene (1I,R=R'=Me) and cumulene (II,R=Me,

R'=Et) gave 2-methylpentane and 3-methylhexane respectively,

identified by g.l.c. using authentic samples of these paraffins.

1220s, 840M

TABLE I1
& |
>c=c=c=m5
R!
Cumulene
-1
R R \;>max Cfe >\max %M'(i )
1.| Me Me | 2060m,1650w,1258s, 220(3500), 254(13000),
1230s, 820Wn 294sh. (700)
2. | wme Et | 2080m,1650w,1260s, 218(7750) ,256(16200),
1220s, 840w 294sh. (910)
3. | BS gt | 2060m,16257,1260s, 218(7700), 256(16000),

294sh. (900)
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All the four cumulenes were extreﬁely sensitive to
oxygen and rapidly turned yellow on exposure to air, and
therefore complete separation from ether and isolation by
preparative g.l.c. was found.to’be impracticable. On
keeping overnight at room.tempe;ature, solution of -
cﬁmulenes in,ether or alcohol gave a'heaV§ white preci-
pitate, probably polymeric in nature. The polywer waé
high melting (3300°) and insoluble in all the usual
sSolvents. Skattebﬁl32 reacted 1,1,3,3~tetramethylallene
with dihalocarbene and converted the resulting dihalo-
cyclopropane into the cumulene, 2,5fdimethy1—2,3,h-
hexatriene, with propefties similar to those of the
cumulenes described in this thesas. It is interesting
to note that the C-C stretching band near 2080 em.” L yas
absent, possibly due to the. symmetrical structure of the
tetramethyl cumulene.

Hexa-1,2,3-triene, the cumulene obtained from
1,1-dibromo~-2-n-propyl-3-methylene-cyclopropane, poly-
merised instantly to a white, insoluble solid and could
not be isolated. -Skattebﬁi-32 bas proposed a structure
for the polymer obtained from 2,5-dimethyl hexa-2,3,4-
triene mainly on i.r.evidence Z;wo pandé at 1355 and

1320 em.”t for gem-dimethyl, 1625w (C=C) and 1142s (C-0
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stretching)7cm.”t
[ cHe cH,  cH ]
' { e J é /CH}
c. c
i I
-O0-6-¢C C—O0—O —
| )
C—0O— CD—-CM
i "
C c
/N T
I T Rt At T

Analogous planar structures may be put forward for

the polymers from the cumulenes with terminal methylene

group as follows:-

r | 7
R R R R K _R R R
\lt/ Y l o
oo X eI oo
; i
aY )k w’ R " |
1 R H
o-0 ﬁ\l/e \”/H ' \'/R N
g \"/' ~o—o’ \“/o'—o\ /”\o_ N LO7ON
. ] |
H <’ AW K/'\R
| —x
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Cope Rearrangement of Propqrgy( Aikeny| Malonafﬁ"

The work of Cope, Hofmann and Ha‘rdylm established
that allyl alkenyl-malonates (I, X=Y=COOEt); cyanoesters
(I, X=CN, Y=COOEt) and malononitriles (I, X=¥=CN) undergo
a thermally induced intramolecular rearrangement to give
aliyl alkylidenemalonates (II, X=Y=COCEt), -cyanoesters
(II, X=CN, Y=COOEt) and -malononitriles (II, X=Y=CN)
respectively. This reaction in a generalised form is

now known as "Cope rearrangement",

CHQR. R‘ H //CH; /Q
\/ .. N .
H\?&J‘ (ﬁ a \ﬁ cl;\R
. CHy, CC\ o CHZ //C\ R"
X ™R
/c\ 7N
x Yy x Y
(1) | (1)

Black and Lanndozlr's5 have shown that propargyl alkenyl
ethers (III) undergo thermally induced Claisen rearrange-

ment to give allenic aldehydes (IV):-

Rt
{
CH2=C =CH-'G- CHO
L

(Iv)
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It therefore seemed plausible that propargyl alkenyl-
malonates (V) should also undergo a Cope rearrangement

to give allenic alkylidene-malonates (VI):-

H .
c R R :
" ‘L\3/'L xl{ R
CH.=C=CH-C-¢~
HC\‘> ( 2 (i
\R" : "R C
/\

Et00C COCE®
EtOOC COGEt

(.NL) | (vny

This was féund to be the case under.cérefully con-
trolled conditiéns. |

Kinetic studies by Cope, Hoyle and Hey186 demonstrated
.that the reaction was firstt order suggesting an intra-
 mo1ecular’rearrangement and also that the rate of reaction
was proportional to the electronegativity of the groups
X and Y (I) e.g. the rate increases in the order X and/or
Ii'.—.CN)(_:OOEt 7Ph>DmMe. It was suggested tﬁat electron-
éttracting groups at X and ¥ increase the rate of reaction
by virtue of their attraction for the electromn-pair between

carbon atoms 1 and 6 which lowers the dissociation energy

at this bondd¥
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Hence one of the moti¥ating forces responsible for
this reafrangement is the unequal sharing of the electron
bair binding the allyl group to the carbon atom 1 so that
in the isomerisation, the allyl group becomes detached
from this a%om and recombines with carbon atom 3 which
is less electrpn-attractiﬁg. It was evident._that the
influencg causing the detachment of the allyl group is
the electronkattractiqn of carbon atom 1 and the tendency
to form a stable conjugéted system.

Black and Landor'585_resﬁlts showed that substituted

‘propargyl alkenyl ethers e.g. (III, R=R'=Me) rearrange

'_ at lower temperatures and give a much higher yield (70

per cent) thgn the unsubstituted propargyl vinyl ether
(III, R=R*=H, 20-30 per cent). This was interpreted as
favouring a homolytic rather than a heterolytic mechanism,
j.e. it did not favour a two-electron shift ({I—>1¥) but

was best explained by a one-electron shift (VII— VIII).

H H
& b d-
if)\u l N\
,'~ < /'c\ /C\ ;O H
0 H

(im) ()
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H H
& I
0 \/ m
2 —> (1v)
:EP an —=— [ I\,
~) YN 2
(viI) (VIII)

The work described in this thesis was based on the
above considerations. Thus diethyl malonates were used
throughout (except in one case, the attempted rearrange-
ment of hex-léen-5-yne) and a series of compounds with
alkyl groups at different.sites was studied with a view
terlucidatiné the effect of alkyl groups on this re-
ar;angement. Alsoi; the optimum conditions for the Cope
rearrangemnent of propargyl alkenyl malonates were
investigated by varying time and temperature.

| The malonates used for this investigation were
prepared by the following two-step reaction:- '

(a) Preparation of alkylidene-malonates involving the
base catalysed condensation of diethyl malonate with
aldehydes and ketoneg? Volatile aldehydes and all ketones
" were mixed with acetic anhydride, diethyl malonate and
freshly fused zinc chloride and heated-at 100-150° for

24 hr. and then distilled. The non-volatile aldehydes
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were reacted with}die#hyl malonate in the presence of
dry benzene in the Deéﬁ and Btark apparatus until the
ﬁheoretical volume of water had been removed from the
reéction«mixturg (2-3 hr.).' The use of catalytic quantity
of piperidyl acetate was found to give the most satis-
factory reéult. Ammonium acetate which glve good yields88
of c&anﬂoacetates ffom sterically hindered ketones gave
poor yields of the corresponding malonates.

~ (b) The alkylidene-malonates on treatment with
proparg¥l bromide gave propargyl alkenyl-malonates (%)
in good yield (60-70 per cent). Cope and HancockoS
reported that the use of sodium ethoxide with alkyl and
allyl halides generally gave poor yields owing to alcohol-
.ysis. A number of experiments in this laboratory have
shown that the use of low reaction temperatures (0-200)
and long reaction times (12-24 hr.) resulted in a con-
siderable improvement im yield and purity of the propargyl-
.atéd product.

The above reactions may be summarised as follows:-
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R 0 H COOEt R _EOCE®
\ A4 Ap” \ _
JcH-CT &+ ¢{ — _ Son-c=c{
R R" 1’ “cooEt R! Lo “cooet
(1x)
Na®€0E l Br-CH,CSCH
p_ COCES
€=C-C-COOES
R! .
R"CH
CH o
c
m
c
H

(x)

The purity and structure of the propargyl alkenyl-
malonates. (X) were established by g.l.c. (which gave
‘ é single compoﬁent in each case), correct elemental
anélyses, and bands in the i.r. spectra at‘ZLaXBBOOS,
2120w (C=CH) and 1740s ()C:O) cmTl; there was no
significant absorption.in.the u.v. spectra,

The rearrangement was carried out under dry, oxygen-
free nitrogen in a Wood's metal bath at 200-300o at
variable pressures for 5-30 min. The progress of the
reaction was followed by removing one drop of the pre-
cooled sample from the reaction mixture at regular

dntervals and examinipg its i.r.spectrum. The appeatance
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of an allene band atizaaxl950 and of theﬁx,¥3-unsaturated)

)ﬁsiﬁ(:band at 1650 cm.?1 as well as the decrease in intensity
of the terminal acetylenic band at 3300 chl indicated
thét the rearrangement had taken place. After a certain
time there was no significant change in the i.r.spectrum.
Further heating caused both the allene and the acetylene
bands to diminish. It was found impracticable to employ

"'an inert nonvolatile solvent as the only suitable solvent
available, i.e. éilicone 0il, had i.r. absorption in the
7Dmax 1900-2000 cmfl region,'making it difficult to
aééertain the progress of the rearrangement based on the
appearance and ehhancement of the allene band in the same
region.,

Thé products could be separated into three isolable
fractions: (a) the starting propargyl alhg@dmalonate;

- (b) the required allenic alkylidene-malonate; and (c) the
alkylidene-malonate from whi?h the propargyl.am@m@dmalonate
had been prepared. It was observed that whenever the re-
 arrangeﬁent~was incomplete, (a) was the iargest fraction,
'(b) the smaller, and there was no (c). When the optimum
c&hditions were attained, (b) was the largest fraction,

- and (a) and (c) were present only in small amounts,

Continued heating gave increasing amount of (c) and
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polymeric material, and decreasing amounts of (a) and (b).
These ratios were determined by g.l.c. areas and i.¥.
spectra.

Optimum conditions varied somewhat with different
propargyl alkenyl/malonatés, but were generally achieved
‘at the temperature rangé of 270-280o and reéction times

of 10-20 min,_ The following sequence of reactioms takes

place:-
Polymer
H A R' H
) { -
¢O R_R CH,=C=CH-C, ,R" G
c ¢ o N a c
lﬁ rn _—> R —_— ]
cH, L€ ce -CH,
/c\ R" Et00c’ 'COOEt n
] +
Et0CC COOEt (xT) R, R
R" ! C
(x) R, C;oom; Y
rACH-C=C(, | . < CC-R"
R* toort &
(1x) 7\
Et00Cc’ COOEt

Separation of the ailenic malonate from the propargyl
alkenyl-malonate and alkylidene-malonate was achieved by
.first of all distilling and completely removing the lower
boiling alkylidene-malonate, and then by one of the follow-

: ing two methods:-
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(1) Redistillation of the higher boiling fraction using
a short (6") Fenski column. This method produced pure

allenic alkylidene-malonates in 25-35 per cent yield.

(ii) Shaking the higher boiling fraction with aqueous
ammoniacal‘silver nitrate solution-to remove the malonate
containing the terminal acetyiene. Addition of a few
drops of ethanol helped to break the rigid boundary
separating thg oily malonate from the aqueous solution.
This method generally required prolonged agitation (3-4 hr.)
for complete separation.

| Small amounts of the pure allenic aikylidenemalonate
were also obtained by préparative g.l.c. using 10 per cent
bsilicone oil on celite packed in a 6 ft. Pyrex column of
l"ldiameter and passing nitrogen through it.

The purity of the allenmic alkylidenemalonate (XI) was
determined by g.l.c. (which g8ave a single component in
each case), correct elemental analyses, i.r.bands at
D__ 1950 m (C=Cc=C), 1740s (}C=0), 1650 m (%,8-unsaturated
C=C) and 860 b (C=C=CH,) cn-', and a u.v. maximum at
N pag204-210 mu (¢, 8000-13600) due to the C=C bond in
conjugation with the C=0 bonds of the malonate group.

The unequivocal assignment of structure to the allenic

alkylidenemalonates cannot be achieved by i.r., g.l.c; and
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elemental analyses alone as an alternative structure con-
taining the allenic group could be formed theoretically
5y’prototropi¢ rearrangement of the propargyl group, i.e,
without a Cope rearrangement. Such a structure would give

a similar i.¥. spectrum and elemental analyses. U.V. spectra,
however, are the only reliable criteria, since the allene
from the Cope rearrangement (XI) is conjugated enedioate

whereas allene (XII) from the prototropic rearrangement

is nof. .
H
(3 ;
m R R! R
C C CH =C=CH-C
L S Rk R
2\ s > 1
: c
7\ ‘ /\
Et00C COOEt Et00C COCQEt
(%) ' |
R\C/R (x1)
L]
C~-R"
CH,=C#CH-C{ o opt
OOEt
(x11)

N.m.r. spectra are of little help in distinguishing (XI)
and (XII).
Chemical evidence which confirmed the structure as (XI)

was ebtained by two different routes as follows:-
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(1) The'allenh: alkylidenemalonate (XI, R=Et; R=R'=H)
was catalytically hydragenated to give diethyl 3-ethyl-
heia—l,l-dicarboxylate (XIII). Allyl n-butenyl malonate
(I, X=Y=COOEt, R=Et, R= "=H).was prepared according to
.the procedgﬂe'of Cope, Hoyle and Hey186, and was re-
varra_r'lged to yield diethyl 3-ethyl-hexa-1,5-dienel,l-
dicarboxyléte (II, X=Y=COOEt, R-Et, R=R"=H). The
latter was catalystically hydrjogenated to yield diethyl
3-ethyl-hexa-1l,l1-dicarboxylate (XIII), found to be
identical (boiling ﬁoint, i.#. spectra and g.l.c.) with
the hydrogenated sample obtained from (XI, R=Et, R=R"=H).
The barbituric acid of the aaturated malonates from both
routes gave the correct melting points and mixed melting
points.

It was therefore shown that a Cope rearrangement had

taken place and that the rearranged product had structure

(XI, R=Et, R=R'=H):-
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%
. : /4 ~H
n-Pry,_ c/COOEt NPt . & ¢
- P
17 Ncoget CHz=CHOH,BT 7 CH,) ( CH
\c
7\

Et0O0C COOEt
2

v | :

Na®€0Et | Ho=CCH, Br

. COOEt
H v /
CHYEt H . CH.=CHCH=CHCH=C
"' \ Ve 2 2'
‘ Et COOE®
cnﬂgcﬁ
Pto,| H,
/’\
Et00C l COOEt
A
H QOOEt .., n-Pr COOEt
CH,=C=GH~CH~C= cb —;——9 ) CHCH5CHY
| OOEt Et COOE+®
(X1

An independent synthesis of the Cope rearrangement

product (XIV) was achieved as follows:-

(ii) 2,2-Dimethyl-penta-3,4-diene-1-al (IV, R=R'=Me)

was prepared by the method of Black and Landor85 as
. follows:~
Me CaCl M% O-CHZ-C-CH
JCH-CHO + 2 HC¥C-CH,-OH —2 ,cn-cn\
Me Me O-CHZ-CECH
BC1
3
?e 2 Me ,
CH,=C=CH-C-CHO << JCH-CH-0~CH,C=CH
2 | Me |

Me cl
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The allenic aldehyde (IV, R=R'éMe) wvas then condensed

' : 88
with diethyl malonate by the method of Cope and Hancock
using a Dean and Stark apparatus, benzene.and piperidyl

acetate to give diethyl 3,3~diemethyl-hexa-1,4,5-triene-

l,l1-dicarboxylate (XI, R=R'=Me,R=H) in 15 per cent yield.

Me ~ _COCEt T®  cooet
CH,=C=CH-C-CHO  + C*{g ——» CH=C=CH~-C-CH=C_
| COOE% | COOEt
Me Me
(xIV)

Steric hindrance due to the ¥-methyl groups of the
aldehyde probably inhibits the condensation thus result-
ing in the poor yield of the allenic alkylidene-malonate

(XIV). However, the product was identical with the

-allenic alkylidene-malonate obtained from the Cope re-

arrangement of propargyl iscbutenyl -malonate (X, R=RLMe,

' ﬂLH), the identification being carried out by i.r. and

u.v.spectra, and g.l.c.

Hence the occurrence of thermally induced intra-

molecular Cope rearrangement of propargyl alkenyl-malonates

was unequiwvocally established,
The rearrangement of the propargyl alkenyl-malonates
(X) investigated here are shown in the following Table

incorporating the yields and the reaction conditions:-
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TABLE I

H
¢ R R | R
c ¢ - CH,=C=CH-C-R!
I e a 2 |
HC C~-R" —> C-R"
2\ / ]
C c
7\ /\ ,
'Et00C  COOEt Et00C COOEt
(X) (X1)
R [R'| R" | Tield" Reaction |[Reaction | Reaction }‘max-/“ (£)
. (%) Temperature| Pressure Time 0£(XT)
of (XI) Range(°C) (mm) (min,)
H|H{ H - 200-220 20~744 90 -—
220-270 7hk 90 ——
270-280 7hly 90 o
280-400 | 74k 15 -
Me|H | H -— 200-220 20-744 90 -—
220-270 7h4 90 —
270-280 744 90 —_—
~ 280-400 74k 15 -
Et|H | H 29 270-280 744 15 206(10,790)
H |H | Me 39 270-280 744 15 210(10,101)
Me|H | Me | 33 270-280 | 744 RL 208( 8,988)
Me|Me| H 35 270-280 74l 20 204(12,513)
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It will be seen thaf four of the six compounds studied
underwent Cope rearréngement at 270—280o at atmospheric
preséure and 10-20 min. 1In each case further heating
did not increase the amount of allene formed. Moreover,

heating fhe pure allene did not give the acetylenic
starting material (i.w. examination), hence the re--
arrangement does not appear to be a reversible one and
the amount of allene formed does not appear to be limited
by the position of the equilibrium. Further heating of
the reactiom mixture, however, caused darkening of the
‘product, diminution of the allehe band at 1950 cm-.l and
: regeneratioh of thq original alkylidene/malonate. This
general tendency indicates that the activation energy
for rearrangement is only marginally lower tham thé
energy required for fragmentation. Yields of allenic
cbmpounds were never iniexcess of 39 pér cent even with
very careful control of\the reaction conditions.

According to the transition state theory

as AE
BT¢ /R ™ /RT

h R €3

‘'where k = first order reaction rate constant
B = Boltzmann constant = 1.3805 x 10-16 erg/°A

T = absolute temperature, CA. (273.15 + OC).
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h = Planck constant = 6.624 x 10 erg.sec.

AS = difference in entropy between initial and

activated states in entropy units.

AE = experimental activation energies, calories
R = 1.987 cal. /°a.
andk=pe_AE/RT. B S £ 8

where p = frequency factor,

Therefore In k =

L\k'—- (AE/R) . -!:+ Inpso.oco (iii)
T
by
Foster, Cope and Daniel- '~ plotted the graph of the
logarithm of the per cent of unreacted reactant (x)

against the time (£) in minutes and obtained the value

of k from the slope:~-

k =<lnx

t

"= =2.303.(slope)
60

. Fitting this value of k in equation (iii) and plotting

' the graph of lnk against absolute temperature, they calcu-
lated the value of AE from the slope.

From equations (i) and (ii)
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P = BT.e‘“?k
h

e '
. +sAS =Rln p - mn(nfr)

h
Hence they calculated the values of A S.

In order to determine what part of the difference in
rearrangement rates of allyl alkenyl -malonates was due to
differences in energies of activation (AE) and what part
was due to difference in entropies of activation (A S),
incremental values of T A S and AE were calculated, and
it was found that approximately 60 per cent of the differ-
ences in rearrangement rates is due to differences in A E
and the other 40 per cent due to differences in & S,

Furthermore the large decrease in entropy (11-14 e.u.)
of activétion.of these'rearrangements indicated that several
degrees of freedom may be restricted in the activated com-
pléx as would be expected for the formation of a cyclic
transition state.

- These results of Féster, Cope and Daniels would also
suggest a cyclic transition state for the Cope rearrange-
ment of acetylenic to allenic compounds, but such a cyclic
transition state (XV) would be very much less stable with

the linear acetyléne-aliene system than it is with the
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‘flexible allyl system. Both AE and A S would be
expected to be larger for the acetylene-allene re-

arrangement.

¥ \/
C
6@' é" \c4<‘5 E/
N\ / ((’;, \(';. g
C
7N \ 77X 7
/“\l N
v {
r ‘\c. \ _»
C// ':c< \C/ ‘._cI,
2 / = :
/ ‘.C-'/ "‘ c/
e Z\ /' \
(xv)

This is borne out by the higher temperatures (270-280°)
required for the rearrangement investigated here as
compared with those reported by Cope and his ceworkers
(150-200°).

. Furthermore, increased substitution leads to an
easier rearrangement as indicated by the yields (see
Table I),'showing that steric hindrance in the transition
state’is not an important factor. Compound (2) does not
fit in with this theory of the stability of the product.

Again, a homolytic mechanism is indicated (as in the
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Claisen rearrangement of propargyl alkenyl ethersBS)i
but an additional factor may be the stability of the
product, the alkylidené/malonate which gains stability
with increasing alkyl substitution on carbon atoms 2

and 3 of the malonates.

= activatiom energy and
free energy of non-
substituted malonates

activation and free
energy of 2 or 3-
alkyl substituted
malonateé)

A6, ?
\\2 or 3 alkyl substituted malonates

~ -

Levy and Cope“s showed that 3-phenyl-hexa-1l,5-diene
rearranged smoothly at 170o to l-phenyl-hexa-1l,5-diene
in 70 per cent yield, whereas 3-methyl-hexa-1,5-diene
underwent only partial rearrangement after prolonged
‘heating at 300° for 24 hr. The success of the former
reafrangement may be attributed to the lowering of energy
of the transition state and of the product due to the

formation of a conjugated system.
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Two compounds (Table I,,i. and 2.) did not rearrange
1under the usual experiﬁental'condition and these were
more exhaustively studied,

A temperature range of 200—4000, pressure range of
20-744 mm. and times up to 90 min. were explored without
success; allenic compound could not be detected in the

85, invblving the

product. Black and Landor's procedure:
use of a column tightly-pécked with glass-wool and
‘electrically heated did not give rearrangement product

at temperatﬁres of 200-400°. At temperatures below

300o the acetylenic starting material was recovered,
while at témperatures in excess of 300o fission products
were obtained. Thus diethyl propargyl vinylmalonate gave
only diethyl ethylidenemaionate and diethyl propargyl
péopenylmélonate gave diethyl propylidenemalonate (both
identified on g.l.c.) and polymeric material. It is not
known whether diethyl allyl vinylmalonate rearranges
Aundef similaf conditions to yield the expected product
diethyl hexa-1l,5-diene-1,l-dicarboxylate but diethyl
allyl propenylmalonate rearranges to diethyl 3-methyl-
hexéQl,5—diene-1,l—dicarboxylate in 68 per cent yield?q
These results show that fission is energetically

"more favourable than rearrangement for propargyl vinyl-

and propenyl-malonate, but the reverse is true for allyl
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propenyl-malonate.
H A B\ R
¢ H R G 0
\ /s
¢ ¢ o C-H
i ] A | !
CH. C-B ———> |.cH + .C
2 / 2in /\
¢ l Et00C COOEt
Et00¢ COOEt Polymer ! _COOEt
R-CH,-CH=C
COOEt
b5

Levy and Cope - have reported that hepta-2,6-diene
underwent reversible Cope rearrangement after 24 hrs.
at 300° to yield 20-30 per cent 3-methyl-hexa-1,5-
diene. If a similar rearrangement were possible in
the case of.a hex-l-en-5-yne system an allenic hydro-
.carbon would be obtained. To investigate this rearrange-
ment hex;l-en-séyne (XVI) was prepared from allyl
magnesium bromide in ether and propargyl bromide in
50 per cent yield. There seemed to be no advantage
in using tetrahydrofuran as Solvent and a copper
catalyst as suggested by Sarratosa89, and normal con-
dition (temperature of 0-20°) was used.

The en-yne hydrocarbon was identified by its i.r.
spectra (;me3300s, 2120w (C=SCH), 1650m (C=C) and 910s
(C=CH,) cm™ and by it g.l.c. which showed a single

component.
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The hexenyne did not rearrange when passed through
a Pyrex column tightl&~packea with glass-wool at tempera-
tures between 200-400o with a cbntact.time‘of 1-5 min.‘
The product was céllected in a cold trap at -66° and was
Shown to be the original en-yne by i.r. spectroscopy.

A'sahple of the en-yne was heated in a Carius tube
containing nitrogen at 300° for 24 hr. The liquid
product was dark and pgrtly polymeric (indicating that
;ééme fission~had occurred? and contained largely the
fstarting en-jne hydrocarbon Oﬂn). At temperatures in
excess of 3000 the amount of polymeric material increased
rapidly and that of the en;yne diminished. No allenic
material was isolated.

Hence both types of propargyl vinyl compounds, i.e.
‘malonate and unsubstituted hydrocarbon, did not give an
éllenic product from Cope rearrangement. This result
further strengthens the importance attached to the alkyl

substituents in the 3 position for this rearrangement.
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.Cyclopropane Esters from the reaction of Dimethyl-

sulphoxonium Methylide and~0(,~5 ~unsaturated Esters

A preliminary publication by Corey and Chaykovski52
showed that dimethylsulphoxonium methylide (I) in
dimethyl Sulphoxide as solvent may be used to convert

saturated ketones (ITI) to oxyranes (III) and o, ¥ -un-

saturated ketones (IV) to cyclopropyl ketones (V):-

R
R | O
\_ N 7
,C=0 R,c-c-c\
R P (11) Me g o av) R By
c-0 € >— ,S=CH > -C-C
N/ noo2 7 7\ \
R\ Me R R
CH, | 0 CH,
- (11D (T) (V)

ﬁethylide (v1) convefted both the saturated ketones (11)
and unsaturated ketones (IV) to the oxyranes (III) and

(va) respectively. The methylide (GI) in large excess
was also able to convert 1,l-diphenylethylene (VIII) to

1,1-diphenylcyclopropane (IX):-
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(1)

IIT) ¢—— ,S8==CH, —————> X=CuC=~0
( ? Me/ 2 ﬁ/ \ /
(vI) (vII)
Ph\ _
€=CH
_Pﬁ( 2
y  (vIII)
Ph\
C-CH
- pr’ \/ 2
(1)

The sulphoxonium methylide (I) therefore provides a
selectivébmethod for converting the saturated ketones
‘to oxyranes while the sulphonium methylide (VI) provides
a general‘method forﬁconverting all types of ketones to
their correspoﬁding.oxirane derifates.
| Infe;tigations in this laboratory of the preparation
of cyclopropanes, especially the naturally occurring

Hypoglycine A91

and its lower homologue, by the Simmons-
- Smith method92’93 showed that the Simmons-Smith method

is not particularly successful with conjugated esters,
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and this may be explained by postulating that the
electrophilic Simmons-Smith reagent (X) will not easily

add to a deactivated olefinic double bond.

Zn-Cu + CH, I ether-——;IZqCHzI + Cu

2%2
(x)

/
@ o e | P
X) + —_ .CH —~> | CH, + ZnI
c ¢ Fex ¢/ 7 2
/\ /\ /\

Corey and_Chaykovski{s method on the other hand
involves the nucleophilic reagent (I) which would attack
'an electrdpositive centre (Recently the preparation of
a more active Simmons-Smith.reagent has been reportedgu
which is supposed to add to o(,%g-unsaturated ketones
and esters95. This, however, has not been confirmed9€}
The application of the two ﬁethods to the formation of
cyclopropanes from dienoates should give complementary
results, i.e. the dienoate of structure (XI) would be
expected to yield the of,¥8 -methylene adduct (XII) by

~ Corey and Chaykovski's method and the‘K}J‘-methylene

adduct (XIII) by the Simmons-Smith method.
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R-CH=CH~-CH=CH-COOR'

: (X1) |
/I) (x)\L

R-CH:CH-CH;CH-COOR’ R-CH-CH-CH=CH-COOR'
\ _
CH, \cn/
2
(XI1) ~(x1II)

In 1964, Bagley, Smith and Wolff65'reported the
isolation of the ester of a naturally occurring, allenic
cyclopropanecarboxylic acid, which they named "Laballenic
acid". They produced evidence to show that this compound

was 2,3-methylene-heptadeca-4,5-dienoic acid (XIV,R=
' . _ .'= . : .
| CHy(CHy)gq R =H)

R~-CH=C=CH-CH-CH~COOR*

CHé

(x1V)
Shortly after the publication of this compound

appeared, our investigation of the synthesis of such

compounds was initiated. Since dibalocarbenes are known

't6 be electrophiles, they would be expected to attack the
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dienoate (XI) in the if, J -position to give the dihblo-
cyclopropane (XV).' Henée work was started on the
following scheme for the preparation of ethyl 2, 3-
methylene-hepta-4,5-diencate (XIV, R=Me, Rf'=Et) as a
preliminary expéfiment for the synthesis of 2,3-methylene-

heptadeca-4,5~-dienoic acid (XIV;R:CHB(CHZ)iO, R'=H):-

: :CX : '
'R-CH=CH-CH=CH-COOR —— 2 3 R-CH-CH-CH=CH-COOR!
y \agé
(XT)) (xv)
VeI n-BuLi
R—CH=CH—CH:9H—COOR' R-CH=CH=CH-CH=CH-COOR
H,
l&cxz | (1)
R-%F;CH—QF;QH-COOR'-Ezggki—e- R—CH:C:CH-QH;QH-COOR'
cx, Cf, E CH,
(XVI) (x1IV)

Dihalocyclopropane (XV), however, could not be
- prepared from ethyl gorbate (XI, R=Me, R'= Et) by the

L
potassium t-butoxide and haloform method as the ester
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underwent a Claisen type ébndensation97 to give a
polymeric product undef the strongly basic conditions used,
‘ﬁence the generation of dihalocarbenes using &am essenti-
ally neutral condition seemed imperative. Meanwhile,
application of ;he dimethylsulphoxonium methylide reagent
(1) gave ethyi 2,3—methy1eneepent-h-enoaté (XII, R=Me,
R?=Et) in fair yield, and ‘this should be susceptible to
the addition of dihalocarbene to give (XVI,R=Me, R'=Et)
andvtheh.give the required allenic cyclopropane (X1V,
R=Me, R'=Et)'using the ﬁ-butyl-lithium procedurejz.
While this work was in prbgress, Bagﬁy, Smith and
' Wolfffﬂa presented fresh evidence'which established
~'Laballenic acid' as a straight-chain allenic acid,
octadeca-5,6~dienoic acid and nét a cyclopropane allenic

B3

. acid, (XIV, R=CH3(CH2)i0, R!=H) as previously advocated ~.

CH=C=CH(CH,)

CHB(CH2)iO COOH

3

. Laballenic acid
The above scheme was therefore abandoned and laballenic
‘acid was synthesised by another reaction sequence (see

Discussion, p.t04)

Nevertheless, a study of the sulphoxonium methylide
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reaction was exteﬁded in this laboratory to cover
different types of unsaturated compounds e.g. the
énoic, dienoic and allenic derivatives of estersy
"'mitriles, ketones and malonates.

After thié work had Been completed, Corey and
Chaykovski98 reported that ethyl cyclohexenyl carboxylate
(XVII), the only unsaturated ester studied, reacted
with the méthylide (L) to give a cyclic compoundr (XIX).
However, the work described here shows that acyclicciﬁs‘

—-uné;turated esters did not give'such cyclic compounds.

The formation of the cyclic product (XIX) would require

the following mechanism:-

'LMQER; ?Ha
e O
+  CHg=3-CcH3
o
(XViD)
(0,
1l
L~ OFEt
k CH;H
CI



QG

CXDO

%x\”’z
QO

N'\ Me
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The sulphoxonium intermediate complex with cyclohoxane
'(XVIII) seems to be more favourably placed for cyclisation
owing to the strain imposed by the ring system, by a
: ester
Claisenktype%condensation go give the bicyclic compound
(XIX) than the equivalent complex with an acyclic system
(XX) which preferentially eliminates dimethyl sulphoxide
to give the cyclopropane (XXI):

0 ‘ 4]

il 1)

R C-CEt ' R C-0Et
N S Me \ 7

c ! co
|I—§ S @cné:-'—@sw —s
| .

N R-C~R
R~ R Me

(xx1)
"This is borne out by the fact that cyclopropanes were

‘generally obtained in good yield from dimethylsulphoxonium
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methylide (I) andCY,qg-unséturated esteré, both in
dimethylsulphoxide (Corey’and Chaykovski's method) and
‘by a'simplified procedure using dimethylformamide as
solvent (Method b).

Formation of the methylide (I) from trimethylsulphox-
on:'i.um,iodide98 in dimethylfsulphoxide andssodium hydﬁide
'requifes about 1 hr. as indicated by the evolution of
‘1hydrogen,iand a further 1-3 hr. is necessary at tempera-
tures of 20-600 to compléte the fqrmation of the cyclo-
propane after the-addition of an unsaturated ketone or
"ester.

On‘the other hand,the procedure using dimethylformamide
as solvent gives improved yields and is particularly useful
for compounds with eiéctron,donating substituents at the
Michael receptor site (such substituents would be expected
to slow down the reaction) or readily polymerisable esters
C;ee Table I), compounds (3), (6) and (9ﬂ. Formation of
methylide,(i)_in dimethylformamide is a spontaneous
exothermic process which is complete in 5 min. and is
aépompanied by copious evolution of hydrogen. The addi-
‘tion of¢x,Y3-unsaturated ester or ketone to the methylide
(I) then gives rise to a fﬁrther exothermic reaction which

is virtually complete in 30 min.
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Sodium hydride is reported99 to feact with direxthyl-
formamide'to form diethylamihe and carbon monoxide at
temﬁeratures above 100°. As temperatures between 20-40°
were used here for the preparation of cyclopropanes, no
difficulties were experienced with side reactions. This
temperature range is achieved by controlling the rate of
addition ofithe reactants which controls the amount of
heat evolved. Thus no external heating is necessary for
any stage of this reaction.

Esters of trans-enoic acids were used throughout
this work. ' G.l.c. using two different stationary phases
gaﬁe a sihgle peak for each product; hydrogenated product
of the cyclopropane ester prepared from a dienoate also
gaVe a single peak on g.l.c. The melting points and
mixed meiting points of the cyclopropanecarboxylic acids
obtained by ﬁydrolysis of the esters compared well with
the literatures values. Hence the products were assumed
fo be essentially the trans-substituted cyclopropanes
resulting from stereospecific addition.

N.m.r. spectroscopy provided further evidence for
the stereospecificity of the reaction. Ethyl 2-methyl-

cyclopropane-l-carboxylate shows a single quartet for the
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' CH H .
ester methylene protons ( 3 ) ) at
: ‘ = H COOCH,,CH

. 23
‘ ”1/'5.90 (N.M.R.l2). Furthermore, diethyl 2,2-dimethylcyclopropane-

1,1-dicarboxylate (XXIII, R=R'=Me) also shows a single quartet

for the two equivalent ester methylene protons

CH COOCH_CH
| (gz3:>k<:;7<< 23 ) at T 5.86 (N.M.R.17); 2t high
cH, COOCH_CH

23

resolution, a diffuse quartet isfobtained, probably due to
.conformational asymmetry. But diethyl 2-methylcyclopropane-1,1l-
| -dicarboxylate (XXIII, R=Me,R'=H) shows two quartets (separated
by 2.4 c./sec.) centred at Y- 5.82 and 5.86 (J=7.2 c./sec. for
each quartet) (N.M.R.13) probably due to the magnetic influence
" of the cis-methyl and hydrogen-substituent on the cyclopropane
. ring. Two quarfets would similarly be expected for a mixture
of the cis- and trans- ethyl 2-methylcyclopropane-1-
" -carboxylate owing to a different magnetic effect caused by each
geometrical isomer. The single~sharp quartet observed for
eihyl 2-methylcyclopropane-l-carboxylate thus also indicates

that it is essentially the trans- isomer (j>95%).

Tt was found that in every case where the alkyl

.substi%uents on the'fg-carbon of the alkylidene malonate or
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the 2-carbon of theAéyclopropyl malonafe are different
(i.e. XXII and XXIII R:/:R't), two gumartets for the
nonequivalent pair of ester methylene protons and two
triplets for the nonequivalent pair of ester methyl
protons are observed (see N.m.r. Nos.13-22). This

gannot be due to exten@ed spin-spin interaction as the
nearest proton from the ester methylene graup is separat-
ed by at least four atoms. This phenomenon is observed
onl& when there is asymmetry about the double bond or
~cyclopropane (i.e. when R=)€R>') and when a pair of carboxyl-
ic ester group is attached to the double-bonded carbon or
.cyclopropane ring, and may be due either to the proxim&ty
of the twb carboxylic ester groups so that the restric¥ed
rotation of the ester ethyl groups makes thém non-
equivaleﬁt, or due to the magnetic influgnce of the cis-

alkyl substituents on the ‘>C=C< or cyclopropane ring.

0 O
i i
R, c-o-cicH, R, ™. .C-0-CH,CH,
Rt b{_ —C) ‘ t! ‘> —O=
R ﬁ O CHZCH3 R ﬁ 0 CH20H3

0 0

(xx1T) ' (XXIII)
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It had already-been démoﬂst;ated that dienone
Michael recepters with methylide (I) gave o(,{g- or
7r.,d\—addition according to stéric considerations.
Tﬁus eucarvone gave the CK,4g-addpgt52.(XXIV) because
of steric inhibition of the Y ,8 -double bond by the
6,6-dimethyl group whereas l@-hydroxy-androsta-h,é-
dien-3-one added the methylide (I) to the more exposed

6,7-double bond to give the cyclopropane (XXV)100

L.
(XXI:) (xxv)

Both ethyl dienoates investigated here, ethyl penta-
2,h~dienocate and éthyl hexa-2,4-dienocate, gave mainly the
‘A ,¥ -adducts (XXV9) R=H or Me, R'=Et) indicating that
in the absenée of strong steric effects, attack in the
3-position of the Michael receptor is preferred to attack

in the 5-position.

R~-CH=CH~CH-CH~-COOR! R—CH;FH-C#;QH-COOEt
CH2 CH2 CH2

(xxvT) ' | (XXVII)
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However, under forcing conditions,with a four-fold excess
of methylide (I), ethyl hexa-Z,A—dienoate gave 35 per

cent of the bis-adduct (XXVII) showing that 2{,3‘-attack
- can be realised; A poor yield of the Xac}-adduct (XXVIII,
R=Me, Rt=Et) was also isolated as one of the reaction
products, and identified by elemental analysis, i.r. and

u.ﬁ. spectroscopy.

R~-CH-CH-CHECH-COOR' CH3>C—7CHCOOEt
CH
CH, 3 \mz
(XXVIII) (XxX1X)

Ethyl 3,3-dimethylacrylate gave only a 9 per cent
yield of the corfesﬁonding cyclopropane (XXIX) by the
dimethylformamide procedure although a two-fold excess
- of the methylide (I) was used. This result cannot be
explained on grounds of steric inhibition to attack by
methylide (I) as the analogous malonate and ketone give
91 per cent and 76 per cent yields of the correspohding
‘cyclopropanes Ziéble I, (11) and (16)/. Electron donation
by two mefhyl groups apparently cancels the effect of the

weak electron attraction of a single carboxylic ester
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'

‘group_at ﬁhe'Michael receptﬁr site, but nof the electron
attractién:of two carboleic ester groups or a ketone
carbonyl gfouﬁ. | |
l-Cyanoallenes gave only 10 per cent of distillable

products by both the dimethyl sulphoxide and dimethyl-
formémide procedure; di.¥., u.v. and n.m.r. spectra
indicated that theée consisted mainly of isomeérised
1,3-dienes.. The bulk of the product was polymeric.

- Ethyl buta-2,3-dienoate (prepared by the method of

152

Eglinton, Jones, Mansfield and Whiting gave a product
“which was largely water-soluble, and evaporation of the
. agueous extracts gave a solid, probably the resonance
stabilised adduct (XXX):-

0
H>c= U | H-.--@ 5 C

=0 —> C-C-CH—C CEt

%
H ’ Me H CH2
|
§9 Me
o
. 1\ o
0 " ‘?c ~CH-C-OEt
,CHB-C—CH- OEt € u’ HI;CH
" | o6,
Me-é-Me ' . _ I
li
0

(XXXT) | | (xxx)
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In the absence of water (i.e. the absence of protons
for decombosing the intermediate coﬁplex) and on evapora-
tion of the SOlvént,'a qﬁantitative yield of an oily
product was obtained which_had similar u.v. absorption
to that of dimethylsulphbxonium 3-ethoxycarbonyl-2-phenylea
allylide, obtained from ethyl phenylpropiolate56’l02' This
compound (XXXI) formulated as dimethylsulphoxonium-3-ethoxy-
carbonyl-2—méthyla;lylide, however, was unstable, with a
‘haif;life of 90 min., and could not therefore be isolated.

Ethyl'h-phenyl-penta-z,3.—dienoate115

gave the recovered

allené ester presumably due to the steric inhibition of

the methyl and phenyl groups on the \8-.carbon, i.e. the
site at which the methylide (I) is supposed to attack.

It.was interesting to compare the u.v. absorption

spectra of cyclopropyl esters with those of the corres-

‘ponding o(',\ﬁ ~-unsaturated esters. Although the conjugative

influence due to the cyclopropane ring (?onsidering either

loh) has been

Walshts mode1103 or a "bent-bond" model
reported since the'inéeption of the concepts of sp, sp
énd sp3hybridisation and of 6/and'ﬂ-bonds in the early

'1930's, no Satisfactory Mnified account'og and theoretical

explanation for the u.v. absorptions of COmpounds containing

S
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cyclopropyl group in combination with carbonyl group
and neighbouring olefinic group has been published.
Smith and Rogp'erlo5 in 1951 observed that there was
th the U.vV. spectrum

no significant difference&between cyclopropane (XXXII)

and alkyl substituted benzenes (XXXIII), R=alkyl).

VvV =
(XXXIT) (XKXIII)

Thus it was shown that a terminal cyclopropyl group plays
no part in conjugation. Similarly Eastman106 showed that
compounds (XXXIV) and (XXXV) had similar u.v. absorption

(in the position of the maxima and intensity).

0
(xxx1V) : (xxxV)
)max 21k gu(< ,2,990) ‘Amax 210 mu( € ,2,470)
/\max 275. mu(%,62) : /\max 280 94(5,35)
. 107

- Eastman and Freeman , however, observed that the u.v.
absorptions of compounds (XXXVI) and (XXXVII) were also

similar:-
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Me V4

-0 y Sc=cH C-Me
Me ;2
. Me Me

(mvx) - _ (XXXVII)

>‘max 235.5 xyt(s ,13,600) )\max 237 94.1(%,13,600)

But their u.v. absorption was different from the calcu-
!

= ) 1
lated value for the :g)c=9 =C-C=0 system (by Woodward's
' )

fulelos, )hax'ca.BOO gu).

On the other hand thé ulv. absorption of compound
(XXXVIII) was approximately the same as that calculatedi

! { ’
for the )C: -?:C-?:O system. This was explained theore-

tically by Roberts and Hazurlog

as being due to the
 electron delocalisation causing the collapse of the
bicyclic system (XXXVIII) to a dipelar system (XXXIX) in

which the positive charge is delocalised over four ring-

-carbon atoms 3,4,5, and 64~

4 2
1 —_—
S1Q
6 :
(XXXVIII)
3
it
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Hence it was concluded that conjugation is possible when
~the cyclopropane ring is at the end of a conjugated chain
but not with contiguous unsaturated groups. Eastman and
Freeman107 stated thuys: "The cyclopropane ring bears little
chromophoric similafity to the winyl group when placed as

a cbnnecting link between chromophores, i.e., mnsaturated
électrons of the cyclopropane ring lack the property of

il eléctrons in general of functioning centrally in a
‘chain of cohjugatién."

Work doné here confirms some of the above conclusions
but arrive; ;t a slightly different results. Both cyclo-
propyl esters and the correspondingti,#g—unsaturated esters
absorb in the same region of the u.v. spectrum at 206-210
9#, but the intensity of the cyclopropyl ester (5 ,100-200)
ié between 30 to 80 times wéaker than -the unsaturated ester
(¢ ;8000-13,000). Cyclopropyl ketones also absorb near
207 3M.(i.13oo-2,5oo), but alkyl substitution does not
produce the normal bathochromic shifysllo produced by
substituents on unsaturated.ketones. A cyclopropane

between two unsaturated groups as in Me-CH=CH-CH-CH-COOEt

effectively blocks conjugation. However, the ihtensity of

the normal absorption band at 207 9M;is increased ten-fold
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(to €, 3,700)., This corresponds to a high energy transi-
tion, and there can be little delocalisation of the "bent
bond" electrons in the cyclopropane. On the other hand,

a surprisingly large bathochromic shift (AA:BO gu) results
from a.Yg—cyclopropyl substituent on the 2-enoic ester group

as in Me-CH-CH-CH=CH-COOEt, together with an increase in
\C{Iz

“intensity (¢, 5,000-10,000). However, the u,v. absorption
’ ﬁaximum,of (X111, R'=Et) differs froﬁ:that of the dienoate

(XTI, R*=Et) by 20 mut and it is almost hal;z:ntensity,
unlike that of the bicyclic system (XXXVIII) quoted by
Eastman and Freemanlo7.

Table I lIists the cyclopropane esters prepared by the

dimethylsulﬁhoxonium,methylide reaction and compares their

u.v, absorptions with those of their(X,Yg?unsaturated

pPrecursors. .

/Table I...
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Rj ~ _R"
R? R™
Cyclo ers
Yield(%) |Yield(%)
R Rt| R" R™ b.p./% by by
Method A | Method B
1 H H |COCEt 134 65 -
2 Me H H |COOEt 76/70 60 62
3 H H Me |COOMe 72/120 0 20
4 Me Me| H |COOCEt - - 9
5 Pr H H |COOEt 80-82/5 - 79
6 Ph | H | H [cooEt 110/1 30 42
7|CH,=CH | H H |COOEt 58/1 62 -
H H H |CH=CHCOOEt - - -
8|MeCH=CH| H H |COOEt 106/15 L7 -
Me H H |CH=CHCOOEt| 106-108/15 10 -
9| cooEt | H | H |COOEt 108-110/12 - 47
10 Me H |COOEt |COOEt 66-68/0.5 - 80
11 Me Me |COOEt [COOEt 85-86/0.5 - 91
12 Bt H |COOEt |[COOEt 102-104/3 - 85
13| iso-Pr| H |COOEt |COOEt 110/2.7 - 86
14 "Ph H |COOEt [COOEt 140/0.1 - 76
(s Me |Me| H |conte 40-42/30 - 76)

/TABLE I contd...




99

TABLE I/continued

R\C _R" R, R"
~C=C >€7<
R!’ \ Rl" Rt R"l
O o
7/ N 7 A\
N max < N max 3
mat) (lg'.u)
1 206 4,785 207 106
2. 208 (13,115 ' 206 160
3. 208 | 8,511 206 194
4. N - -
5. 210 /13,100 | 207 187
'3 277 |19,215 220 | 8,500
T 247 123,200 - | 205 | 2,890
. " 230.5/16 500112
AR 258 129,390 207 . { 3,700
) " . " 235 17, 160
Q. 246 639 207 b77
ol 210 12,750 210 300
' 209 |13,020 204 541
n” 210 |[13,090 , 208 342
1% 209 |13,290 209 Loz
14 280 |24,055 - 218 |10380
(15| - 237 10,470 207 | 24857
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Asymmetric Synthesis of Cyclopropane Esters from the
0(,\6~-Unsaturated Esters by the Dimethylsulphoxenium
Methylide Reaction '

Partial asymmetric synthesis of trans-2-phenylcyclo-
propanecarboxylic acid has been a subject of recent
investigation using methods involving diazomethane on
(-)-menthyl 'cinnamatell6, phenyl-magnesium-bromide on
(v-‘)-lmenthyi ll»--bromo—pent-2-en¢:>ate]'16 and Simmons-Smith
reagent (IZ‘nCHZI) on o(,\g -unsaturated estersgs, followed
byv alkaline hydrolysis.

In order to determine the stereospecificity of the
dimethylsulphoxonium methylide reaction with 0‘,‘6 -unsatu-
rated esters, we chose an optically active aromatic and
aliphatic O‘,\g -unsaturated ester, i.e. (-)-menthyl
‘c:i.nnamate and (-)-menthyl erotonate, the configuration of
both these Aenoaiizes and their corresponding cyclopropanes
being well known?31116,117,118 It was found that for
both the esters, the alkaline hydrolysis of the (~-)-menthyl
cyclopropanecarbbxylates ggve (-)—cyclopropanecarboxylic
‘acids. The purity of the acids were determrimed by melting
point, mixed melting point and g.l.c. on the ethyl esters
prepared from them, | |

" Innouye, Takehana, Sawada and ohno’? obtained (+)-
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.(IS,ZS)52—¢ethylcyclopropanecarboxylic acid118 and

(-)-(1R,2R) -2-phenylcyclopropanecarboxylic acigtl6r117
'by‘the Simmons-Smith reaction with (-)-menthyl crotonate
and (-)-menthyl cinnamate respectively. They explained
this resultsby considering a methylene transfer mechanism
' through a transition intermediate involving simultaneous
coordination of zinc of the Simmons-Smith reagent with

ester carbonyl oxygen which gives a twisted cisoidal

conformation of both the 0(,\5 -unsaturated esters.

In the case of the aliphatic ester, the release of zinc
iodide led to the formation of (+)-(1S,2S)-cyclopropane-
‘carboxylic acid as expected. But for the aromatic ester,
the conjugétion with the phenyl group, they explained,
enhanced the nucleophilicity of the partial &\ -double
bond so that another molecule of the Simmons-Smith reagent
attacks this bond and the methylene transfer .takes Place
at the side which is less hind?zed, thus leading to the

formation of (-)-(1IR,2R)-cyclopropanecarboxylic acid.
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biIn our investigatioh, we obtained the laevorotatory
cyclopropanecarboxylic acids for both these Examples,
énd therefore the same stereochemical mechanism must

operate for both of them.

After this work was completed, a paper by Nozaki, Ito,
119

Tunemoto and Kondo y who used (-)-menthyl cinnamates

(with and without ring substituénts) and dimethyl-
éulphoxonium methylide and dimethylsulphonium methylide
followed by alkaline hydrolysis shoﬁed that they also
obtained laevorotatory 2-arylcyclopropanecarboxylic acids.
As the laévoratatory cyclopropanecarboxylic acid has

the configuration (iR,ZR)ll7, the following mechanism involvin

of the methylide on the ester in its prefevred contormation From the
which the attack [ef—the—confeprmen—£rem-the side of the

smallest groups, must operate:-

Rt H R! H
Ne L¢/ Ne = §7
/7 \ (1) i 0\
H =0 —— c=o
o_ M CH, of M
s | L s
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Synthesis and Absolute Configuration of Naturally

‘Occurring Non-conjugated Allenic Acid

Laballenic Acid

The second publication by Bagley, Smith and Wolffsé%

. . )
demonstrated that, contrary to earlier evidence‘a5 (see
Introduction p.34), the structure of laballenic acid

must be octadeca~5,6-dienoic acid:-

CH=c=CH-(CH2)-coon

CHS(CH 3

2)1%
The evidence rested mainly on spectroscopic and chemical
analysis, details of which are given in the Introduction.
This acid was synthesised in this laboratory by the
foliowing route:~
1-Tetrahydropyranyloxypenf-2-én-h-&ne (I) with lithium
in liquid ammonia and n-undecyl bromide gave lI-tetrahydro-
pyranyloxyhexadec-2-en-4-yne (II, R=tetrahydropyrany1)
which was hydrolysed to hexadec-2-en-4-yn-l-ol (II, R=H).
This was reduced with lithium aluminium hydridelzo to
give hexadeca-3,4ydien-l~0k (III) which was converted
to the corresponding bromide by the triphenylphosphite

dibromide method121. l-Bromohexadeca-3,4~diene and

malonic
diethyl sodiomalonate gave the hexadeca-B,h-dieneLgsﬁer

(IV) which was hydrolysed and decarboxylated to give
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laballehic acid (V, R=H).

HCECCH=CHCH20R
(1)

CHB(CHZ)LOB? J’LiNHz,liq.NH3

'='CCH=CHCH20R

CH3(0H2)10

(1)
'LiAlﬂk l

CH3(0H2)loCH=C=CHCHZCH20H

(III)

(PhO)BPBrz

CH_ Br

VCH3(0H2)100H=C=CHCH2 5

Na®Copt | cH,(cooEt), .

CHB(CHZ)1OCH=C=CHCHZCHZCH(COOEt)2
(IV)

l H,0 ,-COz

| CH;(CH,) ; (CH=C=CHCH,CH,,CH,COOR

(V)
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Trans-pent-2-en-4-yn-l-ol was prepared in 39 %

yield from sodium acetylide (2 mole ) and l-chloro-2,3-

122
epoxypropane o
- S - & a
HC=C-Na + Cl-CH.,,~-CH—CH,—> HC=C-CH- -CH2-0
2 <>o/ 2 N

H2Ne
.lHG
HCEC-CH=CH—CH2-OH

G.l.c. gave only one peak, its i.r. spectrum showed a
strong band at 960 (trans HO=CH) cm.”1, and absence of
. bands in the 700-750 cm.fl region indicated that no
cis-form was present. This is in agreement with the

explanation offered by Bale§, Jones and Hhitingk

23 that
any cis-pent-2-en-4-yn-l-ol formed in this reaction
would ﬁndérgo cyclization leading to the formation of
2-methy1furan which is too volatile to be detected or
. isolated from a reaction using liquid ammmﬁia.
zzggggpent-z-en—h-yn-l-ol was converted to l-tetra-~
hydropyranylexypent-2-en-4-yne (I) by shaking with 2,
3=dihydropyran acidified with a catalytic quantity of

concentrated hydrochloric acid128(in.90-92% yield) or

124 (ings% yiela).

125

Henne and Greenlee

p-foluenesulphonic acid

showed that when R>05H

il
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alkylation of acetylenes proceeded more smoothly in the
" presence of lithamide rather than sodamide in liquid
ammonia owing to a difference in solubility. Thus n-
undecyl bromide (preparéd 5y the method of Luttringhaus
and Schade126) was added to l-tetrahydropyranyloxypent-
.2-en-4-yne (I) in the presence of lithamide in liquid
aﬁmonia to givé.a 57% yield of l-tetrahydropyranyl-
oxyhgxadec?2-en»4-yn~1—01 (II)R=tetrahydropyranyl).

127 was unable to isolate the pure tetrahydro-

Evans
- pyranyl ethers and he hydrolysed the impure derivative
b& heating it under reflux with concentrated hydrochloric
acid in methanol for sevefal hr. Miller128, however,
 found that purification of the ethers by distillation
_féllowed by hydrolysis of the pure ether gave a better
yield of the'required unsatﬁrated alcohols,
l-Tetrahydropyranyloxyhexadec-2-en-4-yne (II,R;tetra-
| hydropyranyl)was therefore distilled and the pure tetra-
hydropyranyl ether hydrolysed with hydrachlorchacid/
methanol to yield 56% hexadec-z-en-u-yn-l-ol (II,r=H), and
the enynol was reduced with lithium aluminium hydridel%;’129
give hexadeca-B,h-diehdfi.Eéch compound gave correct
elemental énaly&is and gave essentially a single peak

on the g.l.c. The spectroscopic evidence fitted well
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with‘theif structures e.ge. lftetrahydropyranyloxyh
‘hexadeé-2-en—4-yne (I, R=tetrahydropyrany1)showed bands
in the i.r.ééectrum at-Z%ax2230m (conjugated -C=C-),
1650m (C=C), ‘960& (Hc-_—-t_cn') and the characteristic

tetrahydropyranyl ether bands at 1195ms, 1175m, 1120vs,

1015vs, 870s and 81lus cm.-l; for hexadee-2-en-4-yn-1l-ol ‘&

(II,R=H) at o) 3400s (-OH), 2230m (conjugated -C=C-),
1650 (Cc=C), 960s (Hc=t CH) cm."l';" and for hexadeca-3,
k-dien-l-ol (III) at 2 3400s (-OH), 1950m (C=C=C)cmi.

130 na tetrahydropyranyl) and

The u.v. spectra of (I,R=H
,(iI;R:H aﬁd tetrah&dropyranyl) were similar as expected
(See U.V.No.11).

The 1-bfomohexade¢a—3,h—digne could not be isolated
in pure form, Fractiénation gave a dark liquid. It was,
distilled from triphenylphosphate and the crude distillate
was used in the next st;ée of the reactian.

Laballenic acid was isolated as an oil which could not
be-distilled om a mercury vapour pump nor could the oil be
crystallized. It showed ’Dmx33oo,1600b (COOH), 1950w

- (c=c=C) and 1700s (C=0) cm.—l; the p-bromophenacyl ester
was prepared and crystallized from ethanol and identified

by elemental analyses as well as by melting point correla-

tion with the same derivative prepared by Bagley,Smith and
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Wolff '+ Methyl laballenate was prepared from laballenic

acid)methanol and hydrogen chloride and gave correct
elemental analysis, with the expected 1950w (C=€=C) and
1750s (C=0) bands in the i.r.spectrum. If gave a single
peak.on g.l.c.. Hydrogenation of the ester using Adam's
platinum oxidejyielded methyi stearate identified by

meltihg;and mixed melting point.

(R)Y-(-)-Laballenic Acid

When hexadec-2-en-lU-yn-1-o0l (II,R=H) was reduced
with the lithium aluminigm hydride-~3-0-benzyl-1l,2~-cyclo-
hexylidéne-D~glucofuranose complexlBo, (—)-hexadeca-j,
h-dien-l—ol.zzi_Z?o -4.4° was obtained.

Landor, Miller, Regan and Tatchell131

showed that
reduction of 2-@n-4-yn-l1l-o0ls with this sugar complex
gives allenic alecuwhols of the (R}configuration. This
was bésed on the following arguments:-

When alk-2-en-4-yn-1-o0ls were reduced with lithium
diménthoxyaluminium hydride, the corrésponding (+)-
allenic alcohols were shown to have the (S)~configuration
duexto the predominance of the thermodynamically more

stable cyclic allene complex leading to the preferred

.(S)-configuration. This was confirmed by a Claisen type
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brepareJ from (5)-(_)-bu,b-l-yn'-3-o(l acetaldehyde and boron trichloviel
of rearrangement of (-)-but-l-yn-3-yl-ol-chloroethyl etheil

to give (S)—(+)-hexa—3,4-dien-1-ol via a six-membered

- Jollowed by (thium aluminium hydride veduchon of the aldehyde
cyclic.transitian stat7& On the other hand when the same
alk-2-en-4-yn-l-ols were reduced with the lithium aluminium
hydride-~3-0-benzyl-1l,2-0-cyclohexylidene-D-glucofuranose
compiex, the corresponding‘(-)-allenic alcohols were
obtained, hence these must have the (R)-configuration.

This was borne out by an examination of models which
showed that the (R)-isomer would be expected to be thermo-
'dyhamically mofe‘stable than the‘(s)-iSOmerlgz.

 On the basis of the above result, (-)-hexadeca-3,
 h-dien—1-o1 has the (R)-configuration. Conversion via
fhe bromide to the malonic estef and hydrolysis and de-
carboxylation gave (=)-1laballenic acid (V) 111_7520—3.00
and the (-)-methyl ester Z:&_ZZO-B.OQ. Hence laballenic
acid and its methyl ester also have the (R)-configuratien.
As thé methyl'ester from the naturally occurring laballenic
a‘cid.is'des.cribed as having [o(JD2°-47.3°, it must have
;the.(R)—configuration. This conclusion is supported by
a theoreticél deduction based on an extension of Brewster's

theorleB’IBM

which predicts on the basis of polarisabili-
ties of substituents, that the system (VI) should have a

" negative rotation.
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8-Hydroxy-octa-5,6-dienoic Acid

‘Sprecher, Maier, Barber and Holman68 in 1965 isolated
an optically active lipid from the seed 0il of the Chinese
tallow tree, Sapium Sebeferum, and showed by degradative,
chromatographiic and mass spectrographic techniques that
one of its acid componehts was 8-hydroxy-5,6-octadienoic
acid (VII). Three derivatives of (VII) were prepared and
all were found to be optically acfive, the optical activity

being due to the allene fﬁnction.

H (CHE, ). COOH
\c C c‘/ 2)3:
/77N
HOCH,, H
(VvIiI)

The stfucture of (VII) was deduced from i.r. and mass
spectra and chemical evidence (see p.35)

(VIi) is similar to laballenic acid (octadeca-5,
é;dienoic acid, the synthesis of which is described in

this thesis) except that the undecyl substituent is re-

Placed by a'hydroxym@thylene group. The synthetic approach
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to the hydroxy allenic acid (VII) was, therefore, similar
to that employed fof the synthesis of laballenic acid,
i.e. the preparation of the en-yn-ol followed by lithium
aluminium hjdride reduction to the correspohding allenic
alcohol and finally the malonic ester condensation of the
allenic bromide and hydrolysis and decarboxylation of the
malonate, | |

It was désirable to choose an enynol which would be
reduced by lithium aluminium hydride to the correspohding
allenic alcohol and yet contain another function which is
'stable under alkaline condition and can be easily hydro-
lysed or converted to the required ‘alcohol at a latter
stage.

: 135,136

A method involving the use of tetrahydropyranyl ether
was considered, so that, for'instaﬁce, tetrahydropyranyloxys
prop-2-yne (VIII) wopld be expectgd to give the required

en-yn-olic ether (IX)

h NaNH,
B 0-CH,~C=CH ——=> | _/— 0-CH,~C=C-CH=CH-CH,-0H
0 1iq.NH 0

3
+

C1-CH,~CH-CH
N\ /7

(vIiI) 0 (X)

This was found to be the case. And tetrahydropyranyl
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ethers are easy to makelss, known to be resistant to
alkaline conditions]'37’138 and also that they are easily
" hydrolysed to the corresponding alcohols by mild a¢id
| 137

tréatment135’137, e.g. Henbest, Jones and Walls have
synthesised 4-hydroxy-but-2-ymmic acid (X) By a method
involving the use of tetrahydropyranyl ether followed

by its hydrolysis:~-

(ftL | MeMgBr, [TEL
-0-CH,. -C=CH 2 .k —CH.~C=C-
\ o/~ 0-CH,~C=C . > Kg/—0-CH,=C=C-COOH

. ln@
(viiz)
HO-CH,~C=C-COCH

(x)

1-Tetrahydropyranyloxy-prop-2-yne (VIII) was prepared
by shaking probargyl alcohol with a 25% molar excess of
2,3-dihydropyran in theApresence of a catalytic quantity
of concentrated hydrochloriclz8 acid or p-tohenesulphonic
géidlzu, aﬁd it was added to sodami&e in liquid ammonia
ifbllowed by the édditidn of half the theoretical quantity

ofvepichlorhydria}28'136

. Upon distillation, a forerun

| of the recovered l-tetfahydropyranyloxy—prop-2-yne and
‘1-tetrahydropyranyloxy-2-furylethane (XI)'(in';Q%yield)
wés obtained, foilowéd'by the required l-tetrahydro-

: pYranyloxy—ﬂmaﬁ-Z-yn—h-eh-6-ol (IX) (iﬂ 35% yieid).
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l-Tetrahydropyranyloxy-2-furylethane (XI) was identi-
fied by correct elemental analysis, i.r. spectrum showing

136 of the furan group),

the typical sharp aromatic bands
u.v. spectrum and by hydrolysis to the corresponding
2-furyl ethanol which had identifal p@picai constants
with this compound reported in.the>1iterature139.
-Pepper136'as well as BatP§, 6 Jones and Whiting123 have
isélated.furyl deérivatives from the predust: of synthesis
of Qérious en-yn-ols by this method mnd have explained it
vaé arising from the production of the cis-isomer which
'theﬁ cyclises under alkaline condition to give a minor,

more volatile fraction. Thus l-tetfahydropyranyloxy-2-

furylethane (XI) can be produced by the following mechanism:-

0~ NcH A
' i, T QOEQ—ECHZ—Q
(X1)

_1-Tetréhydropyrany1oxyhhefo-ynph-en-6—ol (IX) was
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isolated as a thick, amber 0il after distillatiom on a
mercury-vapour pump. It was identified by i.r. spectrum
(showing‘]Dmax at 3400s (~OH), 2230m (conjugated -G=¢-),
1650m (c=c), 955 (cZc) and the characteristic tetra-
hydropyranyl ether bands at 1184ms, 1120ms, 1020s, 1015s,920s,
870s and 816s cmfl.), u.v.spectrum‘zgimilar to the u.v,
specfra of en-yn-ols and their tetrahydropyranyl ethers
(see u.v. No.11)/, n.m.r. and elemental analysis.

N.m.r. of (IX) (See N.m.r. No.9) showed a singlet for
thé-tetrahydropyranyl proton ( H) at Y 6.67, a

. 07 \o-
singlet for the hydroxyl proton (-CH,-0~H) at¥7.20, a
singlet for the three equivaient methylene protons of
the tetrahydropyranyl group (Cﬁ,CHZ\CH ) at 7Y 8.32,
2 2
0~

a doublét of triplets due fo the trans-olefinic proton
'(o-cHz-cH=cg-cec-CH2-o-) centred at 7Y 4.24 (J=3.0 c./sec),
a doublet for the methylene protons (_(;:5—9§2-656-0H=CH-)-
at Y 5.61L (J=3.0 c./sec.) ahd a doublet of doublets for
the methylene protons écsc-CH=CH-qu-o-H) dentred at
..ﬂf 5.81 (J=6.0 c./sec.).

Reduction of 1-tetraﬁydropyranyloxy-hex-2-yn-h-en-6-ol
(IX) using lithium aluminium hydride gave a product which

was noet the expected tetrahydropyranyloxy allenic alcohol
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(XII), but which on distillation gave a relatively
Yolatile compound, in 45% yield. This showed a strong
‘terminal allené'band in the i.r.spectrum {1960s, 846b
cm.-l) as wéll as a hydroxyl band (3400s cm.-l) but
did not show the characteristic tetrahydropyranyl ether
‘bands. This gfoup was, theréfore, absent in this fraction
and despite the fact that no acidic conditions were
employed during the workiﬁg up and isolation of the
productsthé residue contained the starting material (X).

It wés reasoned that the tetrahydropyranyloxy group
was lost during the reduction stage. Up to 60% of the
voitétile fraction which contained the terminal allene
group was obtained if tﬁb moles of lithium aluﬁinium hydride
per mole of énynol (IX) was used, and all the starting mat-
erial was used up.

Analysis of the volatile fraction gave an empirical
formula of (C6HloO)n. G.l.c. on celite columns using
dinohylphthalate and silicone o0il as stationary phases
ishOWed in eacﬁ‘case a sihgle component with a shoulder
(see G.1.c.No.1). This shoulder was resolved on the
column‘using polyﬁropylene sebacate as a stax&{ionary
phase, and this showed the presence of two components

#n the ratio 7:3 (See G.l.c.No.2),




Y 6.28 (4=6.0 c./sec.), a singlet for the three protons

_(CEB-CEC-CHZ—) at ¥ 8,22, and a multiplet for the

'hexa-h,s—dién-l-ol (70%) and hex-4-yu-l1-o0l (30%). Hydro-
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The mixture of products was acetylated and fhe

_acetates diétilled. The distillates retained the strong

terminal allene band in the i.r.spectrum (1960s, 845b
‘ém;-l), but g.l.c. on polypropylene sebacafe still
showed‘two compounds in the ratio 7:3. Elemental

analysis of the esters gave a correct value corresponding

to the acetyl derivative of the alcohol of empirical

formula (C6H100)nf Hence this mixture probably con-
sisted of esters of isomeric alcohols. It had mo
significant u.v. absorption. |

The N.m.f. spectrum of the miiture of alcohols shbwed
a triplet for the two protons on cl()c=c;cn-éH26HZé§2-0H)
centred at Y 6.32 (J=6.0 c./sec.) and another triplet

’ . 3 1 [
for the two protons on 03 (-CEC-C§20H20H20H)centred at

CH,=C=CH-CH, system at Y 5.33 (see N.m.r. No.8).

N.m.r. of the acetate derivative similarly showed the
above characteristics of a mixture of terminal allene and
internal aqetylene}

This mibxture according to the above data is, therefore,
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genation of the mixture ga#e n-hexanol, identified by
Qomparisbn of i.r. spectra ahd g+.1l.c. with an authentic
sample, As a final check, penta-j,h-dien-l-ol was pre-
pared ?2:123:129 £ron the 1ithium aluminium hydride
reduction of trans-pent-2-en-4-yn-1-o0l, its i.r. spectrum
compared with fhe above mixture, ang found to be very
similar (see I.R.Nos. 60 and 61). Hence lithium aluminium
hydride feduction.of l-tetrahydropyranyloxy-hex-2-yn-4-en-
6-01 (IX) gives a mixture of hexa-h?S-dien-l-ol and
hex-4-yn-1-0l, probably by a mechanism involving a \§-
elimination of the tetrahydropyranyl ether group followed
by reduction of the cumulene intermediate by the excess
lithium aluminium hydride.

Léndor, Laﬁaor and Pepperluo have proposed a mechanism
' postulafing a cumulene intermediate in the formation of en-

yn-ols from chloro-diynols with lithium aluminium hydride

as follows:-

H
?f?ﬁfg; £;;CFC§E —— R-CH=g10£;ld:
Cl H Hr

e

R-CH=CH-C=C-CH

A1”

2CHZ-OH

A similar mechanism probably operates in the reduction
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'~ of l-tetrahydropyranyloxy-hex-2-yn-4-en-6-0l1 in which
the tetrahydropyranyloxy gwoup undergoes elimination

as it is also in the }8 -position to the acetylene.

0 0-CH2—6H=C=CH-CH20H520H

(X11)
Q 0-CH,-C=C-CH=CH-CH,~OH
(1x)
LiAlH,
o Fojcnz-csc-cn=cn-0112
_ 19\
_ 0
l AL
o H
H, =€ GicH (':H
FORS AN
H
0
A1
_CHZ=C=CH-(CH2) 3-911 #+ CHB-csc-(CHZ)B-QH;.
- (x111) | (xTV)

The reaction conditions were varied as follows in




_of allenic and acetylenic alcohols (XIII) and (XIV).

“ether (1]..-31. per centimole of lithium aluminium
hydride), longer reduction time (3-6 hr.) and lower

" reduction temperatures (ether reflux - 0°C) did not
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an attempt to preveéent the elimination of the tetra-

hydropyranyloxy group:-

(1) Half a mole of lithium aluminium hydride per
mole of l-tetrahydropyranyloxy-hex-2-yn-l-en-6-ol (IX)
gave 80% recovered starting material and a 20% yield of

the alcohol mixture (XIII) and (XIV).

(2) One mole of lithium aluminium hydride per mole

‘of the enynol (IX) gave 45% yield of the mixture (XIII)

and (XIV), the residue being the starting material,

(3) The use of two moles of lithium aluminium hydride as(z)

gave complete reduction of the enynol (IX) to the mixture

The proportion of (XIII) and (XIV) in each case was

about the same, i.e. 70% : 30%. Higher dilution with

affect the yield or the proportion of the products
significantly.
" (4) Two equivalents of the butang?,3-diol-lithium

aluminium hydfide complex to one equivalent of l-tetra-
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hydropyranyloxy-hex~2-yn-l4-en-6-0l (IX) in ether also

gave the mixture of (XIII) and (XIV) and recovered

enymol (IX).

(5) Reduction with three equivalents of lithium

aluminium hydride -3-0-benzyl-1l,2-cyclohexylidene-D-
130

glucofuranose'complex Cto one equivalent of the

enynol (IX) also gave the mixture of the volatile

‘allenic and acetylenic alcohols (XITI) and (XIV). The

distillation of the residue gave a'high boiling product,

“the i.¥. spectrum of which showed the presence of the

starting en-yn-ol (IX) and an allenic compound (see
I.R.No.62). But redistillation followed by i.r.,
g.1l.c. and f.l.c. jdentification showed that the product
contained the allenic and acetylenic alcohols (XIII)

and (XIV) as well as the starting enynol (IX) and the

recovered sugar.
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(? ~Chloro~ Y'-valerolactone
. J R - -

141,142 in 1901 prepared X -acetyl-

Traube and Lehman
J‘-chloro-?{-valerolactone by the condensation of epi-

Chlorhydrin with ethyl acetoacetate.

Cl-CH,-CH—CH, + CH,COCH,C00C,H,
0

Na®Ehc JHy

)
Cl-CHz—CllH-CHZ-THCOCHB © ?a

0——C=0

CHBCOOH

Cl-CHz-CH-CH2~CHCOCH3

O0———C=0

Our interest in the investigation of a possible route
to the synthesis of the naturally occurring antibiotic
-Nemotin ‘led us to consider the condensation of epichlorhydrin
with diethyl malonate to yield {~carbethoxy— d%chloro-Y -
valerolacfong (I) which might be converted tow‘ﬁlformyl-xz

-valerolactone (III) by the oxidation of the chloride (II)

Cor its corresponding alcohol or via the intermediate (IV).
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X-Formyl- ¥-valerolactone (III) could then be ethynylated
under a mild alkaline conditiom to give (Y—hydroxy-s -
ethynyl- X—valerolactone (V) which in turn could be eventually
converted to Nemotin or Nemotinic acid.
GlCHZC{{-/CHz + -cnz(coom:) 2
0]

Na® ot

ClCH,CHCH.,,CHCOOEt

23

0—— CO
_ ()

OHCCHCH,,CHCOOB ¢ cmuzcnczﬁzclmz
0—COo o 0—Co
(zv) ~ (11)
OHCTHCHZTHZ- /
0— CO
(TITY;,
o
HC&C-C — CHCH,,CH

2772
|

OH O0—CO

(V)
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CK-Carbethoxy-¢}-chloro-'K;valerolaCtone (1) was
prepared in 65% yield from the condensation of sodio-

malonate and epichiorhydrin in absolute ethanol by the

féllowing steps:-

Na@ght
- : _— -CH_ ~CH-
ClCHZCE /CH2 + cuz(coom:)2 C1-CH,~-CH CSZ
-0 - ' eI:H-coom
o) C=0
) 1)\)'
Na® Bt
- C1-CH,-CH-CH,
-8
CI.CH'Z(')H-(?HZ-CHCOOEt ' —— 0 c':-coom-.
2 l ¢-00 Na®
o—= cO |K/Q &
, o
(1) Bt

The chlor-lacton-ester (I) was identified by correct
‘elemental analysis, a single peak on g.l.c., i.r.spectrum
(showingbl7808 (1actone) and 1725s (ester) cm. "t bands),

. max .

and'n.m.r; Zghowing a doublet for the methylene protons

(ClCH-f::l ) at Y 6.24 (J= 5 c. /sec.), a quartet for the

ester methylene protons coocn CH.) at Y 5.74 (J=
=273

7 c./sec.) and a triplet for the ester methyl protons
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<(‘£jg<COOCH2C§8) at Y 8.68 (JI=7 c./seé.) (see N.m.r.No.4),

Oxidations of chloro-~ and iodoparaffins to aldehydes
in 60-76% yield by heating the halddes to 150O with
" dimethyl sulphoxide and anhydronts potassium carbonate
‘has been reported in the 11terature1h3 b4 135 This

" method proved unsuccessful for the chlor-lacton-ester

(I) as well as iodo-lacton-ester (prepared from the

146
)

- chloride from sodium iodide and acetone . A modi-
fication of this methodlh7 in which the chloride is
4'converted to its p-tohenesulphonate and the latter
heated in dimethyl sulphoxide, also did not produce
the required aldehyde.(IV).
'0(-Carbethoxy-J-thoro-\(-valerolactone (1) was
cdnverted‘to¢y-chloro-}(;valerolactone (II) by refluxing
the ester in concentrated hydrochloric acid for 24 hr.
A 35-40% yield of tﬁe lactone was obtained, together
with a polymeric material. The lactone had an i.r.
spectrum similar to chutyrolactone.(see I.R. Nos.68

and 69), and gave correct elemental analysis. N.m.r.

showed a doubtlet for the methylene protons (ClCH—ﬁi:%)

at ¥ 6.42 and a multiplet for the other methylene protons

at Y 7.6 similar to those of }(—butyrolactone (see N.m.r.
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Nos.5 and 6) and absence of the ester proton_7. G.ﬁ.c.
gax}e a single peak.

A literature survey showed that this simple chlore
lactone (II) has never been made to date. The oxidation

of E—Chloro- vaalerolacton’e has not yet been attempted.
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€239
EXPERIMENTAL




12 6b)

-EXPERIMENTAL

Infra-red (i.r.) spectra were determined with a Perkin-
Elmer‘Infracord specfrophotométer, the strength of the i.r.
absorption bands have‘beeh abbpeviated to Vs (very‘strong),
S‘(S£roﬁg);lm‘(mediﬁy), w (weak) and vw (very weak); ultra-
viblet (u.v.) spectra were deférmined with a Baush and Lomb
. Spéctronic 505 speétrometer; nuclear magnetic resonance

(n.m.r.) spectra were determined with a Perkin-Elmer and
Varian 60 Ms/sec. spectrometer for approximately 20% solu-
tions in carboﬁ tefrachloride with tetrgmethyl éilahe as
‘internal stan&ard; and,gas iiquid chromatography (g.l.c.)
was carried out with a Griffin and George instrument using

6 ft. glass columns with 10% silicone-oil/celite and N, flow
rate 2 1./hr. unless otherwise‘stated.

..Dimethyl sulphoxide was dried and distilled from calcium
| hydride and N,N-dimethylformdmide waé azeotropically distilled
frbm'benzene. The other sdlvents in parenthesis designated
-"dry" were dried with sodium (ether, benzene and tetra-
hydrofuran) and potassium hydroxide (pyridine) unless
-cherwise Specifiéd.

Melting point determinations were made on a micro-Kofler

b'l O Ck .
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3-Methyl-oct-1-yn-3-o0l

Sodium (46.0 g., 2 moles) was added to liquid ammonia
(4 1.,) and a catalytic quantity of ferric nitrate (ca.
0.1 g.) in a well-lagged 5 1. flask. After about a
dqarter of the sodium had been added, dry acetylene
was passed and the addition of the rest of sodium con-
tinued with stirring. After the addition of sodium
(ca.1 hr.) the ammonia solution was stirred and the
passage of acetylene continued until the blue coloration
changed to g:efishéwhite (ca. 4 hr.) when methyl amyl
ketone (228.4 g., 2 moles) previously cooled to -40°
.was added to the ammonia solution over 15 min. The
rate of passage of acetylene was reduced and the solution
stirred for another 4 hr., decomposed slowly with solid
ammonium chloride (107 g.,‘2 moles), excess ammonia
allowed to evaporate, the rééidue washed with ether
(3 x 250 m1.), dried.(MSSOu), filtered, ether evaporated
and the residue distilled at reduced pressure to give
3-methyl-oct-1-yn-3-0l, b.p. 50°/1 mm. (228.0 g., 82%)
(Found: ¢, 77.2, H, 11.4, C9H160 requires C, 77.1;
H, 11.4%), ;)max3h00s (-0H), 3300s (C=CH), 2120w (C=CH)
ém._l; gel.c. (silicone oil) at 98°, N,, 2 1./hr. gave

a single peak (t, 21 min.).
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3-Ethyl-pent-l-yn-3-ol

Simitardy prepared from sodium (46.0 g., 2 molés)71iquid
ammonia (4 1.) ferric nitrate (0.1 g.) and diethyl
ketone (172.3 g., 2 moles) to give b.p. 48-50°/15 mm.

(146 ey 65%), 7

 ax 3+00s (-OH) 3300s (C=CH), 2120w

(c=cH) cm.—g g.l.c. (silicone o0il) at 84°, N, 2 1./nr.

gave a single peak (t, 14" min.).

3.“.u-Trimethylupent;lfyn_g_01,

Sfmﬂaﬂy;uepared from sidium (46.0 g., é moles), liquid
ammonia (4 1.),ferric nitrate (0.1 g.,) and pinacolone
(200.4 g., 2 moles) fo give some recovered pinacolone
and 3,4,4-trimethyl-pent-l-yn-3-el, b.p.6h-66°/15 mm.
(126 g., 50%),'ZLax3uooS (-0m), 3300s (CECH), 2120w
(c=cH) em. "t gul.c. (siliédne 0il) at 100%, N,2 1./hr.

gave a single peak (t, 10 ming)

J-Methyl-penta-1l,2-diene

' 3-Methyl-pent-l-yn-3-ol (98.1 g., 1 mole) was added
to concentrated hydrochloric acid (11.), and the mixture
Shakén in a 21,&eparating funnel. Periodically the
uppér organic phase was checked in the i.r. for hydroxyl
~band (3400 cm.-l), and the shaking continued until the

hydroxyl band could not be detected (ca. 15 min.). The




129

organic layer was separated and dried with anhyéfous
potassium carbonate. The crude material (110 8oy 95%)
showed;'DmaxggoOS (c=cH), 2120vw (C=CH), 1950w (C=C=C)
and 856b‘(C=C=CH2) em. t indicating a mixture of 3-chloro-
3-methyl-pent-l-yne and l-chloro-3-methyl-penta-l,2-diene.
G.l.c. (silicone oil) at 77°, N, 2.2 1./hr. gave two
components: t,13 min. (65%, 3-chloro-3-metﬁyl-pent-l-yne)
ahd‘t,15 min., (35%,1-chloro-3-methyl-penta-1,2-diene).
Further shaking with concentrated hydrochloric acid
(500 m1.) and drying (Kéf063) gave the same ratio on
gsl.cC.

Zinc-copper couple was prepared by washing zinc dust
(78 g., 1.25 mole) with distilled water (2 x 50 ml.),
3% hydrochloric acid (2 x 50 ml.), distilled water
(3 x 50 ml.), 2% copper sulphate solution (2 x 50 ml.),
distilled water (2 x 50 ml.), absolute ethanol (3 x 50 ml.),
carefully'decanting thé liquids immediately after each
wash and finally pouring the =zinc-copper couple with a
last aliquot of absolute ethanol (100 ml.) into a 250 ml.
3-neck flask equipped with a mechanical stirrer, dropping
funnel and a downwardldistillation set-up. The ethanol

was heated to its reflux temperature, the heating source
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removed and the dry chloride added to the Qell-stirred
suspension at such a rate as to bring about a gentle |
distillation of the alcohol-allene azeotpope at b.p.
72-780. After the addition of the chloride, the mixture
was heated and the distillation céntinued until the
temperature of the azeotrope began to rise above 800.
Tﬂe distillate was washed with water (250 ml.), dried
(MgSOu) and distilled to give 3-methyl-penta-1,2-diene,
b.p. 74-76°/740 mm. (53.3 g., 65%}, 2D _3300vw (c=CcH),
1960s (C=C=C), 850s (C=C=CH,) cm. s g.l.c. (siticene
oil) at 17°, N, 2.2 1./hr. gave a minor component at

2
£,10 min. (5%) and a major component at t,12 min.(95%).

J-Methyl-buta-1,2-diene

Was prepared frem 3-methyl-but-l-yn-3-o0l (84.1 g.,
1 mole), concentrated hydrochloric acid (1 2.)and zinc-
copper couple (?rom.78:g., 1l.25 moles of zime¢ and 100 ml.
2% copper sulphate solution) in absolute ethanol (100 ml.ﬂ,
b.p. 39-40°/740 mm. (40.8 g., 60%), 7Dmax3300vw (e=cH),
1950s (c=c=c), 850s (C=C=CH,) em.”t; g.l.c. (sikicone
' oil) 170, Né 2.2 1./hr. gave a minor component at t, 5 min,

(5%) an& a major component at t, 8 min. (95%).




131

J-Ethyl-penta-1,2-diene

Shﬁﬂﬁdg prepared from 3-ethy1-pent-1-yh—3—ol (56.0 g.,
"~ 0.5 mole), concentrated hydrochloric acid (700 m1,)
and zinc-copper couple {from 39 g.s 0.6 mole zinc and
50 ml 2% copper sulphate solution) in absolute ethanol
(60 ml.) The product was washed with 5% ammonical
silver nitrate solution (2 x 50 ml.))filtered and
distilled to give b.p. 94-96°/740 mm. (27.0 g., 56%)
(Found: ¢, 86f9; H, 12'7f C7H12 requires C, 87.4;
H,l?..6%),>mX (I.R.1) 1950s (C=C=C)., 850s (C=C=CH,)
-1

em. " ; g.l.c. (polypropylene sebacate) at 200, H,

8 atmospheres gave a single peak (t, 7 min.).

3,4, 4-Trimethyl-penta-1,2-diene

Sﬁnﬁ@ﬂ@ prepared from 3,4,4-trimethyl-pent-l-yn-3-ol
(63.0 g., 0.5 mole), concentrated hydrochloric acid
(700 m1.) and zinc;copper couple (from 39 g., 0.6 mole
Zhﬁh;and 50 ml.EtOH.The product was washed with 5%
ammonical silver nitrate solution (2 x 50 ml.),
filtered and distilled to give b.p. 86-88°/740 mm.
(30.2 g., 55%) (Found: C 86.9; H,12.7, CgH,, requires
C, 87.2; H, 12.7%), 2. (I.R.3) 1950s (C=C=C) $50s
-1

(C=C=Cﬁz) cm. ~; g.l.c. (polypropylene sebacate)

at 229,H2 8 atmospheres gave a single peak (t, 10 min.).
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3-Methyl-Octa-1,2~-diene

Simfoely prepared from 3-methyl-oct-l—yn;3-ol (57.1 g,
0.5 molé), concentrated hydrochloric acid (700 ml,) and
'zinc-copper couple (from 39.0 g., 0.6 mole zinc and

50 ml. 2% copper sulphate solution) in absolute ethanol
(60 ml.). The azeotrope distilled at 100-120°/740 mm.
and several washings with water and ammoniacal silver
nitrate solution gave b.p. 138-140°/740 mm. (27.9 g.,
u5%),‘2;ax (I.R.3), 1950s (C=C=CH,), 850s (C=C=CH,)
em.” 1 g.l.c. (silicone oil) at 80$N2 2 1./hr. gave a

single peak (t, 8 min.).

Hexa-~1l,2-diene

Freshly redistilled thionyl chloride (120 g., 1
mole) was added dropwise over 1 hr. to an ice-cooled
mixture of hex-l-yn-3-ol (97.1 g., 1 mole) dissolved
in dry pyridine (80 g., 1 mole). After the addition,
the mixture was stirred at room temperature for 1 hr.
washed with 20% hydrochloric acid (3 x 50 ml3), water
(2 x 50 ml,) and dried (KBCOB). The crude chloride
was reduced with,zinc—cbpper couple (prepared from
78 g., 1.25 mole of zinc and 100 ml. 24 copper sulphate
solution) in absolute ethanol (100 ml.) to give b.p.

70-72°/740 mm. (41.0 g., 50%), 2_, 3300w (CZCH),
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1950s (C=C=C), 850s (c=czCH,) em. "L, g.l.c. (poly-
propylene sebécate) at 20°, H, 8 atmospheres gave a

minor component (t, 4 min.,2%) and a major component

(t, 5 min., 98%);

l-1-Dichkoro~2,2-dimethyl-3-methylenecyclopropane
Potassium metal (4 g., 0.1 atom) was added in small
pieces to dry t-butanol (150 ml) and the mixture re-
fluxed until the.potassium had completely dissolved.
Excess alcohol was disti;led off, the last traces under
reduced pressure, and the white solid powdered, washed
with sodium dried benzene (3 x 50 ml.), the benzene
syphoned off, washed with dry pentane, the solvents
,femoved in vacuo, and the solid dried in vacuo at 100o
for 2 hr. 3-Methyl-kuta-1,2-diene (6.8 g., 0.1 mole) dnd
dry pentane (10 ml) were added to the solid, the mixture
cooléd in an ice-salt bath, and chloroform (12 g., O.l
mole) was added dropwise to the rapidly stirred mixture
over 1 hr. After the addition, the mixture was stirred
for 1 hr, at oo; 1 hr., at room temperature, poured.into
ice-water and extracted with pentane (3 x 50 ml) dried

(MgSOh), filtered, solvents removed, and distilled

yielding crude product, b.p. 65—680/80 mm. (7.4 g., 49%).
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Redistillation gave the pure l-l-dichloro-2,2-dimethyl-
3-methylenecyclopropane, b.p. 65-680/80 mm. (6.3 g.,
41%). G.l.c. (10% apiezbn-celite) at 70°, N, 1.8
l./hr. gave a single component (t,8 min.) (Found:

c, 47.4; H, 5.1; c1, h6.9306 Hg Cl, requires C, 47.7;
H, 5.3; cl, 46.9%), 2

1010m (cyclopropane), 910s (c=CH2) and 865s cm.'l, )\max

mam(I.R.#) 1820w, 1750w (overtones),
205m/wL (¢5,200), )\sh. 234 n}u(z,soo). The product (1 g.,)
in anhydrous ether {30 ml) with Adam's platinum catalyst
(0.024 g.) absorbed 94.5 ml. of hydrogen (one molar
'equivalent requires 99.9 ﬁl;) in ten minutes and showed
1itt1e'further absorption after one hour's shaking. The
catalyst was filtered off, ether evaporated, and the
residue distilled, b.p. 46-48/90 mm., and found to have
a superimposable, infra-red spectrum with that of an
authentic sample of 1,l1-dichloro-2,2,3-trimethylcyclo-
propane.l
| Ozonolysis of the product (0.8 g.) in dry ethyl
acetate (50 ml.,) followed by hydrogenolysis (Pt02,
0.032 g.) and distillation gave formaldehyde as its 2%
dimedone derivative (0¢25}g.) m.p. and m.m.p. 189,5°.
l‘N.m.r. showed two non-equivalent protons for the

exocyclic methylene group ()%#g) at Y 4.12 and Y 4.48,
(J4 .
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and a singlet for the'tWO equivalent methyl proton

CH /

1l,l-Dibromo-2,2-dimethyl-3-methylenecyclopropane

Dry potassium t-butoxide (from potassium 6 g.,

0.15 g.atom. and t-butyl alcohol 150 ml) was covered
" with 3-methylbuta-1,2-diene (10.0 g., 0.15 mole),
‘reaction mixture gooled in an ide-bath, and bromoform
(38.0 g., 0.15 moie) added dropwise over 1 hr. Stirring
was continued‘for 1l hr. at room temperature, and the
mixture poured onto ice-water. Extraction with ether,

drying (MgSOM) and distillation yielded 1l,l-dibromo-2,
2-dimethy1-3-methylenecyclopropane (24.0 g., 68%), b.p.
66-68°/20 mm.3° Dmax(I;R.lo) 1820w, 1750 w, 1040m.
" (cyclopropane ring), 905s ( ;C=CH2) and 800s cm.-l,

max
g-l.c. (dinoylphthalate) at 140°, N, 2 1./hr. showed

N max (U-V-2) 206 mac(5,5,250), A, 225 mc (€,3,000) ,

one peak (t, 11 min.). N.m.r. showed two non-equivalent
 protons for the exocyclic mwthylene group ()€§~<H) at

ﬁ/ 4.14 and 4. 51, and a singlet for the two equivalent

methyl protons'(cﬂj)v=< ) at ”f 8.52.




. exocyclic methylene group (
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1,l-Diéhloro—2—ethyl-2—methy113—methyleneqyclqp;gpane

‘ny potassium t-butoxide (prepared from potassium
L g., 0.1 g. atom and t-butanol, 150 ml.) was covered
with 3-methyl-penta-1,2-diene (8.2 g., 0.1 mole) in dry
pentane (10 ml.) in an ice-salt bath and chloroform (12 g.,
0.1 mole) added dropwise over 1 hr. The mixture was stirred
for 1 hr., at Oo, 1l hr. at room temperature, poured into
ice-water and extracted with pantane (3 x 50 ml.), dried
(MgSOh), filtered and distilled yielding 1,l1-dichloro-2-
ethyl-2-methyl-3-methylenecyclopropane (8.3 g., 50%), b.p.
70°/90 mm. (Found: ¢, 50.8; H, 6.1; @L, 42.9, €.H, 01,
requires €, 50.9; H, 6.2; CL, 42.0%), )max(I.R.S) 1820w,
1720w, 1625m (overtone), 1002m (cyclopropane), 910s
()‘C=CH2), and 865s cm. 1, )‘max(u.v.l) 206 mu (€,5,250),
,.)\sh 234 y.‘(i,;'oo),. G.l.c. (apiezon) at 70°, N, 1.8 1/hr.
gave a single component (t, 17 min.)

The' produ.ct (0.9 g.) in ethyl acetate (20 ml.) with

Adam's' platinum oxide catalyst (0.042 g.) absorbed 74 ml.

- hydrogen (theoretical requirement 76 ml.) in 15 min.

N.m.r. showed two non-equivalent pfotons for the

01-\3) atY4.17 and 4.51, a

1

/
xqs ~
singlet for the methyl protons (gg,B N) at'18.61, a
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- ‘ /
triplet for the methyl protens (QE_BCEz \ ) atnr/8.94

(J=6.5 c./sec.f and a quartet for the methylene protons
(cﬂacg;gﬁyF*L) at Y 8.27 (J=6.5 c./seé).

Ozonolysis of dichloro-2-ethyl-2-methyl-3-methylene-
cyclopropane (0.8 g.) in dry ethyl acetate and hydro-
genolyéis (Pt0,,0.032 g.) and distillation gt 40° gave
formalsdehyde as the dimedone-derivative (0.26 g.) m.p.
189.58. A miied m.p. with an authentic sample prepared

from formaldehyde showed no depression.

1,1-Dibromo-2—efhyl-2-methzl-3-methylenecyclqpr0pane

Dry potassium t-butoxide (from potassium 7.6 g.,
0.19 g., atom and t-butyl alcohol, 150 ml.) was covered
. with 3-methylpenta-1,2-diene (15 g., 0.19 mole) at 0°
and bromoform (48.0 g., 0.19Amole) was added dropwise
‘over 30 min. with stirring. At the end of the addition
the flask was warmed to room temperature amdstirred for
_1.hf. The reaction mixture was poured onto ice-water
and extracted with ether (3 x 100 m1.), dried (MgSOh)

~2- ethyl
and distilled, yielding'l,l-dibromoﬁg-methyl-3-methylene-

Qe

cyclopropane (22 g., 58%), b.p. h9-50°/2 éﬁ;& B jD

K
==

(I.R. 11) 1820w, l750w,10h0h.(cyclopropane) 9058

( S&=cH,) and 800s em. ™, N, 207 mAe (€, 5,300),
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N an. 225 m/ (€,3000). G.1.c. (dinonylphthalate) at

o

1407, N, 1.8 1./hr. showed one component (t, 15 min,).

1,1-Dichloro-2-pentyl-2-methyl-3-methylenecyclopropane

Dry potassium t-butoxide (from potassium 4 g., 0,1
g. atom, and f—butanol,lso ml.) was covefed with 3-methyl-
octa-1,2-diene (12.4 g., 0.1 mole) and dry pentane (10 ml.),
and chloroform (12.0 g.,o.l'mOIe)-was added dropwise to
the stirred mixture. The mixture.was.stirred for 1 hr.
at OO, 1 hr. at room temperature, poured into ice-water
and extracted with penfane (3 x 50.m1.), dried (MgSOu)

Lil-dichloro- .

and distilled, yielding‘?-pentyl-z-methyl-B-methylene-
cyclopropane (14.5 g., 36%), b.p. 64-65/70 mm. (Found:
€,57.7; H, 7.65 Cl, 34.2%; C, H, Cl, requires C, 58.0;
H, 7.8; C1, 34.3%), (I.R. 8) 1820w, 1730w (over-

‘tone), 1640w, 1012m (cyclopropane), 910s’ (>c=CH,) and

max

8658 cm.

1,1;Dichloro—2,2-diethyl-ijethylenecyélopropane

Dry potaésium t-butoxide (from potassium 4.0 g.,
| 0.1 g. atom and t-butanol, 150 ml.) was covered with
3~ethyl-penta-1,2-diene (9;6 8+, 0.1 mole) and dry
_péntane (10 m1.), and chloroform (12.09, 0.1 mole) was
added dropwise with vigorous stirring over 1 hr; stirring
was continuéd'for 1 hr..atloog 1l hr. at room temperature
and the mixture poured onto ice-water, extratted with

pentane (3 x 50 ml,), dried (MgSO,) and distilled
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yieiding‘l,lﬁdichloro-z,2—diethy1-3-methylenedyclo-
propane, 62-640/70 mm. (10.0 g., 54%) (Found: €,53.1;
H,6.6,C1, 39;0; C8H12012 requires C,53.6; H,6.7; C1,
38.6%), ijxx (I.Rr.6) 1820w,Al720w (overtones),
1002m.(cyc;opropane),'glos,( )c:cnz) and 865s cm.'l3
g.l.c. (;ilicpne oil) at 76°, N, 2 1./hr. gave a single

peak (t,20 min.).

1;1—Dibromd—2,2—diethy1-B-methylenecyclopropane

Dry potassium t-butoxide (prepared from potassium,
4 g.,0.1 atom, aﬁd t-butanol |150 ml.) was covered with
3-ethy1-péﬁta-1,z¢diene (8.2 g., 0.1 mole) and Pentane
(10,ml. ) ,and bromoform (25.3 g., 0.1 mole) was added
dropwise over 1 hr. with stirring, the mixturé8 stirred
for 1 hr. at Oo, 1 hr. at room temperature, poumed onto
ice-water, extracted with ether (3 x 50 ml), dried
' (MgSOh) and fractionéted, yielding 1,l-dibromo-2,2-
diethyl-3-methylnecyclapropane (19.5 g., 73%), b.p.
64-65°/3 mm. (Found: é, 35.95H, 4.3; Br, 59.0, CgH, Br,
fequires‘c, 35.8; H,4.4; Br,59.8%), szx:(I.R.IZ)
1820w, 1756w, 10b0m (cyclopropane), 905s ( ;G=CH2)

and 8Q@0s cmﬂ-f )~ 210 g}c(§5:760); g.1l.c. (poly-

max

propylene sebacate)'at 1100, H2m8 atmospheres gave a

single peak (t,19 min.).
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l,l1-Dichloro-2-methyl<s2-~-t-butyl-3-methylenecyclopropane

Dry potassium t-butoxidei(from potassium 4 g., 0.1
g. atom and t-butanol, 150 ml.) was covered with 3—methyl
A,h-dimethyl;pepta—l,2-diene (11.0 g., 0.1 mole)and
pentane (10 ml,) at 0° and chloroform (2.0 g., 0.1
mole) waé added dropwise over 1 hr. with stirring, the
mixture stirred for 1 hr. at 0°, 1l hr. at room gempera-
ture, pouted’ényo iee watef, extracted with ether
(3 x SO.ml), dried (MgSOu) #nd fractionated, yielding
1,l-dithoro-z-methylg2-t—Butyl-3-uwthy1enecyclopropane

‘51 S
.(9.25%5”4’&5§)7bup. 78-80°/65 mm. (Found: C¢,55.7; H,7.0;

L2 Thtn Al
]

CL,36.4; C/H,,Cl,requires ¢,55.9; H,7.2; C1,36.8%),

oH1
—jZ>néx (I.R.9) 1820w, 1750w (overtone), 1010m.{cyclod

propane), 910s ( >C=CH2) and 865 cm.-l; g.l.c. (silicone

0il) at 84°, N, 2 1./hr. gave a single peak (t,11 mim.).

l,1-Bichloro-2-n-propyl-3-methylenecyclopropane

Dry potassium t-butoxide (from potassium 4 g., 0.1
g. atom and t-butanol 180 ml.) was covered with hexa-~1,
2-diene (8.2 g;,AQl. mole) and dry pentane (10.ml.) at
0° and chloroform (12 g., O.L mole) was addéd dropwise
over 1 hr.with stirring, the mixture stirred for 1 hr.

at 00, 1 hr. at room temperature, poured onto ice-water,




1k

extracted with ether (3 x 50 ml.), dried (Mgso,) and
frggtionated, yielding 1,1-dichloro-2-n-propyl-3-
methylenecyclopropane (7.8 g., 47%) b.p. 66-687&00 mm.
(Found: ¢, 56.8; H, 6.1; Cl, k2.9, C,H,Cl, Tequires

¢, 0.9; H, 6.2; c1, 42.08), 2D___ (I.R.7) 1820w, 1720w
(overtone),1038m (cyclopropane), 912s ( >C=CH2) and
760m cm.-13 g.l.c.-(silicone 0il) at 70°, N,1./hr.

géve a single band (t, 15 min.). N.m.r. showed two.

non-equivalent doublets ( é;s;?==<g ) at Y 4.07.
: » H H

Cl Cl1 =

«ﬁeééinnuof dihaloéarbenes with l-bromoallene

I. (i) A solution of l-bromo-3-methyl-penta-1,2-
diene (16.153, 0.1 mole) in chloroform (12.0 g., 0.1
mole) was added dropwise over 1 hr. to a well-stirred
‘suspension.of potassium t-butoxide (from 4.qu.l mole
potassium and t—bﬁtanol,l5o ml.) in dry pentane (25 ml.)
cooledwto 0° in ice. The reaction temperature was
maintained'at 0° throughout the addition, and the mixture
Stirred at 0° for 1 hr., room temperature for 1 hr.,
poured into water, extracted with pentane (50 m1 x 2),
dried (MgSOh), and distilled to give S.ﬁ. 78-82°/50 mm.
(lj.S g., 85%). The product on g.l.c. (silicone o0il)
2 1./br. gave a single peak (t, 14 min.) identi-

.0
at 80 ,.Nz

fied as RE-bromo-3-methyl-penta-l,2-diene, :Dmax 1950®s
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(C=C=C), 1165vs and 730vs cm. T,

(ii) Bromoform (25.3 g., 0.1 mole) also gave
the recovered bromoallene (11.0 g., 69%) under the same
copditiohs as (i).

(iii) Similarly excess chloroform (47 g., 0.4

mole) likewise gave the recovered bromoallene (12.5,

77%).

4II. To a suspension of sodium trichloroacetate
(14.9 g.,~0.8 mole éﬁfepared by the addition of tri-
chloroacetic:acid (21.3 g.,v0.13 mole) to sodium
.ethoxide (8.8 g., 0.13 mole), filtering the solid,
washing with chloroform (3 x 50 ml.) and drying at

40-50°/1mm.7 in freshly distilled (from calcium
hydried) dimethoxy ethane (100 ml.) was added l-bromo-
3-methyl-penta-1,2-diene (8.0 g., 0.65 mole), the mixture
heated at 150° for 3 hr. under dry N,, added to water
(200 ml.),extracted with ether (3 x 50 ml.), dried
(39504), and distilled to give the recovered allene

bromide (4.0 g., 50%) identified by i.r. and g.l.c.

as in (i).
IITI. 1-Bromo-3-methyl-penta-1,2-diene (0.8 g., 0.01

mole) in dry benzene (10 ml.) was added to tribromethyl-
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phenyl-mercury (11.7 g&., 0.022 mole) Zﬁfepared from
' phenyl-mercury-bromide (17.9 g., 0.05 g.,) potassium

t-butoxide (5.6 g., 0.05 mole) and bromoform (12.7 g.,
148~
/

| 0.05 mole)' in dry benzene (40 ml.) and the mixture
refluxed for 3 hr., poured into water (100 ml.), benzene
layer separated, the aqueous layer extracted with ether
(2 x 25 ml.), the combined organic layer washed with
water (2 x 50 ml.), dried (MSO,) and distilled to give
the recovered allene bromide (5.6 g., 70%) identified

by i.r. and g.l.c. as in (i).

1, 3-Dibromo-prop-l-yne

Bromine (40.0 g., 0.4 mole) was added dropwise with
stirring to T N potassium hydroxide solution (71 1.) at 0°,
the temperature being maintained at'oO throughout the
addition. 3-Bromo-prop—l-yne (48.0 g., 0.4 mole) was
added in one portion to the we;l-stirred mixture at 00,
stirred at 0° for 1 hr. énd allowed to reach room
femperatﬁre. The lower organic layer separated, the
upper aqueous layer extracted with ether (2 x 50 mlJ,

the combined organic layer dried (MgSOu) and ether
evgporatéd on a rotary evaporator to yield a fuming

amber liquid (79.0 g., theoretical)lhz Dmax(I.R.65)
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3020w (C-H), 2260s (-C=C-), 1420w, 1210vs, 1064m and

86Q,cm.-1; g.l.c. (apiezon L) at 82°, N, # 1./hr.

gave a single peak (t, 14 min.). Distillation gave

a fuming colourless liquid (64%.0 g., 81%), b.p. 50-5#0/
10 mm. (Round: C, iS.h;iH,'l.Z; Br, 80.4; cBHZBsr2
requires C, 18.2; H; 1.0; Br, 80.z7%), i.r. and g.l.c.
identical with the undistilled product identified as

1,3-dibromo~prop-l-yne. N.m.r. (N.m.r.lO) showed only

a sharp singlet for the methylene ﬁrbtons at Y 6.10
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Cumulenes

ﬁ-Methyl-penta-l,Z:j-triene:

(a) A solution of 1,l1-dibromo-2,2-dimethyl-3-methylene-
cyclopropane (12;0 g., 0.05 mole) in 25 ml. ether was
added dropwise over 15 min. to -n-butyl-lithium (from
lithium wire, 0.6 g., 0.1 g atom, n-butyl bremide, 6.8 g.,
0.05 mole) at -40°, the temperature being maintained below

-30°, The mixture was stifred for 15 min. at -30°, and
'élowly allowed to warm up to room temperature. Distilla-
tionbin vacuo gave a product which was collected in a
cold trap'(730--40°) and redistillation under nitrogen
at atmospheric pressure géve h-methylbenta—l,2,3-triene,
b.p. 56-58° containing ether; g.l.c. (silione oil) at
210, H2 at 9 atmosphere, &% gave two peaks: t,3 min.
(50%, ether) and 9 min. (50%, cumulene). The yield of
cumulene by g.l.c. was ca. 3 éﬁ, 75%,‘2Lax(I.R.13) 2080s
.(C=é=C=Q), 820b cm._l;A)max(in hexane) 220 9u.($'3,500),
254 %}&(5,13,000), 29hw5yt(i,700). The product (ca.

0.5 g., o.ooé mole) in ether over a catalyst (Pt02, 0.158
g.) absorbed hydrogen (530 ml., 0.023 mole). Distillation
gave 2-ethylpentane (b.p.60°) in ether identified by com-
paring with an authentic sample on g.l.c. (silicone oiD,

16°, N2 2 1./hr., t 9 min.,) and i.r. spectra.
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(b) Using the same procedure 1,1-dichloro-2,2-dimethyl-
3—methylenecyclopropane (3.8 g., 0.025 mole) and n-butyl
1ithium‘(from'1ithium.wire 0.3 g., 0.05.g. atom and
n-but&l broﬁide 3.4 g., 0.025 mole) gave 4-methylpenta-

1,2,3-triene (1.4 g., 70%).

L-Methylhexa-1,2,3-triene

(a) A solution of 1,l-dibromo-2-methyl-2-ethyl-3-
methylenecyclopropane (12.7 g., 0.05 mole) in 25 mil.
ether was added dropwise over 15 min. to n-butyl lithium

(frpm‘lithium wire 0.6 g., 0.1 g. atom and 4=y n-butyl

) : I3
~bromide (6.9 g., 0.05 mole) in 10 ml.j of ether at -40°
fhe témgerature being maintained below -300. The mixture

Qas stirred for 15 min. at —30°‘then slowly allowed to

‘warm up to'BOo, distilled in vacuo aﬁd the product

collected in a cold trap (at -40°). Redistillation

under nitrogen at atmospheric pressure gave 4-methylhexa-
1,2,3~triene, b.p. 65-68° containing ether. G.l.c.
(siliconé oil) at 220, Né 2 1./hr. gave two components:
t,3.minQ (35%, .ether) and t,28 min. (65%, cumulene). The
yield by g;l.c. was ca. 3.7 8., 75%, :Z;ax(I.R.lh) 2080m
(=6=Cc=C{) 820b cm-'l:,xmax218 m (¢,7,780), 256 mk(€,16,900),

294m (£,990). The product (1 g., 0.012 mole) in ether .
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over catalyst (Pt02, 0.140 g.) absorbed hydrogen (595 ml.
0.27 mole). Distillation gave 3-methyl hexane identified
by comparison with an authentic sample on g.l.c. (silicone

oil, 16°, N, 2 1./hr., t 27 min.) and i.r.spectra.

‘(b) Using the same procedure 1,l-dichloro-2-methyl-
2-ethyl-3-methylenecyclo§ropane (4.1 g., 0.025 mole) and
n-butyl lithium (froﬁ lithium wire, 0.3 g., 0.05 g. atom
andAh—butyl bromide, 8.4 g., 0.025 mole) gave 4-methylhexa-

| 1,2,3-triene (1.8 g., 73%).

4-Ethylhexa-1,2,3-triene

(2) A solution of 1,l1-dibromo-2,2-diethyl-3-methylene-
cyclopropane (13.4 g., 0.5 mole) in 25 ml. ether was added
dropwise over 15 min. to n-butyl lithium (from lithium
wire 0.6 g., 0.1 g. atom and dxy n-butyl bromide (6.9 g.
0.025 mole) in 10 ml., of ether at -40°, the temperature
,béing'maintained below —300. The mixture was stirred for
15 min.:at -30o then slowly allowed to warm ub to room
temperature. Distillation in vacuo gave a. product which
| was collected in a cold trap (at -40°). Redistillation
under nitrogen at atmospheric pressure gave 4-methylhexa-
1,2,3-triene, b.p. 82-84° containing ether. G.l.c.

siliéone 0il) at 22°, N, % 1./hr. gave two compbnents:
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t,3 min. (25%,ether) and t,35 min. (75%, cumulene). The

yield by ®.l.c. was ca. 3.7 g., 75%, Dmax(I.R.IB), 2080m

~ (>c=c=c=c{), 820b cm.'l, }\max(U.VJ) 218 m/k(i",l6,000),

294 mu (€,900).

(b) Using the same procedure 1,l-dichloro-2,2-diethyl-
3-methylenecyclopropane (6.7 g., 0.025 mole) and n-butyl

lithium (from lithium wire, 0.3 g., 0.05 g.atom and n.-butyl

‘bromide, 3.4 g., 0,025 mole) gave L-methylhexa-1,2,3-triehe

(1'6 g 75%)'
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Cope Rearrangement of Propargyl Alkenyl Malonates

Diethyl isobutylidenemaddonate.

Method A: Diethyl malonate (80.0 g., 0.50 mole),
freshly distilled isobutyraldehyde (39.6 g., 0.55 mole),
piperidine (1.7 g., 0.02 ﬁole), glacial acetic acid

(6.0 g., 0.1 mole) and dry benzene (50 ml.) were re-
fluxed using a Dean and Stark constant water separator
until the théoretical.wﬂume of water had been separated
(ca. 3»hr.)“ The mixture was allowed to cool to room
temperature, washed with water (3 x 100 ml.), benzene
layer separatéd, aqueous layer extracted with benzene
(2 x 50 ml.),the organic layers combined, dried (MgSOu)
and distilled to give diethyl isobutylidenemalonate,

b.p. 128-130°/23 mm. (92.0 g., 90%),79max(1.n.u6) 1740s

(¢=0), 1650s (Sc=c{) cm.'l, )\ 209 9/((5,13,020);

max
g.l.c. (silicone oil) at 150° N, 2.6 1/hr. gave a single

peak (t, 41 min.).

Diethyl n-butylidenemalonate

Method A using diethyl malonate (80.0 g. 0.50 mole),
freshly distilled n-butyraldehyde (39.6 g., 0.55 mole),
similarly gave diethyl n-butylidenemalonate b.p. 122-1240/

10 mm. (59.0 g., 56%),—2Lax 1740s (°c=0 ), 1650s (>c=€7)
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dm.-l, )\max 103”}“(5,”.7*00)',g.1.c. (polyproplene sebacate)
.at 1740,'H2 8 atmospheres gave a single peak (t, 8 min.).
N.m.r. (N.m.r.19) showed two.Quartets for the pair of
.non-equivalent'eéter méthylene protons atY5.76 and 5.80
(J=7.2 c./sec; for each Quartet) and two triplets for the
pair of ester methyl protons at Y 8.72 and 8.74 (J=7.2

c./sec. for each Quartet).

Diethyl benzylidenemalonate

Method A using diethyl malona‘te (80.0g., 0.5 mole),
freshly redistilled benzaldehyde (55.0 g., 0.55 mole),
piperidine (1.7 g.4 0.02 mole) glaciel acetic acid
(6.0 g., 0.1 mole) and dry benzene (50 ml.) similarly
gave.diethyl benzylidenemalpnate, b.p; 140-1420/0.1 mm.,
(115.0 g.; 92%), D _, 1740s (\c=0), 1650m (3c=c{), 1600m

(aromatic) cm.'l, A (uv.v.8) 205 m/((i,21,650), 217

max
111/4(2,17,'140),)\sh.221 %(5,13,630)., 280 V(5,24,655).
N.m.r. (N.m.r.21) showed two Quartets for the pair of non-
equivalent ester methylene protons atY 5.64 and 5.70
(J=7.2 c¢./sec. for each Quartet) and two triplets for the

pair of non-equivalent ester methyl protons atW’8;74 and

8.76 (J=7.2 c./sec. for each triplet).

Diethyl isoprojpylidenemalonate

. Method B: Diethyl malonate (100.0 g., 0.625 mole)
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acetone (54.0 gy O.93nmole), freshly distilled acetic
anhydride (80.0 g., 0.78 moie) and freshly fused zinc
chloride (ca. 12 g.) were mixed and refluxed for 24 hr.,
after which the dark mixture was cooled, benzene (100 m1.)
.and water (200 ml.) added, the organic later separated,
washed with water (2 x 100 ml.) dried (MgSOu), benzene
removed on the rotary evaporator and the residue distilled
under reduced pressure to give a forerun, b.p.20-104°/20 mm,
consisting of the starting materials,.and diethyl isoprow
pylidenemalonéte, b.p. 95-960/1.5 mn. (70 g., 57%),
2>makl7hcs (@t:o), 1650s (c=C{) cm.'l, )max 217.5 mpe
(€,11,990); g.l.c. (silicone o0il) at 176°, N, 2.8 1/hr.
gave a single peak (t, 17 min.). N.m.r. (N.m.r. 16) showed
a quartet for the equivalent pair of ester methylene protons
at‘7{5.80‘(J=7.2 c./sec.) and a triplet for the equivalent

pair of ester methyl protons at 7/8.68 (J57.2 c./sec.)

Diethyl l-methyl-n-propylidenemalonate
Method B using diethyl malonate (100.0 g., 0.625 mole),
~methyl ethyl ketone (86.0 g., 1 mole) freshly distilled

acetic anhydride (80.0 g., 0.78 mole) and freshly fused

zinc chloride (ca. 12 g.) similarly gave diethyl l-methyl-

propylidenemalonate, b.p. 100-10h°/2 min. (80.0 g., 63%),

>ma X

0il) at 174°, H, 9 atmospheres gave a single peak (t,15 min.).
_ . 2 7 :

1740s (§c=0), 1650 (‘c=c{) cm.-¥; g.1.c. (silicone
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Diethyl ethylidenemalonate

>Method B using diethyl malonate (100.0 g., 0.625 mole),
écetaldehyde (60.0 gey 1.l mole)x:freshly distilled acetic
anhydfide (102.0 g., 1 mole) and freshly fused zinc chlo-
ride (ca. &2 g), similarly gave diethyl ethylidenemalonate
b.p. 98-100°/5 mm. (37.2 g., 32%), D 1740s (C=0), 1650s
(e=c() em.”t, A

611) at 1250, N2 2 1/hr. gave a single peak (t, 25 min.).

max299+5 3y4(5,12,75o); g8+1.c. (silicone

Diethyl h-propylidenemalonate

Method B using diethyl malonate (110.0 g., 0.7 mole),
n-propionéldehyde (80.0 g., 1.4 mole), freshly distilled
écetic anhydriae'(lOZ.O g.; i mole) and freshly fused
zinc chloride (ca. 12 g.) similarly gave diethyl n-

propylidenemalonate b.p. 136—1400/45 mm, (40.Q)g.,:>

maxl7§05

(lc=0), 16505 (c=c), cm.-l; g.l.c. (polypropylene sebacate)
at 1509, H28 atmospheres gave a single peak. N.m.,r.(N.m.r.
15) showed two quartets for the non-equivalent pair of
ester methylene protons at¥Y 5.66 and 5.74 (J=7.2 c./sec.
for each quartet), a triplet for the alkylidene proton

(_CHZ _C=C/C00Et

& \COOEt) atq/2'9h'(J=8-4 c./sec.) and two triplets

of non-equivalent ester methyl protons at) 8.68 and 8.72

(J$7.2 c./sec. for each triplet).




153

Diethyl isobutenylpropargylmalonate

Diethyl isobutylidenemélonate (25.6 g., 0.12 mole)
was added dropwise to a stirred solution of sodium
(2.8‘g., 0.11 g. atom) in absolute ethanol (200 ml.),
the mixture étirred for 30 min, at room temperature? then
cooled to 0° and propargyl bromide (14.8 g., 0.124 mole)
added over 15 min.,fhe mixture stirred for 30 min. and
left owvernight at room temperature. Ether (150 ml.) and
water (150 ml.) were added, the combined organic layer
dried (MgSOg) and distilled té give a forerun of un-
reacted diéthyl isobutylidenemalonate followed by diethyl
isobutenylpropargylmalonaté (18.0 g., 60%), b.p.90—92°/0.18
mm. .(Found: c, 65.6; H, 8;%?14H2004 requires C, 66.6;
H, 8.2%), P_, (I.R.26) 3300vs (-CZCH), 2120w(CZCH),
1740vs (c=0), 1650m:(,C=C{), 1360vs and 1380vs (CMe,
‘doublet) cm. T; g.l.c. (silicone oil) at 174°, N, 2.8 1./hr.

gave a single peak (t, 25 min.).

Diethyl ethenvlpropargylmalonate -

Diethyl ethylidene-malonate (18.8 g., 0.1 mole),
sodium ethoxide /from sodium (2.3 g., 0.1 g. atom) in
absolute ethanol (200 ml.)/ and propargyl bromide (12.0 g.,

0.1 mole) similarly gave diethyl ethenylpropargylmalonate
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b.p. 130-132°/2.5 mm. (10.0.g., 45%). The distillate

crystallized out upon cooling (m.p. 50.0°) (Found:

C,65.5; H, 7.2, ¢, H;40, requires C, 64.3; H, 7.2%),
_ -1

D ., (T-R.20) 3300s (c=cH), 1750s (£=0) cm.” s g.1.c.

(silicone oil) at 132°, H, 9 atmospheres gave a single

peak (t, 20 min.).

.Diethxl,n-gropenxlgronargxlmalonate

Diethyl n-propylidene malonate (40.0 g., 0.2 mole),
sodium ethoxidé z?fom.sodium, (4.6 g., 0.2 g. atom) in
absolute ethanol (200 ml.)/ and propargyl bromide
(24.0 g., 0.2 mole) similarly gave diethyl n-propenyl-
propargylmalonate b.p. 134-136°/1.5 mm. (24.0 g, 48%)
(Found: €, 65.5; H, 7.2; C,4H,g0), Tequires C, 65.5;

H, 7.5%) Dmax(I.R.Zl) 3300s (C=CH), 2120w (CZeH), 1740s
(}c=0), 1650m ({c=c{);: g.l.c. (silicone o0il) at 150°,

N, 2 1./hr. gave a single peak (t, 14 min.).

Diethyl isopropenyvlpropargylmalonate

Diethyl isopropylidenemalonate (45.0 8.y 0.25 mole),
sodiuq éthoiide Z?rom sodium (5.8 2., 0.25 g. atom) in
‘absolute ethanol (350 ml.)/ and propargyl bromide (30.0 g.,
‘0.25 mole); similarly gave diethyl isopropenylpropargyl-

malonate, b.p. 104-1060/1.5 mm. (30.0 g., 52%); g.l.c.
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(silicone o0il) at 178°, N2 3 1./hr. gave a major
component (t, 17 min., 80%) and a minor component

(t, 26 min,, 20%). Upon refrigeration, the distillate
crystallized out (m.p. 48-49°'fr9m ethanol) (Found :

C, 65.1; H, 7.6, C ,H) 0, requires G, 65.3; H, 7.7%);
P_.. (I.R.22) 3300s (c=CH), 2120w (C=CH), 1740s (€=0),
165om.()c=c5)’¢m.'§.

Diethyl n-butenylallylmalonatehu

Diethyl n-butylidenemalonate (21.8 g., 0.1 mole),
sedium ethoxide /from sodium (2.4 g., 0.1 g.atom) in
absolute ethanol (200 ml.)/ and allyl bromide (12.0 g.,
0.1 molé) similarly gave'diethyl n-butenylallylmalonate
b.p. 66-68 /10 mm. (14.0 g., 60%9‘2%ax 1740s ()c:o), 1650
(3c=c{) cm.’% g.l.c. (polypropylene sebacate) at 174°,
'Hz 9 atmospheres gave a major component (t, 11 min., 95%)

and a minor contaminant (t, 8 min., 5%). .

Diethyl n-butenvlpropargylmalonate

Diethyl n-butylidenemalonate (21.8 g., 0.1 mole),
sodium ethoxide /from sodium (2.4 g., 0.1 g. atom) in
absolute.ethanol'(ZOO ml.)/ and proﬁargyl bromide (12.0
g., 0.1 mole) similarly gave diethyl n-butenylpropargyls

malonate b.p. 130-132°/10 mm. (12.8 g., 54%) (Found:
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¢, 66.1; H, 8.0%; CthZOON requires C, 66.6; H, 8.2@;

F:3max(1.g.18) 3300s (C=CH), 2120w (C3CH), 1740s ()c:o)

em. "L g+.1l.c. (polypropylene sebacate) at‘17409 H, 8

’

atmospheres gave a single peak (t, 14 min.).

Diethyl l-methyl-n-propenylpropargylmalonate

Diethyl l-methyl-n-propylidenemalonate (21.4 g.,
0.1 mole), sodium ethoxide /from sodium (2.3 g., 0.1 g.
atom) in absolute. ethanol (200 le7 and propargyl bromide
(12.0 g., 0.1 mole) similarly gave diethyl l-methyl-n-
propenylpropargylmalonate b.p. 122-1260/8 mm. (12.6 g.,
50%)-(Foupd: c,65.9; H, 8.1;-014H2604 requires C,66.6;
H, 8.2%), :D;ax (I.R. 24) 3300s (C=CH), 2120w (C=CH),

1740s (3Cc=0), 1650w ()c:c()‘cmfl; g.l.c. (silicone oil)

‘at 150°, H,2 1./hr. gave a single peak (t, 27 min,).

Hex-l-en-5-yne

Allyl magnegiummbromide was prepared from magnesium
turniﬁgs (2,4 g., 0.1 g. atom)‘iﬁ ary ether (50 ml.), one
crystal of iodine catalyst and allyl bromide (12.0 g.,
0.1 mole). The solution was cooled in ice and propargyl
bromide (9.6 g., 0.08 mole) in dry ether (25 ml.) was

added dropwise over 30 min. the mixture stirred for 1 hr.
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at 00, then left overnight at room temperatﬁre, decomposed
with saturated aqueous ammonium chloride solution, ether
layer separated, dried (MgSOu) and distilled to give as
the main fraction hex-l-en-5-yne, b.p. 7&-760/7h0 mm.,

(4.0 g., 50%)99, D,y (I.R. 64) 3300s(C=CH), 2120m
(c=CH} 1650s (>c=c<), 1015s, 920s (YC=CH,) em.”!; g.1.c.
-(silicone 0il) at 22°, N, 2 1./hr. gave a major peak

(t, 6 min., 90%) and a minor contaminant (t, 2 min,, 10%)

identified as ether.
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.Diethyl 2,2-dimethyl-3,4-pentadienylidenemalonat®@

Diethyl isobutenylpropargylmalonate (5.1 g., 0.02
mole) was piaced in a 25 ml. round-bottomed flask equipped
with.a two-way adapter carrying a long thin dual-purpose
pipetté (serving both as a ﬁipette for removing samples
after the completion of the pyrolysis and for N2 inlet
dﬁring'the pyrolysis) and an air condenser with a calcium
chloride guard-tube. Dry, oxygen-free N2 was flushed
throughsthe flask to render the system free from oxygen
and then the N2 flow was controlled at a slow, steady
rate. The flask waé placed in a Wood's metal bath and
the bath heated to 270-280°, and maintained at this
temperature'range so that the malonate refluxed gently.
After 15 min. the'heating was diecontinued and the ester
allowed to come down to room temperature (5 min.), one
drop'of the 1iquid removed Ey means of the pipette and
its i.r.sﬁectrum determined to check for the near-complete
diéappearénce of the terminal acetylene band Egagjoo cm.-l)
" " and the near-maximum absorption of the allene band (E}max
'1950 cm.—l) (See Discussion, p.73). The liquid was then
Adisfilled ﬁsing a 6 Fenski-type column, giving some
starting material and by-product (identified on g.l.c.

as diethyl isobutenylpropargylmalonate and diethyl
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isobutylidenemalonate respectively) b.p. 84-105°/0.8
(1.0 g.,) and diethyl 2,2-dimethyl-3,4-pentadienylidene-
malonate (1.8 g., 35%), b.p. 128-130°/0.8 mm. (Found:
C, 65.8; H,.S.O; C,,H,00, Tequires C, 66.6; H, 8.0%),
:) (I.R.27) 1952m (>C=C=C<), 1730s (>C=0), 1650m

max

. -1 '
(>€=C<) and 860b (>C=C=CH,) cm.”'; A 204 (L, 12,513) 5
g.l.c. (silicone oil) at 176° N,3.0 1./hr. gave a single

peak (t, 52 min.).

.Diethyl l-methyl-3,4-pentadienylidenemalonate

Diethyl isopropenylpropargylmalonate (6.0 g., 0.025
mole) similarly at 270-280o for 15 min. gave some starting
propargylmalonate and isopropylidene malonate fission
product (1.5 &) b.p. 100-120°/2 mm. and diethyl l-methyl-
3,4-pentadienylidenemalonate (2.3 g., 39%) b.p. 120-122°/
2 mm., (Found: C, 64.9; H, 7.9; Cy4H; g0y requires C, 65.3%
H, 7.7%), ;>max(I.R.23) 1960m (>c=C=c(), 1730s (>c=0),
1650m ()C=C<L) and 860b ()C=C=CH2) cm,'l, }haleo m g
(£,10,101); g.l.c. (silicone oil) at 176°, N, 3 1./nr.

gave a single peak (t, 48 min.).

Diethyl 1,2-dimethyl-3,4-pentadienylidenemalonate

Diethyl l-methyl n—ﬁrpﬁenylpropargylmalonate (h.O ey

0.016 mole) similarly at 270-280° for 10 min. gave some
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starting propargyimalonate and alkylidenemalonate fission
product (1.2 g.) b.p. 96-112°/0.5 mm. and diethyl 1,2-
dimethyl-3,k4-pentadienylidenemalonate (1.3 g., 33%) b.p.

O N .
118-120"/0.5 mm. (Found: ¢, 65.6; H, 7.8; Cy4H,y00
requires C,66.6; H, 8.0%8); &__ (I.R.25) 1960w (C=C=C),

-1 '

1730s ()€=0) and 860b (C=C=CH,) cm. ~; ,kmax208 9#(8,8,988);

g.1l.c. (silicone 0il) at 1740, H2 9 atmospheres gave a

single peak (t, 45 min.).

Diethyl 2-ethyl h-pentanylidenemalonatehu

Diethyl n-butenylallylmalonate (6;1 g.) 0.02 mole)
similarly at 2200/50 mm. fbf 6 hr. gave some recovered
starting material (1.0 g.) and diethyl 2-ethyl 4-
pentenylidenemalonate (3.6 g., 61%), b.p. 98-100°/3 mm.,
:Z>max-1660m.(>C;CH2), l640m.(d;€-conjugated yc=¢{, 920m
()C:CHZ) cm.—l; g.l.c. (polypropylepesebacate) at 17h°,
Hz 9 atmospheres gave a major component (95%, t, 11 min.)
and a minor component (5%, t, 8 min. identified as the
‘starting al}ylmalonate).

Hydrogenation of a sample (0.6 g;, 0.0025 mole) in
ethanol using Adam's Pt0,, H,0 (0.06 g.) gave diethyl
2-ethyi—pentylm§lonate (0.5 g.) (absorption of H, 112 ml.,

theoretical 114 ml.,), b.p. 160-162°/30 mma.uu. The
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saturated product (0.25 g.)mcondensation with urea in

the presence of alcoholic sodium ethoxide163 gave 5-

(2-ethylpentyl)-barbituric acid (0.k g.) ceystallized

Ly

from ethanol, m.p. 17£§°(lit. 176.5—1770).

Diethyl 2-8thyl-3,4-pentadienylidenemalonate

Diethyl'n-butenylpfopargylmalonate (5}1 g., 0.02
mole) siﬁilarly at 270-280° for 15 min. gave some starting
pPropargylmalonate and n-butylidenemalonate fission product
(2.2 g.) and diethyl 2-ethyl 3,4-pentadienylidenemalonate
(1.5 g., 29%),b.p. 124—1260/5 min. (Fourd: ¢,66.2; H,7.9;
CthZOdh requiresvH,66.6; H,8.0%);‘:>max(I.R.19) 1950w
(c=C=C), 1730s ()C=0) and 860m (C=C=CH2) em.”L; .Anmxzoé 3p
(5,10,790); g.l.c. (polypropylenesebacate) at 174°, H,
9 atmospheres gave a single peak (t, 21 min.).

Hydrogenation of a sample (0.6 g., 0.0025 mole) in
ethanol using Adam{s Pt0,, H,0 catalyst (0.06 g.) gave
diethyl 2-ethyl-pemtsyipentylmalonate (0.5 g;) (absorption
of ﬁ2 158~m1., theoretical 171 ml.), b.p.160-162°/30 mmdgu
The saturated product (0.25 g.) upon condensation with

urea dn the usual manner gave 5-(2-ethylpentyl)-barbituric

~acid (0.1 g.), crystallized from ethanol, mp.176°.
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185,129

Isobutyraldehyde dipropargyl acetal
| Anhydrous calcium chloride (10 g.) was added to re-

distilled_probargyl alcohol (56 €., 1.0 mole),shaken for

5 minutes, cooled in ice and isobwtyraldehyde (36.0 g.,

0.5 mole) added slowly with stirring. After shaking for

3 days on a éontinuous mechanical shaker, the mixture was

filtered and the filtrate distilled giving isobutyraldehyde

dipropargyl acetal (60.0 g., 72%) b.p. 62-64°/1.5 ma.

P max 3300vs (CSCH), 2120m (C=CH), 1050¥s ( C=0-) and a

doﬁblet at 1360m and 1380m ()CMeZ) cm.—l; g.l.c.(@inonyl-

'phthalate)at 120°, N, 1.7 1./hr. gave a single peak

2
(t, 32 min.).

1-Chloro-isobutyl propargyl etheroo? 129

Isobutyraldehyde dipropargyl acetal (46.0 g., 0.27
mole) was added dropwiise with stirring to boron trichloride
-(22.0 g., 0.19 mole) cooled in an ice-salt bath. After
leaving at -10° for 3 hr. and -at room temperature for
‘3 days, the volatile product was collected under vacuo in
a cold trap in alcohol Dewar at -60° and redistilled to
give l—chlord-isobutyl propargyl ether (29.0 g., 70%), b.p.
52-54°/10 mm.,‘7>max 3290s (C=CH), 2120m (C=CH), 1080,1120vs

( c=0-) and 700s (C-C1) cm.-l.
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'2,2-dimethyl§enta-3,4-dienal$5’129

1-Chloro-isobutylpropargyl ether (19 g., 0.13 mole)
waé_heated under reflux(bath temperature 150°) in the
presence of hydroquinone»(0.00Z g.)- After 6 hr.,
distillatioh gave 2,2-dimethylpenta-3,4-dienal (8.0 g.,
56%), b.p. 126-127°/760 mm., D) 2700m (CHO) 1950vs
1

(>c=C=Cc<), 850s (>C=C=CH,) and 1740vs (>C=0) cm. ~; g.l.c.

max

(dinonylphthalate) at 900, N2'1.7 1./hr.) gave a single
ﬁeak'(t, 12 min.), dinitfophénylhydrozéhe derivative (orange

needles) m.p. 122°.

Diethyl 2,2-dimethyl-3,4-pentadienylidenemalonate

- 2,3-Dimethyl-penta-3,4-dienal (5.5 g., 0.05 mole),
dietﬁylmalonate-(S.O g., 0.05 mole), anhydrous ammonium
acetate (1.0 g.) and dry benzene (25 ml.) were refluxed
using a Dean and Stark apparatus for 1® hr. Water (50 ml.)
aﬁd ether (50 ml.) were added, the organic layersseparated,
washed with water (3 x 25 ml.), dried (MgSO,),volatile
maferials rempved’on.the rotary evaporator and the residual
0il distilled to give two fractions:- (i) 86-88°/15 mm.
(4.0 g.,) identified by i.r. and g.l.c. as diethyl malonate,
and (ii) 128-136°/1 mm. (2.5 g.), Redistillation of

fraction (ii) gavé pure diethyl 2,2-dimethyl-3,4-penta-
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dienylidenemalonate (2.0 g., 16%) with identical i.r.
and g.l.c. as the sample obtained by Cope rearrangement of

diethyl isobutenylpropargylmalonate
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Cyclopropanes fromtx,¢g-Unsaturdted Esters by the

Dimethylsulphoxonium Methylide Reaction

159

Trimethylsulphoxonium iodide

In a 1 1. round-bottomed flask equipped with a ground-
glass sealed mechanical stirrer, N2 inflow tube and a
cold-water condenser with a calcium chloride guard tube
was.plaéed a solution of methyl iodide (250 ml.) in dry
‘dimethyl sulphoxide (150 g., 1.4 mole) and the solution
under N2 Qas-refluxed over an electric mantle for 3 days.
The mixture was cooled, filtered, the solid washed with
chloroform (3 x 100 ml.) and acetone (2 x 100 ml.),
powdered and dried in the oven at 100° giving trimethyl-
sulph@xonium iodide as a white crystalline solid (247 g.

' - 80%), recrystallized from water, m.p. 200°.

Trimethylsulphoxonium nhloride53

Trimethylsulphoxonium iodide (30 g., 0.136 mole) was

dissolved in water (300 ml.) at 50° ané chlorine gas

S

bubbled through the solution untilino more iodiggﬁpgggéé e

pitated. The mixture was cooled, the aqueous layer de-
canted off from iodine, washed with ether to remove

iodine (3 x 50 ml.), water removed on the rotary evaporator
" and dried in the vacuum desiccator to yield trimethyl-
sulphoxonium chloride as avwhite crystalline solid

, (13o5‘gs, 77%), m.p. 220°.




166

Ethyl trans-2-methylenecyclopropane-l-carboxylate

Method (a): To a suspension of sodium hydride (1.2

g;, 0.05 mole) and dry dimethylsulphoxide (100 ml.) was
added in one portion solid trimethylsulphoxonium iodide
(11.05 ¢g., 0.052 mole). An exothermic reaction took
place with evolution of hydrogen. The mixture was stirred
for 45 min. by which time the evolution of.hydrogen had
ceased and the mixture had attained room temperature.jlgﬂs-
Bthyl crotqﬁate (5.7 8¢5 0.05 mole) in dimethyl sulphoxide
(15 ml.)'was added to the methylide in one portion. An
exothermic reaction took place‘and the mixture turned
slightly yellow. Stirring was continued for another 2 hr.
ﬁithout any extérnal heating or cooling. The mixture was
poured into hydrochloric acid/iQe water (100 ml., 3%),
extracted with ether (3 x 50 ml.), the ether extract
washed with water (2 x 106 ml.), dried (MgSOu) and dis-
tilled giving ethyl trans-2-methyl-cyclopropanecarbozylate
(3.8 g., 60%) b.p. 76°/70 mm™°. ( Found: c, 65.3; H, 9.5s
‘' calculated for C.H._0,: C, 65.6; H, 9.&%}—Z;ax(1.n.30)

771272°
1740s (>C=0), 1020m {cyclopropane) cm._l, M (U.V.4)

max
206 Eyﬂ(i,l60); g.1.¢. (silicone o0il) at 80° showed a

single peak, t 12 min.

Method (®B): ' To a suspension of sodium hydride

(1.2 g., 0.05 mole) in dimethylformamide (100 ml.) was
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;dded in oﬁe portion sQlid trimethylsulphoxonium iodide

' (11.05 g., 0.052 mole). An exothermic reaction took plafe
with copious evolution of hydrogen. After all the hydrogen
had.been evélved (5 min.) the mixture was stirred anothef
.15 min. aﬁd ethyi crotonate,(5.7 g., 0.05 mole) in dimethyl
i fqrmaﬁide (15 ml.) was added to the methylide in one
pertion. An exothermic reaction‘took'place and the mix-
ture turned slightly yellov. Stirring was continued for
another 1 hr. The mixture was poured into h&drochloric
acid/ice—water (100 ml. 3%), extracted with ether (3 x 50
ml.), the ether extract washed with water (2 x 25 ml.),

the combined ether layer dried (Mgsoh) and distilled
giving ethyl 35223-2—methylcyclopropane-1-carboxylate

(4.0 g., 63%) b.p. 74-76°/70 mm., i.r.,u.v., and g.l.c.
identical wiith those from the product from method (a).
N.ﬁ}r. (N.m.r.12) showed a quartet for the ester methylehe
protons at¥ 5.96 (J=7.2 c./sec.) and a triplet for the

ester methyl protons at Y 8.78 (J=7.2 c./sec.).

Ethyl cyclopropanecarboxylate

Method (a): Sodium hydride (2.4 g., 0.1 mole),

{.
dimethyl sulphoxide (150 ml.))trimethylsulphoxonium
jedide (22.1 g., 0.1 mole) and ethyl acrylate (10.1 g.,

0.1 mole) in dimethyl sulphoxide (25 ml.) gave ethyl-
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cyclopropanecarboxylate, b,p. 134-135° (1it.151 1350),

(7.4 g., 65%), 2

ma,
cm._l, )

70° gave a single peak (t, ¥ min.) identical with an

17508 (>c=0), 1050m (cyclopropane)

nax297 3/t(s,1o6); g.l.c. (silicone oil) at

authentic sample prepared by esterification of cyclo-

propanecarboxylic acid152.

Methyl-l-methylcyclopropane-~l-carboxylate

Method (a): gave no ether soluble product.

Method (b): Sodium hydride (2.4 g., 0.1 mole),
dimethylformamide (150 ml.), trimethylsulphoxonium
iodide (22.1 g., 0.1 mole) and methyl methacrylate
(10.0 g., 0.1 mole) in dimethylformamide (25 ml.) gave
methyl l-methylcyclopropane-l-carboxylate, b.p. 720/120
mm. 153 (2.6 g., 20%), D (1.R.29) 1740s ()C=0). 1028m

max
50

(cyclopropane) em.”1; Anmxgoé 9/(({,19&) Lfit.l for

‘ethyl ester, )xmales'.s mee (€,604)7; g.1.c. (silicone
‘0il) at 80° gave a single peak (t, 7 min.) (Found:

c,63.2; H, 8.7; C6H1002 requires €, 63.1; H, 8.7).
Ethyl trans-hex-z-enocate

Trans-hex~2-enoic acid ‘'~

b -

n-Butyraldehyde (36.0 g., 0.5 mole) was poured onto
the ‘solution of malonic acid (41.6 g., 0.4 mole) in dry
pyridine (50 ml.), and the mixture refluxed until the

carbon dioxide ceased to evolve (3 hr.) The mixture
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was added to ice-cold 50% hydrochloric acid (50 ml.)
and refrigerated overnight. The crystalline solid was
-filtered, recrystallized from chloroform and dried in

a vacuum desiccator to yield trans-hex-2-enoic acid

(17.1 g., 30%), rh.p-v.".

Ethyl trans—hex-Z-enoafe~

Trans-hex-2-enoic acid (14.3 g., O.é5 mole) was
dissolved in absolute ethanol (100 ml.) and concentrated
sulphuric acid (10 ml.) added with stirring. The mixture
was stirred for 24 hf., water (200 ml.) and ether (100 ml.)
added, the ofganic layer removed, washed with saturated
aqueous sodium bicarBonate éolution (3 x 50 ml.), water
(2 x 50 ml.),dried (MgS0,) and distilled to give ethyl

15’4 83-85%0‘25 mm.)o

trans-hex-2-enoate 90-92°/2 mm. (1lit.

Ethyl trans-3-propylcyclopropane-l-carboxylate

Method (b}: Sodium hydride (1.2 g., 0.05 mole),
dimethylformamide (100 ﬁl.), trimethylsulphoxonium iodide
(11.05 g., 0.052 mole), ethyl hex-2-enoate (7.1 g., 0.05
méle) in dimethylformamide (15 ml.) gave ethyl trans-
'3-propylcyclopropane-l-carboxylate, b.p. 80-820/5 mm.

(6.5 gouy 79%),.:Dmaxl7§05 (?==0)71038m.(cycloéropane);
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M 105207 mAc(€,187)5 g.l.c. (silicome oil) at 125° gave
a single peak (t, 9 min.), .(Found: c, 69.2; H, 10.1;

c9Hr1’602 requires C, 69.2; H, 10.1%),

Ethel trans-2-phenylcycldpropane21-carboxylate

Method (a): Sodium hydride (1.2 g., 0.05 mole),

.dimethyi sulphoxide (100 ml.), trimethylsulphoxonium
iodide (11.05 g., 0.052 mole) and trans-ethyl cinnamate
(8.8 g., 0.05 mole) in dimethyl sulphoxide (15 ml.) gave
recovered trans-ethyl cinnamate, b.p. 98-1000/1 mm.

(5.0 g.,) and ethyl trans-2-phenylcyclopropane-1-
carboxylate 108-110°/1 mm. (3.0 g., 31%). Refractiona-
tion gave b.p. 100°/1 mm. (2.7 g., 30%) (lit.}77 103-

105°/0.5-0.7 mm. ) ; :D (I;R.33) 1740s ()C=0), 1610m

max
4(arogatic), lphOm.(cyclopropane) em. "L )\max205 m e
- (%,11,750), 2229/«§£,8,7oo); g.l.c. (silicone o0il)

at 178°, N, 1.6 l/hr.-l'gave a single peak (t, 19 min.)

2
' Hydrolysis of the ester gave trans-2-phenylcyclopropane-

l-carboxylic acid, m.p. 9h°(1it;155 93°).

Method (b); Similarly gave ethyl trans-2-phenyl-

cyclopropane-l-carboxylate in 42% yield.

Trans-penta-2,4-dienoic acid

'~ To malonic acid (100 g., 0.96 mole) dissolved in

pyridine (100 ml.) was added acrolein (56.0 g., 1.0 mole)
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and the mixture refluxed until no more carbon dioxide was
evolved (3 hr.). The mixture was cooled in ice, cold 40%
éulphuric acid (100 ml.) added té it and it was refrigerated
overnight. Thevsolid was filtered, recrystallized from
chlsroform:and dried in a vacuum desiccator to yield trans-

penta-2,4-dienoic acid (25.0 g., 26%), m.p.71°

Ethyl trans-penta-2,4-dienoate

Trans-pent#2,4-dienoic acid (20.0 g., 0.2 mole) was
mixed with absolute ethanol (75 ml.) and dry benzene (150 ml.)
‘and concentrated sulphuric acid (20 ml.) was added to it.
The mixture was refluxed for 6 hr., water (200 ml.) added
to it, extracted with ether (2 x 100 ml.), washed with water
(100 ml.), saturated aqueous sodium bicarbonate solution
(2 x 100 ml.), water (200 ml.), dried (MgSO,), solvents
rémoved on a rotary evaporator and distilled to give ethyl
Egggg-penukz,h-dienoate (20.0 g., 80%) b.p. 58-60°/15 mm.,,
)max(I.R.36) 1730s ()C¢=0), 1650m (>c=c<), 1610m (>C=C()

em.™t, N_. (U.V.6) 247 mA (£,23,200), g.1.c. (silicone oil)

at 80°, N, 2 L/hr. gave a single peak at t, 18 min.

Ethyl 1,2-methylenepent-3-enoate

‘Method (2): Sodium hydride trimethylsulphoxonium iodide(3.6g.,
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0.15 mole), dimethyl sulphoxidé'(l50 ml.), trimethylsulphox-
onium iodide (83.15 g., 0.156 mole) and ethyl trans-2,k4-

pentadienoate (12.6 g., 0.1 mole) in dimethyl sulphoxide

(25 ml.) gave ethyl 1l,2-methylenepent-3-enoate, b.p.58°/1 mm,

(8.2 g., 62%), )maxnms (\,c=o), 1650w (Cc=C), 10kom (cyclo-

propane) cm, "1 )\mx(u.v.é) 205 9&(2,2,890); g.l.c. (silicone

oil) at 120°'gave a major component (95%; t,20 min.) and a
minor component (5%; t, 22 min.). The latter was probably
the bis-adduct which could not be removed completely by
fractionation. (Found: C, 69.1; H, 9.2; calculatedifor

CgH,,0, C, 68.5; H, 8.6%)

Ethyl 1,2-methylene~hex-3-enocate

Method (a):

(i) Sodium hydride (1.2 g., 0.D5 mole), dimethyl
sulphoxide (100 ml.) trimethylsulphoxonium iodide (11.05
g., 0.052 mole) and ethyl sorbate (7.0 g., 0.05 mole) in
dimethyl sulphoxide (15 ml,) and stirring at room tempera-
furenfor 2 hr. gave the products b.p. 92-96°/12 mm. (4.6
g.,) vwhich consisted of four components on g.l.c. (silicone
; 0il) at 125°: t, 9 min. (70%, unreacted ethyl sorbate),

| t, 10 min. (5% ethyl 4,5-méthy1ene—hex-2-enoate) t, 14 min.
(20% ethyl 2,3-methylene-hex-l-enoate) and t, 18 min. (5%
ethyl 2,3,4,5-dimethyiene4heXanoate).

(ii) As in (i) except that the solution of the methylide
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in dimethyl sulphoxide was coalled at 0° then ethyl
- sorbate in dimethyl sulphoxide added in one portion,
and the mixture stiv¥ved for 3 hr. at room temperature,
1 hr. at 60° and 1 hr. at room temperature, gave after
working up, the products b.p. 96-98°/12 mm. (5.0 g.,)
which. consisted of two components én g.l.c. at 1250;
"t, 9 min. (33% ethyl sorbate) and t, 14 min. (66%,
A ethyl 2,3-methylene hex-l-enoate).
i (iii) Sodium hydride (2.4 g., 0.1 mole), dimethyl
} ‘ sulphoxide (150 ml.),trimethylsulphoxonium iodide
(22.1 g., 0.104 mole) and ethyl sorbate (7.0 g., 0.05
‘mole) in dimethyl sulphoxide (25 ml.) gave under the
‘same conditions as in (ii), the product b.p. 104-108°/
15 mm. (4.7 g.), which consisted of four components on
| gel.c. at 125°%: ¢, 94min- (25%, ethyl sorbate), t, 10 min.
(15%, ethyl trans-4,5-methylenchex-2-enoate), t, 14 min.
(55%, ethyl 2, 3-methylenehex-l4-enoate), and t,18 min.

(5%, ethyl 2,3,4,5-dimethylenehexanoate).

Two refractionations gave ethyl 2,4-methylene hex-4-
enoate, b.p. 106°/14 mmm (0.2 g.),D@x(I.R.66) 1750s
-1 '
(>c=0), 16508 (>C=C<) em.” ", N pag(U-V.7) 235 mu (€,17,160).
(Found: ¢,70.0; H, 8.9; C9nlh02 requires C, 70.9; H, 9.9%)

and ethyl 4,5-methylene-hex-2-enocate, b.p. 106—1080/12 mm,
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(2.7 g.) (Found: C,.70.3; H, 9.2; C9H11+02 requires

c, 70.4; H, 9.9%. C1oH1602 requires C, 71.4; H, 9.6%),
D __ (I.R.39) 1750s (>6=0), 1650w (>C=C<) em. 1,

| }xnmx(v,y.7) 207 mu(2,3,755); g-1.c. showed that the
product was contaminated with 10% of ethyl 2,3,4,5-

diméthylehehexanoate.

(v) sodium hydride (2.4 g., 0.1 mole) dimethyl
sulphoxide (150 ml.)’trimethylsulphoxonium iodide (22.1 8,
0.104 mole) and ethyl sorbate (3.5 g., 0.025 mole) in
| dimethyl sulpho#ide (25 ml.) gave under the same con-
ditions as in (ii) b.p. 106-108°/15 mm. (2.7 g. 70%),
identified on g.l.c. at 125o as ethyl 2,3-methylene-hex-
L-enoate (t, 14 min. 50% on g.l.c.) and ethyl 2,3,k,5-
dimethyleﬁehexanoate (t, 18 min., 50% on g.l.c.).

Hydrogenatioﬁ of a sample (0.35 g., 0.005 mole) using
o» Hy0 catalyst (0.5 g.) in methanol (50 ml.)
absorbed 79 cc. of Hz(theoretical absorption, 72.5 c.c. )

Adam's PtO

- in 15 min. G.l.c. at 125o gave two components: t, 16 min.
(50% ethyl 3-n-propylcyclopropane) and t, 18 min. (50%,
common to- both the hydrogenated and thg unhydrogenated
samples, therefore the bis-adduct, ethyl 2,3,4,5-

dimethylenehexanoate);
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Ozonolysis of the sample (0.5 g.) followed by hydtfo-
genolysis gave acetaldehyde, dimedone derivative (0.3 g.),

m.p. and mixed m.p. 140-141°.

Diethyl Egggg-CYClopropane—l-Z,-dicarboxylate

 Method (b): Sodium hydride (.2 g., 0.05 mole) di-
methylformamide (lOO ml.)’trimethylsulphoxonium iodide
(11.05 g., 0.05 mole) and ethyl fumarate (8.6 g., 0.05
mole) inAdimethylformamide (25 ml.) gave some recovered
ethyl fumarate abd diethyl ﬁzggg—cyclépropane-l,z-
dicarboxylate, b.p. 1080/12-mm. (3.9 g;, L2g) (lit.156
106.5-107°/11 mm.) identified as diethyl cyclopropane-

1,2-dicarboxylate, 2 I.R.42) 1740s (>C=0), 1035m

cm.-l; g.l.c. (silicone oil) at 174°, N, 2 1./br. gave

max(

"a_single peak t, 7 min. Hydrolysis of the ester yielded
4traﬁs-cYclopropane-l,2-dicarboxylic acid, m.p.174-175°
(1it.237 175°).

-Diethyl 2-methylcyclopropane-1,l-dicarboxylate

Method (b): Sodium hydride (1.2 g., 0.05 mole),
dimethylformamide (100 ml;))trimethylsulphoxonium iodide
(11.05 g., 0.052 mole) and diethyl ethylidenemalonate (9.3

: g., 0.05 mole) in dimethylformamide (15 ml.) gave diethyl

2-methylcyclopropane-l,l-dicarboxylate, b.p. 66-680/0.05 mm.

(8.0 g., 80%),22max(I.R;43) 1740s (>c=0), 1030m (cyclo-

[
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' propane) cm, 1 >\max g/((i,BOO); g.l.c. (silicone o0il)
at 1600,H29 atmospheres gave a single peak t, 10 min.
(Found: cC, 60.2; H, 8.1; ClOHl6oh requires C, 60.0;

H, 8.0%) N.m.r. (N.m.r.13) showed two quartets for the
bair of nonequivalent ester methylene protons at7/5.82

and 5.86 (J=7.2 &./sec. for eachquartet).

Diethyl 2,2-dimethyl-cyclopropane-1l,l-dicarboxylate

Method (b): Sodium hydride (1.2 g., 0.05 mole),

dimethylformamide (100 ml.),trimethylsulphoxonium iodide
(11.05 g.,0.082 mole) and diethyl isopropylidenemalonate
‘(l0.0 g., 0.05 mole) in dimethylformamide (25 ml.) gave
;diethyl 2,2—dimethyl/cyclopropane-l,l-dicarboxylate b.p.
85-86°/0.5 mm. (9.7 g., ol%), :>max(I.R.44) 1740s (>¢=0),
1030 (cyclqpropane} cm.-l, %max 204 9/u(i,541), >\sh.
229 Eyk(i,BZS); g.l.c. (silicone oil) at i7o°, H2.l7O°

9 afmospheres gave a single peak t, 10 min. (Found:

c, 61.5; H, 8.3; C,;H,50, requires C, 61.6; H, 8.5%)
N.m.r. (N.m.r. 17) showed a quartet for the pair of

equivalent ester methylene protons at v 5490 (J=7.2 c./sec.)

and a triplet for the pair of equivalent ester methyl

protons at Y 8.71 (J57.2 c./sec.).
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Diethyl 2-ethylcyclopropane-1,l-dicarboxylate

Method B: Sodium hydride (1.2 g., 0.05 mole),
‘dimethylformamide (100 ml.), trimethylsulphoxonium
hodide (11.05 g., 0.052 mole) and n-propylidenemalonate
(10.0 g., 0.05 mole) in dimethylfermamide (25 ml.) gave
the producty (¥ sz5b p. 102-104°/3 mm. (9.1 g., 85%),
‘z)max-l7405 (>c=0), 1022m (cyclopropane) cm.-l, >\max
208§k(i,342); g.l.c. at 150°'on polypropylene sebacate
H, 8 atmospheres gave a single peak (t, 16 min.). (Found:
c, 61.7§ H,8.5.7 C11 1304 requires C,61.7; H, 8.5%).
N.m.r. (N.m.r.715) showed-& two quartets for the pair of

nonequivalent ester methylene protons at Y 5.80 and 5.84

" (J=7.2 c./sec. for each quartet).

Diethyl 2-isopropylcyclopropane-l,l&dicarboxylate

Method B: Sodium hydride (1.2 g., 0.05 mole), dimethyl-

formamide (100 ml.), trimethylsulphoxonium iodide (11.05 g.,

0.052 mole) and iso-butylidene malonate (11.4 g., 0.05

mole) in dimethylformamide (25 ml.) gave the productilgq
b.p. 110°/2 mm. (10.1 g., 89%), D, 1740s (>c=0), 1022m

209 %/Q(g,hOZ); g.1.c. at 150°

. A -1
(;cy.clOPropane) cm. —, Dmax

on polypropylene sebacate, H 8 atmbspheres gave a single
peak (t, 12.5 min.), (Found: ¢, 63.1; H, 8.8, 6, ,H 209
requires C, 63.1; H, 8.8%)._ Nem.r. (M.m.r.20) showed

two quartets for the pair of two nonequivalent ester
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methylene protons at 7 5.80 and 5.84% (J=7.2 c./sec. for

each quartet).

Diefhyl 2-phenylcyclopropane-l1l,l-dicarboxylate

Method B: Sodium hydride (2.48g., 0.10 mole), dimethyl-
formamide (200 ml.) trimethylsulphoxonium iodide (22.1 g.,

0.104 mole) and benzylidenemalonate (24.8 g., 0.10 mole)

in dimgthylformamide (50 ml.) gave the product;gfz;.:

R
o T Tess

“b.p. 140°/0.1 mm. (20.0 g., 76%), ;)max17h05 (>c=9), 1610m
x20& qu(g),9uo)
2103/a(g9,89o), 218 gyg(glo,hso). (Found: ¢, 67.6; H, 7.0,

(aromatic), 1025m (cyclopropane) cm.-l, >\ma

C,5H, g0y, requires C, 68.6; H, 6.9%). N.m.r. (N.m.r.22)
showed two gquartets for the pair of nonequivalent ester
methylene protons at"Y 5.72 and 6.12 (J=7.2 c./sec. for
each quartét), two triplets for the pair of nonequivalent
ester methyl protons at Y 8.71 and 9.14 (J=7.2 c./sec. for

" each triplet) and a doublet for the phenyl protons
(E2XAK ) atl2.70.

2,2-Dimethyl-cyclopropyl methyl ketone

Sodium hydride (2.4 g., 0.1 mole), trimethylsulphox-
onium'iodide (22.1 g., 0.1 mole) and mesiiyl oxide (9.85 g.,
0.1 mole) in dimethylformamide (25 ml.) gave 2,2-dimethyl
éyclopropflméthyl ketone, b.p. 40-420/30 mm. (1it-l5ob.p.
(I.R.35) 1710s (>Cc=0),

max

(U.v.9) 210 mk (€,2,485);

u875o°/uo mm.) (8.5 g., 76%) p

1012w (cyclopropane) cm.-l, >\max
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g.l.c. (silicone o0il) at 80° gave a single peak t, 8 min.

(Found ¢, 74.9; H, 10.6; C requires C, 74.9;

7 ll
H, 10.8%); 2,h-dinitrophenylhydrazone m.p. 176° (1it158

159°).

Ethyl but-273-dienoate

Bﬁﬁ—l-yn~h-ol

To liquid ammonia (3.5 1.) in a well-lagged 5 l.flask
was added a crystal of fervi¢ nitrate followed by sodium
_(23.0 g., 1.0 mole). Acetylene was passed after half the
sodlum had been added and the passage continued until
_the blue coloratlon of the ammonia solution had changed
to whitish-grey (&4 hr.); Ethylene oxide (200 ml., 4.5
moles) precooied to -40° was added to the ammonia solution
in one portion, the passage of acetylene continued for
.h hrs. and the mixture left to stand overnight, then
decomposed with solid ammonium chloride (250 g.) and
‘excess ammonia allowed to evaporate, ether (200 ml.) added,
the'residue filtered, washed with ether (3 x 200 ml.,),
filtered, the combined éther.layer dried (Mgsou), and

distilled to yield but-l-yn-4-0l1 (140 g., 50%), b.p.
126-130°, ZDmax3h00s (-0H), 3300s (C=CH) and 2120w (c=cH)
cm,_l.

Butej-ynoic'acidl6o

To a solution of but-l-yn-4-ol (80 g., 0.88 mole) in
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water (120 ml.) and acetone (300 ml.) cooled to 0° was
added chromic acid Zgreparéd from chromium trioxide (180
g.) dissolved in cold Water (250 ml.) and concentrated
Sulphuric’acid (160 m1.) added; and the solution

~ diluted to 800 ml;7 over 30 min. The temperature of
-the mixture was kept at 10-20° throughout the addition
of chromic acid by means of cooling in ice-salt mixture.
4fter the addition, the dark green mixture was stirred for
30 min..at'room temperature, water (200 ml;) and ether
'(200 ml.) added, ether layer removed, aqueous layer
extracted with ether (2 x 100 ml.), the ether layer
extracted with saturated aqueous sodium bicarbonate
‘solution (3 x 100 m1.), the aqueous layer acidified with
20% hydrochloric acid and the acid extracted with ether
(3 x 100 m1.), etherlayer dried (MgSOh) and ether
removed on a rotary evaporator and dried in a vacuum
désiccator to yield but-3-ynoic acid (14.1 g., 24%),

m.p. 65°(recrystallized from light petrol) (1113.161

m.p. 6503.

Ethyl buta-zjj—dienoatel6l

To a solution of but-3-ynoic acid (12.9 g., 0.15
- mole) in absolute ethanol (100 ml.) was added con-
centrated sulphuric acid (6 ml.) and the solution kept

aside for 7 days at room temperature. An excess of a
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saturated aqueous potassium carbonate solution was added
and the solution filtered. After removal of most of the
.ethanol by distillation and addition of water (250 ml.),
the neutral fraction was isoléted with ether and distilled
giving ethyl buta-2,3-dienoate (6.9 g., 414), b.p.66°/70 ;z?
Dmax(I'R'“” 1970s and 1950 (>€=C=C<), 1730s (>c=0) and
860b (>c=c=CH.2-) cm. "1 )\max(U.v.lo) 208 M(S‘B,ossa;
g.1l.c. (apiezon L) at 80°, N, 1.8 1./hr. gave a single
'peak at t, 12 min. N.m.r. (N.m.r.?) showed a quartet for
‘the ester methylene protons at Y 5.80 (J=6.6 c./sec.), a
triplet for the ester methyl protons at 7' 8.72 (J=§.3
c./sec.), and two sets of gquartets for the allene proton

A(CH2=c=c<H) at ¥ 4.35 and 4.77.

Reaction of dimethylsulphoxonium methylide and

buta 2,3-dienocate .

To a sﬁspension of sodium hydride (1.2 g., 0.05 mole)
in sodium-dried tetrahydrofuran (150 m1.) was added solid
‘triméthylsulphoxoﬁium.chloride (6.45 g., 0.052 mole) in
one portiop and the mixture refluxed gently for 3 hr.

" Sodium chloride was quickly filtered, and the filtrate
“ cooled to 0° in ice and ethyl buta-2,3-dienocate (5.6 g.,
0.05 mole) in tetrahydrofuran (15 mi.) was added in one

portion. The mixture was stirred for 1 hr. and the
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solvént removed. rapidly in vacuo. The resultant light
red oil hadino band at 1950 em. ™1 and sﬁowed %max(U‘v'lo)
210 @/L(i,2,59o), 339 gk_(gs,uso); the extinction co-
efficients decreased rapidly owing to decomposition of
the unstable product formulated as dimethylsulphoxonium
3—ethoxycarbonyl-3-methyl/allylide:’<QLaX(I.R. 50) 1725s

(>c=0), 1680s, 1580s (d>C=C<¢), 1028s ( -S0-) em. "1,

(;2 Trans-menthyl cinnamate

Bo a solution of (-)-menthol Z?{;% 20-85.0 (e,10;

‘ éhloroform), (15.6 g., 0.1 mole) and trans-cinnamic acid
(16.3 g., 1.1 mole) in dry benzene (200 ml.) was added
concentrated sulphurlc acid (lO ml.) and the mixture
refluxed using a Dean and Stark apparatus for 3 hr., then
cooled, water (200 ml.) and ether (100 md.) added, the
'oréanic layer separated, washed with saturated aqueous
sodium bicarbonate solution (3 x 200 ml.), the organic
iaygr dried (NaZCOB), ether‘removed on the rotary evaporator
and the residual oil distilled giving (-)-menthyl cinnamate
(15.7 g., 75%), b.p. 110-114°/0.005 mm.,'zﬁi_gzo - 25.42°
(c, 63 ethanol); D 1750ms (>C=0), 1650m (>C=C<) and

max

1600w (aromatic) cm. L.
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(- )-Trans-menthyl cnotonate

(- )-Menthol [;x_7 -85.0 (€, 10; chloroform)
(15.6 g., 0.1 mole) trans-crotonic acid (17.2 g., 0.2
mole), dry benzene (200 ml.) and concentrated sulphuric
acid (10 ml.) after refluxing for 12 hr. similarly gave
A(—)—mehthyl crotonate (8.0 g., 48%) b.p. 80-82°/1 mm,
'zﬁ>§32°-18.0° (6,6; ethanol); :;Lax 1750ms (>C=0) and

1650m (>Cc=c<) em. "1,

(-)-Trans-menthyl 2-phenylcyclopropane-l-carboxylate

(-)-Trans-menthyl cinnamate ZEK_ZZO- 25.42° (9.8 g., C
0.05 mole) in dimethylformamide (25 ml.) was added to
aimethylsulphoxonium methylide Lﬁrepared from dodium
~ hydride (1,2 g., 0.05 %?le), trimethylsulphoxonium iodide
(11.1 g., 0.05 mole) a;ﬁ dimethylformamide (150 ml.)/ and
the mixture.stirred for 1 hr., worked up as usual and
distilled‘to‘give (—)—Ezggg-menthyl 2-phenylcyclopropane-1l-
carboxylate (8.3 g., 79%), b.p. 118-120°/0.005 mm., Z?!_ZQO_
- 31.1° (c, 6; ethanol); ';)max1750ms (>c=0), 1450ms, 102hm

(cyclopropane) cm._l.

'(_)_(IR;QR)—Trans—2-pheny1cyclopropane-1—carboxylic acid

(-)-Trans-menthyl 2-phenylcyclopropane-l-carboxylate

(8.0 g., 0.04 mole) was dissolved in alcoholic potash
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(10%, 100 ml.), refluxed:for 3 hr., the resultant
liquid codled iﬁ ice and acidified with hydrochloric
acid (50%, 100 ml.), extracted with ether (4 x 50 ml.),
the ether layer isolated and éxtracted with saturated
équequé sodium bicarbonate (3 x 100 ml.), the combined
agueous extractAreacidified with hydrochloric acid (20%,
100 ml,) and extracted with ether. The ether layer was
dried‘(Mgsou) and ether evaporated to yield a white
crYstalline solid devoid of thée characteristic menthol
odour. ﬁecrystallization from chloroform gave (-)-trans-
'2-phenylcyclopropane-l-carboxylic acid as white crystal-
line solid '(3.2 g., 50%4), m.p. 956, /o _320_ 18.80@,4.efkano().
.Esterification of the acid (3.0 g., 0.02) using

absolute ethanol (25 ml.), dry benzene (10 ml.) and
concentrated sulphuric acid (2 ml.) gave ethyl (-)-trans-
2-phenylcyclopropane-l-carboxylate, b.p. 1100/1 mm. (2.5
g., 66%), [?A;gzo- 17.3° (&, 4.5; ethanol); ;:;ax1750m

(jp:ao), 1610w (aromatic), 1040m (cyclopropane) cm. L

( ) Trans-menthyl 2- methylcycloprqpane -1l-carboxylate

(-)-Trans-menthyl crotonate Zo(_zzo- 18.0° (c, 6;
ethariol) (7.3 g., 0.03 mole) in dimethylformamide (25 ml.)

was added to dimethylsulphoxonium methylide /prepared from
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 sodium hydride (0.8 g., 0.33 mole), trimethylsulphoxonium
iodide (7.5 g., 0.33 mole) and dimethylformamide (100 ml.)7
and the mixture stirred for 1 hr., worked up as usual and
distilled to give (-)-trans-menthyl 2-methylcyclopropane-
l-carboxylate (5.0 g., 60%), b.p. 96°/1 mm., , 42(_320-16.6°

(c, 7; ethanol),-:> 1750m (>C=0), 1020m (cyclopropane)

max
-1

cm.

(—)-(lR,2R)-ggggg—Z-methylcyclopropane-l—carboxylic acid
'(-)-gzggg—menthyl Z-ﬁethylcycldpropane—l-carboxylate
(4.5 g., 0.015 mole) was dissolved in alcoholic potash
-(lQ%, 50 ml.), refluxed for 3 hr., the resultant liquid
cooled in ice and acidified with hydrochloric acid (50%,
50 ml.), extracted with ether (4 x 30 ml.), the ether
"1ayer isolated and extracted with saturated agqueous sodium
bicarbonate (3 x 50 ml.), the combined aqueous extract
reacidified with hydrochloric acid (20%, 50 ml.) and
extracted with ether, the ether layer dried (MgSOh) and
ether evaporated to yield a white crystal;ine solid devoid
of the characteristic menthol odour. Recrystallization from
chloroform gave (-)-(1R,2R)-trans-2-methylcyclopropane-1l-
carboxylic acid (0.7 g., 45%), m.p.72°, Z;k;zzo - 3.28°

(¢, 11; ethanol).
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Esterification of the acid (0.04 g., 0.004 mole)
using absolute ethanol (10 ml.) and concentrated sulphuric
acid (0.5 mt.) gave the ethyl ester [-O(_Zzo_ 0.91° (e,5;

ethanol) .




187

Laballenic Acid

Trans-pent-2-en-4-yn-1-ol

A catalytic quantity of ferric nitrate (ca. 0.1 g.)
followed by sodium metal (92.0 g., 4.0 g atom) was added
with stirfing to 1iéuid ammonia (4 1.) contained in a
weli-lagged 5 1. flask. When one quarter of the sodium
had been added, a rapid stream of acetylene gas was passed
into the solution below the surface and continued until the
blue coloration changed to greyish-white (ca. 4 hrs.)
1-Chloro-2, 3-epoxypropane (185 g., 2.0 mole) was added
dropwise over 3 hr., the passage of acetylene then being
maintainéd at a reduced rate for further 2 hr. after which
the passage of acetylene was stopped.. The mixture was
allowed to stand overnight, then ammonium chloride (212 gy
4.0 mole) was slowly added with stirring, excess ammonia

A wés allowed to evaporate, the reddish residue extracted
with ether (4 x 200 ml.), the combined extracts dried
(MgSOh), the ether evaporated and the residue distilled
under reduced pressufe to give as the main fraction, trans-
pent-2-en-4-yn-1-ol (65.0 g., 41%), b.p. 80-84°/20 mm.,

:’Dmax 3400vs (-OH), 330vs ( -C=CH), 2120w (-C=CH), 1640m
(>e=c<), 1085vs, 1035s (C-0), 990vs, 955vs (trans >C=C<) and
903m cm.-l} g.1l.c. (apiezon L) at 84° N, 2 1.,/hr. gave a

single sharp peak (t, 6 min.).
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1-Tetrahydropyranyloxypent-2-en-4-yne

p-Toluenesulphonic acid (ca. 0.5Ag.) was added to
'a mixture of 2,3-dihydropyran (63.0 g., 0.75 mole) and
trans-pent-2-en-yn-1l-ol (41.0 g., 6 0.5 mole). The
reaction commenced immediately upon shaking and was
moderated by cooliing in a cold water bath. The mixture
was shaken for further 30.mih., allowed to stand 1 hr.,
anhydrous sodium carbonate (ca. 5 g.) added, the mixture

shaken, filtered and distilled to give l-tetrahydropyranyl-

oxypent-2-en-4-yne. (80.0Ag., 97%), b.p. 78-80°/3 mm.

:Z>max(1.k. 51) 33oos (c=cH), 2120w (C=CH), 1730vw, 1630w,
1

. 1195ms, 1175m, 1120vs, 10l15vs, 870s and 8l4s cm. ~;
>\ max(U'v']fl) 227 ‘9“(5’12»99.0)’ )\SL‘ZBB mk{€,10,650);

g.l.c., (silicone o0il) at 176°, N, 2 l./hr. gave a single

peak (t, 23 min.).

n-Undecyl bromide

To a well-stirred solution of lauric acid at 60-70o
(93.0 g., 0.5 mole) in 1.5 N KOH (34.0 g. in 400 ml.dis-
tilled water) was added silver nitrate solution (85,0 g.,
0.5 mole in 250 ml. distilled water) éver 15 min., the
mixtpre stirred for another 15 min., the silver salt

filtered, washed with methanol and dried in the oven at
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70o for 1 hr. The dry silver laurate was powdered and
dried in wvacuo at 700. The powdered silver laurate was
suspended in 1 1. carbon tetrachloride (freshly distilled

from P ) in a 2 1. 3-neck flask equipped with a condenser,

205
dropping funnel and mechanical stirrer. The flask was

, cdoled in ice-water and a solution of bromine (80 g., 0.5
mole) in carbon tetrachloride (200 ml.) was added over 1 hr.
té the well-stirred suspension. The mixture was'then heated
slowly to reflux until the liberation of carbon dioxide was
complete (ca.2 hr.), the silver bromide filtered, the
filtrate washed with }0% NaOH (3 x 10C ml.), vater

(2 x 100 m1.), the organic phase evapérated.ahd the

residue distilled under reduced pressurecbo give n-undecyl
A'bromide, b;p. 135-1380/15'mm. (96.5 g., 824); g.l.c.
(silicone pdl) at 176°, N, 1.8 1./hr. gave a single

component (t, 14 min.).

_l—TetrahydropyranyloxyheXaaec—Z—en-h—yne

Ferric nitrate (ca. 0.1 g.) followed by litiium
(5.0 g., o.hs'ﬁole) was added with stirring to liquid
ammoniia (2 1.) contained in a well-lagged 3-1.flask.
After stirring for further 4 hr. whén the initial blue

: colbration had changed to greyish-white, l-tetrahydro-
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pyranyloxy-pent-2-en-l-yne (66.4 g., 0.4 mole) was added
dropwise over 1 hr., the mixture stirred for 4 hr., and
n-undecyl bromide (94.0 g., Ok mole) added dropwise over
: llhr. Stirring was continued for further 4 hr., the
- mixture allowed to stand ovefnight, then ammonium chloride
(60 g., 0.5 mole) was addéd slowly and the excess ammonia
allowed to evaporate, the residue extracted with ether
(3 x 150 ml.), the combined extracts dried (MgSOu)v ether
‘evaporated and the residue distilled under high vacuum,
using a mercury-vapour-pu@p to give two fractions:- (1)
5.p. 60-80°/5 x 10~> mm. (9© g.) shown to consist of the
mixture of the starting materials and (ii) b.p.140-145°/1 m,
x 10_;m(69 g+, 57%) identified as l1-tetrahydropyranyloxy-
‘hexadec-2-en-4-yne (Found: ¢, 78.7; H, 11.3; 021H36O2
requires C, 76.8; H, 11.3%} TZ;ax(I.R.52) 2030m (-C=C) 1650w
(>é=c<) and the characteristic tetrahydropyranyl ether
bands at 1200s, 1180m, 1125s, 1022s, 870m and 825m cm. t;
)\méx(v.v.ll) 228 9A(2,13,zoo), );h.236 9&(2,11,200); g.1l.c.
silicone 0il) at'1780, N, 1.8 1./hr. gave a single broad

band (t, 45 min.).

Hexadec-2-en-4-yn-1-ol

1-Tetrahydropyranyloxyhexadec-2-en-4-yne (64.8 g.,
conc. HR (4,7 V)

0.2 mole) was dissolved in methanol/(250 ml.) and the mixture
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heated under feflux for 4 hr. After cooling, the solution
was neutralised with excess aqueous sodium bicarbonate
solution aﬁd extracted with ether (100 ml., 3 x 50 ml.),
washed with water (3 x 100 ml.), dried (Mgso0,,), ether
evaporated and.the residue distilled under reduced
pressure to give hexadec-2-en~4-yn-1-0l as the main
fraction, b.p. 136-14q3é,mm, (39.2 g., 83%) (Found:

C, 81.3; H,bll.O; C,¢H,40 requires C, 80.8; H, 11.7%),

Dmx(I.R.BB) 3400s (-OH), 2030m (C=C) 1650w (>C=C()
cm-l; g.l.c. (silicone oil) at 176°, N, 1.8 1./hr. gave
a major peak (t, 25 min., 85%) and two minor peaks

(t, 38 min., 15%) and (t, 72 min., 5%).

Hexadeca-3,4-dien-1-01

To a slurry of lithium aluminium hydride (10.0 g.,
0.26 mole) in dry ether (500 ml.) was added dropwise over
'2fhr. hexadec-2-en-4-yn-1-o0l (31.0 g., 0.13 mole) in dry
ether (lOO ml.), the mixture refiuxed for 2 hr., excess
lithium aluminium hydride decomposed with cold water
slowly over 1 hr. and then enough 10% hydrochloric acid
added to lower the pH of the solution to 2. The ether
‘layer was separated, the aqueous layer extracted with
ether (100 ml., 2 x 50 ml.),dried (Mgs0),), ether evaporated

and the residue distilled under reduced pressure to give
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as the main fraction hexadeca-3,4-dien-1-0l1, b.p.120-
124°/0.1 mm. (19.4 g., 63%) (Found: ¢, 80.8; H, 11.7;
Cl6H300 requires C, 80.6; H, 11.7%); ijax(I'R' Sh)
3400s (-OH), 1950m (>C=C=C() em.”t; g.l.c. (silicone
0il) at 176°, N, 21./hr. gave a major component (t, 62

min,90%) and a minor component. (t, 42 min. 10%).

~ 1-Bromo-hexadeca-3,4-diene

129 was prepared by the

Triphenylphosphkedibromide
addition of bromine (16.0 g., 0.1 mole) to triphenyl-
phosphate (31:0 g., 0.1 mole) in dry ether (200 ml.) at

0° in a weighed 500 ml. 3-neck flask equipped with a
mechanical stirrer dropping funnel and calcium chloride
. guard-tube over 30 min., the liquid decanted, the solid
washed with ether (3 x 100 ml.), dried in vacuo and the
flask reweighed (37.5 g., 0.08 mole). Hexadeca-3,k4-
dienel-ol (17.6 g., 0.075 mole) diséolved in dry pyridine
(6.4 g., 0.08 mole) was added dropwise over 15 min. to the
 we11-stirred solid dibromide cooled at 0° in an ice bath,
‘and the ﬁixfure stirred for.BO min. at Oo and 1 hr. at
room temperature. Ether (100 ml.) and water (150 ml.)

were added to the solution, the ether layer separated,

the aqueous layer extracted with ether (2 x 50 ml.), the
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combiﬁed ether layer washed with 20% hydrochloric acid
(3 x 50 ml.) water (2 x 50 ml.), dried (MgSO,), ether
evaporated and the residue distilled under reduced pressure
té'give as the main fraction i-ﬁromo—hexadeca-j,h—diene,
b.p. 138-146°/2 mm. (11.5 g., 52%),‘:>max1960m (> c=c=cK)

H

em. "ty g.l.c. (silicone oil) at 176° N, 1.6 1./hr. gave

*  two peaks, t, 80 min. (80%) and t, 36 min. (20%).

Octadeca-5,6-dienoic _acid ("Laballenic Acid")

Sodiomalonate in absolute ethanoi was prepared from
sodium (1.0 g., 0.045 g, atom), and l-bromohexadeca=-3,4-
diene (11.4 g., 0.037 mole) was added to it dropwise over

15 min., the mixture refluxed for 1 hr.,and left overnight
..éf room temperature. Ether (100 ml.) and water (150 ml.)
.were_addeazto the mixture; the ether layer separated, the
aqueous layer extracted with ether (2 x 50 ml.), the
combined ether-layer dried (Mgsou) gnd the ether evaporated
off. The crude oil (10 g.) which had-:Dmax 1960w (C=C=C )
cm.” T was dissolved in ethanol (20 ml.), 20% aqueous
"caﬁstic soda solution (50 ml.) added to it and the mixture
refluxed for 1 hr. then cooled tp 00, acidified with con-
centrated hydrochloric acid (25 ml.) and the solution

refluxed for 3 hr. The mixture was then cooled, diluted
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ﬁith water (ioo ml.),‘extracted with ether (3 x 50 ml.),
ether evaporated and the residue placed on a rotary
evéporator at 90—1000/15 mm. for 2 hr. to remove any
traces of acetic acid formed from the hydroiysis and
decarboxylation of excess diethyl malonate. The oily
product (5.0 g.) showed‘:>max(I.R. 55) 3400-2600b (-COOH),

1960w (>C=C=C<) and 1700s ()C=0) cm.

‘Methyl octadeca-5,6-dienodte ("Methyl Laballenate')

To a solution of hydrdé?ﬁéchlorid‘?gas (2457 .)”fjj;\

in methanol (25 ml.) at ‘room temperature was added octadeca-

5,6-dienoic acid (4.2 g., 0.015 mole) in methanol {10 ml.),
' the mixture shaken,d;& left at room temperature overnight.
Ether (50 ml.) and water (100 ml.) were added to the
mixture, the ether layer separated, washed with saturated
aqueous sodium bicarbonate solution (2 x 50 ml.), then
water (2 x 50 ml.), drled (MgSOh), ether evaporated and
the residue distilled in vacuo using a mercury-vapour-pump
. to'giVe methyl octadeca-5,6-dienocate, b.p. 144—1460/5 X
10" %mm. , (2.5 g., 56%) (Found: C, 77.3; H, 11.7; C19H410,
requires C, 77.5; H, 1146%),:2@ax1960w (c=c=Cc) and 1750
()C:O) cm.—l; g.l.c. (silicone oil) at 176°, N, 1.6 1./hr.
gave‘one component (t, 7h min.). p-Bromophenacyl-~-

laballenate derivative gave m.p. 46-46.5° (lit.66 m.p.




194

h7;h7.5°) (Found: Cc, 65.1; H, 8.0; 026H3703Br requirpes
C,65.4; H, 7.8%)., The ester (0.3 g., 0.001 mole) in
~ethyl acetate (50 ml.) over a catalyst (PtOZ,D.l g.)
absorbed hydrogen (48 ml., 0.0011 mole). Evaporation
of'ethfl acetate gave methyl stearate, m.p. 40° (1it.66-

m.p. 40°).

(-)-(R)-Laballenic Acid

.l,2:5,6-di-o-cyc1ohexylidene-0('D-glucofuranose]'Bl’132

Freshly zedistillied cyclohexanone (140 g., 2 moles)
was cooled to 0° and concentrated sulphuric acid (15 ml.)
‘added dropwise over 5 min. with stirring followed immedi-
ately by the addition of D-glucose (180.g., 1 mole) in one
portion to the well-stirred liquid. The mixture was stirred
at 70-509 over a water—baﬁh‘until it turned into a hard
solid. n-Heptane (500 ml1.) was added to the solid and
the mixture stirred at 70-80° until all the solid was
dissolved. The clear solution was refriger&ted overnight
to crysfallize. The mother liquor was decanted, the
solid washed with cold n-heptane (50 ml x 2) and decated
and the resultant solid wés redissolved in the minimum

quantity hot n-heptane, washed with hot water (3 x 100 ml.)
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and refrigerated a day to crystallize, giving white

chstals,‘m.p. 132° (130 g., 78%),

3-0-Benzyl-2,3;5,6-Bi-0-cyclophexylidenyl-oX -
132,132

D-glucofuranose

1,2;5,6—Di—o—cyc1ohexylidene-0(-D-glucofuranose
.(170 g., 0.5 mole) was added in one portion to a stirred
mixture of freshly redistilled benzyl chloride (113 €.y
1 mole) and potassium hydroxide (224 g., 4 mole). The.
mixture was heated to 150o on an oil-bath for 4 hr. and
then allowed to attain foom temperature. Water (300 ml.)
was added to dissolve the potassium chloride and the
‘mixture extracted with chloroform (200 ml.), dried
(ﬁaClz), solvents removed on the pump to givé 3-0-benzyls
2,3+5,6-di-0-cyclohexylidene- -D-glucofuranose as a light

yellow oil (172 g., 80%).

jeO-Benzzl—l,2-cyclohexylidene-O(-D—glucofuranose

3-0=benzyl-2,3%+5,6-Di-o-cyclohexylidene-X-D-gluco-
furanose (16 g.) was dissolved in acetic acid (75% v.v.
65 ml.) and thé solution stirred at 70-80° for 4 hr., the
tacid removed on a pump and the o0il redissolved in chloro-
fofﬁ (200 g.), washed with saturated aqueous sodium bi-

carbonate solution (2 x 100 ml.) and water (2 x 100 ml.),
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chloroform removed_on the'pump, the resultant oil
dissolved in the minimum quantitj of n-heptane and
refrigerated to crystallize; The mother liquor was
decanted and the thick oil distilled using a mercury-
vapour-pump to give 3-0-benzyl-1l,2-cyclohexylidene -{-D-
 giucofuranose (10 g., 76%) as a thick light yellow oil,

b.p. 194-200°/3-5 x 10 Jmm.

(-)-Hexadeca—j,h—dien-l-olA

To a slurry of lithium aluminium hydride (6.0 g.,
-0.31 mole) in dry ether (500 ml.) was added dropwise over
1 hr. 3—ijeﬁzyl-1,2—cyclohexylidene-c(-D-glucoeefuranose
’(h9.1 g., 0.30 mole) aissolved in dry ether (200 ml.).
The mixture was refluxed for 2 hr. then allowed to attain
" room temperature, and hexadec-2-en-4-yn-1-ol (17.7 g+,
0.075 mole) dissolved in dry ether (100 ml.) was added to
the well stirred mi?ture over 1 hr., at room temperature,
the mixture fefluxed for 2 hr., cooled in an ice-bath and

decomposed slowly with water over 1 hr., and t.aen enough

10%Ahydrochloric acid added to lower the pH of the solution

to 2.'»The‘ethér'layer was separated, the aqueous layer
extracted with ether (50 ml. x 3), dried (MgSO,), ether

evaporated and the residue redistilled in vacuo to give
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(-)-hexadeca-3,4-dien-1-01, b.p. 120-124°/0.1 mm. (7.8,

Lugy. ZTXLZZO; 4.4° (neat), i.r. and g.l.c. identical

to the racemic form.

(-)-Octadeca~5,6-dienoic acid

"(-)-Laballenic acid" was prepared in a similar way
to the racemic acid from (-)-hexadeca-3,4-dien-1-ol
(7.1 g., 0.03 mole) to give (-)-Octadeca-5,6-dienoic
acid (2.6 g.,), [FX;329-3.0° (¢, 25; ethanol), i.r.

identical with the racemic form.,

(-)-Methyl octadeca-5,6-dienoate
"(-)-Methyl 1aballenaté" was prepared from (-)-
Qctgdeca-5,6-dienoic and (2.1 g., 0.0075 mole) as
described for the racemic form to give (-)-methyl octadeca-
5,6~dienoate (2.0 g.), Zféﬁézzo- 3.0° (e, u5; ethanol),

i, r, identical to its racemate.
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Atfempted synthesis of 8-hydroxy-octa-5,6-dienoic acid

1-Tetrahydropyranyloxy-prop-2-yne

Propargyl alcohol (67.2 g., 1.2'mole) was mixed with
2,3-dihydropyran (ll0.0 g., 1.30 mole), cooled under ice-
‘ﬁater and solid p-toluenesulphonic acid (0.5 g.) added,
the mixture shaken aﬁd cooled under.ice-water for 1 hr.,
léft at room temperature for 2 hr., dried (NaZCOB)’ filter-
‘ed and distilled, giving l-tetrahydropyranyloxy-prop-2-yne
(155.0 g., 92%), b.p. 88-90°/30 min., 2 (I.R.57)3300s

(c=cH), 2120w (C=CH), 1220s, 1182s, 952s, 906s, 87l4s and

820s (tetrahydropyranyl ether) em. L. ,

l-Tetrahydropyranyloxy-hex-2-yn—h-en-6-ol

A crystal of ferric nitrate was added to liquid
ammonia (3.5 1.) in a well-lagged 5 1. flask, then sodium
(23 8., 1 moie) added over 30 min. and the mixture stirred
until the blue coloration of the solution had changed to
whitish-grey (3 hr.). 1-Tetrahydropyranyloxy-prop-2-yne
(140 g., 1 mole) was ddded dropwise over 1 hr. and the
mixture stirred for 6 hr. The flask was topped up to
3,5 1. mark with liquid ammonia and epichlorhydrin (46.5 g.,
05 mole) added dropwise ovér 1l hr., the mixture stirred

for 4 hr. and left overnight, then decomposed with solid
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ammonium chloride (60 g.), excess ammonia evaporated
off, ether (100 ml.) added, the residue filtered, washed
with ether (3 x 50 ml.) filtered, the combined ether layer
dried (MgSOu), ether evaporated and the residue distilled
at reduced pressure to give -three fractions: (i)recovered
1—tétrahydroﬁyranyloxy-prop-2—yne (55 g.), b.p. hl-50°/
1 mm., (ii) l-tetrahydropyranyloxy-2-furylethane (19.6 g.,
'20%), b.p. 120-122°/1 mm., 2 -(I.R.63) 16kom (>c=c<),
1600m (aromatic), 12205, 1182s, 920ms, 870ms, 820b and
730b cm.’l; ,Xmax(U.v.lz) 216 9A(2,5,352) and 274 mpe
(5,823); g.1l.c. (silicone oil) at 1§o°, N, 2 1./hr. gave
a.single peak (t, 12 min.); hydrolysis (HC1/Methanol
reflux, 3 hr.) gave 2-furylethanol b.p. 90-92°/20 mim,?
analogous with an authentic sample prepared by the method
of Sherman and Amstutz]'39, and (ilii) an oily residue which
upon distillation using mercury-vapour-pump gave l-tetra-
hydropyranyloxy—hex-2—yn-4-enés—ol (34.5 g., 35%) b.p.
'120-122°/2 x 10 mm. (Found: ¢, 66.1; H, 8.0; C, H, 0,
requires C, 67.3; H, 8.2%);‘2>max(1.ﬁ.58) 3400s (-OH),
2230m (-C=€-), 1l6kom (>C=C<), 1220s, 920s, 872s and 83ks
om."Ls N__, 227 mn(£9,690) and 236 px(£8,130); N.m.r.

(N.m.r.9) showed a singleét for the tetréhydropyranyl protons

( r»i)iﬂ) at"T’é 67, a singlet for the hydroxyl proton
0/: '




200

(-CH,0-H)atY 7.20, a singlet for the three equivalent
methylene protons of the tetrahydropyranyl group
( /.CH
(CH

trans-olefinic proton (O-CHZ—CH=C§-CECégH2-O-) centred

H,) at7’8.32, a doublet of triplets due to the

atY 4.24 (J=3.0 c./sec.), a doublet for the methylene

;4? 3CH,-C=C-CH=CH-) ‘at]5.61 (J=3.0 c./sec.)

and a doublet of doublets for the methylene protons

protons (i

(C=C-CH=CH-CH,-0-H) centred at Y 5.81 (J=6.0 c./sec.).

- Reduction of 1-tetrahydropyranyloxy-hex-z-yn—h-en-6-ol

with lithium aluminium hydride
To a siurry of lithium aluminium hydride (7.6 g.,

0.2 mole) iﬁ dry ether (500 ml.) was added over 1 hr.
1;tetrahydropyranyldxy-hex—Z-yn-h—en-6-ol (19.6 g., 0.1
mole) in ether (100 ml.), the mixture fefluxed for 3 hr.,
cooled in ice'and excees lithium aluminium hydride de-
composed with cold water (400 ml.), the ether layer de-
canted, the aqueous layer extracted with ether (3 x 100 ml.),
dried.(MgSOA), ether evaporated and the residue distilled
giving hexa-U4,5-dien-1-ol and hex-4-yn-1-0l1 (5.99,60%) b.p.
50—520/1 mm. (Found: C, 71.9; H, 10.2; E6H100 requires
c,‘73.5; H, 10.2%9); z>max(I.R.5Q) 3400s (G-OH) 1960s

" (>C=C=C) ,l440m and 845b cm._l; g+l.c. (G.L.C.2) poly-
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~ propylenesebacate) at 120°, H, 8 atmospheres gave two
components:- (i) t,.11 min. (30%, identified as hex-4-
yn-1-0l) and (ii) ¢, 8 min. (70%, identified as hexa-4,5-
dien-1-0l1); n.m.r. (N.M.R.8) of the mixture of alcohols
showed a friplet for thé t&o protons on Cl (C=C=éH-éH2
éHzégz—OH) ceﬁfred a€Y8.32 (J=6.0 c;/s;c.) and another
triplet for £he two protons on Cg (-csc-égeéﬂzémzon)
centred atV6.28 (J=6.0 c./sec.), a singlet for the methyl
protons (C§3-CEC—CH2—) a€*é.22 and a multiplet for the
CH2%C=CH-CH2— system a€Tb.38.

Acetate of the mixture of alcohols [Efepared from the
alcohols (S.O-gu, 0.05 mole), dry pyridine (4 ml.,) and
_acetic anhydride (10.5 g.)/ gave hexa-4,5-dienylacetate
and hex-4-ynylacetate (4,5 g., 65%), b.p. 86-886/26 mm.
(Found: ¢, 66.9; H, 8.6; CgH, ,0, requires C, 68.5;

'H, 8.6%); g.l.c. (polypropylenesebacéte) at 110°, H,
9iatmospheres gave tﬁo components:- (i) t, 12 min. (70%
identified as hexa-u,5-dien§1acetaté and (ii) t, 16 min.
(30%, identified as hex-4-ynylacetate).

Reduction of l-tetrahydropyranyloxy-hex-2-yn-4-en-$6-o0l
with lithium aluminium hydride-3-0O-benzyl-1l,2-cyclo-

hexylidehe-ol-D-glucofuranose complex

‘3-0-Benzyl-l,ZACYClohexylidene-oL-D—glucofuranose




202

(35.6 g., 0.69 mole) in dry ether (100 ml.) was added

over 1 hr. to a slmrry of lithium éluminiqm hydride (3.4 g.,
0.09 mole) in ether (350 md.) and the mixture refluxed

for l.hr., ailowed to cool down to room temperature and
1-tetrahydrop&ranyloxy-hex-2-yn-4-en-6-ol (5.2 g., 0.03
mole) in ether (100 ml.) added over 1.5 hr. The mixture
was stirred at room temperature for 3 hr. then cooled in
ice and decomposed with cold water (400 ml.), the ether
laYer'decanted, the aqueouéilayer extracted with ether

(3 x 50 m1.), the combined ether layer dried (Mgso,, ),

éthef evaporated and the residue distilled, giving three
fractions (i) b.p. 50-54°/1 mm. (1.5 g.) (ii) b.p. 80-88°/
0.05 mm. (%.5 g.) and (iii) 178-190°/3 x 10 Jmm. (1.0 g.).
Fraction (i) was identified as a mixture of hexa-4,5-dien-
l-ol and hex-4-yn-1-o0l. Fraction (iii) on i.r. showed

P, ¥1950m, 2230w (-C=C-) and the characteristic tetra-

ma
hydropyranyl -ether bands at 1200s, 920s, 870s, and 824ims

cm.“l Redistillation gave (i) hexa-4,5-dien-l-ol and
hex-h—yn-l—olt(O.S g.) b.p. 54°/1 mm. (identified on
g.i.c.), (ii) recovered 1-tetrahydropyranoloxy-hex-2-yn-
l-en-$-o01 (b.u g.) and (iii) the residue identified by

132

t.1l.c. as the recovered 3-0-benzyl-l,2-cyclohexylidene-of -

anglucofuranose and an unidentified impurity.
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Reduction of l-tetrahydropyranyloxy-hex-2-yn-4—en-‘-ol

with butane-2,3-diol-lithium aluminjium hydride complex

Similarly, using butane-2,3-diol (4.5 g., 0.025 mole)
in dry ether (25 ml.), lithium aluminium hydride (0.9 g.,
0.025 mole) in ether (100 ml.) and l-tetrahydro=y-
‘pyranyloxy-héx-Z—ynru-en-SLol (4.9 g., 0.025 mole) in
ether (25 ml.), after decomposition with water (250 ml.)
and distillation, gave (i) hexa-4,5-dien-1-0l1 and hex-U4-
yn-1-ol (2.1 g.) b.p. 56-58°/ rm. (identified by i.r and
g.1l.c.) and (ii) residue consisting of the starting
1-tetrahydropyranyloxy-hex-Z-yn—h-en—f-ol and butane-

2,3-diol (2.6 g.).

xr-Chloro-)(;Valerolactone

°<—Carbethoxy—glchloro-Kanlerolactone

Sodium (23.g., 1 mole) was dissolved in absolute
ethénol (400 ml.) and diethylmalonate (160 g., 1 mole)
waé added to4the solution over 15 min. ‘The mixture was
‘refluxed for 1 hr., then cooled to 30—350 and epithlor-
hydfin (92,5vg., 78.4 ml,, 1 mole) was added dropwise
v'with brisk stirfing over 30 min., the temperature of the
mixtﬁre being maintained below 500 by cooling in cold

water. The mixture was stirred for 12 hr. at 50-54°,
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then céoled in ice-water and glacial acetic acid added
until the solution was just aéid to litmus (65 ml.). The
mixture was distilled over an oil-bath (120°) using a 6"
air~column to‘reméve most of the ethanol. Water (250 ml.)
waémadded, the o0il separated, the aqueous layer extracted
~with ether (MgSOdI, ether evaporated and the residue
distilled giving(ﬂ—carbethoxy—zy—chloro-}(:valerolactone
(135 g., 6570) b.p. 15&-156°/1 mm. (Found: C, 46.7; H, 5.6;
c1, 17.0; C8H1101+C1 requires C, 46.5; H, 5.4; cI1, 17.2%),
) max(I R. 67) 1880s (lactone), 1725s (ester »C=0), and
750b (C—Cl) cm 1; g.l.c. (dlnonylphthalate) at 182°, N,

2 1./hr. gave a single peak (t, 10 min.); n.m.r. (N.M.R.4)
showed a doublet for the methylene protons (CICH,-) at

N6.24 (I=5 c./sec ), a quartet for the ester methylene
protons (\<CDDCH CH3) at~T 5.74 (J 7.0c./sec.) and a
triplet for the ester me thyl protons [ ’/,](coocn CH )
‘at "~y 8.68 (J=7 c./sec.).

2Y—Chloro—ﬂ(:valerolactone

of ~Carbethoxy- éichloro-"{fvalerolactone (20.7 g.,
0.1 mole) was refluxed with concentrated hydrochloric acid
(50 ml.) for 24 hr., cooled, the lower oil layer isolated,

water (100 ml.) added to the aqueous layer, the aqueous
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layer extractedAwith ether (2 x 50 ml.,), the combined
organic later dried (MgSOh);‘ether evaporated and the
.fesiqﬁe distilled giving chhlbro-vcwalerolactone (5.3 g,
39%), b.p. 116-118°/1.5 mm. (Found: C, 44.8; H, 5.4;

ci, 26.1; C4H,0,C1 requires C, 4i,5; H, 5.2; Cl, 27.0%);
’Z?maK(I.R.68) 1780s (lactone), 1178b, 920ms and 740b

(c-c1) cm.-l; n.m.r., (N.M.R.5) showed a doublet for

v H
the methylene protons (01052 7 ! ) atY 7.6 and no signal
0 N\
4 ¢

"for the ester protons.

~Attempted oxidation of o{-Carbethoxy- E—chloro—?(-
1419 -

valerolactone

~L-carbethoxy- F)-chloro- K—valerolactone (20.7 g.,

0.1 mole) was dissolved in dry dimethyl sulphoxide (100 ml.),
anhydrous sodium bicarbonate (10 g.) added to the solution

and the mixture heated in Wood's metal bath at 150° for
5 min. Water (100 ml.) and ether (100 ml.) added, the
ethéf layer separated, washed with water (2 x 50 ml.) and
distilled, giving recovered d@cgrbethoxyw-chhloro-ff-
valgrolactﬁne (18.5 g.)

The mixture of silver tosylate143 (40 g),‘Xbéarbethoxy_
-5~—chloro—}(;valerolactone (20 g.) and sodium bicarbonate
.(10'é.) in dimethyl sulphoxide (100 ml.) also gave, after

working up, the recovered chlor-lacton-ester (16 g.).
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Similarly, the iodo-lacton-ester lgreparedlu6 from
a(—carbethokybt)-chloro-}(;valerolactoné (20 g.), sodium
iodide (30 g.) and acetone (200 ml.) refluxed for 12 hr./
(10 g.), dimethyl sulphoxide (100 ml.) and sodium bi-

carbohate (5 g.) also gave recovered iodo-lacton-ester.
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INFRA-RED SPECTRA
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ULTRA-VIOLET SPECTRA




Ultra-violet Spectra

No.

1,

10

1

12

Index

1,1-Dichloro-2-methyl-2-ethyl-g-methylene-
cyclopropane

1,+Pibromo-2,2-dimethyl-3-methylenecyclo~
propane

4-Ethyl-hexa-1,2,3-triené

Comparison of ethyl trans-crotonate and ethyl
trans-2-methylcyclopropane-l-carboxylate

Comparison of ethyl trans-dinnamate and ethyl
trans-2-phenylcyclopropane-l-carboxylate

‘Comparison of ethyl trans-trans-penta-2,4-

dienoate and ethyl 2-vinylcyclopropane-l-
carboxylate

Comparison of ethyl trans-trans-sorbate, ethyl
2,3-methylene-hex-4-enoate and ethyl 4,5-
methylene-hex-2~-enoate

Comparison of Diethyl benzylidenemalonate and
diethyl 2-phenylcyclopropane-~l,l-dicarboxylate

Comparison of mesityl oxide and 2,2-dimethyl-
cyclopropane-methyl-ketone

Comparison of ethyl buta-2,3-dienocate and
Dimethylsulphoxonium 3-ethoxycarbpnyl-2-

yaethylallylide

Comparison of 1-Tetrahydropyranyloxy-pent-2-
en-4-yne, hexadec-2-en-4-yn-l1l-o0l and 1-Tetra-
hydropyranyloxy-hex-2-yn-4-en-6-0l

l-Tetrahydro~-2-furylethane
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NUCLEAR MAGNETIC RESONANCE SPECTRA
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240

Nuclear magnetic resonance spectra:

1 1,1-Dichloro-2,2-dimethyl-3-methylenecyclo-
propane 242
2 1,isiDichloro-2-methyl-2-ethyl-3-methylene- 243
cyclopropane '
3 1,1-Dibromo-2,2-dimethyl-3-methylenecyclo- 244
propane
4 & -Chloro-o -carbethoxy- ¥ -valerolactone 24¢
| 5 3-Chloro— x-valeroléntone 24¢
6 {-Butyrolactone | 245
7 Ethyl buta-2,3-dienoate 24¢
8 Hexa-=h ,5—dien—‘1-ol and hex-lU-yn-1-o0l (70:30%) 246
9 1-Tetrahydropyranyloxy-hex-2-yn-4-en-6-o0l 247
10 1, 3-Dib'romo-prop-l—yne 247
11 Ethyl trans-crotonate ' 248
12 Ethyl _g_rg_rﬁ-Z—methylcyclopropane-l-carboxylate 249
13 Diethyl 2-methy1cyclopr0pane-l,l-dicarboxylate 4
14 Diethyl n-propilidenemalonate 249
15 Diethyi 2-éthylcyclopropane—l,l-dicarboxylate 249
16 Diethyl isopropylidenemalonate 2449
17 Diethyl 2, 2-dimethylcyclopropane-1,1- 250
dicarboxylate
18 Diethyl n-butylidenemalonate R50
%0

19 Diethyl iso-butylidenemalonate

o
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22
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Index ' Page
Diethyl 2-iso-propylcyclopropane-1l,1- 25
dicarboxylate
Diethyl benzylidenemalonate 251

Diethyl 2-phenylcyclopropane-l,l-dicarboxylate 25!
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' GAS LIQUID CHROMATOGRAPHS




Gas liquid chromatographs:

IZ
o

Index

1 Resolved and unresolved components for the
mixture of hexa-4,5-dien-l-ol and hex-4-yn-

1-0l (70:30%)

2' Resolved and unresolved components for the
mixture of hexa-4,5-dienyl acetate and hex-
L-ynyl acetate
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