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ABSTRACT
Delta-3-carene was isolated from the by-product tur
pentine produced by a western Kraft pulp mill.
Varied ox
idation reactions were carried out on this compound lead
ing to.the synthesis of keto-acid (V), I fl-dimethyl-2-(2oxopropyl)cyclopropyl acetic acid.
The keto-acid (V) could
be obtained in a pure form through the ozonolysis of delta3-carene in an aqueous acetic acid solution (25%) followed
by oxidative workup of the ozonides formed with hydrogen
peroxide solution (3%).
The diacid (VII), I ,l-dimethylcyclopropane-cis-2,3diacetic acid, could be obtained from keto-acid (V) in a
considerably higher yield than previously reported.
The Hofmann elimination reaction of I ,1-dimethylcis-2,3-bis-(dimethyIaminomethyl)-cyclopropane dimethiode,
compound (IX), leading to I ,l-dimethyl-2,3-dimethylenecyclopropane , compound (X) , was carried out.
A Diels-Alder
cycloaddition reaction with 4-phenyl-l,2,4-triazoline-3,5dione, PTAD, was attempted on compound (X). The normal
"^4 + ^2" cycloaddition reaction was not observed, however,
an adduct product was obtained.
A possible structure was
proposed in accord with the experimental data.

INTRODUCTION
The presence of delta-3-carene in the essential oil
derived from the oleo-resin Pinus longifolia was first re
ported by a number of investigators in 1905, but under the
incorrect name of sylvestrene.

In 1920, the investigations

of Simonsen and his collaborators showed that the oil from
P. longifolia does not contain d-syIvestrene, but a bicyclic hydrocarbon called

(+)-delta-3-carene.

Both

(+)- and

(-)- forms of delta-3-carene, a bicyclic monoterpene with
a peculiar sweet odor, have since been identified in nature
as a ,constituent of many terpentine oil.1
An investigation by Jarrett2 in 1968, showed that
the sole known source of delta-3-carene in the United
States and Canada was in the by-product turpentine produced
by five western Kraft pulp mills and only three of the five
mills condensed their turpentine.

These three mills pro- .

duced and condensed 1000 gallons per day of turpentine
containing approximately 25% of delta-3-carene.

There ap

pears to be no commercial use for delta-3-carene that makes
its recovery and purifiction economically attractive.
The structure of this bicyclic hydrocarbon
trimethyl bicyclo[4.1.0]hept-3-ene)

(3,7,7-

is shown as follows:

2

Hitherto, only two conformations, namely the boat form (la)
and the inverted boat form (Ib) have been proposed.

. (la) .

A p.m.r. study by Acharya, which interpreted the
variable temperature chemical shift data for the 8- and 9methyl groups, has shown (Ia) as the dominant form, this

3
being favored over
ference. 3

(Ib) by I.SKcal mol

—1

free energy dif

The electron diffraction pattern of delta-3-

carene was interpreted solely in terms of structure

(Ia).4

Mechanistic studies on addition reactions of the olefin
have rationalized the observed stereochemistry of the
products on the basis of

(Ia) predominating.5'6

However, in a more recent p.m.r. study of delta-3carene using a high resolution 220 MHz instrument, Whit
taker and co-worker7 found that, in contrast to the highly
buckled structure for the six membered ring previously
proposed, the ring is essentially planar

(Ic).

The evi^

dence for this is the following coupling constant data in
Table I .

These data require that the dihedral angles be

tween H-I and H-2a and between H-I and H2b to be 30° and
90°, respectively, which is in good agreement with a planar
ring structure, while structure

(Ia) requires the dihedral

angles between H-2a and H - I , H-2b and H-I to be both 60°.
Also, in a planar conformation the eclipsing strains

(be

tween H-I and H-2a, H-6 and H-5a) are relieved to an extent
similar to that prevailing in (Ia) while no severe steric
interaction
double bond)

(between the 8-methyl and the ir-orbital of the
is present.

4
Table I.

Proton Chemical Shifts (ppm) and Coupling Constan
Constant (Hz) in delta-3-carene (CCltf Solution) 7
H:

H:

I

2a

2b

4

5a

0.69*

2.19

1.80

5.30

2.37

5b

6

8—Me

9-Me

IO-Me

1.96

0.59*

0.76

1.04

1.61

Coupling Constant**
J d ,2a)

J (1,2b)

7.5

0

J (1,6)

J (2a,2b)

8.0

20.0

J (5a ,5b)

J (5a,6)

J (5b,6)

20 .0

7.5

0

*

Assignment of protons I and 6 may be reversed.

**

Other coupling to protons 2a, 2b, 5a, and 5b are <_2Hz
and to protons I and 6 are <lHz.
Since no other conformational study of the bicyclo-

[4.1.0]hept-3-ene system seems to have been reported up to
the present time, the planarity of the six membered ring in
delta-3-carene has yet to be proven.
The insecticidal activity of the naturally occurring
esters of chrysanthemic acid

(II, "natural pyrethrins")8

has brought some attention to the chemistry of delta-3carene.

For example, Crombie and coworker9 established the

configurative relationship, in absolute terms between

5

natural chrysanthemic acids and

(+)-delta-3-carene.

et al.10 described a synthesis of optically pure

Matsui

(+) and

(-) trans-chrysanthemic acids and (+)-delta-3-carene.
Sasaki and coworkers11 reported the synthesis of cishomochrysantheniic acid

(III) and its derivatives from

delta-3-cafene.
A new and more efficient synthesis route for the
conversion of

(+)-delta-3-carene

chrysanthemic' acid

(I) into

(+)-trans-

(II) was recently described by S. Dev

in 1974.12

I

II

6
The first review article of the chemistry of delta3-carene containing over 200 references was published by
J. Verghese in 1965.1 3

W. Cocker et al.14a-e also investi

gated various oxidation reactions of (+)-delta-3-carene.
Besides the synthesis of the chrysanthemic acids,
delta-3-carene has also been utilized in the synthesis of
dipentene (IVa) arid carvestrene

(IVb) which, in turn, are

used in the manufacture of terpene resins for perfumes,
chewing gums, and pressure sensitive adhesive.15

Other uses that may make delta-3-carene commerci
ally attractive a r e :

"liquid gold" preparation used to

coat thin layer of gold on glasses, glazed china and ce
ramics ,16 arid pinene^free flotation agents.17
In the biological area, delta-3-carene is active in
inhibiting the growth of various microbes in vitro,18 an
insect attractants in young pine stand,19 toxic to.

7
Paramecium caudatum and effective as an antimicrobial ef
fects on microorganisms isolated from the human body and
pig-skin.20

.

RESEARCH OBJECTIVES
In 1971, S . Miller21 reported the synthesis of 1,1dimethyl-2,3-dimethylene cyclopropane from delta-3-carene
(I), which is summarized as follows:

CURTIUS

NdOBr
VIII

1 AsaO

2 A

This synthesis path offered several interesting in
termediates which initiated the thoughts of this research
project.
a)
of

(+)-trans- or

The recent observations that simpler derivatives
(+)-cis-chrysanthemic acid

(II) showed

9
even higher insecticidal activity than the natural es
ters ,2 2a,b,c has focused attention on new synthetic ap
proaches to this acid.12 ,23 a'b'c
keto-aldehyde

Both keto-acid (V) and

(VI) provided the direct and more economical

synthetic method of

(+)-trans-chrysanthemic acid.12

The conversion of delta-3-carene to either ketoacid

(V) or keto-aldehyde

(VI) has been the subject of only

a few chemical studies.11 > 21 >

Zh >

35

It w a s , therefore,

worthwhile to investigate this problem.
b)

Dicarboxylic acids have shown much use in the

field of synthetic polymers,25 but relatively fewer

10
cyclopropyl-ring-containing dicarboxylic acids have been
reported.2

A successful synthesis of the diacid

(VII)

would allow some interesting chemistry in this area.
c)

Both Miller21 and Bloch et a l .26 reported the

failure of their attempts to synethesize the Diels-Alder
adduct of their compounds, I ,l-dimethyl-2,3-dimethylene
cyclopropane

(X) and dimethylenecyclopropane

(XII), re

spectively.
4-phenyl-l,2,4-triazoline-3,5-dione

(XIII), PTAD,

considered the most active dienolphile up to date, has
been successfully used to form Diels-Alder adducts with
many diene compounds.27a-d

The diene chromophore of the highly strained com
pound X must be highly skewed.

This might result in poor

11
overlap in the cycloaddition transition state.

Thus, it

is worthwhile to investigate the capacity of forming DielsAlder reaction with PTAD.

RESULTS AND DISCUSSION
One of the most convenient ways of preparing alde
hydes

(or acids) and/or ketones is by the electrophilic

addition of ozone to the double bond of an olefin.

The

primary addition product is generally called a "primary
ozonide," but no consensus exists concerning its structure.
Primary ozonide is then rearranged to a stable intermediate
product called "normal ozonide."

A reductive work up of

the ozonide yields aldephydes and/or ketones, while the
oxidative workup yields acids

(except in the case of a

tetra-substituted alkene) and/or ketones.

These are out

lined in the following scheme.
A mechanism for the classical reaction of ozone
with olefins

(Ozonolysis) was originally proposed, by

Criegee,28 since then there have been a number of investi
gations directed at elucidating the formation of ozonides ;
for example, Bailey et al.29 suggested a refinement of the
Criegee mechanism which was modified more recently by
Kuczkowski et a l . 30 Because of the insufficiency of Criegee
mechanism to explain some experimental results, 31 Murray
et al . , 32 and Story et a l . 33 have proposed two alternate

13

RcozN

rX

=o

° = <
Ozonolysis
mechanisms.

Theoretical conformational analysis on the

ozonides has also been studied recently.34
Semmler and Von Schiller24 first reported the ozonolysis of

(+)-delta-3-carene in the synthesis of cis-

caronic acid

(XI).

Since the intermediate compound, diacid

(VII),

(1,1-

dimethyl cyclopropane-cis-2,3-diacetic acid), was needed in

the synthesis of compound

(X), I ,l-dimethyl-2,3-

dimethylenecyclopropane, S.
Semmler and Von Schiller.

Miller21 repeated the work of
However, trouble arose in fol

lowing their experimental procedure for the workup of the
ozonides because the products obtained were never pure,
even after repeated distillations.
Summarized below in Table II are the different
methods employed by Miller or other workers in the ozonolysis of delta-3-carene.

15
Table II.

Ozonolysis of delta-3-carene

Solvent

Temp.
(0C)

I. acetic
acid

O

zinc/acetic acid

ketoaldehyde

24,35,10,
14b,21

2. acetic
acid

O

hydrogen peroxide

keto-acid

11,21,35

3. carbon
tetra
chlo
ride

40-50

bistriphenylsilyl.
chromate .

recovery
of delta3-carene

3.8,21

Jones reagent

keto-acid

36,21

dimethyl sulfide

ketoaldehyde

11,21

formic acid/
hydrogen per-roxide

no product 37,21
obtained

sodium periodatepotassium per
manganate

tar and
recovery
of delta3-carene

4. ethyl
ace
tate

0

5. metha1nol

-78

6. metha
nol

0

7. water

15-20

Method of Workup

Product

Ref.

39,21

In addition to those listed in Table II, other
methods were adapted in this research and. they .are

sum-

marized in Tables III and V.
Reactions in Table III will be discussed first.

In

1972, Fedorova et a l .40 reported a synthesis of aldehydes
and/or ketones by the ozonolysis of olefins in the presence

16
Table III.

Ozonolysis of delta-3-carene
Method of
Workup

Product

dimethyl sul
fide

ketoaldehyde

5-10

dimethyl sul
fide

not iden
tified

-78

dimethyl sul
fide

ketoaldehyde

Solvent

Temp.
(0C)

I. acetone/
water

0

2. acetic
acidcyclo
hexane
3. metha
nol (abs)

%
Yield

R ef.

7

40
41

16.7

41

of alkaline-earth hydroxides, thus, I-me thy I-1-cyc lopentene
gave the keto-aldehyde in 70%.

----------------- *

Acetone:Water
Barium hydroxide

'--CHO

The reaction mechanism was not discussed in this
report.

It was assumed that alkaline-earth hydroxides

were used to decompose the ozonide, since peroxides of the
alkaline-earth metals were also produced.

Ozonolysis of

delta-3-carene under the same condition gave the expected
keto-aldehyde

(VI) in 27% yield.

However, some side prod

ucts were also observed during glc analysis and upon

17
column chromatographic separation a 7% yield of pure ketoaldehyde was obtained.

R

,R

R +

Bafof-Qa

An essential element in the ozonolysis was the use
of a protic solvent which would trap the zwitterions pre
venting them from entering into side reactions.

However, some protic solvents

(alcohols, for exam

ple) were attacked by ozone1*5 to some extent resulting in
the generation of unwanted compounds, which could catalyze
side reactions.

This complication can be avoided by add

ing non-polar solvents approximately 1:1 mole to the pro
tic solvents prior to ozonolysis.46'47
Ozonolysis of cycloalkenes in a polar-nonpolar sol
vent mixture was introduced by Siclari et a l .41 in 1973.
Preferred solvent mixtures were petroleum ether-propionic

18
acid, cyclohexane-acetic acid, and n-heptane-acetic acid.
Cyclohexene, cyclo-octene, and cyclododecene were success
fully converted into the corresponding dialdehydes, how
ever, reaction conditions were not given.

In adapting the

procedure of Siclari et al.,41 to the ozonolysis of delta3-carene, two different solvent mixtures under different
reaction conditions were tried; methanol
hexane at -78°C and acetic acid
5-10°C.

(absolute)-n-

(glacial)-cyclohexane at

Only the former gave the desired keto-aldehyde

in an attractive 53% yield

(crude).

The crude material

failed to give pure compound even after repeated vacuum
distillation under nitrogen atmosphere.
The modified Semmler and von Schiller's procedure
employed by Sasaki et al.11 seemed to be the method of
choice in preparing keto-aldehyde

(VI) from delta-3-carene

(il) .

CHaOH

The reasons for this choice are:

(I) Pure methanol is a

strong protic solvent which reacts with the zwitterion

19
intermediate fast enough to prevent side reactions and, al
though it is strongly attacked by ozone when p u r e , it does
not react appreciably with ozone when a reactive olefine
is dissolved in it and the temperature is kept below
-20°C.48

(2) At such low reaction temperature

(-78°C),

when the ozonolysis is complete, methanol starts to absorb
excess ozone, and the color of the solution turns to light
blue

(deepens as more ozone is absorbed).

Thus, it is

very convenient to stop the reaction by visual observation.
(3) A m o n g .a number of reagents used to reduce ozonides,
dimethyl sulfide was found to be the most reliable one.49
Table V lists the comparison of dimethyl sulfide reduction
with.other reducing reagents.
A .31% yield of a reasonably pure keto-aldehyde
(over 95%, by glc) was obtained by this method.

Pure keto-

aldehyde was also obtained from the products of the adapted
procedures of Fedorova et a l .,40 and of Siclari et al.,^1
by running the impure keto-aldehyde through a column con
taining dry silica gel

(Bio-Sil A, 100-200 mesh) as solid

support, acetoneibenzene
vent. 55

(1:9 v/v) as the eluting sol

Thenmr spectrum (60Hz, C D C l 3) showed two separate

singlets at 6:0.93 and 1.17 for the gem-dimethyl groups on
C1 which indicated the cis configuration of the cyclopropyl

Table IV.

Olefin

Different Reagents Used in the Reductive Cleavage of Ozonized
Olefins Compared to Dimethyl Sulfide

Reducing reagent

Product

% ■
% yield
yield using M e 2S

Ref.

Cyclohexene

H 2ZPt

adipaldehyde

50

62

50

styrene

trimethyl
phosphite

benzaldehyde

84

89

51

4-vinyl
pyridine

aqueous sodium
sulfite

pyridine-4aldehyde

61

80

52

substituted
naphtha^
lenes

triphenyl
phosphine

d-phthalalde- 22-61
hyde

68

53

tetra
methyl
ethylene

tetracyanoethylene

acetone

delta-3carene

H 2ZPt

keto-aldehyde
*

,

86

33

no
available
50

54-

11,21

21
ring of the
ozonolysis.

(+)-delta-3-carene was retained after the
Other assignments were as follows:

6:0.83-1.4

(multiplet, 2H, for cis protons on cyclopropyl ring), 2.18
(singlet, 3H, for methyl ketone), 2.11-2.54

(multiplet,

4H, for methylene groups next to carbonyl), 9.78

(triplet,

J=2Hz, I H , for aldehyde proton).
2,4-dinitrophenylhydrozone gave the element analysis con
sistent with the bis-derivative.

NO4

Keto-acid(I,l-dimethyl-2(2-oxopropyl)
acetic acid)

(V) has been obtained by:

cyclopropyl -

a) direct oxidation

of delta-3-carene with potassium permanganate;11 b) ozon
olysis of delta-3-carene followed by oxidative workup of
the ozonide;11 '21 ' 35' 36 c) potassium permanganate oxidation
of keto-aldehyde
lined as follows:

(VI).10 >11

> 21 •

35

These methods are out

22
-- M e t h o d (c)

KMnOl

-- Method(a)

-- Met h o d (b)
In their synthesis of cis-homochrysanthemic acid
(III) and its derivatives from delta-3-carene,11 Sasaki and
coworkers concluded that method
(a) and method

(c) is superior to method

(b), and that pure keto-acid

obtained by repeated vacuum distillations.

(V) could be
However, when

their exact procedures were followed. Miller21 obtained a
light brown oil resulted in a low yield
pure keto-acid

(7%) from which

(V) could not be obtained by repeated dis

tillations, decolorizing charcoal or even chromatography.
In order to solve this problem, attention was first
focused on attempting new methods to prepare keto-acid

(V).

23
Table V.

Oxidation of delta-3-carene

Solvent

I . water

Temp.

80

Method

Product

5% nitric acid/
ammonium meta
■vanadta + sil
ver nitrate

recovery
of delta3-carene

2. benzene

0

potassium per
manganatecrown ether(18-crbwn-6)

keto-acid
mixtures

3. benzene

0

potassium permanganatetetra-n-butyl
ammonium bro
mide

keto acid
+ mixtures

4. benzene/
water

25

potassium permanganatetetra-n-butyl
ammonium bro
mide

keto acid
■+ mixture

5. benzene/
water

25

potassium permanganatetetra-n-butyl
ethyl ammonium
bromide

keto acid
+ mixture

%
Yield
(mix.)

Ref

42

17-30.4.

43

28.2

.44

22

44

trace

44

24
Nitric acid has been used in oxidizing a number of
organic compounds.to their corresponding carboxylic
acids.56

An adapted procedure from Washecheck,42 in which

a catalytic nitric acid oxidation of olefins was described,
was tried on delta-3-carene but attempts to detect any
keto-acid

(V) failed.

Starting material was recovered

(85%). by column chromatography.

Jl

JjJ
^

5% HNO2 in the p r e s e n c e ^
of catalytic amount of
N H 4V O 3 + AgNO 3,

^

j

O
CN

U
0
O
CO

<1

The discovery of synthetic macrocyclic polyethers
which form stable complexes, both in solution and. in the
crystalline form, with salts of alkali and other metals57
has aroused considerable interest in several fields of
chemistry.58
Sam and Simmons43 found that potassium permanganate
could be solubilized in benzene at 25°C to give a clear,
purple solution with the concentration of potassium per
manganate as high as 0.06M. by complexing with dicy.clohexyl18-crown-6 to provide a convenient and efficient oxidant,
(XIV), for organic compounds uhdei mild conditions.

Thus,

25
a-pinene

(XV) was oxidized to cis-pinonic acid

(XVI) in

90% yield by this method.

Delta-3-carene

(I), a monoterpene isomer of a-pinene

(XV), might be expected to have similar result, but this
was not the case.

The procedure of Sam and Simmons was

adapted for the following result:
%

Run

Mole ratio
(crown ether/KMnO4)

Reaction time

Product
keto-acid

17.0

+

30.4

[HF)

1

1/30

3

2

1/30

14

3

1/1

30

mixtures

Yield

19.6

26
These results were not surprising since potassium
permanganate oxidation of delta-3-carene in acetone yielded
only 15% or less of the keto-acid

(V) plus many side-

products, which were hard to separate from the keto-acid
(V).11 '21

In contrast, aqueous potassium permanganate oxi

dation of pt-pinene (XV) gave pinonic acid in 40-60%
yield.59
\

■

'

High cost and poor recovery of crown ether

(less

than 30%) plus the inability to obtain a pure compound
turned our efforts to seek a better way.
Thanks to the pioneer work of Starks60 on phasetransfer catalysis, Herriott and Picker reported,44 in
1974, that "purple benzene" could be more readily and
economically obtained using quaternary ammonium ions with
potassium permanganate.

Table VI gives those quaternary

ammonium salts and the organic phase.

In Table VII are

listed those compounds tried in "purple benzene" oxidation.
Two quaternary ammonium salts, tetra-n-butylammonium bromide and cetyldimethylethyI ammonium bromide,
were tried in the attempt of "purple benzene" oxidation of
delta-3-carene.

Reaction conditions and results are tabu

lated in Table VIII.
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Table V I .44 Extraction of 1.00 mMoles of MnO^ by Quaternary
Salts

Salt

mMoles of
Qsalt/l.00 'mMoles
of M n O 4

mMoles of M n O 4
in benzene

M e 4NCl

1.51

0.00

TEBACIa

1.63

0.84

B u 4NBr

1.54

B u 4PCl

1.54

0.96

CTA Brb

1.53

0.86

Aliquot 336°

1.52

0.93

SDSd

1.50

0.00

a
b
c
d

-

. '

. 0.95

triethyl benzyl ammonium chloride
cetyl trimethyl ammonium bromide
General Foods— trioctylmethyl ammonium chloride .
sodium dodecyl sulfate

Table VII.44 Oxidations with KMnO4 Using Tricaprylmethyl
Ammonium Chloride*
Starting material

Product
,

phenylacetonitrile
benzyl alcohol
trans-stilbene
1-octanol
1-octene

benzoic acid
benzoic acid
benzoic acid
octanoic acid
hepfanoic acid

% yield
(isolated)
86
92
95
47
81

* - General Foods or "aliquot" 336 from General Mills Co. ,
Kankakee, 111.

Table VIII.

Purple Benzene Oxidation of Delta-3-carene

Salt

Run

Solvent

Temp.
(C°)

I

benzene/water

0

cetyl dimethyl
ethyl ammonium
bromide

2

benzene

0

3

benzene/water

4

5

Mole salt/
Mole.KMnO4 Product

% yield
(total)

1/30

keto-acid
.+ mixture

trace

tetra n-butyl
ammonium bromide

. 1/30

keto-acid
+ mixture

28.2

0

tetra n-butyl
ammonium biromide

1/30

keto-acid
+ mixture

14.5

benzene/water

25

tetra n-butyl
ammonium bromide

1/30

keto-acid
+ mixture

22

benzene/water

25

tetra n-butyl
ammonium bromide

1.54/1.0 keto-acid
+ mixture

31.4
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The poor yield in run I could be explained as fol
lows in a heterogeneous reaction

(i.e., benzene/water),

the quaternary ammonium cation, Q+ , served as the phasetransfer catalyst which transferred one reactant

(i.e.,

permanganate anion) across the interface into the other
phase so that reaction could proceed.

The phase-transfer

agent was not consumed but performed the transport function
repeatedly.
Organic
phase
aqueous
phase

-

OlefinsiBr

+ QMnOjt

->

Olef ins *MnO~ + QBr

KBr + Q M n O 4 . t

KMnO4 + QBr

In his work, Starks60 concluded that quaternary
compounds, containing two or three methyl groups and one or
two long alkyl groups were difficult to use because they
promoted formation of stable emulsions and thus were unable
to perform the transport function.

Cetyl-dimethyl-ethyl-

ammonium bromide was one of. this kind.

Only trace amounts

of product were found.
The benzene solution of permanganate could be sepa
rated and used for oxidation under anhydrous conditions
(run 2).

This solution was rather stable, the permanganate

titer, had decreased only 17% after 45 hours.44

The
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advantages of the two-phase system were not only just that
a catalytic amount of tetra-alkyl ammonium ion was required
to maintain a concentration of permanganate in the organic
phase, but also that the potassium salts of the acids were
usually insoluble in benzene; therefore, product isolation
was more convenient.

The yield went higher when reaction

was run at room temperature instead of in an ice-bath
3 and run 4).

(run

The yield was also improved when more qua

ternary salt was used

(run 5).

from the following table

This could be rationalized

(Table IX) as being due to more

permanganate in the organic phase.
Table IX.4 3

Extraction of MnO~ by B u 4NBr
mmoles of M n O 4
in benzene

mmoles M n O 4

mmoles B u 4NBr

1.0

0.298

0.30

1.0

0.796

0.71

1.0

1.54

0.95

1.0

3.12

0.97

Although the convenience and lower cost for reagents
suggested that this would be the method of choice for per
manganate oxidations,44'6ia c it certainly was not the best
way to obtain keto-acid

(V) from delta^-3-carene, because
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the many side-products made it difficult to isolate the
desired product.
Since these methods' could not yield satisfactory
results, attention was switched back to the classical
ozonolysis.

In 1969, Sasaki et a l .11 described a modified

procedure in which the ozonolysis of delta-3-carene was
carried out in 95% acetic acid solution and the ozonide
mixture formed was decomposed with hydrogen peroxide.

An

organic solvent was then used to extract the crude ketoacid.

Upon evaporation and vacuum distillation, a 10%

yield of pure keto-acid

(V) was claimed by Sasaki et al.

Besides boiling point and index of refraction, no other
experimental data were given in their report.

The exact

procedure was followed by Miller,21 but a pure keto-acid
(V) was never obtained.
The contamination problem was solved simply in this
present work by treating the organic solvent containing
the crude keto-acid with aqueous alkaline solution
NaOH).

Thus, only salts of the acids

(i.e.,

(keto-acid and acetic

acid) would dissolve into the aqueous phase, and any other
non-acidic organic product(s) would remain in the organic
layer.

After acidification, extraction, and vacuum dis

tillation, pure keto-acid

(V) was obtained. .
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Employing this procedure under different acetic
acid concentrations, it was found that best yield

(28-30%)

was obtained when 25% acetic acid was used as the solvent
(Table X).

NMR spectra were assigned as follows:

25% HOAc

Table X.

6OMHz,

Reflux-

Ozonolysis of DeIta-3-carene Followed by Oxida
tive Workup

%
acetic acid
(v/v)

Temp.
(0C)

5

5-9

3% hydrogen peroxide

7

10

5-9

3% hydrogen peroxide

20

25

5-9

3% hydrogen peroxide

28-30

50

5-9

3% hydrogen peroxide

18

95

5-9

3% hydrogen peroxide

10

glacial

5-9

3% hydrogen peroxide

trace

C D C l 3, 6 :

Oxidative reagent

Two singlets at 0.94

% yield
(pure keto-acid

(3H) and 1.13

(3H) for the

gem-dimethyls on C1 of the cycloproyl ring, (this indicated
that the cis configuration of the cycloproyl ring in delta3-carene was retained), a multiplet between 0.71 and 1.30
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(2H) for the cis-hydrogens on cyclopropyl ri n g , a singlet
at 2.20

(3H) for methyl-ketone, a multiplet between 2.24

and 2.60

(4H) for the two methylene groups next to the two

carbonyl groups, and finally a singlet at 11.28
the carboxylic proton.

(IH) for

In the infrared region a broad

maxima between 3400 and 3200cm 1 and a strong maxima at
—I
1720cm
showed the functionality of a keto-acid.
A pos
itive iodoform test indicated a methyl ketone was present.
An attempt to obtain a satisfactory 2,4-dinitrophenylhydrazine derivative failed due to the fact that the pre
cipitate was gummy and would not yield crystalline solid.
A third and indirect method to prepare the ketoacid

(V) involved a two step reaction:

of delta-3-carene
keto-aldehyde

(I) followed by reductive workup to

(VI).

of keto-aldehyde

I) the ozonolysis

2) Potassium permanganate oxidation

(VI) to keto-acid

(V).

Sasaki et a l .11 preferred this method to the direct
ozonolysis previously described simply because higher yield
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was obtained

(52% x 65% = 33.8%).

However, this was not

the case with Miller's research,21 where the permanganate
oxidation of the keto-aldehyde

(VI) always ended up very

impure keto-acid as a product.
The alternative methods regarding the conversion of
keto-aldehyde
work.

(VI) to keto-acid

(V) were tried in this

First, nitric acid oxidation adapted from Washe-

check42 was attempted on keto-aldehyde

(VI) with nothing

but tar resulted.

5% HNO 3 in the presence of
N H 4V O 3 + A g N O 3
A, 80°C, 24 hr.

Secondly, the procedure of "purple benzene" oxida
tion adapted from Herriott and Picker44 was attempted on
keto-aldehyde

(VI).

A 60% yield of crude product was

Mixture
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obtained.

Since repeated vacuum distillation would not

isolate keto-acid

(V), the crude product was redissolved

in 10% aqueous sodium hydroxide solution.

After acidifi

cation, extraction and vacuum distillation only trace
amounts of pure keto-acid
permanganate oxidation

(V) were obtained.

Potassium

(including, purple benzene) have

been widely used to synthesize carboxylic acids, aldehydes
or ketones from their corresponding olefins or aldehydes ;6 2
But, the application of this powerful oxidizing reagent in
the synthesis of keto-acid
from keto-aldehyde
suit.

(V) from delta-3-carene

(I) or

(VI) failed to give a satisfactory re- .

Up to date ozonolysis of delta-3-carene followed by

oxidative work up seemed to be the method of choice in
preparing keto-acid

(V).

The. second goal of this research was to find a more
efficient method to oxidize the keto-acid
metrical diacid

(VII).

(V) to the sym

The easiest method is hypohalite

oxidation which oxidizes a methyl ketone to an acid (haloform reaction).

The conversion of keto-acid

(V) to diacid

(VII) was first reported by Semmler and von Schiller24 in
1927.

Miller21 reinvestigated this reaction; however, the

yield was never high (1.6%), but this could have been a
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Br /NaOH
3 hr.

result of the impure starting material— a pure keto-acid
(V) was never obtained in his cas e .
With the pure keto-acid

(V) at han d , this work was

repeated again, a rather poor yield
was obtained.

However, the diacid

(7%) of diacid

(VII)

(VII) crystallized out

after the solvent was evaporated, instead of a column
chromatographic separation as was needed by Miller.21
A higher concentration of sodium hypobromite (NaOBr)
solution prepared from the procedure of Levine and
Stephenes63 was used and the consumption of hypobromite
concentration was followed by means of titration with stan
dardized sodium thiosulfate solution.64
the yield of diacid

It was found that

(VII) could be improved to 32%

recrystallization from n-hexane/ether, anhydrous)

(after
simply

by extending the reaction time.
This symmetrical disacid

(VII) was assumed to retain

the cis configuration because nmr spectrum showed that the
gem dimethyl groups on C1 did not give a singlet but were
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split.

The nmr assignments were as follows:

C D C l 37S) 0.7-1.2
0.99 and 1.12

(2H7 multiplet cyclopropyl ring protons) 7

(GH7 2singlet, gem dimethyls), 2.10-2.60 (4H,

multiplet, methylenes), 11.74
tons) .
acid

(6OMHz7

(2H, singlet, carboxylic pro

The complete conversion of the keto-acid

(V) to di

(VII) could be seen by the disappearance of methyl

ketone function at 62.20 and by the doubled integration
area under the carboxylic proton region.

A negative 2,4-

dinitrophenylhydrazine test also indicated the absence of
an active carbonyl group.
The diacid

(VII) was then converted to the diamine

(VIII), I ,l-dimethyl-cis-2,3-bis-(aminomethyl)-cyclopropane
dihydrochloride, via a "double barreled" Curtius reaction
in which the carboxylic acid was converted in amine.

The

disadvantage of the Curtius reaction was that it was often
difficult to obtain pure acid chlorides

(RCOCl) in good

yield from acids which either decomposed or underwent iso
merization in the presence of mineral acids.

A modified

Curtius reaction was described by Weinstock6.5 in which acid
azides

(R-CON3 ) were obtained in excellent yield by mixing

acid anhydrides with sodium azide. - Thus,
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cis-2-phenyIcyclopropylamine was prepared in 77% yield from
cis-2-phenylcyclopropane carboxylic acid.

CO3H

<t>

I)
V

:

^■O^-OEt

NEt

NaN
0°C

ClCO2Et
0°C

^ HCO

ti-Nj

V-

Toluene

>

V-

<t>

H o0

V

When this method was used on diacid
amine hydrochloride

HH2

(VII), the di

(VIII) was obtained in 53% yield

(after decolorization and recrystalIation from methanol/
ether, anhydrous).

The nmr spectrum indicated a split gem-

dimethyl groups at 61.20
glet)

(3H, singlet) and 61.33

(3H, sin

for a cis configuration of the cyclopropane

structure.

Exhaustive methylation of the diamine hydrochloride
(VIII) with methyl iodide in the presence of sodium hydrox
ide gave the bis quaternary ammonium salt

(IX),

39
I I l-dimethyl-cis-2,3-bis-(dimethylaminomethyl)-cyclopropane
dimethiodide in 58.5% yield
methanol).
ments;

(after recrystallization from

The nmr spectrum showed the following assign

(60MHz, C D C l 3, 6):

a multiplet between 1.50-1.90

(2H) for the cis-protons on cyclopropyl ring, two singlets
at 1.65

(3H) and 1.77

(3H) for the gem-dimethyl groups on

C1 , thus a cis-configuration of the structure was once
again indicated, a strong singlet at 3.66

(18H) for the

protons on the positively charged nitrogen, and finally a
multiplet between 3.60 and 4.00
groups.

(4H) for two methylene

That a bis-quaternary salt was formed was also

indicated by its nmr spectrum which gave ratio of 6 to I
for the methyl groups on the nitrogens to each of the gemdimethyl groups on the cyclopropane.

Hfr

Excess C H 3I
NaOH
IX
The Hofmann elimination reaction, which involved the
decomposition of a quaternary ammonium hydroxide with the
formation of a tertiary amine, an olefin, and water, has
been reviewed in several places, for example Cope and
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Trumbull66 reviewed the Hofmann elimination reaction and
amine oxide pyrolysis in 1960, and more recently. Coke67
reviewed the stereochemistry of Hofmann elimination.

The

most probable mechanisms for Hofmann elimination were; (I)
E2 mechanism which was a concerted but not necessarily syn
chronous breakage of the carbon-hydrogen and carbonnitrogen bonds.

The E2 mechanism could follow syn stereo

chemistry of anti stereochemistry to give cis or trans
olefin.

R

(2)

ylid

mechanism that involved the reversible removal of

an a-proton followed by unimolecular decomposition of the
a-carbanion.

In most elimination reactions it was gener

ally thought that a coplanar conformation of the leaving
groups

(dihedral angle of 0 or 180°) was more favorable
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B :—
H

K

> H-c-H

/((CH3)a

----C-R
R R

H

^CHA

B H + R<-*-C-R

/R
/ = cVr

-- ^

R R

+
N(CH5)3

than a non-coplanar arrangement regardless of whether the
stereochemistry was syn or anti.68' 69

Early investiga

tions /0 showed that Hofmann elimination generally tended
to follow anti stereochemistry.

only

only

It would seem logical that if syn Hofmann elimi
nations were to be found in simple systems, then they
should most likely occur in systems where a fairly rigid
syn coplanar arrangement of the 3-carbon-hydrogen and
carbon-nitrogen bonds was present and where anti
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coplanarity was difficult because of steric constraint.
This has been found to be true and the bicyclo(2.2.I )heptyl
system in the following was a classic example.

\

XVII

Compound

(XVII) was known to undergo completely syn elimi

nation ,71 presumably because of the difficulty in achiev
ing an anti coplanar conformation of the leaving groups.
More evidences of syn stereochemistry came from the studies
of Hofmann elimination in the dimethyIcyclopentyI system
by deuterium labeling where Coke et al . 72,73,74 concluded
that N ,N ,N-trimethylcyclopentylammonium hydroxide, com
pound

(XVIII), yielded 3,3-dimethylcyclopentene

97% syn mechanism.

XVIII

(XIX) by a

In order to achieve an anti coplanar

48%
XIX

conformation for anti elimination leading to 3,3dimethycyclopentene

(XIX), the cis methyl group on carbon-3
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and the bulky trimethy!ammonium must both be placed in cis
pseudoaxial positions.

No such steric interaction was en

countered in a syn coplanar conformation leading to com
pound

(XIX).
In examining the model of bis-quaternary ammonium

salt

(IX), I ,l-dimethyl-cis-2,3-bis-(dimethylaminometnyl)-

cyclopropane 'dimethiodide, it would seem more likely that a
syn. mechanism should occur in Hofmann elimination leading
to I ,l-dimethyl-2,3-dimethylenecyclopropane

(X).

An anti

.coplanarity of the leaving groups would require both bulky
trimethy!ammoniums to be placed in a position to one of
the methyl groups on carbon-1.

The steric interaction

should be so great that an anti coplanar conformation
would never be achieved.

This assumption, however, was in

contrast to that proposed by Miller21 in which a normal E2
a n t i (trans) mechanism was assumed.
Deuterium labeling method would make it possible to
distinguish easily between a syn E2 and syn ylid mecha
nisms, because in the former the g-proton lost in the elim
ination step would be found in the solvent or protonated .
base after reaction

■,

whereas in the latter mechanism the

g-pfoton would be found in the trimethylamine.
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ZN(CH3)3
a DoH

^ Z C H tD M ( C H s)e

ZHtO
Pyrolysis of the bis-quaternary ammonium salt

(IX)

by Hofmann elimination reaction would yield the highly
strained hydrocarbon compound

(X), I ,l-dimethyl-2,2-

dimethylene cyclopropane, and this has been done by
Miller21 through a modified Hofmann elimination method de
veloped by Archer7 5 in which the reaction pressure was re
duced to as low as possible and then the temperature was
raised slowly until the pyrolysis took place and the prod
ucts were collected in a dry ice/acetone bath.
The structure of X has been suggested by Miller21
from the spectra studies and by the comparison with a
series of I ,2-dimethylene cycloalkanes.

The hydrogenolysis
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reaction of compound X also indicated that two moles of
hydrogen were absorbed.

N(CH3)3 J

/CH3
I, aootfCUSM/nH?)

^/1

tCCH^ I
^ vC H 3
A number of substituted dimethylene-cyclopropanes
have also been synthesized by the pyrolysis of the corres
ponding alkenylidenecyclopropanes.7 ja~c

For example,
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The parent compound, I ,2-dimethylene cyclopropane,
was also obtained by employing this method.2 6

30%

Recently, methylene-cyclopropane has been the subject of investigation of some cycloaddition reactions and
the results were rather interesting.

Pasto and coworkers80

investigated the reactivity and mode of reaction of some
methylene-cyclopropanes with 4-phenyl-l,2,4-triazoline-3,5dione

(XIII), (PTAD); trans-2,3-dimethyl-l-methylene-

cyclopropane

(XX) reacted very slowly with PTAD to produce

a 1:1 adduct.

XXI

The ir and nmr data were consistent only with a
n2 + jr2 cycloaddition product of structure
denecyclopropane

(XXI) .

Benzyli-

(XXII) reacted rapidly with PTAD to form
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the 2:1 adduct
addition

(XXIII).

This indicated a

4 +

TT

2 cyclo-

TT

(Diels-Alder type).

XXII

XXIII
(4-phenylbutylidene)-cyclopropane

(XXIV) reacted with PTAD

only via an "ene" reaction to produce the 1:1 adduct (XXV).

H

c Hi CHeSZJ

PTAD >

XXIV
XXV
Noyori et a l .81 reported a (^2 + ^2 + ^2) thermal
cycloaddition of 2-phenyl and 2,2-diphenyl methylenecyclopropanes to tetra-cyanoethylene

(TCNE) where a C-C single

bond participated as a two-electron component.
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« - t u

PTAD was prepared by the method described by
Cookson et a l .7 6 and was used in the attempt of cycload
dition reaction with I ,l-dimethyl-2,3-dimethylenecyclopropane

(X) .

t-CtfHaOCl
O

Bloch et a l .26 have pointed out that because of the
high volatility and unstability,

I ,2-dimethylene-

cyclopropane would undergo polymerization yielding a white
solid from pure sample after only one hour's standing at
-10°C.

In order to minimize the undesirable polymerization
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compound

(X) was not isolated and identified, but rather

the cycloaddition reaction was carried out immediately
after the pyrolysis of the bis-quaternary salt

(IX) was

accomplished.
The following reaction was carried out first, for
the purpose of testing the laboratory set-up and making
sure that proper procedure was followed:
20% HCl
'
U- C 8H1 7S h 3CI
U-C8H1 7N H 2
refluxing, 20 hr.
XXVIII
XXVII

U - C 8H 17 S ( C H 3) 3 I

1. A g 9O_____
2. Pyrolysis

C H 3I
KOH

U- C H 3 (CH2) 5CH=CH2.

XXIX

I-Octene was obtained from the pyrolysis of the
corresponding quaternary salt and was treated with PTAD
in acetone at room temperature for 20 hours.
was collected.

A white solid

Mass spectrum showed a parent peak at

m / e :287 which seemed to indicate a 1:1 adduct, the ir spectrum displayed bands at 1770 and 1710cm

characteristic

of the urazole ring,2 7a the nmr spectrum displayed peaks
at 6:0.88, 1.09, 2.00 and 7.45, however, integration under
each peak area was unobtainable due to the low
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concentration of this solid in acetone-d6 .

A possible

structure to fit in these data seemed to be a (^2 + ^2)
cycloaddition of 1-octene with PTAD.

CH3 (C H2J
i5 C H = C H z

-j~

JX
0
In the preparation of I ,l-dimethyl-2,3-dimethylenecyclopropane from the corresponding bis-quaternary salt,
the exact pyrolysis procedure described by Miller21 was
followed, the pyrolysis seemed to take place at 180°C
(0.35 mm Hg) and the temperature was slowly raised up to
270°C in a sand bath.

The pyrolysis products were trapped

in a dry ice/acetone bath at -78°C.

A constant stream of

dry nitrogen was used to flush the products and the tem
perature was raised to O 0C (2.0 mm Hg) to expel trimethylamine

(b.p. 2.9°C at 760 mm Hg).

The cycloaddition reac

tion was carried out by titrating PTAD (in acetone)

into

the acetone solution of the product at O 0C and the temper
ature was raised slowly up to room temperature.
tion was continued for 30 hours.

The reac

After evaporation of
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solvent, a brown oil was obtained with no trace of solid
as expected.

This oil gave a major peak

tion time of about 70 seconds
30/60 Chrom. P ) .

(glc) at a reten

(6 ft x 1/8 in. 20% Carbowax,

Mass spectrum of that fraction showed a

parent peak at m/e:269

(compared with a standard sample,

4 1-dimethylamino-azo-benzene-2-carboxylic acid

(methyl red)

M. w t . 269.31); Ir spectrum displayed bands at; cm
3500-3000

;

(broad), 2870,1770,1710,1650,1500,1460,1380

(broad), 827; nmr showed a messy spectrum, some significant
peaks are as follows

6:0.93, 1.03, 1.35, 5.74, 7.45.

By

the comparison with Pasto1s wor k , 00 four possible struc
tures for this oil are suggested as follows:
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Among them, compound B seemed to fit the experimental data
better.

However, this compound must be contaminated, since

normally one would expect a solid compound for a cycload
dition reaction adduct.

In a recent discussion with

Professor Pasto,82 he expressed a similar experience with
a diene which they derived by thermolysis of one of their
alkyenylidenecyclopropanes.

*%> = c <

XXVI

The diene

(XXVI) reacted slowly with PTAD but did

not appear to give a normal ^ 4 + ^ 2

cyclo-addition product.

The adduct appeared to be an "ene" type product derived by
attack at a methyl of the isopropylidene group.

The adduct

has not been fully characterized at all attempts at puri
fication have resulted in decomposition.
he believed that the ^ 4 + ^ 2

As a conclusion,

cycloaddition with bis-

alkylidenecyclopropanes was not a particularly facile reac
tion; the diene chromophore must be highly skewed, the dis
tance between the ends of the diene being much greater than
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in a normal diene resulting in poor overlap in the cyclo
addition transition state, and the product highly strained
as well.

CONCLUSION
1 .1-

dimethyl-2,3-dimethylene-(2-oxopropyl)-

cyclopropylacetic acid, compound

(V), which is an impor

tant intermediate in synthesizing derivaties of chrysanthemic acid, compound

(II), an insecticidally active

naturally occurring compound, can be prepared in pure form.
The method of choice is the direct ozonolysis of delta-3carene in 25% acetic acid followed by hydrogen peroxide
decomposition of the ozonide mixture.
1 .1compound

dimethylcyclopropane-cis-2,3-diacetic acid,

(VII), has been obtained in a considerably higher

yield than previously reported.

This symmetrical dicar-

boxylic acid has a potential industrial interest, since
dicarboxylic acids have shown much use in the field of
synthetic polymers, such as, the use of adipic acid in
polyamide

(e.g,, nylon), and dimethyl terephthalate from

terephthalic acid in polyesters

(e.g., dacron).

The Hofmann elimination reaction of I ,1-dimethylcis-2,3-bis- (dimethylaminomethyI)-cyclopropane dimethiodidq,
compound

(IX), leading to I ,l-dimethyl-2,3-

dimethylenecyclopropane, compound

(X), might offer an in

teresting stereochemical study of the Hofmann elimination
reaction, simply because;

(I) The Hofmann elimination
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reaction has not been used widely for the synthesis of
simple olefins, especially those involving the cyclopro
pane ring system.

(2) The pyrolysis of compound

volves a "double-barreled" elimination reaction.

(IX) in
(3) Most

of the recent deuterium labeling methods for determining
the stereochemistry of Hofmann eliminations in ring sys
tems were done on systems where a fairly rigid coplanar
arrangement of the 3-carbon-hydrogen and carbon-nitrogen
bonds are present, for example:

CHaON(CHj)i8-+ N(CHi)a
H
s «/c

Compound

(IX) has no such rigid relation between 3-hydrogen

and ammonium ion, thus both anti and syn coplanar arrange
ment of the leaving groups can be achieved

(through the

free rotation on C1- C 2 bond), and this system offers a bet
ter view as far as steric factor are concerned in a Hofmann
elimination reaction.
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Finally, cycloaddition reaction of bisalkylidenecyclopropanes yields some interesting results; ^4 + ^2 +
^2 + ^2, and "ene" cycloaddition adduct have been found.
The attempted cycloaddition reaction of the product from
the pyrolysis of the bis-quaternary salt, compound

(IX)>

with 4-phenyl-l,2,4-triazoline-3,5-dione (PTAD) seems to
follow a

'2 + ^2 cycloaddition.

A possible structure is

proposed in accord with the experimental data, however,
lack of purity and lack of precursor prevented further in
vestigation to fully characterized this adduct.

EXPERIMENTAL
Melting points were determined on a Fisher-Johns
melting point apparatus between glass discs or in a capil
lary melting point apparatus with Dow Corning 550 silicone
fluid in the Thiele tube.

All melting points were uncor

rected.
Gas liquid chromatographic analyses were carried out
on a Varian aerograph series 1400
A-700

(TC) or F SM model 400

(TC) or Aerograph model

(FID).

Columns u s e d :

6 ft x

1/8 in. 5% SE-30, 60/80 Chrom W; .6 ft x 1/8 in. 20% DEGS > '
70/80 Chrom W; 6 ft x 1/8 in. 20% Carbowax, 30/60 Chrom P ;
5 ft x 3/8 in 1.5% OV 101, Chrom G.
Infrared spectra were obtained on either a Beckman
IR-5 or a Beckman IR-20 spectrophotometer using polysty
rene as a standard.
The ultraviolet absorption spectra were obtained in
n-hexana or absolute methanol on a Cary Model 14 spectro
photometer.
The nuclear magnetic resonance spectra were obtained
on a Varian A-60 spectrometer operated at room temperature.
The compounds were run in carbon tetrachloride in 10% T M S ,
in Silanor C (CDCl3 with 1% TM S ), in deuterium oxide with
TMS as an internal standard, or in acetone-d6 (with 1% TMS) .
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Mass spectra were obtained on a Varian Mat CH 5
spectrometer.
The ozonolysis reactions were carried out using a
Welsbach Model T-23 laboratory ozonator.
Isolation and purification of Delta-3-Carene (3,7,7trimethyl bicyclo[4.I.0]hept-3-ene) from Turpentine
The unutilized by-product turpentine produced by
Kraft pulp mills was obtained from Hoerner-Waldorf Paper
Products C o . , Missoula, Montana.
Warning:

Prolonged exposure to the vapor of tur

pentine produces headache, nausea, and general physical
discomfort.
Preliminary Distillation of Turpentine
Crude turpentine

(1700ml, brown in color.) was placed

in a 2000ml round-bottomed distilling flask equipped with
a Claisen head

(packed with glass-wool).

(700ml in volume) between 158°C to 170°C
was collected for further purification.
was calculated.

Only distillate
(under atmosphere)
A 41% collection

This distillation must be carried out

under the hood with an efficient fan because of the stench
of the sulfur-containing turpentine.
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Fractional Distillation of Turpentine
Turpentine

(158-170°C)

(400ml, b.p. 158-170°C) was distilled

under nitrogen atmosphere using a Todd column
ratio timer) connected to a cold trap
ice bath) to trap unwanted odor.
162-163.5°C

(with a 50:1

(in isopropanol-dry

The fraction boiling at

(621mm Hg) was collected

(95ml in volume).

23.8% of delta-3-carene in turpentine was obtained.

A

After

distillation the delta-3-carene was stored under nitrogen
at 4 °C.

This delta-3-carene was redistilled

(under nitro

gen atmosphere) right before each reaction was carried out.
B.p. 41°C

(6mm Hg).

I .R.

(neat)cm. ^ :

(stretching of methyl), 2930 and 2830
lene) , 1450 and 1380
and 790

3000 arid 2870
(stretching of methy

(methyl and methylene bending ) , 820

(bending of tr!-substituted double-bond).

6OMHz , C D C l 3, 6: 0.45-070
(3H, s , Me-C-Me), 1.04

NMR

(2H, m, cycloproplfing), 0.76

(3H, s, Me-C-Me), 1.61

(3H, s, Me-C=

C-), 1.80-2.37

(4H, m, Inethylene-C=C-) , 5.15-5.32

vinyl proton).

Glc showed at least 98.5% purity.

(1H, m,

Oxidation of Delta-3-Carene with.
5%: nitric acid in the presence of ammonium meta
Variadata '+' silver nitrate.'*2
The procedure of Washecheck was adapted for this re
action.

To 4.0ml of 5% nitric acid solution, 0.59g of
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ammonium meta vanadate
trate

(0.005 mole) and 0.8Sg of silver ni

(0.005 mole) were added in a 100ml round-bottomed

flask, and heated this mixed solution to 80°C and then
6.Sg (0.05 mole) of delta-3-carene was added.
solution was then refluxed for 20 hours.
room temperature, diethyl ether

The mixed

After cooling to

(anhydrous, 3x50ml) was

used to extract this aqueous solution

(dark brown in color).

The ether portion was dried over sodium sulfate

(anhydrous).

Upon evaporating the ether, a tar-like dark thick, oil re
mained; column chromatographic separation of this tar-like
oil resulted in 85%. recovery of delta-3-carene
support Bio-Sil A
vent) .

(solid

(100-200 mes h ) ; n-hexane as eluting sol

A trace amount of yellow liquid was obtained when a

mixed solvent, acetone:benzene
the column.

(1:9 v / v ) , was used to elute

I.R. spectrum of this yellow liquid showed a

moderate absorption at 1720cm "*"■ which appeared to be in the
region of carbonyl group absorption.

Nb further investiga

tion was made due to the poor yield.
Purple benzene oxidation
The procedure of Sam and Simmons4 3 was adapted for
this reaction.
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I.

Crown Other-KMnO4 oxidation of delta-3-carene
To 800ml of benzene, 19.Og (0.12 mole) of potas

sium permanganate was added in a 15OOmi Erlenmeyer flask
(fitted with an efficient stirrer) and then a catalytic
—3
amount of dicyclohexyl-18-crown-6 (I.70g, 4.4x10
mole)
was added, the colorless benzene solution soon turned dark
purple.

This solution was cooled to 0-5°C in a salt-ice

bath for 0.5 ho u r .

Freshly distilled delta-3-carene

(6.80g, 0.OS mole) was added dropwise through an adding
funnel.

After the final addition of delta-3-carene, the

whole solution was kept in the ice bath for another 2
hours, and then stirred for ah additional 12 hours at room
temperature.

The products, potassium salts of the acid,

were filtered along with manganese dioxide and then dis
solved in 200ml of 5% NaOH solution.

After filtration,

the manganese dioxide was again washed with 100ml of 5%
NaOH solution.
with ether

The aqueous solution

(300ml) was extracted

(anhydrous, 2x100ml) to remove trace of crown

ether and then was acidified with concentrated sulfuric
acid to pH 3 (on pH hydrion paper) and this acidic solution
was extracted with ether
dried over sodium sulfate

(anhydrous, 3x100ml)
(anhydrous).

and the ether

Upon evaporation,

there was left 2.20g of a yellowish brown liquid which was
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shown spectrally
acid.

(glc, Ir) to contain the desired keto-

This method was abandoned due to the failure to ob

tain a pure keto-acid after repeated distillation and
after other separation methods were tried.
2.

Quaternary ammonium salts-potassium permanganate
oxidation44 of delta-3-carene
a) With cetyl dimethyl ethyl ammonium bromide

(CH3 (CH2)1 5 (CH3)2C 2H 5NBr) - Freshly distilled delta-3carene

(6. SOg., 0.05 mole) was added to a stirred mixture

of 117ml of benzene, I.9g (0.005 mole) of cetyl dimethyl
ethyl ammonium bromide, 23.7g (0.15 mole) of potassium per
manganate, and 350ml of water at such a rate that the tem
perature was maintained at 20-25°C

(0.5 hour).

After ad

dition was complete, the mixture was stirred for an addi
tional 3 hours.

Excess permanganate was destroyed by addi

tion of sodium sulfate solution

(6.3g in 100ml of water).

The reaction mixture was filtered to remove manga--■
nese dioxide and acidified with dilute hydrochloric acid.
The manganese dioxide was washed with benzene

(2x150ml),

which was also used to wash the aqueous phase of the fil
trate..
The combined benzene solutions were shaken with 10%
NaOH solution

(2x150ml).

The aqueous alkaline phase was
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washed with ether
chloric acid.

(2x75ml) and then acidified with hydro

Ether

(3x100ml) then was used to extract

this acidic solution and the extract dried over sodium
sulfate

(anhydrous).

amount of a yellow oil
which was shown

After evaporation of ether, a trace
(less than 0.2g or 2%) resulted,

(glc, Ir) to contain the keto-acid.

b) With tetra-n-butyl ammonium bromide
4- w

((U-C4H g)ijNBr) - In a 1000ml Erlenmeyer flask fitted with
an efficient mechanical stirrer, 24.Og (0.152 mole) of
potassium permanganate was dissolved in 300ml of water.
Benzene

(200ml) was then added into the aqueous solution.

After a catalytic amount of tetra-n-buty!ammonium bromide
(2.52g, 0.0078 mole) was added to the mixture, the dark
purple color of permanganate started to distribute into
the benzene layer.

The solution was stirred for 0.5 hour

in an ice-water bath.

Freshly distilled delta-3-carene

(6.80g, 0.05 mole) was added dropwise over a period of 0.5
hour.

After the addition of delta-3-carene, the reaction

mixture was stirred in the ice-water bath for 2 hours and
for an additional 36 hours at room temperature.
The reaction mixture was filtered to remove manga
nese dioxide precipitate.

Sodium hydroxide solution

(10%,

100ml) was used to wash this precipitate and this alkaline
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solution was added into the filtrate.

Washed the filtrate

with 100ml of benzene before acidified with concentrated
sulfuric acid to a pH 3 (pH hydrion paper).
the aqueous solution with ether

Extraction of

(3x50ml) followed by dry

ing over anhydrous sodium sulfate and evaporation of ether
yielded 2.Og (21.5%) of a brown liquid which failed to
yield pure keto-acid upon vacuum distillation

(117-147°C,

1.0mm Hg).
Ozonolysis, apparatus and general procedure
A Welsbach model T-23 laboratory ozonator was used.
The oxygen gas was dried over silica gel

(indicating, 6-16

mesh J.T. Baker) before going into the ozonator.

All

ozonolysis experiments were run at the following condi
tions:

oxygen gauge pressure; 181bs/sq in, ozonator gauge

pressure?

81b/sq in, voltage; 115V, gas flow rate; 0.03

(Brooks rotameter scale).

Under such conditions, ozone

was generating at a rate of 1.2x10

-3

moles per minute.

Ozone concentration determination75 - Ozone was
bubbled into a 10% potassium iodide solution

(Sg of potas

sium iodide dissolved in 45ml of distilled water) for one
minute and the iodine liberated was acidified with 3N
hydrochloric acid

(5ml) and then titrated against standard
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sodium thiosulfate solution

(0.IN) using starch as an in

dicator.

Attempted preparation of keto-acid (V)(l,l-dimethyl-2(2-oxopropyl)cyclopropyl acetic acid)
I.

A modified T. Sasaki's method21 was tried by

the author, which gave pure keto-acid in a relatively
higher yield.

This method is described as follows.

Freshly distilled delta-3-carene

(20.4g, 0.15 mole)

was added to 300ml of 25% acetic acid in a 1-liter two
necked round-bottomed flask equipped with a gas inlet tube
(with a fritted cylinder head for uniform dispersion of
gas bubbles for complete absorption) reaching about 2cm to
the bottom of the flask, a gas outlet tube, and a magnetic
stirrer.

The flask was cooled to 5 °C in an ice bath.

Ozone was introduced into the flask for 2 hours 47 minutes
-3
(1.2x10
moles of ozone per minute or 0.20 moles of ozone
in total, theoretically), the temperature was maintained
at 5-9°C.

The reaction mixture was then poured into a

flask and 10ml of 30% hydrogen peroxide and 90ml of water
were added, and the mixture was refluxed for 3 hours.

Af 

ter cooling, it was. extracted with methylene chloride,
(3x70ml), and the methylene chloride solution was washed
with water

(3x100ml).

An 8% sodium hydroxide solution was
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then used to wash the methylene chloride solution

(3x7Oml).

The alkaline aqueous solution was acidified with SN hydro
chloric acid solution to a pH of 3 (pH hydrion paper).
Ether

(anhydrous, 3x100ml) was used to extract this acidic

aqueous solution and dried over sodium sulfate
Evaporation and vacuum distillation

(anhydrous).

(under nitrogen)

yielded 7.7g (28%) of a bright yellow liquid; b.p. 130130°C

(.0.4mm Hg), positive iodoform test, positive 2.4 di-

nitrophenyl hydrazine test.

IR; 34d0-3200cm

NMR (6OMHz , C D C l 3) 6: 0.71-1.30
0.94 and 1.13
2.24-2.60

1720cm ^ .

(2H, m, cyclopropyl ring),

(6H, 2s, Me-C-Me), 2.20

(3H, s, Me-carbonyl),

(4H, m, methylene-carbonyl), 11.28

(1H, s, car

boxylic proton).
2.

With Jones oxidation of ozonide36 - Freshly

tilled delta-3-carene

(lOg, 0.074 mole)

aceteta was ozonized in an ice-bath.

in 300ml of ethyl

After 2.5 hours

(0.072 mole of ozone per hour, or theoretically 0.18 mole)
the solvent was stripped off the ozonide and 150ml of ace
tone was added.

The acetone solution of the ozonide was

then titrated at O0C with Jones reagent until a brown color
persisted

(required 13.50ml of Jones reagent) .

The solu- ,

tion was allowed to stand for 0.5 hour and then 300ml of

dis
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water was added.

After most of the acetone was stripped

off, the aqueous portion was extracted with ether

(3x75ml).

The ether fractions were combined and dried over anhydrous
sodium sulfate.

Vacuum distillation

(under nitrogen)

yielded 2.3g (17%) of a brown liquid

(b.p. 118-146°C,

1.1mm Hg). which showed the keto-acid and a lot of mixtures.
3.

With formic acid and hydrogen peroxide

oxidation - The procedure of Bail e y 37 was adapted for this
reaction.
mole)

Freshly distilled delta-3-carene

(34.O g , 0.25

in 200ml of absolute methanol was subjected to ozon-

olysis for 4 hours and 10 minutes

(0.072 mole of ozone per

hour or 0.30 mole of ozone in total theoretically) at -78°C
(dry-ice-isopropanol).

The methanol was brought to room

temperature and was stripped off using a rotary evaporator.
The peroxidic residue

(about 5.Sg) was dissolved in 20ml of

90% formic acid and 10ml of 30% hydrogen peroxide was added.
Upon gentle warming a vigorous reaction took place.

When

the reaction had ceased the reaction mixture was dissolved
in ether

(50ml) and washed with water

(3x50ml).

solution was then used to extract the ether

A 10% NaOH

(3x30ml). Upon

acidifying the alkaline aqueous solution with 3N hydrochlo
ric acid to a pH. 3 (pH hydrion paper) , the aqueous solution.
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was extracted with ether
over sodium sulfate

(3x50ml).

The ether was dried

(anhydrous) and after evaporation only

trace amount of a yellow oil remained which showed the
characteristics of the desired keto-acid

(glc, ir).

Attempted Preparation of the Keto-aldehyde (VI) ,,
(If1-dimethyl-2 - (2-oxopropyl)cycloprbpyl acetaldehyde)
1.

Zinc and acetic acid reduction of the ozonide79-

Freshly distilled delta-3-carene

(50.Og, 0.37 mole)

in

200ml of glacial acetic acid and IOml of ethyl acetate was
subjected to ozonolysis at 0°C.
utes

After 7 hours and 40 min

(0.072 mole of ozone per hour or theoretically 0.55

mole of ozone in total), ether
(80ml) and zinc

(anhydrous, 400ml), water

(40g ) were added to the ozonide in acetic

acid and this mixture was allowed to stir magnetically
overnight.
tillation

Upon filtration of the zinc salts, vacuum dis
(under nitrogen) yielded 17.6g (25.8%) of a yel

lowish green liquid

(b.p. 84-92°C, 0.8mm Hg) which did not

show the keto-aldehyde
2.

(nmr, gl c ) .

Methanol as the solvent, dimethyl sulfide as

the reducing reagent.11 - Freshly distilled delta-3-carene
(34.Og, 0.25 mole) in 200ml of absolute methanol was sub
jected to ozonolysis for 4 hours and 10 minutes

(0.072
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mole of ozone per hour or theoretically 0.30 mole of ozone
in total) at -780C (dry ice in isopropanol).

It was easy

to tell when the reaction was complete because ozone turned
to blue in color when saturated in methanol under such cold
temperature.
Nitrogen gas was bubbled into the reaction mixture
for 10 minutes..at the same temperature.

Then 26ml

(21.Sg,

0.35 mole) of dimethyl sulfide were added with stirring
under the nitrogen atmosphere.

The reaction temperature

was allowed to rise gradually to room temperature first by
cooling in an ice-salt bath

(-IO0C) for one hour; then in

an ice-bath for one hour, and finally at room temperature
for one hour.

The methanol solution was concentrated to

50ml and 250ml of benzene was added.
was washed with water
drous sodium sulfate.
low liquid was left.

The benzene solution

(3x100ml) and then dried over anhy
Upon removal of the solvent, a yel
Vacuum distillation under nitrogen

gas yielded 12.Sg (30.5%) of a light yellow liquid,

b.p.

-I

93-95°C,

(3.0mm Hg).

0.83-1.4

(2H, m, cyclopropyl ring), 0.93 and 1.17

Me-C-Me), 2.18

IR:

1720cm

; nmr (60MHz, C D C l 3, .6):

(3H, s, Me-carbohyl), 2.11-2.54

-CH2-Carbonyl), 9.78

(6H, 2s,

(4H, m,

(1H, t, J=2Hz, aldehyde proton);

dinitrophenyl hydrazine derivative,

2,4-

m.p. 186.5-187.5°C,
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elemental analysis for C 22H 24O 0N 8 calculated:
H 7 4.58; N 7 21.20; found:
3.

C 7 50.01;

C 7 50.38; H 7 4.61; .N7 20.55.

Preparation of keto-aldehyde

(VI) by the ozon-

olysis of delta-3-carene in the presence of alkaline-earth
hydroxides - The procedure of Fedorova et a l .40 was adapted
for this reaction.
3-carene
water

A solution of freshly distilled delta-

(34.O g 7 0.25 m o le) , acetone
I

(43.O g7 2.4 mole)

(290g, 5.0 mole), and

in the presence of barium hydroxide

(hydrated, 158g, 0.5 mole) was prepared in a 1-liter three
necked round-bottomed flask equipped with a gas inlet tube
reaching nearly to the bottom of the flask, a gas outlet
tube, and a mechanical stirrer.

The flask was cooled to

0°C in an ice-salt bath, and ozone was introduced into the
flask for 4 hours and 10 minutes

(0.072 mole of ozone per

hour or 0.30 mole of ozone in total, theoretically).

After

the completion of ozonolysis, nitrogen gas was bubbled into
the flask for 10 minutes at the same temperature.
26ml

The n 7

(0.35 mole) of dimethyl sulfide was added with stir

ring under the nitrogen atmosphere for one hour at 0°C and
then for two hours at room temperature.

The metal per

oxides formed were filtered off and the clear filtrate con
centrated to 100ml.

To this solution 250ml of benzene was
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added and the resultant solution washed with water
(3x100ml) and dried over sodium sulfate

(anhydrous). Upon

filtrating, evaporation and vacuum distillation
trogen) a light yellow liquid was obtained:
b.p. 75-90°C

(2.0mm Hg).

(under ni

11.Sg (27.4%),

Column chromatographic separation

(using silica gel, Bio-sil A 100-200 mesh as solid support,
acetone:benzene 1/9 v/v as the eluting solvent) yielded
3.2g (7%) of the desired keto-aldehyde, compound
4.

Preparation of keto-aldehyde

(VI).

(VI) from a polar-

nonpolar solvent mixture - The procedure of Siclari et
al.41 was adapted for this reaction.
a) Freshly distilled delta-3-carene
mol e ) , n-hexane

(13.6g, 0.1

(129.O g , 1.5 mole), and methanol

(absolute,

9.6g, 0.3 mole) were prepared in two necked round-bottomed
flask

(500ml) equipped with gas inlet and gas outlet tubes

and a magnetic stirrer.

The flask was cooled to -78°C

(dry ice-isopropanol) before ozone was bubbled into the
solution.

After ozonolysis was complete

(2 hours or 0.15

mole of ozone, theoretically), nitrogen gas was introduced
to expel excess ozone

(10 minutes).

12.4g (0.2 mole) of

dimethyl sulfide was added, and let the reaction continue
for one hour

(under nitrogen atmosphere) at -78°C, then
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slowly raised the temperature to room temperature, and the
reaction continued for another three hours.

The solution

was concentrated to about 50ml and 250ml of benzene was
added.

The benzene solution was washed with water

(SxlObml) and then dried over sodium sulfate

(anhydrous).

Filtration, evaporation, and vacuum distillation
yielded 8.Sg (52.4%) of a yellow oil:
Hg).

b.p. 50-58°C

Column chromatographic purification

(2.5mm

(Bio-sil A 100-

200 mesh, acetone:benzene 1/9 v/v) yielded 3.Og (16.7%) of
keto-aldehyde

(VI).

b) Acetic acid-cyclohexane as the solvent mixture Amount and procedure same as described in a), except acetic
acid-cyclohexane mixture was used and the. reaction was
carried at 5-9°C.

Attempt to identify the keto-aldehyde

(VI) as a product failed.
Attempted Preparation of Keto-acid
:
■
I.

By nitric acid

(V) from Keto-aldehyde
'

(5%) oxidation in the presence of

ammonium meta-vandata and silver nitrate - The procedure
of Washecheck4 2 was adapted for this reaction.
aldehyde

(VI)

silver nitrate
vandata

(S.lg, 0.0185 mole), nitric acid

Keto(5%, 60ml),

(l.Og, 0.006 mole), and ammonium meta-

(0.7g, 0.006 mole) were prepared in a 100ml
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round-bottomed flask and the solution- was refluxed at 80°C
for 24 hours.
with ether

After cooling, the solution was extracted

(3x50ml), the ether washed with water

and dried over sodium sulfate

(anhydrous).

(3x50ml),

After filtra

tion and evaporation, a tar-like thick paste remained.

No

further investigation was made.
2.

By potassium permanganate oxidation in acetone/
.

water11- To a mixture of keto-aldehyde
mole), acetone

(150ml), and water

(VI)

(16.Sg, 0.1

(40ml) was added 15.Sg

(0.1 mole) of potassium permanganate in small portions with
stirring at a temperature between 5-10°C.

After the reac

tion mixture stirred overnight, excess potassium permanga- .
nate was decomposed with the addition of ethanol.

The

manganese dioxide was filtered off and washed with acetone
(50ml).

This acetone was then combined with the filtrate.

After evaporation to remove acetone, 100ml of water was
added, and the resulting solution was extracted with ether
(3x80ml).
sulfate.

The ether layer was dried over anhydrous sodium
Filtration, evaporation, and vacuum distillation

(under nitrogen) yielded 5.6g (30%) of a brown liquid
(b.p. 92-124°C, 0.2mm Hg) which had the characteristics of
a keto-acid

(glc, i r , and qualitative tests) but was never ■

obtained in a reasonably pure form.
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3.

By "purple benzene" oxidation using quaternary

ammonium salt, tetra n-butyl ammonium bromide - The pro
cedure of Herriott and Picker11'4 was adapted for this reac
tion.

A "purple benzene" solution containing 1.85g

(0.01

mole) of potassium permanganate, 50ml of water, 25ml of
benzene and a catalytic amount of tetra n-butyl ammonium
bromide

(Ig) was prepared in an Erlenmeyer flask and cooled

to 0°C, I.Sg

(0.01 mole) of keto-aldehyde

(VI) was then

added, and stirred the reaction for two hours at 0°C, then
overnight at room temperature.

The manganese dioxide pre

cipitate was filtered off and washed with 20ml of 10% NaOH
solution.

Combined the alkaline solution and the filtrate.

Separated the aqueous layer from benzene layer.
the aqueous layer with fresh benzene
the aqueous solution with ethdr
with 3N hydrochloric acid.
sodium sulfate.
acid

(50ml).

Washed

Extracted

(3x50ml) after acidified

Dried ether over anhydrous

Upon evaporation, a trace amount of keto-

(V) was obtained.

Preparation of the Diacid (VII)(I,1-dimethyl-cycloprppanecis-2,3-diacetic acid) from Keto-acid (V)^ 5
A modified procedure which gave pure diacid.in rel
atively higher yield is described as follows:
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Preparation and standardization of sodium hypobromite solution61 - Solution was prepared at 0°C by adding
8ml (23.4g, 0.146 mole) of bromine with stirring to 180ml
of 10% NaOH solution cooled in', salt-ice bath.
The standardized solution

(NaOBr) was about 1.7M

and was bright yellowish brown in color.
Keto-acid

(V)

(5.82g, 0.0316 mole) was dissolved in

20ml of 10% NaOH solution and cooled to O 0C before adding
(all at once) to the above sodium hypobromite solution.
The magnetically stirred solution was kept for one hour at
O0C and for another ten hours

(overnight) at room temper

ature.

Care was taken to avoid direct fluorescent.and sun

light.

Excess sodium hypobromite was destroyed by addition

of.sodium bisulfite
green to colorless).
with ether

(a color change was apparent, light
The resulting solution was extracted

(2x70ml) to remove the bromoform and then acidi

fied with 6N hydrochloric acid to a pH of 3.0
paper).

(pH hydrion

The acidic solution was saturated with ammonium

sulfate and extracted with ether
over anhydrous sodium sulfate.

(3x7Oml).

Ether was dried

Upon filtration and evapo

ration of ether, the crude diacid crystallized after cool
ing in freezer.

Recrystallization

yield I. Sg (32%) of pure, diacid

(from ether/hexane)

(VII)

(m.p. 107-107.5°C) ..
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Elemental analysis for C gHi ^0^ calculated C, 58.05; H , 7.58?
found C, 58.07; H f 7.61.

NMR

(60MHz, CDC l 3) 6:0.7-1.2

m, cyclopropyl ring), 0.99 and 1.12
2.10-2.60

(4H, m, methylene)

11.74

(2H,

(6H, 2s, Me-C-Me),
(2H, s, carboxylic pro

ton) .
Preparation of the Diamine Hydrochloride .(VIII)62
dimethyl-cis-2,3-bis-(aminomethyl)cyclopropane
dihydrochloride)
Diacid

(1,1-

(VII).(1.4g, 0.0075 mole) was suspended in 5ml

water and sufficient acetone was added for solution.

This

solution was cooled to 0°C in an ice-salt bath and I.76g
(0.0174 mole) of triethylamine in 65ml of acetone was ad
ded.

While maintaining the temperature at 0°C, 2.8Sg

(0.0192 mole) of ethyl chloroformate in 15ml of acetone was
added dropwise.

Upon final addition of the ethyl chloro

formate solution, the reaction was stirred magnetically
for an additional 30 minutes.

I .76g (0.027 mole) of sodium

azide in 10ml of water was added dropwise, maintaining the
temperature at 0°C.

After final addition of the sodium

azide the reaction mixture was stirred for an additional
hour at 0°C.
ice water

Then the reaction mixture was poured into

(500ml) and extracted with toluene

(3x50ml).

The toluene layers were combined, dried over' anhydrous
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magnesium sulfate, and then heated until no more nitrogen
was evolved

(IOO0C)-.

The toulene was removed by the rotary

evaporator yielding a mobile yellow oil.

This yellow oil

was then refluxed with 40ml of 20% hydrochloric acid for
17 hours.

The resulting dark solution was cooled and

washed with ether.

The aqueous portion was evaporated

under reduced pressure yielding a dark semi-solid.

This

material was dissolved in methanol and ether was added un- ■
til a solid crystallized out of solution, collected the
crude solid.

After decolorization

(by decolorizing carbon)

and recrystallization

(methanol/ether) yielded 0.Sg (53%).

of a colorless solid,

m.p. 300oC.

0.83-1.40

NMR (60MHz, C D C l 3, 6):

(2H, m, cyclopropyl ring), 1.20

Me-C-Me), 3.17

(6H, d, J=2Hz,

(4H, m, methylene).

Preparation of the Quaternary Ammonium. Iodide (IX)63
(Ifl-dimethyl-cis-2,3-bis-(dimethylaminomethyl)cyclopropane-dimethiodide
Diamine hydrochloride

(VIII)

100ml of methanol was added to 20g
iodide.

(I.09g, 0.005 mole)

in

(0.14 mole) of methyl

This solution was magnetically stirred in an ice

bath during the dropwise addition of 0.5g
sodium hydroxide in 30ml of methanol.

(0.0125 mole) of

After addition of

sodium hydroxide, the reaction mixture was stirred ah

O
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additional 4 hours at 0°C.

Then 0.3g more sodium hydroxide

was added and the reaction mixture was refluxed overnight
using an efficient condenser.

As the reaction mixture

cooled, crystals came out of solution and upon filtration
and recrystallization from methanol
(58.5%) of a colorless solid.
(60MHz, C D C l 3, 6): 1.50-1.90
and 1.77

(6H, 2 s , Me-C-Me)

(4H, m, methylene).

(absolute) yielded I.Sg

m.p. 287-287.5°C, nmr
(2H, m, cyclopropyl ring) 1.65

3.66

(18H, s, C h g-N+ ) 3.61-4.0

Elemental analysis for C13H3 0 N 2I2 :

found C:33.24, H :6.45, N:5.98; calculated: C :32.84, H;6.37,
N:5.99.
Preparation o f .4-phenyl-l,2,4-triazoline-3 >5-diorie (XIII) .
PTAD76
I.

Preparation of t-butyl hypochlorite74 r 7 7 - a

solution of 4Og (2 mole) of sodium hydroxide in about 250ml
of water was prepared in a 1-liter three necked roundbottomed flask equipped with a gas inlet tube reaching
nearly to the bottom of the flask, a gas outlet tube, and
a mechanical stirrer.

The flask was placed in a water bath

at 15-20°C, and after the contents had cooled to this tem
perature, 37g

(0.5 mole) of t-butyl alcohol was added to

gether with enough water
neous solution.

(about 250ml) to form a homoge

With constant stirring, chlorine was
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passed into the mixture for 30 minutes at a rate of approx
imately I liter per minute and then for an additional. 30
minutes at a rate of 0.5-0.61 liters per minute.
The upper oily layer was then separated with the aid
of a separatory funnel.

It was washed with 25ml portions

of 10% sodium carbonate solution until the washing were no
longer acidic to Congo red.

It is finally washed four

times with an equal volume of water and dried over calcium
chloride.

The yield was 35g

(65%).
!

2.

Preparation of 4-phenyl-l,2,4-triazoline-3,5-

dione - A 100ml three necked round-bottomed flask, equipped
with a dropping funnel, a gas inlet tube, a calcium
chloride-containing drying tube, and a magnetic stirrer
was flushed with oxygen free nitrogen.
added 12ml of ethyl acetate and 4.4g
phenylurazole
started.

To the flask were

(0.025 mole) of 4-

(K&K Chemical Co.) and the stirrer was

To.the flask was added 2.Sg (2.75ml, 0.023 mole)

of t-butyl hypochlorite

(freshly prepared from above)

over a period, of approximately 20 minutes, the reaction
mixture being maintained close to room temperature by means
of a bath of cold water.

After the addition was completed,

the resulting suspension was stirred for a further 40
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minutes at room temperature.

The reaction mixture was

transferred to a 100ml one necked round-bottomed flask,
and the solvent was removed on a rotary evaporator, keeping
the temperature below 40°C.

The last traces of solvent

were removed by use of a high-vacuum pump

(about 0.1mm Hg).

The product was sublimed onto an ice-cooled cold finger
under vacuum

(100°C at 0.1mm Hg).

which decompose

Carmine-red crystals,

(165-175°C) before melting, were obtained.

The yield was 2.7g (62%).

IR:

1760 and 1780cm

-I

; nmr.

(60MHz acetone-dg, 6); singlet at 7.55.
Preparation of n-octylamino hydrochloride
N-octy1-amine

(XXVIII)

(XXVII)(4.Og, 0.031 mole) was refluxed

with 60ml of 20% hydrochloride acid for 24 hours.

The re

sulting light brown solution was cooled and washed with
ether.

The aqueous portion was then evaporated under re

duced pressure yielding a white material.

This crude

solid was recrystallized from methanol/ether.
(92%).

NMR

ing at 6:

Yield: 4.7g

(60MHz, D 2O no T M S , with hydroxyl group appear
0.86

J=7Hz, 3H). .

(t, J=SHz, 3H), 1.31

(m, 14H), 3.00

(t,
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Preparation of n-octyltrimethylammonium iodide
The procedure of Cope63 was followed:
hydrochloride

(4.7g, 0.0283 mole)

(XXIX)
n-octylamino

in 200ml of methanol was

prepared in a round-bottomed flask fitted with an efficient
reflux condenser and two dropping funnels.

The solution

was cooled in ice water until the theoretical amounts of
reactants have been added in a manner to be described, and
then for one additional hour.
droxide

A solution of potassium hy

(l.Og, 0.0177 mole).in methanol

through one funnel and methyl iodide
methanol

(30ml) through the other.

(10ml) was added

(15.I g , 0.106 mole) in
When the reaction mix

ture became neutral or acidic to litmus, the same amounts
■,
of base and methyl iodide were added.
This procedure was
repeated until 3.Og of potassium hydroxide solution and
45.3g of methyl iodide solution have been added.

After the

mixture has warmed to room temperature, an additional 5.Og
of potassium hydroxide solution and 15.Ig of methyl iodide
solution were added slowly until the reaction mixture was
neutral to litmus.

The methanol was removed by evaporation

under reduced pressure.

The crude product was :recrystal

lized from methanol/ether.
(60MHz, D 2O with no T M S .
6: 4.80)

6: 0.88

Yield:

7.6g (90%).

NMR

The hydroxyl group appearing at

(t, J=SHz, 3H) 1.33

(m, 14H) , 3.28

(s,9H).
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Pyrolysis of n-octyltrimethylainmonium iodide

(XXIX)

The procedure of Archer78 was adapted for this
reaction:

To the quaternary ammonium iodide

pared above

(XXIX) pre

(7„6 g , 0.025 mole) in 50ml of water was added

silver oxide, freshly prepared from silver nitrate
0.04 mole) and potassium hydroxide

(6.Sg,.

(2.24g, 0.04 mole).66

After final addition of the silver oxide, the mixture was
stirred for another two hours at room temperature.

The

resulting mixture was filtered and the filtrate was evapo
rated to dryness at 40°C/water pump pressure.

Upon re

moval of the water the pressure was reduced to 4.0mm Hg by
using a vacuum pump, and the temperature was slowly raised
to 200°C (oil bath).

The pyrolysis products were trapped

with a dry ice/acetone bath.
major product

1-octene was found to be the

(glc by comparing with an authentic sample).

Attempted Reaction of 1-octene with 4-phenyl-l,2,4triazoline-3,5-dione (XIII)
Before this reaction was carried out, nitrogen gas
was introduced into the pyrolysis products obtained as
above, and the temperature was raised slowly to room tem
perature to remove trimethylamine formed.
solution

(20ml) of 1-octene

1,2,4-triazoline-3,5-dione

To an acetone

(0.26g, 0.0023 mole)

4-phenyl-

(0;40g, 0.0023 mole dissolved
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in IOml of acetone) was added, and the mixture was stirred
for 20 hours at room temperature,(the color of the solu
tion changed from crimson red to light brown).

After

evaporation of the solvent, a pale yellow solid resulted.
This crude product was recrystallized from ethanol/
petroleum ether

(30-60°).

A 10% yield

crystal was obtained m.p. 150°C

(66mg) of a white

(decomposed).

This com

pound showed a parent peak at m / e : 287 on mass spectrum,
xr cm

-I

.

; 3070, 1770, 1710, 1505, 1450.

acetone-d6/5% TMS).

NMR

(HA-100,

.

6: 0.88, 1.09, 2.00 and 7.45.

Pyrolysis of the bis-quaternary ammonium salt, 1,1dimethyl-cis-2,3-bis-(dimethylaminomethyl)-cyclopropane
dimethiode (IX), and the Attempt to Prepare a Cycloaddition Reaction Adduct with 4-phenyl-l,2,4-triazoline3,5-dione (XIII), (PTAD)
To the bis-quaternary ammonium iodide
mole)

(2.Og, 0.0043

in 15ml of water was slowly added silver oxide,

freshly prepared from silver nitrate
potassium hydroxide

(9.4g, 0.55 mole) and

(2.4g, 0.043 mole).

After final addi

tion of the silver oxide, the mixture was stirred for an
additional four hours at room temperature.

The resulting

mixture was filtered and the remaining solution was evapo
rated to dryness at 40°C/water pump pressure.

Upon removal

of the water, the pressure was reduced to 0.35mm Hg by
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using a DUO seal vacuum pump, and the temperature was
slowly raised to 270°C (sand bat h ) .

The pyrolysis products

were trapped with a dry ice/acetone bath at -78.°C.
A constant stream of dry nitrogen was used to flush
the products and the temperature was brought up slowly to
0°C

(2.0mm Hg) for 10 minutes.

Acetone (15ml) was added

into the flask and the solution was titrated with PTAD
(in acetone) until the red color of PTAD persisted.
tion was stirred for 24 hours
brown).

Solu

(color changed to yellowish

After evaporation of acetone, a brown oil showed

the following characteristics:

mass spectrum : m/e : 169,

ir (net), cm™1 ; 3500-3000

(broad), 2870, 1770, 1710, 1650,

1500, 1380

NMR (6OMHz, CD C l 3/! % TMS) 6:

(broad), 827.

0.93, 1.03, 1.35, 5.74, 7.45.
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