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ABSTRACT
gem-Dihalocyclopropane derivatives of 9-octa-*
decene have been prepared by the Doering-Ho£fman and
by the Seyferth methods and were reacted with alkyllithium reagents and sodium metal to produce dioctyl
alienee

The structure of dioctyl allene was verified

by its infrared spectrum,

gas chromatographic time as

compared with that of 9-octadecene, and oxidation to
pelargonic acid followed by GLC analysis of the meth
ylated producte

In one trial, the dioctyl allene

could not be converted to the desired methyleneCyclopropane,

9510-methylene-10-nonadecene, by reaction

with zinc-copper couple and methylene iodide.
A modified method for the £s£~bromination of '
y-butyrolactone is described.

It does not require

the use of large amount of catalyst (phosphorous tri
bromide) and it gives higher yields than several of
the methods found in the literature for bromination
of carbonyl compounds in the alpha position.
The methylenecyclopropanes, heptylidenecyclopropane,

1 ,2-methylene-2-dodecene, methyl-10,11-

methylene-9-undecenoate, and ethyl-10,11-methylene9-undecenoate have been synthesized by the Wittig
vili

ix

reaction from cyelopropyltriphenylphosphonium bromide
and the corresponding aldehydese

Their structures

have been verified by infrared and nmr spectra, by
addition reactions such as hydrogenation, bromination,
and hydrobromination,

and by their gas chromatographic

times as compared with those of the corresponding
aldehydes0

The absorption frequencies at 3010, 1040,
ttxa

963, and 935 c m " . were present in the infrared spectra
of the methylenecyclopropanes reported here*

These

bands are among the numerous typical bands reported in
the literature for substituted methylenecyclopropane»
The bands at 3010, 1000, 963? and 935 cm""*" did not
appear in the infrared spectra of the hydrogenated,
brpminated, and hydrobrominated derivatives of these
methylenecyclopropaneso

It is very interesting, in

deed, to know that hydrogenation of these compounds
resulted in a shift of the band at 1040 cm’"'*" (which is
assigned to substituted cyclopropane ring) to 1015 cm"""*",
while bromination or hydrobromination resulted in a
shift to 1030 cm

-1

in the infrared spectra of the cor

responding productso

The methylenecyclopropanes

reported here will be tested biologically in this lab
oratory to compare the effects,

if any, with those of

methyl sterculate and hypoglycin A e

In contrast to the

cyclopropenes ? these compounds do not give the Halphen
test nor do they react with alcoholic silver nitrate
or add^-mercaptopropionic acid*

CHAPTER I
INTRODUCTION
This investigation deals with the synthesis and
attempted synthesis of compounds analogous to methyl
sterculate

CH^-(CH^)^-C-—

(CH^)^-COOCH^, and hypo-

CH2
glycin A

1.

CHS

C
CH-CHo-CH-C00H,
v z
i
b&2
NH2

such as:

1,2-methylene-2-nonene (heptylidenecyclopropane)
H 2C—

C = C H - (CH2 )5-CH3 ,

ClC

2.

1,2-methylene-2-dodecene

V

H 2 c — -.c =

3.

c h - (CH2 )g - c h 3 ,

methyl-10,ll-methylene-9-undecenoate
H 2Q— /G===CH- (CH2 )7-COOCH3 ,

4.

ethyl-10, ll-mctliylenc-9-imdccenoate
II

-(ch2 )7-cooc2h 5 ,

2
2

5.

9,10-methylene-9-nonadeeene
CH 3- (CH2 )7- C I I = C --- CH- (C H 2 )?-CH , and

6.

methyl-9,10-methylene-10-nonadecenoate
c h 3- (ch2 )7- c h = c —

ch- (ch2 )7-cooch .

It also involves the preparation of compounds that can
he used as precursors for the synthesis of the compound
in question.
These compounds are intended to be tested biologically in order to shed some light on the mechanism
and active sites of the biological activities of methyl
sterculate and hypoglycin A.
The cyclopropenoid acids found in cotton seed
oil (malvalic) and Sterculia foetida oil (sterculic)
are noted for their unique chemical structure and for
the physiological effects they produce when they are
included in poultry diets (1-4).

These acids give a

positive Halphen test (5,6), which has been postulated
to be specific for the cyclopropene ring (?)•

The

.

:

.

■'

3

.

relationship "between the feeding of the HaIphen reactive
cyclopropene fatty acids to laying hens and the pink dis
coloration phenomena of stored eggs has been established

( 1 , 2 , 8 ),
On the other hand, the illness at present known as
the vomiting sickness of Jamaica has been attributed to
hypoglycin A,

This new amino acid, which contains the

methylenecyclopropane group has marked hypoglycemic prop
erties (9,10).

It was isolated by Hassal and Reyle (10)

from the unripe fruit of.the akee tree, Blighia sapida,
and subsequently synthesized by several workers

(ll,12),

Kircher (1 3) suggested that cyclopropenoid com
pounds such as methyl sterculate may exert their bio
logical effects through reaction of protein sulfhydryl
groups with the cyclopropene ring,

since this reaction

proceeds in vitro under conditions which do not permit
ethylenic double bonds to react at the same rate.

Al-

though the methylenecyclopropane compounds reported
here did not react with ^-mercaptopropionic acid under
mild conditions, the possibility still exists that they
may react with sulfhydryl groups in vivo,

It is then

possible that these compounds may exhibit biological
activities similar to those of methyl sterculate,

One

can also strongly speculate that these compounds may
very well exert hypoglycemic effects similar to those

.

4
produced by hypoglycin A, if indeed such biological ef
fects are solely due to the methylenecyclopropane group.
In this investigation, two different approaches
have been attempted for the synthesis of the methylenecyclopropane derivatives»

The addition of divalent

carbon (carbene) to an allene is one of the several
routes employed for making methylenecyclopropanes, and
the Wittig reaction is another.
The allene described here, dioctyl allene, was
prepared from the corresponding gem-dihalocyc1opropanes
as will be discussed in following sections,
Interest in the preparation of gem-dihalocyclopropanes has increased since the initial report by
Doering and Hoffman in 1954. that this group of compounds
is accessible via the addition of dihalocarbenes to
olefins (14),

In order to support the original sugges

tion of Genther (15) that dichlorocarbene is involved
in the alkaline hydrolysis of chloroform, Doering and
Hoffman (14) carried out a reaction of chloroform in
the presence of base that gave reliable indication by
its structural outcome that dichlorocarbene had been an
intermediate.

Their initial experiment was carried out

by cooling a mixture of cyclohexene and a saturated
solution of potassium tert-butoxide in tert-butyl al
cohol and adding chloroform.

The yield of

gem-dichlorocyclopropanes was improved when alcohol-free
potassium tert-hutoxide was used thereby minimizing the
reaction of chloroform with alcohol*

The carhene addi

tion which originated with small molecules was extended
to the field of fat chemistry (l6)0
Seyferth and co-workers (l?) reported a new pro
cedure for the preparation of gem-dihalocyclopropanes by
the reaction of phenyl

(trihalomethyl) mercury compounds

with olefins in high yield; a procedure that does not
require basic conditions, thus allowing the use of ole
fins containing base-sensitive groups*

They reported

that phenyl (trihalomethyl) mercury decomposes by
^-elimination of phenyl mercuric halide via a dihalocarbene which is then intercepted by the olefin*

This

new method allows the use of weakly nucleophilic olefins
giving high yields of the corresponding dihalocyclopro
pane derivatives *
Initially gem-dihalocyclopropanes were reported
,to be inert to most reagents and did not appear to have
great synthetic value*

Later it was found by Doering

and La Flamme (18) that treatment of certain gem-dihalo
cyclopropanes with magnesium in ether gave allenes in
low yields (ca* 16-23%)»

They also found that some

dihalides reacted with high surface sodium to give

6

allenes in higher yields? accompanied, however, hy iso
mers of the allenes»
Moore and Ward (19) reported that several gemdihroindeye1opropanes have been found to give allenes in
high yields when treated with methyllithium or butyllithium in ether at low temperature.

They found that

the related diehloro compounds are inert to methyllith
ium but react slowly with butyllithium.

In the cases

they studied, an excess of the alkyllithium reagent was
added to the dibromide while cooling to the desired
temperature.

High reaction temperature resulted in

nearly complete isomerization of the allene.
Untch, Martin and Castellucci reported a con
venient one-step olefin-to-allene conversion using car
bon tetrabromide and excess methyllithium (20).
Woodworth and Skell (21) treated a fourfold excess of
1,5-cyclooctadiene with one equivalent of carbon tetra
bromide and two equivalents of methyllithium in ether
at ca. -65 »

This one-step conversion gave ca. 70% of

1,2,6-cyclononatriene.

When the same reaction was

carried out using n-buty11ithium in hexane instead of
methyllithium in ether, a 37% yield of cyclononatriene'
was obtained showing the capriciousness, of the one-step
reaction.

'

7

The over-all conversion of an olefin to an allene by the two-step sequence of the addition of dibromocarhcne to the olefin followed by reaction of the
dibromide with an alkyllithium reagent appears to.be
the best general method for the synthesis of allenes0
However,

the ease with which the one-step reaction can

be carried out may make it preferable whether the yield
of allene obtained by the one-step conversion is higher
than the two-step sequence or not.
Dienes and allenes, like olefins, have been used
to intercept the dihalocarbenes generated by the usual
treatment of chloroform, bromoform, or ethyl trichloroacetate with a base.

Recent work (21,22) has shown

that dihalocarbenes add to l,3~llenes to give vinyleyclopropane derivatives.

Woodworth and Skell (2l)

prepared 1,l-dichloro-2-vlnylcyclopropane through the
addition of dichlorocarbene, generated by the DoeringHoffman method, to 1,3-butadiene.

Ball and Landor (23)

reported that dibromocarbene adds similarly to allenes
to give methylenecyclopropane derivatives in 40-60%
yield, and that the addition always takes place at the
more substituted double bond.
The discovery by Simmons and Smith (24) of the
simple general method for the synthesis of eyclopropanes
from olefins by reaction with methylene iodide and

zinc-copper couple provides another route to allcylidenecyclopropanes»

This was studied by Ullman and Fanshawe

(2 5 ) who treated methyl penta-3,4-dienoate with the
Simmons-Smith reagent and obtained 35% yield of a mix
ture of products containing equal amounts of the cor
responding methylenecyclopropane and spiropentane.
The parent compound, methylenecyclopropane, has
been synthesized and isolated by Gragson and co-workers
(2 6 ). for the first timee

Anderson studied some reac

tions of this highly reactive olefin (27)0
The synthesis of olefins by the well known
Wittig reaction (28-31) has been used in recent years
in synthesizing methylenecyclopropanes.

The reaction

of a tertiary phosphine (usually triphenyl phosphine)
with an alkyl halide yields a phosphonium salt in which
the alpha C-H bonds are sufficiently acidic to be re
moved by a strong base (e.g., an organolithium compound,
sodium hydride,

or sodium amide)

(32 ).

The ylid that

results from reaction with base is believed to be sta
bilized by overlap between the p orbital at carbon and
one of the d orbitals of the phosphorous atom (33)°
Subsequent reaction of these ylids with aldehydes or
ketones offers a good way of making olefins.(28-31).

+

(C 6H g ) 3 P + R -C H 2 - X

> .R -C H 2 - P ( C 6I I g ) 3X

+

R -C H 2 - P ( C 6H g ) gX + C6H gL i

R -C H = P (C 6H g ) 3

+ R-CHO

> L iX

+ Cgllg +

> (C 6H 5 )^ P = 0

R -C H = P (C 6H g ) ,

+ R -C H =C H -R

Schweizer and Thompson (in 3zij35) reported the
preparation of the ylid from cyclopropyltriphenylphosphonium bromide and its reaction with eye1ohexanone and
benzaldehyde to give cyclopropylidenecyclohexane and
benzylidenecyclopropane respectively.

The cyclopropane

moiety of cyclopropyltriphenylphosphonium bromide has a
pronounced ability to maintain its integrity.

When

ring cleavage was attempted (34,35) by the reaction of
the salt with such diverse reagents as triphenylphosphine, triphenylphosphonium hydrobromide, and 48% H B r ,
no reaction was observed and almost quantitative re
coveries of starting material were possible.

The phos

phonium salt undergoes Wittig olefination reactions
(34,35) and has been used in this investigation for the
synthesis of the methylenecyclopropanes reported here.

10

'

Schweizer and Thompson (in 3^-135) reported the
preparation of the salt hy several methods in varying
yields hy:

(a)

reaction of cyclopropyl hromide and triphenyl™
phosphine,

(h)

reaction of cycloproprppyllithium and triphenylphosphonium hydrohromide,

(c)

intramolecular cyelization of 3-hromopropyltriphenylphopphonium hromide under the influ
ence of n-hutyllithium, and

(d)

thermal decomposition of 2-oxo-3-tetrahydrofuranyl triphenylphosphonium hromide.

Because of the high yield and handling simplicity,

the

latter method has heen employed in this investigation
for preparing the salt.

Cyclopropylidenecyclohexane was prepared hy
Schweizer and coworkers (in 34,35) via reaction of the
phosphonium salt in tetrahydrofuran with a solution of
phenyllithium in henzene under an atmosphere of nitrogen.
They refluxed the mixture for a short time before cyclohexanone was added to the red-hrown solution.
was distilled from the reaction mixture»

The product

11
h

2c
H

P(C6II5 )_Br + C6H gLl

> CgHg + LIBr +

H.
h

2c
:c = p (c 6h 5 )3

H 2C'

CH

H 2?II
2

=

0

€H

H,

h

2c

CH

(c 6h 5 )3p = o +
H 2C'

A procedure,

essentially similar to the one

described above, was followed in the synthesis of the
methylenecyclopropanes reported in this investigation.

Best m an n and coworkers

(in 36,37)

re ported the

syn

thesis of eye1opropy]triphenylphosphoniam bromide in the
same fashion and its reaction in the Wittig manner with
carbonyl compounds to give derivatives of methylenecyclopropane.

They introduced dilute hydrobromic acid into the

reaction mixture after the carbonyl compound is added.

At

this stage, the corresponding betaine (I ) is formed, which
is then isolated, purified, and treated with potassium
tert-butoxide to obtain the desired methylenecyclopropane

(ii).

H 2C

CH2

ii2 c —

Fr
jch

PBr
+ Br

+ HBr

2

(41)

C=0

V
Br
II2C

H 2C

CH

CH

o
+ (C6H 5 )3P- ^
H r;

h-o

(36,37)

13

H 2C

II

C H ^ P ^C61I5 ^313r
^

II2C

2

CO,

£5=0

H

2

IT

h

2

2o .
—

7^"
H

+

-p (c6H 5)3
H_C

2

+

+ L iB r

H

H 2°
■P(C6H 5 ) 3 + R-CHO

H 2C'

2

>

H

2
HC-0
R

(I)
H

2
C=CHR + ( C ^ I I _ ) 3 P=0

II

2

(II)

(34,35)

I'l
(36,37)

R=C6H 13- , CgH ig- , (CH2 )7COOCH3- , and

(c h 2 )7 c o o c 2h 5

(This r e p o r t )

In this investigation, no betaine was isolated
in those cases where the reaction mixture was allowed
to reflux for few hours after the addition of the car
bonyl compound was co mp le te.
intermediate betaine

This indicates that the

(I ) formed by the reaction of the

ylid and a carbonyl compound decomposed to give triphenylphosphine oxide and the corresponding methylenecyclopropane derivative

(I I ).

2-Oxo-3-tetrahydrofuranyl triphenylphosphonium
b ro m i d e , which can be smoothly and quantitatively de
composed (34-37) to give cyclopropyltriphenylphosphonium
b r omi de , is usually prepared by reaction of ^-bromoJ'-butyrolactone with triphenylphosphine.

The salt was

obtained in about 38% yield in refluxing tetrahydrofuran
(3 8 ).

Better yields were obtained when dry benzene was

used and the mixture maintained at about 30° for 72
hours

(36,37).

15

K-Br omo -y^-bu tyro 1 act one is available commer
cially (39) and several procedures for the K-bromination
of carbonyl compounds in various yields are found in the
literature.

Price and Judge (40) obtained f^-bromo-Jf’
-

bu tyro lac tone in 35% yield using /^-butyrolactone, red
phosphorous,
spectively).

and bromine (1 : 0.3 : 2 molar ratio re
Better yields are obtained (ca. 82%) when

y-butyrolactone is heated to about 100° with catalytic
amounts of phosphorous tribromide while adding the
bromine slowly (41).

This method was employed in this

investigation and the progress of the bromination was
checked by GLC analysis.

It was found that by allowing

the reaction to continue for a few days or until all of
the )z-butyro1actone is consumed,
yields can be obtained.

almost quantitative

Other methods for the DC-bromin-

ation of carbonyl compounds have been reported (42-44).

CHAPTER II
EXPERIMENTAL
-

e

-

. Gas-liquid chromatography (GLC) was performed
with the Aerograph A-90 using a five foot % inch diam
eter column of 20% diethyleneglycol succinate polyester
on fire-brick.

Thin layer chromatography (TLC) was

performed using silica gel or silver nitrate-silica gel
plates o

The refractive indicies were measured on an

Abbe type Zeiss refractometer.

The infrared spectra

were obtained with the Perkin-Elmer Infracord 137B using
0.25 mm cells, and the nmr spectra with the Varian A-60.
Bromine analysis was done by Schwartzkopf Micro-analysis
Laboratory, and all temperatures are recorded in degrees
Centigradeo

A suspension of 20.0 g (0.5 mole) of lithium
aluminum hydride (LAH) in 200 ml of anhydrous ether was
placed in a one liter, three-necked flask equipped with
a mechanical stirrer, condenser, and dropping funnel.
A solution of 150.0 g (0.5 mole) of methyl oleate in
200 ml of anhydrous ether was added dropwise to give a
gentle refluxing.

The reaction mixture was refluxed
16

for two hours after the addition of methyl oleate was
complete»

The mixture was cooled in an ice-hath and

cold water was added cautiously to hydrolyze the excess
LAHe

The mixture was extracted with ether twice and the

combined extracts were washed with water twice, dried
over anhydrous magnesium sulfate overnight,

and the sol

vent was removed in vacuo to yield 120o0 g of crude
material,

Infrared spectrum and GLC analysis showed the

presence of traces of methyl oleate in the product which
was used in the crude form in the following experiment
for preparing 9-octadeeeneo
Preparation of Oleyl Tosylate (46)
Crude oleyl alcohol (50.0 -g, 0.19 mole) was dis
solved in 150 ml of dry pyridine in a one liter, threenecked flask equipped with a mechanical stirrer.

The

stirred solution was cooled in an ice-bath and p-toluenesulfonyl chloride (48.0 g, 0.25 mole) was added in
five portions over a 30 minute period.

The solution was

stirred for an additional three hours before placing it
in a refrigerator overnight.

The solid-liquid slush

from the refrigerator was poured into a separatory fun
nel and extracted with 4 X 200 ml of petroleum ether
using a small amount (10-15 m l ) of saturated sodium
chloride solution to enhance separation of layers.

The
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combined petroleum ether extracts were washed with
10 X 250 ml of water, dried over anhydrous magnesium
sulfate and filtered,

Evaporation of solvent under

' vacuum yielded 73»0 g (90% yield) of the tosylate as
a pale yellow oil.
Preparation of 9-0ctadecene (&6)
Oleyl tosylate (50.0 g, 0.11 mole) was dis
solved in 150 ml of anhydrous tetrahydrofuran (THE) and
was added dropwise over a 30 minute period to a stirred,
(
refluxing mixture of LAH (8.0 g, 0.2 mole) in 300 ml of
THE in a one liter, three-necked flask equipped with a
mechanical stirrer and condenser to which a calcium
chloride drying tube was attached.

Stirring and reflux

ing were continued for an additional hour after the
tosylate had been added.

The reaction mixture was then

cooled in an ice-bath, and a solution (10 m l ) of 10%
sodium hydroxide was added with caution to destroy the
excess LAH.

In this step considerable heat was evolved

and an efficient ice-bath was required.
the insoluble salts,

To. coaggulate

150 ml of saturated sodium chlo

ride solution was added and the mixture was stored
overnight in a refrigerator.

The solid-liquid mixture

was extracted with 3 X 150 ml of ether and the lower
aqueous phase containing salts was discarded.

The

19

combined ether extracts were washed with water until
free of salts, dried over anhydrous magnesium sulfate
V
and filtered.
Evaporation of solvent under vacuum gave
2,6.0 g (82% yield based on tosylate) of crude 9-octadecene as a yellow oil.

Distillation of the oil through

a micro Vigreaux column yielded 2 3 »0 g of colorless
o
o
9-octadecene, bp 96 - 98 /0..07 mm.,
lit. 133 V o . 5 mm,
/
,
t- x
(46) , n j) 1»4480 lit o iiy 1.4460 (4-6) . The infrared '

■

spectrum (Figure 1) of the product was identical with
the one published for a mixture of cis and trans
9-octadecene (46).
Oxidation of 9-Octadecene (4-7)
To 100 mg of 9-octadecene in 100 ml of tertbutyl alcohol, a 100 ml aqueous solution containing
0.85 g of sodium periodate, 0.10 g of potassium perman
ganate, and 0.15 g of sodium carbonate was added.

The

mixture was stirred in an erlenmeyer flask at room
temperature overnight.

The oxidation mixture was acid

ified and extracted with ether.

The ethereal layer was

separated, washed with water until neutral,
solvent was removed under vacuum.

and the

The infrared spectrum

of the product was superimposable on that of an authen
tic sample of nonanoic (pelargonic) acid.

Methylation
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of the resulting acid followed "by GLC analysis indicated
that the oxidation product was pelargonic acid*
Preparation of Potassium Tert-hutoxide (48)
Freshly distilled tert-hutyl alcohol (1=5 liter)
was placed in a two liter flask equipped with a mechan
ical stirrer and condenser.

The alcohol was heated to

near hoi ling while stirring, and potassium metal (60,0 g <,
I,5 mole) was added in small pieces as they dissolved
slowly with the evolution of hydrogen,
lated hood was required.

A well venti

The excess alcohol was dis

tilled from the reaction flask, and the white residual
solid of potassium tert-hutoxide was dried in a heated
vacum oven overnight.
Preparation of I, l-Dichloro-2,, ^-dioctylcyclopropane (14)
A mixture of 9-octadecene (l3»0 g, 0.05 mole)
and potassium tert-hutoxide (18,0 g, 0,15 mole) in
200 ml of dry pentane was placed under nitrogen in a
500 ml, three-necked flask equipped with a mechanical
stirrer, dropping funnel, and condenser.

The stirred

mixture was cooled in an ice-bath* and a solution of
chloroform (?«5 ml, 0,08 mole) in 30 ml of dry pentane
was added dropwise over a 30 minute period.

The reac

tion mixture was stirred at room temperature overnight,

then poured onto cold water.

The pentane layer was sep

a,rated, washed with water, and the solvent was removed
under vacuum.

The dark oily product obtained was dis

tilled under vacuum through a micro Vigreaux column to
obtain 7.0 g (46% yield based on 9-octadecene) of color
less oil; bp. 113 - 116 /0.07 mm., n ^

1.4629.

Figure 2

shows the G-LC pattern of 9-octadecerie and the product.
The infrared spectrum of the product (Figure 3) showed
the characteristic absorption frequencies of 1,1-dichloro-2,3-dioctylcyclopropane appearing as a doublet
at 805 and 780 cm"""*" (16).
Preparation of l,l-Dibromo-2,3-dioctylcyclopropane
The procedure described above was carried out
using 9-octadecene (13.0 g, 0.05 mole), dry potassium
tert-butoxide (18.0 g, 0.15 mole), and bromoform (7.0
ml, 0.08 mole).

The dark crude oil obtained was diso
tilled under vacuum (bp 151 - 153 /0.025 mm.) to give
10.0 g of a light tan oil.

Analysis by GLC showed the

presence of unreacted 9-octadecene in the product, whil
the dibromo derivative did not appear under the condi
tions specified in Figure 2.

The infrared spectrum

(Figure 4) of the distillate shows absorption frequen
cies at 934 (s), 994 (m), 1653 (m), 1015 (w), 834 (w),
and 855 cm""*" (w), that are not present in the infrared
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.

Reaction of the

product with sodium metal in henzene gave dioctyl allene.
This is evidence for the formation of l,l~dibromo-2,3dioctylcyclopropane.
1 ?l-Dihromo-2s3~dioctylcyclopropane was also pre
pared hy Seyferth's method (in 17,49) hy adding a solution
of 9-octadecene (13.0 g, 0.05 mole) in 50 ml of henzene to.
a.refluxing mixture of phenyl(tribromomethyl)mercury (27.0
g, 0.05 mole) and 100 ml of henzene in a 300 ml, threenecked flask equipped with a mechanical stirrer, condenser,
and dropping funnel.

The stirred mixture was refluxed for

an additional hour, during which time a white precipitate
of phenyl mercuric bromide formed (mp 282 ).
was cooled,

The mixture

filtered, and the filtrate was washed with

three 150 ml portions of water.

Evaporation of the sol^

vent resulted in dark oily material which gave, upon
distillation in vacuo (151 - 153 / 0 .025 mm.),
light tan oil.

10.0 g of a

The infrared spectrum of the distillate

was similar to that of the product obtained from the above
experiment.

It also gave dioctyl allene upon treatment

with sodium metal in refluxing benzene.
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Preparation of 1, l-Dichloro-2-octyl~3-"
-cyclopropane (16)
Methyl oleate (30„0 g ? 0„15 mole) and sodium
methoxide (40o0 g, 0»75 mole) in 150 ml of dry heptane
were placed under nitrogen in a 500 ml, three-necked •
flask equipped with a mechanical stirrer, condenser,
and dropping funnel.

The stirred mixture was cooled

in an ice-hath and ethyl trichloroacetate (30.0 ml,
0 o22 mole) was added drppwise over a 30 minute period..
Stirring and cooling were continued for four additional
hours after which time the mixture was allowed to stand
in a refrigerator overnight.

The cold mixture was

placed in a separatory funnel and cold dilute hydro
chloric acid was added.

The heptane layer was separ

ated, washed with water until neutral, and the solvent
was.removed on a rotary evaporator.

The dark orange

oily product was partially purified on a Florisil col
umn using a mixture of methyl alcohol and petroleum
ether as the eluent in volume ratio of 1 to 10 respec
tively; methyl oleate, which appeared in the first few
fractions, was the only contaminant.

The infrared

spectrum of the product (Figure 5) shows the charac
teristic absorption frequencies (doublet) at 805 and
780 cm"™"*" (iS).

Figure 6 shows the GLC pattern of methyl
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ole'ate and the product,

1, l-diehIoro--2-octyl-3-(7-carho~

methoxyheptyl)-cyclopropane.
Preparati on of 9■> iO-Nonadecadiene (Dioctyl Allene)
1,l-Dich-loro-2,3"dioctylcyclopropane (l3»0 g, O.O36
mole) was dissolved in 150 ml of dry n-hexane under an at
mosphere of nitrogen in a 500 ml, three-necked flask
equipped with a mechanical stirrer and dropping funnel.
0
The stirred solution was cooled to - 30 in a dry ice—ace
tone hath, and n-hutyllithium (35»0 ml of a 2 M solution in
hexane, 0.07 mole) was added dropwise over a period of 30
o
minutes.
The mixture was vigorously stirred at - 30 for
an additional hour.

The dry ice-acetone hath was replaced

hy an ice-hath and cold water was added cautiously to the
mixture.

The hexane layer was separated, washed with water

until neutral, and dried over anhydrous magnesium sulfate.
Evaporation of the solvent on a rotary evaporator afforded
9.0 g of a light brownish colored oil. .Analysis hy GLC
indicated that all of the 1,l-diohloro-2,3-dioctylcyclopropane has been consumed.

It also showed the presence of

small amount of 9-octadecene (as contamination in the
starting material) and a small amount of a compound (prob
ably the acetylene resulting from rearrangement of the
allene) with a little longer retention time than the main
peak (Figure l).

The infrared spectrum of the product
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(Figure 7) shows the characteristic allenic absorption
-1
frequency at 1950 cm
(19)«
In a similar experiment using methyllithium in
stead. of n-hutyllithium, no reaction occurred.
ing material was recovered unchanged.

The start

On the other hand,

1.1-dihromo-2,3-dioctylcyclopropane reacted with n-hutyllithium and with methyllithium to give dioctyl allene, as
was evidenced hy the infrared spectrum and GLC analysis
of the products in the two cases.

This indicates that

1.1--dihromo-2,3-dioctylcyclopropane is more reactive than
the corresponding dichloro derivative.
Dioctyl allene was also prepared hy reaction with
sodium metal as follows;

a solution o f .1,l-dibromo-2,3-

dioctylcyclopropane (13.0 g, 0.03 mole) in 150 ml of dry
benzene was refluxed with stirring.

Sodium metal (2.3 g,

0.1 g-atom) was added in small shiny pieces.

The mixture

was stirred at reflux temperature for 48 hours, and then
allowed to stand at room temperature overnight.

The pre

cipitated sodium bromide was removed by filtration.

The

filtrate was washed with water, dried over anhydrous mag
nesium sulfate, and the solvent was removed on a rotary
evaporator.

A dark brown oil was obtained,, which gave a

clear colorless oil upon distillation under vacuum.

Anal

ysis by GLC and the infrared spectrum of the distillate
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indicated that dioctyl aliens had been formed by this
method.
The above experiment was carried out using 1,1dichloro-2,3-dioctylcyclopropane and sodium metal in ben
zene «,

No reaction was observed and the starting material

recovered unchanged.

This is another indication that

1,l-dibromo-2,3-dioctylcyclopropane is more reactive than
the corresponding dichloro derivative.

When magnesium

metal was used in similar experiments„ no reaction was ob
served' with' any of the two gem—dihalo compounds mentioned
above,
Oxidation of Dioctyl Aliens (47)
Dioctyl allene (100 mg) was oxidized in an exper
iment similar to that employed in the oxidation of 9oetadecene.

The infrared spectrum of the acid obtained

was identical with that of the acid resulting from the
oxidation of 9-octadecene and with that of an authentic
sample of nonanoic acid.

This was confirmed by GLC anal

ysis of the methyl ester of the resulting acid.

Freshly distilled J^-butyrolaetone (172=0 g, 2=0
mole) and a catalytic amount of phosphorous tribromide
(10 ml) were placed in a one liter, three-necked flask
equipped with a magnetic stirrer and dropping funnel„
The stirred mixture was heated to about 85° > and bro
mine, in excess, was added dropwise at a discontinuous
rate, that is, the addition of bromine was discontinued
every time the mixture became very dark in color due to
the bromine, and resumed when the color became Tight
orange„

The process was. continued for three days, af

ter which time added bromine was no longer absorbed.
Nitrogen gas was blown through the reaction mixture to
drive out the hydrogen bromide and the excess bromine.
The resulting yellowish oily looking material was trans
ferred to a separatory funnel containing diethyl ether
(600 ml) and the ethereal solution was washed with water
until neutral and dried over anhydrous magnesium sul
fate.

Evaporation of the solvent afforded 300 g (90%

yield) of crude product.
Distillation of the crude
o
material (8.3 - 85 /0>07 mm) gave 2.60.0 g (86% yield)
of A?-bromo-^-bu tyro lac tone.

Analysis by GLG showed

that all of the y-butyrolactone has been brominated
(Figure 8).

The infrared spectrum (Figure 9) shows
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absorption frequencies at 1430 (in), 1049 (s ), and
946 cm ^ (w), which did not appear in the infrared
spectrum of /-butyrolactone.
In a similar experiment, a lower bromination
temperature was employed, but lower yields (40 - 50%)
of (X-bromo-^-butyrolactone were obtained.
bromination temperature

A higher

(120 - 160 °), on the other

hand, resulted in charring of the mixture and the
formation of black,

intractable material.

The (^-bromination of 2/-bu tyro lac tone was also
achieved using one equivalent of phosphorous tribromide
and three equivalents of bromine.

The bromine was

added to a cold mixture of jf-butyrolactone and phos
phorous tribromide.

Solid phosphorous pentabromide

was formed first, decomposing and releasing bromine
slowly as the temperature was gradually elevated to
about 50 °.

The temperature was kept at about 50°

while stirring for 48 hours.

Water was added and the

mixture was refluxed for three hours.

The mixture was

allowed to come to room temperature and transferred to
a separatory funnel containing ether.

The ethereal

solution was washed with water until neutral and dried
over magnesium sulfate.

Evaporation of the solvent

followed by distillation of the product under vacuum
gave <X-bromo-y-butyrolactone in 55% yield.
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The first procedure described above for the
bromination of y-butyrolactone was followed using
$ -undecalactone

(37.0 g, 0.2 m o l e ) and a catalytic

amount of phosphorous tribromide.

Bromine,

in excess,

was added to the hot mixture dro p w i s e , and nitrogen gas
was blown through the reaction mixture to drive out the
hydrogen bromide and excess bromine.
was dissolved in ether,

The crude product

and the ethereal solution was

washed with water until neutral and dried over anhydrous
magnesium sulfate.

Evaporation of the solvent followed

by distillation of the product under vacuum gave a color
less oil that slowly became tan in color on standing.
Analysis of the distillate by TLC and GLC indicated the
presence of three compounds in the distillate.
analysis of the product
30.41;

found: 41.24)

Bromine

(calculated bromine per ce nt ag e;

suggests that a mixture of mono- and

polybromo-j'-undccalactone was obt ai ned.

No helpful in

formation could be drawn from infrared and nmr spectra
of the distillate,

and no attempt was made to isolate

the components of the reaction mixture in pure form.

2-0xo-3-tetrahydrofuranyl Triphenylphosphonium Bromide
K-Triphenylphosphonium-(A-hutyrolactone) Bromide
(34,38,40,41,45)
A solution of recrystallized triphenyl phosphine
(190.0 g, 0.72 mole)

in 350 ml of dry benzene was placed

34
in a one liter,
netic stirrer,

three-necked flask equipped with a mag
condenser,

and dropping funnel.
The
o
stirred solution was heated to 50
and freshly distilled

K-hromo-^f-hutyrolactone
d ro p w i s c .

(147.0 g ; 0.8 m o l e ) was added
o
The temperature was held at 50 with stirring

for three d a y s .

White solid separated o u t , while the

solution became red in color.

The mixture was allowed

to stand at room temperature overnight and filtered.
The filtrate was evaporated to about 75 ml and more of
the solid was collected by filtration.

The total weight

of the solid was 340.0 g (ca. 80% yield).

The phos-

phonium salt was recrystallized by dissolving 300 g of
the crude solid in 200 ml of warm methyl al c o h o l , then
adding 350 ml of ethyl acetate slowly and with gentle
mixing.
night.

The solution was cooled in a refrigerator over
White crystals of ^-triphenylphosphonium-(jf-

buty rol actone ) bromide were collected by filtration and
o
dried in a vacuum oven at 50
overnight.
More of the
crystallized solid was obtained by reducing the volume
of the filtrate to about 150 ml.

The total weight of

the recrystallized salt was 270.0 g (ca. 64% yield),
o
o
Figure 10
m . p . 197 - 198
lit. 197 - 198
shows the infrared spectrum of the salt.

35
WAVELENGTH (MICRONS)

10

3000

1500

2000

1200

,1000

11

12

900

800

CM
Figure 9.

I .R. spectrum of iK-bromo-y-butyrolactone
in CCl^ solution.

WAVELENGTH (MICRONS)

3

4

3000
Figure 10.

5

2000

6

7

1500

8

9

1200

10 - 11

,1000
CM-1

900

12

13
i-

800

I.R. spectrum of 2-oxo-3-tetrahydrofurany]
triphenylphosphonium bromide in CHC1
so lu tion.
^

36
Cyclopropyltriphenylphosphonium Bromide

(34-37)

0(-Triphenylphosplionimii- (X-bu tyro lac tone) bromide
(13•0 g ; 0.03 mole) was placed in 100 ml round-bottom
o
flask.
The dry salt was heated 111 vacuo to about 200 .
The melted salt started to effervesce slowly, then vig
orously as carbon dioxide was evolved.

The heating con

tinued for 20 minutes after the gas evolution had
ceased.

The tan glassy looking residual solid (11.2 g ;

ca. 98% yield) was recrystallized by dissolving it in
10 ml of methyl alcohol, then adding 40 ml of ethyl ace
tate.

The white crystalline solid was separated by

filtration and dried in a vacuum oven at 50° overnight,
m.p.

187 - 1 8 9 0 lit.

184° (37)

Figure 11 shows the

infrared spectrum of cyclopropyl triphenylphosphonium
bromide.
Attempted Synthesis of #-Triphenylphosphonium(A-undeealactone) Bromide

The procedure described above for the prepara
tion of 0C-triphenylphosphonium-(iS-butyrolactone ) bromide
was followed with 26.3 g (0.1 mole) of impure X-bromoy-undecalactone and 26.2 g (0.1 mole) of recrystallized
triphenylphosphine in 30 ml of dry benzene.

No K-tri-

phenylphosphonium-( jf-undecalactone) bromide was formed.
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In some trials, a white solid’was collected
which started giving off fumes of hydrogen "bromide as
it was exposed to the atmosphere,
solid.

leaving a yellowish

The white solid is prohahly triphenylphosphonium

dibromide, which hydrolyzes in moist air to give hydro
gen bromide and triphenylphosphine oxide (5 0 ),

(51)
A suspension of lithium metal (29* 1 g; 1,2
g-atom) in 500 ml of anhydrous ether was placed under
nitrogen in a two liter, three-necked flask equipped
with a magnetic stirrer, condenser, and dropping fun
nel,

A solution of freshly distilled bromobenzene

(314,0 g; 2,0 mole) in one liter of anhydrous ether was
added dropwise; the first few milliliters being added
at room temperature and the rest of the solution at
reflux temperature.

After a period of five hours, the

solution was decanted under an atmosphere of nitrogen
through an L-shaped glass tube loosely plugged with
glass wool into a one liter glass bottle which has been
previously flushed with nitrogen.
determining the concentration,

For the purpose of

a small measured aliquot

was hydrolyzed with distilled water and titrated with
standardized hydrochloric acid, using phenolphthalein
as indicator; yield ca, 55%,

'

:

.

Heptylidenecyclopropane

38

(28,34,35?52s53)

Cyclopropyltriphenylphosphonium 'bromide (80.0 gj
0.2 mole), which had been previously dried in a vacuum
o
oven at 80 overnight, was suspended under nitrogen in
150 ml of dry benzene in a one liter, three-necked flask
equipped with a mechanical stirrer, condenser, and
dropping funnel.

The stirred suspension was heated to

reflux temperature and phenyllithium (100 ml of 2 M
solution in hydrocarbon; 0.2 mole) was added dropwise
with vigorous stirring.

The mixture, the color of

which turned orange then dark red, was refluxed for one
hour and a solution of freshly distilled heptaldehyde
(20.0 g; 0.18 mole) in 50 ml of dry benzene was added
V

dropwise.

The dark red color faded gradually and

finally the mixture appeared as a pinkish-white sus
pension.

The mixture was stirred at reflux temperature

overnight, allowed to stand in a refrigerator for 24
hours, and filtered.

The residue was washed with ben

zene, and the combined filtrates with water until neu
tral.

The residue contained lithium bromide and

triphenylphosphine oxide.
The filtrate was dried over anhydrous magnesium
sulfate and the solvent removed on a rotary evaporator,
and the tan product was distilled under reduced pressure

( 5 6 / 1 7 mm.), to give a colorless liquid;

1.4482.

The GLG pattern of heptaldehyde and the product is shown
in Figure 12.

The infrared spectrum of the product,

purified hy GLC,

(Figure 13) showed absorption frequen

cies at 3010 (s), 1490 (m), 1086 (m), 1064 (w), 1040 (w)
1000 (w), 963 (s ), and 935 cm™""*" (s), which did not
appear in the infrared spectrum of heptaldehyde.

The

nmr spectrum of the product (Figure 15) showed the Hr
value of the vinyl proton (multiplet) at 4.1 - 4.5, and
that of the ring protons at 7.7 - 8.1.
Bromination of Heptylidenecyclopropane .
Heptylidenecyclopropane (50 mg) was dissolved
in 1 ml of carbon tetrachloride and a 4% solution of
bromine in carbon tetrabromide was added dropwise until
the bromine color persisted.

The infrared spectrum of

the product (Figure 14) did not show the absorption
frequencies at 3010, 1086, 1064,

1000, 963, and 935 cm""'*'

which were shown by the infrared spectrum of heptylid
enecyclopropane .

The absorption frequency at 1040 cm

has shifted to 1030 cm~^ after bromination.
Hydrogenation of Heptylidenecyclopropane
An ethanolic solution of heptylidenecyclopropane
(100 mg) was stirred with palladium on carbon (as a
catalyst) under hydrogen.

The mixture was filtered
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after hydrogen absorption has ceased, and the solvent
was removed on a rotary evaporator.

The amount of

hydrogen, taken up was greater than the theoretical
amount required to saturate the exocyclic double bond
in heptylidenecyclopropane.

This suggests cleavage of

the cyclopropane ring by hydrogenolysise
spectrum of the hydrogenated derivative,
heptane,

The infrared
cyclopropyl-

showed similar .changes as compared with the

infrared.spectrum of the brominated derivative,

i ee 0,

no absorption frequencies at 3010, 1000, 963, and
, ■
935 cm
, while the absorption frequency at 10.40 has
shifted to 1015 cm” "*"e
Hydrobromination of heptylidenecyclopropane, .
which has been accomplished by stirring with 48% HBr
at room temperature, resulted in a compound the infra
red spectrum of which is similar to those of the bromination and hydrogenation derivatives.
No reaction, however, has been observed when
heptylidenecyclopropane was refluxed overnight with
methanolic solution of silver nitrate (54).

No reac

tion has been observed either when heptylidenecyclopropano was stirred with /3-mercaptopropionic acid
overnight at room temperature (.13).«

The starting

material was recovered unchanged, in both cases.
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The Halphen test was conducted on two drops of
the product in a mixture of 10,0 ml of pyridine and one
ml o f .4% sulphur in carbon disulfide.

The mixture was

o
heated in a water bath at 65 for 20 minutes, then in
o
an oil bath at 110 for one hour.
The test was nega
tive; methyl sterCulate being the control,
1,2-Methyl ene-2-dodecene
The procedure described in the preparation of
heptylidenecyclopropane was followed by adding freshly
distilled decyl aldehyde, capraldehyde,

(31=0 g, 0,2

mole) to stirred refluxing Wittig reagent; prepared
from reaction of cyclopropyltriphenyphosphonium bromide
(80,0 g, 0,2 mole) and phenyllithium (100,0 ml of 2 M
solution in hydrocarbon; 0.2 mole) in refluxing benzene.
The reaction mixture was worked up in the same
manner as before,

and the product was distilled under

vacuum (86 /17 mm.) to give a colorless liquid; n^0
1.4644.

The GrLC pattern of decyl aldehyde and the prod

uct is shown in Figure 16 and its infrared spectrum, af
ter purification by GLC,

(Figure 17) is almost identical

with that of heptylidenecyclopropane (Figure 13 ),
Bromination (Figure 18), hydrobromination, and
hydrogenation of the product caused changes in the in
frared spectra of the products similar to those of
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Iieptylidenec37'olopropane when subjected to comparable
conditions„

Similarly, the product gave’ a negative

Halphen test.
Ethyl-10,ll-methylene-9-nndecenoate
The procedure described in the preparation of
heptylidenecyc1opropane was followed by adding freshly
distilled ethyl azalaldehydate, EAZ,

(30.0 g, 0.1$ mole)

to stirred refluxing Wittig reagent; prepared from reac
tion of dry cyclopropyltriphenylphosphonium bromide
(60o0 g, 0„15 mole) and phenyllithium (75-0 ml of 2 M
solution in hydrocarbon, 0.15 m o l e ) in benzene»

The

reaction mixture was worked up in the same manner as
before and the product was distilled under vacuum
(105 - 107 /0.04 mm) to give colorless liquid, 11^
1.4731, which gave a negative Halphen test.
The G-LC pattern of EAZ and the product is shown
in Figure 19.

The infrared spectrum of the product,

purified by GLC,

(Figure 20) shows the absorption fre

quencies at 3010, 1800,

1040, 963, and 935 cm""1".

The

nmr spectrum (Figure 23) of the product shows the 'Y
value for the vinyl proton at 4.1

4.4 as a multiple!.

Similarly, hydrogenation, bromihation, and hydrobromination resulted in compounds the infrared spectra
of which did not show the absorption frequencies
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mentioned above.

The infrared spectrum of the hydro

genation product (Figure 21) indicated the shift of the
1040 cm- "*" band to 1015 cm"""*".
Methyl-10,11-methylene-9-nndecenoate
Methyl-10?11-methylene-9-undecenoate was pre
pared from a similar reaction of methyl azalaldehydate,
MAZ,

(20.0 g, 0.1 mole) and the Wittig reagent obtained

from reaction of dry cyclopropyltriphenylphosphonium
bromide (40.0 g s 0.1 mole) and phenyllithium (50.0 ml
of 2 M solution in hydrocarbon, 0.1 mole) in refluxing
benzene.

The reaction mixture was worked up in the

same manner as before and the product was distilled
under vacuum (l05°/0.04 mm) to give colorless liquid,
on
n^ 1.4700, which gave a negative Ealphen test.
The
infrared spectrum of the product, purified by G-LC,
(Figure 24) was almost identical with that of ethyl10,11-methylene-9-undecenoate.
frequencies at 3010,

It shows absorption

1800, 963, and 935 cm

spectrum (Figure 26) shows t h e v a l u e

-1

„

The nmr

of the vinyl

proton at 4.1 - 4.4 as a multiple!.
.Hydrogenation of the product resulted in a com
pound, the infrared spectrum of which (Figure 25) did
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I.R. spectrum of hydrogenated ethyl-10,11methylene-9-undecenoate in CC1^ solution.
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not show the absorption frequencies mentioned above and
A
«i
indicated the shift of the 1040 cm” band to 1015 cm"
as was the case with the hydrogenation product of the
ethyl ester derivative 0

CHAPTER III
DISCUSSION
The methylenecyclopropane compounds described
here were synthesized with the intention of testing
them biologically in this laboratory,

so that some

understanding can be gained as. to the active moeity of
methyl sterculate and hypoglycin A e

gem~Dihalocyclo

propane derivatives were prepared from 9-octadecenes
and dioctyl allene w a s , in turn, prepared from such
compounds0
The striking Doering-^Hoffman reaction of chloro
form and bromoform can be accomodated by assuming the
intermediate formation of dichloro-and dibromo-carbene
(14).

The first step in the mechanism is the removal

of a proton from halofofm to produce the trihalomethide
ion.

This reaction is established by deuterium exchange

in alkali (55*56).

In the second step trihalomethide

ion loses halide ion to give the neutral dihalocarbene
which adds to the olefin.

The alternative hypothesis

that the trihalomethide ion adds to the olefin to give
a carbanion which displaces halide ion, forming the
product, is inconsistent with the failure of bases to

''
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add to olefins and with the failure to isolate the inter
mediate carhanion with a proton,
l-Dichloro-2,3-dioctylcyclopropane appeared
to he inert t o 'methyllithium hut reacted with n-hutyllithium at low temperature to yield dioctyl allene,
1 ?l~Dihromo~2?3-dioctylcyclopropane, however, reacted
with hoth alkyllithium reagents in the cold to give
dioctyl allene.

The intermediacy of carhene is sug

gested in the formation of allenes from gem-dihalocyclopropanes

(19),

The dihromo derivative reacted

with sodium metal in refluxing henzene to give dioctyl
allene.

It was suggested that this type of reaction

proceeds through simultaneous ring opening and loss of
halide ion (18),

The dioctyl allene, obtained from

the two methods described above, was contaminated by a
compound which was assumed to be the acetylenic isomer
of the allene (based on gas chromatographic retention
times),

Wotiz and Mancuso (57) inspected the infrared

spectra of 58 allenic compounds and concluded that the
bands at 1950 and 850 cm"""*" are characteristic of the .
allene bond system with certain variations due to sub
stitution,
at 1950 cm”

The anti-symmetrical stretching frequency
"f

appears as a doublet when the allene group

is terminal and is substituted by an electron-attracting
group,

Its intensity decreases with increasing
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substitution of electronically similar groups.

The band at

_

8^0 cm

is characteristic of the terminal =CHg group and

its absence is a good evidence for the absence of terminal
_1
allenes.
It has an overtone at 1700 cm
of low intensity.
The infrared spectrum of dioctyl allene
_

showed the band at 1950

(Figure 7), which

-j

, its gas chromatographic reten

tion time as compared with that of 9-octadecene, and its
oxidation followed by GLC analysis of the methylated pro
duct, are good indications of its formation.
The fact that 1,l-dichloro-2,3-dioctylcyclopropane
gave dioctyl allene upon treatment with n-butyllithium and
its infrared spectrum (Figure 3 ) afford good evidence for
the authenticity of its structure.

The same conclusion can

be drawn from the fact that 1,l-dibromo-2,3-dioctylcyclopropane gave dioctyl allene upon treatment with an alkyllithium reagent or with sodium metal in benzene.

The reac

tion of dioctyl allene with the Simmons-Smith reagent is
being carefully studied in The University of Arizona Agri
cultural Biochemistry Department by Mr. James R. Clark.
The method described here for the o(-bromination
of ^f-bu tyro lac tone was preferred over the others because
it affords a higher yield of t<rbromo-jf-butyrolactone.
However,

it did not seem to work as well for the p(-

bromination of ^-undecalaetone.

It may be proper to
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suggest,

at this point, that one may sacrifice the yield

by using lower reaction temperature and shorter bromination time in order to obtain the desired product with no
side reaction.

Possibly bromination occurs on the long

side chain as well as in the alpha position of
udecalactone, since it was in the case of this compound
and not jf-bu tyro lac tone that a poly-bromo derivative was
obtained by this method of bromination.

Thus, it may be

helpful to extend the study of this type of bromination
to 2-carbon or 3-carbon side chains.
The course of reaction of (^bromo-y-butyrolac
tone with triphenylphosphine depends on the solvent
used.

The type of solvent seems to be a critical fac

tor in determining whether or not the adduct phosphonium
salt is to be formed.
solvents,

for instance,

Moisture or methanol-containing
result in debromination of Kr-

bromo-/-bntyrolactone (30) and the formation of tri
phenylphosphine oxide and hydrogen bromide.
solvents such as anhydrous benzene,
the phosphonium salt is formed.

In aprotic

on the other hand,

Thus, it is highly

recommended that extreme care should be taken not to
allow any moisture within the reaction flask.
Borowitz e_t aM (50) postulated that the debro
mination proceeds by nucleophilic displacement on
bromine by triphenylphosphine to give enolate

bromophosphonium ion pairs.

Reaction of such ion pairs

with prototropic species then leads to the formation of
debrominated carbonyl compound, triphenylphosphine
oxide, and hydrogen bromide.

In the absence of proto

tropic species, these ion pairs interact to give either
keto or enol triphenylphosphonium bromides.
Positive catalytic effect of base in the reac
tion of (xl-halo ketones with triphenylphosphine has been
reported (58).

In the base-catalyzed reaction, the most

probable reaction course is through initial nucleophilic
attack on the carbonyl carbon atom of the ketone by the
base giving rise to a tetrahedral intermediate which is
susceptible to substitution on the alpha carbon atom by
phosphine.

In an attempt to improve the yield of the

phosphonium salt, triethylamine was used in this inves
tigation in catalytic amounts, but with no apparent
effects.
The thermal decomposition of £<-triphenylphosphonium-(/-butyrolactone) bromide usually proceeds very
smoothly resulting in quantitative yields of cyclopropyltriphenylphosphonium bromide.

The latter phos

phonium salt was reacted in the Wittig manner for the
synthesis of the methylenecyclopropane compounds
described in this investigation.
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The Wittig reagents may he divided into two
groups according to their reactivity (32?59)»

The first

and larger group includes the alkylidene phosphoranes of
low stability and high reactivity, whereas the second
group compromises the highly stable unreactive resonance
stabilized alkylidene phosphoranese

Phosphoranes con

taining substituents in the alkylidene group that have
little effect on the carbanion character of the molecule
are found in the first group.

These Wittig reagents are

markedly nucleophilic and react readily at low tempera
ture with carbonyl and other polar groups»

The cyclo-

propylidene phosphorane employed in this investigation
fits in the first group of the Wittig reagent«,

It .

reacted readily with the carbonyl compounds used here,
as was indicated by the gradual change in the color of
the reaction mixture.
Phenyllithium rather than butyllithium is pre
ferred for the organometallic preparation of ylids,
since butyllithium may give rise to the formation of
butylidene phosphorane in addition to the desired
ylid (59)e

Side reactions in the preparation of

alkylidene phosphoranes from phosphonium salts are very
rare and can usually be avoided by suitable choice of
conditions.

In fact, complications are to be expected

only if the ylid carries a substituent in the beta
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position to the phosphorous atom which is prone to
nucleophilic displacement,

or if a proton in the beta

position is so acidic that Hoffmann elimination will
he favored over ylid formation.
Definitive kinetic studies of reactions of un
stabilized alkylidene phosphoranes have not yet been
made.

In fact, it is not possible at present to make

a final statement about the mechanism of the Wittig
reaction (59)°
however,

Using the available facts it is possible,

to outline the path of this complex reaction.
Olefin formation from alkylidene triphenyl-

phosphoranes and carbonyl compounds occurs by way of
intermediateso

In the first step, nucleophilic addition

of the alkylidene phosphorane in its ylid form to the
polarized carbonyl group gives a phosphonium betaine.
As a consequence of the great affinity of phosphorous
for oxygen and the possibility of expanding the valence
shell of phosphorous to 10 electrons, a P-0 bond is
formed next, giving rise to a four membered ring com
pound, which then collapses into triphenylphosphine
oxide and an olefin.

The formation of the betaine

appears to be reversible in most, if not all cases (60).
Depending on the structures of the carbonyl compound
and the ylid, either the formation of the betaine or
its subsequent decomposition may be the rate-limiting

step.

The ylids stabilized by an adjacent carbonyl

function are readily isolated stable crystalline solids.
The ylids that do not contain stabilizing alpha substi
tuents react rapidly with oxygen (59), a condition that
requires their preparation and use in an inert atmos
phere.

The prime utility of the Wittig reaction lies

in the ease with which the reaction occurs under mild
conditions and in the fact that no ambiguity exists
concerning the location of the double bond in the
product.
The structures of the methylenecyclopropane
compounds reported here have been assigned on the basis
of nmr and infrared spectra, their addition reactions,
and their gas chromatographic retention times as com
pared with those of the corresponding carbonyl compounds.
All of these compounds showed certain absorption fre
quencies in their infrared spectra that disappeared upon
hydrogenation, bromination,

or hydrobromination as

described in the experimental part of this report.

The

nmr spectra of heptylidenecyclopropane, methyl-10,11methylene-9-undecenoate,

and ethyl-10,ll-methylene-9-

undecenoate showed the /)/ value for the vinyl proton at
4.1 - 4.5 (multiplet).

No nmr spectrum was run for

1,2-methylene-2-dodecene.

Rahman and Kuivila (6l) assigned the structures
of some substituted alky1idenecyclopropanes on the basis
of nmr and infrared spectra.

They reported the

values

for the vinyl protons in the range of 3 .6? to 3•3 de
pending on the type of substituent.

The moderately

strong band in the region of 1020 cm” * of the infrared
spectrum has been ascribed by Herzberg (62) to a sym
metric vibration of the cyclopropane ring.

This assign

ment is useful for the identification of cyclopropanes.
It is sometimes obscured by other functionality,
cially oxygen (6 3).

espe

A shift of 40 to 60 cm” * to higher

frequencies is found in the spectra of the alkylidenecyclopropanes (6 3).

The increased force constants of

double bonds attached to a cyclopropane ring above those
of acyclic double bonds is a result of the higher energy
required for compression of the already strained cyclo
propane bond angles.

The magnitude of the shift is

smaller than the shift of 100 cm

—

1

, found in the double

bond stretching frequency of acyclic olefins v s . methyl
ene cyclopropanes (26).

Anderson (27) reported that the

highly reactive olefin, methylenecyclopropane, adds such
reagents as hydrogen bromide, bromine, hypobromous acid,
methanethiol, heptafluoropropyl iodide, tetrafluoroethylene.

The methylenecyclopropane compounds reported
here add bromine and hydrogen bromide.

In comparison

with methyl sterculate, however, they did not give a
positive Halphen test (1-4) and did not react with
silver nitrate ($4) or j^-mercaptopropionic acid (13)«
Anderson (2 7) stated that the nmr spectrum of methylenecyclopropane showed that there is interaction be
tween the vinyl and ring protons.

Ullman (64) reported

that saturation of the double bond in vinyl- and
alkylidenecyclopropanes by catalytic hydrogenation
appears to be normally accompanied by varying amounts
of hydrogenolysis of the cyclopropane ring.

This may

explain the consumption of more hydrogen than theoret
ically required to saturate the double bond in ethyl10, 11-methylene-9-undecenoate.
The hydrogenolysis of the cyclopropane ring is
in support of the theory that there exists an inter
action between the exocyclic double bond and the ring.
This idea is further supported by the observation (2 6)
that methylenecyclopropane and hypoglycine likewise
undergo hydrogenolysis under conditions which do not
affect the saturated derivatives.

Moreover,

cleavage

of the ring in both vinyl- and alkylidenecyclopropanes
appear to occur exclusively at the ring bonds (64)

:

■ '

adjacent.to the unsaturated linkage,
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even this results

from an overall 1,3- rather than 1,4-raddition of hydro
gen to the latter compounds»

It is thus suggested that

the course of these hydrogenolyses might he interpreted
in terms of a hydrogenation intermediate common to hoth
vinyl- and alkylidenecyclopropanes„

CHAPTER IV
SUMMARY
z

9-Octadecene was prepared from methyl oleate through
reduction to oleyl alcohol, tosylation of the alcohol, then
reduction of the tosylate«

9~0ctadecene was used in the

preparation of the gem-dihalocyclopropane derivatives via
addition of dihalocarhenes,

Dioctyl allene was prepared

from these gem-dihalocyclopropanes through reaction with
alkyllithium reagents in the case of the dichloro and the
dibromo derivatives and through reaction with sodium metal
in the case of the dibromo derivative only.
The methylenecyclopropanes, heptylidenecyclopropane,
1,2-methylene” 2-dodecene, ethyl-10,11-methylene-9-undecenoate, and methyl-10,ll-methylene^-9-undecenoate have been
synthesized via the Wlttig reaction from the ylid, prepared
from cyclopropyltriphenylphosphonium bromide and phenyllithium, and the corresponding aldehydes.

The infrared and

nmr spectra, GLC analysis, and addition reactions such as
hydrogenation,

brominatlon, and hydrobrominat1 on were used

as confirmatory evidence for their formation.

In contrast

to the eye1opropenes, these compounds do not give the Halphen test nor do they react with alcoholic silver nitrate
or add ^9-mercaptopropionic acid.
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