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ABSTRACT

The microstructure of poly(B-pinene) was determined
through analysis of Pyrolysis products. Terpinolene
and 2,4(8)-p-menthadiene were prepared via the base
catalyzed isomerization of limonene. The base catalyzed
isomerizations of limonene, {-terpinene, and % -terpinene
were thoroughly studied and mechanisms proposed. The
oxidatior of Kande(-terpinene to p-cymene was studied
with DMSO, DMSO and dimethyl sulfone, DMSO and dimethyl
sulfide, DMSO and air, and air. B-phellandrene was
prepared from Cryptone and from the fractional distillation
of Canada Balsam 0il. The Tollowing repeat unit was

determined as the microstructure of poly(B-pinene):
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THE MICROSTRUCTURE DETERMINATION OF POLY(B-PINFNT)

BACKGROUND
B-Pinene is one of the naturally occuring compounds
known as terpenes. Found in the essential oils of many

plants, terpenes are made up of units of isoprene, one of

nature's favorite building blocks.l
{3
CHZ-C—CH—CHZ

Isoprene
e are interested in determining the microstructure of
poly(B-pinene). An earlier work has discussed the cationic
polymerization of B-pinene in detail,? It was found that
the B-pinene monomers are activated by a cationogen
derived from a Lewis Acid catalyst/co-catalyst system. The
propagating species of B-pinene was found to rearrange to
an energetically preferred structure before propagation
so that the repeat unit of the polymer is different in
structure from that of the original monomer. Terﬁination
appears to occur by rearrangement of the active end to a
non-propagating bicyclic camphenic type moiety. Another
work suggests a fenchenic type moiety.3 B-pinene cationically
polymerizes according to the following scheme:
Initiation:

— et -

Hy0 + alcly ——) H+(.-\1C130H)'=H G

~
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B-Pinene




Propagation:

— VT NR—CH,  —

\/\,R—CHZ -—O—__) T NCR—C Hz -
rearrangement

Repeat Unit: (At least 50%)

Ot

Chain Transfer to Solvent:

a-a=a

e

w
I |

CH3
e
\/\,CHZ—O——C e + CHB —_—
b,
m~-Xylene

3
CH3
\/\,CHZ_G—-C:I CH3 + Tale
CH3




Rearrangement to non-pro ti; Camphenic Tnd Groups:

() o ) —o—

CHNA"TN

Camphenic “nd Group




Rearrangement to non-propagating Fenchenic Fnd Group:

\./‘\,cn2

—____zj.____;

NN CH

Fenchenic Znd Group




de will be using pyrolysis to determine the micro-
structure of poly(B-pinene). The extent of degradation of
poly(B~pinene) will be followed by monitering the formation
of the decomposition products. By knowing the amounts of
pyrolysis products, mechanisms for the degradation of
poly(B-pinene) can be written. The microstructure of the
polymer can then, in turn, be determined either proving
or disproving the previously proposed repeat unit.

Much work has been done on the pyrolysis of polymers.
One group found pyrolytic reaction mechanisms limited to
three types: depolymerization to monomer, random chain

scission, and loss of volatile products without much main

chain Scission.u Another group used pyrolysis-gas chroma-

tography to characterize samples of styrene-acrylonitrile

copolymers.5 The pyrolysis of the pinene monomers has
8

already been determined. B-pinene on pyrolysis is shown

7

to give mainly myrcene and limonene. Crowley and Traynor

show the mechanism of formation for the allo-ocimenes from

pyrolysis of & -pinene. The same authors also state that
limonene similarily yields the allo-ocimenes by pyrolysis.8
Kiran, et. al..9 give detailed mechanisms for the thermal
decomposition of the polyolefins polyethylene, polypropylene,
and polyisobutylene. In the case of polyisobutylene, they
found that initiation by chain scission results in primary

and tertiary radicals:

g 5.
\/\,cl— CHZ—-(lJ—Cﬂzf ’\(l:— Hy o+ E —CHya™N
oty Sy Ciy Sty

polyisobutylene primary tertiary




Tither of these radicals can depolymerize to monomer.
fﬂj . CH3 . CH3
NN — CHy —— /\zf—-—-CHz + |C='7H2
|
CH3 CH3

i3 73
'iL—CHz/\u —_— i:—- CHy " +
CHy CH,

These processes are expected to dominate in part for
the reason that the methyl groups on the alternate quaternary
carbon atoms sterically hinder intramolecular transfer
processes. Therefore, the principal product is formed
by B-scission to monomer. Qther processes include;:

-~ -—

CH CH cH
[ 3 .
N TN CH e € —— CH,y == G mefm CH, — ——F CH
2 l 2 ‘ 2 2

CH Hy

intramolecular
A'Y

->
radical transfer

dn
CH3
—CHZ——C ——t CH3

CH3 J

L

Radical I can dissociate in two ways:




CHy ﬁHz CH,
’\CHZ—C —cH, + ¢ CH

B-scission left

N
of radical center
CH3 H3 Cr{3

CH CH. CH CH
B-scission right R 3 2 | 3 3

|
= 4 HZ—C-CHZ—'C + 'CHZ"’C CH2—C—" [of
of radical center | | |

CH3 CHB CH3 CH3

(I:H3 (IZ‘HB
CHS—IC CHZ—(|3 CH3
CH3 CH3
n-4

In the case of polyethylene, the dominant processes

are intramolecular radical transfer. Main chain scission

by thermal energy results in two primary radicals:
\/\CHZ(CHZ)n CHpr™ —— CH,(CH,) ‘CHy + CH, CH, CHa N\

Intramolecular radical transfers yield:

H
. e 1
\/\,CHZ(CHZ)n CH, +\/\,CH2CH2§ CHZ(CHZ)H/\/ _—

NCH(CH ) CHy  + S NUCHCH, CH(CHy) CHy ————

"CHy + CH2=C(CH2)nCH3

Cé'clo'clh'cls' and C,p alxenes preferred




H
\"\CH,CH, C=CH, CH, (CHy ) CHy

CH3(CHp ) CHy
C3.C7, and Cy4 alkanes preferred

The previous work on mechanisms of pyrolysis will
aid us greatly in writing the mechanisms of degradation
of poly(B-pinene).

Before any mechanisms of degradation can be written,
all of the pyrolysis products must be identified.
Professor Sheffer, in previous work involving co-
polymerization of styrene and B—pinene,lo'lu has identified
many of the pyrolysis products by comparing the pyrolysis-
gas chromatographic retention times he obtained with
literature values and with lmown retention times for
available terpene standards.

Cne_research group did a thorough study of terpenes

on efficient gas chromatographic packed columns.15 They

found the optimum conditions of separation to consist
of two columns; one with the non-polar liquid hydro-
carbon phase of Apiezon L and the other a polar liquid
phase of Reoplex 400 (poly(propyleneglycoladipate)).
These two columns facilitate the separation of. rather
complex mixtures of terpene hydrocarbons., They
investigated many terpene hydrocarbons and published
the retention times on both columns relative to the

retention time of limonene.




Al though a retention time check on two columns

is generally acceptable evidence for identifying a
compound, we intend to couple pyrolysis-gas chromatography
with mass spectroscopy to give more substantial results.
3y obtaining samples of each of the pyrolysis products
and storing their retention times and mass spectra in
the library of the gas chromatograph-macs spectra
instrument, poly(3-pinene) can be pyrolyzed in the
instrument and the pyrolysis products can be compared
with the standards by the computer. Tis combination

sf pyrolysis, Gas Chromatography, and Iass Spectroscopy
provides a very powerful method for the identification
of the pyrolysis products, much better than retention
times alone. Cbtaining some of the samples of the
pyrolysis products will be difficult since some tervenes
are not commercially available. A 1ist of the propcsed

oyrolysis products is given below.
= g

@)

Toluene
o¢ -phellandrene isoterpinolene

or
2,4(8)-p-menthadiene




B-pinene /I[L

B-phellandrene Limonene
X -pinene ;
ABcarene
Terpinolene
1-p-menthene 2-p-menthene 3~-p-menthene

& -terpinene Y -terpinene




2,4(8)-p-menthadiene

of ~-fenchene




ﬂ -fenchene

x -fenchene.

Allo-ocimene

trans-cis

trans-trans

CH3-C—. C—C ComC== ~
CHB H (IJHB CHy
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0f these possible pyrolysis products, the following

are not commercially available: 2-p-menthene, 3-p-~
menthene, l-p-menthene, the fenchenes, 2,4(8)-p-menthadiene,
and B-phellandrene, the major proposed pyrolysis product.

It is my objective to prepare samples of B-phellandrene

and 2,4(8)-p-menthadiene to use as standards for the
pyrolysis-gas chromatography-mass spectra work.

An early effort to prepare B-phellandrene was the
fractional distillation of Canada 3alsam oil.16 A much
later effort was the separation of B-phellandrene from
Limonene by extractive crystallization with thiourea.17
4 synthetic route to B-phellandrene is given by the
synthesis of Cryptone and then converting to 3-phellandrene.
This multi-step process proceeds as follows. The first

step involves the reaction of isopropyl phenol to

p-isobropyl anisole.18
OH ONa OCH4
i
+ NaOH ——— + CHBOﬁOCH3 —_—
o]
dimethyl
sulphate
isopropyl 5 :
p-isopropyl
phenol anisole

The next step involves the Birch Reduction of p-isopropyl

anisole.l9




0CH4 v
» liquid NH, 3 ’
CoHsOH

Next the enol ether is converted to 4-isopropyl-2-

cyclohexanone Semicarbizone.20

g 9

OCH N~=N-— g—NHZ
Semicarbizide HCl
S~
Methanol reflux

4-isopropyl-2-cyclohexanone
Semicarbizone

The next step involves the generation of Cryptone from

4-isopropyl-2-cyclohexanone Semicarbizone.21

b,
0% H,S0,
Steam Distill

Cryptone




The final step employs the Wittig reaction in the

conversion of Cryptone to B-phellandrene.22

B-phellandrene

Further examination of the literature revealed
another possible route to B-phellandrene. This involved
the isomerization of alkenes using hydroboration.23 of
particular interest was the study which showed that under
the influence of heat organoboranes undergo a relatively

rapid isomerization which moves the boron atom from an

internal position in the chain to the terminal position.zu

The study indicated that the conversion of endocyclic to
exoc7clic double bonds was possible. The reagent for
hydroboration in this and other works was 9-Boracyclo(3.3.1.)

25,26

nonane or more simply, 9-BBN. This hydroborating

agent has the following structure:

B—H
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The most significant application of 9-BBN in the literature
was the conversion of e -pinene to B-pinene.z? It was

found that the endocyeclic double. bond of &« ~-pinene wag
easily moved to the exocyclic position forming B-pinene

according to the following:

9-BBN

o -pinene

AT

C6H§CHO

B-pinene

It was believed from the evidence of the X-pinene
to the B-pinene system and the generalization that the
boron migrates to the terminal position of a ring and
that hydroboration proceeds by way of a cis addition,
preferentially from the less hindered side of the double
bond that 9-BBN chemistry might be applied to the
synthesis of B-phellandrene. It was proposed that it
may be possible to prepare B-phellandrene from

o -phellandrene in a manner similar to the o« -pinene to

B-pinene system, the only difference being the presence




17?7

‘of the additional double bond in the phellandrenes.
Zxperimental work is now needed to determine whether
the isomerization of « -phellandrene to B-phellandrene
is feasible or if the additional double bond will have
any effect on the reaction.

The next compound which was synthesized was
2,4(8)-p-menthadiene. This terpene has the following

structure:

An examination of the literature revealed only one

route in obtaining 2,4(8)-p-menthadiene. "mThis involves

the base-catalyzed isomerization of dipentene, or limonene.28
The researchers found that after four days at 100°C a

mixture of isomers was obtained according to the following:

=0 9

Limonene oK ~terpinene 2,4(8)-p-mentha- Y.-terpinene
diene

5 ' 3 : 1
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The products obtained appeared ina 5 : 3 : 1 mole ratio
with the conjugated dienes being present in greater
quantities than the unconjugated diene.h’-terpinene.

Much work has been done in the area of base-
catalized isomerizations. One group studied extensively
the base-catalyzed disproportionation of cyclohexadiene.29
They reported that intermolecular hydride transfer
resulted in cyclohexadiene disproportionating to benzene
and cyclohexene in dimethyl sulfoxide with the base being
potassium tert-butoxide. Another group showed that proton
migration was intramolecular in the system dimethyl
sulfoxide and potassium tert-butoxide for the isomerization
of 2-methyl-1-pentene.3° The same group employed the
same solvent-base system in the investigation of the
isomerization of three bicyclic olefins with exocyclic
double bonds.31 They found the importance of angle strain
contributions to be minor when compared to those involved
in the isomerization of endocyclic olefins. The group
had earlier reported the presence of a carbanion
intermediate which followed the order of carbanion
stability, vis., primary > secondary » tertiary.32 They
also determined that the addition of tert-butyl alcohol
slowed the reaction considerably. They concluded, using
tritium analysis, that the carbanion intermediate exchanges
protons with the solvent. Another group found evidence

for the carbanion intermediate in the base-catalyzed




isomerization of medium ring dienes and trienes.33

Some work also has been done involving the choice
of solvents for the base-catalyzed isomerizations of
olefins. One work showed that the use of dimethyl suifoxide
allowed double bond isomerization to take place with ease
and high selectivity.Bu Another work showed dimethyl
sulfoxide to yield faster reaction times than 1,2-dimethoxy-
ethane and tert-butyl alcohol.35

Based on the previous work, we will also employ
the dimethyl sulfoxide-potassium tert-butoxide system in
the isomerization of limonene to prepare 2,4(8)-p-mentha-

diene.
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ZXPERIMENTAL

A1l isomerizations were carried out in a two liter
three-necked round bottomed flask fitted with a mechanical
stirrer, condensor, and nitrogeniinlet unless otherwise
stated. The round bottomed flask was submerged in a
constant temperature bath of diethylene glycol and
glycerine. The specific conditions for each run are as
follows:

Isomerization of Limonene, Run 1

The round bottomed flask was charged with 92.9g
limonene(0.682 moles), 31.4g KOC(CHB)B(O.ZBO moles), and
LoOml of DMSO. The reaction mixture was stirred at 100°C
for 4 days.

Isomerization of Limonene, Run 2

The round bottomed flask was charged with 92.9g
limonene(0.682 moles), 31.4g KOC(CHB)B(O.ZBO moles), and

400ml of DVSO. The reaction mixture was stirred under

nitrogen atmosphere at 100°C for 4 days. 50ml samples
were taken for GC analysis at 4, 18, 28, and 96 hours.

Isomerization of Limonene, Run 3

The round bottomed flask was charged with 18.8g

limonene(0.138 moles), 6.30g KOC(CH3)3(0.056 moles), and
80ml of DM30. The reaction mixture was stirred under
nitrogen atmosphere at 100°C for 8 days. 10ml samples
were taken For GC analysis at 10, 20, and 30 minutes,

1, 2, and 4 hours, and &4 and 8 days.

el e

|




Isomerization of Limonene, Run 4

The round bottomed flask was charged with 37.6g
limonene(0.276 moles), 12.6g KOC(CH3)3(0.112 moles), and
160ml of DMSO. fThe reaction mixture was tirred under
nitrogen atmosphere for 8 days at 100°C. 5ml samples
were taken for GC analysis at 0, 1, 2, 2, and 4 hours,
and 1, 2, 3, 4, 6, and 8 days.

Isomerization of ¥ -tervinene, Run 1

The round bottomed flask was charged with 9.4g

Y-terpinene(0.069 moles), 3.15¢ KOC(CH3)3(O.028 moles),
and 40ml of DMSO. The reaction mixture was stirred
under nitrogen atmosphere at 100°C for 4 days.

Isomerizati =tervinene, Run 2

The round bottomed flask was charged with 18.8g
Y -terpinene(0.128 moles), 6.30g KOC(CH,) 4(0.056 moles),
and 80ml of DISC. The reaction was stirred under nitrogen
atmosphere at 100°C for 4 days. 10ml samples were taken
for GC analysis at &4, 18, 28, and 96 hours.

Iso. rization of § —~tervinene, Run

The round bottomed flask was charged with 18.8g
x-terpinene(0.138 moles), 6.30g KOC(CH3)3(0.056 moles),
and 80ml of DM30. ™e reaction mixture was stirred
under nitrogen atmosphere at 100°C for L days., 10ml

samples were taken for GC analysis at 10, 20, and 30

minutes, 1,2, and 4 hours, and at 2 and 4 days.




22

Isomerization of X-terpinene, Run &4

The round bottomed flask was charged with 37.6g
(-terpinene(O.Z?é moles), 12.6g KOC(CH3)3(O.112 moles),
and 160ml of DMSO. The reaction was stirred under nitrogen
atmosphere at room temperature (19°C) for one day. 5ml
samples were taken for GC analysis at 0, 1, 2, 4, 8, and
24 hours. After 44 hours at room temperature, the temperature
was raised to 50°C and held for one hour. A 5m)l sample for
GC analysis was taken at this time. After 1 hour at 50°c,
the temperature was raised to ?5’3. held for an hour and
a sample taken for GC analysis. The temperature was then
raised to 100°C and samples taken at 0 and 1 hour, and 1,
2, 4, and 8 days.

Isomerization of\/-terpinene, Run 5

A 250 ml round bottomed flask was charged with 5.8g

X -terpinene(0.0426 moles), 1.96g KOC(CH4)5(0.0175 moles),

and 25ml of DMSO. The reaction mixture was stirred under

oxygen free nitrogen atmosphere for 14 days.* iml samples
were taken for GC analysis at 1, 2, 6, and 14 days.

Isomerization of &-terpinene, Run 1

The round bottom flask was charged with 23.23
& -terpinene(0.170 moles), 7.84g KoC(CH3)3(0.070 moles),
and 100ml of DMSO. The reaction mixture was stirred under
nitrogen atmosphere at room temperature (19°C) for 1
hour. 5ml samples were taken for GC analysis at 0 and

1 hour. The temperature was then raised to 50°C, held

* at 100°¢.
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for one hour, and a 5ml sample taken for GC analysis.
The temperature was then raised to 75°C, held for one
hour and a 5ml sample taken for GC analysis. The
temperature was then raised to 100°C with Sml samples
for GC analysis taken at 0,1,2, and & hours, and 1, 2, 3,
4, 7, and 8 days.

The following isomerizations were run with no catalyst.
They were each run in a 100ml round bottomed flask fitted
with an air condensor and a nitrogen inlet. The round
bottomed flask was submerged in a constant temperature
bath of glycerine. The specific condittons for each
run are as follows:

Isomerization of‘(-terpinene with TMSO, Run 1

The round bottomed flask was charged with 3.76¢g
(-terpinene(0.0Z?é moles) and 16ml of DM30 lot number
221578, The reaction mixture was maintained at 100°c
under nitrogen atmosphere for 15 days. 1ml samples were
taken for GC analysis at 1, 6, 13, and 15 days.,

Isomerization ofl’-terpinene with D%S0, Run 2

The round bottomed flask was charged with 3.76¢g
K—terpinene(o.OZ?é moles) and 16ml of DMSO lot number
221578, The reaction mixture was maintained at 1¢c0°¢
under nitrogen atmosphere for 13 days. 1ml samples were
taken for GC analysis at 1, 5, 9, and 13 days.

Isomerization of (—terninene with distilled DMSO, Run 1

The round bottomed flask was charged with 3.76g




Y -terpinene(0.0276 moles) and 16ml of distilled DMSO

lot number 221578, The reaction mixture was maintained

at 100°C under nitrogen atmosphere for 14 days. 1ml

samples for GC analysis were taken at 1, 5, 12, and 14
days.

Isomerization of‘/-terpinene with distilled DMSO, Run 2

The round bottomed flask was charged with 3.76g
r’-terpinene and 16ml of distilled DMSO lot number 221578,

The reaction mixture was maintained at 100°¢ under nitrogen

atmosphere for 13 days. 1ml samples were taken for GC

analysis at 1, 5, 12, and 13 days.

Isomerization of‘(—terninene with DMSO and 2% (CH,).S0,, Run 1
-

The round bottomed flask was char zed with 3.76g

¥ -terpinene(0.0276 moles), 16ml DMSO, and 0.32g (Ci,)

230
(0.0034 moles).

The reaction mixture was maintained at
100°C under nitrogen atmosphere for 12 days. 1ml samples

were taken at 1, 5, 9, and 12 days.for GC analysis.

Isomerization ofJ'-terpinene with DMSQ and 2% (CH,),30,, Run 2
P

The round bottomed flask was charged with 3.76g

K -terpinene(0.0276 moles), 16éml DMSO, and 0.32¢g (CH3)2502
(0.0034 moles).

The reaction mixture was maintained at
100°C under nitrogen atmosphere for 14 days. 1ml samples
P P

were taken for GC analysis at 1, 2, 6, and 14 days.

Isomerization ofX’-terpinene with DMSO and 2% (CH,),S, Run 1

The round bottomed flask was charged with 3.76g
x-terpinene(0.02?6 moles), 16ml DMSO, and 2g (CHB)ZS




(0.0322 moles)., 7The reaction mixture was maintained

at 100°C under nitrogen atmosphere for 15 days. 1ml
samples for GC analysis were taken at 1, 3, 7, 12, and
15 days,
Isomerization of ¥ -terpinene with DMSO and SOEALQnggs. Run 1

The round bottomed flask was charged with 3.76g
X -terpinene(0,0276 moles), i1éml DMSO, and 8g (CHB)ZS

(0.129 moles). The reaction mixture was maintained
at 100°C under nitrogen atmosphere for 7 days. 1ml
samples for GC analysis were taken at i, 2, 4, and 7 days.

Isomerization of ¥ -terpinene with DMSO and 50% (CH.),3, Run 2

The round bottomed flask was charged with 3.76g
¥ -terpinene(0.0276 moles), 16ml DMSO, and 8g (CHy),3
(0.129 moles). The reaction mixture was maintained
at 100°C under nitrogen atmosphere for 14 days. 1ml
samples for GC analysis were taken at i, 2, 6, and 14
days.

Isomerization of‘(-terpinene with DMSC and air, Run 1

The round bottomed flask was charged with 3,76g
(-terpinene(0.0Z?é moles) and 16ml DMSO. The reaction
mixture was maintained at 100°C for 2 days. 1ml samples
for GC analysis were taken at 1 and 2 days.

Isomerization of‘x-terninene and air, Run 1

The round bottomed flask was charged with 3.76g

K—terpinene(0.0Z?é moles). The X:terpinene was maintained

at 100°C for 6 days. 1ml samples for 3GC analysis were
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taken at 1, 2, and 6 days.

Isomerization of -terpinene with DMSO, Run 1

The round bottomed flask was charged with 3.76g
oA -terpinene(0.0276 moles) and 16éml of DMSO. The
reaction mixture was maintained at 100°C for 15 days
under nitrogen atmosphere. 1ml samples for GC analysis
were taken at L, 2, 7, 9, and 15 days.

Isomerization of X-terpinene with distilled DMSO, Run 1

The round bottomed flask was charged with 3.76g
oK -terpinene(0.0276 moles) and 16ml of distilled DMSO.

The reaction mixture was maintained at 100°C under
nitrogen atmosphere for 15 days. 1ml samples were taken
for GC analysis at 1, 2, 5, and 9 days.,

All samples were worked up in the following manner.
The reaction was quenched with water and extracted three
times with pentane, The pentane extracts were combined,
washed with water and dried over magnesium sulfate
and filtered,

Gas Chromatographic analyses were performed on
a GOW~-MAC model 550 equipped with a hot wire detector
and both Apiezon L and Reoplex 400 columns.

The limonene used in the isomerizations was provided
by Schenectady Chemicals, Inc. and was 96% pure. The
impurities were o, 8, and¥- fenchene and« -pinene.

The K—terpinene was from Aldrich and was 92,5% pure,

the primary impurity being p-cymene. Thex -terpinene,




DMSO, KOC(CH3)3. CHBSOZCHB' and CH3SCH3 were also from

-the Aldrich Chemical Company.




Preparation of B-vhellandrene:

Distillation of Canada Balsam 0il, Run 1

Approximatly 50g of Ganada Balsam 0il were
fractionally distilled at reduced pressure in a short-path
distillation apparatus equipped with a Vigreux column.

A silicone o0il bath was employed to control the
temperature of the distillation pot. Fraction 3,

taken at 90mm Hg and 140-150'0. was believed to contain
B-phellandrene but after GC analysis was shown to consist
of a mixture of limonene, & andX’-terpinene, and
B-phellandrene. Fraction 3 was redistilled to yield

a fraction at 110mm Hg and 63'0 which contained limonene,

X—terpinene, and B-phellandrene. A UV-VIS spectrum of

this fraction proved the existence of a conjugated diene
and is reproduced in Appendix 1. Another fraction at
100mm Hg and 160°¢c proved to be primarily polymers obtained

from the high temperature distillation.

Synthesis of B-phellandrene from Cryptone, Step 1

Synthesis of p-isopropyl anisole from p-isopropyl phenol18

Isopropyl phenol, 11%#0.875 moles), 35g NaQH(0.875 moles),
and 350ml of water were charged to a 51 three necked round
bottomed flask. The mixture was cooled in an ice-salt
bath to less than 10°¢C. 110.4g of dimethyl sulfate

(0.875 moles) were then added over the period of one hour.




The reaction mixture was then heated over a water bath
for %hour. At the end of this time, another 119g of
isopropyl phenol(0.875 moles), 35g NaOH(0.875 moles),
and 350ml of water were added over a period of 15 minutes.
The reaction mixture was then refluxed vigorously for

15 hours. The p-isopropyl anisole was recovered by
extraction with 200ml of benzene. The benzene extract
was washed with water, dried over calcium chloride, and
filtered under suction. The product was distilled under
vacuum yielding 250ml of distillate at 104mm Hg and 122°C.
Synthesis of B-phellandrene from Cryptone. Step 2

Birch Reduction of p-isopropyl anisole19

12.2g of p-isopropyl anisole(0.081 moles), 800ml
dry ether, and 1000ml of liquid ammonia were added to
a 41 unsilvered dewar flask fitted with a mechanical
stirrer, dropping funnel, and soda lime drying tube.
16.,8g of lithium wire(2.42 moles) were added to the
homogenius solution over a period of 10 minutes. after
stirring for 10 minutes, absolute alcohol was added drop-
wise over a period of 10 minutes. 'when the blue color
had disappeared, the ammonia was evaporated, ether and
water added, separated, and the aqueous layer re-2xtracted
with ether. after washing the combined extracts with a
saturated salt solution and drying over K2903' the ether

was removed and 7.3g of 2,5-dihydro-4-isopropylanisole

(59% yield) were recovered,




Birch Reduction of p-isopropyl anisole, Run 2

12.2g of p-isopropyl anisole(0.081 moles), 800ml
of dry ether, 16,8g of lithium wire(2.42 moles), and
800ml of liquid ammonia were reacted in a 41 unsilvered
dewar flask under the same conditions as Run 1. 7.0g
of 2,5-dihydro-4-isopropylanisole(56% yield) were

recovered,

Synthesis of B-phellandrene from Cryptone, Step 320
i

Preparation of 4-isopropyl-2-cyclohexanone Semicarbizone, Run 1

0.152g of the enol ether{0.0011 moles) from the
lithium reduction was refluxed for twenty minutes with
1.1g semicarbizide hydrochloride(0.0099 moles) in
10ml of methanol. water was added until the solution
became turbid and the mixture was refluxed ten minutes
longer. The semicarbizone was precipitated in fine
white needles by further dilution with water. 0.02g
of 4-isopropyl-2-cyclohexanone semicarbizone (melting
point 183-185°C) were recovered.

Preparation of b—isopropyl-2-cyclohexanone Semicarbizone.'Run 2

0.304g of 2,5-dihydro-4-isopropylanisole(0.0022 moles),
2.2g of semicarbizide hydrochloride(0.0198 moles),
and 20ml of methanol were reacted under the same
conditions as Run 1. The reaction contents were
refrigerated overnight and 0.76g of the semicarbizone

melting at 192-194°C were recovered,




Preparation of 4-isopropyl-2-cyclohexanone Semicarbizone, Run 3

6.27g of 2,5-dihydro-4-isopropylanisole(0.0464
moles) and 46.6g of semicarbizide hydrochloride(0.418
moles) were refluxed in 250ml of methanol under the same
conditions as Run 1. 2.18g of semicarbizone(melting
point 180°C) were recovered.

Preparation of 4-isopropyl-2-cyclohexanone Semicarbizone, 2un 4

1.0g of 2,5-dihydro-4-isopropylanisole(0.0074
moles) and 7.44g of semicarbizide hydrochloride (0.06467
moles) were refluxed in 150ml of methanol under the same

conditions as Run 1. 0.87g of semicarbizone(melting

point 182-186°C) were recovered.

Preparation of 4-isopropyl-2-cyclohexanone Semicarbizone, un 5

6.0g of 2,S-dihydro-h-isopropylanisole(0.0444
moles) and 44,6z of semicarbizide nydrochloride(0.40
moles) were refluxed in 300ml of methanol under the same
conditions as Run 1. 3.77g of semicarbizone(melting
point 182-184°C) were recovered,

Synthesis of B-phellandrene from cryptone, 3tep 4
21

Generation of Cryptone from Semicarbizone

4,0g of the purified semicarbizone(0.022 moles)
were added to 50ml of 10% sulphuric acid and steam
distilled under nitrogen atmosphere. The distillate
was extracted with ether three times. The ether extracts
were combined, dried, and the ether removed under

vacuum yielding 0.25g of Cryptone.




Generation of Cryptone from Semicarbizone, Run 2

4.64g of the purified semicarbizone(0.025 moles)
were added to 250ml of 107 sulphuric acid and steam
distilled under nitrogen atmosphere. After following
the procedure of Run 1, 2.8g of Cryptone were recovered.

Synthesis of B-phellandrene from Cryptone, Step 5
22

B-phellandrene from Cryptone

1.4g of 1lithium(0.2 moles) were gradually added
to 10g of bromobenzene(0.064 moles) in 100ml of dry
ether under nitrogen atmosphere. The phenyl lithium
solution was filtered into a stirred suspension of
25.5g of methyl triphenyl phosphonium iodide(0.063
moles) in 200ml of dry ether and the whole mixture
stirred for 2.5 hours under nitrogen atmosphere at
room temperature. 3g of Cryptone(0.022 moles) were then
added during a period of 15 minutes. The entire mixture

was heated and ligroin added as the ether distilled to

give a refluxing temperature of 40-60°C. The mixture

was refluxed for 5 hours when the solution was cooled

and filtered. The ligroin was evaporated and run through
an aluminum oxide column two feet in length. The column
was eluted with ligroin and 4 fractions of 25-30ml in
volume were collected. The ligroin was evaporate’ and
white crystals of triphenyl phosphonium iodide(melting
point 80-92°C) and a yellow oil were left behind. The
yellow oil was taken up in pentane and shown to be B~

phellandrene by GC analysis. (Yield: 0.8¢g)




The Canada 3alsam 0il used in the fractional
distillation was obtained from “luka. ™e isopropyl
rhenol used in the synthesis of B-rhellandrene was lot
number 17,540~L from the Aldrich Chemical Company .

The dimethyl sulfate was obtained from Zastman Chemical
and was from lot number B398. The semicarbizide 31

was from I'CB and the Aluminum Oxide for the column was
lot number 71207 from llerck & Company. T™e bromobenzene
and triphenyl rchosvhonium iodide were both obtained from

the Aldrich Chemical Company.

Reaction of & -phellandrene with 9-BBN, Run 1

A 250ml three necked round bottomed flask fitted
with reflux condensor, thermometer, and magnetic stirrer
was charged with 1.00g« -~phellandrene(0.00735 moles) and
29.6ml of 0.5M 9-BBN in THF(0.0143 moles). The reaction
mixture was stirred at reflux for 7 days. At the end
of this time, 1.6ml of benzaldehyde(0.0144 moles) was
added and the reaction mixture stirred at reflux for

another ? days. At the end of this time, 9.5ml of 3N

NaQH and 7ml of 30% H202 were added and the whole stirred

for two hours at 50-60°C. The products were taken up in
pentane and dried over anhydrous magnesium sulfate.
The products were identified using gas chromatographic
analysis.

The & -phellandrene was obtained from Fluka and the

9-BBN from Aldrich Chemical Company.




Pyrolysis/Mass Spectroscopy

Mass spectra were obtained from a Hewlett-Packard
5992 GC/MS system equipped with our Apiezon L column.
The following terpene standards were put into the library
of the instrument: 2,4(8)-p-menthadiene and terpinolene
from the isomerization of x-terpinene, Run 2, B-phellandrene
via the Wittig reaction of Crypténe. trans 2-p-menthene and
3-p-menthene from Andy Elkowitz's dehydration of menthol,
& and 4 fenchene from Professor Sheffer's reaction of
fenchyl amine with nitric acid, and l-p-menthene,

o{ -phellandrene, and allo ocimene, trans- cis from Fluka
Chemical Company. The mass spectra of these compounds are
provided in Appendix IV along with the spectra of other
terpenes already stored in the Pollution Library of the

Instrument.

Poly(B-pinene)(Professor Sheffer's Run 207), 6.2mg,

was pyrolyzed for 30 seconds at 500°C on a Hewlett Packard

80 Pyrolysis Unit. The pyrolysis unit was coupled directly
to the GC/ Mass Spectrometer with the following conditions:
Column Temperature 120°¢, Injection Port Temperature 150°C,
and Helium flow rate 30 psi. The mass spectra of the

Pyrolysis products are given in Appendix IV,




*

"A plot of these results is provided in Pigure I.
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RESULTS AND DISCUSSION

The gas chromatographic analysis of the isomerization
of Limonene, Run 1, led us to an extensive study
of the reaction. Zxpecting« -te‘rpinene, 2,4(8) -
p-menthadiene, and K-terpinene ina5: 3 : 1 mole
J:'a.‘(:io?8 we were quite suprised to find five products
as well as some unreacted limonene. P-cymene and
terpinolene were identified in the reaction mixture
after four days as well as the expected «and Y—terpi.nene

and 2,4(8)-p-menthadiene. 3Spiking with pure samples of

o« and X—terpinene, p-cymene, and limonene on both the

Reoplex 400 and Apiezon L columns was employed to

prove their existence. These results prompted the
isomerization of limonene, Run 2 for verification.
Run 2 was monitered to follow the percent composition
of products with time. The results of Run 2 are as
follows.

.

Table T: Tsomerization of Zimonene, Zun 2

4hrs.  18nrs.  28ars.  9bhrs.
o« -terpinene 16.2% 38.7% Lo .75 37 .65
p-cymene 2.3 9.6 12.0 19.1
limonene 56.7 11.5 6.5 - R
Y -terpinene 6.6 12.4 12.1 13.2
terpinolene 2.1 2.3 2.7 2.8
2,4(8)-p-menthadiene 16.0 25.5 25.0 23.9
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These results allowed us to follow the
disappearance of limonene and formation of products.
However, four days seemed to be insufficient as an
end point of the reaction as it seemed thatol -terpinene
and 2,4(8)-p-menthadiene were disappearing and p-cymene
still forming. Run 3 was allowed to react for 8 days
to get a better idea of what was happening. The
results of Run 3 follow.

i3 ization of Limo Run 3"

lhr. 2hes. Ahrs. 4days  8days

o -terpinene 5.4% 11.5%  15.6%  29.07%  22.87
p-cymene 0.0 2.9 2.4 18.5 29.6
Linonene 89.3 78.1 60.8 13.6 11.7
X—terpinene 1.6 3.7 6.0 11.9 6.8
terpinolene 0.0 0.7 1.3 3.3 1.6
2,4(8)~p-menthadiene 3.7 3.1 13.7 23.7 14.0

*A pPlot of these results is provided in Figure II.

The results would indicate that all species are
disappearing to form p-cymene. However, the limonene
is not disappearing at the same rate as it did in
Run 2. It was then decided to start a new run using
oxygen free nitrogen in order to curtail the oxidation
of reaction products to p-cymene. Run 4 was also

nmonitered more closely than the previous runs in order

to obtain a clearer picture of what was happening. The
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results of Run 4 follow.
*

Table III: Tsomerization of Limonene, Run 4

X zhrs., - 3.5hrs. 4.5hrs, lday  2days

ol -terpinene 9% 7% 10% 247 23%
p-cymene 0 0 0 0 17
limonene 87 88 81 54 43

6’ -terpinene | 1 2 3 1 3
terpinolene 0 0 0.4 0 0.5
2,4(8) -p-menthadiene 3 3 5 14 12

Table IJIT continued
3days Ldays édays 8days

X -terpinene 21% 184 215 187
p-Ccymene 23 22 23 24
limonene L3 Lo L1 42

X =-terpinene 4 5 5 5
terpinolene 0 1 0 1
2,4(8)-p-menthadiene 9 14 10 10

*A pPlot of the percent of product vs. time is provided
in Figure III.

From the plot of the percent of product vs. tinme,
it can be seen that p~cymene is not formed until two
days into the reaction using oxygen free nitrogen. The
formation of p-cymene with time levels off as the
limonene is consumed nmore slowly than in Runs 2 and 2.

However, the other r 2ction products still follow the
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earlier trends. It still seems as though p-cymene
is formed from the products « and (r -terpinene and
2,4(8)-p-menthadiene. A summary of the base~catalyzed

isomerization of limonene, based on our experimental

2

o( -terpinene

Koc(c
DMSO
X i

limonene terpinolene\ X—terpinene p-cymene

.

2,4(8)-p-menthadiene

evidence, follows:




The results of the base-catalyzed isomerization

of limonene sparked interest in the reaction. It was
decided that other terpenes be isomerized and their
reactions followed. Since both &« and X-t‘erpinene
were readily available and involved in the limonene
isomerization, they too were isomerized under the

same conditions as limonene. Te isomerization of

(—terpinene, Run 1, yielded five terpenes after

reacting for four days at 100°C. o(—terpinene,&/-terpinene,
p-cymene, terpinolene, and 2,4(8)~p-menthadiene were
identified. 4 second run was made and followed gas
chromatographically. The results of the isomerization

ofd/-terpinene, Run 2 follow:
Ioble IV: Isomerization of r-ternineneJ Run 2

& ~terpinene 20.59 39.97% Lo.17 247
p-Cymene 13.0 14,6 16.3 49.6
{ -terpinene 18.5 15.1 1h.2 5.3
terpinolene 3.8 3.2 3.1 2.5
2,4(8)-p-menthadiene 44,2 27.2 29.8 18.7

4 plot of the percent of product vs. tinme is
provided in Figure 4. T™e reaction ofr-terpinene
is much faster than the isomerization of limonene.
Jajor differences include the much faster disappearance

of K—terpinene and the immediate formatisn of p-cymene.
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The formation of terpinolene, which may be an intermediate
in both reactions, remains the same. Another run was
needed to determine the extent of reaction at much
earlier times than in Run 2. The results of Run 3
follow:
Table V: Tsomerization of { -terpinene, Run
10min. 20min. 3Omin. 1hr. 2hrs.
& ~terpinene be.4%  45.0%  45.17 44,29 Ly.7q
p-cymene 2.3 7.0 6.2 8.3 8.7
{ -terpinene 15.3  15.4 15.0 144 15.4
terpinolene 2.0 2.9 1.7 2.7 2.8
2,4(8)-p-menthadiene 29.0 29.7 22,0 30.4 28,4
Table V continued
4hrs. 25hrs. 2days idays
o ~terpinene 45.7%  41.17% 14,67 2.9%
p-cymene 10.2 13.1 55.4 66.3
{ -terpinene 13.3 145 . 5.5 -
terpinolene 2.4 3.2 2.5 0.8
2,5(8) -p-menthadiene 28.4 28.1 22.0 30.0
A plot of the percent of product vs. time is
rovided in FPigure V. It can be seen from this plot
that the reaction is 85% complete after the first ten
minutes. The plot also provides evidence for the formation
of p-cymene from both & and &/-terpinene. The amount

of terpinolene still remains constant as does the amount

of 2,4(8)-p-menthadiene. The reaction was occuring so fast,
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however, that we needed to lower the temperature and -
then moniter the reaction while raising the temperature.
Run 4 was run at room temperature for two days before
bringing the temperature gradually up to 100°C. fThe
results of Run 4 are as follows:

Table VI: Isomerization off—ter*oinene. Run 4

Room Temperature(19°C)
& -terpinene 5% 55% 59% 61.5%
p-cymene 30 22 22 22
& -terpinene 65 22 17 15
terpinolene ' 0 0 0 )

2,4(8)-p~menthadiene o] 1 1
Table VI continued

50

°
C

& -terpinene

p-cymene 26 18 21 30

Y -terpinene 1% 13 12 12

terpinolene 0.5 2 2 2
2,4(8)~p-menthadiene 8.5 18 21 19

The percent of product vs. time at room temperature
is plotted in Pigure VI and the percent of product vs.
time for the remaining temperatures is plotted in
Figure VII. At Ohr. at roonm temperature, the reaction is

357 complete. p(-terp;nene is the major product at room
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temperature but drops off after heating due to oxidation
to p-cymene. The reaction does follow the earlier
trends with both oland r—terpinene disappearing to
form the major product p-cymene. A summary of the
isomerization of (—terpinene, based on our experimental

evidence, follows:

Koc(cH )3 ? ; @
DMSO

N-terplnene \ « - terplnene p-cymene

terpinolene 2,4(8)-p-menthadiene




The next terpene investigated was o -terpinene. The
base-catalyzed isomerization of o ~-terpinene was expected
to be as fast as that ofx—terpi.nene. Terefore, the
reaction was carried out in much the same manner as
the isomerization of x—terpinene, Run 4. The reaction
was started at room temperature and then gradually

heated. The results of the isomerization ofof-terpinene,

Run 1 are as follows:

maple VII: Isomerization of®-terpinene, Jun 1

Room Temperature(21°C) 50°¢C 75°¢C

Ohr. inr. 2hrs. hrs.

°< ~-terpinene . 713 6473
p-cymene 20 20
K—terpinene 9 15
terpinolene 0 0
2,4(8)~-p-menthadiene 1

Table VII continued

bars. 1day A4days 8days

ol -terpinene 7 ; L5 L0735 2673

p-cymene 17 2 v L3

Y -terpinene 10 £

terpinolene 2 1
2,4(8) -p-menthadiene 26 23 28 26 19

A plot of the percent of product vs. time at




varying temperatures is provided in Figure VIII and
the percent of product vs. time at 100 C in Figure IX.
Again, p~cymene is the major produc'b after the slow
disappearance of &~terpinene and 2,4(8)-p-menthadiene.
A summary of the base-catalyzed isomerization of

ol -terpinene, based on our experimental evidence,

follows.

/_\SO?

KocC (Cﬁj ) 3‘ I El
o -terpinene \x -terpinene

terpinclene 2,4(8)-p-menthadiene
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The products in each of the preceding isomerizations
were identified as follows. The retention times of

i each compound on both the Apiezon L and Reéplex 400
columns were checked with literature va.lues.15 Limonene,
p-cymene, o{ -terpinene, and X -terpinene were also
found by spiking with pure samples of these compounds.

ol ~terpinene and 2,4(8)-p-menthadiene were trapped employing
preparative Gas Chromatographyf Since these are both
conjugated dienes, UV-VIS absorption spectroscopy was
employed for identification. The results of this
work follow:

Table VIIT; UV-VIS absorption 3pectroscopy

/(ma.x obs. (nm) Amax cale. (nm) *ma.x 1it.(nm)
oK -terpinene 264 .8 263 26528

2,4(8)-p-menthadiene 243.5 239 2#628
The UV-VI3 absorption spectrunm foroX-terpinene

is provided in Appendix II and the UV-YT3 absorption

spectrum for 2,%4(8)~-p-menthadiene is provided in

Appendix III.
The results from the base-catalyzed isomerizations

of limonene, d—terpinene. and X—terpinene lef't many

unanswered questions. It was not clear how the p~cymene

was being formed. !le were not observing any menthanes

in the product which ruled out disproportionation. The
reaction products must have been oxidized to p-cymene

but it was unclear as to the identity of the oxidizing agent.

| *The samples were trapped in a glass tube immersed in liquid
P Nitrogen as they came through the exit port of the GC.




It was obvious that more experimental work was needed

concerning the formation of p-cymene. The other uncertainty
concerning the isomerizations was the relative rates

of the reactions; both & and d’-terpinene isomerized

much more rapidly than limonene. An examination of the .
carbanions involved shows that there are less resonance

structures for limonene than X and ( -terpinene.
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These are the resonance structures for the carbanions

of both « and Y-terpinene in the base-catalyzed

isomerizations. Underlined species represent tertiary

carbanions and are considered weak contributors. The
resonance structures involved for the carbanions of
limonene in the base-catalyzed isomerizations are

given below.




The additional experimental work involving the
formation of p-cymene in the preceding isomerizations
yielded some interesting results, Samples. of r-terpinene
were isomerized in dimethyl sulfoxide (DMSO) with no
catalyst. The results of this work follow:

Table IX: Isomerization of X—te:pinene in DMSQO, Runs % & 2

% Formation of p-cymene with time

Odays lday 5days 6days 9days 13days 1s5days
Run 1 6% 18% 22% 467% 603%

Run 2 6/ 1556  24% 434 424

These results indicate that DMSO is acting as an
oxidizing agent in the isomerizations. It is unclear,
however, whether the DMSO is the sole oxidizing agent
or 1f some impurity in the DM30 is doing the oxidizing.
The next experimental steps taken were to run isomerizations
in purified DMSQ. Two commen impurities in DNSO capatle
of oxidizing, dimethyl sulfide and dimethyl sulfone,
were then added to DNSO and their effects monitered
in an isomerization. The results of the isomerization
ofd’~terpinene in distilled DMSO with no catalyst follow:

Table X: Isomerization of f:terninene in distilled ZMSO

% Formation of p-cymene with time

Odays 1day 5days 9days 12days 13jdays 1lidays
Run 1 6% 13% 21% 88% 72%

Run 2 6% 113 273 38% 33%




The distilled DMSO seems to form p-cymene at a slightly
slower rate than did the non-distilled DMSO. (Note that
the nitrogen was off for the last seven days of Run 1
with distilled DMSO which explains the large amounts of
p-cymene at the end of the reaction.) The results for
the isomerization oi‘&cterpinene in DMSQO with 2%
dimethyl sulfone, CHBSOZCHB' follow:

Table XI: Isomerization ofaf-terpinene in DMSO

with 2% dimethyl sulfone, Runs 1 & 2

% Formation of p-cymene with time

Odays - lday 2days 35days édays l2days lhdays

Run 1 6% 22% 4073 843
Run 2 6% 1232 127 187% 787%
The addition of dimethyl sulfone markedly increased

the rate of formation of p-cymene. This would indicate
that if any dimethyl sulfone were present as an impurity
in the DMSO, p-cymene would be formed more rapidly than
in DMSO alone. The results for the isomerization of

_§ -terpinene in DMSO with 50% dimethyl sulfide, CH4SCH,,
follow:

Table XII: Isomerization of {-terpinene in DM30

with 50% dimethyl sulfide, Runs 1 & 2

% Formation of p-cymene with time
Odays iday 2days A4days 6édays 7days lidays
Run 1 6% 15 295 384 533~
Run 2 6% 14% 117 183 30%

*
It is believed that this run was contaminated with air,
which would explain the unexpectadly high amount of p-cymeie.




These results show that dimethyl sulfoxide is not as
strong an oxidizing agent as dimethyl sulfone but that
both are more powerful than dimethyl sulfide. e were
also interested in how fast J-terpinene would oxidize

to p-cymene in air. Two isomerizations were run, one
in DMSO and air and one in air alone. The results of
this work follow:

Table XIII: Isomerization of J:terninene in air

% Formation of p-cymene with time

Qdays 1iday 2days 6days
Run 1 DMSO & air 6% 61%  86%
Run 2 air 6% 46% 85% 100%
All of the results for the formation of p-cymene
work are plotted together in Figure X. From the plot
it can be concluded that DNM30 and air oxidize X—terpinene
to p-cymene the fastest, air alone the next fastest
followed by dimethyl sulfone, dimethyl sulfide, IS0,
and distilled DMSO. From this work we can conclude
that p-cymene is least likely to be formed when distilled
DMSO and oxygen free nitrogen are used.
The effects of DNSO were then investigated with
o -terpinene. o -terpinene was isomerized in CMSO with

no catalyst and in distilled DMSO with no catalyst.

The results were analogous to dcterpinene. The results

of the isomerization of X-terpinene in 4SO and in

distilled DN3O follow:

*Dimethyl sulfide should be acting as a diluent.
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Table XIV: Isomerization of « -terpinene in DMSO

% Formation of p-cymene with time
Odays 1lday 7days 1_1days 15days
Run 1 6% 4% 53% 35% 61%

Table XV: Tsomerization of &-terpinene in distilled DMSO

% Formation of p-cymene with time
odays 4days lldays
Run 1 6% 30% 55% o

The results of this work are plotted in Figure XI.

The distilled DMSO seems to form p-cymene more slowly

than the non-distilled DMSO.
It is interesting to note that some of the runs
with no catalyst yielded.other terpenes beside p-cymene
and the starting material. The isomerization of Y—terpinene
in DMSO, Run 1 with no catalyst resulted in the formation
of 0.6% «-terpinene and 0.6% 2,4(8)-p-menthadiene. Run 1
of the isomerization of { -terpinene with distilled DMSO
yielded 19% «-terpinene and 1.2% 2,4(8)-p-menthadiene after
1% days. The isomerization of (-terpinene with 50% CHBSCH3. ‘
Run 2 yielded 10%X -terpinene and 1% 2,4(8)-p-menthadiene

| after 14 days.
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We next turned our attention to the preparation
of a sample of B-phellandrene. We first attempted to
isolate the material from Canada Balsam 0il via fractional
distillation. We did isolate B-phellandrene in this
manner, but only as a mixture along with limonene and
(tterpinene. B-phellandrene was identified by a retention
time check on both the Apiezon L and Reoplex 400 columns
with the literature values.15 Since B-phellandrene was
the only conjugated diene in the mixture, a UV-VIS
absorption spectrum was run for more positive identification.
The results of this work follow:

Table XVI: UV-VIS absorption Spectroscopy of B-phellandrene’

/\ max observed A max_calculated A max literature2s

230nm 229nm 231.2
We then prepared B-phellandrene via the synthetic
route from Cryptone. After all the steps were completed,
approximately 0.8g of B-phellandrene were isolated. GC
analysis revealed B-phellandrene(87%), p-cymene(6%),

B-terpinene(6%), and 3-p-menthene(1%). This sample of
B-phellandrene would be adequate for our pyrolysis-gas
chromatography-mass spectral work.

We also attempted to prepare B-phellandrene from
A-phellandrene using 9-BBN. After several batches at
various conditions it was obvious that we were not getting
B-phellandrene as we had hoped. The major product was

4(8)-p-menthene along with other menthenes and few dienes.

*The UV-VIS absorption spectrum of B-phellandrene is given

in Appendix I.
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Finally, we turned our attention to the determination
of the microstructure of poly(B-pinene). The following
terpenes, possible pyrolysis products of poly(B-pinene),
were put into the library of the Gas Chromatograph/Mass
Spectrometer: p-cymene, A-3-carene, d -terpinene, f-terpinene.
camphene,« -pinene, « -phellandrene, B-pinene, limonene,
toluene, allo-ocimene trans-cis, B -phellandrene,
l-p-menthene, terpinolene, trans 2-p-menthene, 3-p-menthene,
and 2,4(8)-p-menthadiene. The mass spectra of these standards
are provided in Appendix IV. A sample of poly(B-pinene)
was pyrolyzed in the instrument and a library search
performed on the pyrolysis products. Using the information
provided by the library search, knowledge of the retention
times of the pyrolysis products, and visual analysis of
the mass spectra with comparison to literature value536,
we determined the major pyrolysis products to be o -phellandrene,
& -terpinene; trans 2-p-menthene, and B-phellandrene.
The major pyrolysis product was B-phellandrene., Mechanisms
of degradation can now be written and the microstructure
of the polymer determined.

Formation of B-phellandrene:

i ) int intra
nter or intr
\/\/C—CHZ ?u *
éHj CH3




é scission

B-phellandrene

Formation of « -phellandrene

inter or intra




o¢ -phellandrene

Formation of & ~-terpinene

CH3 CH3
\/\/'l&—CHZ & inter or intra
tH,




& -terpinene

All of these mechanisms of degradation seem to indicate

the previously proposed repeat unit.2 We can therefore

conclude that this repeat unit is present in amounts greater than
the 50% previously reported. When greater amounts of polymer

are pyrolyzed, there are traces of bothe -fenchene and

camphene indicating that both are possible end groups.

The microstructure of poly(B-pinene) is therefore:
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THE NEXT STEP

Further research should be conducted in the
following areas:

The reaction of 9BBN and various terpenes should
be thoroughly studied. One should react both dienes
and enes to determine the rate and extent of reaction.
The reaction should be monitered using NMR analysis to
determine the intermediates involved.

DMSQ should be carefully analyzed to determine the
nature and amounts of any impurities capable of oxidation.
Also the isomerization of terpenes with no catalyst in
DMSO should be investigated.

More pyrolysis work should be done using greater
amounts of polymer and longer pyrolysis times in order
to accurately determine all of the pyrolysis products.
Samples of poly(B-pinene) with varying melecular weights
should be pyrolyzed.
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+*= LIBRAR ZEARCH Crev, 1-1.753
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3.3929 28
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