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ABSTRACT

Various reported synthetic scnemes were tried in an
ettempt to find a general method Ior the preparation of cou-
counds analogous to trens-9-oxo-2-decenocic acid, wnich is
commwonly known as queen bee substance. The method of choice
was found to be that of Barbier and Hugel (23%). A series of
l-alkyl-l-cycloaglkanols, l-alkyl-l-cyclozlkenes, crude 0xo-
agldenydes, crude &,p-unsatursted oxoacids znd the purified
S-benzylisothiovrium salts oI tinese aclds were prepared. All
of tnese selis, except two, g=ve acceptable analyses for the
S-benzylisothiourium salt of the o,B-unsaturated oxoacia.

In these two exceptions tue S—benzyiisotniourium.derivative
anzlyzeda well for the saturcted oxozcid wihich would be forwmed
as & result ol oxidetion of the oxoaldenyde used as starting
materisl.

Syntheses were zlso czrried out in the Butler, Cszllow
and Johnston reaction sequence (19,3%2) but this method was
eventually abandoned beczuse 1t was lmpossible to puriiy some
of the intermediates by distiilatios due to polymerization.

Preliminary experimentation was also carried out using
the Oughton synthesis (27). Experimentation using this series
of reactions was stopped when the Barvier znd Hugel synthesis
began to produce the desired ecid products.

Currently, purification of the crude acld products
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obtained from the Barbler .nd Hugel synthesis is being atbtenp-
ted by gas chromatography. IFf separation Ly This method is
accomplished the pure acid will be submitted to physiologica
testing on the immature aguatic steges of the yellow fever

mosquito (Aedes aegyoti, L.).
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INTRODUCTION

As the sociel organization of the honeybee, Apis
mellifera, L. has developed, the honeybees have acguired
the habit by which adult workers feed other =dult bees as
well zs feeding the larvae. In this manner = meterisl
called gueen substance is passed around the bee community
from worker to worker. The sharing of this substance
ainongst the worker bees is probably the most lmportant
single factor in the social orgsnization of the noneybee
colony. The urge of the worker bee to obtain gueen sub-
stance i1s so powerful that queenless workers will sometimes
even desert young brood in order to join another group of
bees which possess a queen (1).

Queen substance was originally believed to have two
effects on the socisl organization of the honeybee. First,
it wes considered to be responsible for the attraction that
queen bees have for worker bees as well as the attrsetion
that worker bees from the same colony have for each other.
This keeps the colony together. secondly, this materiszl
was believed to prevent the overy development of worker bees,
as well as queen rearing by workers as long as a satisfac-
tory queen was present in the hive. In spite of these con-
trolling properties of gueen substance the colony is allowed

to replace its gueen by a younger one (supersedure) or to
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reproduce itself by swarming when conditions are favourable
(2).

Wueen substance is described as being a pheromone.
This word is derived from the Greek "pherein" meaning to
carry and "hormon" mesning to excite or stimulate. Phero-
mones are substsances which are secreted to the outside of
an animal and which cause a specific reaction or response
in a receiving individual of the same species. The method
of acceptance varies and may be either oral or olfactory (3).

Pheromones have two chief activities. They may serve
ag soclal substances of correlation between individuals of
colony building insects or they may act as sexual attrac-—
bants in the pairing of some male and female insects (4).

The term queen substance was first used in 1954 by
Butler, an English entomologist. He observed that on removal
of a gueen bee from the hive several phenomena take place.
There is a general restlessness of the bees present in the
hive and some of the workers attach themselves to other
colonies. ©Secondly, cells which contain young larvae des-
tined to become worker bees are changed into emergency queen
cells by the worker bees. Butler postulated from his obser—
vations that a communication takes place between bees by
means of "X", a substance which is produced by gqueens and
distributed by workers from one to another by feeding.

Butler referred to "X" as queen substance (5).
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A. BSource of Queen Substance in the Colony

Experimental results have demonstrated that gueen
substance is obtained from all parts of the queen's body.
The amount of this materizl necessary to inhibit a colony
of a given size from constructing emergency queen cells is
obtained only if a colony hag access to a certain minimum
area of the body surface of the queen (6). Other workers
have reported that queen substance is particularly abun-—
dant on the gueen's head, although beegs do obtain it from
all parts of her body (7).

Pain and her colleagues feel that queen substance
is produced by the queen bee from precursors fed to the
gueen by the worker bees. The recent finding that royal
jelly, which the workers feed to the gueens, contains trans-—
9-hydroxy-2-decenoic acid (which is very closely related
chemically to queen substence, trans-9-oxo-2-decenocic acid),
suggests that the queen cannot produce gqueen substance with-
out the help of workers who bring one or more regulred pre-—

cursors in royal jelly to the queen (8).

B. Distribution of Queen Substance

Queen gubstance has been proved to be present, almost

exclusively, in the mandibular glands of gqueen bees (8).
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The queen and the nurse worker bees, who help the gueen
with her grooming, distribute the gueen substance over her
entire body. Some of the workers obtain queen substance by
licking their queen. Part of the material thus obtained is
then trensferred to other members of the colony through
feeding. This process is a continuous one. The rate of
Gistribution is sufficient for the majority of bees to re-
ceive shares frequently, thus preventing the construction

of emergency gueen cells in the colony (6).

C. DBiological Activities of Queen Substance on Worker Bees

As previously stated, the term queen substance was
first used by Butler in 1954. In the same year de Groot
and Voogd found that gqueen substance suppressed ovary de-—
velopment (7). In 1955 Pain described an attractant sub-
stance present on the cuticle of the gqueen bee which might
be identical to queen substance. She observed that worker
bees sought out and licked a piece of elder pith containing
the substance (8).

The biological activities of crude alcohol, ether,
and acetone extracts of queen bees were investigated by
several workers (5,7,9). These activities were Ooriginally
believed to be due to gqueen substance alone and are as

follows:
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(1) attraction for worker bees
(2) inhibition of gueen rearing by workers
(3) inhibition of the ovary development of workers.
However, 1t is now known that all the above biological pro-
perties are not due to queen substance alone. For this
reason thege activities will be discussed under two head-

ings.

(1) Attraction for Worker Bees

Worker bees are attracted to dried ethanolic or
ethersal extracts of queen bees. Paper or gas chromato-
graphy of the crude extracts has led to several different
subgstanceg. O0Of these the one first isoclated, purified and
identified was trang-9-oxo-2-decenocic acid, ofiten referred
to as queen substence. This chemical does not attract wor-
ker bees by itself. Pain has shown there is no attraction
observed when synthefic gueen substance in varying concen-
tration is presented to workers (8). Simpson has demon-—
strated that synthetic trans-9-oxo-2-decenoic acid present-
ed on filter paper does not stabilize g honeybee swarm. In
addition worker beegs show no response toward it even when
they are allowed to touch the filter paper (11). From
these investigations it is obvious that the attraction the
gueen bee has for the worker beeg is not due solely to the
presence of queen substance on the queen bee.

Pain and her French collesgueg believe the attraction
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exhibited i1s due to a mixture oI several components of the
acid fraction of the etnerezl extract of wunole gueen bees.
They observed that this attraction was lost when the acid
portion of the crude extract was subjected to chromatography.
However, it reappesred when the several fractions were re-
mixed after chromatography (12).

The French workers also carried out a comparative
study of the mandibular glands of gqueen and worker bees
using gas chromatography analysis technigues. They have
arbltrarily divided the substances obtained from the gueens

into fraections which they call Pheromone I and Pheromone IT.
Pheromone L (a) trans-9-oxo-2-decenoic acid

Pheromone II (a) three volatile substances not
identified
(v) phenylpropionic acid

(c) phenylacetic acid

Neither of these two pheromones by itgelf attracts worker
bees but a mixture of the two ig attractive. This has led
the French workers to the conclusion that the two pheromone
fractions act synergistically to attract worker bees (8).
Another expleanation of this attraction has been ged
forth by British entowologists. In 1961, Gery made the
following assessments: a) attraction of normal virgin gqueen

bees towards worker bees; b) attraction of mated laying
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gqueens toward worker bees; c¢) the attraction of meted lay-
ing queens without mandibuler glands towards worker bees.

He concluded that a queen's attraction for workers comes
from a scent produced mainly in the mendibular glands (13%).
The British workers do not believe that gueen substance has
any attraction for worker beesg at all (14). 1In other words,
they feel the attraction which the queen bee has for worker
bees depends entirely on "queen scent", a substence whose
chemiéal identification is still undetermined but wiich is

produced in the mandibuler gland of the qgueen bee.

(2) Inhibition of Queen Rearing and Ovary

Development of Workers

Generally, the ovaries of worker bees remain unde-
veloped. However, when the gqueen bee ig absent, sowme of
the workers'! ovaries develop gquickly and to such an extent
that the workers may lay unfertilized eggs. It appears,
therefore, that in a normsl queenright colony an agency
which inhibits queen rearing and ovary development of wor-
kers must be obtained and circulated.

In 1961 Butler and his colleagues (15) discovered
the presence of volatile substances other than queen sub-
stance in the acid frazction of crude alcbhol or ether ex-
tracts of whole queens or queens' heads. One of these
substences was called mated gueen scent or queens' inhi-

bitory scent. They believe thils scent partially inhibits
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gueen rearing from emergency gueen cells and also that it
acts synergistically with trens-9-oxo-2-decenoic acid (queen
substance) to inhibit overy development. Under experimental
conditions overy development has been partielly inhibited
in gueenless worker bees by synthetic gqueen substance.
However, the extent of inhibition produced was less than
that czused by an alcoholic extract of queens' heads. This
suggests that there wust be an active substance in the
ethianol extract other than gueen bee gubstance. It is this
fact that has led the British researchers to postulate the
presence of mated queen scent as the other substance which
prevents gqueen rearing Irom emergency queen cells. The
chemical identity of mated gueen scent is still unknown.

Mated queen scent or inhibitory scent is widely dis-
tributed over the gueen's body, probably by grooming. It
is most likely not produced in the gueen's mandibular gland
since the scent of queens who have had this gland removed
for several days inhibits queen rearing as much as scent
from normel queens (15). |

It is also possible that other physiological factors,
such as the sounds produced by a gueen or the workers close
by her, affect the inhibition of ovary growth (15).

It has been shown experimentally that gueen substance

itself will inhibit emergency gqueen cell construction which

in turn inhibits queen rearing (15).



D. Mechanism of Action of Queen Subsbtance

Butler and Carlisle first thought that queen sub-
stance acted in one of two manners. First, it could affect
the tissues of the worker bees directly, whrich in turn in-
fluenced the behaviour pattern of the insect. The alterna-
tive was that trans-9-oxo-2-decenoic acid set complex phy-
siological mechanisms in motion via the central nervous sys-—
temw. This mechanism was believed to be triggered by taste
or gome other sensory stimulation (16).

It was found that worker beeg pass along gqueen sub-
stance with the contents of their honey stomachs, thus dilu-
ting its concentration considerably. However, the amount
produced by a single queen is still sufficient for tensg of
thousands of worker bees. From this the idea that the sub-
stance is recelved orally and then acts via the central ner-
vous system has developed. It is believed that the brain
then influences tiie behaviour of the worker directly, and
indirectly influences ovarian development by endocrine
methods, perhaps by neurosecretion (3).

More recently another theory regarding the mechanism
of action of queen substance has been published. It deals
with the physiology of the ovaries of the femsle worker bee.
The corpora allsta of the ovaries increases in volume during

the first few days after removal of the queen from the hive.
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Therefore the presence of the queen inhibitse the growth of
the worker bees' corpors allata. This suggests that the
inhibition of ovary development by the pheromones present
on the gqueen is brought about by an action upon the corpora
allate wnich is thereby prevented frowm secreting the insect

"gonadotrophin' normone (17).

B, ligcellaneous Biological Properties of Queen Substance

(1) Effect on Swerming snd Supersedure

Queen bee substance, or rether the lack of it, is
responsible for the appearance of a new gueen in both swarm-
ing and supersedure. In supersedure, the gueen is producing
too little queen substance and is counseqguently replaced by
a younger cueen. In swerming, although the qgueen's produc-
tion of gueen substance rewmaing normal, the workers receive

too 1little of it due to thelr vast numbers.

(2) Distinction Between Mated and Virgin (ueen Bees

Worker bees are gulckly able to distinguish between
virgin and mated queen bees, even when the latter are deeply
anaesthesized. This distinction is probably due to differ-
ent types of gueen substance caused by diet differences
between virgin and mated laying queens (6).

In 1962, Pain et gl. measured the relative amounts

of cqueen substance present in the mandibular glands of qgueen
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beegs o verious zges. They obgerved thaet older, mated
gueens produce Ffar more queen substance than do virgin
queens. Thus the distinction between Tthe two queen types
may be due only to the amount of gueen substance produced

rather then to the type (10).

(3) Chemicel pating Attrasctants in the Honeybee

Drones were found 10 ve atitracted to the ethereal
xtract of the mandibular glends of gueen beeg. After
gsilice gel chrowmeatography of the crrude extract two active
fractions were found. The drones were attracted to the
fetty acid fraction and the pnospholipid fraction. The
fatty acid fraction was identified by ges chromatography as
trans-9-oxo-2~decenoic acid. Synthetic gueen substance was
found to be attractive to drones in a concentration of 0.1
milligram per assay tube. However, the recongtituted man-—
dibuler glend complex was consilderably more attractive to
drones than either the fatty acld fraction or the phospho-
lipid fraction (18). This sugsgests that there may be mul-

tiple mating attractants which have a synergistic actilon.

F. TIsolstion of Queen Substance

(1) 8eparation by Paper Chromatogravhy

To date, two specific methods for the isolation of

trans-9-0xo—-2~decenolc acid Irom queen bees by paper
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chromatography have been reported (8,16,19,20). In both
ceses, & crude alcoholic extract of whole gueen bees was
Prepared zund tane acidic portion was separsated by paper chro-
matogrephy and isolated. Pure gueen substance, m.o.

52.5-53°C., was obtained in each case by recrystellization

©
s

ter the chromatographic separation. The complete debails
of the methods and chromatographic systews used are given

in reference (21).

(2) Separation by Ges Chromatography (8)

In 1962, Pain carried out a comparative analysis of
the mandibular gland contents of gueen and worker bees uti-
lizing gas chromaztography. The analysis of workers' mandi-
buler glands et 200°C. showed the presence of en acid desig-
nated as trans-l10-hydroxy-2-decenoic acid. This acid is
also present in royal Jjelly. Sebacic acid was also found
to be present in the workers' wmandibular glands.

The analysis of gqueens' mandibular glands at 200°C.
produced an entirely different resuvlt. It showed the pre-
sence of trans-9-oxo-Z-decenoic scid, now commonly called
queen substence. In addition sebacic and azelasic acids and
methyl p-hydroxybenzoate were found present.

Gas chromatographic analysis of the queens' mandi-
bular glends was repeated at a temperature of 150°C. The
ges chnromatogram showed the presence of at least five vola-

tile substances. Two of these were identified as phenyl-
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acetic =nd phenylpropionic =zcids. The other three substances

were not identified (8).

FIGURE I

GAS CHROMATOGRAM ANALYSIS OF WORKERS!

AND QUEENS' MANDIBULAR GLAWDS (8)

Workers fueens
A. AL 200°¢C, A. At 2009,
(1) (1) 9

HO-(CH2)~(CH2) 6-CH=CH-CO0H CH3~C-(CH2) 5~CH=CH~-COCH
LTrang~10-hydroxy—-2-~decenocic Trans-9-oxo-2-decencic acid

(i) COOH- (CHo ) g—COOH
COOH-(CH» ) g—-COQH Sebacic acid

Sebacic acid (iii)
COOH—(CH2)7~COOH
Azelaic acid

(iv)

HO-CgHy ~CO0CHS

Methyl p-hydroxybenzoate

B. At 150°C.
(1) Volatile substance A
- not ildentified
(ii) Voletile substance B
- not identified
(iii) Volatile substeance C
- not identified
(iv) C6H5C?ZCH2COOE '
Phenylpropionic acid
(v) CgH5CH2CO0H
Phenylacetic gcid
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G. Structural Elucidabtion of Queen Substance

The structure of gueen substance, which was isolated
from the ethanolic extracts of queen bees, was Tound to be
trang-9-oxo~2-decenocic acid. The structure was determined
by the use of chemical evidence (20), infra-red (16) =nd
ultra-violet absorption data (16,20). Synthetic trans-9-
oxo-2~decenoic acid was found to be identical with the

natural gueen substence and hence the structure was proved

conclusively (22).

H. Synthesgses of Queen Bee Substance

Eight independent syntiheseg of this substence have
so far been reported. IFour of these are very similar in
that they involve the preparaiion of T-oxooctanal which
is always converted to queen substaznce by the Doebner modi-
fication of the Knoevenagel condensation which utilizes
malonic acid in pyridine or a pyridine-piperidine mixture.

In each case the aldehyde ig obtained in a different manner.
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(1) Methods Involving a Knoevenagel Condensation

(a) Method of Barbier and Hugel (2%)

OH

0 (1) cHzMgBr —CH3  xmsoq | Gt

2) Ht,H20 ' \
CHzCO0H
(2)Zn,Hp0
(1) ¥Malonic %
acld in V(O :
pyridine CHz-C~(CHp ) 5~CHO
i

CH;—C—(CH2)5CH:?H - (2) Heat

COOH

Cycloheptanone was treated with methylmagnesium bromide in

a Grignard reaction to yield l-methylcycloheptanol. This

was dehydrated by refluxing with potassium hydrogen sulphate,
yielding, according to the suthors, pure l-methyl-l-cyclo-
heptene which was then ozonized to yield 7-oxooctenal. Halo-
nic acid in anhydrous pyridine at 300C. was added immediately
to the 7-oxooctanel. The mixture was heated to 50°C. for
fifteen minutes and then brought to a boil over a thirty
minute period. Finally, the mixture was refluxed for one

hour to yield synthetic gueen substance.
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(b) Method of Jaeger and Robinson (24,25)

i M N
i !
CH3-C-(CHp) 5-0008 —O0CL s GHa- G- (CH2) 5-C01
l?d,BaSO4
7 v

CE3-0-(CHp) 5-CH=CE-COOH ¢y pTopie  CH3~C-(CHp)5-CHO

acid in

pyridine

(2) Heat

7-Oxooctanoic acid dissolved in dry benzene under a nitrogen
atmosphere was treated with oxalyl chloride. After heating
and removing excess solvent and excess reagent in vacuo, the
residue was fractionated to yield 7-oxooctanoyl chloride.
This chemical was dissolved in dry xylene and was heated
with 5% palladium-barium sulphate in a stream of hydrogen
gas. The filtered solution was evaporated in vacuo and the
residue fractionated to yield T-oxooctanal. A solution of
malonic acid was dissolved in a definite volume of pyridine.
A similar solution of 7-oxooctanal was prepared. These two
solutions were cooled to 0°C. and then mixed together. A
small amount of piperidine was added and the mixture was
heated to a temperature of 50°C. for forty-eight hours to

yield trans-9-oxo-2-decenoic acide.
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(c) Method of van der Plas and Persons (26)

0
« ; -~ /N
= 4 \ e, N M( N
N« CCLy g Br o HgBr " CEpCHL0H

D KOH

0 , Dioxane 0 0
cgidl ) 8508 o b\ cupmp0-ton
BTN g CHpCHOH S PRI IN 2LH20-CLH3

AL
Raney Nickel
(-E28)

?H
CHB—%~(CH2)5—CH20H 0

#
HpB804 CH3-C- (CHp ) 5-CHO

NapCrp07

E

i
CHz~C—(CHp) 5CH20H

(1)¥Mslonic acid
(2)Heat

0]
B
CH3~C—(CH2)5GH=CHFCOOH

A solution of bromine in carbon tetrachloride was added to

a solution of thiophene in the same solvent. The mixture
was kept at room temperature for twelve hours and the sol-
vent was removed in vacuo. The residue was treated with
potassium hydroxide. The solution wes filtered and frac-
tionally distilled to yield 2-bromothiophene. Dry magnesium
turnings, and 2-bromothiophene were caused to react in dry
ether. Bthylene oxide was added and the reaction mixture

then purified to yield 2-(2-thienyl)-ethanol, which was
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reacted with acetic anhydride znd 85% phosphoric acid to
yield 2-(5-acetyl-2-thienyl)ethyl scetate. The latter was
treated with 2N aqueous sodium hydroxide in dioxene to yield
2-(5-acetyl-2-thienyl)ethanol. This substance was refluxed
with freshly prepared Raney nickel in ethanol. The reaction
was purified to yield a mixture of 1,7-octanediol and 7-0x0
octan—l-0l. This mixture was oxidized to T-oxooctanal by
the use of sulphuric acid and potassium dichromafe dissolved
in water. The 7-oxooctansl was converted into queen sub-

stance as in reaction (b).

(a) HMethod of Qughton (27)

0 0
l I H
{//«\\} + CHz-C-Br —22, Br-CHp—CHp-CHp-CHp-CHp~0-C~CHz

CHz-C—CHp—-CO0HS

0 0 1Q
cH3-3—(0H2)50H20H eﬁfﬁﬁi CHB—g—CH—(CH2)5—Oig—CH5
HpS0y4 e Z
K, G017 COOCoH5
CH3COOH
v
0 (1)Malonic acid

i I
CH3~C-(CH2)5CHO  ~ () ieat 7 OHz=C—(CHp ) 5CH=CH~COOK
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Acetyl browmide was added to tetrahydropyraen and zinc
dust and the mixbture was heated to yield 5-bromoamyl acebtate.
Bthyl acetoacetate was added to a solution of sodium ethoxide.
The 5-bromoamyl acetate weas added to this solution followed
by stirring snd refluxing over a four hour period, yielding
octan~l-o0l-7-one on hydrolysis and purification of the re-
action mixture. This substance was hected with powdered
potassium dichromate in glacial acetic acid at 85-900C. for
one hour producing T-oxooctanal. The T-oxooctanal was then
condensed 1n a pyridine-piperidine solution with malionic

acid at 30°C. for twenty hours to produce queen substance.

(2) Other lMethods of Synthesizing Gueen Substance

(a) Hethod of Eiter (28,29)

CgHs (1)
T0-( CH . . ; - Wittig
CHO-(CHp ) z~CHO + CeH5—P - CE-COOCH3 Ronction J/
Celis
CHO-(CHp ) 3-CH=CH-COOCH3
Al
HC=C-CHoBr
(-HBr?)
Hgs04 A= (T o (O { () o (T (XFT . (Y (Y (YT
l 50% F,50; HC=0-CHp~CHi- (CHp ) 5~ CH=CE-CO0CH
0 OH
CH3~C~CH=CH~ (CHp ) 3~CH=CH~COOCH3
lﬁz
0 Pa-CaC0s Autoclaved 0
li y h
C3-C- (CHp ) 5-0H=CH-COOCH; —groasl s CHiz-C- (CHp ) 5-CH=CH-COOH
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Freshly distilled glutardialdehyde was stirred in a nitrogen
atmosphere with proportionate addition of dry powdered tri-
phenylphophinecarbomethoxymethylene. The purified product
was a mixture of methyl cis,trans-2-heptene~7-al-l-oate.

Aluminum flakes sctivated with mercuric chloride and
o trace of iodine were stirred in anhydrous tetrahydrofuran
in = water-free nitrogen atmosphere while propargyl bromide
was carefully added dropwise. The methyl 2-heptene-T-al-l-
oate was added with vigorous stirring. The mixture was de-
composed and the resulting oil on distillation yielded methyl
7-hydroxydec-2-ene~9~yneoate. This was dissolved in dioxane
and stirred in a nitrogen atmosphere under reflux with basic
mercuric sulphate. This, while boiling, was treated with
20% sulphuric acid. ©The residue was chromstographed from
1:1 petroleum ether-benzene on an aluminum oxide column.
Fractions 1-% yilelded methyl 9—0XO-2,7~decadienoate.

This substance was hydrogenated with 5% palladium-
caleium carbonate mixture and the distilled product was
methyl trans—9-oxo-2-decencate. The methyl ester of queen
substance was placed in dioxané and sutoclaved with 2N
aqueous sodium carbonate. The nixture was freed from diox-
ane in vacuo, diluted with water, and the methyl ester was
removed by ether extraction. The agueous layer was satu-
roted with sodium chloride and extracted with ether. The
product received from the ether extraction was trans-9-oxo-

2-decenoic acid.
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(b) Method of Kennedy, McCorkindsle and Raphael (30)

0 0
i i
81— ( (i, ) 4 ~CH=CE-CO0H CH3—C~CHp-C-0CoHs

0
H N

CH3~C~CH—(CH2)4—CH:CH~COOH
|
CO0CoHsy

?NaOH
}HZSO4
|

0
i
CHz~C—(CH, ) 5~CH=CH-CO0H ~ ¢———

Trans-T-bromohept-2~enoic acid was dissolved in ab-
solute ethanol and sodium (2 moles) was added to form sodium
ethoxide. To this solution was added 1 mole of ethyl aceto-
acetate. The condensation mixture was diluted, acidified
and concentrated to yield a yellow oil. This oil was treat-
ed with 5% sodium hydroxide solution and then sulphuric
acid. The ether extract obtained was extracted with satur-
ated zqueous sodium carbonate solution. This extract was
gcidified and extracted with ether to yield on ether remov-

al, trans-9-oxo-2-decenoic acid.
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(c) liethod of Shishido et al. (31)

HO=C-(CHp) g0l 221,  HO=C-(Chp) gl (Cfi) 5410

TH,CL

N/
(L)¥alonic acid HCEC—(Cﬂz)SCHO

(2)Heat

HC=C~(CHp ) 5-CH=CH~COOH ¢

|gs04
H~COCH
0

i
CHB—C—(CH2)5—CH=CH—COOH

8—Chlorooct—l—yhe and sodium iodide were refluxed in
acetone. The filtered solution on evaporation yilelded 8-
iodooct~l-yne. This materisl wes treated with trimethyl-
nitroso in chloroforw in an ice-batih. The mixture was de-
composed &nd the orgenic layer wasned and dried producing
oct-7T-yne-l-al. Thig liquid was added dropwise to malonic
acid in pyridine. The reaction yielded trang-dec—-2--ene-9-
yneoic gcid. Mercuric‘sulphate in 80% formic acid was
stirred with the trang-dec-2-ene-9-yneoic acid. The waxy
product received oun evaporation of the ethereal extract of
the above reaction mixture was recrystallized to yield syn-

thetic gueen substance.
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(d) Method of Callow and Johnston (22,3%2)

HOOC-(CH, ) 7~CO0CHs »uﬁggégméyClCO(CH2)7—COOCH3 S
CHz Bro
P CH=O0H
i \j
CHBMQ\\N§¢L~CH3 .
CH300C (CHp ) 50H=CH=C00CHzs < CH3OOG(CH2)5-CH2—?H—COOCH3
1KOH Br
v S001
HOOC- (CH) ) 5~CH=CH-C00CHz 22222 C1C0-(CHy ) g-CH=CH-CO0CH5
b
1 CHzMeBr
(g _
(Lﬂg?ng
0 0 N

. HC1
" CH3COCHz

OH5—8~(CH2)5—CH=CH~COOH CH3—&—(CH2)5~CH:GH—COOCH3
While methyl hydrogen azelate and thionyl chloride
were being refluxed bromine was added. The resulting mix-
ture was cooled and poured into methanol. Addition of water
and ether extraction yielded dimethyl bromoazelate, This
product was refluxed in 2,4,6-collidine to give dimethyl
trans—-2-nonenedioates, The monomethyl ester was obtained
by partial hydrolysis with potassium hydroxide solution.,
This monomethyl ester treated with thionyl chloride yielded
methyl trans-2-nonenedioate acid chloride. Reaction of this
product with methylmagnesium bromide and dimethyl cadmium
produced methyl trans-9-oxo-2-decenocate. The methyl ester

of queen substance was treated with concentrated hydrochloric
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acld in ascetone at room temperature yielding trans-9-oxo-2-

decenoic acid,

L. Biological Activity of Synthetic Queen Substance

(synthetic trans-9-oxo-2-decenoic acid)

(1) Attraction for Worker Bees

Pain has clearly demonstrated thaet neither cis nor
trang-9-oxo~2-decenoic acid has any attraction for female

worker bees (10).

(2) Inhibition of Overy Develooment of Worker Bees

Butler (16) has found that synthetic queen substance
and its methyl ester both inhibit the development of the
ovaries of qgueenless worker bees, and that these substances
inhibit overian growth to a lesser extent then the crude
extract of the gueen's head.

Pain has reported, however, that there is no ovary

growth inhibition in workers in the presence of queen sub-

stance alone (33).

(3) Bffect on Emergency Queen Cell Production or

Wueen Resring

Butler (16) has shown thet trang-9-oxo-2-decencic acid
.

and its methyl ester inhibit the construction of emergency

uveen cells. However, since the smount of synthetic gueen
q_ b xy A
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substance reguired is much higher than ig ever present in the
gueen, these compounds inhibit to a lesser degree than the
contents of the queen's mandibular gland.

Callow and Johnst@n (22) have reported that synthetic
queen substance inhibits the construction of gueen cells in a

concentration of 0.1l3 microgram per bee.

Pain (10) has screened several compounds for the in-
hibition test described by Butler (16). She has found the
test to be very specific, since dnly natural and synthetic
Queen substance and its cis isomer were found to be active.
Other gimilar fatty aclds that were tested and found to be
inactive were ftrans-8-oxo-2-nonenoic acid, transg-8-0X0-—2-
decenoic acid, trang-9-hydroxy-2-decenoic acid, 6-oxoheptan-—
oic acld, T-oxooctancic acid, 8-oxononanoic acid, 9-oxodecan-
oic acld, Gtrang-9-oxo-9-phenyl-Z-decenoic acid and 9-o0x0o~c—
decynoic acid.

Thus synthetic gqueen substence has been found to have
no attraction for worker beegs. However, it does inhibit the
development of worker bees! ovaries and the production of

emergency gueen cells to some extent.

J. letabolism of trang-~9-oxo-2—decenoic acid by Worker

Bees (34)

Trans—-9-oxo—2-decenoic acid(2~-C14) wes prepared in

rgdicactive form and fed to worker bees. Three major fatty



acid metabolites were found in the gut and abdomen. These
included 9-oxodecanoic acld, 9-hydroxydecanoic acid and

trang-9-hydroxy-2—~decenolc acid.

K. Biologicsl Activity of Queen Bee Substance on Other

-

Genera snd Specles

(1) ¥atural Queen Substance

(a) Effect on Crustaceans (in the prawn Leander

serratus)

A single injection of gueen substance produced a strong
but incomplete inhibition of overy development in the prawn.
Similarly, in the worker honeybee, an extract of the prawn
sinus gland appesred to inhibit ovary development. Thus a
reciprocity of action has been observed between gqueen gib-
stance and the ovary inhibiting hormone of prawns Ifrom Ttihe

sinus gland (16,35).

(2) Synthetic Queen Subgtance

(2) Effect on lMammals

Synthetic queen substence has been tested for physiolo-
gical effect in various mammals. It has been found that this
compound has no activity on the guinea-pig ileum, the rat

uterus, the rat colon, cat blood pressure, cat respiration,
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blood flow through the cat hind limb, nervous transmission
through the superior cervical ganglion in cats or the per—
meability of blood vesselg in the skin of guinea pigs and
rabbits (16).
Furthermore, the substance nas been shown tc lmve no
detectable effect on ovary activity or reproduction in fe-

male rets or mice, or on ovulation in the rabbit (36).

(b) Effect on the Ant (Myrmica rubrs L.)

Synthetic trans-9-oxo-2~decenoilc acid was‘tested for
its influence on the brood growth in ants. In the experi-
ments carried out it was found that gueen substance did not
prevent oviposition by worker ants. However, gueen sub-
stence was found to stimulate brood growth in the ant in

some cases (37).

(¢c) Effect on the House-fly (liusca domentica L.)

In 1962 Dr. J. K. Nayar (38) of the University of
Manitobe Entomology Department showed that the continuous
presence of gynthetic gqueen substance in the fly insect body
will cause inhibition of the ovary development in the house-
fly. Under the experimentasl conditions newly-emerged flies
were injected in the thorax with 5 microliters per fly of a
dilute ethanolic solution of synthetic gueen substance con-

taining 2 milligrems per milliliter. It was demonstrated

that higher concentrations were toxic and lower concentra-
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tions did not show any appreciable effect on the inhibition

of ovary development in the house-Ifly.

(d) Effect on tne Aquatic Stages of the Yellow

Pever Mosquito (Aedes zegypti L.)

Recently (39) Dr. Quraishi and Dr. Thorsteinson of
the University of Manitoba have conducted a series of Tests
on mosquito larvae and pupae with synthetic queen substance
and some similar fatty acids. Thelr results heve shown that

queen substance does not affect Aedes aegypti in its immature

stages, except during the larval-pupal molt, when the mos-—
guito larvaee are raiged in a 0.0ll molar aqueous solution of
trans—-9-oxo~2-decenoic acid. If this is done during the
larval-pupal molt a delayed toxic effect takes place during
metamorphosis of the larvee ceusing them to sicken and die in
the pupal stage.

Using the same test trans-Z-decencic acid, 2-oxodeca-
noic acid and 2-oxooctanoic acid are lethal to both aguatic
stages of the mosquito (larval and pupal). Preliminary evi-
dence indicztes that both the uansaturated carbon linkage and
the oxo group influence the modification of toxicity that is
obgerved.

It is presumed that the toxic effects of gueen sub-
stence in the mosguito are closely assoclated with metamor-—
phosis, which i1s a chenge peculiar to insects. Hence, since

gqueen bee substance has no demonstrated physiological effects
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on mammalsg, there is an excellent possibility of utilizing
gueen subgtance or one of 1ts more active anslogs as a toxic
agent toward insects such as the mosguito without causing any

harm to mammals.

L. Aims of This Thesis

Queen substance and some 0L the other fatty aclds tes-
ted have been found to exhibit interesting metabolic effects
on mosguitoes. They cause deformity of pupae formation and
introduce tamning of the larvsase, which normslly takes place
in the pupal stage, although the larvee do not coantract to
form a normal pupa.

In the tests performed with the saturated Lfatty acids
it wes found that the toxicity increased with chain length
from hexanoic t0 nonanoic acids. IFrom nonanoic to dodecanolc
it decreased to the extent that dodecanoic acid was nontoxic
to the larvae. Thus the nine carbon agcid was the most active
of the series. In the light of thig observation, the purpose
of this thegis was to synthesize some «, unsaturated keto
fatty acids which were analogous 10 gueen bee substance and
wihich would be suitable for biological tesgting by Dr. Quraishi
and Dr. Thorgteinson.

0f these acids only three had been synthesized wnen
this work was begun. These included trang-9-oxo-2Z2-decenoic

acid, trans-8-oxo-2-nonenoic acid (23) and trans—8-0x0-2-
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decenoic acid (23). Recently it has been reported that three
more hseve been synthesized. These include T7-oxo-2-octenoic
acld, T=oxo-Z-decenoic acid and 1l0-oxo-Z-undecenoic acid
(40,41). These compounds were prepared using the Barbier

and fugel synthesis (23).



EXPERTMENTAL PRCCEDURES

All melting points'were determined using s Thomas
Hoover capillary melting point apparatus and are uncorrected.
Infrared spectra were determined on a Beckman IR-8 instrument
using carbon disulphide solutions or potassium bromide pellets.

All carbon, hydrogen, and nitrogen microanalyses were
determined by Organic Mieroanalyses (Dr. C. Daessle), Hont-—
real, P.Q., Canada.

Refractive indices were determined with a Zelss refrac-
tometer at the stated temperature.
Thin layer chromatography was carried out wita silica
gel G and silica gel GF (fluorescent) menufectured by Warner-

Chilcott Laboratories and B. berck respectively.

I. BARBIER AND HUGEL SYNTHESIS (23)

A, (General Preparstion of the 1l-Alkyl-l-cycloalkanols

(1) A solution of alkyl halide in 250 ml. of anhydrous
ether was added dropwise, with frequent shaking, to a mixture
of magnesium filings in 100 ml. dry ether. The rate of addi-
tion was such that the reaction refluxed gently. Affter addi-
tion of the alkyl hslide the reaction mixture was refluxed
for fifteen minutes and cooled.

The cycloalkanone, dissolved in 100 ml. of anhydrous
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ether, weas added dropwise with frequent sheking to the pre-
pared Grignerd reagent at & rate sufficient to meintain a
swooth reflux. The reaction mixture was refluxed for thirty
minutes following tne zddition. The cooled wixture was poured
slowly into a gtirred wmixture of 750 g. crusiied ice and 25 ml.
concentrated hydrociloric wcld. The etheresl layer was sepa—
rated and the agueous layer extracted with ether. The com-
bined ether solutions were wasned with 10% hydrochloric acid,
water, 10% agueous sodium carbonate solubtion, and finally with
weter until neutral. The ether solution was dried (anhydrous
sodium sulphate) snd the solvent was removed. Distillation

of the crude product yielded the l-alkyl-l-cycloalkanol.

Compounds (A-1)-(4~7) which appear in the following

table (Table I) were prepared by this procedure.



REACTANTS, YIRLDS, AND PHYSICAL PROPERTIES

Compound

(4-1)

(4~2)

(4-3)

(A-4)

(A-5)

(A-6)

(A=T7)

(a) The
the

(b) Due
and

difficult (42).

Name of
Product

1-Methyl-
l-cyclo-
heptanol

1-VMethyl-
l-cyclo~
hexanol

1-Ethyl-
l-cyclo-
hexanol

1-Methyl-
l-cyclo-
pentanol

1-Ethyl-
l-cyclo~-
pentanol

2-Chloro-
l-ethyl-
l-cyclo~-
hexanol

1-Propyl-
l-cyclo-
pentanol

Magne~
siunm
mol.

(g.)

1.0
(24.4)

1.0
(24.4)

1,0
(24.4)

1.0
(24.4)

1.0
(24.4)

l.O
(2404)

Alkyl
Halide
mOlo

(g.)

Methyl
iodide
1.0
(142.0)

Methyl
iodide
loo
(142.0)

Ethyl
iodide
1.0
(156,0)

Methyl
iodide
1.0
(142.0)
ithyl
iodide
1.0
(156.0)

Ethyl -
iodide
1.0

(156,0)

Propyl
iodide
1.0
(170.0)

TABLE 1

Cyclo=-
alkanone
mol.

(g.)

Cyclohep—-
tanone
0.89
(100,0)

Cyclohexa-
none

0.58
(57.2)

Cyclohexa~-
none

0,58
(57.2)

Cyclopen—
tanone
0.58
(49.0)

Cyclopen-
tanone
0.58
(49.0)

2-Chloro-
cyclohexa~
none

0657

(75.8)

Cyclopen=—
tanone
0.58
(49.0)

OF THE 1-ALKYL~1-CYCLOALKANOLS

Yield %
(g.)

85.6
(97.8)

92,4
(61.5)

76.5
(57.2)

86.9
(50.7)

36.8(a)
(24.5)

Boiling

. Refractive
Og?;gzo Index
76-80/15 n%3 1.4697
56-65/15-20 n%3'5 1.4609
61-6%/10 n%3 1.4639
44~50/18
mopo 26*5"‘

275
59-60/11 13’ 1.4542

Synthesis unsuccessful

44.6(P)
(33%.3)

68-71/15 n%5°5 1.4518

breakage of a funnel during the reaction work up was responsible for

low yield.

to the low yield received from this reaction, subsequent propyl, butyl,

pentyl Grignard reagents were prepared in a larger excess than generally
used in an attempt to increase the yields.
in alkyl halide chain length makes the preparation of a Grignard reagent more

It is well known that an increase

- GC =



(2) The sbove procedure was modified sligntly for com-
pounds (&4-8) to (A-12) in Table II. A mechsnical stirrer was
used to stir tne reaction countents continuously and Tihe Times
recuired for the reactions were reduced substentielly. The

remaining alcohols (4-8)-(4-20) were not distilled but were

dehydrated in the crude form. This procedure was Iirst used
for l-methyl-l-cyclooctanol waich began to spontaneously dehy-—

drate during attempted distillation. The dehydration of the
crude alcohol worked so successfully and saved go mwuch btime
that this procedure was subsequently used for the rewaining

alcohols.

(5) A furtner time-gaving modification was used in the
synthesis of crude alcohols (A-12)-(4-20). The reaction
flask was immersed in a cold water bath (15-200C.) taroughout
the reaction. This decreased tie time necegsary Lfor the re-
actions by an hour on the average (from four hours to three
hours). Thisg incresse in rate was due to the fact tiat the
alkyl heglides and the cycloalkanones could be added more
guickly since the water bath decrezsed the amount of reflux—

ing.



REACTANTS, YIELDS, AND PROCEDURE USED FOR THE PREPARATION OF THE

TABLE 1T

REMAINING 1-ALKYL-1-~CYCLOALKANOLS

Magnesium  Alkyl Halide Cycloalkanone Yield %
Compound Name of Product mol, mol, mol, (2.)
(g) (g.) (&)
(A=8) l—Methyl-l-cyclo—(a) 0.98 Methyl iodide Cyclooctanone 86.6
octanol (24.0) 1.13 0,78 (97.6)
(160.0) (100.0)
(A=9) 1-Ethyl-l-cyclo- (a) 0.98 Ethyl iodide Cyclooctanone 89.6
octanol (24,0) 1.12 0.69 (97.0)
(175.0) (87.4)
(4-10) 1-Ethyl-l-cyclo=- (a) 0.98 Ethyl iodide  Cycloheptanone 89.6
heptanol (24.0) 1.02 0.89 (113.6)
(160,0) (100,0)
(A-11) l—Propyl—l—oyclo-(a) 2,00 Propyl iodide Cyclpheptanone 82.8
heptanol (48.6) 2.00 0.89 (115.3)
(340.0) (100.0)
(A-12) 1-Ethyl-l-cyclo- (a) 1.00 Ethyl bromide Cyclohexanone 82,8
hexanol (24.3) 1.31 1,02 (106.2)
(143.0) (100.0)
(A=13) 1»?ropyl»l~cyclo»(a) 2,00 Propyl iodide Cyclohexanone 75.6
hexanol (48.6) 2,00 1.08 (116.2)
) | | (340,0) (106.0)
(A-14)  1-Butyl-l-cyclo- (a) 2,00 Butyl iodide  Cyclohexanone 79,9
hexanol (48.6) 2.00 1,10 (137.6)
- (370.0) (108.1)
(A-15) l—Pentyl—l—cyclo—(a) 2.00 Pentyl iodide Cyclohexanone 728"
hexanol (48.6) 2.00 1.23 (152.2)
(400,0) (120.4)
(A-16) l—Methyl-l-cyclo—(a) 1.50 Methyl iodide Cyclopentanone 64.4
pentanol (36.5) 1.50 1.43 (92,0)
(21%,0) (120.0)
(A~17) 1-Ethyl-l~cyclo- (a) 1.50 Zthyl iodide Cyclopentanone 70.5
pentanol (36.5) 1.65 1.4% (114.9)
(257,0) (120,0)
(A-18) l—Propyl—l-cyclo-(a) 2.00 Propyl iodide Cyclopentanone 57.4
pentanol (48.6) 2,00 1.43 (105.0)
(340,0) (120.0)
(A=19) 1-Butyl-l-cyclo- (a) 2,00 Butyl iodide Cyclopentanone 5.0
pentanol (48.,6) 2,00 1.43 (152.3)
(370.0) (120.0)
(A=20) 1-Pentyl-1- (a)(b) 2,00 Pentyl iodide Cyclopentanone 82.1
cyclopentanol (48.6) 2.00 1.43 (183.0)
(400.0) (120,0)

_Sg_

(a) S8ince larger molar quantities were being used a greater volume of anhydrous ether
was used in these reactions. The alkyl halide was dissolved in 250 ml. -ether and
the cycloalkanone in 200 ml. ether. The magnesium was placed in 250 ml. ether
in the reaction flask.

(b) The crude l-pentyl-l-cyclopentanol was later found to contain n-decane which had
been formed by the coupling of the pentylmagnesium-iodide Grignard reagent (43).



B. General Preparation of the l-alkyl-l-cycloalkenes

(1) Dehydration with Potassium Bisulphate or Pyrosulphate

The l-alkyl-l-cycloalkanol was refluxed with freéhly

.

pulverized potassium bisulphate or pobassium pyrosulphate for
thirty minutes according to the method of Barbier and Hugel
(23). Following this the reaction mixture was distilled at
which time an ageotropic mixture of water and alkene was
usually obtained. The distillate was extracted with ether
and the resulting etheresl solution wes dried (anhydrous sod-—
ium sulphate). Rewoval of solvent from the filtered solution
and distillation of the residual liquid yielded the l-alkyl-
l-cycloalkene. Compounds (B-Ll) and (B-2) in Table III were
prepared by this method.,

Due to the low yields of product obtained in these first
two reactions the procedure was altered. Following distilla-
tion of tne product frow the reaction vessel a gumny mass of
potassium pyrosulphate was left behind. Tnis was extracted
thoroughly with ether snd tihe combined extracts were bulked
with the ether soluble digtillate of the reasction mixture.

By distillation of the dried extract, as described zbove,

alkenes (B-3)-(B-6) were obtained.

(2) Dehydration with Iodine

olnce dehydration with potessium bisulphate or pyro-
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Hy

7
sulphate produced low and varisble yields of the l-alkyl-l-
cyvcloalkenes the remaining l-alkyl-l-~cycloslkenols were de-
hydrated in the presence of a trace of iodine according to
the procedure described by Diaper (44). The crude alcohol
was used in each case and the alkene was redistilled using
a 36 cm. by 2 cm. Dufton fractionating column which was in-
sulated with a heating tape.

The syntheses were carried outbt in the apparatus illus-
trated in Figure II which was designed to allow the removal
of water formed during the reaction. The l-alkyl-l-cycloal-
kanol was refluxed with a trace of iodine for forty minutes
to three hours, depending upon the rate of dehydration. When
no more water was collected in the side arm the alkene was
allowed to distill and was collected. This distillate was
dissolved in ether and dried (anhydrous sodium sulphate). The
ether was removed and the product fractionally distilled until
pure. All of the crude products except compounds (B-15)-(B-18)
were distilled in the presence of sodium metal to remove mois~
ture. These alkenes had been dried (anhydrous sodium sulphate)
for at least one’week and showed no traces of moisture. Their
physical characteristics agreed well with those reported after
the second distillation.

Compounds (B-7)-(B-19) were prepared by this procedure.
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FIGURE II

DIAGRAM OF APPARATUS DESIGNED TO ALLOW WATER REMOVAL
WHILE DEHYDRATION REACTIONS WERE PROCEEDING
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TABLE IIT (CONT'D)

oAbyl atalyst e
Compound Iisme of Product cycloalkanol mol. field 7% Reflux Time
ol (22) (g.) Hours
(g.)
(B~16) l—Ethyl—l-(b) 1-Ethyl-l- Iodine 55.8 1.5
cyclopentene cyclopentanol 0.00197 (54.0)
1.01 (0.5)
(114.9)
(B-17) l—Propyl-l—(b) 1l-Propyl-1l- Iodine 48.9 2,0
cyclopentene cycloptenanol 0.00197 (44.1)
00819 (O°5)
(105.0)
(B-18)  1-Butyl-1-‘?)  1-Butyl-1- Todine 38.5 5.0
cyclopentene cyclopentanol 0.00197 (51.2)
1007 (0‘5)
(152.3)
(B-19)  1-Pentyl-‘P(€) 1 pentyi-1-  Iodinme 0 5.0
l-cyclopentene cyclopentanol 0.00197
1,17 (0.5)
(183.0)
(a) Potassium pyrosulphate (Fisher Scientific Co.), which is a

(b)
(e)

(d)

(e)

mixture of potassium bisulphate and potassium pyrosulphate,
was used as the catalyst. The molar concentration was cal-
culated by using the molecular weight of potassium sulphate
for the reagent.

The alcohols in these reactions were not distilled prior to
digtillation.

Since the physical characteristics of this compound have not
been reported in the literature only the constant bolling
fraction of the distillate was used. This compound was pre-
viously synthesized by Khromov et al. (57)

On the distillation prior to the final redistillation the
physical charactgﬁistics of l-pentyl-l-cyclopentene were

b.p. 197-99C., af™ 1.4591. The boiling point of the com-

pound during the finzl distillation was 186-7°C., [n89¢5 1.4581].
The refrective index remained constant (if the diffeTFences in
temperature of the two determinations are congidered) and hence
the compound wes used for ozonolysis although the boiling point
recorded on the final distillation wes mucih lower than the
reported.

Upon fractionel distillatio% of the reaction product =z mixture
of n-decane (b.p. 174°C., n29 1.4120) (58) formed as a by-
product by the coupling of %he Grignard reagent (43), and
l-pentyl-l-cyclopentene was obtained.

Reported
Depe, OC./mm,

106.5-107 (47)

131.1

1570 5"8

179

(55)

(47)

(56)

Observed
b..ot, OCO

oy

123-8

152-4

Reported
Refractive
Index

2

nZ0 1.4429(47)

n%o 1.4448¢95)

néo 1.4488(47)

20

n’ 1.4513¢26)

Observed
Refractive
Index

n20°2 1.4383

D

n%5°5 1.4427

ns? 1.4449



Compound

(B-8)

(8-9)

(B-10)

(B-11)

(B-12)

(B-13)

(B-14)

(B-15)

T4BLE III (CONT'D)

Name of Procuct

1-Fthyl-1-°)

cyclooctene

l—Etnyl—l—(b)
cycloheptene

l—ProPyl—(b)(c)
l-cycloheptene

1-Etayl-1-(P)
cyclohexene

l—Propyl—l—(D)
cyclohexene

1-Butyl-1-{P)
cyclohexene

1-Pentyl- Pl (d)
l-cyclohexene

1 -etnyl-1~ P
cyclopentene

_39 -

1-Alkyl-1-
cycloalkanol
mol.

(g.)

1-Ethyl-1-
cyclooctanol
0.621

(97.0)

1l-Ethyl-1-
cycloheptanol
0.834

(118.6)

l1-Propyl=-l-
cycloheptanol
0.7138

(115.3)

1-Etayl-l-
cyclohexanol
0.828
(106.2)

l-Propyl-l-
cyclohexanocl
0.817
(116.2)

1-Butyl-l-
cyclohexanol
0.881
(137.6)

l-Pentyl-1-
cyclohexanol
0.894
(152.2)

l-llethyl-1-
cyclopentanol
0.919

(92.0)

Catalyst

Lole

(g.)

lodine
0.00197
(0.5)

Iodine
0.00197
(0.5)

Todine
0.00197
(0.5)

Todine
0.00197
(0.5)

lTodine
0.00197
(0.5)

Todine
0.00197
(0.5)

Todine
0.00197
(0.5)

Todine
0.00197
(0.5)

Yield %
(go)

5547
(47.8)

713
(73.9)

26.5
(27.0)

58,1
(53.0)

60‘8
(67.1)

%7.8
(46.0)

47.8
(65.1)

35.0
(26.4)

Reflux Time

Hours

3.0
0.7

3.0

2.0

2.0

2.0

2.0

2.0

Reported
beve, 9C./mm.

186.9 (51)

159-61/750(52)

136.3 (49)
156 (53)
178-9 (54)
203,45  (53)
T4.5-6.5 (40

Cbhserved
b.p., °C.

162-4

174.5

132-4

1l46-8

173-4

186-7

12-3

Reported
Refractive
Index

n§5 1.4720¢5%)

220 1.4646¢52)

n%o 1.455849)

2

nDO 1.4577(55)

n2
D

0 1.4568(54)

nZ0 1.4605(55)

220 1.4300(46)

Observed
Refractive
Index

2

nD4 1.4713
25 -

n%S 1.4629

n§5 1.4551



REACTANTS, YIELDS, AnD PAYSICAL PROPLR
AWD REPORTED) 0f THE 1-ALKYL-1-CYCLOALKEWES

- Compound

(B-1)

(B-2)

(B-3)

(B-4)

(B~5)

(B-6)

(B-7)

Name of Product

l-Methyl-l-
cycloheptene

1-Metnyl-1~
cyclopentene

1-letnyl-1-2)
cycloneptene

1-Ethyl-1-(8)
cyclopentene

1-Hethyl-1-(3)
cyclohexene

l—Ethyl~l—(a)
cyclohexene

l—Methyl—l-(o)
cyclooctene

- 38 -

TaBLE ITI

l-Alkyl—=l-—
cycloalkanol
mol,

(g.)

l-lethyl-1-
cycloheptanol
0.176

(22.6)

l-lietnyl-1-
cyclopentanol
0.506

(50.7)

l-liethyl-1-
cycloheptanol
0.702

(90.0)

1-Ethyl-1-
cyclopentanol
0.215

(24.5)

l-Methyl-1-
cyclohexanol
0.534

(61.0)

1-Ethyl-1-
cyclohexanol
0.446

(57.2)

l-liethyl-1-
cyclooctanol
0.686

(97.6)

Catalyst
mol.,

(g.)

Potassium
Bisulphate
0.0734
(10.0)

Potassium
Bisulphate
0.220
(30.0)

Potagsium
Pyrosulphate
0.441

(60.0)

Potasgium
Pyrosulphate
0.110

(15.0)

Potassium
Pyrosulphate
0.294

(40.0)

Potassium
Pyrosulphate
0.257

(35.0)
Iodine
0.003%94
(1.0)

TIES (FOUKD

Yield %
(g.)

37.8
(19.4)

4'109
(20.6)

62.4
(53.2)

Reflux Time

Hours

0.5

0.5

0.5

0.5

0.5

0.5

1.0

Reported
bep., °C./mm.

1%%.5/720 (45)

74.5-6.5 (46)

133.5/720 (45)

110.3-110.4(48)

158-60 (59

Observed

bepeo, ©C.

134-6

71-2

135-7

106-8

123-4

160

Reported
Refractive
Index

ngo 1.4575(45)

n%o 1.4300(46)

n%o 1.4575(45)

n20 1.4429(47)

0

20 | 4eq0(48)
ny, 1.4510

n%S 1.4558(49)

p

13:51 .4720(50)

Obsexrved
Refractive
Index

n%4 1.4566
23.5

23
ny 1.4578

22.4

1y

1.4421

oo

024 1.4491

n§4 1.4569

n24 1.4688

D
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(3) Additional Dehydration and Closely Related

Exveriments

(a) Preparation of l-Methyl-l-cyclopentene

Magnesium filings (1.0 wmole), methyl iodide

(1.0 mole) and cyclopentanone (0.58 mole) were reacted as de-
scribed in procedure 4 (1). On attewpted distillation of the
alcohol, dehydration occurred yielding two alkene fractions.
Both gave a positive uwmsaturation test with tetranitromethazne
reagent. The first frection (7.20 g., b.p. 61-2°C.,

32)4“5 1.4097) was not identified. The second fraction (11.91
g., b.p. T49C., n12)4°5 1.4299) was identified as l-methyl-l-

n

cyclopentene. ©ince two products and a low yield were ob-
tained and the alcohol dehydrated during distillation, & new
method of gynthesis weg adopted. This is the reason that
alkenes (B~7)-(B-19) in Table III were prepared by iodine de-

hydration.

(b) Sevaration of n-Decane and 1-Pentyl-1-

cyclopentene

Todine catalyzed denydration of l-pentyl-—l-—

cyclopentanol gave rise to a mixture of n-decane (b.p. 170°C.,

nZO
D
n%O 1.451%)(56). This mixture could not be separated by dis-

1.4120)(58) and l-pentyl-l-eyclopentene (b.p. 179°C.,

tillation due to the similarities in boiling points of the

two constituents. Therefore the distillate (121.0 g.) was
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dissolved in chloroform (150 wl.) and bromine (60 ml.) in
chloroform (150 ml.) was added dropwise to the stirred hy-
drocarbon solution until excess bromine was present. Lhe
reaction was stirred at room temperature for ninety winutes
znd the chloroform removed by distillation. During the dls-—
tillation of n-decene from the reaction mixture tiie ailbromo
derivetive of l-pentyl-l-cyclopentene decomposed to & black
gummy tar. Conseguently this derivetive was not distilled
with zinc to regenerate the alkene. The experiment was not

repeated.

¢. Ozonolysis of the l-plkyl-l-cycloalkenes

The ozonolysis experiments were carried out using a
wellenkarp Gh-150 ogonizer. CThis instrument is designed 1o
‘provide a continuous supply of ozonized aLygen (up to 170
ml./minute) containing 6-T7% ozone. The rate of oxygen flow

into the ozonigzer was regulated at less than one litre/hour.

(1) Preliminary Ogonolysis Fxperimentg

(a) Quantitetive Determination of Ozone Formation

After the ozonizer had been allowed to operate for
fifteen minutes the oxygen—ozone mixture produced was bubbled
through a solution of 5% aqueous potassium iodide (100 ml.)
for fifteen minubes. The solution was acldified by taoe addi-

tion of 5% sulphuric acid (35 ml.) and the liberated iodine
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titrated with decinormel sodium thiosulphate solution.
After numerous trials the ozonlzer was Ifound to deliver
from 0.0286 to 0.209 moles of ozone per nour. The average
velue of gll trisls was founa to be 0.097 moles of ozone per

hour.

(b) Ozonolysis of l-Methyl-l-cycloheptene According

to the Method of Bsrbier and Hugel (23%)

(i) 1-Methyl-l-cycloheptene (%.00 g., 0.0272 wmole) dis-
solved in glescial acetic acid was ozonized for two hours forty-
five minutes. The ozonolysis gystem consisted of the reaction
vessel, two solvent traps (25 wml.) and a trap containing 5%
aqueous potassium iodide (150 ml.) in series. The oxygen gas
was passed through concentrated sulpnuric acid and g mechani-
cal trep containing glass wool before introduction into the
ozonizer. From the ozonizer tie ozone-oxygen wmixture was
passed through an empty trap and then into fthe reaction vegsel.
The completion of The reaction wes indicated by the potassiui
iodide trap solution which developed & definite brown colour
due to the liberation of iodine. The reaction vessel and first
acetic acid trap were cooled in an ice bath (0-5°C.) during
the reaction.

On completion of the reaction the acetic acila trap
solutions were bulked with the reaction mixture. ILther (50
ml.) was added and tne mixture was ccoled to 0°C. in an ice

bath with stirring. Powdered zinc end water (0.05 ml.) were



- 43 -
gaced glternately witn stirring until one drop of mixture did
not cause colour formstion on sterch-iodide test paper. Water
(80 ml.) was added =nd the ethereal layer was sepsarated. The
agueous layer was extracted with ether and the cowbined ether—
eal extracts wasihed thoroughly with weter to remove the =zcetic
acid. The extracts were further wassied with 10% agueous sod-
ium bicarbonate solution end finelly with water until neutral.
After drying the etiuereal solution over anhydrous sodium sul-
phate, removal of the ether produced 1.47 grams of crude T-—
oxooctanal which gave & positive aldehyde test with Schiff's
reagent.

The @bove procedure was repeated and on the second
trial three hours twenty winutes were reguired for the ozono-
lysis. Crude T-oxooctanal (1.71 g.) was obtained.

(ii) l-Methyl-l-cycloheptene (10.0g., 0.091 mole) wasg
digsolved in gleaciszl acetic acid (25 wl.) =nd ozonized as
described in (i) above. Three such trisls were carried out.
They required ten hours forty-five minutes, twelve hours fif-
teen minutes, :nd eleven hours five minutes respectively.

The solvent traps :nd reaction mixtures of all three trisls
were bulked. BEther (150 wl.) was added and the reaction mix—
ture was hydrolyzed as described previously. On ether re-
moval 17.6 grems of residue were obtained.

The residue was fractioanslly distilled under reduced
pressure. Two distillabe fractions were obtained plus a larsze

guantity of residue, which would not distill. This residue



2.51 grems (b.p.

C 1.
10~ AJC./lB mm. ). Lt showed a negative Schiff's test, denot-

ing the absence of an aldehyde. It had a sweet, gl Gly
sickening odour identicsl to that of cyclohentsnone. The

reported boiling point of cycloheptanone (179-81°C./760 mm. )
(59) agrees fairly well with the observed. Cycloheptanone
disgolved in carbon disulphide showed pesks at 3.41 u (meth-
ylene) and 5.90 p (ketone carbonyl) (64). The T.R. spectrum
of the unknown was identical in all respects to that o
cyclohieptanone.

Fraction IT welghing 3.60 grams (b.n. 118-30 oG, /1% mm, )
gave a strongly positive Schiff's test. The reported beoiling
polnt of T-oxooctanal is 62~4OC./O.2 mm. (24). The reported
infrered spectrum had peaks at 3.65 p (aldehydic G-H) and
5.79 n (a2ldehydic and ketonic carbonyl) (24). The infrared
spectrum of this substance in carbon disulphide showed absor-

ption bands at 3.70 1 and 5.86 p. The slight differences in
wavelength were believed to be due to the different instruments
used.

While distillation was proceeding a rapid and prolong-—

ed rise in temperature took place, until no more distillate

D
w
®
=
ot

was obtained. Upon cooling a gelatinous semisolid was nre

lation flask. This undistilled product was

1
believed to be some sort of nolymer.



(c) Ozonolysis of l-lMethyl-l-cyclohexene in

Acetic Acid

l-Hetnyl-l-cyclohexene (10.0 g., 0.10 mole) was dis—

4

golved in glacizl acetic acid (25 ml.) and was ozonized to
completion (tweﬂty—four hours). The reaction wes nydrolyzed
as explained in (b) zbove. The sodium bicarbonete weshings
of the etherezl solution were acidified wita concentrated
hydrocnloric acid. The resulting zcidic nmixture was extrac—
ted with ether, snd the etherezl extricts were weshed with

water until neutral. The ethereal solution was dried over

2

anhydrous sodiwn sulphete and the solvent was removed to

Py

yield 3.10 grams of acidic substence, probebly 6-oxoheptanoic
acid.

The neutral iraction obtained from the hydrolysis of
the ozonide in the usual manner consisted of 2.25 grams of
crude b6-oxoheptanal.

This experiment indicated that oxidation was occurring
when the hydrolysis was carried out due to the fact that all
of the hydrogen peroxide formed was not being destroyed by
the metallic zinc. In several of the preliminary ozonolysis
experiments the acetic acid in the reaction vessel had solidi-
fied from the cooling supplied from the ice bath. The sub-
secuent ozonolysis reactiouns were carried out in cinloroform

>

using & different method of hydrolysis in an attewpt to over-

come these difficulties.
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(d) Ozonolysis of l-liethyl-l-cyclohexene in

Chloroform

l-iiethyl~-l-cyclohexene (3.0 g., 0.03 mole) was dis-
solved in chloroform (%5 wl.). Ozonolysis was carried out
for eignt hours. When rezctlion was complete The chiloroform
wes rewmoved under reduced pressure wita extreme care in tae
fume hood. The ozonide was dissolved in glacial acetic acid
and decomposed by the alterncte addition of szall amounts of
zinc and water as described previously in (b). Working up
the resction mixture as described in (c¢) yielded 1.10 grams
of cruce 6-oxoheptanal and 1.20 grawms ol acidic product,
wolch was probably 6-oxcheptanoic acid.

Since on nydrolysis of vthe ozonide utilizing zinc and
water, more then helf of the ozonide wes being converted to
the corresponding acid the remzining ozonides were hyarolyzed

uging a variation of the Whitmore and Church procedure (60).,

(e) Ozonolysis of l-kethyl-l-cyclohexene Utilizing

the Hydrolysis llethod of Whitwmore and Caurch (60)

l-liethyl-l-cyclohexene (25.0 g., 0.260 mole) was dis-
solved in chloroform (50 ml.) and was ozonized to completion
(22.5 hours). The bulked reaction mixture and trap solutions
were added dropwise to a stirred boiling mixture of 400 ml.
of water =nd 17.0 grams of zinc (0.260 mole) with traces of

hydroguinone and silver nitrute. WNitrogen ges was passed
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through the resction flask continuously. The chloroform dig-
tilled over ag the ozonide solution was added. Whea 11 of
the chloroform solution of the ozonide had been added the re-
action flask was zllowed to cool. The contents were extrac-—
ted witn chloroform. The chloroform extract was dried (anhy-
drous sodium sulphate) and the solvent was removed +0 yield
25.1 grams of crude 6-oxoheptanal, which gave a positive
Scniff's test imwediately.

The crude sldehyde was fractionally distilled in =
nitrogen atwosphere under reduced pressure. Three fractions

were obtained.

Fraction Weight(g.) D0.p.°%C./vressure(mm.) Refractive Index

I 1.65 52-60,0.05 1’112)3 1.4516
1T 2.40 60-64/0.05 11%5 1.4445%
TIT 1.50 64-190/0.05 n§5 1.4750

As well as these fractions (I-III) = residue wes left
in the digtillation flesk which refused to distill ( 15.0 g.).
It is believed that the rapid rise in temperature and refrac-—
tive index in frection III is due to polymerization.

Due to the results obtaeined during the attempted dis-
tillation of 7-oxooctanal and 6-~oxoheptanal it was decided
to condense the crude sldehydes with melonic acid rather thsn

to distill them since this led to an undesired polymerizetion-

like gide reaction.
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(2) Genersl Procedure Tor the Preperation of the

Oxoaldehycdes by Ozonolysis of the l—Alkyl-—l-

cycloalkenes

(a) The l-alkyl-l-cycloalkene (25.0 g.) was dis—
solved in chloroform (100 ml.). 4n ozone-oxygen gas mixture
was bubbled through the system until ozonolysis wes complete.
This system wus the same one used in (€)(1)(b) except that =
trap containing light liquid petroleum (150 ml.) was inserted
between the second solvent trap end the potassium lodide trap
and the solvent traps eacn contained 150 ml. of chloroform.
The coupletion of ogonolysis was detected by +the development
of a dark browa colour in the potassium iodide trap solution
due to tihe liberation of iodine. During ozonolysis the reac—
tion vessel comtained a white cloud which disappeared when |
the reaction was almost complete. The resction vessel and
the first chlorofori trap were cooled in an ice-bati (0=50¢.)
throughout the ozonolysis. On completion of ozonolysis the
reaction mixture was bulked witih the chloroform in the solvent
traps and the combined solution was stored in the refrigerator.

e

This cnloroform solution was added dropwise 10 a stirred
boiling mixture of water (250 ml.), excess mebsellic zinc snd
traces of hydroguinone znd silver nitrate. wWitrogen gas was
passed through the reactlon Ilask continuvally. The rate of

addition was adjusted so thet the chloroform distilled over

at the same rate as the ozonide solution was adaded. Upon
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completion of ozonide additicn end hydrolysis the rezction
mixture was cooled with stirring =nd the contents of the re-
action vessel were extrocted with chloroform. 4n emulsion
formed wuich was sepzrated on a centrifuge. The agueous por-—
tion obtained on centrifugation was further extracted with
chloroform. DThnese extracts were bulked with the chloroform
fraction that had been received on centrifugation of the emul-
sion. The cowbined chloroform solution wes dried over anhy-
drous sodium sulphate. The chloroform was removed from the

filtered solution with a Rinco rotary evaporator. The crude
alocehyde obtained gave a positive Schiff's test in each case.
The crude aldehyde was condensed with welonic acid in pyridine.

Compounds (C-1) and (C-2) in the following Ttsble were

prepared using this general procedure.

(p) A further modification wes introduced since an
emulgion formed on ciloroforum extraction of the hydrolysis
reaction mixture. Ither was added to the cooled hydrolysis

ifteen minutes. The

s

mixture, with wechenicel stirring for
leyers were separzted in a separatory funnel. The agqueous
leyer was extracted with ether (8-10 times), the extracts
added to the ethereal layer and the combined solutions were
dried (anhydrous sodium sulphate). The crude aldehyde was
obtained by removal of solvent in the cold, using a Rinco
evaporator,

The agueous layer that had been subjected to ether
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extraction was furtier extrscted with crnloroform since it

st

still gave & positive Schiff's test. ryling of this solution

and evaporation yielded 5.3%5 grems of polymerized 8-oxononanal.
The product was a slightly yellow semisolid whereas the alde-—
hyde was a free-Iflowing ligquid. Tire polywmer still gave a

positive Scalff's test. This procedure was only used for

compound (C~3) in the following table.

(c) Procedure (a) above was repeated for compound (C-4).
On caloroform extraction of the aqueous layer 14.75 grems of

[-oxooctanal that ned begun to polymerize were obtained.

(d) The remeining aldehydes, compounds (C-5) to (C-16)
were prepared as outlined in procedure C(2)(a) (page 48)
using 250 ml. of weater in the hydrolysis nixture instead of
300 ml. The agueous Ifraction was not extrected with cnloro-
form after ethereal extraction since tihis hud led to polymeri-
zation in (0-3%) and (C-4). Instesd, a satursted solution of
sodium bisulphite was added to the filtered agueous solution
obtained from compounds (C-8) to (C-16) in the following teble.

A solid precipitate was received in each instance, wnich still

[

15d not melted at 300°C., fThese derivatives were believed 1o

be the bisulphite addition selts of the aldehydes. The deri-
vative received from 6-oxodecanal (C-11) was purified by re—

crystallization from water (only very sparingly soluble).

I

The analysis data showed conclusively that the solid deriva-—

tive formed was not the gldehyvde bisvlohite compound, and
o iy oy 32
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the enalysis indicated the product mey be inorgsnic in nature.

During the ether extraction of The recction mixtures
7, 3 ¥ Provas4 oA o~ ) T e b s - 3
which yielded sldehydes (C=7), (C-10), (C-14) and (C-15)
emulsions were formed. These were seperated on a centrifuge.
The agueous fraction recovered :Ifter centrifugation was fur-
ther extrscted with ether. The ethereal extracts were bulked

o

with the original ether solution in esch case ana were dried.

)

The crude aldenyde wag obtalned by solvent rewovel in the
usual manner. All crude aldehydes received were sweet-sumelling
free-flowing liguids with s colour ranging from light yellow

to yellow.



Compound

(C-1)

(c-2)

(C-3)

(C=4)

(C-5)

(¢c-7)

(c-8)

(C-9)

(¢c-10)

(C-11)

(Cc=-12)

(C-13)

(c-14)

(C-15)

(c-16)

Nzme of

Product

T~0xooctanal

6-0xooctanal

8~0xononanal

T-0xooctanal

8-0xodecanal

T-0Oxononanal

T-Oxodecanal

6~0xoheptanal

6-0xooctanal

6-0Oxononanal

6-0Oxodecanal

6-0xoundecanal

5-0Oxohexanal

5=-0xoheptanal

5-0Oxooctanal

5-0Oxononanal

1-Alkyl—=1-
cycloalkene
mol.,

(g.)

1-Methyl-1~
cycloheptene
0.227

(25.0)

l—Ethyl—l—(a)
cyclohexene
0,180

(19.9)

1-Methyl-1-
cyclooctene
0,201
(25.0)

l1-Methyl-1~-

- cycloheptene

0.227
(25.0)

1-Bthyl-1-
cyclooctene
0,181
(25.0)

1-Ithyl-1-
cycloheptene
0.201

(25.0)

1-Propyl-1-
cycloheptene
0,181

(25.0)

l1-Methyl-1-
cyclohexene
0,260
(25.0)

1-Ethyl-1-
cyclohexene
00227
(25.0)

1-Propyl-l-
cyclohexene
0,201
(25.0)

1-Butyl-1l-
cyclohexene
0,181
(25,0)

l1-Pentyl-1-
cyclohexene
0.164
(25.0)

l1-Methyl~1l-
cyclopentene
Oa 309

(25.0)
1-Ethyl-l-.
cyclopentene

0,260
(25.0)

1-Propyl-1-
cyclopentene
0,227

(25.0)

1-Butyl-1-
cyclopentene
0,201

(25.0)

Zinc
mol.

0.25
0.21
0.21

0.24

0,21

0.24
0.24
0.31
0.28
0.24
0.24
0,20

0.35

0.31
0.28

0.24

Ozonolysis

Time

(hours)

23,7

17.3

20.5

19.5

17.3

19.5

14,0

25.7

22.5

13.5

21l.1

20673

370

27«:3

17.6

Yield of

Crude

Product %

(g.)

52,1
(16.8)

AN
3O
O\

71.6
(22.5)

47,1
(15.2)

97.3
(30.8)

6%.8
(20.1)

63,2
(19.5)

%9.8
(14.1)

38,1
(12.7)

Method

of

synthesis

C

C

(Bxperiment

(2)(a)
(2)(b)
(2)(v)
(2)(e)

(2)(a)

(2)(a)
(2)(d)
(2)(a)
(2)(a)
(2)(a)
(2)(a)

(2)(a)

(2)(a)
(2)(d)

(2)(a)

(2) Only 19.85 grams of l-ethyl-l-cyclohexene were ozonized instead of the usual

25.0

grams .

No.)

_Zg_



TABLE IV

REACTANT, CRUDE YIELDS, OZONOLYSIS TIMES, AND METHOD OF SYNTHESIS OF THE OXOALDEHYDES

1-Alkyl-1- . Yield of Method
Compound Name of cycloalkene Zinc OZO%EiZSlS Crude of
* Product mol. mol. (hours ) Product % Synthesis
(g.) (g.) (Bxperiment HNo.)
(¢=1)  7-0Oxooctanal 1-Methyl-1~ 0.25 2%, 52.1 ¢ (2)(a)
cycloheptene (16.8)
0.227
(25.0)
(C=2)  6-0xooctanal l—Ethyl-l—(a) 0.21 17.3 30673 ¢ (2)(b)
cyclohexene (7.8)
0,180
(19.9)
(¢-3)  8-Oxononanal 1-Methyl-1~ 0.21 20.5 71.6 ¢ (2)(b)
cyclooctene (22.5)
0,201
(25.0)
(c-4)  7-Oxooctanal  l-Methyl-l-  0.24 19.5 47.1 ¢ (2)(e)
- cyclocheptene (15.2)
0.227
(25.0)
(C-5) 8-0Oxodecanal 1-Bthyl-1- 0.21 17.3 97.3 ¢ (2)(a)
cyclooctene (30.8)
0,181
(25.0)
(C=6) T-Oxononanal 1-Bthyl-1- 0.24 19.5 63.8 ¢ (2)(a)
cycloheptene (20.1)
0.201
(25.0)
(c=7)  T7-Oxodecanal 1-Propyl-1- 0.24 14,0 6362 c (2)(a)
cycloheptene (19.5)
0,181
(25,0)
(C-8)  6-0Oxoheptanal  l-Methyl-l- 0,31 25.7 3% 42 C (2)(a)
cyclohexene (11.1)
0,260
(25.0)
(c=9) 6-0xooctanal 1-Ethyl-1- 0.28 22.5 49.4 C (2)(a)
cyclohexene (16.0)
0.227
(25.0)
(C~-10) 6-0Oxononanal 1-Propyl-1- 0.24 1%.5 6%.5 ¢ (2)(a)
cyclohexene (20.0)
0,201
(25.0)
(C-11) 6-~0Oxodecanal 1-Butyl-1- 0.24 21.1 7645 ¢ (2)(a)
cyclohexene (23%.6)
0,181
(25.0)
(C-12)  6-Oxoundecanal 1-Pentyl-l- 0,20 2063 68.9 ¢ (2)(a)
cyclohexene (20.9)
0.164
(25.0)
(c-13) 5-0Oxohexanal l-lethyl-1- 0.35 37.0 39,8 C (2)(a)
cyclopentene (14.1)
06309
(25.0) v
(C=-14) 5~0xoheptanal 1-Ethyl-l-. 0.31 273 38.1 ¢ (2)(a)
cyclopentene (12.7)
0.260
(25,0)
(C-15) 5-Oxooctanal 1-Propyl=-l- 0,28 17.6 64.3 ¢ (2)(a)
cyclopentene (20.8)
0.227
(25.0)
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D.. Prepsratican of the o,B-Unsaturated Oxoacids by Condensa-—

tion of the Crude Aldehyvde with malonic Acid

The pyridine used in all condensation reactions was
dried over potassium hydroxide pellets for &t lezst one week
and was Ifiltered just prior to use.

The melonic acid was dried in the oven at 90°9C. for one

hour znd was stored in a vecuum dessicator (14 mm.) until use.

(1) Comparison of Various Reported lethods for Conden-—

sing an Aldehyde with Malonic Acid in Pyridine or

a Pyridine~Piperidine Mixture (DLoebner Modification

of the Knoevenagel Condensation)

(a) bethod of Allen and Ven Allan (61)

Heptaeldehyde (10.0 g., 0.0875 mole) was dissolved in
pyridine (9.11 g., 0.115 mole). To this solution was added
malonic acid (9.11 g., 0.0175 mole) and the mixture was re-
fluxed for three hours on zn oil bath. The resction mixture
was cooled, acidified by the addition of 10% hydrochloric
acid znd extracted with ether. The ethereal solutlion was
washed witn 10% hydrochloric acid znd water and was taen
extracted with 10% sodium carbonate solution to obtain the
acldic ether soluble material. Tne combined sodium carovon-
zte extracts were wasned wita ether and acidified with 10%

hydrocihloric acid. The resulting mixture was extracted with
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etner. he coubined etheresl exbtrscts were wesined with water

N

Oﬂ

[

end dried (anhydrous sodium sulphste). On ether removal
g. (T7.7% oi theoretical) crude trans-Z-nonenocic acid were
obtained. The crude product was distilled to yield trang—2-
. ) -0 I 21 . .
nonenoic acid b.p. 149-5%°9C./1% mm., ny 1.4581. The re-
ported physicel cacracteristics for tuis compound are b.p.

135-89/5 am., 02’ 1.4561 (62).

.

(b) Method of Rajagovalan snd Ramen (63)

deptaldehyde (10,0 g., 0.0875 wole) was dissolved in
pyridine (4.68 g., 0.0592 wole). Ielonic acid (9?11 Sy
0.0875 mole) was added to the resulting solution. The re-
action mixture wes hected on a boiling water bath for two
hours, then treated as in (a) (page 53). Crude trang—o-

nonenoic acid (9.7 g., 70.8%) was obtained.

(c) ethod of Jzeger and Robinson (24)

Heptaldehyde (10.0 g., 0.0875 wmole) was dissolved in
a solvent mixture consisting of pyridine (10 wml.) and piperi-
dine (1.5 wl.). The solution was cooled in ice for thirty
minutes. Mslonic acid (9.11 g., 0.0875 wmole) was dissolved
in pyridine (10 ml.) and was also cooled to 09C. in ice. The
aldehyde golution was added to that of the acid «ndé the re-
action was heated for forty-eight hours at 50°C. Treatment
of the reaction mixture as described in (a) (page 53) yielded

11.30 g. (82.7%) crude trans-2-nonenoic scid.



- 55 ~

(d) kethod of Barbier and Hugel (23%)

Heptaldehyde (10.0 g., 0.0875 mole) was dissolved in
30 wl. pyridine. Bxcess malonic acid (11.00 g., 0.106 mole)
wes added to the aldehyde solution atb z00C, in a resction
vessel fitted with an internsl thermometer. The reaction

contents were neated at 50°C. for fifteen minutes, then

over

it of the reaction wixbure in the ususl

one houvr. Treat

manner (a) (psge 53) yielded 7.7 g. (56.4%) of crude trang-

Z-nonenoic acid.

(e) Hethod of OQughton (27)

fHeptaldehyde (10.0 g., 0.0875 wmole) was dissolved in
pyridine (10 ml.) and piperidine (1 wl.). Excess melonic
acid (13.51 g., 0.130 mole) was added. The reaction nixture
was placed in a constant temperature water bath at 300C. for
twenty hours, and wes then refluxed for four hours. Wien
the reaction mixture was trested as described in (a) (page

53), 10.5 g. (76.9%) of crude trens-2-nonencic acid were ob-

The crude scid obtained from rezctions (b) to (e) was
bulked and distilled under reduced pressure. From 16.2 grams
of the crude scid 11.6 grams of trans-2-nonenocic acid b.p.

2% o 4 o
7 1.4584 were obtained. The crude yields

151-6°C. /13 mm., ag
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were used z=s an indicetlion oI The success of eccia resctlon
since & large portion of the acia was lost on fractional
distillation of smaell guantities oi the crude acid. The

reaction worked successfully ia all instances.

(2) Preliminsry Concensation oxperimeants Leading

to the Formetion of o,B~-Unsgaturcted Oxoacids

(a) Preparation of Trans-9-oxo-Z-decenoic Acid

According to the Procedure of Barbier and

Hugel (23)

Crude T7-oxooctanszl {1.47 g., 0.010% mole) was dis-
solved in pyridine (20 ml.). lalonic acid (2.00 g., 0.0132
wole) was added slowly to this solution with shaking. Thne
reczction was carried out zs described in (d) (page 55) and

1%8 mgm. of crude transg-9-oxo-Z-decenoic acld were obtained.

(b) Preparation of Trans-9-oxo-Z-decenoic icid

Distilled 7-oxooctenal, bep. 118-30°C./13 mm. (3.60
g., 0.025% mole), was condensed witn walonic acid (3.00 g.,
0.0288 mole) according to Jaeger and Robinson (24). Trrom
this resction 1.80 grsws of crude trzas-9-oxo-Z-decenoic
acid were obtained.

The infrared spectrum of tie crude acid in carbon di-
sulphide showed peaks alt 3.0-4.0 p (bonded hydroxyl of acid)

(64}, 5.92 P (o, p-unsaturated acid carbonyl) (64), snd 6.10 n
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(conjugated ethylene group) (64). The spectrum was identical

to that o

-

authentic trang-9-oxo-Z-decenoic acid obtazined
courtesy of Glaxo Research Limited, Greenford, liddlesex,
Inglend. Atteuwpted recrystellization of the crude aclda from
ether-petroleun ether resulted in oil formation.

The crude acid product snu the zuthentic sample of
trans-9-oxo-2—-decenoic acid were submitted to thin layer
chromatography. Silica Gel G plates of 200 u thickness were
used. They were prepared according to Stanhl (65). The plates
were ellowed to air dry overnight before use and were not
activated. Development oi tne plates was carried out in a
pre-gaturated tank witn a filter-paper liner utilizing a sol-
vent systew of benzene (90), methanol (16) and glacial acetic
acid (8) by volume. The solvent ffont wes allowed bo migretve
10 cm. frow the origin in all caseg. five drops of a solu-
tion conteining 2 mgm./wml. were applied et the origin from a
micropipette (wade by pulling out & melting point capillary).

After development the chirometoplate was removed Irom
the tank and was heated at 95°C. for forty-five minutes to
remove 211 traces of solvent. It was then sprayed with 0.01%
bromocresol green in alconol (ethanol/butanol, 9:1) which had
been previously basified by the addition of 1 drop sodium hy-
droxide solution (20% w/v). The acids were detected as
yellow spots egeinst a blue background.

The crude trans-9-oxo-zZ-decenoic acid isolated Irom

the reaction mixture was identicel to the sutientic szaumple of
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the same compound received from Glaxo on the same chromato-—
prlate. There was some variation in the Rf of both compounds
from one plate to another, however. The average Rf of
trans-9-oxo-2-~decenocic acid was found to be 0.53 in this

solvent system.

(c) Preparation of Trans-8-0xo-2-nonenoic Acid

Distilled 7-oxoheptanal (b.p. 60-4°C./0.05 mm.),(2.40
g.» 0.0187 mole) was condensed with malonic acid (2.20 Zos
0.0211 mole) in the presence of pyridine (14 ml.) and piperi-
dine (0.25 ml.) according to the procedure of Allen and Van
Allan (61). Crude trans-8-oxo-2-nonenocic scid (500 mgm.) was
obtained. The crude acid was recrystallized once from ether-
vetroleum ether to yield slightly yellow, wax-like needleg,
m.p. 44-8°¢, (Reported m.p. 47-51°C. (23)). The infrared
spectrum showed peaks at 3.0-4.0my 5.93 pand 6.09 pu and
was hence demonstrated to be the correct compound due to the
m.p. and the similariries between its infrared spectrum and
that of authentic trans-9-oxo-2-decenoic acid (pages 56-7),

Thin-layer chromatography was also carried out on the
trans-8-oxo-2-nonenoic acid using 200 n plates as described
under (b) (pages 56-7). The average Rf of trans-8-oxo-2-
nonenoic gcid was found to be 0.51, and this compound ran very

similarly to trans-9-~oxo-2-decenoic acid in all cases.,
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(3) General llethod ror the Preparstion of a,B-Unsa—

turated Oxoacids by Condensation of the Crude

Oxoaldenyde with Malonic Acid

As previously mentioned the oxoeldehydes were conden—
sed with wmalonic acid in the crude form since on ¢istillation
most of thre aldehyde wes lost due to a polymerization-like
regctlion.

The oxoaldehyde was dissolved in pyridire at room teu-
perature, malonic acid was added d owly with frequent shaking
to thnils solution end the reaction wmixture wos refluxed for
two hours on an 0il bath (Lemp. 125-400C.). Te rezction
wixture was cooled, acidified with 10% hydrochloric scid and
extracted with ether. Tihe combined ether extract was washed
with water, 10% hydrocihloric acid :nd then again with water.
Extraction of tihe ethereszl solution with 10% agueous sodium
carbonate solution removed the acidic ether-soluble material.
This extract was washed with ether and wss then scidified
with comstent stirring using 10% hydrochloric acid. The re-—
sulting mixture was extracted with ether, the combined ether
extracts were washed with weter until neutral, end dried (an-~
hydrous sodium sulphate). 7The crude ascid was obtained on sol-
vent removal, which was accomplished using a Rinco rotary
evaporator.

The crude acids were subjected to thin-layer chronato-

graphy on 250 p fluorescent silica gel GF254 plates, The
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procedure used was identical with that expleined in (b) (pages

ne

ot

56-7). Auvthentic truns-9-oxo-2-decenoic acid was used as
standard. Five drops of & solution conbaining 10 mgw./ml.
were applled to the plate. All Ry values reported are tie
averages of several trials. On the same plavte all of the
acids ran very close together, iundicating that tihe solvent
systew used was not a good one for the separation of these
acids. After drying ol the plates tihe gpolts were detected
under ultraviolet light. The Ry values of the acids are
given in Table V (page 62).

The S-benzylisotinlourium salt of each o tine crude
acids was prepared according to Vogel (66). The crule acid
(500 mgiz.) was suspended in water (10 wl.). Phenolpnthalein
indicator (2 drops) was added snd the acid was neutralized
by tne careful adaition of normsl sodium hyoroxide solution.
Hydrochloric acid (0.1 normel) was added until the phenolph-
thalein was almost decolourized. S-Benzylisothiourium hydro-
chloride (2.0 g.) dissolved in water (10 ml.) was filtered
into the aqueous solution of the sodium szlt of the acid.

The crude derivative formed lmmediately end wes purified by

-

repeated recrystallization from water (three to six recry-
stallizations). The derivetives were analyzed and all but

two gave satisfactory results for the expected struc tures.

cnd freng-8-oxo-Z-tridecenoic acid. The d-benzylisothiourium

s2lt of the supposed itrans-9-oxo-2-dodecenocic acid (czlculated

for CpQH30LW20%S8: 63.46% C; 7.99% H; found: 61.69% Cj
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(7.88% #) gave analyses which agree very well for the S-ben-
zylisothiourium salt of 7-oxodecanoic acid (calculated for
C1gtoglip03S: 61.3%% C; 8.,01% H). This compound would

aopesr in the crude szcid product due to the oxidation of 7-

4y

oxodecanal, which was the starting materisl for the condensa-
tion reaction with malonic acid.

The analysis data of the S~benzylisothiourium deriva-
tive of crude trans-8-oxo-2-tridecenoic acid (calculated for

C19HzQW003S:  64,25% C; 8.22% H; found: 62.22% C; 8.61% H)

was found to agree very well with the analysis of the S-benzyl-

b

isothiourium salt of 6-oxoundecanoic acid (calculated for
C19H30N203S: 62.26% C; 8.25% H). From these analysis results
it appears that a greater amount of saturated acid was pre-
sent in the crude acid product than the desired a,f-unsaturated
acid. On recrystallization of these two crude products the
S~benzylisothiourium salt of the desired acid was eliminated
leaving only the salt of the saturated acid.

The S-benzylisothiourium salts were examined by infra-
red spectroscopy using a potassium bromide pellet which con-
tained 1-2 mgm. of derivative in 400 mgm. of potassium bro-
mide. All spectrs showed the same peaks at 3.0-4.0 p.(anion
of acid and primsry amine as well as the possibility of a
quaternary salt) (64) and 5.88-5.91 p (carboxylate ion of
a,p-unsaturated or saturated zcid) (64). The spectra were
quite complex and a complete interpretation was not attempted.

The spectrum of trans-7-oxo-2-octenoic acid did not
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TABLE V (CUNT'D)

Aldehyde hj;ggic Volume o:
Compound Name of Product mol. - Pyridine
) mol. -
(g.) (.) (nl.)
g
(D-9) Trans—8-0X0=2- 6-0xodecanal 0.154 40
dodecenoic acid 0.138 (16.0)
(23.6)
(0-10) ®) prans-B-0x0-2-  6-Oxoundecanal 0.125 35
tridecenoic acid 0.113 (13.0)
(20.9)
(D-ll)(c) Trang—T-0X0=~2= 5-0xohexanal 0.135 30
octenoic acid 0.12% (14.0)
(14.1)
(b-12) Trang=7—-0x0~2—~ 5-0xoheptansl Q.111 30
nonenoic acid 0.099 (11.5)
(12.7)
(D-13) Trang-T7-0x0—2= 5-0xooctanal 0.159 40
decenoic acid 0.145 (16.5)
(20.7)
(D-14) Treng—7-0X0=2— 5-Oxononanal = 0.144 40
undecenoic acid  0.13%2 (15.0)
(20.6)

(a)

(b)

(c)

The S-benzylisothiourium salt of (D-5) (trans-9-oxo-2-
dodecenoic acid) anclyzed well for the S-benzylisothiouri
salt of 7-oxodecanoic acid, which would be formee due to
oxidetion of T-oxodecanal.

The derivetive of (D=-10) (trauns-8-oxo-2-tridecenoic acid)
analyzed well for the S-benzylisothiourium salt of 6-
oxoundecanoic zcid wihich would be formed due to the oxida
tion of o-oxoundecanal.

After two recrystaellizations there was not enough szmple
left for further purificetion. The 500 mgm. of Itrans-T-
oxo=-2-0ctenoic acid remaining wes retained for zttempted
gas chromatographic purification (of the methyl ester) at
a leter date.



Average
Rf of
Acid

0.65

0.67

0.63

0.68

0.68 -

0.60

0.63

0.70

S-Benzyliso-
thiourium
Salt
m.p.°C.,

141-141.5
1560 5"'7
1360 5-70 5
14'805

140-140.5

S-Benzylisothiourium Salt Analyses
Calculated

%G

62.61

63.46

61.69

62,61

63.46

60.69

61.69

62,61

%H

T.T4

7.99

7.48

174

7.99

7.19

148

T.74

vl

7.69

7.69

7.40

8.33

7.99

7.69

63.82

61.83

62.29

61.69

60.84

62.22

Found
%H

T.73

7.84

Te38

7.52

7.88

137

Te31

7.28

PN

7.29

7.63

B.l2

8.18

7'75



REACTANTS, CRUDE YIELDS, AWD Rp VALUES (ToId-LAYER
CHROMATOGRAPHY) OF THE o, PB-UNSATURATED OXOACIDS ANWD
THE MELTING POINTS ANU MICROAWALYSES (CALCULATED

Compound

(D-1)
(D-2)
(D-3)
(D-4)
(p-5) (&)

(D-6)

Name of Produet

Trang=10=0X0m =
undecencoic acid

Trans—10=0xX0~2~
dodecenoic acid

Trans—-9-0xX0~2-
decenoic acid

Trang=9-0x0~2-
undecenoic acid

Transg=9-—0x0=2-
dodecenoic acid

Treng=8-0X0=~2-
nonenoic aciad

Trang=-8-0x0=-2-
decenoic acid

Trang=8-~-0X0~2=—
undecenoic acid

sldehyde
mol.

(g.)

8-0Oxononanal
0.144
(22.5)

8-0xodecanal
0.176
(30.0)

7-0Oxooctansl
0.107
(15.2)

T-Qxononanal
0.128
(20.1)

T-0xodecanal
0.114
(19.5)

6—Oxdheptanal
0.0862
(11.1)

6~0xcoctanal
0.112
(16.0)

o~Qxonongnal
0,128
(20.0)

Malonic
Acid
mol.

(g.)

0.154
(16.0)

0.178
(18.5)

0.115
(12.0)

0.135
(14.0)

0.125
(13.0)

0.09¢1
(10.0)

0.120

(12.5)

0.1%9
(14.5)

AND FOUND) OF THEIR S~-BeEuZYLISOTHIOURIUM SALTS

Volume oi
Pyridine
(ml.)

35

40

20

40

40

25

30



Average

Rf of

Acid

O. 68

0.69

0.69

- 0.064

0.65

0.69

S=-Benzyliso-
thiouriun
Salt

meP.°Ce

1340 5"135

136

138-8.5

147.5

141.5

140

S-Benzylisothiourivm Salt Analyses
Calculated

%

63.46

64.25

%oH

7.99

Te19

1.48

T.74

el

7+.40

Tol4

8.33

7.99

7.69

%C

63.32

62.22

60.27

61. 69

620 71

Found

T

70

4.78

8.61

6.99

7.40

T.57

oI\

117

w

.28

7.86

756
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have distinct bands since it hed only been recrystallized

twice. However, it was still obvious thet the same principal

areas oI absorption were presentd.

IT. OSYNTHESIS BY BUILER, CALLOW ALD JOHNSTON

A, DPreparation of Dimethyl e—Bromoadivate (67)

Adipic acid (292.3 g., 2.00 mole), chloroform (500 wml.),
and excess thionyl chloride (%00 ml.) were refluxed togetner
until all of the adipic acid had dissolved (four hours).
Bromine (540 g., 2.1% mole) was added carefully to the stirred
solution from a dropping funnel and the reaction was refluxed
for four hours. Methanol (300 ml.) was added slowly, with
external cooling in a water bath, at such a rate that the re-
action refluxed brigkly. After addition of the methanol was
complete the reaction wes refluxed an additional fifteen minutes.
The reaction mixture wasg then cooled and washed with water.

The organic solution was dried over anhydrous sodium sulphate,
the solvent removed znd the crude product wes fractionally dis-
tilled tinree times using a 30 cm. insulated Vigreux column.

4 reflux distillation head adjusted to a ratio of 9:1 (reflux:
distillation) was used for the finel distilletion. Pure di-
methyl a-bromoadipate (143.1 g., 28.2%), b.p. 153-6°C./1% mm.,
n§5 1.4670 wes obtained.

kD)
The infrared spectrum, determined as a liguid filw,
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showed bands at 5.76}1 (szturated aliophetic ester carbonyl)
(68), 8.71 n (ester carbonyl) (68) and 7.98 m aad 8.33 u
. 40N ’
(unzssigned) .
The reporited paysicel cneracteristics of tals compound
20

are b.p. 141-49C./9 um., ny 1.4656 (67).

B. Attempted Preparabion of Limetuyd Treons-c-hnexenedioate

(19,32)

(1) Diwetnyl a-bromoadipate (06.3 g., 47.5 wl., 0.202
mole) was refluxed with sym.-collidine (95.0 wml.), waich had
been freshly distilled end dried over potussium hydroxide
pellets, for forty-five minutes. A solid precipitated out
during the course of the reaction.

fhe reaction mixture was cooled and the supernatant
liguid poured into water. <The solid wes dissolved in water
and this agqueous solution was zdoed to the coove mixture.
The oil which separated wes rewoved and the agueous solution
extracted with etaer. The ether extracts were aadea to to
seperated oil which resulted in an ethereal solution. Thls
solution was washed witii 10% hydrochloric acid, water, 10%
sodium carbonste and finally with weter until neutrsl, tuen

dried over snhydrous sodium sulphaste. Solvent rewmoval Irom

h

the filtered solution yielded 15.8 grams of crude product.
Thigs o0il was fractionally distilled under reduced pressur

and 1.70 grams (3.8%) of the desired product (b.p. 135-7°C./
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22 Iift. , n%S 1.4589) were obteined. ‘The infrared spectrum as
& liquid film showed bands at 5.8L p (u,B-unssturated ester
carbonyl) (64), 6.05 u (~CE=Ci- conjugated wita acid car-
bonyl) (64), end 7.95 pm and 8.35 u (unassigned). |

4 second fracticn (b.p. 137-240°C./22 mm.) wes obtained
in wedlch the boiling point of tihe distillate increased rapidly.
The remainder of the product polymerized in the distillation
flasik. Similar polymerization hnas been reported for dimethyl
a,oa'-dimethylinuconzte (69). The infrared spectrum, as &
liquid film, showed bands &t 5.80 m (a.f-unsaturated ester

carbonyl) snd 6.06 u (-Ch=Cd conjugated with ~C=0) (64),

(2) Dimethyl a-bromosdipate (43.4 g., 0.171 mole, 31
wl,) and dried redistilled sym.-collidine were gently refluxed
for one hour. Tne resction mixture turned yellow initisily,
and then gradually to a dark browa colour. The reaction wes
cooled ana the supernctant liquid was decanted. The solid
material remazining in the reaciion flask was washed thoroughly
with ether. This residue (33.7 g.) was recrystallized from
glcohol-etaner to form an off-white crystalline golid, m.p.
74~69C., which was syum.-collidine hydrobromide.

Ine supernatant liguid was dissolved in the ethereal
washings and the resulting solution was washed with 10%
hydrochloric acid znc then with water uatil neutrzl. On dry-
ing of thne solution and solvent rewoval, 16.2 grams of crude

proauct were obtained. The crude product was Iractionally
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distilled under reduced pressure in a nitrogen atmosphere in
an attempt to prevent the polymerization which had occurred
in the previous experiment. Three fractions were obtained.
Fraction I (2.90 g., 9.8%), b.p. 76-80°C./0.03 um., n2’ 1.4522,
was believed to be tue desired product. The infrared spectrum
determined as a liguid layer had bands at 5.82 u (,f-unsatu-
rated ester carbonyl) (64) and 6.08 pu (-CH=CL- conjugated with
C=0) (64).

Fraction IT (0.60 g., b.p. 80-188°C./0.0% nui., ne?

D

1.4579) and fraction III (2.70 g., b.p. 180-250°C.,/0.0% mm.,
n§5 1.4673) were polymerigation products of the desired com~
pound (69).

As well as the turee fractions of distillate received

there was a residue left in the flask which refused to dig-—

till. It existed as a derk brown, fairly mobile liguid.

C. DPreparstion of Dimethyl o—Bromosebacate (67)

Sebacic acid (404.5 g., 2.00 woles), chiloroform (500

.

ml.) and excess thionyl chloride (%00 ml.) were stirred to-
gether st room temperature overnight. The following morning
the reaction wixture wes refluxed for two and one-half hours
(until 811 of the solid acid had dissolved) and bromine (540
[ T QR o P R s - e e - - s iy
&+, 2.13 moles) was added over a twenty ninute periocd . The

reaction was refluxed until all of the browine vapour had

diseppeared (3 hours), methanol (300 ml.) was added over =
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twenty winute period witi exvernel cooling oi the reaction
flasg in & weter baeth (15-189C.), =nd the reaction was re-
fluxed for fifteen minutes. The cooled reaction mixture was
washed with weter ana dried. Un solvent rewovzl end frazc-
tionel distillsztion as described in 4 (page 63), 176.9 g.
(28.6%) of dimetnyl a-bromosebzczte, b.p. 119-123°C./0.04-
0.05 mim. , n%S 1.4658, were obtazined. The reported refrasctive
index for this cowpouand is nio 1.46%8 (67). The infrared
spectrum determined as & liguid film, showed absorpiion at
5.78 u (saturated aliphatic ester carbonyl) and 8.7% u (ester

carbonyl) (64,68).

De Afttempted Preparation of Dimetnyl Trans-—i-decenedioate

(19,32)

(1) Since polymerization nad been encountered in B
and C (pages 64-~66), anthraguinone (0.5 g.) was added to the
reaction mixture as a free radical inhibitor. Dimetoyl a-
bromosebacate (37.3 g., 0.121 wole) was refluxed with sym.-
collidiﬁe (60 wl.) for one nour. Resction treatment ss de-
scribed in B (page 64), yielded 27.8 g. sym.-collidine hydro-
bromide and 15.4 g. of crude product. The crude ester was
fraectionglly distilied unaer reduced pressure in a nitrogen
atmosphere in tne presence of antaraguinone., The first frac-
tion of distillete weighed 3.55 g. (12.9%, b.p. lO6—lOOC./

0.10 mu., nSB 1.4570). A second fraction weigning 0.50 g.
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{(bep. 162-240°C./0.10 mm.) was also obtained. The first frac-
tion's infrared spectrum (liquid film) had bands at 5.82 u
(a,B-unsaturated ester carbonyl) and 6.05,u (-CH=CH- in con-
jugation with -8~OCH3) (64,68). The infrared dats showed con-

clusively that the dehydrohalogenation had taken place.

(2) Experiment (1) was repeated using 59.8 g. (0.193
mole) dimethyl a-~bromosebacste and 100 ml. sym.-collidine in
the absence of anthraguinone. The reaction mixture was heated
on a boiling weter bath for two hours. From this reaction
37«3 . (84.5%) crude dimethyl trans-2-decenedioate and 34.7

g. sym.-collidine hydrobromide were isolated.

Since polymerization had occurred on all previous attemp-
ted distillations of productes of this type, the crude ester

was submitted to the next step in the reaction sequence.

B, Attempted Preparation of Monomethyl Ester of Trans—2-

decenedioic Acid (19,32)

Crude dimethyl trans-2-decendioate (20.0 g., 0.0876
mole) was dissolved in a solution of potassium hydroxide (4.9
8¢y 0.0873 mole) in water (35 ml.) and methanol (70 ml.) and
left overnight at room temperature. The reagction was diluted
with water and the unchanged ester was removed by ether ex-

traction. Acidification of the agqueous solution with 10%
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nydarocinloric scid end ether extraction yielded the crude
helf-ester. The combined ethereal extractis were dried over
anhydrous sodium sulphate and the solvent removed. The crude
product (16.9 z., 90.0%) was obtained.

The equivelent weight of the crude half-ester was de~
termined by dissolving it in 50% v/v agueous ethanol and tit—
rating with decinormel sodium hydroxide solution to phenol
red indicator. The equivalent welght was found to be 258..1.
The theoretical equivalent weight of the half-ester is 214.7

g. and of the dibasic acid 100.l.

F. Reszction of Crude donometinyl Ester of Trang—2-decenedioic

Acid with Thionyl Chloride (19,32)

The crude monomethyl ester of trang-2-decenedioic acid
(16.2 g., 0.0756 mole) was stirred overnight with thionyl
chloride (52.0 g., 0.437 mole) at room temperature and was
refluxed on a boiling water bath for thirty minutes the follow-
ing worning. The excess thionyl chloride was removed in vacuo

leaving the acid chiloride as a liquid residue.

G. Attempted Synthesis of Methyl Trans-l0-oxo-z-undecenoate

(70,71)

A Grignard resgent was prepared Irom magnesium filings

(8,00 g., 0.%29 mole) and methyl bromide (42.0 g., 0.442 mole)
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in snhydrous ether (250 ml.). The reaction vessel was immer—
sed in an ice-water bath and anhydrous csdmiuvm chloride (32.0
g.s 0.146 wole) was added slowly to the cooled Grignard. The
reaction was refluxed for two hours and the ether was removed
by distillation. Anhydrous benzene (150 ml.) was added and
soiwe 0of the benzene was distilled off to insure complete re-
moval of the ether. The acid chloride of the monomethyl ester
of trang-2-decenedioic acid (F) (page 69) was dissolved in 25
ml. anhydrous benzene. This benzene solution was added to
the Grignerd reagent over twenty minutes. A canary yellow
colour developed in the reaction flask. The reaction mixture
was refluxed for twenty winutes on a boiling water bath, cooled
end hydrolyzed by pouring it into a stiwed wmixture of crushed
ice and concentrated hydrochloric acid. The resulting mix-~
ture was extracted with ether. The combined ether extracts
were washed with water, dried and the solvent was removed to
yield 9.8 g. of crude product. This was fractionslly dis-
tilled under reduced pressure.

The first fraction (0.75 g., b.p. 128-3%40C./0.35 mmu.,
23 s - = : - — _
ng 1.4458) was mainly forerun. Fraction IT (1.35 g., b.p.
7 1.4488) was initislly believed %o be

the desired product. The infrared spectrum (liguid film) of

128-30°/0.21 mm., n

the second fraction had pezks at 5.78 p_(pOSsibly saturated
ester carbonyl or w«,B-unsaturated ester carbonyl), 5.87 u
(acyclic ketone), 8.37 p and 8.5 p (ester carbonyl), and 7.37

i (CHz-C-) (64,68). However, tae peak which should have been
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,
present at 6.02-6.05 u, which is charscteristic of —CE:CH—@—OC&B,
was sbsent (3%2,68). Thus the evidence indicetes that a satur-
ated ester was obtained instead of the desired a,f-unseturated
ester (methyl trans-10-oxo-2-undecenoate). The satursted
ester was not identified since it obviously was not the correct
product. Due to the difficulbies which had been encountered
with the Butler, Callow and Jomnston synthesis, no ifurther

experiments were carried outb.
III. OUGHTOW SYNTHESIS

A. Prevparation of 5-Bromoamyl Acetate (27)

Acetyl bromide (126.5 g., 1.029 mole) was added slowly
to z stirred mixture of anhydrous tetrzhydrofuran (93.9 g.,
1.090 mole) and zinc dust (0.4 g.). The temperature rose to
42°C, The rezction mixture was warmed and a vigorous reac-
tion took place which was controlled by externsl cooling.
The reflux temperature of The reaction mixture increased
slowly to 1450C. at which point the temperature beceme con-
stant., After cooling to room temperature, with stirring, the
residue was distilled through a 30 cm. Vigreux column.
5-Bromoamyl acetzte (190.0 g., 88.4%), b.p. 131.5-132°C./37
M. n%4 1.4622 wag obtained. The reported physical chearac-
teristics of this compound ave b.p. 112-3°C./17 mm., 0y

1.4610 (27).
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B. Preperation of 7-Oxooctenol (27)

Sodium ethoxide was prepared by the cereful zddition
of metallic sodium (10.35 g., 0.45 mole) to stirred absolute
ethanol (250 ml.) znd ethyl scetoacetate (60.0 g., 0.45 mole)
wags added to the hot éthoxide solution. To this S5-bromoauyl
acetate (105.0 g., 0.50 mole) wes added Irom a drovping
funnel over a period of fifteen minutes. The reccivion mix—
ture wes then refluxed for five hours. Tihe zlcohol wes re-—
moved by distillation on a boiling water bath. Water (50 ml.)
was added to dissolve Tthe sodiuvm bromide and the organic
layer which formedeas gseparated and zsdded to a solution con-
taining 40.0 grams of sodium hydroxide in a litre of water.
This mixture was stirred =t room temperature for six hours,
then refluxed for thirty winutes. A solution of sulphuric
acid (25 ml.) in weter (100 ml.) was added slowly to the cooled
solution. The mixture was distililed and the product was salted
out of the distillate witn potassium carbounate, and was ex—
tracted with ether. The combined etherezl extracts were washed
with 10% sodium bicarbonste solution, then with water until
neutral, and were dried. The ether was removed leaving a re-

sidue (30 g.) which was distilled under reduced pressure to

yield T-oxooctznol (20.0 g., 31%), b.p. 164°C./40 umm., ngo

1.4459. (Reported b.p. 100°C./0.5 mm., S0 1.4450) (27)



- 7% -

C. Prepzration of 7-0Oxcoctanzl (27)

A solution of 7-oxooctanol (18.0 g., 0.125 wole), pow—
dered potassiumw dichromete (15.1 Zey 0.51% mole) znd glacial
acetic acid (18Y ml.) was stirred Ffor one hour on a stesnm
bath. Toe mixture was poured into tnree litres of water and
extracted witn ether. <1Lue ethereal extracts were wésued with
10% sodium bicarbonste soluticn eud then witn water until neu-—
tral. The extract was dried cnc toe solvent removed to yield
4.1 gravns of resicue. Cn distilletion of tals residue a
ligiht yellow fragrant oil, b.p. 154-80°C./4% mu., was ob-
tained. The bisulphite compound, whici was a white, cry-
stelline soliu, was prepared. fThe reported boiling point of

7-0ox00ctanzl is 62-649C./0.2 mu. (24).

D. Erepsration of 4-Browobutyl Acetate (27)

(1) Acetyl bromide (400.0 g., 3.2 woles) was added
slowly to & stirfed wixture of anhydrous tetreaydrofuran
{230.4 g., 3.2 moles) anu ziac dust (1.28 g.) over & pericd
of one nour. The reaction mixture wazs refluxed for one hour
and then distilled through a 30 cm. Vigreux column. The re-

sulting distillate was fractionally gdistilled.
& Ly
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L o 2
Fraction b.0.°C.(15.5 mm.) nD5
I 905 1.4872

I 96-9 1.4778
11T 100 1.4627

iv 100-102 L.4571

From the refrasctive indices it is obvious that the

product wes & mixture.

(2) Acetyl bromide (50.0 g., 0.407 mole), anhydrous
tetrehyoroiuren (28.8 g., 0.%99 wole) and powdered zinc (0.20
g.) were rescted as above. Tne recction mixture was cooled
and pourea into a litre of weter anc was extrected with ether.
The combined etheresl extracts were wasied with water, 10%
sodium bicerbonsbte and then ggain with water until neutral.
Lhe ether solution was dried over anhydrous sodium sulphate.
Evaporation geve 5%.3 grams of residue wnich was subnitted to
fractional distillation under reduced pressure using 2 30 cm.

Vigreux column.

25

Fraction Pe0.°C. (17 rmm,) ng
I 94-6 1.4872
ir 96-8 1.4824
11T 98-101 1.4732
v 101-104 1.4515

Since the product was obviouvsly a wmixbture the reaction

was not attempted again.



E. Preparation of 4-Chlorobutyl Acetate (72)

Acetyl chloride (130 g., 1.151 mole) was added dropwise
to a stirred mixture of anhydrous tetrahydrofuran (100.0 g,.,
1.386 mole) and zinc powder (0.4 g.). The reaction mixture
was refluxed for one hour and was then subjected to fraction-

al distillation under reduced pressure. 4-Chlorobutyl acetate

25
D

1.4344 (72)), was obtained,

(161.5 g+, 77.5%, b.p. 84-87.5°C./13 mm., n<° 1.4330)

20
D

Further syntheses were not carried out using the

(Revorted b.p. 107°C./18 mm., n
Oughton synthesis since the Barbier and Hugel synthesis was

now leading to a greater variety of the desired «,B-unsaturated
oxoacids than could be prepared using Cughton's method.

IV, MISCELLANEOUS SYNTHESES

A, Reduction of Trans-9-oxo-2-decenoic Acid with Lithium

Aluminum Hydride in Anhydrous Ether

Lithium aluminum hydride (1.12 g., 0.0295 mole) was
mixed with anhydrous ether (100 ml.) and the stirred mixture
was cooled to 0°C. using an ice-salt mixture. A solution of
trans-9-oxo-2-decencic acid (20.0 g., 0.109 mole) dissolved
in 350 ml. dry ether was added dropwise at such a rate that

the temperature of the reaction mixture did not exceed 5°C,
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The reaction wes stirred ror forty-five winutes after The

£

sddition wasg coumplete.

Tne complex was cecomposed by the addition of dilute

IR [

(10%) hydrochloric acid witn stirring for thirty minutes.

The layers were separated and the aqueous layer was extracted
with etirer. The comblned ether solutions were wasiied with
water znd extracted with 10% sodium bicarbonate solution. The
sodium bicarbonate extracts were wasned with ether, acidified,

anc extracted witn ether, The ether extracts were wasned,

dried and the solvent removed to yield 19.7 grams of crude

trans-9-hydroxy—-2-decenolc acid. The crude product was frac-

tionally distilled under reduced pressure and 10.6 greams
(52.7%#) of product b.p. 146-9°C./0.05 mm. were obtained. The
distillete weg originelly believed to be pure trang-9-nydroxy-—
2-Gecenoic acld. LHowever, by thin-leyer cihromatography, using
200 u §ilice Gel G plates as described in (b) (page 56)it was
found thnat the product consiéted of ftrang-9-hydroxy-z2—-decenoic
acid plus a trace of unreduced trang-9-oxo-2-decenoic acid.
Authentic ftrang-9-oxo-2-decenoic acid was used asg the standard
for thin-layer chromatography. The thin-lsyer chromstogran

of the distilled resction product showed two spots. The gpot
of higher Rf always ran identicel to trans-9-oxo-2Z-decenoic
acid on the same chrometogram. It wes a very weak spot in
intensity compered to the one having a lower Re, wiich was due

to trang-9-hydroxy-2-decenoic acid.
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B. Reduction of Trens-9=-oxo-’-decenocic Acid witn Lithium

Alvminum Hydride in Avhydrous Tetranydrofuran

Lithivm aluminum hydride (0.224 g., 0.00590 mole) was
mixed with anhydrous tetrahydrofuran (25 ml.), at room ten~—
verature. To thnls gtirred wixture was added transg—9-—0x0-2-
decenoic acid (1.0 g., 0.00543% mole) dissolved in tetrshydro-
furan (15 ml.) and the reaction mixture was refluxed for three
hours. One millilitre of the reaction wixture was removed
and hydrolyzed with dilute hydrocnloric acid. This was ex-—
tracted with ether (2 ml.) and the resulting ether solution
was used for thin-layer chrometography. On the resulting
caromatogram run with trang-9-oxo-2-decenoic acid as a stan-
derd, the reaction mixture showed only one spot naving an aver-—
age Rr of 0.31 (0.31, 0,30 and 0.3%1). Tois spot was due %o
the reduced acid, trans-9-hydroxy-Z-decenoic acid. On tie
same chromatoplate the reference compound, trans-9-oxo-2-
decenoic acid hed an aversge Ry of 0.37 (0.37, 0.%6 ond 0.3%7).
The thin-layer chromatography was carried out ss described in
(b) (page 56).

The remaining rezction umixture was hydrolyzed with
dilute hydrochloric acid (10%) =& described in A sbove. As
a result 0.65 grawm (64.4%) of crude trans-9-hydroxy-2-decencic
acid was prepered, which on taoin-layer chromatography showed
the absence of any sterting materizl (trans-9-oxo-2-decenocic

acid).
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C. Reaction of Treng—9-0x0-z-decencic Acid witi Bromine in

Chloroform

Treng-9-oxo-2-decenoic acid (1.0 g., 0.00543% wole) in
chloroform wes mixed wibtin an excess of broming in the same
solvent snd the solution was kept at room temperature, with
intermittent shaking, for twelve hours. Thiere wis an evolu-
tion ol white vapours which indicated that substitution was
provably tuking place as well as addition. Excess bromine
and chloroform were removed in vacuo in the cold, ether was

1

added to the regidue ana Tthe ethereal solution wes washed with

48]

10% agueous sodium thiosulphzte solution and water. The ether
was rewoved Irom the dried extract «nd a resildue (2.90 g.) was
obteined. The infrared spectrum, in carbon disulpnide, showed
bends at 3.0-4.0 p (carboxylic acid), 5.79 p.(saturated ali-—
phatic acid carbonyl) and 15.4 p.(C—Br), No bands were ob-
served at 6.02-6.05 p (o.f-unsaturstion conjugated with car-
bonyl) or 7.63-7.75 u (CHR1=CHR2) (64,68).

oince the starting netericl is a methyl ketone, the hy-
drogen bromide vepour given off ig an indication that substi-
tution is teking place at this group (73). Thus this reaction
could not be used for the preparstion of 9-oxo-2,5-dibrono-

decanoic acid, wihich weg the degired product. Hence the syn-

o)
5
)
o

thesls was not repeated.



DISCUSSION

As & regult of a litersture survey it wes decilded

e

that the Barbier and Hugel procedure (2%) was the method of
choice for gynthesis oi the desired a,f-unsaturated oxoacids.
Ihere were two governing factors for this decision. First,
this synthesis used starting wmaterislg, the cycloalkanones
and alkyl helides, which are readily aveilable comuercially.
Second, it i1s & genersl method of synthesis for compounds of
this type and a wide range of acids anslogous to trang-9-oxo-—
2~decenoic acid could potentislly be prepared by verying the
cycloalkanone and the Grignasrd reagents used 1to prepare the
l-alkyl-l-cycloalkanol. Also, all gstepg in the reaction se-
guence seemed to be very straightforward.

During preliminery experimentation, however, 1t wes

discovered that the oxoaldehydes were polymerized during

iy

g

istillation. Two other reported wmethods of syn-

o

atteumpie
thesis of w,f-unsaturated oxoacids were then attempted. These
were the Butler, Callow and Johnston synthesis (19,3%2) and

the Oughton synthesis (27). In the finsl anslysis the Bar-
bier and Hugel synthesis was reverted to, but, since the
intermediery aldenydes could not be distilled they were carried

bhrougn the finel reaction step without puriiication.



I. BARBIGR anp HUGEL SYNTakSIS

Ao l-Alkyl-l-cycloalkanols

These tertiury cyclic alcohols were prepzred in good
yield from the corresponding Grignzrd resgzent snd cycloalxan-
one, from preliminary experiments 1t was found necessary to
use a large excess of propyl, butyl or sentyl-magnesium iodide
in order %o receive & good yieic of cyclic alcohol (yield cael-
culated on basis of cycloalkanone).

The zlconocls which were prepared all had a camphor-
like odour. Upon distillation they Ifrothed & great dezal aud
it was necessary to use oversized flusxks to prevent the froth
frow creeoing up the disvilliation column and into the dis-
tillate. Tie adcition of & few drops of silicone 0il did not
apprecizbly decrecse this frothing. Since some alconols,
l-methylcyclopentanol and l-methylcyclooctanol, begen to de-
hydrate during distillation under reduced pressure, alcohols
{A-8) to (4-20) in Table II {(page 35) were dehydrated in the
crude rorm to yleld the corresponding l-alkyl-l-cycloalkenes.

In the preparation of l-pentyl-l-cyclopentanol (4-20)
{page 34), sowme of the pentylmagnesium iodide coupled to Fform
n~decane (4%). The crude alcohol, which contained n-~deceane
as an lmpurity wes denydrated using a trace of iodine as the

catalyst. The boiling points of n~-decane [174°C. (538)] and
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l-pentyl-l-cyclopentene [179°C.(56)] are very close which
explains woay this wixiture coﬁld not be separated vy frection-
el distiilstion (puges 40,41). rHowever, the desired alcohol
could have been prepared by removing btne n-~decane from the

2

l-pentyl-l-cyclopentanol (reduced pressure) anc then dehy-

drating the n-decane-free alcohnol.

B, l-Alkyl-l-cycloalkenes

In the ecarlier denydretion experiments votassium bi-

sulphate (later potassium pyrosulphate) was used a5 a cata-

lyst. However, this method wes found to have geversl disad-

[

L
T

vantages. When the l-alkyl-l-cycloalkene was distilled at

the completion of the reaction low yields of procuct were ob-
tained. It was found tnet the wet guomy regidue of potass—
iuvm bisulphate wes holding much of the product by absorption.
This problew wag overcome by etviereel extraction of the re-
sidue after tne distilleble portion nhed been collected. The
etner extract was bulked with Tthe distillate, the bulked solu~
tion was dried and the residue was redistilled after solvent
removal yielding the l-zlkyl-l-cycloalkene product [(B-3) to
(B-9) (page 38)]. Anotuer disadvantage of this dehydration
method was that an azeobtropic mixture of weter anc the alkene
i

product was often received. This was overcome by uging an

orried during the dehydra~—

& o

appersbtus whici allowed the water

ticn to be removed while the rezction was proceeding (Figure
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II, oage 37a). The Tinal difficulty experienced while using
potassivm bisulpheate as a proton donor for dehydration ex—
periments was The preperation of l—methyl—l—cyclopentené
(page 40). Two aslkene products were received.from
dration reaction. For tue above reasons potassium bisulphate
was replaced by lodine as a dehydration catelyst Ior l-aliyl-
l-cycloalkenes (B-9) to (B~19) (page 38). Another advantage
of iodine wes thet only a trace of 1t was reguired. The 1-
alkyl-l-cycloalkanols which were aehydrated to forw: the al-
kenes (B-7) to (B-19) were dehydrated in the crude Tform since
two of the alcohols had denydrated auring distillation under
reduced pregsure.

The iodine dehydratiocns all gave the corresponding 1-
alkyl-l-cycloalkene in good yield. Since tne l-elkyl-l-cyclo-

i

alkenols used as starting materisls frothed a great deal when
refluxed, an oversized flask was used for the reaction (five
hundred ml. flask for approximsately one hundred ml, of 1-
alkyl-l-cycloalkanol). The alkenes prepared all gsve g posi-
tive test for unsaturation with tetranitromethane., The 1-
methyl, l-ethyl and l-propyl-l- cycloalkenes had characteri-
stic olefin odours whereas the l-butyl asnd l-peatyl deriva-
tives nad sweet rather sickening odours. Tie products were

211l mobile, colourless, low-density liguids (d = 0.8-0.9).



C. Oxosldenyies

It was found that the Gellenkeump GE-150 ozonizer,
which was used for all the ozonolysis experiments in tals
thesis, gove yilelds of ozone which varied substentially from
tricl to trial even on the saue day. The lastrument deliver-
ed from 0.0286 wole to 0.209 wole of ozone per hour. Lue
average value of all determinstions wade was 0.097 wmole of
ozone per nour. This expleins why some cowpounds such as
l-propyl-l-cycloneptene (C-7) end l-propyl-l—-cyclohexene
(C-10) were ozonized wuch more rapidly than others oi the
same moleculer welghit.

The original ogonolysis experiments were carried out
using acetic acid as Tthe solvent (2%). FEowever, on several
trisls the reaction vegsel, whicih wes lmersed in an ice
bath, solidified. This is not surprising since the welting
point of acetic acid is 16,7°C. (74). For +this reason,
later experiments were carried out using chiloroform as the
ozonolysis solvente.

It was also demonstrated tiuet the Barbier and Hugel
method of hydrolysis (2%) was producing as much acid as al-
dehyde from the ozonide (pages 45-46). This method of hy-
drolysis was cerried out by adding small amounts of powdered

zinc and water alternately to the stirred, cooled acetic
7

)

scid solution of the ozonide. The purpose of the zinc was
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to destroy tihe hydrogen peroxide whici 1g Tormed durling hy—
drolysis (75). Otherwise the peroxide present will oxidize
the sldenycde to the corregponding aclid. The eguatlions in

icir are bteking place:

d..
'_!.
@]
5
[0}
ot
i)
w5}

Figure II1I illustrete the reac

FIGURE I1X

HYDROLYSIS OF An OZOWIDE ITu Tl PRESHNCE OF ZINC

E20 > | ‘ + HoOop
N e Hydrogen
CHp peroxide

Ozonide of 1- 6~0Ozxoheptanal
metiyl-l-cyclohexene
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zinc reacts with hydrogen peroxide immediately:

5 ZnC -+ H20

Ez20p + Zn -

If hydrogen peroxide 1g left unreacted the corresponding
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saturated scid is formed:
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6~0Oxoheptanal 6~-0Oxoheptanoic acid

Since more acid than sldehyde was belng obtalned using
the hydrolysis procedure of Barbier snd Hugel (2%) it was

replaced by that of Whitmore and Church (60). 4 chloroform
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solution of the ozonide was dropped slowly into a stirred
wixture of boiling water walch contained excess metallic
zinc, hydroguinone anc silver nitrate (trece). The nydro-
guinone and silver nitrate ware present to prevent oxidetion

and polymerizetion.

sy

The greatest dif 3

iculty tnat was encountered during
tne course of this tunesis wes tie polymerization-like reac-
tion wiich occurred wnea cistillation of the oxoeldelydes

was attewpted. & smell emount of aldenyde would distili over
sna Then the boiling point would increase very.rapidly until,
finally, distillation cecsed. Upon cooling, the residue left
in thne flask became sewi-solid snd veried in colour from derk
yellow to dark brown. It stili gzve a weakly positive test
with Schiff's resgent. Since distillation'df the aldenydes
represented a very difficult problewm 1T was decided to react
the crude aldehyde with malonic acid and then to atteumpt
purification of the finsl acid product. Dr. L. Scamid re-
cently reported the synthesis of tnree of these G, Pp-unsatu~-
rated acids using the Barbier and Hugel syntoesis (40,41).

In a very recent letter (76) to us Dr. Schmic mentioned

tnet the same difficulty was encountered in his laborutory
on attempted distillation of the aldehyades. He zlso found it
necessary to condense the oxoaldehyde witn malonic acid and
then to purify the final product zs was attempted in this
thegis. This was not reported in his researci peper (41).

The crude oxoazldehydes (C-1) to (C-16) were pale



yellow to yellow in colour. 4ll were wmovile, very sweet smell-
ing oils which gave vivia Schiff's tests imuedistely. Com-

parigon of the crude aldehyde ylelds snowed taat the yleld

(%

generally incressed as the homologous series was ascended.
The reason for thig was believed to be that the water solubi-
1lity of the oxoaldehydes was decreasing wilth an iuncrease in
alkyl chain length. This explenation is supported by the
fact thet even affter many (8-10) etineresl extractions the
aqueous hydrolysis mixture always gave a strong Schiff's test,
incdicating thet there was gtlll some aldenyde present. A sa-
turated agueous solution of sodiuvm bisulphite wes added to
the extracted aqueous solution in several cases and a golid
derivative precipitated out of golution in each case. Lhese

derivatives were tnought to be Tae godi

complexes of the oxoaldehydes bul analy

crysballized compounds sihowed Thet this

D. a,B-~-Unsaturated Oxoszcids

-

These acids were prevered using the Doebnier modirice-—

tion of the noevenagel condensation. The prelim
ments (pages 53~6y involved a comparison oi various reported
methods for cerrying out this resction. Using hepteldehyde
it was demonstrated that trans-2-nonencic acid was obtained
in good yield in all casesg. All of these methods congisted

of the condengaticn of the aldehyde witio melonic acid
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followed by heating to decarboxylate the unstable dibasic
acid. Hach used different conditions. From these prelimi-
nery experiments the general synthesis for the o,B~unsatura-—
ted oxoscids (page 59) was derived.

Phin-layer chromstography was used to check the reac-
tion products for the presence of acids closely related to
trans-9-oxo~-2-decenoic acid. The crude reaction product was
spotted on silica gel thin-layer chromatography plates along
with authentic trans-9-oxo-2-decenoic acid (page 59). The
plate was developed in a solvent system of benzene/methanol/
acetic acid (90:16:8). This solvent system was demonstrated
to be excellent Tor the detection of fatty acids of this type,
but since the Ry values were all very similar (page 62 ), this
system could not be used for the separation of a mixture of
acids analogous to trans-9-oxo-2-decenoic acid. AlsoO, only
one spot was present on the chromatoplates of the crude acid
products. Since the crude oxoaldehyde was used in the conden-
sation, it seems very likely that there should be &t least two
spots present; one due to the «,B-unsaturated oxoacid prepared
by condensation and the other due to saturated oxoacid that
would be present due to oxidation of the aldehyde used es
starting material. The analysis data of the S-benzylisothi-
ourium salts of the crude acid mixtures indicated that a mix-
ture of these two possible procducts was indeed produced (page
62). Thus, since only one spot was'present on the thin-layer

chromatogram of all «,B-unsaturated oxoacid reaction mixtures,
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this solvent system could not even differentiate between the
a,B-unsaturated oxoacid and the saturated oxoacid containing
two less carbon atoms.

Purification of the crude acid products by recrystalli-
zation was attempted but was unsuccessful due to oil formation.
For this reason the S=benzylisothiourium salt of the crude
reaction mixture was prepared in zll cases (page 60). This
derivative was a solid which separated as soon as the agqueous
solution of S-benzylisothiourium hydrochloride was added. The
derivatives were recrystallized from water to constant melting
point (3-7 recrystallizations). These salts were analyzed and
with the exception of two all gave acceptable results for the
derivative of the expected «,B-unsaturated oxoacid (page 62).
The S-bengylisothiourium salts of the two exceptions, trans-9-
oxo-2-dodecenoic acid (D-5) and trans-8-oxo-2-tridecenoic acid
(D-10) analyzed well for the saturated oxoacid that would be
received from the oxoaldehyde by oxidation. In other words,
the derivative from the reaction mixture which was expected to
yield trans-8-oxo-2-tridecenoic acid analyzed well for the S~-
benzylisothiourium salt of 6-oxoundecanoic acid while that of
trans-9-~-oxo-2-dodecenoic acid analyzed well for the salt of 7T-
oxodecanoic acid. This experimental evidence seemed to indi-
cate that in all of The crude acid products a mixture of o,B—
unsaturated oxoscid and saturated oxoacid (having two less
carbon atoms in the chain) was prepared. Hence, on recry-

stgllization of the S-benzylisothiourium salt, a derivative
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was obtained which analyzed for the salt of the o,B-unsatur-
ated oxoacid or the saturated oxoacid, depending on which
product was preéent in larger concentration in the crude acid
product. It is interesting to note that the two products whose
detivatives analyzed well for the saturated oxoacids were pre-
pared from the l-alkyl-l-cycloalkenes with the longest alkyl
sidechains (butyl and amyl), although this may simply be a
coincidence,

The following table (Table VI) shows the difference
between the theoretical analyses of the S-benzylisothiourium
salts of the «,p-unsaturated oxoacids and the corresponding
saturated oxoacids which contain two less carbon atoms. As
can be seen from the values listed in the table there is a
difference of approximately 2% in the theoretical carbon con-
tent between all «,B-unsaturated and saturated oxoacid deri-
vatives. All of the oxoacids of a series have the same theo-
retical analysis. That is trans-7-oxo-2-decenoic acid has the
same empirical formula as trans-8-oxo-2-decenoic acid and hence
has the same theoretical analysis. The 2% difference in carbon
content between «,R-unsaturated and saturated oxoacid deriva-
tives appears to be large enough to give an analysis which
verifies the identity of the compound, provided that the theo-
retical and experimental values agree well with each other.
Naturally in any cases where the actual carbon analysis falls
between the two theoretical values, there is & possibility that

2 mixture of the two derivatives has been obtained and
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recrystallized to a mixture of fixed composition with = con-

stant melting point.

TABLE VI

COMPARISON OF THEORETICAL ANATYSES OF S-BENZYLISOTEIOURIUM

SALTS OF o,R-UNSATURATED OXOACIDS AND CORRESPONDING
SATURATED OXOACIDS (HAVING TWO LESS CARBON ATOHS)

a,p=-Unsaturated «yB=Unsaturated Corresponding Saturated
Oxoacid Oxogcid Derivative Oxoacid Derivgtive
%0 %H %N %C TH N
Nonenoic 60.69 7019 8033 58004 7.14 9003
Decenoic 61.69 T.48 T.99 59.23 T.46 8,64
Undecenoic 62,61 TeT4d To69 60.63 ToT4 8.28
Dodecenoic 63.46 7,99 T.,40 61l.33 8.0L 7T.95
Tridecenoic 64,25 8.22 T.l4 62.26 8.25 T.64

Another experimental peculiarity was noted. The S-
benzylisothiourium salt of suthentic irans-9-oxo-2-decenoic
acid melted at 155°C., whereas the same salt iéolated from the
crude reaction mixture and recrystallized to constant melting
point melted at 137-8°C. These two derivatives had identical
infrared spectra and both analyses agreed very well with the
theoretical. Also, Dr. L. Schmid (41) prepared the S-benzyliso-
thiourium salt of irans-T7-oxo-2-decenoic acid and reported a

melting point of 151°C. The same compound prepared in this
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laboratory melted =t 141.5°C. (page 62). 4 possible explans-
tion for these discrepancies could ve that the melting point
of our products is being depressed due to the presence of a
trace of the S-benzylisothiourium salt of the saturated oxo-
acid, even though there ig not enough of this derivative pre-
sent to affect the analysis results.

Due to the possibility that these derivgtives do con-
tain some of the salt of the saturated oxoacid, further work
is being continued. Gas-chromatographic separation of the
crude acid products will be attempted. There is an excellent
possibility that this can be accomplished since the separation
of trans-9-oxo-2-decenoic and trans-9-oxo-3-decenoic acid has
been reported in the literature by this method (34). Upon
separation by preparative scale gas chromgbography the o,3-
unsaturated oxoacids will be converted to their S-benzyliso-
‘thiourium salts and the melting point will be compared with
that of the derivative which has glready been synthesized and
reported (page 62). The purified «,B-unsaturated oxoacids
will then be tested Tor their effect on immature stages of the

yellow~-fever mosquito (Aedes aegypti, L.) according to the pro-

cedure of Quraishi and Thorsteinson (3%8).

II. BUTLER, CALLOY 48D JOHESTON SYNTHESIS (19,32)

Originally the desired a,B8-unsaturated oxoacids were

to be synthesized by the Barbier and hugel method (23).
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However, due to the fact that the oxoaldehydes polymerized on
attempted distillation, experiments were carried out using

this second method of synthesis.

A, Dimethyl ¢=Bromoadipzte and Dimethyl o~Bromosebacate

These two starting materials were prepared by a standard
synthetic route (67). Both products were obtained in fair
yield in pure form. Their identity was verified by the com-
parison of the observed infrared spectra and physical proper-
ties to the reported values. Both a-bromoesters were colour-

less, fairly mobile liguids.

B, Dimethyl Trans-2-hexenedioate and Dimethyl Trans—2-—

decenedioagte

The chief difficulty encountered in these syntheses was
once again found to be polymerization. On attempted dehydro-
bromination of both dimethyl o-bromoadipate and dimethyl «-
bromosebacate with sym.-collidine there was no doubt that the
resction had taken place since a solid residue of sym.-collidine
hydrobromide‘was formed in the reaction flask (pages 64-8).
However, on attempted distillation of the isolated crude pro-
ducts only a small forerun of the desired compounds was Ob-
tained. Then the boiling point of the liquid being distilled

began to rise rapidly indicating thal polymerization was taking
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place in the distillation flask. The residue which refused to
distill remained mobile. Polymerization of the same type has
been reported with similsr compounds such ags dimethyl o,a'~
dimethyl muconate (69),

Several distillation modifications were attempted to
prevent this undesirable side reaction from teking plasce. An
insrt nitrogen atmosphere and high vacuum were employed. One
distillation of dimethyl trans-2-decendioate (page 67) was even
attempted in the presence of anthraguinone as a free-radical
inhibitor. In spite of these precautions polymerization re-
sulted and very low yields of product were obtained.

Infrared absorption spectra of the distillates recovered
before polymerization began to take place always showed peaks
in the range 6.02-6,.08 p which can be gttributed to -~CH=CH-
in conjugation with a carbonyl (64,68). Since this characteri-
. stic absorption was absent in both starting materials it de-
monstrated conclusively that dehydrobromination had taken

place.

C. HMethyl Trans-10-oxo-2-undecenoate

Since the only difficulty appeared to be polymerization
during distillation it was decided to dehydrobrominate dimethyl
a~-bromosebacate and then to submit the crude dimethyl trans-2-
decenedioate to the next step in the reaction sequence. This

involved & psrtial hydrolysis of the dimethyl ester with one
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mole of potassium hydroxide in aqueous methanol (vage 68).
The equivalent weight of the half-ester product (monomethyl
ester of trans-2-decenedioic acid) was found to be 258.1. The
theoretical equivalent weight of the product was 214.7. This
is a large difference, even for s crude product. However, it
was decided to continue with this crude ester through the
remaining steps of the reaction (pages 69~T71). The final
product obtained from this treatment was distilled under re—
duced pressure. The desired product was methyl trans-]l0-oxo-
2-undecenocate, a new compound. The infrared spectrum which
was determined both as a ligquid film and a2s a carbon disulphide
solution showed no absorption at 6.02-6.08 P. Thus the ester
prepared did not have unsaturation in the 2 position (64,68).
The infrared data further showed the bresence of an acyclic ket-
one, a saturated ester carbonyl and an acetyl grouping (page 70).
The ester obtained was not identified since it was obviously
not the desired product. Further experiments were not carried
out using this method of synthesis, due to the difficulties

that had been encountered.
ITI. OUGHTON SYNTHESIS (27)
This sequence of reactions was attempted because of

the polymerization difficulties which were encountered using

the other two synthetic routes.
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A, 5-Bromoamyl Acetate

This compound was prepared following Cughton's method
(27) and its physical characteristics agreed very well with

the reported.

B. 7=-0Oxooctanol

This oxoalcohol was also prepared by following the pro-
cedure of Oughton and its identity was verified by comparison

of its vhysical charascteristics to the reported values.

C. T-0Oxooctanal

Oxidation of the 7-oxooctanol with potassium dichromate
in glacial acetic acid (pages 72=73%) produced a very low yield
of 7-oxooctanal. This product was purified by distillation
under reduced pressure and had a fairly large boiling range
(154-180°C./4% mm.). The sodium bisulphite addition compound

was prepared and it was a white, crystalline solid.

D. 4-Bromobutyl Acetate

Two attempts were made to synthesize this compound

(pages 73-74) by the same method used for the preparation of
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5-bromoamyl acetate (27). In both experiments s mixture that
could not be separated by fractional distilletion was obtain-
ed. This verified the work of Cloke and Pilgrim (72) who found
that the material responsible for the difficulties met in sepa-
rotion was tetramethylerne dibromide. This reaction was not

repeated due to the formation of this mixture.

E. 4-Chlorobutyl Acetate

As a substitute for 4-bromobutyl acetate, 4-chlorobutyl
acetate was prepared by the reaction of acetyl chloride with
anhydrous tetrahydrofuran (72). The reaction was successful
and fractional distillation yielded a pure product whose phy-
sical properties agreed very well with those reported for this
compound.

Since the Barbier and Hugel synthesis (23) was now
yielding the desired «,B8-unsaturated oxoacids, further syn-

theses of this sequence were not carried out.

A, Trans-9=-hydroxy-2-decenoic_Acid

Trans-9-oxo~2-~decenoic acid was successfully reduced
by lithium aluminum hydride in anhydrous ether (page 75) (77)

and the product was distilled under reduced pressure. Thin-
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layer chromatography on silica gel plates using benzene/
methanol/acetic acid (90:16:8) showed that the distilled pro-
duct still contained a small smount of unreduced trans-9-oxo-
2-decencic acid. The lithium aluminum hydride reduction was
repeated using anhydrous tetrahydrofuran as the solvent with
refluxing for three hours (page 77). Under these more dras-
tic conditions a2ll of the starting material was reduced to
trans-9~hydroxy-2~decenoic acid. This was demonstrated by

thin-layer chromatography of the reaction mixture.

B. Reaction of Trans-9-oxo-2-decenocic Acid with Bromine

An attempt was made to add bromine across the double
bond of this o,B-unsaturated oxoacid. The infrared spectrum
of the isolated product did not have an absorption band at
6.02-6.08 1 and hence did not posseés «,B-unsaturation (64,68).
The spectrum also showed the presence of a broad band at 15.4
M which can possibly be attributed to C-Br (64). The evolu-
tion of white fumes during the reaction indicated that sub-
stitution was probably occurring simultaneously (73). Also
since the yield of product (2,90 g.) was greater than the
theoretical yield (1.86 g.), (on the basis of 9-oxo-2,3-dibromo-
decanoic acid), it was shown that substitution was accompanying
addition. The product was not identified. Since the reaction
did not yield the desired 9-0x0~2,3-dibromodecanocic acid 1t

was not repeated.



H

termediates in the Barbier and IHugel synthesis are currently
being investigated for their effect on certain insects by
Dr. M.S. Quraishi®,

any problems were encountvered during the course of
this study and seversl of these remain unresolved. The poly-
merization of the oxoaldehydes, dimethyl trans-2-hexenedioate
and dimethyl trans-2-decenedioate possibly werrant further
study.

Currently, investigation is being carried out regarding
the possible purification of the crude acid products by gas
chromatographic methods. During the course of this work it
is hoped to find if the crude products are indeed mixtures
of the unsaturated and saturated oxoacids. If separation and
purification are possible using this technigue the purified
unsaturated acids will be submitted to insect physiological

study by Dr. Quraishi.

* Department of Entomology, University of South Dakota
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