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Abstract:

Delta-3-carene, a constituent of the by-product turpentine from Kraft pulp mills in the Rocky Mountain
region, was used as a raw material for the production of monoterpene alcohols. A four-step process,
including hydrogenation, hydrobromination, esterification, and hydrolysis was used.

The final alcohol products were identified as cis- and trans-8-p-menthanol and cis- and
trans-8-m-menthanol.

The liquid phase hydrogenation of (+) A-3-carene was investigated in a continuous fixed-bed catalytic
reactor using a reduced nickel catalyst containing 58% nickel on a kieselguhr support (Harshaw
Ni-Ol104-T).

The operating conditions were as follows: 25-115°C, 0-1500 psig, LHSV .05-.50, and H2 rate 38-376
SCF/gal. A-3. The production of (-) cis-carane was favored by high pressure, lower temperatures, and
low space velocity while 1,1,4-trimethylcycloheptane (the major by-product) was favored by low
pressures, high temperature, and high space velocity. Carane yields of 90-95% with 100% conversion
of A-3-carene were obtained at 60-70°C, 750-1000 psig, and LHSV .10-.20. The catalyst activity was
decreased by a poison suspected to be water. The selectivity was unaffected.

The hydrobromination of carane, was carried out in a semi-batch reactor using gaseous HBr. Organic
peroxides were used to try to reverse Markovnikov's rule of addition so that secondary bromides could
be obtained. This failed completely with carane, with about equal amounts of the tertiary meta and para
derivatives being the only products obtained.

The operating conditions were as follows: 5-100°C and initial carane concentration .30-1.60 g-moles/l.
The high temperature favored the meta derivatives slightly while the lower carane concentrations
decreased the reaction rate. Conversions of over 95% were obtained in most of the experiments with
the reaction proceeding very rapidly generating exothermic heat. The acetate esters were produced
from the terpinyl bromides because elimination predominated when direct hydrolysis of bromides was
tried. The batch esterification went instantaneously in an acetic acid medium using silver acetate. The
operating conditions were as follows: 2-112°C, initial bromide concentration .12-1.30 g-moles/l. and
reaction time 2-60 min. Temperature up to about 70°C had no effect on the yield of ester but at 112°C
the yield dropped. At higher bromide concentrations the yield was decreased slightly, also. The
maximum amount of ester obtained was 60% at 17°C using .25 g-moles bromide/l.

The batch hydrolysis reaction was investigated with menthyl acetate in a Parr bomb using aqueous
NaOH. The operating conditions were as follows: 95-245°C, .25-2.92 g-moles NaOH/l. H20, .23-1.08
g-moles ester/l. H20, and reaction time 15 min. to 13 hours. At temperatures over 120°C the reaction
went easily with 80-100% conversions and 90-100% alcohol yields. Reaction times over one hour
provided nearly complete conversion while reactant concentration had no effect on the reaction.
Hydrolysis of crude tertiary esters yielded approximately 50% alcohols at 170°C after 10-12 hours.
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ABSTRACT

Delta-3~-carene, a constituent of the -by-product turpentine from Kraft
pulp mills in the -Rocky Mountain region, was used &s a raw material for
the production of monoterpene alcohols. A four-step process, including
hydrogenation, hydrobremination, esterification, and hydrolysis was used.
The final alcohol products were identified as cis- and trans-8-p-menthan-
ol and cis~- and trans-8-m-menthanol. _

The liquid phase hydregenation of (+) O -3-carene was investigated
in a continuous fixed-bed catalytic reacter using a reduced nickel cat~
alyst containing 58% nickel on a kieselguhr support (Harshaw Ni-01O4T).
The operating conditions were as follows: 25-115°C, 0-1500 psig, LHSV
.05-.50, and Hp rate 38-376 SCF/gal. & -3. The production of (-) cis-
carane was favored by high pressure, lower temperatures, and low space
velecity while 1,1,4-trimethylcycloheptane (the major by-product) was fav-
ored by low pressures, high temperature, and high space velocity. Carane
yields of 90-95% with 100% coenversion of & =3-carene were obtained at 60-
70°C, .750-1000 psig, and LHSV .10-.20. The catalyst activity was decreased
by a poison suspected to be water. The selectivity was unaffected.

The hydrebrominatien of carane was carried out in a semi-batch re-
actor using gaseous HBr. Organic peroxides were used to try to reverse
Markovnikov's rule of additien so that secondary bromides could be ob=-
tained. This failed completely with carane, with about egual amounts of
the tertiary meta and para derivatives being the only products obtained.
The operating conditions were as follows; 5=100°C and initial carane cor-
centration .30-1.60 g-moles/l. The high temperature favored the meta
derivatives slightly while the lower carane concentrations decreased the
reaction rate. Conversions of over 95% were -obtained in most of the ex-
periments with the reaction proceeding very rapidly generating exothermic
heat. \

The acetate esters were produced from the terpinyl bromides because
elimination predominated when direct hydrolysis of bromides was tiled. The
batch esterification went instantaneously in an acetic acid medium using
silver acebate. The operating conditions were as follows: 2-112°C, in-
itial bromide concentration .12-1.30 g-moles/l. and reaction time 2-60 min.
Temperature up te about 70°C had no effect on the yield of ester but at
112°C the yield dropped. ' At higher bromide concentrations the yield was
decreased slightly, also. The maximum ameunt of ester obtained was 60%
at 17°C using .25 g-moles bromide/l.-

The batch hydrolysis reaction was investigated with menthyl acetate
in a Parr bomb using aqueous NaOH. .The operating conditions were as .fol-
lows: 95-245°C, .25-2.92 g-moles NaOH/1l. Hz0, .23-1.08 g-moles ester/l. H0,
and reaction time 15 min. to 13 hours. At temperatures over 120°C the re-
action went easily with 80-100% conversions and 90-100% alcohol yields.
Reaction times over one hour provided nearly complete conversion while re-
actant concentration had no effect on the reaction. Hydrolysis of crude
tertiary esters yielded approximately 50% alcohels at 170°C after 10-12
hours. ' : .




I. INTROBUCTION

A. .0il of Turpentine

'

0il of turpentine is believed to have been the first essential oil
ever isolated, being mentioned by the Greek hisforian‘Herodotus(l)(484 to
425 B.Cs)o . It has been commercially produced both as a by-product frem

pulp mills(z) and as a direct product from pine tree resins(B) for at

least 100 years and perhaps even before that.

Turpentine production -in- the United States had been static at about
30 million gallons annually from 1900 to 1960 but has started to increase

(%)

and about W40 million gallens is predicted for 1970 . .Its éources, how~
ever, have changed from being produced exclusively frem pine gum (6leo-
resin) in 1900 to about~50% prd&uced now as'by—prodﬁct from Kraft pulp
millg, with 25% still coming frem pine.gum and anothef 25% coming from

steam distilling pine stump resins. The United States leads in world

production of turpentine teday, with about HO-SO% of the tetal. j )

B. Delta-3-Carene

The turpentines from India and Scandinavia were neticed early te be

(3)

quite different from the American and French turpentines . Distillatien

of these turpentines indicated a much smaller fraction of the Indlan and

Scandinavian turbentine beiling at 167°C or less (the alpha- :and beta-

(5)

pinene fractions), Simensen et al carefully fractioenated the -Indian

turpentine in 1920 and found it centained alpha-pinene, beta-pinene, a

new.bidyclic terpene .for which the name & -3-carene was pfOposed, and a

sesquiterpene called longifelene. The properties of the new fterpene




-

N

: 30
.8%6,nD 1.469, and

30

30
E{]go + 7.69°. The follewing structure was eventually assigned.

hydrocarben were b.p. 168-169°/705 mm Hg, d

- : . CHs

CHs
H4C

Figufe l. The Chemical Strucﬁure of A -3-Carene.

N

Délta-3~carene has been found (6,7,8) in the turpentines from many

f R .

épecies of coniferous trees of .the -United States and Canada. .1t rangés

in amounts in different speciés from enly a trace to nearly 100%. Table

v

I gives a summary of the trees contaiﬁing‘substantial amount of A -3«
carene and their lecatioens., .In additien te North American soeurces for
D -3-carene,.it is. alse found in other areas of the world, as previeusly -

mentiened.: .The Pinus longifelia feund in varieus parts ef Asia and

10,11 )
Eurepe -is rep@rted( ) to have U45-70% O -3-carene in its turpentine;

(12)

the Pinus silvestria in .Peland is reported te have about 35% A =3-

: carene; and undesignated pines of Sweden are reported<i3) to haVé725=33%
\.él ~3-carene. Undoubtedly, iﬁ;occurs in many other countries which have

not been mentiened.
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All of the above information{indicateé the potential availability of
ZS -3~-carene in‘varibus parts of the world. -In the United States at the
present time, & -3-ca;ene is available only in éhe by~-product turpentine
recovered from three wesyern Kraft pulp mills*, and wiil bé available
from two other-mills** if and when they start recovering their turpen-
tipe. ) There "is no cemmercial facility in the U.S. now for tﬁe sole
pufpose of separating—pure D -3-carene -frem turpentine mainly because
. there.is ne ready market for it in this country either as a chemical raw
'materialior as an end product in its pure state. However, there has
béen a considerable amount of research dene on the chemistry of O -3-
carene(4’15_27) some of which may open the door fer coemmercial utiliza- |

tion in the near future.

* .
Waldorf-Heerner Paper -Products Co., Missoula, Mentana,

Southwest Forest -Industries, Snowflake, Arizena.
Boise~Cascade Corp., Wallula, Washington.

* potlateh Forests,.Inc.,.Lewiston, . Idaho,
.Northwestern Pulp & :Power, Ltd., Hinton, Alberta.
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TABLE -I. . Approximate Percentage of A -3-Carene in the Turpentine'of
Various Ceniferous Trees of the United States and Canada.

Tree
. Botanical
Commen Name " Name'
Mason & Stock-  Pinus
well Pine Washeensis
Western Larix
Larch Occidental’
Ponderosa Pinus Pen-
Pine derosa
Whitebark - Pinus Albi-
Pine caulis
Lodgepole Pinus Con-
- Pine torta
Engleman' Picea Engle
Spruce ‘Manii
Tamarack Larix
Laricina
Sugar Pine Pinus
.Lambertiana

C. .Saturated Monocyclic Alcohoels

Majer % A -3-Carene
Loqations‘ in Turpentine Reference
‘Western Chiefly A -3 8
Nevada
Ment., Wash., 49y 6
-Ida., Ore., &

'B.C. -in Canada-

Western U.S. 36% 6
Alb., B.C., 35% 7
Mont., Wyo.,

Nev., & Cal.

Western U.S. '21% 6
& Canada

Rocky Mt. 21% 6
Region of U.S.

and Canada

Canada & Great 9% 6
Lakes Region

of U, S.

Califernia 1% - 6
& Oregoen

lThe,primary objective of this research, therefore, was to try to

utilize ‘O -3-carene as a raw material fer the production of eother ter-

pene chemicalg which have a ready market new or to develop new or.unique

terpene derivatives which might have desirable properties for which new
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outlets could be established. Most terpenes today are utilized in the
fragrance, flavor, and cosmetic industries with some of them having
lucrative prices. Many of these terpenes are alcohols isolated from
various naturally occurring essential oils or produced synthetically;
thus, the research on A -3-carene was directed toward the general area
of the terpene alcohols. Eight alcohols, among the many which could pos-

sibly be attained from A -3-carene, are given in Figure 2.

OH
b OH

OH
9 10
Menthol Y4 -m-menthanol 8-m-menthanol 3-m-menthanol
| OH
1 ;
OH }——__'
i 1,1,4%-Trimethyl- HO /l
8-p-menthanol 4 -p-menthanol cycloheptane2-ol %&% gﬁgﬁ%gﬁ??Xél

Figure 2. Some Saturated Monocyclic Monoterpene Alcohols.

These saturated alcohols which could be obtained by substitution at

the reactive cyclopropane ring were chosen as the general type of mono-
terpene alcohols to try to obtain primarily because menthol 1s among them

and 1s probably the most valuable of all the terpene alcohols. It has a
8)

2
domestic market of about two million pounds annually,( and a value

9)

2
which fluctuates from about $3.50/1b. to $6.50/lb.( depending on the
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supply and dgmand situation prevailing at the time. .It.is wideiy used
in cigarette filters, cosmetics, toiletries, flavering agents and various
Ointments. .However, the menthel situatien is cemplicéted because four
different geometric isemers each having optical pairs exisf.. These iso-
mers aré d & .l-menthel, d & -l-neomenthol, d & l-isementhol and d & 1~
neoisomenthol: -0f the eight possible isomers of menthel, only levomen-
thol has the desired cooling properties*._ Soeme of the other isomers do
have éome cooling powers and similar fragrances and therefore have a

(30)

value which has been estimated at about $1/1b. . They occur naturally
along with menthel in the mint oils, although .in smaller ameunts. .Mest
of the l-menthol used in the United States is extracted from naturally .

(31)

eccurring Brazilian pepperm;nt oil o In addition, there have been

many ways reported (28’32'41) for synthésizing the ﬁenthol isemers, Of
tﬂe other seven terpene alcohols shown which might be obtained from D -3-
carene, oﬁly the 8-p-menthanol (dihydro—a( —terpineoi) has commercial
outlets. .It occurs in pine oil whicﬁ ié widely ﬁsed'as a floatation agent
in the mineral_industries;(Qz). Pine oil contains 60=7Q%'tertiary al-
cohols, which include 84p~menthanol,.15=20%_secéndary alcohols (borneol
and fenchol), with the remainder beiﬁg hydrecarbkens. The tertiary

alcohols have been found to give the pine o0il its fleatatien activity,.

_Eight-p-menthanel is also used to make heat setting printing inks.

* N
Racemic dl-menthel has abeut half of the ceoling powers of l-menthél
so it is used also,

>
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The meta-isemeric terpene alcohols and M—pymenthanol aré only mention-

g . "
(W4 ,45) and apparently there is no present

‘ed briefly in the literature
commercial outlet for these alcohols, possibly because they are not readily
available. .These materials may have certain desirable pr@pérties which
could ‘give them commercial vaiue eifher as chemical intermediates or as
end products in théir pure state. .Nothing could be found on the cycle-

N

heptyl alcohols .in the literature.

.In addition te the final alcohoel products which will be obtained
there wiil be various other terpenes produced as intermediates in the
process for synfhesizing the alcohoels since it will require four re-
action steps. Some of these intermediate proeducts may have interesting

" properties, also,
]

. D. aeneral Objectives

There are two important reasons for doing research on chemicals from
the sulfate turpentine of ‘Montana and ofher westérn pulp mills. -First,
it is deéired to try to develop commercial outlets for the by-preduct
sulfate turpentine and its'constituené terpenes in order to give pulp
mills an incentive to condense their turpentine, which, in many mills,
enters the atmosphere containing foul smelliﬁg sulfur c®ntamineﬁts. .This
wogla help abate a serious air pollution problem. Second, it 1is desired

to develop chemical processes which could lead to the establishment of

a highly attractive and sorely needed new’ industry in Montana,




II. RESEARCH OBJECTIVES

The objectives of this research were as follows: 1) determine -from
theoreticél cﬁnsiderations a serles of reactions te cenvert O -3-carene
into monecyclic terpené alpohols with a h&droxyl group located at the
3,4, or 8 carbon atom; 2) investigate each of the reaction steps expéri=
mentally to determiné the effects of the major operating variables en

the product disﬁribution,and yield; and 3) identify the major products

formed in each of the reactions.

Since the research was basically exploratery in nature, no attempt
was made to pinpeint the most optimum eperating conditiens fer each re-
action. Emphasis was placed instead on the establishment of basic trends

whenever possible for the effects of the major eperating .variables.

~

i

Since menthol was_ the mest interesting terpene alcohol from an
economic point of view, the research efforts were directed toward ob-
tainlng this material as a major product but coensiderable interest was

still retained in the other alcehols which ceuld also be formed.




.IIT. THEORETICAL CONSIDERATIONS FOR THE REACTIONS INVESTIGATED

As a starting point fer this research project, a series of chemical
reactions which were theoretigally sound had to be determined such that
the hydrecarbon raw material, As—}-earepe, could be convefted inte some
terpene alcohol, pfeferably menthol, with reasonably high yields. The
numper of reaction steps had te be kept at a minimum becaﬁse of time
limitations on the project and also because the yield of the final pro-
duct would be_é fuﬁction of the ylelds of the .various intermediates
formed and each step of the process would increase the cost of produoing

the final prdduct.

The process devised originally was the follewing:

: HBr -
A -3-carene ——Efe» carane ——s- terpinyl bremides —Jgﬁan-terpinyl
, _ ' : alcehols

In this process the A -=3-carene would be hydrogenated,te carane first,
followed by the-formétion of a bromide.intermediaté from which the
alcohel could be ebtained by direct hydrolysis. .However, becau;e of the
inherent difficulty.of hydrolyzing secondary énd tertiary cyclic bromides
directly, the process was modified to include ‘one additional step. This
was to form the acetate ester from the bromide first and then to convert
this ester inte the corresponding alcohol. Therefore, the process in-

vestigated experimentally was the following:
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Hs HBr L . -
D -3-carene ——Zs carane ——— terpinyl bromides
0
~
. , CHz= . . .
; - . hydrol
terpinyl bromides ___;:Qap terpinyl esters _EQ;E;_XES§_ terpinyl

alcohols

The basic reasoning and ftheoretical considerations behind the cheice of

these particular reactions fellows,

A,  Hydrogenation of A& -3-carene

Since the desired-alcohols were to have the hydrexyl group 1océted
on the 3,4, or 8 carpen atom, the double bond in ék-j-céreﬁe wéuldhhavg
to be'hydrogenatéa to eliMinate’any possibility of intermediate forma;
tion at that ﬁoint oﬁ the molecule. It was desired also to trj to keep
-the strained cyclopropane ring_froﬁ-fissioning during hydroegenation to
presérve the reactivity of that portion of the molecule. .This weuld
requife hydrogenation under fairly mild conditions ut;liz;ng a very active
but Selectiye hydregenation caéalyst. The fhree carbon molecule, c¢cyclo=
propane, hydrogenates with ring cleavage to propane at 80°C using a

nickel catalyst (46)

; therefore,. it was felt that the reaction temperg—
ture would probably have to be less than 80°C depending, of ‘course, on
the catalyst activity. The effect that pressure would have on the re-
action was-nof knewn although it was felt that perhaps low ppessﬁre_
would also be required. This fturned out.to be wroﬁg but the pressure
effects will ﬁe discussed later. The hydrogenatien reactions with éhe

four possible saturated products are as fellows:
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[: ! Ho ‘ ?
—_—
A -3-chrene ’

. 2H2 ’
. e + +

p-menthane m-menthane = 1,1,4-Trimethyl-
cycloheptane

All of thellast three hydrogenétion’Ey—products shown above would
occur if there was ring fission at the three.different points of the
cyclopropane ring followed by hydregenation. If the hydrogenation was
not complete and the ring fission occurred,_then a varilety of terpene
olefins could be -formed alse. -However, since carane was the desired -
product, conditions were-sought which would completely Hydrogenate the
AOuble bond of the cyclochexene ring and therefore suppress the amoduhts

of any olefins formed.

It was felt that the hydrogenation of the double bond wéuld produce
both the cis and trané geometric isémers of carane. .It was difficult |
to predict which of the isomers woﬁld predominate. The #rana isomer
is usually. the more stable of the two geomefrié isomers but in fhis oase_
'its formations could be hindered somewhat because of the positien of the
cyclopropane ring on the A -3-carene moelecule, resulting.in éonsider-
able cis isomer formation. In order to ferm menthel or neomenthol,

trans-carane would be required. Cis-carane would lead to isomenthol
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and neoisomenthel unless some isemerization eccurred in one of the fol-
)

lowing steps of the process.

B. -Hydrobrominatien of Carane

As mentioned in the introeduction, there was the possibility ef form-
ing both tertiary and secondary alcoehols from A -3-carene, .It was
assumed that reactioens occufring'at the cycloproepane ring of carane would
be analogous to the reactions of an olefinic bond; Therefore;.it‘is,
expedient to discuss briéfly soeme of the addition reactions te olefins

and theq apply the same reéasoriing to carane.

- Alcohols can bé oftainéd by the hydrolysis of alkyl halides (chlor-
ides, bromides, or iodides) and alkyl sulfates (ROSOzH) and directly
by hydration of an'o;gfinic bond with water. .There are other means, of
course, but they will not be discussed hére. The alkyl halides and sul-
fates cén be obtained by‘the reacfion of the appropriate acid with an
olefin. The reactiens of these acids gnd water, all of wﬁich have an
ionizable hydrogen, normally fellow ionic addition to an olefinic bond

under ‘Markovnikevis rule which states in essence that the hydrogen of

the acid will attach itself to the carbon atem of the olefinic bond

which holds the greater number of hydrogen atoms. Using l~methylcycioé

hexehe which has a deuble boend between tertiary and secondary carbens

as an example, the reaction can be .illustrated as follows:
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CHs , CHs CHs
: ‘ e Z
+, - : z
acid
l-methylcyclohexene Tertiary Carbenium - Additioen
! . ' " Ton . Derivative

(where 7° can be C1 , Br , I , ~0SOsH, or OH)
3

The addition reaction with l-methylcyclohexene fellews Markevnikoev's
rule with the..intermediate formation of the tertiary carbenium -ion which
is more stable than the secondary'carbonium-ion; According fto carbonium

(46)

ion theory the greater the number of alkyl groups en a carbenium
ion, the more dispersed will be the.positive charge resulting in greater
stability. ‘Therefore,,the stability of carbonium .ions decreases in

order from the tertiary ion to the methyl ion:

R. CH H -

- - S+
Stability of R—C * > R—¢*—R > R—¢T = > H=C
R H o -

Tertiary Secondary Primary . - Methyl -

In any addition reaction proceeding by an ionic mechanism .in which
there is the poss1b111ty of formlng twoe different carbonium 1onsy the
more stable ien will form faster &nd thus predeminate. Applying thls
well established theory to carane, ilonitc .addition should result in ene

or more of the following tertiary derivatives:

. 1on10
+-HZ

1

carane
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-From these considerations it would appear impoessible to férm second=~
ary intermediates from carane with any of the reactants mentiened above,
from which menthel might subsequently be obtained. Fertunately, however,
hydrogen bromide can_add t5 an olefinic bond abnormall& in viélation of .
Markovnikov's rule. In this typé of reaction, secondary bromide forma-
tion should predominate over tertiary bromide formaﬁion. This peculiar
phenomenon has been .investigated (47) and.the abnormal’additioh found to
be caused by the preéence of organic peroxides'in trace amounts ﬁhich'
initiate a free radical reactioen rather than an ienic reactioen. .Hydfogen
bromide 1s apparently the only acidic reagent among these mentioned a-
bove which will undérgo this abnermal additien in the presence of per-

(46)

oxide .

There is .strong evidence that the free radical addition of hydrogen
bromide to an élefinic bond folléws a chain reactioen mechanisﬁ because
of the very small amounts of ﬁeroxide reqﬁired to make the feaction go.
The peroxide apparently initiates the reaction by breaking down te form
a free radical which gbstracts hydregen frem the hydrogen bromide molecule
creating a bromine atem. The bremine atem then attacks the olefin in
such a manner that the mest stabie organic free radical is f@rmed*.j The
organic free radicallsustains the reaction by abstfacting_hydr@gen from

another hydrogen bromide molecule, releasing a bromine atom which reacts

*The-stability of free radicals is identical to that of carbenlium iens
in that tertiary free radicals are more stable than secondary free
radicals, etec, . ’ '
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with another olefin molecule. The reaction is propagated in a repeti-
tive manner until terminated by the collision of two free radicals or
the exhaustion of one of the reactants. Using carane, the reaction is
1llustrated below, assuming ring fission to produce only the para-

intermediate:

Free Radical Formation

0 0 {
= T G OO TS S i, R

Peroxide Peroxide Free Radical

Initiation

P Py A
Bl 0 4 HOp PSS - Y + Br
N
OH
+ Br’' e

BE

Organic Free Radical

Propagation

T 0 AR + Br
Br Br
~o

Secondary Bromide
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Terminatien

& o

Br + Br

e ‘Br'g c,
+Br®
Br Br
; - Br

The bgsic difference between the ionic and free radical mechanisms

or

is that during an ionic reaction the hydrogen ion regcts first  with

the organic'compound and auring the free radical reactien the bromine
atom reacts first with the organic compound, thus reversing the erien-
tation of the bromide. .The free radicgl additien of hydregen bromide to
carane appears, therefore, %o.be a ﬁgasible‘means of preducing an inter-

mediate from which the secondary alcohel might be obtained.,

C. .Hydrelysis of Terpinyl Bromides -

The direct hydroelysis of bfomide inftermediates to their coerrespend-

3

. ing alcohols was considered originally as the third and last step of the
précess° The .1literature describes various metheds of directly hydrely= °
zing alkyl ?romides. Some of thgse methods in brief are as follows:
hydrelysis of the halide in a solution of potassiﬁm formate in abse- -

(48)

,» hydrelysis with aqueous sodium carbonate (49), hydrel-
- (46,50)

lute methanol

,_hydrolysis.with an aqueeus slurry

(52),

ysis with aqueous alkalieé

(51)

s hydrelysis with aqueous'silver nitrate

(53)

of silver hydrexide

hydrelysis with an aqueous slurry of calcium hydroxide , hydrolysis

(54)

-with water using a surface active agent , and hydrolysis with agueous

alkall using an emulsifier to reduce mass transfer problems. All of
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these metheds are based on a reaction involving.nucleephilic* substitu;
tion of the hydroxyl ion for the bromine. .Unfertunately, an inteffering
side reaction, during which hydrogen is eliminatedlfrom the molecule to
form an olefin, usually accompanies the hydrolysis substitution reaction.
The relative rates of the two competing reactions can be influenced by
the type of base, solvent, and thé reaction conditiens used. The choice
of a weak base and a hydrogen bended solvent usually favoers the.substi-
tution reaction (51), -In addition to the above conditiens, orientatien
of the bromine itself influences the prédominance of one reaction éver
another, 1.e,, the tendency to éliminate rather than substitute increases
in order from primary %o secondary te tertiary ofientation. . Many fern
tiary bromides underge elimination by merely refluxing them with water
at 95-100°C. .The secondary bromide is also prone to elimiﬁaté but not
so much as the tertiary bromide, even in aqueous base. On tep of these
problems the cyclic alkyl halides show a greéter tendency to eliminate

than do the acyclic halides (55)J

With full awareness of the elimination problem, however, investi=-
gation of the direct hydrolysis of the alkyl bremides was undertaken.
The two reaction poessibilities are illustrated below with 3-bromo=-p-

menthane:

A nucleophile is an electron-rich ion.
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: e ,
! .- ,O-gﬂ g 0H
9" '
i’
polar menthol

olefins

D. Esterification of Terpinyl Bromides

This step of the process was added after considerable experimenta-
tion revealed the difficulty of directly hydrolyzing the terpinyl bro-
mides because of the ease with which elimination occurs with the cyclic
bromides. A comprehensive literature survey of some advanced ofganic
texts disclosed that alkyl bromides can often be converted to the cer-
responding alcohols more easily and in higher yields 1f the acetate
éséer is first formed and then hydrelyzed or reduced to the alcoehol.
The esterification reaction is favdrable~for'substitution because the
acetate ion is actually a véry weak base\(5o). Silver acetate is .
recommended for best results because the silver acts as an electrsm

(55)

philic catalyst pulling the bromine from the organic molecule.
.However, there 1s the possibility that sodium or potassium acetate might
react also under more severe conditions,, The reaction with silver ace-

tate apparently goes well in an ethanol carrier at refluxing tempera-

ture. An example of this reaction with 3-bromo-p-menthane -is shown:
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. 4
Ethanol
+ CH3 O rhene- 2 A
+ AgBr
Br | ong | ™ 0CCHs

E. .Hydrolysis of Terpinyl Acetates

The hydrolysis of esters to form alcehols hés been thereughly in-,
vestigated and is usually accompliéhed by one of tweo metheds. -The first
methoed.is acid catalyzed hydrelysis. .This reaction 18, shoown below

‘with menthyl acetate.

3

i | -0
' g
‘ + .H=0 3Y N
OCCH. OH
3 - " ox

.The reaction .ig reversible with esterificatien eccurring.in the oppoesite

direction.

The other methed of hydrolyzing esters'is saponificatien with

agueous sodium hydroxid@,‘-This reaction .is illustrated as .follews:

1

. N HEO ! //O
0 + NaOH —— + CHsC °
I ' ' © . ONa-
OCCH5 OH
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The sapenification feaction.is mbch faster than the acid oétalyzed hydre=
lysis (50).and is essentgally an irrever@ible reaction because the'éceu .
tate lon is tied up with the sodium. A mﬁtﬁal selvenﬁifer the aqueous

base and thé organic ester'may be desired alse to eliminate mass trans-

fer preblems which ceuld reduce the overall reaction rate.




.IV. EXPERIMENTAL

A, .Materials and Bquipment
Hydrogenation of A\ ~-3-Carene

Delta-3-Carene Feedstock: The A ~3Lcar§ne raw material fer the
hydrogenationlreaction was obtained as a .product frem graduate research
on crude turpentine in the chemical engineering laberateries at Moﬁtana
State University. :It éan be isolated from the crude sulfate tufpentine'
at about.§5% purity by a precision steam distillatien with 45-50
theoretical trays and 20 to 30:1 reflux raties. .The gallon quantities -
required for continueus operation of the hydregenatien un;t_were Pro=
duced in an eight-inch packed column, 52 feet in height, being operated

as a pilot plant for Walderf-Hoerner Paper ‘Products Company,. Missoula,

.Montana. .The purity of the & =3-carene used througheut the preject

ranged from about 70-98%. Impurities in the A -3 included other meno-

-terpenes such as beta-pinéne, dipentene, and myrcene; small quantities

of the epoxides er'peroxides of " A -3 (less Fhan 0.5%); and a.few.parté
per million sulfur contaminants. Other contaminants may have been '

present alse but analyses were not made for anything but the aboeve.

thﬁtine analyses were made for the terpenes present'in the A =3 by gas

chremategraphy but only a few analyses were carried out to determine
the amount of peroxide and sulfur contaminants present. .The 98% AR E

carene has the .follewing propertieés: b.p..163-164/623 mm Hg, dgg = ,856,
20 ) .

n. = 14718 and (a(.)25°= +14.9°,
D- D
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-Hydrogen Gas: The hydrogen gas was purchased .from the H & R Oxygen

and Supply Compgny of Billings, Montana, in high pressure cylinders at
2000 psig. The hydrogen .is preduced electreolytically by thelNational

Cylinder Gas Division of Chemetron Corporation, Chicago,.Illineis.

Catalysts: The catalysts investigated included the following: °
-Harshaw Ni-OlO4T =~ a reduced and stabilized active
nickel catalyst containing about 8% Ni on a kiesel-
guhr support. (Manufactured by the Harshaw Chemical
. Company, Cleveland, Ohio.)
¢irdler G-G9RS -- a reduced and stabilized, prometed
nickel catalyst contgining about SO%VNi on a kieselguhr
support. (Manufactured by the Girdler Catalyst Division,
Chemetron Chemicals, Louisville,.Kentucky.)
Raney Nickel #28 -- an extremely active and pyrophoric
nickel catalyst. (Menufactured by W..R. Grace and Co.,
Chatanooga, Tennessee.)
In addition to these four very active hydrogenation catalysts, the other
catalyst materials investigated were cobalt-melybdate, nickel-molybdate,
and nickel oxide. Of these seven catalysts the Harshaw Ni-0104T7 was
feund to be the mest faverable from technical and econemic standpoints
(discussed later), so it was chesen as the catalyst to use for the bulk

of the hydrogenation experimental work. -The properties of this catalyst

are given below:
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TABLE II. .Properties of the Harshaw Ni-0lO4T Catalyst

Chemical Make-up -=====- 58% nickel on a kieselguhr support

Reduced and stabilized agginst
pyrophoricity
Packed Density --w=-cwe= 85 lbs/cu £t (1/8 in._pellet)
Surface Area ===e=---- ~= 150 m?/gm
'Pore'Vo;ume ;mejmm-;-—= 0.5 cc/gm

The support material for the catalyst bed was 1/8-inch and 1/Y=-inch

Alundum pellets (Nerten Company).

\
~

.Baﬁch ﬁegctop; The -preliminary catalyst evaluations were carried
out.batchwise in a‘Parr #HQO;,-high pressure, rooking,ﬁype-pomb (The
Parr‘Inétrument Cé.)° ‘Bigure 3 1is a_schematic diagram of the Pérr bombl
The bomb cylindef and gage head are eqnstrﬁcted @f'Type 316 stainless
steel. The apparatus is heaééd bx two 7HO0 watt sheathed wire elements.
.One heater operates directly on 115 veolts, AC, thé other threugh a, 1ll5
volt ”Powerstat” variable transformer. . The heater with the Powerstat is
used for'maintaining the temperature at tﬁe Qesiredzvalue. .The'bomﬁ has
alcapacity Qf 48OIcc‘and can be operated up&to 55®°é at a maximum pres-

sure bf 6000 psi. The bomb has thermowells .for a thermocouple and stem

thermometer. The préssure'is indicated by a gage on the bemb head.

The temperature in the boemb was reguiéted for some éxperiments by
a Capacitrel contreller (Wheelcoe Instrument Ce.), which operated in an .

off-on mode., .The temperature was continuously recorded -by a Mlcroemax

.potentiometric recorder (Leeds & -Northrup Co.).
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Fixed-Bed Reaction System: A flow diagram of the final conyinueus

hydrogenation reaction system used is given in Figure 4. .The reac@ion
was carried out in a 31 inch flow tube reactor utilizingia fixed bed
catalyst. A more detailed descriptien of the reactor is given in the
next sectioﬁ. The reactér‘is jacKeted allowing hot water to circulate
around fhe outside'of‘the reaction zone to supply heat to sustain'éhe
reaction and also to remove excess exothermlc heat from the‘reactér.
.Thé water jécket is insulated with .ene-inch layer of fiberglass. .The

\ hot water circulates in a closed syséem with the aid of a small centri-
fugal pump at a maximum rate of about 40 éallons per heur. The water
temperature .is maintained at the desired value by a 1000 watt, 118 velt
electrical immersion fype heater in a five-gallon hoeldjing tank. A
temperature~sensitive switech (Fenwal, .Inc.) is utilized as an off-on

controller.

The O ~3-carené feedstock is pumped to the top of the reactor
wlth a chemical prOportioningiﬁump (Hills & -McCanna). -The feed rate
of A -3 is determined by using a bufette and measuring the time to
pump & ceytain volume of the A -3, .The feedstock is stored in a gradu-
ated 1000 ml cyiindrical glass vessel adjacent to the burefte. The
hydrogen gas .is metered to the reactor out eof a high pressure cylinder
through a back pressure -regulater (Matheson). A high pressure rétbmeter
(Brooks) is used to determine the flow rate of the hydrogen. .The hydro-
gen enters at the tep of the reactor and flews in a coe-current manner

with the A -3~carene threugh the catalyst bed. The pressure in the




-25-
reactor is controlled by a "Mitey-Mite" back pressure regulater (Grove).
The products .from the reaction exit phrough a cooler before entering
the "Mitey-Mite" and are discharged from the reactor at atmospheric
pressure. The eXxcess hydrogen is vénted to thé atmosphere and the

'liquid products are collected in an.Erlenmeyer flask. .The hydrogen

rotometer was used in conjunction with a "Precision" wet test meter.

Temperatureg at -four points in the reaction zone and at the inlet
and outlet of the water jacket are monitoered continuocusly by thermo-
couples and recorded by a .Micromax six point potentiometric recorder.
The pressure‘in the reactor is indicated by a pressure gauge. The tem~

perature in the water holding tank is indicated by a thermometer.

Fixed-Bed Reactor: A detailed schematic diagram of the fixed-bed

reactor for the hydreogenation reaction is sﬁown in Figure 5. The re-
actor was constructed from a one~inch schedule 80 stainless steel pipe.
The reactor is 31 inches long with a high pressure cross welded to the
top and a flanged union welded to the bottem. .The water Jacket is 27.5

inches long and was made from a three-inch schedule 40 steel pipe.

Thevhydrogen,and ;l mj-carene enter the reactor together through
one sidg of the cross. The other side of the croés is‘connected to a
hydrogen safety‘vent line containing‘d 2050 ps; monel rﬁpture disk.’
A l/ﬁ-inch stainless steel tﬁermbwell.is situated in the center of the

reactor extending from the opening at the bottom up through the-cross

at the top. It is held in the center of the bed. by the catalyst and the
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catalyst support; A stainless steel coil is fitted in theNreacéor at
the bottom to hold the catalyst and the éldnduﬁ suppgrts.in place when ‘
the reactor is in an upright position. Thermowells are located at the
top and bottom ef the water jacket, alse. .The thermocouples in the cat-
alysthbed were placed at diétances of 14 inches, .19 inches, 23 incﬁes,
and 26 inches from the tep of the créss, .The thermoéouples in the re-

actor are soldered to.a detachable four-prong electrical plug which plugs
in at the tep of the reacter supperting rack te the thermecouple leads
of the recorder. The two ﬁhermocouples in-the water jacket were con-

nected directly toe the recorder.

Before the\final heating sysfem for the reactor as described above
was constructéd, £hreé other systems were ﬁsed for the first 18 ruﬁs with
the confinuous unit. The first heating system was electrical and con-
sisted of nichromeﬁheafing elements wrapped about the reactor in three
sections and controlled‘individually wipﬂ powerstats. .The reactor and
heating elements ﬁere comered'with'about a twe-inch layer of insulating
cement (Depver Fire Clay éo.). -The -second heating‘system used was part-
ly electrical and partlyvhot water. The pré—heat and exit'sections of
the reactor were heated with nichrome eiements. .However, te obtain
bettef température céntrol, the'reactign zone was wrapbed wit@ 1/4-inch
copper tubing so hot water could be circulated. ‘The whele thing was
then covered with the insulating cement. .Hot and celd waterlstreams

. v
from the tap were blended together to obtain the cerrect temperature

before the water circulated through the cepper coil around the reactor.
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I

This system did not provide a steady temperature either, se a third

system was designed. -This system-included the water jacket used in'

. the final design. Cold wéter from the tap, with the flew contrelled by

a water pressure regulater, was passed through a steam -heat exchanger

- to obtain the desired temperature. .The temperature was manually contrel=-

led by adjusting the water flow rate through the heat exchanger. A con-

gtant flew through the reactor was maintained by using a by-pass set. up.

.This system proved unsatisfactory alseo because the steam pressure -varied

and was teo low te put a controller or regﬁlator on it. .Therefore,.to
enable 24-hour operation of the reactor, the final design with the clesed

heating system was installed.

Distillation Coiumn: Some of theihydrogenated product was steam

distiiled to detgrminélfhe~feasibilit§ of separating the two pfoducts
(carane and-l,l,4~trimethylcyclohebtane) and the feasibility of separa-
ting the prodqpts'from unreactéd A -3-carene. Steam distillatien wés
used to keep the temperature down (94-95°C) to prevent decomposition of
the terpenes. -The distillatlen celumn was maae up of three 4 foot x 1
inch séctions staokéd vertically to obtain a lz—foet column, .Each sec-

tion was packed with .1/8-inch stainless steel helices (Fenske rings).

.The sections had been calibrated previeusly and found te have approxi-

mately 25 theoretical plates each so that the column had a tetal of
about 75 theoretical plates. A Corad condensing head was used which pre-
vided various reflux raties up to 30:1, .the ratio used. A three-liter

stillpot was used which was heated by a Pewerstat controlled Glas-Col .
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heating mantle. .Each of the sectioﬁs of thefcolumn was electrically
heated (controlled ihdividually.with Poweréﬁats) to provide nearly iso-
thermal operatien. The preduct was collected in a graduéted cylindrical

separatory funnel so that the water in the distillate could be separated.

.Hydrebrominatien

Hydrocgrben Reactants: The enly carane which was available for

experimentation was that produced as a .product in the hydrogenafion steﬁ.
.There are no commercial sources available even from .such rare chemical
suppliers as K & K Laborateries. The carane .used in the hyarobrominan
tien studies usually coentained twe ether reactioen products from the
hydrogenation step: l,l,4-trimethylcycloheptane and 2,6-dimethylectane.
.In some of the preliminary runs a2 small ameunt -of A <3 was present,
alse, .Theé purity of carane ranged from 64% teo about 88%. Some of the
caréne rea;tant was distilled to remove & -3-carane but mest was used
directly out of the-reactqr, especially when & -3 cenversions were 99-
100% compléte...The 1,1,4=trimethylcycloheptane was the majer by-product
from the hydrogenation of £S—3=éarene'wﬁile-2,6—dimethyloctane came from
myrcene present in the & —B—Qarene feedstock for the hydrogenation step.
.In additien te carane, l-methylcyclehexene (K & XK Labs) and‘2,4,4~tr;-l
methylpentene=2 (Phillips Petroeleum Co.) were alse investigated. Beth
of these olefins could yield secondary or tertiary derivatives depend-

ing on how the -HBr added across the double bend. .Thesé-hydrocarbons were

purchased in technical grade purities.
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Hydregen Bromide Gas: The HBr gas used for this investigatioen

was purchased from the Matheson Company in 1lO-pound cylinders as a
liguid under its ewn vapor pressure (320 psig.). .The purity is listed

as 99.8% min.

Miscellaneous Materials: Reaggnt grade quantities of the fellewing
peroxides.were obtained from K &-K.Laboratories:‘ benzoyl peroxide,
laureyl peroxide, and cumene.hydroperoxideu Diphenylamine -was used as
a free radical inhibitoer, Technical grade pentane-ﬁas used as a .diluent
for mest of the experimentél studies to contrel the temperature.  Other
diluents used, mainly te obtain different temperatures, were n-hexane,
cycl@hexane,,n—heppane, and glacial acetic acid. .Pentane and.l,l,4-tri-
methyldydloheptane were used in varieus preportiens in the final runs

te contrel both the initial carane cencentration and the temperature,

.Reaction System: The redction system for the hydrebrominatien

studiles is shown schematically in Figure 6. The réactor-used moest often
was a 500 cc, round botter pyrex flask having three greund jeint necks:
.The same tyﬁe of flask, medified bj placing a oné~inch digmeter optical
quartz glass window.in the side, was used when the effect of ultra-
vielet radiatien was investigated., .Preliminary runs were carried out

in a Vycer quartz test tube, 22mm x 200mm, but this proved to be too

small.

. The hydrogen bromide gas is .fed te the reacter threugh a gas rete-

meter (Fisher-Porter). .The pressure of the gas is reduced from cylinder
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- pressure with a bressure\regulator (Matheson) constructed.of monel. .The
gas 1s dispersed inte the hydrecarben reactant froem a fritted glass, gaé
bubbler tube while the.réactdnts-are kept in constant agitatien with a
magnétié stirrer. When desired, heat can be supplied from a Glas~éol
heéting.mantle regulated by a Powerstat. ,Temperatﬁres down te 5°C weré
obtained by using an -ice bath. -The HBr net feacting passes out of the
reacﬁor througﬁ a cooler, provided te condense any entrained vapoers, and _
inte a gas abserber which disqharges\into the sewer. The absorber is
packed with l/éminch ceramic Berl saddles and is 24 inches .leng x 1-1/2
inches in diameter. .The temperature in the reacter is indicated by a
thermemeter or continueusly récoraed with a Micremax potentiemetric
recorder. The ultravielet radiation .is generaﬁed with a Sylvania ger-
macidal laﬁp. . The reaétor and germacidal lamp are enclosgd ip a plate
glass case to~so£een out ultravielet radiatien. The entire reaptiop

system.1s enclesed in a heed to remeve HBr fumes and eozene generated

from the ultravielet radiation.

Vacuum Distillation Column: The terpinyl premide products were

~distilled under vacuum to remeve unréacted carane and any olefins foermed
from decomposition‘of,the bromides. .No attempt was made te separate ‘
the varioﬁs ﬁromidé compenents, however. Aﬁ l8minch X l=inch Vigreaux
'distillation_column“was used for thils purpose because of its very low
holdup. of distillate and low pressure drop. .The diétillation was carried

out at abeut 5 mm Hg and vacuum was supplied by a Cenco-Megavac pump
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(Central Scilentific Ce.). The vacuum is indicated by a mercury mano-

meter with an accuracy of one millimeter.

.Esterification

Bromides: The terpinyl bromides used in the investigatien eof this
reaction were produced.in the hydrobremination step. The product mixture
contained mainly cis- and trans-8-breme~-p-menthane and cis- and trans-
i8-bromo—m~menthane.(_No commercial sources .for these materials could
be found. .No attempt was made to separate the bromides inte the indivi-
dual components contained in the-produot'mixture. .However, the hydro-
brominatien preduct was vacuum distilled to remove unreacted carane, the
inert lgl,4~trimethylcyclohep£ane.and any terpene oiefins.formed by de-
composition of the bromidesl AThe bromide reactant mixtures which were
e;terified probably coentained 95-99% bromides.— The purity was estimated
by beiling peint and density. The bromide mixtures, after vacuum distil-
-latien to remove terpene hydroecarbons, were found te have a boiling point
of about 72°C/5 mm -Hg and a density of about 1.18 gms/cc. .The identity
of the terpinyl bromides was not known when the esterification reaction

was studied. -

.In addition to the terpinyl. bromides, cyclohexyl bromide was also
. studied. .It was assumed that its reactiens would be semewhat similar
te those of ény seconday terpinyl bromides in the reactant mixture and
it could be analyzed directly in the chremategraph. .The cyclohexyl

~bromide was obtained from K & K .Laboratories.
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Acetate Salts: The silver, sodium, and potassium salts of acetic
acld were investigated .in fhe esterification of the bromides. All threé
were used wiﬁh cyciohexyl bromide but oenly the silver écetate was used
with the_terpinyl bremides. .Reagent grade, anhydrous ferms of the salté
were pufchased for use in the experimenfg with cyclehexyl broemide. _ng_ ‘
ever, because of the high cest of siiver,acetate ($4.50/0z.), .1t was syns’
thesized .in tﬁe‘léboratory fr@m sodium acetate and silvef nitrate for
use In esterification of the terpinyl bromides. .The reaction wasg vefy
simple,iwith the silver acetate being precipitated when agueous solu-

tiens of the two reagents were mixed. The sllver acetate was then fil-~

tered, washed with deionized water and dried in an oven at abeut 200°F.

.The purity of the silver acetate synthesized .in the laberatery would

probably be equivalent te a technical grade because some surface oxi-
dation occurred when the material was dried and trace quantities of
silver nitrate and sodium acetate were probably alse present. No anal-

ysis of the silver acetate was done, though.

Diluents: The diluents used in the esterificatioen studies were

absolute ethanel, reagent grade glacial acetic acid, and propilenic acid

assaying 99%.

-Reaction System: The reaction system is'shqwn in Figure 7. The

reactor used for the esterification was a 500 ml reund bottom pyrex

,

‘flask with three grouﬁd.joint necks. The reactants were mixed -with a

motor driven agitator censisting of a glass shaft with a Teflon .impeller.

A glass tube was used as a bearing for the shaft with a piece of rubber
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tubing ferming a seal. .Glycerin was used as the lubricant en the rubber,
-A condenser was used on the reactor when it was operated at refluxing
temperatures. The reactor was heated with a Glas-Col heating mantle
regulated through a Powerstat, .for runs at lower temperatures a cold
water bath or ice bath was used. The temperature was indicated with a
thermometep for some experiments and recorded oen a .Micromax recérder for

others.

Hydrolysis

Ester Reactants: The esters which were investigated in the hydrel-

ysis §tep\included menthyl acetate and mixtures of the terpinyl acetateé
- produced fron1lll -3-carene. .The terpinyl acetate product mixture was
Tound te centain cis~- and trans—8-p—mehthyl acetape and cls=~ and traps--
8-m-menthyl acetate. .The menthyl.acetate (menthel ester) was purchased
from K & K Laborateries. -The terpiﬁyl‘acetates were vacuum distilled to
remove olefins before saponifying them. .However,_there were still seme
terpinyl bromides present which could net be separated from the esters

by distillatioen.

.The terpinyl acetafes were not ﬁsed.in the hydrolysisiinvestigations
to establish the basic trends of the reactién because the ester compon-
'enté and their-corrésponding alcohol dérivatives could notvall be re-
solved .in the chromatogfaph, making the analysis fer individual cempon=-
ents.impoésible. .Théreforg,'menthyl acetate was used to obtain gome of

the trends and the terpinyl acetates were used only for checking seme -




-3~

of the reaction conditiens used with the menthyl acetate.

Cyclohexyl Bromide: In addition toe the investigations of thg
‘hydrolysis of esters, considerable effort was spent in trying te hyd-
'yelyze the bromide directly to the alcohoel. Cyclehexyl bromide’Was used -
in this investigatién because .it was one of the .-few bromides available
which is similar in structure to the seéondary terpinyl bromides; which

were not avallable. No tertiary cyclic 'bromides could be obtained.

-Hydrolyzing Agents: The hydrolyzing agents which were tried with

cyclohexyl bromide are as follows:- aqueoqs solutions of sodium hydrex-
ide; a methanélic solution of potassium formate; an agueous solutien of
sodium .carbonate; water witﬂ an olefin present te take up hyérogen brom=
.ide (patented methoed); an ‘aqueous solution'of sodium hydrexide with a
hydroéarbon solvent for the bfomide and a sodium oleate emulsifier
(patented); an aqueous‘éoluﬁion of sodium hydroxide with a sodium oleate
emulsifier; and an agueous siﬁrry of silver oxide;* All of - the above
.hydrolyzing.agents were tried with the cyclohexyl bromide. With the
esters, only the équepus.solutions of sedium ﬁydroxide.were investigated,
except for one experiment trying an acid (H2864Y catalyzed water hydroly=-

sis of menthyl acetate.

*
The silver oxide was prepared from silver nitrate and an excess of
sodium hydroxide. .For some .runs the -precipitate wag filtered, washed
and dried before use, while.in others it was prepared in the reactor,

-
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Reaction Sygtems: Two different systems were used in the -hydrolysis
investigatioens. .For the reactions which were carried out at refluxing
temperatures, a 250 ml or 500 ml round bottom pyfex flask was used hav-
ing a refluxing cohdenser and a tﬁermowell for a thermometer. .This type
reaotof was agitated wifh a. magnetic stirrer and heated by a heating
mantle regulated with a Powerstat. .For the .redctiens with the silver
oxide slurry, a mechanical agitator héd to be used., The esterification

reactien system was empleyed in this case.

.For the reactions which were conducted at temperatures abeve the
boiling poeint of the reactant mixture, the Parr bomb was used. -The
temperature of the hydrolysis reactions was recorded periodically from

v

a thermometer or recoerded continuously by a .Micromax recorder.

Steam Distillation: The final alcohol products were steam dis-

) , .
tilled in the same column used for the distillatioen of the hydregenatien

product described previously.

B.. Experimental Precedure-

Batch Hydroeogenation: The Parr bomb assembly was used.for all ef

the batch hydrogenation experiments. A known weight of catalyst (15-

40 gms.) was tharged to the clean bomb with 40-100 ml of A =3-carene
reactant,‘the bomb sealed, placed in the heater-rocker assembly'and
pressurized with hydregen to é predetérmined value at 25°C which weuld
give the desired pfessure at the operating temperature used.v Both'h‘eatm=

ers were then turned en at 110 velts until the beomb -heated te within
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aboeut 20°C of.the desired temperature at which time the heaters were
turned off and -the temperature ailowed 80 drift (because of the lag)
to .the desifed value. When the desired temperature was reached, the
focking was started, the hydregen valve @penéd (at operating pressure),
and the heater with the Pewerstat (preset at a value te maintain the.
temperéture threugh the contreller) turned on. -The temperature could
alse be maintained reasonably well by adding Jjust enough heat te the
bomb at the operating temperature to off=-set the-héat loss .to .the sur-
roundings. .At the end_of the desired.reactien time the bomb was removed
from the heater-rocker éssembly and quenched in cold water. .When the
bembh was coeel, the excess Ho was vented off and the hydr@genation pPro=-
duct and spent catalyst removed.‘ The product was filtered and then

analyzed in the chromategraph.

The ‘Raney nickel catalyst had te bé dried before 1t was used since
.. 1t was recelved in an activated state but under water. The catalyst is
.extfemely pyrophoric se it had te be dried under an inert atmosphere.
This was écéomplished by heating_the.wet catalyst in a.flask and purging
nitregen over - it. .The .nitregen provided the inerp atmoesphere after the
catalyst dried and alse swept out the méisture'during the drying process.
When the catalyst was te be used, it was placed under A =3~carene in

the flask and then transferred te the bemb. ,

_-The four hydrogenation catalysts were evalﬁated_in the bomb using

.the following conditions:




Charge ---—=cemmmerecmmee——= 25 gms catalyst

50 ml-93% -O -3-carene
Temperature =~=-wemeecmmme——- 70°C
Pressure -=-==-—crececmmeaaa- 600 psig

Reaction Time =wmrmeccmmwma-- 2 hours

Duplicate runs were_ﬁade for each catalyst. .For the catalyst durability
test, two runs were made with the same catalyst used over again in the
second run te observe .if there was any degradatioﬁ. The conditions used
were not the same for the three catalysts tested, however., After the
Lirst run was méde the hydrogenati@n producé was drained from the bomk

and a fresh charge of O -3-carene added te the used catalyst for the

second run.

.Continuous Hydrogenationi* The'fixedubed reactor was prepared for

a.run in the folldwing manner, The reacteor was removed from the rack
and the spent catalyst and suppofts emptied out. Periedically the re-
actor was flusﬁed out with acetone befoere adding the_new catalyst. .The
reactor -was filled frem the bottomoi.The upper support of alundum pellets
was added first,. foellowed by the catalyst and then the lower support of
alundum pellets. .To obtaln a'catalyst bed coensistent eaph time in

length and uniformity, the supports and catalyst were packed in the

o Procedure described is enly fer the reacter in 1ts final design.

Y
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reactor to the same depths for each run using the'same volume of-catalyst.
.For a different volume of catalyst the depths were changed accordingly.
.The catalyst bed was placed approximately in the middle of the reactor,
For example, for a catalyst bed containing 224 cc of 1/8-inch Harshaw
;NinlOMT} the-following specifications were followed:
Upper Support =e====-=---- 115 gms of 1/8-inch alundum
' packed to a depth of 26
‘inches from.the bottom ef
the reactor.
0gtalyst ==-=me=mwce-e- 300 gms,. packed to a depth
' , of seven inches .frem the
bettom of the reactor,
Lower SUpport =---eme-o- 97 gms of 1/4-inch alundum
packed to a depth of 3/U
of an inch from the bottem
of the reactor.

Runs were made with ameunts of catalyst varying frem 100 cc te 224 cc

for 1/8-inch pellets.

When the catalyst and supports were.in place a stainless steel coil
was put in the botfom of the reactor te held the bed in pilace -when the
reactor was inverted. The flanged union was cleaned thoreoughly and
covered with a thin .layer of éilioone grease to obtain a good seal when

the reactor was meunted en the rack.’

After the reactor was mounted in place, the heating_water.was
started circulating and the reactor brought to the desired ftemperature.
.The reactor was then pressurized with hydrogen and tested for leaks,

-

.After purging with hydrogen -for about an hoeur, .the -rotemeter settings’
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were checked wlth the wet’tes@ meter. The reactor was then ready to
operate. The A -3-carene was started inte the reactor at thé desired

feed rate and the unit was censidered on stream,

Sampling of reaction products was done usually:after thg reactor had
lined out, .which required %wo to six hours, depending upon‘the feed rate
of A -3-carene. When extended runs were méde at a fixed set of operat-
'ing conditiens, .the products were sampled abeut every two te four hours
over about a sixteen hour perLod during the day. Tﬁé reacter ran un-
attended for about eight heurs during the night. .Peint samples of
about ene ml in veolume were most frequently obtained. During seme runs,

however, accumulative samples up to eight hours were taken.

When a sample was taken the time was neted and the pressure, Hgo-flow

rate, /N -3-carene feed rate, and temperature.recordgd. .The time and
sample number were.récorded on the temberature~recorder paper, also,
.In addition to fthe above operating data,. infermatien onlthe changes of
hydrogen cylinders, .changes in Aanicarene'feedstock; étc,, and obser=

vations on the .reaction weré recorded.

" Distillation of the Hydregenation Product: As mentioened previously;

the hydrogenation product was-distilled to see if Ehe products could be
separated and alse to see if the unreacted O —3w§arene could be re-
covered. .The vapor pressures of the water and the monoterpene hydro-
‘carbons (b.p..170°C) were such fhat approximately one veolume of water

was required te distil ene volume of the hydrecarben. The stillpot was




WINe
charged, therefore,.wiéh aboeut 1000 ml of water and 750 ml of the ter-
penes, Which gave a small-excess éf water. .The column sections were
heated te about 90°C and then .the stillpot heater turned on. -The column
was run at toetal geflux and flooeded to wet the packing. The boil-up rate
was then lowered to a.little‘below,flooding, the Corad condenser set at
a 30:1 reflux ratie, and the run started@ Samplés were taken of fhe
overhead af intervals éf ﬁive percent of the charge. The distiilate ﬁas
collected during the day and the column put on tetal refluxnduring;the
night. -The distillatioﬁ was carried out until Zl—B-carene started to
show .up .in the overhead since it was the highest.boiler in the product

3

mixture.

\

Hydrobreminatien: The pyrex glass reactor (500 cc) was charged with;,

a .volume of the hydroecarben reactant (usually 10-50 ml)lalong;with the
diluent. .The amount of diluent used varigd depending upon the concen-
tratien of reactant that was desired., .If a peroxide or inhibiter was

to be used .1t was added next. .Three moles of these materlals were used
per 100 moles of tﬁe hydrecarbon reactant. The reactor was then placed
JAn the hoed with the refiuxing condenser and the reacfants stirred until
the solid material (peroxides) was dissolved; the reactor ﬁas brought to
the operating temperature at the same time. .The HBr was then intreduced
through the bubbler at a predetermined rate (25 psig at the .tank outlet) -
and the reaction carried out, usuaily for a length pf time -in slight exX=~
cess of that required te feed.in a stoeichlemetric quantit& of the HBr

(the reactien was instantaneous .in nearly all runs). Some runs were
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carried eut lengér than.the theoeretical time required, however. When
an experiment was completed the HBr was shut off and the reactor purged
ﬂwith nitrogen te flush out excess HBr.. The reactor was then removed,
cooled (if necessary) in a water bath and the product’mixgd with a.sﬁall
qmount/of solid .NalOz te remove any disselved HBr. The mixture was then

filtered and the diluent removed by evaporation in a vacuum (water aspi-

rater) flask.

When the l-methylcyclehexene or 2,4,4-trimethylpentene~2 .was used,
ne further treatment of the preduct was necessary sinée the 5r@ﬁide
derivatives qf these olefins could be analyzed diregtly'in fhe-chromato=
graph without any elimination of‘ﬂBr occurring. .However, because of the
thermal,instability of the bromide derivatives of carane, direct chroma=-

teographic analysis ceuld noet be used.
i

The terpinyl bromide product mixture was subjected to a .vacuum dis-
tillation te remove unreacted caréne, the inert terpene.hyarocarbons,
and any olefins formed from elimination of the bremides. .The distil;
latien was carried out using, .in seme cases, only a distillatien.flask
and .in other caseé,,for‘more precise work, the 18-inch Vigreaux celumn.
After the hyérocarbons had been removed the'bromiQe product mixture
could be characterized by aensity, béiling.point, and refractive index.
.The conversion of carane could be determined from the amount of un-
reacted carane in the distillate relative to the inert hydrocarhens:

1,1 ,b-trimethylcycloheptane and.2,6—dimeﬁhyl®ctane. .To analyze for
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the distributien of bromide derivatives in the product it was necessary
first to convert them te their cerresponding esters which could be anal-
yzed in the chromatograph. .Tﬂis was done in accordance with the experi-

mental procedure for esterificatien (discussed next).

Esterification: The reacter was charged with a knewn ameunt (nor-

mally a ;O% excess) of the acetate salt and a velume of diluent, the
ameount used being dependent upoen .the desired reactant concentratien.

The agitator was placed .in the reactor; the condenser putiin place and
the oontents.mixed and brought to the desired Operatiné temperatufe. The
correct amount of bromide was then added and the reactien carriled out,
When éhe reaction had occurred for the desired.length of time, the re-
actoer was remoVed,.éeoled.in a water bath if necessary, and the contents
fiitered with the aid of an aspirater. The bromidé salt was extracted
several times with acetone and the total filtrate then mixed with water
’to separate the organic ester phase. -The esper preduct was washed with

water several times and analyzed in the chromategraph.

.Hydrelysis of Cyclohekyl.Bromide: When.refldxing conditiens were

used the pyrex reacter (500 cc) was charged with a known ameunt of cy-
oiohexyl bfomide (5-25 ml) and the hydrelyzing agent.in the desired con-
centration. Usually a 10% excess of the hydrelyzing agent was used.

. The reactants were mixed, broeught te the operating temperature,.and the
reactien carried out for the desired-lengtﬁ of ftime, .When the experi-
ment was finished the reactor was coeoled .in a water bath, the centents

removed and filtered, and the products washed .free of the hyd?olyzing

-
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agent with water. .The preduct was then analyzed in the chremategraph.

.For those experiments in which silver oxide was used the procedure was

identical to that fer the esterificatioen. .For these experiments.in

which the sodium oleate emulsifier was used, a few drops of de-emulsi-
fying agent, Tret-0-Lite #F-U6, were-réquired to separate the organic
and agueous phases; .The product was then processed in the same manner
as described above, Several experiments were carried out .in the farr
bomb, alse. .The procedure was aﬁout the same ag for the batch hydro-
genatiens except, of course, no hydrogen was used.- This procedure.is

described in the next sectien.

Hydrolysis of Esters: The hydrolysis of menthyl acetate was studied

briefly in the refluxing reactor, trying acid catalyzed hydrolysis ence
and saponification wifh agqueous sodium hydrexide oence. .For the acid
catalyzed hydrolysis the reactoer Qas charged with 10 ml of menthyl
acetate, 350 ml of water;\and two to three drops of concentrated sulfuric
acld. .The éame procedure as .for the hydrolysis .of cycleohexyl bromide‘was
then followed, .The saponificatioen in tﬁe-refluxing reacter of the men-
thyl acetate was done following the same -precedure alse,.with a charge

of iO ml acetate, 100 ml of watéf, and 10 gms of sodium hydroxide.

.The mdjority of the experiments- on the hydrolysis df menthyl acetate

was carried out-in the Parr bemb since the sapenificatien required tem-

-peratures greater than the normal boiling.peint of water. The bomb was

charged with menthyl acetate (5-20 ml), deionized water (85-100 ml) and
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s0lid sodiqm hydrexide (i-lO gms), sealed and placéd in the heater-rocker
assembly. The amounts of each reactant used varied between the limits
given above depending upon the cencentrations desired; In all cases,
however, .the total Vélume of the mixture was kept at 105 ml so that the
mixing efficiency in the bemb would be constant for all runs. The bemb
was heated to within 20°C of the desired operating temperature (120-190°C)
with the two heaters both-operat;ng with 110 velts; then the heat ﬁas shut
of f while the temperature .increased the 20°C lag because of the large‘ B
heat.capacity of the bomb, When the desired temperature was reached, .
the rocking was turned on and the heater regulated through the Power-
stat set at a predetermined voitage to maintain fthe desired temperature.
The reaction was carried out for the desired length of time.and then
the bomb was removed and quenched. -The preducts were removed, the
aqueous-phase separated, the organic phésé dissolved,inhaéetoﬂe gnd the
gsolution filtered. .The filtrate was then mixed with water and the pro-

duct separated and collected,

The hydrolysis of the terpinyl esters produced.in the process was
carried out oniy to obtain a quantity of the final alcehoel for identifij
cation‘purposés. .The, Parr bomb was used and the reaction carried out-rg—
peatedly with a maximum of 20 ml of ester and a maximum total velume of -
149 m;. .The efficiency of mixihg_and resulting’ conversion decreased
considerably when greater volumes of this heterogeneous mixture were

tried. The preocedure was the same as for menthyl acetate.
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Distillation of Terpinyl Alcehoels: The mixture of terpinyl alcehols

containing, cis- and trans-8-p-menthanel and cis- and trans-8-m-menthanol
..was distilled .in- the hope of separating the various oomponen&s. .The 75
theoretical tray distillation column was used and operated as a steam
distillation again to prevent decomposgsition of the'alcohals° .The charge
to the column was 184 ml of the -alcohol ﬁroduct which oon?ained about

50 mole péroént terpene olefins,.1500 ml:of wéter (about five volumes

of watef-Were,required to distil ene .volume of_alcohol, b.p..about
210°C), and 40 ml of Dowtherm A (b.p. = 250°C) which was used as a
chaser. .The distillation was carried out at reflux ratios‘varying from -
2;5:1 up to 30:1 since the terpene hydrocarbons were cut out first at
the lower reflux ratioes. .Otherwise, the procedure was the same as that
used for the distillgtion gf the hydrogenatien preduct,

C. .Compound Identification and Analysis
‘Chromatographic Analysis of Materials

Gas Chromstographs Used: The erganic nature of the terpene hydro-

carbons and their derivatives invelved .in this research, and the pessi-"
bility of isemers eccurring in the .products of each reaction,.necessi-
tated the use of the gaé'chromatograph as an analytical tool for beth

gualitative and quantitative use. A Wilkens Aefograph "Moduline" medel

202 dual column gas chromatogfaph with a dual thermal cenductivity de-
tector was used for the majority of the analytical work., .The chromato-

graph also had a .linear temperature programmer which made possible the

analysis of compounds with a widefrange of poiling.points,' A Sargent

!

Model SR recorder was used in conjunctién with thé chrematoegraph.
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Other chromatographé used at various.times during the project in-
cluded the follewing: an Aeregraph "Moduline" model 661 with a flaﬁe
detector; an E & M Blemedical Gas Chromatograph ﬁodel 409 with a flame
. detector (Chem. Dept.); and an Aerograph,Athprep\model A-700 prepara-
tive gas chromatograﬁh (Chem. Pept.). The Aer@éraph model 661 was used
during the first part of the preject for hydregenation product analysis.
.The F &:M model 400 chromategraph was used for analysis-of the complex
ester preduct.mixture because it had a reoordér with a disk iﬁtegrator
which afferded more precise quantitative analysis. .The Aerograph Auto-
prep was used for the iselation of pure samples of terpene olefins .frem
the elimination preducts and alse for the -iselatign of some of the ai-
cohol compenents. Samples ﬁere~injected and collected manually,h@wevero
The Aerograph model 202 was used .for manual isolation of %he terpinyl

ester components, also.

Chromategraph Ligquid Stationgry'Phases: A oonsiderablé number of
;iqﬁid'stationary @hases ﬁere tried in brder to find those which would
give a satisfaotory reselution of the products and reactants .for each
reaotign; .The statienary phases, coelumn dimensions, and operating
conditiens found te be the best -for each type of .compound are lisﬁed be~
low aleng with gome other phases tried which. separated some of the
materials but net as we;l. Sample chrematograms for the preduct mixtures

obtained from-the reactions in the process are given in the gppendix.
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Monoterpene Hydrecarbons -- carane, 11-3-carene, 1,1, 4-trimethyl-

cycloheptane, 2,6-dimethylectane, myrcene, alpha- and beta-pinene, and

dipentene.

: /
Stationary Phase ---- 20% /51/5770xydipropylnitrile
SUPPOrt ~==mmmemm— - 60/80 acid washed Chromosorb P
COlUMN =mm=meemmm—— e 200 x 1/4" ss
Conditions ===---ee-- 75-80°C, carrier gas 50-60 cc/min

~Sample Size ~--=~----- 1-2 microliters -
Other phases .used, but which gave poorer separatiens, were 20%
.Carbowax 4000 on 35/80 Chromeserb P in a 6' x.1/4" ss colum and 20%

Ucon Polar 50 HB5100 on 35/80 Chromeserb P in a 7' x 1/4" ss column.

Monoterpine Olefinsg -~ B—pementhehe,.8-p=menthene,,4(8)—p—menthene,
4(8)~m-menthene, . 3-m-menthene and 8-m-menthene.

Stationary Phase ---- 20% Carbowax 20 M

SUPPOrt -=memmmme e 60/80 KOH washed Chromoserb W
CoOlumn ===-sm=emm—e——— 10" x 3/8" aluminum
Temperature =e=-=e-=-- 75°C

Sample Size --------- 2-4 micreliters

The /fi/ffmoxjdiprOpylnitrile column gave nearly as gocod a separation
as the Carbowax 20 M, alse, as did the PDEAS column described:béiow, .How~
/

ever, none of these columns would-separate all of these -isomers,

Terpinyl Bromides ~- cis- and trans=-8-breme-p-menthane, and cis-
and trans=8~bromo—m—meth§ne. .No statienary phase was satisfactory for
J

these materials because they are thermally unstable at theftémperétures

required to analyze .them,
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Terpinyl Esters_~~-Menthyl acetate; cis- and trans—8-p<menthjl

acetate; and cis- and trans—8—m—menthyl acetate.

Stationary Phase --=-- 10% Phenyl diethanolamine
succinate (PDEAS)

SUPPOPE ==emmee e me—— 60/80 acid washed

' Chromoesorb P

COlUMN =mwmmeem—————— 10" x 1/4" coepper

Temperature -=——-- mmem 170°C

Carrier Gas Rate --=-- 60 cc/min f
Sample Size =+rewce-a 2 micreliters

Other columng used were lO%-H&prose‘SP—8O on 60/80 Chremoserb P in a
13" x 1/4" ss column, 20% Carbewax 20 M on 60/80 Chromeserh w,in‘a‘lO'
x 1/4" cepper celumn, 10% 1,2,3 tris (2 cyane ethoxy) ethane (TCEP) on
60/80 acid washed Chromesorb P in a 10! x.l/ﬁ”_copper dolumn and 20%

Carbowax 4000 on .60/80 Chreomesorb P in a 20! x,l/8h ss column.

Terpene Alcohols.——~Menthol,.isomenthol,,neomenthol, cls- and. trans-

8-p-menthanel, 4-terpinenol, 4-p-menthanoel, and cis- and trans-8-m-
".menthanel., No ene column was found which would separate completely all '
of the above alcohols. The Hyprose SP-80 and the -TCEP were .found ‘to he

the best of all the columns tried for general terpene alcohel separations.

Statienary Phase ===- 10% Hyprose SP=-80

SUPPOTE =mmecmmcmmm—— 60/80 acid wdshed Chromoserb P
COlUuM =e=sssmccamc= 131 x 1/4" ss ’
Temperature =---===== 160°¢C

Carrier Gas Rate ~--- 60-70 cc/min

Sample Size ~reme==-- 2 microliters

The other columns which could be .used are those mentiened under the ter-
pinyl esters although separatiens were -somewhat peorer feor the alcohols

than for the esters.
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Miscellaneous Materials,-- The following chromatograph columns were

\

used for the separation of the materials listed below; l-methylcyclé-
hexene} l-bromo—methylcyc;ohexane, and 2-brome-l-methylcyclohexane.

Stationary Phase -~--- .15% Apiezon N

SUPPOrt =-mm=mmm e 60/80 «Chromeserb Y
Column -emommeccmmm— 6" x 1/4" ss
Temperature --------- 125°C .
Carrier Gas Rate -~-- 40-50 cc/min’
Sample Size ~--=-=em- 2 microliters

2,4 ,4-trimethylpentene-2, 2-breme-2,4 ,4-trimethylpentane and.3~-bromo-

2,4 ,4-trimethylpentane.

Column -=--cecoommm——— @@'~ oxydiproepylnitrile, the
, . same as for hydrogenation products
' DPemperature ------ ‘--- 90°C
Carrier Gas Rate ---- 50-60 cc/min

cyclohexene, cyclohexyl bromide, and ¢yclohexanol.
COLUMN ~=mmmmmmm e Apiezon N same as .for the
" o l-methylcyclehexene deriva=-
. tdves with same conditions

cjclohexene,‘cyclohexyl bromide, and cyclohexyl acetate

Stationary Phase =~--=- 20% Carbowax 4000

SUPPOTt ====mmmmmm e 35/80 Chremesoéorb P

Column =e-mmecomeme== 6" x 1/4" ss

Temperature -=------- 100°c 5
Carrier Gas Rate ---- 60-70 cc/min

Sample SizZe ===-c-=-< 2 microliters

cyclohexene, .cyclohexyl acetate, and cyclehexanel,

COLUMN memmmm o mmm mem e Apiezon ‘N at the same con-
ditions as described above

The Apiezen N column was used for the analysis of the hydrolysis product
of menthyl acetate because the-Hyprosé SP -80 resolved the menthol .pro-
duct into its varieus geometric isomers.from which the unreacted menthyl

acetate could.not be clearly resolved., This made the product teoo compli-
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cated to analyze, .Thé conditions used'with the Apiezon N column were
150°C with a carrier gas rate of about 40-50 cc/min. -The oxygenated
derivatives produced as by-products .from the esterification of crude
hydrebreminatien product (asgumed toe be epoxides and a lactene) were
easily reselved .in the PDEAS.column when used at the same conditions for

analyziﬁg the terpinyl esters.

Compound -Identification

Retentien Time in the Chremategraph: Whenever it was pessible,

samples of the expected materials were obtained so that tentative iden-
tificatlons could be made by comparing the retention times of the knewn
and unknoewn samplés.in the chromatograph._.Unfortunétely, enly a few
materials could be obtained. Carane was obtained frem the Hercules
Powder Company and als@lfrom W. Cocker and his aSseciaﬁes at the Univer-
sity of Dublin. _l,l,H-trimethylcyolehep@ane-wés also obtained from

the -University of Dublin. None'ofrthe:tgrpinyl“bremideé’were available
and among the terpinyl esters only menthyl aceta@e was avai;able° Men-~
thol,_isomenthol,:neoﬁenthol, and c¢is- and trans-8-p-menthanel were
obtained from varieus fragrance and .flaver cempanies while u;p—menthanel
was synthesized in this- laberatory by hydrogenating:H—terpinenol. Nene
of the cyclehepty alcehel derivatives were available ner were any of

the meta- isemers,
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-Infrared Spectra: For these products fer which known samples were

\available, positive identifications could be made by a comparisen of in-
-frared spectra. A Qeokman-IR-u infrared spectrophotometer was_availabie
for this purpese in the Department of Chemistry. The spectrums for somé
of the products and known materials are given in the appendix; For seme
of the terpene olefins for whioﬁ samples could not be obtained, the lit-

(56)

erature 'provided infrared spectrums from which positive identifi-

cations could be made.

Preparative Chromategraphy: In order te obtain infrared spectra for

the unknown products and also to obtain nuclear magnetic resoenance (NMR)
spectra, sampies of the materials of 95% or greater purity were.required.
-The preparaﬁivé chromatogfaph provided a very efficient means of iso-
lating high purity samples of material. from preduct mixtures whidh could
not be easily éeparated with ordinary operations such as distillation.
“.Samples of the olefins produced from the dehydrobromination of the ter-
pinyl bromide products, samples of the terpinyl esters and samples of
the terplnyl alcohols were obtained .in this manner, .The column used

for the olefins and alcohols was described previeusly (10! x 3/8" Car-
bowax 20 M), The column used for the ester isolations was a 20' x 3/8"
PDEAS with the same composition and support as waé used in the 1/4" PDEAS
column. The greater diameter of the preparative columns allows much
larger sémple injections to be used without a significant decreasé in
component resolution. .Usuvally, samplés up to 25-50 miorolitefs can‘be

-

injected in a 3/8" column and good separatioen can étill be obtained.
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The terpinyl esters contained unreacted bremides which coeuld net
be readily seﬁarated, .This caused a probiem in the isolafion of the
various cemponents in the chroematograph because of the'deoompoéitien of .
the bromides at the temperatures used, contaminating the samples with an
olefin bleed. -After repeated injgctions of the isolated samples, .the
bromides were destroyed and mest of the biefin contaminatioen removed.

However, the esters-were also found to be somewhat proné to decomposi-

tien seo purities greater than abeut 90-95% were .impessible te achieve.

Since a micrecell (.025 mm in thickness) was available -for use with
the infrared spectrephotemeter, only five to ten micreliters of a sample
were required to obtain a gooed spebfrum. .Fer the NMR, however, a mini=-

mum of about ten microliters was required.

. Nuclear Magnetic Resonance: A Varian medel A-60 nuclear magnetic

resenance spectremeter was used te obtain informgtion to éidain the
-identificatipn of the unknown products frem the reactiens. .The specﬁra
are produéed by eﬁergy transformations in the pfotens of an organic mole-l
cule.iﬁduoed by an external magnetic field. The locations of varieus
peaks in the spectrum and the area under these peaks are correlatable to
the effect Ehe‘structure of the molecule has on its varioeus protens, to
the .influence of varieus functioenal gréups,.and to the number of protons

(relative area).

.The NMR spectra for the terpinyl alcohols, terpinyl acetates,. the

epoxlides, and the lactoene, .and alse for the monecyclic menoterpene ole-
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fins are given in the appendix. Typical operating conditions used with

the A-60 are as follows:

Selvent ~--=—-mmane-a-
Temperature ~=------
Filter Bandwidth -=--
R..F. Field ====--=-~
Sweep Time --=-==em-
Sweep Width we=e--a-
Sweep 0ffset -=-=---
Spectrum Amp, --=---
Integral comp, =~mm=

melemee OClg




V. .Results and Discussioh

A. .Hydrogenation of A -3-Carene

Products ef the Hydrogenation of A -3-Carene; (-) Gis-carane and

1,1,k-trimethylcycloheptane wefe'found'to be the major products from the
hydrogenation of (+) & -J?-carene for the operating conditions used in
this research. .The structures of these saturated terpene hydrocarbens
are given in Table-IV along with the other terpene hydrocarbons . which
were assoclated with the hydrogenatién of A -3%-carene. The structural
differences between cis- and trans-carane are given in Figure 8. Carane
was tentatively identified at first by a comparison of retention timés
in the chromatograph with known samples. 1,1,4-trimethylcycloheptane

was mistakenly 1dentified as p-menthane at first by this same method.

.When pure samples of these products had been produced later, the infra-

red spectra verified the carane product and showed that the product which
has been thought to be p-menthane was actualiy l?l,#atrimethylcyclom
heptane. The relative composition of carane and 1,1,4-trimethyloyclo-
heptane in the product from the hydrogenation reaction was found te be

strongly dependent upon the reactioh conditions used (discussed later).

There were also a few miner products produced .in the reaction but
no identification of these materials was attempted, except for 2,6-di-
methyloctane which was.produceq from‘the hydrogenation of myrcene presént
in the ék—}—carehe feedstock. .The 6ther minor products are suspected
to be p-menthane and m-menthane and possibly two olefins, produced.when

the hydrogenation was lncomplete.
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The carane produced in this research had .identical retention fimes
to the cis-carane obtained by Cocker et al (16) in a chrematograph col-
umn which readily separated the cis and trans-ispmers of p-menthane
L‘% ?’ _oxydipropylni@rile). Thg IR spectra gf the carane product and
the cis-carane sample matched very clesely, also (Figure 56). The infra-
red spectra of cis and trans isomers usuaily show small but discern-
ible differences, also, .which were not evident. .The cis structure of
carane was assigned by Cocker by analogy te the characteristics and

properties of cis-pinane and cis-p-menthane since no ‘trans-carane was

available,

The properties of a sample of carane 95% pure were as follows:
b.p. 160-161°/623 mn He, dgg - .810, ngo' = 1.4541 and ( ot);5 - -13.6°.

.The carane 1s by no means optically pure since leve-carane is reported

(57)

to have ( aL)D = =34°, Other investigators have reported the fol-

lowing properties of carane: b.p..162°/684 mm, 169.5°/759 mm,.and 165«
20° ° 0 20°

= 8411, 420, = 836 ana 0®0) = .8381; and n, =
D T o26° 20 '

1.455-1.4582, .

166°/750 mm; d

The properties 1,l,Q—trimethylcycloheptane (about 95% pure) were

o

o 20
found to be b.p. 160-161°/623 mn Hg, dggo = 796, ny = 1.4408 and
o 200
(0()25 0°*, Cocker reports the refractive index te be np = L.H41L,
The infrared spectra of l,lju~trimethylcyéloheptane for a known sample

and for a sample produced in this laborateory are shown in Figure 57.

" , .
The hydrocarbon was apparently a racemic mixture.
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Probably the most interesting result of this reactien was the selec-

tivity in the -fissiening of the cyclepropane ring of A"-3-carene.

i

.Rather than fissioning externally te produce p-menthane after hydrdgen-
ation; which,was the expected by«preduct, or m-menthane, the'cyci@prepéne
ring wgs found to'fission.internally on the six-membered ring teo proeduce
1,1,4-trimethylcycloheptane. .The mosﬁ prebable explanation for Ehis
eccurrence wéuld be that the bulky cycloprepane ring with its gem di-
methyl groups made it difficult for the external bends of the cycle-

propane ring to get clese to the active‘sites of the catalyst while the
internal bond with no steric probleﬁs could be~situated very closé to
the catalyst sites when the ﬁolecule was adsoerbed. .Thus the internal

bond was prebably excited mere than the other twe carben-carben bends in

the cyclopropane ring resulting in the selective fissiening.
1

The A -3-carene alse hydrogenated very sélectively to form cig—
carane. This was mere than likely a result of steric hinéranoe from
the cyélbpropane ring, also. A model of the & -3-carene melecule shows
that the\dduble bond 1is paftially shiélded by one of the methyl’groups
on the cyclepropane ring which would hinder catalytic adsorptipn and
hydrogen additien on that side of the melecule, Apparently the hind-
rénce was strong enough se that addibion took place predominantly on
the back side of thé molecule, .forcing the methyl group on:the .number oﬁe
carben inte a cis poesitien with the cyclopropane-riﬁg. .The steric prob-

lem had been considered at the start of the preject but it did not appear

to be too bad, especially since the trans-carane -isemer would probably
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be the more stable of the two geometric isomers. -It was felt at that
time that a mixture of the twe would prebably be obtained. The.trané-
carane isemer had been desired because it has the methyl group on the
top of the molecule in the correct pesitien teo give the right isomer

of menthoel,

; Preliminary‘Batéh Hydrogénation Investigations: Thg'preliminary
expériments en the hydrogenatien of Zluﬁmcérene were carried out -in
a semi-batch hanner-in,the-Parr pigh pressure bomb. .The objectives of
tﬁese-f;rst investigations were to test seﬁeral hydrogenation catalysts
briefly and te gain some insight into the temperature and pressure which
-would fa&or the synthesis of carane. The reaction was carried out with
the A =3-carene in the-liquiq state and hydrogen gas constantly fed to

. the bemb to replenish that which reacted.

The results of the;e investigations with six catalysts are given in
Tablé V. -The first.experiments were carried out wifh the thrée‘hydrou N
desulfgrization/éatalysts: cobalt-molybdate, nickel-molybdate, and
nickel oxide. .The temperature was varied over a range from 100-250°C,
.the pressure varied from 200-1000 psig and reaction time varied from
15-170 minutes. The results show that these batalysts were-relatiﬁely
ineffeotive-for préduoing carane, The'maximum amount of carane that was
obtained was 27% when the'nickelwmolyﬁdate catalyst was ﬁsed at 200°C

and 500 psig for 90 minutes. .No reaction could be made to go with these

'catalysté until the temperatﬁre was up aréund 200°C. -The majer preducts
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were menthadienes produced from the isomerization of the: O ~3-carene.
When no catalyst was used, the A -3-carene was found te be unaffected

by a hydregen atmeosphere at 200°C and 850 psig after .50 minutes.,

:Six experiments were made with the powdered Girdler G-69RS nickel
catalyst with the temperature varied frem 25-100°C, the ﬁressure varied
froem 100-175 psig and reaction time varied from 84-204 minufes. At 25°C
very little reactioen :occurred while at lO®°C the predominant proeduct was
1,1,4~trimethylcycloheptane with complete conversion of the. A -3, At
50°C and 125 psig, however, a producf containing 56% carane was ob-

tained after 204 minutes with coemplete conversioen of the & -3-carene.

The Harshaw nickel and rh@@ium catalysts were 1ooked‘at only brief=-
ly in these preliminary experiments. - A product centaining 25% carane
was obtained with 40% cenversion of the & -3 using the Harshaw catal-
yst at 50°é and 125 psig after 210 minutes[ .Forty=-three percent car-
ane was obtained using theirhodium catalyst at 50°C and.200 bsig after

120 minutes with abeout 70% conversien of the & -3, -

.The preliminary tests on three of the active hydrogenation catalysts
(Girdler nickel G=69RS,.Harshaw Ni-01lO4T, and Englehard'rhodium) showed
that carane could be preduced with all of them., .It was degided to make
some more detailled tesés on ali'féur catalysts (including the Raney nic-
kel) to determine whiéh of the.feur would be better te use .in the con-

tinuous fixed=-bed hydregenatien reactor.
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Catalyst Evaluation: Ehe active hydregenatioen catalysts were in=-

vestigated in the Parr bomb and were o@mpared econemically to determine
which of the four would be better for use in the investigatioén. ef the
hydregenatien of D =3-carene .in the confinuous fixed-bed reactor. These
catalysts Were‘the Girdler G-69RS nickel, the ‘Harshaw -Ni~-OlO4T nickel,
the -Englehard .5% rhedium, and.the Raney nickel #28. :The catalysts were
evaluated first in the bomb at a fixed set of opefating conditiens. The
results are given .in Table VI. .Fiffy.ml of £§—3mcarene (88% pure) and
25 gmg of catalyst were -placed in the bémb-and the ‘hydregenation carried
out at 70°C and 600 psig fer twe hours. Duplicate runs were made for
each catalyst and the results averaged.- -The results show that 83% car-
ane was obtained with the rhedium cétalyst, 70% with the Harshaw cat-
alyst, 31% with the Girdler catalyst, and only é% with the Raney nickel.
Complete cenversion of the & -3 was obtained with all the catalysts
except the Gird;er G=-69RS. .The-Raneylnickel was obvioﬁsly much mere
active thaﬁ the other catalysts at this temperature because ring fissien

had occurred appreciably preducing 86% 1,1,4-trimethylcycloheptane.

.The next test was made to determine if the reaction had any de-
grading effects on.the catalysts. .In this test, .one run was made and
the product separated frbm the catalyst. [The catalyst was then used
over again for_another run with fresh A4 -3 reactant. The operatipg
conditions for the different catalysts were - not the .same in these testsy
however. The resuits are given in Table VII. .it can be seen that the

Harshaw nickel appeared to lose some of its activity after'the-first
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run, the.rhodium appeared unaffected and the Raney nickel appeéred.to
be enhanced in selectivity. When the Harshaw nickel was used' twice,
the conversion of & -3 decreased from about 80% to 71%. The amount of
carane in the product decreased from 56% to 4?%.:‘with the rhodium cat-
alyst the conversion was 100% .-for both runs whilé the amount 5f carane
decreased only from 86% to 83%.. Tﬁe-Raney nickel was tested at 25°C
(compared to 73-78°C for the other twe catalysts) and the cenversien

was 100% in both runs. The amount of carane in the product increased

from T4% in the first run to 82% in the second run.

With fthese brief results on hand, the cost of the catalysts was
then investigated. Table IIT gives the prices for commercial lots of
three of the oatalysfs. It caﬁ be seen that the nickel catalysts were

comparable in price, while the initial cost of the rhodium was much

higher.

TABLE -III. Catalyst Prices* for Commercial Lots

Harshaw Ni-QlO4T eceemermecenaca= $ 2.47/pound

Raney ‘Nickel #28 ccmcccacocua= 2 46/pound

Englehard .5% Rhodium =ee--ew-e= 16.60/pound (initial coest)
6.60/pound (min. regenera-

tion cost)

A

¥*Prices were quoted f.o0.b. by the manufacturer about Sept., 196,

-

Even the minimum regeneration cost of the rhedium was over 2-1/2 times

the initial cost of the nickel catalysts,
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One other facter was taken .into censideratien in the catalyst evalu-
atien. .This was the ease of handliﬁg of the catalysts: The Harshaw and
Girdler nickel catalysts were stabilized against‘oxidation s6 they could
bé handled in the atmosphere with noe problems. .Likewilse, there was no
problem in handiing the rhodium catalyst. .However, the Raney.nickel was
received in an activated state under water which reqqired that the catu'

alyst be dried- and then handled under an inert atmesphere since it is

very perphofic when dry.

From the technical and economic considerations given above, the
cheice was made to use the Harshaw Ni-0lO4T in the continueus unit since

it seemed to be the better of thiese four catalysts when all the -factoers

were taken inte account.

Actually, even though less carane had been obtained with the Harshaw
;Ni-01lOU4T in the tests coenducted in the bémb; there was no reason to be-
lieve that operating cenditiens could net be feund which weuld give
equivalent or perhaps even better results with the Harshaw nickel. :®b=
vioﬁsly, the same reasoning could have been appliéa to the Girdier nickel
but since the Harshaw catalyst had a little higher activity 1t was sél—
ected. Carane has aiso been produced from the hydrogenation of 4O =-3=
carene with catalysts such as platinﬁm bilack (23), Adams catalyst

)(59) (16)

(platinum oxide , and platinized charcoal , 80 undoubtedly there

are many which would be satisfactery frem a technical peint of view,
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Hydrogenation of A -3-Carene in the Fixed-Bed Reactor: The experi-

mental data and results for all of the runs made in the centinueus fixed-
bed reactor are given in Table VIII. Only a part of these data was used
for the final results but all of it contributed in seme manner or anether

to the knowledge gaihed about the reaction, se if ig all included on

that basis.

_Preliminéry Runs in the Centinueus Unit: Even thoeugh the experi-

ments on the hyd?@genation of carane, carried out in the bomb in a semi-
batch manner,.indicated.that high cenversions of the A -3-carene and
high yields of carane could be obtained, it was desirable to investigate
the reactlon in.a centinuous ﬁnit for the usual reasons. These are, oﬁ
course, the ease of operation of a coentinuous uhit, better pontrol of
the operating conditiens providing better guality coentrel en the ﬁroduct
and usually the lower laber cests (which would apply more te a commercial
facility). The reaotgnts were well suited for a centinuous unit, being
fluids and essentially noen=corresive. -The reaction was of hetefogene@us
nature having liquid and gaseous reactants and a solid catal&st, This
required thé use of a fixed catalyst bed in,the'reactor. The-reaéténfé'

were fed to the unit .in a co-current manner since the hydrogen was used

in excess and alse because it simplified the fabricatioen of the unit.

The first runs .in the coentinueus unit were actually made at the
same time the batch hydrogenation experiments were being carried out.

.The hydreodesulfurization catalyst, cobalt-melybdate, was investigated
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very briefly (Rﬁns CH-l-and‘—Z) in an electrically heated reaéfor, . The
results were about the same as feund when the batch reacter was used,

. Isomerization predoﬁinated and very little hydregenation teok place. The
temperature usgd was about 200°C with pressures up to 700 psig. .The maxi-
mum amountiof carane obtained in thé product when the Co-Mo catalyst’

was used was about 12% at 200°C and 500.psig with a hydrogen rate of 2.2
SCF/hr and a A -3 feed rate of .90 cc/min.. The reactor was operated

only during the day, being shut down each night. The first 18 runs were

made in this manner.

Ten of the next twelve runs were,méde using the Harshaw Ni-0104T
catalyst and two of the runs were made with the Girdler G-69RS nickel
catalyst. These twelve runs were carried out over a range of operating

conditions as follows:

Temperature ~e-es=ccmwon- 18-114°¢

Pressure sss--eom=cocmme—— 0-1000 psig

Hz Rate =---mmcosrocomane 38-407 SCF/gal. A -3)
LHSV® ~remocscccmmmeneen .10-.86 hr-1

The results obtained were generally quite incensistent and ne satisfactoery
correlations were obtained on the effects these operating variables had
on the conversion of é§=3~carene'and the yield eof carane. -Runs CH-6

and CH~-7 contain the results obtained when the Girdler catalyst was used.

*The liquid hourly épace velocity 1s abbreviated as LHSV or referred
to as just the space velocity. The units are cc of A =3 feedstock
/hr/ce of catalyst, or just hr-l,
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A comparisen of these two runs- with Run CHf8 verifies that the Harshaw
catalyst is much more active than the -Girdler catalyst at about the same

operating conditioens.

The preliminéry runs with the-Harsh;w catalyst definitely indi;ated
that the total conversion* of A -3-carene was favered by higher tempera-
tures (which was expecged) whilé the carane yield was favered by lpwer |
temperatures; .Pressure appeared te strongly faver the yield of carane
but the effect on coenversion could not be estgﬁlished, . The 1ower-space‘
velecities were found te faver higher conversiens of the A -3-carene.

The effects of the hydregen rate on conversioﬁ and yield and the effect
of space velocity on the .yield could not be well established because

of the scattering of the data. .However, the results of these runs did
narrow dewn the operating conditions te a set of values which seemed to

favef carane production with the Harshaw cabalyst. These conditiens

- Wwere as follows:

Temperature secccccmsmusrmsssas==- 70°¢C

Pressure s=cemeossmmccessecemeeacas 800-1000 psig
LHSV wommmmmmmmommam e mmcmmmmmmee 20 hr-l

Ho Rate =rmeomwem=- o 38 SCF/gal. =3

During brief tests at about these conditiens, yields of carane—in the
neighboerhoed of 85-95% with 90-100% conversions of A -3 had been ob-

tained.

* The conversion 1s defined as the fraction of the total ZS-B-carepe
in the feedsteck which reacts. The yield is the fraction of the
A -3-carene which reacts going to a particular preduct.
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In additien to the general data ebtained, data were obtained in ene
run (CH-12A) on the time required for the reacter producf"composition to
line out after a step-change had been made in- temperature for a feéd rate
of A -3 of W47 cec/min. (LHSV =,f2O hr”l). The reactor was started’ at
a temperature of about 44—&5°C and 300 psig with a hydregen rate of ,38
SCPF/gal. A -3 and a space velocity of .20 hr’l and allowed teo run for
seven hours. At this time the temperature was increased to abeut 75°C
‘with the other conditiens leld constant. The reactor product was sam-
pled every half hour for twe hours and then on the hour ‘for an addi-
tienal four hours. The results can be éeen in Wigure 9.. The ameount
of unreacted A -~3-carene in the-produét was 28% after one~ﬁalf heur,
declined te about eight per céat after three hours and then leveled
out at about this value. .The line-out time for the prodﬁot composition

©at this feed rate (.47'cc/min,) was about three hours.

Other infermatien that had beén obtalned when these preliminary runs
were completed was that the catalyst was deactivating during a run,
causing a droep .in conversion;'and that shﬁtting the reactor down over-

night affected the first results obtained after start-up the next day.

*
This was not an initial start-up with dry catalyst since the reactor

had been operated for ten hours the previeus day.
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Catalyst Deactivation Investigafions: The next runs were made te

ebtain informatién on the catalyst deaotivaﬁion during a run when a con- -
sﬁant sef of operating cenditions was used. The runs were made in the
unit which had been previously medifiled to include a water Jacket, re-
placing the copper heating coil,.but the water was still heated with the
steam heat_exchange;, so(temperature contrel was not the best. Also,

the reactor ceuld not be‘left unattended at night, so it was @perated
during the day only. The results of the first twe of these runs are
given in Table VIII (Runs CH-15.and CH-17) and the catalyst deactivation
'is indicated in Figure 10 by the decline .in the conversion of the & =3-
carene. .It can be seen that the conversion was low right_after start-

up when the bed was being wetted, but feached 100% after about 8-10

heurs on stream; A; fhe run was.continued, the Qonvgrsion of the A -3-
carene declined at a gradual rate to about 95% after neafly 60 hours of
operation. On the other hand, the selectivity of the catalyst for car-
ane productloen waélapparently being enhanced as shewn by the increase

in the yield of carane -during the run. The yield startéd rather low at
about 55% after five hours on sfream, increased fairly rapidly te about
72% after 20 hours, and then started te increase at a less rapid rate
reaching about 78% after 60 hours. This run was made at 69-76°C and

=1

1025 psig with a space velecity of .20 hr and a hydregen rate of 9i

SCF/gal. O -3.

Mere data were obtained on the catalyst deactivation after the fe=

actor water heating system had been changed to the closed system des-
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. eribed in the experimental section.. With the reactor temperature now
under goed centrel (about a 2° difference from the top of the bed to the
botpom), the reacter could be operatéd continuousiy 24 hours/day. Fig-
ure 11 shows the results of two funs made at different temperatures

(66°C and 76°C) coentinueusly over a time peried of about 170 héurs; The-
effeot?of temperature on the oénversion of O -3-carene is apparent.

The graph shows alse that temperature had ne apparent effect eon the rate
of catalyst deactivatien. At 76°C the converéion dropped from 97% to
about 86% over about a .160-hour peried, while at 66°C the oonversion
dropped from 82% to about 63% over the same period. Figure 12 shows

that the'deadfivation of the catalyst has ne effect on the selectivity..
At 76°C, the yield of oérane lined out at about 87% afterﬂonly’15 hours on .
stream while at 66°C the yield went through a maximum of 96% after about'
20 hours. en stream and then leveled out at 90% after 40ihourso The
higher yield ét the .lower temperature verified what was expected. The
fixed operating cenditions fer these runs were 1050 psig, LHSV = ;20 hr”l

and 100 SCF of Hs per gallon of A -3 used.

These results suggested very strongly that the chemical nature of
the catalyst was net being changed after the first 10-20 hours on stream,
!
which would most -likely effect the selectivity, but that a pertien ef the

catalyst was being rendered ineffective by the presence of some material

which had ne effect on the reactien other than te slow it down.
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' Althouéh the catalyst manufacturer had stated that ne significant
"exidation of the .nickel catélyst should occur under nermal ambient cen-
ditions, the results in Figure 13 ‘indicate that #his may net be true.
Two runs’are compared which were made éight menths- apart with catalyst
from the same container which had been cloesed after removing catalyst
but net purged with nitreogen. .It can be seen that the catalyst.in the
garlier run appears te be more active, with the conversionlbeing:lOG%
after 10 hours on stream and deélining to only 94% ever a U48-hour per-

ied. .The .run made eight moenths later started at a conversien of 97%
after '13 heurs and declined to 80% over a 50-heur peried. The yiéld of
carane appeared to be greatly improved, however,.ﬁf@m the apparent par-
tial exidation as can be seen in Figure 14. .In the early run, the yield
increased'graduall; to 77% after 58 heurs while the later run showed a
constant yield of 87% -lining out at after 15 hours eon stream. The-ref
sults are not conclusive, however, since seme of the runs made ldter
in the research indicated that the catalyst poison could affect both
the initial catalyst activity aﬁd the rate of deaotivaﬁion (discussed
latef). After thils suspected change in the catalyst was noticed; the
storage centainer was purged with-nitrogen each time seme catalyst was

removed., This was done to prevent further oxidatien froem eccurring.

Since the feedstock had net been pre-treated in any manner as it
came from the distillatien unit, an attempt was made'to determine what
effect‘a qaustic wash and melsture removal would have. .Pigure 15 shows

the results of one -such attempt. .The & ~3-carene feedstock was pre-




Li il

~69-

treated by shaking it with a five percent solutien ef caustic water,
washing -it with delenized water and then drying it with a Cas®4‘desic—
cant, Drierite. The results of the run with the pfe-treated feed were
then cempared with a run which had been made at the same operating con-
ditions but with untreated feedstock. .It can be seen that the pre-treat-
ment seemed to have an adverse effect on the initial catalyst activity
although the rate of deactivation appeared unaffected. The run with
the treated feed sthed a conversion aboué 15 percentage -points lower
fthan the run with the untreated feed. The selectivity of the catalyst
'appeared to be decreased also when the treated feedstock WQS‘used, be=~
ing about three percent less (Figure 16). Apparently pre-treating the
feed in this manner removed something which was necessary in promoeting
the initial catalyst act?vity and selectivity but did net remeve the -
péison causing the gradual deactivation. .The spent caustic wash did
turn an erange celor after scrubbiné‘th@ D -F-carene, however, which
indicates that it did pick up some contaﬁigant. Alsoe, after nepqgted
washings with fresh caustic selutiens the ooio: changes became much
lighter. This indicates that some materia; had\been removed from the

L -3-carene but ne analyses were made at that time to determine what
had caused the coloer change. The orange color of sedium sulfide in
caustic selutions suggests that the unknown matefial could have been
sulfurous .in nature, especially since ASTM analyses of the 15-5=carene
‘for sulfqr had shown ameunts up te 40 parts per million. .However, since

the deactivation still eccurred after this pré-treatment, either sulfur

was not the contaminant or not enough had been remeved to help. .At any
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rate, additienal research (diSEussed‘later) has shown that the cétalyst
can be ‘temporarily regenerated by hydrogen purges and by merely allowing
the catalyst to stand overnight with ne reactgnts entering. .This preﬁty
much eliminates a permanent poisoﬁ such as sulfur as the cause of the
rapid deactivation of the catalyst.  Nevertheless, a slower permanent

type of poeisoning could also be taking place at the same time,

Another run was made with feedstock treated only with a caustic
.wash and a water wash. This run was made at 86°C,howeVer,so no compari-
son could be made with a similar run having untreated feedstock. .Figure
17 shows the results. .It can be seen.that the‘oatalyst deactivatien is
still present which eliminates the CaS0, dessicant as a possible additien-
al contaminant since it was not uséd in this run. .Thé-initial cenversioen
was 100% at the high temperéture but started te decline after abeut 20
hours on streém, dropping to about 80% after 150 hours. .Thé carane .
yield in this run .increased gradually frem about 75% to 83% and never

did level out,

Water had been neticed in the product from seme of the runs which
made .1t a strong suspect for the catalyst poisen. To determine if the
poisoning was permanent or temperary, a.run was made in which a hydregen
purge was used and also the reactor allowed to stand everﬁigﬁt with no
reactants entering. The effect of these tests are shown in Figﬁre 18,
.The rﬁn was started wilth untreated feedstock at 75°C'and 105Q psig with

-1

a space velocity eof .20 hr and a hydregen rate of ;OO SCF/gal. 4545,
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The conversien was about 91% after 10 hours and decreased to about 7%
after 48 hours en stream. At this time the &.-3-carene feed was shut off

A

and thé reactor purged with hydrogen at the same7n%§?ﬁgnd conditiens for
about 14 heurs. .The feactor was restarted and theifirst sample of product
(two hours later) shewed that the conversion had increased to 92%. it
fapidly declined to aboeut 79% over an eighfahour peried, though. Despite\‘
the more rapid drop .in the conversien, the results after the purge showed

that part of whatever had been rendering the catalyst-ineffectivé was at

least temporarily removed.

At this time (after 72 hours. frem start-up) both the ZS;B and Ho
feed streams were shut off and the reacfor éllowed to sit.overnié%f for
eight hours at the operating temperature and pressure. When the reactor
was started the cenversion again showed an increase to 91% but it de-
creased .to 85% after six heurs. The reactor was then fleeded with 300 mi
.of D ~3~carene and alloweq to drain- for about 12 hours with ne Hé or

Zl\;B entering. This timé.when the reaction was started the cenversion
had décreased to 60%. .it rapidly increased to 75% after-only two‘hours‘
but then started to decrease again., After this test the 'ZSuB-carene.feed
rate.was decreaéed by'one-half and the run continﬁed forAanother 26 houré,
At'the.new space velecity of .10 hr'l, the conversien iﬁcreased te 91%

and then started a slow decline, being 89% when the run was stepped.

The carane .yield during these tests showed sharp drops after each

.

of the first three tests but increased each time after'the reaction was
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underway. When the space .velocity was reduced the yield came back te abeut

90%, the value it hdd had when the tests were started.,

The results of this run give evidence for the peison being a mater-
ial like water which could be removed by evaporation. .Krylev et al (59)
have reported water to be a poison .for nickel catalyst, alse, and that the

activity can be restored by treatment with hydrogen.

All of the infermation that had beén obtained to this poeint indica-
ted very much that the peisen was physically coeating the cétalyst.surfacé
éradually during a run, cauéingg in effect, a part of the catalyst to be
rendered .inactive. .Since traées of water had Heen picked up .in the pro-
duct, 1t was strongly suspected to be tﬁe poison.';However, runs had been

"made showing catalyst deactivation when the initigl wéfer eontent of the
A -3-carene feedstock had been removed by a desiccant. -Therefore,.i%
_seeﬁedmlikely that if the poison was water,.it was being .generated dur-

ing the.reaction; .The hydrogen feed was -eliminated as a .possible source

' of .water because of the éffects of the ﬁg-purgeé

_Delta~3~car¢ne had been -found (57) to oxidize répidly in the pres-
ence of aif,xprobably forming some king -of peroxide and/or ep@xide, LIf
the Zl—f—oarene feedsfoék chfainéd peroxideé, they could conceivably:

-hjdregenat%,(60)during the-reaétion to give water as a by-producf,,thus
providing a coentinual sourbe of tﬁe confaminant° A quick test of the
A —B—Carene\feedstock had shown that it containeé some peroxides. .The

~u

tes?t (46) that was used consists of shaking the A ~3-carene with a solu;
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tion of ferrous ammonium sulfate coentaining potaésium thiecyanate as an
indicafor. .If peroxides are present they oxidize the ferrous ion to
ferric ion which in turn reacts with the thiecyanate ien to give a deep

red coler,

Teo obtain some additional infopmgtion on the catalyst deactivation’
problem, a run was made in which various & -3-carene feedstocks were
used which had been treated in different ways. The results of this .run
are shown in Rigure 19. The run was started at 55°C and 1000 psig with
- a space -velocity of .20 ne~d and a hydr@gen.r;te of 112 SCF/gal. O -3.
The starting feedstock was urlfreated. The conversion was  initially ab
about 66% but decreased very rapidly to about 53% after 20 hours on
stream and then .leveled out at this valde.for another 22 hours. .The yileld
of carane had increésed froﬁ about 75% to 90% over this same beriod.
After 42 houré on streaml a .feedstock which had_been caustic (5%) washed,
water washed, and dried with silica gel was started into éhe reactor.
With this treated feedstock in the reactor the cenversioen increased freom
32% to a maximum of 55% ever a ten-hour period and then decreased again
to abeout 40% over the next seventeen hours. The yield of'carane reacted

dn just the oppesite manner. .When the treated feed was added the yield

dropped from ahout 89% te a.low of 80% and then .increased back to 90%.

After .75 hours on . stream the & -3-carene feed was shut off and

the reactor purged with hydregen at.90°C and 1000 psig for 25 hours. The -

reactor was started up at the end of this perioed using another feedstock

treated this time with .a two percent aqueous solutien of ferrous ammenium
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sulfate (te remove peroxides) follewed by a five percent caustic‘wash, a
water wash and finally moisturé removal with éilica gel. The first pro-
duct after the purge indicated a conversion of 70% which,.in the next three
hours, dropped to 45% before starting to decrease at a slower rate over
the next 23 hours te 32%. Theiyield,'after the hydrogen pufge, dropped

~rapidly alse from.75% te 55% but then .increased gradually up to 75%.

After 125 hogrs from start-up, the feedstéck was changed to one .
which had been dried with silica gel only. ‘With this feedstock conversion
Ancreased to 43%% but then dropped to 37% whefe it leveled off for abeut
10 ‘hours. .The yield was decreased from 76% to 67% after the new feed was
added, but then increased back te T4%. After 150 hours from start-up, a |
.feedstock of which 20% had been air-blewn at 85°C for 10 hours, was tried.
The A -3%-carene was air=blown %o increase its peroxide content,, if pos-
sible., .The feedstock was dried but was given noe other treatment. .With
the high peroxide feed reaoting'the converslon lmmediately dropped from

37% to 31% and remained there for the next 18 hours. The yield, on the

other ‘hand, .increased from T4% to 8U4%,

At this time (170 hours after start-up) aﬁother hydregen purge was
made at 55°C and 1000 psig fér 27.5 hours. The reactor was restarted
using a feedstock pre-treated with an aqueous solution containing‘fivé
percent sedium.hydrosulfiﬁe and five-percént sodium bisulfite (for per-
oxide removal) for '1l5 minutes at 25°C, followed by a water wash\and mois-

ture remeval with silica gel. The first sample of proeduct showed a con-




1 . PR X} Ld LIl

-75~
version of 29% which decreased further te 25% over the next 18 hours. The

‘yield decreased from 82% to 77% over this same period.

Another hydrogeﬁ purge was used at 216 hours after stérteup at 70°C
and 1000 psig -for eight hours. .The reéctor was restarted at 70°C with a
feedstock tregted the same as the: previous féed had been except that it
was washed with the solution for two hours. The conversion shewed a sharp
increase from 25% to 45% but then decreased again back to 30% by the end
of the run. The yield decreased rapidly from 78% to 69% and then leveled

out at this value to the end,

The results of this run.shewed that temporary increases in the con-=
version could be obtained whenever deltéA~3—carenezfeedstock was used
which had been treated in a ﬁénner to reduce peroxide or initial water
content. The usual increases in conversion were observed after hydrogen

purges had been carriled out.

Quantitative tests for the peroxide in the untreated & -3-carene
lféedstock and in some of the trgated.feedstocks had been tried using a
- chemical analytical method (Sodium -Iedide TitrativeiMethod)(6l)w -This
method was tested with cumene hydroperoxide and was found te give results
whibh weré fairlj consistenf but which deviated censiderably from the ac-
-tual peroxlde centent. .Therefore,.no absolute quantitative véluesufor
peroxide obntent in the O -3-carene were reported based on this methoed.

" The peroxide analysis of the & -3 treated with ferrous ammenium sulfate

shewed no significant decrease in the peroxide content when compared to
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untreated .feed. However, after treatment of the A =3 with the NasSs04 --
NaHS0= solutién, the peroxide content appeared to be appreciably réduced.
The latter method is a patented technique (62? fof removing ﬁeroxideé from
petroleum olefins. The feedsteck which was blended with A =3-carene that
_had been air blown (which should have appreciably increased the peroxide

content) showed a definite -increase in peroxide content when cemparéed to

the untreated feedstock.

Overall, the results seem to indicate that an equilibrium relatien-
ship was reached for .the amount of poisoen (water, peroxides, or both)
adsorbed on the catalyst surface when untreated feedstock ﬁas used. When
a feedstock was tried that had no moispufe in it or that had a low peroxide
cdntent, the equilibrium was apparently disturbed resulting in 2 temporany
incréase iﬁ the conversion and at the same time a temporarj decrease in
the carane yield. When the feedstock that had a higher peroxide content
was triéd; the conversion dropped to a lewer level while the yileld in-

creased.

«

All of the informatien obtained on the catalyst deactivatien iﬁdioates
strongly that the poison 1s ceming from the autoxidized materials in the
A -3-carene. Whether the poiseon is watgr, peroxides, or both ceuld net
be determined. ,The poison reduces the activity of the catalyst probably
because 1t 1s more strongly adsorhed on the nickel surface than the hydro-
carbon and tends te gradually cover the surface of the catalyst during a

run. This.decreases the amount of surface which can adsorb the A =3-carene




— | F—) Ll Li i

—e

_77_
and hydrogen melecules and therefere reduces the reaction rate. .The results
frem the previous rdns_also shoewed that the selectivity of the catalyst for

producing carane was increased during the .first 20 hours or se in a run and

then lined out at a censtant level even though the activity of the catalyst

centinued te decrease throeughout a run.

Comparison of the thdium and Nickel Catalygts: In order to be
satisfled that the correct choice of catalysts had heen mgde, a.run was
made. in the fixed-bed reactor using the Englehard .5% .rhedium en alumina
catalyst. . The run was made at 75°C and 1000 psig with a space velocity of
.15 hr=1 and a hydrogen rate of 94 SCF/gal. A -3, :The A -3-carene feed-
stock was untreated. -The résults of this.run are co&pared te the results
obtained with .the .Harshaw Ni-01l04T nickel catalyst at about the same coP—

‘ !
ditlens .in Figures 20 and 21. .It can be seen in Figure 20 that for the
fifst half of the run the‘;hodium catalyst appeared to be less active
than the nickel catalyst; but after 93 hours on stream and fof no apparent
reasen fhe activity of the rhodium catalyst suddenly increased. The con-
version had star%ed at about 97% with both catalysts but it had decreased -
more répidly with the rhodium catalyst, being aboué 66% after 93 hours
compared te 79% with the nickel catalyst., At this time, however, the
conversion in the run with the rhodium catalyst increased suddenly to 83%.
After this quirk, the catalyst deactivated at a normal rate to'give a con-

version of about 70% after 160 hours on stream compared te the final con-

version of 73% obtained with nickel catalyst.
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The only change that was made in the run with the rhedium oatalyét
at abéut the time of tThe sudden increase in activity was that additional
;5 -%-carene had beeﬁ placed. in the feed reservoir. The résearch notes
indicated that the additienal A -3-carene was taken from the same stor-
agé container of feedstock that had been’used throughout the run seo it-
should not have been difﬁereﬂé, but, of ceurse, it is always possible thét

soeme contaminant had been picked up which enhanced the rhodium.

The selectivity of the catalysts are compared in Figure 21 which showé'

the carane yields obtained. .It can be seen that the nickel catalyst gave

‘a2 higher yield of cafane throughout the run, lining out at about 87%. The

yvield with the rhodium catalyst was-about 75% before the sudden change

which increased it to about 80%.

Procedure for Obtaining the Effects of Operating Variables: "One of

the primary objectives of the research was to obtain the basic trends of
the important operating variables for each reaction. Foer the hydregen-
ation reactien the Operatiﬁg variables which had been studied were temper-
ature, pressure, .ligquid hourly space velocity_and hydrogen rate.. To ob-
téin the trends .for the effects of theselvariables en the conversion of
thé A -%-carene and the yield of carane, the catal&st activity had to be

accounted for. Two different metheds for taking account of the catalyst

deactivation during a run were tried.
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The first method was based on obtéining the data at certain .fixed
times in the life of the catalyst after a run had been started. .Two
variables were to be investigated during a run, one in the first half and
the other in the second half, ebtaining one data poeint for a certain value
of each Qariable during the run. .If five data points were dgsired for
each of the two variables, five runs would be required. A set of base
conditioens was chosen se that when one vériable was béing investigated_
the other three could be kept constant at the base conditiens. The vari-
ables to be studied together were choesen arbitrarily; pressure and space’
velocity data would be obtained together in the same‘run and temperature“
and hydregen rate data would be obtained in the same run. Thus the éres—
sure and temperature effects would be obtained at one point in the catalyst
life while the space velecity and hydreogen rate effeotg would be obtained
at anether. This method, then,'would gi&e ohly data relative to the
oatalyét activity at the time.it was obtailned., .In ether words, one would
net be able to take these effects and deﬁermine for a certain set of oper-
ating conditioens whatlthe absolute conversion of A =3-carene and the
yield of carane would be. .The & =3-carene for all of the runs carried

AY

.out using ‘this methed was net pre-treated in any manner,

.In the first try at using @his method each run wés designed so that
the data for fhe.first variable would be obtained over the peried of 36-UL
hours after start-up (from an accumulative product samplé) while data for
the second variable would be obtained.over the perioed 64-T72 hours. 'A rﬁn‘

was started at the value of the variable desired.and carriedleut until the
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-elght-hour accumulative sample had been obtained for the data point. At
.this time the reactor was shut down fer four hours, new hydrogen fleow rate
settings obtained, and the'run re-started at the base conditiens. The
operating conditions were changéd.for the second variable 60 hours after
start-up and four hours allowed for lineout before the accumulatiﬁe sample
for the second variable was started. .The results of the runs carried out |
in this first attempt at obtaining_the effects of the operating variables
are given in Table .VIII for runs 24 through 34; .The initial catalyst
activity was so-incensistent in these runs that ne satisfactory cerreia-
tions could be obtaineé, Only the pressure and space velocity data were
investigated in this first attempt. The effects on the yield of carane

were fairly censistent but the conversien data was very bad.

It wés.felt that the problem of the incdnsistenf effects on cenversioen
may have fesulted from a variation in-the.degree of oxidation eof the
catalyst in the storage container. from fop te bottem. The catalyst had
been stored under nitrogen just prier te and during these runs but it had
not been mixed up thoreughly before starting the runs. The activity of
the catalyst taken from the lewer parts of the container‘appedred,to be
appreciably grea%er. Therefore, the remaining.catalyst was mixed up very
thoreughly and another series of runs were started. anh time catalyst

was remeved for a run the container was repurged with nitrogen.

The runs made in this second attempt at obtaining the data using the

. . i :
first methed were carried out in the same manner as in the first try except
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that each run was shortened. Data.for the first variable was obtained 16-
20 hours after start-up and the datalfor_the second variable was obtéinea
4o-L4L hours after start-up. Again noe satisfactery coerrelations-fer the
effects of the operating variables couid be obtained because of apparent
differencgs in initial catalyst activity égain and because -of incensistent
deactivétion rates.fer varioeus runs., The results for- this series of runs
(CH-35 threugh CH-W44) are gi&en in Table VIII. The problem of the incon-
sistencies in the reactiens is illustrated in Pigure 22 for the effect of
pressure on the conversion of_ A -3-carene. .Since the catalyst for each
of these runs sheuld @avé been the same,.it ﬁas felt that the catalyst
poisoen, .presumably in the JAS ~3~carene, was affecting beth the initial
’catalyst activity and the réte of deactivation, -Delta~3~carehe feedstock
from different distillatien batcﬁes was used for these runs and the

amount of peisen in the. & -3 may have .varied from batch teo batch.

In the second method that-was used (which was successful) the effects
of the operating. variables on the conversien of & -3-carene and the yield |
"~ of carane were established in two runs. The second of these runs was made
only to verify the resulés of the first. _These runs were carried out coh-
tinueusly over a'ZOO—hour perioq varying the eperating ceﬁditiens'during
the courée of the run. Data en the effect of pressure was obtained first,
followed by the effect of témperature, then the effect of the hydrogen rate
and .lastly, the effect of the .liquid hourly space velocity. Only one vari-
able was changeé at a time with the others being held consfant at a set of

base cenditions. These base conditiens were as follows:
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‘ : Temperature --=--- 70°C
Pressure  ==w-- 1000 psig
LHSV  meeee .20 hr-3
Hz  meee- 94 SCF/gal. A -3

The data were obtained. over a.l2—l6.h0ur period.duriﬁg the day‘and the
reactor returned to the base conditions for the night. When the .value of
a varilable was changed to get a data point, four hoeurs weré allowed for

_ ‘ .
lineout* and then a two-hour aéouﬁulative sample of product was obtainéd

at the desired conditions. Point samples were taken every twoe hours

during the day, also,

.Enough .45—5—carene for the two runs was obtained and was treated
for peroxides. .The & -3 was mixed for three hours at 25°C with an |
agueous solutien of five .percent sodium hydrosulfite and five percent
sodium bisulfite. . Eleven volumés of A\ -3 were treated with one volune
of the aqueods solutien. Approximate analysis showed the peroxide con-
tent to be significantly dgoreased, A chromategram of the A -3-carene

feedstock is given in Figure 47. , . ,

.Enough catalyst for the two runs had been mixed thoroughly tegether.
When the catalyst for the first run was taken out of the container, the
remainder was stored under a nitregen atmesphere until it was used .in

the second run.

*¥3ix hours lineout were allowed for space velocity data at .05 hr”l.
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A run was started at the base conditiens and the reacter oeperated
foer 24 hours. The first accumulative sample was then 5btained; The pres-
sure was changed to 750 psig, .the reacter run fer four hours at.the new
pressure, and then énother two-hour_accumulative sample obtained. .The
pressure was changed again to 500 psig, .four hours lineeout allewed, and
another accumulative‘samplé obtained. .In this manner data on the pressure
were ogtained.and in turn, data on the other variables %ere obtained as

the run progressed. The range of .operating cenditiéns investigated for

each variable was as fellows:

Temperature --==-- 50-80°¢C

Pressure - =-=w- 0-1000 psig

LHSV . eeee- .05 - ,50 hr~+

s -Rate wwm-- 38-376 SCF/gal. D -3

The experimental data .for these two runs (CH-46 and CH-47) are given in
Table VILI. .The changes in the conversion and the yleld during each run
are given .in Figures 23 to 26. These graphs each show.four things. .First,
the actual path of the reactien is shown by the solid black curve, 'The
solid data points indicate-the conversien or yield obtaiﬁed at the base
¢enditions. The open data points.indioate the conversion or yield ob-
tained with one variable at seme value other than the base oonditiéns,
Second, .the dashed curve follows the data points ebtained at the base
conditions and shews the ‘decline in catalyst activity threughoeut a run
(Figﬁres 23 and 25) and the changes in the selecfivity of  the oatalyst
(Figures 24 and 26). .Thus, the dashed curve provided a means eof evalu-

ating the change in the catalyst over the time period data for a variable




2 Ll

-84
was obtained so that corrections could be made accordingly. This allowed
all the data for ene variable te be placed on the same level of catalyst
activity. .Third, the graphs shoﬂ horizontal lines extehding,ouf'over
the time peried for which each variable was investigated. .Thesg hori-
zontal lines provided the basis fer making the cerrectiens in the results
obtained for a variable caused by changes in the'catalyst over the time
period it was studied. .This was done by determining the difference in
conversion or yield between the dashed curve and the hoerizontal line at
the time an accumulated sample for one of the variables was obtained. .If
the horizontal line was abové the dashed curve the correc%ion’was added
and if it was below the dashed curve the correction was subtracted. -This
technique'for.accgunfimg for the changes .in the catalyst during é.run putb
each of the - -four variableé on a different basis and made the values of
the conversion and yields obtalned relative:to the activity and selec-
tivity of the catalyst at a particular time :in the .run. Foeourth, the
graphs show the particular value of the variable béing-investigated at

the time each accumulative sample was taken.

The results feor the effects of the operating variables on the cen-
version of & -3-carene and the yield of carane are given .in Tables .IX
and X aleng with the correctiens for changes .in the catalyst during each

]

run. The basic trends .for these variables are given .in Figures 27 to 35,
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:Effect of Pressure: The effect of pressure on the cenversion of A -3

is shewn in Figure 27. .1t can be seen that as the pressure was increased
from aﬁmospheric;to about 500 psig there wés a fairly rapid increase in
the conversien. After g presgsure of 500 psig was reached the cenversien
abpeared té level off and ferhaps even declined a little as the pressure
approached 1000 psig, although there ﬁas ne cenclusive evidence for this:
effect. .The difference in the absoelute values of coﬁ&ersion is evident
between the two runs even though operating conditions} catalyst and feed-
stock were the same for the twe runs. -The difference -is attributed to
changes occurring in the é§l~3=carene.feedstock in 1ts storage ceontainer
over the time peried befween the first and éecond runs . ‘Figqre 28 shows
.the effect of pressure on the carane yleld. As the pressure was lhcreased
from atmospheric to 1000 psig, the yield of carane increased éteadily. -In
these two runs, theugh the activity of the catalyst was different, .the
selectivity was abeut the same. .The yield increased frem abeut 10% at

atmospheric pressure (0 psig) to abeut 60% at 1000 psig.

.The conversion of l}e3=qarene.is directly relaﬁed te the réactien
rate. Since pressure affects the hydregen concentratien in the reactor
it is also tied to the reaction rate, assuming, of course,.that the rate
is dependen£ upon the hydregen concentration,. .which is legical. Therefore,
when the pressure is increased causing an increase in the hydrogen con-
centratien (in moles/vplume,,for example) the .reactioen rate should be ex-

pected to speed up.
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The yield of carane was alse found te increase when the pressure was
increased up be 1000 psig. A chrematogram of hydregenatien product ebtain-

ed at 1000 psig is given .in Figure 48. .This same effect was observed by

(16)

]

Cocker et al in their investigations of the catalytid hydroegenatien

of A -3-carene. Using a platinised charceal catalyst at 20°C and 100
atmespheres bressure tﬂe hydregenatien of (+)./A -3-carene -in ethanel gave
(=) cié—carane as the principal preduct. On the other hand, when the
hydrogenatien was carried out at~20°0 and 1 atmesphere bfessure using a
pallidized oharooai catalyst, .the product centained about equal amgunts

of (-) cis~-carane and .1,l,4-trimethylcyloheptane. A chremategram of re-

actor product ebtained at O psig-is gilven .in Figure 49,

:Unlike the conversion, the yield was found to inéreaée continually
as the pressure was increased to 1000 psig. .However, .pressures from 1000
te 1500 psig were féund earlier (Run CH=-18) net te havé any appreciable
effect on the reaction, so the yield,probab;y starts te level off at
pressures over 1000, This difference:in the effects of pressure on the -
conversion and yield can be explained in terms'of a -.possible mechanism
for the hydrogenation reaction given in Figure 29. The mechanism is
shown as a series-parallel type. The O ~3»barehe'can eithé; hydroegenate
to form a relatively stable, saturated melecule’ (carane) or it-can undergo
ring fission and then hydregenate teo ferm»1}1,4=trimethylcyl®hepﬁane. Now,
when the pressure is increased giving a higher conqentrati@n'@f hydregen,

the first reactioen should speed up, resulting:in a higher yield ef carane.

_The total cenversien of A =~3-carene is a.functien of the rates of both of
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the competing reactioens. ‘®ne pessible reason why the-total reactlion rate
levels off after a pressure of 500 psig is reaéhed would be that while the
first reaction .is speeding up, £he second reaction .is beiﬁg-retarded 50
that the net effect.is to keep the tetal rate of converéion gt about the

same level.

v

.Effect of Temperature} The effect of temperature en the -conversien

.is shown .in Figure 30. .The-figure shews that the cenversien .increased as
the temperature was .increased, which was to be expe'gted° As the tempers-
fure was raised frem 50 to 81°C the conversion waé incfeased from abeut
70% to 85-90%. Again the differénee in catalyst‘activi£y between:runé.is
apparent. Alsoe, as expected,  increasing the temperétufe had an adverse
effect on'the yield of carane, as shown in Figure 31. .For these twé runs
as the temﬁefature was changed from.SO to 80°C the~yieid declined from
about 60% to 45%; Keep .in mind, new, that these cenversions and yields
are not necesgsarily Whétlwould be. obtained in any run at these conditioens
but that the absolute values are very dependent'upon the catalyst activity
which is .influenced by expesure te air gnd by some contéminant in the-ébal

v

' 3-carene.feédstock, which is stroengly suspected te be pérpxides, '

‘The temperature effects are exactly what was expected. .The higher
- temperature should increase the reaction rate of beth competing reactions,
but it should, at the same time, faver the secoend reactien because of the

relative thermal.sensitivity of the strained cycleprepane ring. .Cocker

and his asseciates found essentially the same effect, alse. When they

7
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hydrogenated O -3-carene in prepionic acid at 96°C using palladized char-
coal, 1,l,M—trimsthylcycléheptane was the excluéive-product. .The reaction
did net go in the prepioenic acid at this temperature, hewever, wheﬁ the.

catalyst was not preseht.

Effect of Hydrogen Rate: As can be seen .in Figures 32 and 33, the
flow rate of hydrogen through the reactor had very little,influence.en the
reactien., The hydrogen rate was vafied ever a range -frem about 40 SCFR/
gal, D -3 feed to nearly 400 SCF/gal. & -3, There was some indication of

a slight decrease in the yield ef carane at the lower fleow rates, however.

.The hydregen rate gives primarily a measure of the velecity of the
gas through the reactor andureally has véry 1ittle effect on the relative
concentration of hydrogen fo Z§-3_oarehe within the’reactor. LIt probabiy
affeogs to a small degree, also, the retention time of the 45 -3~carene
?n’the reactor, tending to sweep part of the liguid out fastér or vapéré

ize mere at the high hydregen rates.

.Effect of Space Velocity: The effect of space veloclty on the con-

.vgrsion is shown in Figurg 34, .It can be seen that as the space velecity
wés increased, the cenversion dropped.off considerably, which wés ex-
pected. .For Run CH-46 the cenversion dropped from 94% at a LHSV of 0,5
" nr-l te about 0% at ,50 hr-l, For Run CH-47 the conversien was a little
lower, being 80% at .05 hr~l, but it declined to 40% at ,50 hr=l, also.
.Pigure 35 showsithat the yigld of carane decreased as'the space veloecity

was increased. These results alse indicateé that lowering the gspace
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velocity below about .10 hr — did net produce any appreciable increase in

the yield. This effect was alse neticed in the results of prier runs,
specifically in Runs CH-35 threugh -39. .In Figure 35 the yield can be

seen to be a little over 60% when the space velocity was at .10 hr_; or

less but decreased to about 40-U45% as the space velocity was .increased

up to .50 nr~t, . ' :

.The space velocity is usually just a measure of the retention time
in the reactor bhut fo? this case the amount of liguid reactant passing
through the reactor alse affects the liquid leading en the surface of the
éatalyst. .This assumes, of course, that the-ligquid trick;es over the
surface of the éatalyst in a thin layer and.ﬁhat the bed void velume is
filled for the mesf.part with the gas phase. Thus, the drop in cenversien
when the space velocity was increased can probabl& be attributed teo twoe
factors -~ the deéreaselin fetention time of the liquid reactant and the
extra liquid loading on the catalyst, slowing down beth the hydrogen and

A -3-carene diffusien rates to the catalyst surféceq -The secend factoer
could alsoe account for the drep in fhe yield of carane -which would occur

with a decrease in hydregen cencentration at the catalyst surface.

Runs Giving High Carane Production: The results of the research en

the continueus hydregenatien of A A -3-carene .in the fixed-bed reactor us-
ing the Harshaw Ni-01OY4T catalyst have shown that the preoductien ef carane
is very dependent upon an intricate balance ameng the operating cenditiens,

the catalyst activity, and the nature of the & -3-carene with respect to -
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trace amounts of certain.materials‘oontained in if. -On many oeccasioens
‘when- the reaction was being investigated, the correct balance was achiéved
by chance and high percentages of carane were obtained in the preduct.,
'-Figures 36 and 37 show the résults of two such occasioens. These resulté
were actually obtained during the first attempts at gathering data on

the effects of the operating cenditiens en the cenversion and yileld. The
runs were gctually‘detrimental te these attempts becaugse of the high cen-

versiens and yields which were obtained. .In Run CH-31 (Figure 36) the
reactor was operated at 1000 psig and 75°C with a-LHSV of .14-.16 et
and a Ho rate of 94 SCF/gal. QO -3 for the first 60 hours; for the re=-

1 and the

mainder of the run the space veloclty was changed to .07 hr~
‘H2 rate to 376. -The results show 100% conversien of D -3 threughout the
run with yield of about 90%. The yield dropped slightly after the reactor
had been shut down frem 44-U8 hours but it came back up after restarting.
.Run CH=-32, shown in Figure 37, gave even fetter resuits; This run was‘
started at 750 psig, 75°C,’auLHSV =-ul6 hr=Lt and an Hg_fate of 94 scr/
galu~£$—5. ‘After U8 ﬁours the pressure~was increased to 1000 psig and
after 60 hours the space velocity was. lncreased to-,19 hr“l and the Ho
rate increased to 376 SCF/gal. A -3. The conversion in this run was 100%
throughout; the yield was abqut 92%'at the start‘and increased to 95%

when the pressure was increased. No deactivatien of the catalyst with

its resulting decrease in coenversion occurred,

The proof is available here that the reaction can be carried out in

a continueus manner in a fixed-bed oata;ytic reactor to obtain a carane
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product of at least 90% purity. This still léaves room for imprevement,
hoewever, especially in view of the difficulty there is in trying te purify
the product further by an operatien such as distillation, which is dis-

cussed next.

Distillation of the Carane Product: The distillation of seme of the

hydroéenated products was attempted mainly to determine the .feasibkbility ef
separating unreacted l}—}—carene from the preoduct for recyéle purposes.
.If this could have been done easily the reaction could have been'carried
ouﬁ at conditions which favered the carane yiéld buﬁ did net give a.com=~
plete reaction of the A -3-carene. 'The boiling points of carane anq
l,l,4-trimethylcy§loheptane were found to be nearly the same (160°--161°/
623 mm Hg) while & -3-carene was found to boil a little higher 163°~~
164°/623 mm Hg). .The relative'boiling points of similar type materials
can usually be estimated alsoe. frem their retention times in the chremato~
graph. On this basis 1t appeared that the 1,1 4-trimethylcycloheptane
would have a slightly lower boiling point than carane. .Figure 38 shows
the distillation curves for a typical experiment using a batch steam dig-
tillation with a column having about 75 theoretical plates at a reflux
ratio of 3%30:1. A steam‘distillation was used to keep the temperature

down ( = 94°C) to prevent decompesition. .It can be seen that the 1,1,4-
trimethylcycloheptane did have a slightly higher volatility at thié tem-
perature than the carane but that the separation between these two compon-
ents was very poor at these conditioens. .However, the separation between

carane and O -3-carene appeared to be fairly goed. A better separation
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of the 145—3-carene”c®uld probably be achieved with more theeretiéal
plates and higher reflux raties. .However, .it -appears that the two pré_
ducts could net be feasibly separated by a steam distillatien. Other
methods of separating clese boiling isemers such as azeotrépic distil-
lation or crystallizatien might be applied successfully to carane and

1,1l,4~trimethylcycloheptane.

B. .Hydrobromlnatien .Investigations

Hydrebremination of l-methylcyclohexene: The hydrobrominaﬁion of

l—methyloyolohexene.was briefly investigated as an anaiogous reaction

to the hydrobremination of carane since both’oan, in, theory at least,
give secondary aﬁd tertiary bromides. The analogy is net exact, however;
beoausé carane is not an elefin. .Four experiments were made in various
dilluents wlth temperatures varying from .12-100°C énd wi%h free radical
initiators and a free radical inhibiter., .The results of these four ex-
periments are given in Table XI. The hydrogen bromide feed rate was too

lew during Runs HB~13 and HB-1Y, so the conversions in these twe runs are

probably low.

A maximum;yield* of 77% of the secondary bromide, l-brome-2-methyl-
- cyclohexane, was obtained in these experiments using n-hexane -as a
diluent and benzoyl peroxide as a free radical initiator. .The reaction -

was carried out at 55-60°C for five hburs, The conversion obtained was

*The olefin could form twe bromides. The yield of a particular bromide
is .the fraction of the teotal elefin that reacts which formed that broemide.
“.Conversien ls the total fractioen of elefin reacting.
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only 15%. When the free radical mechanism was retarded by using diphenyl- -

amine in an acetic acid medium, the .yield of secondary bromide was de-

. creased to 11%. At a temperature of 100°C with an acetic acid medium, ne

secondary bremide was obtained at all, even with bénzoyl peroxide present.

.When cyclohexane was used as the diluent at 65~72f0 with benzoyl peroxide,
present, the yield of secondary bromide was 45% with a conversioen of 31%,
the highest conversion obtained in these four experiments. .In a prelim=-
inary run, however, a conversion. of about 80% was achieved but .ne reselu-
tion of tertiary and secondary bromides could be ebtained with the-chrOm;
atograph coldmn (Ucon -Polar) belng used at that time, so ylelds were not

determined. . This run was made with ne diluent present, at 35°C fer three

hours.

In additien te l-methylcyclohexene, 2,4 ,4-trimethylpentene-2 was- alse

investigated. .Ne resolution of the tertiary and secendary bremide products

from this olefin could be obtained so the results were incenclusive. .Sev-
efal chromatograph columns were tried including the Aplezon N column
which easily separated the -secondary and tertiary bromldes from l-methyl-
cyélohexepe; but ne separation could be made. ' The maximum elefin con-
versien obtained was 80% after seven hours at 34°C“ .The total yield of

bromide product was 50%. .Pentane was used as a diluent in this reactien.

.The hydrobreminatlon reactiens with l-methylcyclohexene are shown

below:

.
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’ CH3
Br

CHs
1l-Bromo-1-Methylcyclehexane
+ HBr ; |
CHz

‘Br

. l-Brome-2-MethylcycloheXane

63)

About the same results were found by Goering et al ( in their
‘ihvestigations with l-methylcyclohexene. .The secondary brémide was
formed when organic pereoxides were useé while mainly the tertiary bromide
was .formed wheg diphenylamine was used. Apparehtly the diphenylamine in-
hibits free radical production arising from trace amounts.of oxygen présm
ent in the system so that the-ibnic mechanism predominates. Goering-alsp

found that temperatures over about 35°C tend to faver the yield of the

secondary bromide,

.The resulés with both the l-methylcyclohexene and the 2,4 ,4-trimethyl-
- . ’pentene-2 ihdicatéd tﬁat the réaction does noet ﬁroceed at a very fast -
rate, Goering and his comwérkers also found that the reaction rate was
'relatively glow, oﬁtaining a maximum conversion of 89% after .four hours
at 35°C. The& attributed’the slow rate to the low concentration of HBr

gas in the liquid system. - )
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The investigation of the reaction with l-methylcyclohexene verified
that Markevnikev's rule of HBr additien couid,be reversed by the use of
organic peroxides'which are believed te induce a free radical mechanism..
.However, the questien of hew the reactien would preceed when carane was
(

used could net be exactly answered since it was net known hew clesely the

cyclopropane ring would parallel the elefin reactien.

.Products from, the Hydrobrominatien of Carane: The individual com-

ponents 1n the preduct mixture of terpinyl bromides obtained from cis-
éarane were not -isolated for seﬁarate identificatien. -The products were
identified only in an indirect manner frem the alcehols which were ob-
tained from them, .Freﬁ these éonsiderations the bromide-prqduct was felt
to be composed mainiy of cis- and trans~8-bromo-p-menthane and cis- and
trans-8-breme-m-menthane, which are tertiary bremides. .If, any secondary

bromides were formed, they only occurred in miner amounts,

The mixture of bromides was.found te be a colorless liquid with very
little charagteristic oder. .The bromldes degraded te a dark reddish

brown celer upoen exposure te light or heat. The properties of the mixture

25
were found te be as follews: b.p. 64-65°/3 mm Hg, d25 = 1.165-1.179, and
,'ng5 = 1.4884, The bremides were found te be quite unstable decoemposing

to olefins nearly completely at temperatures of about 150-175°C. .Boroe-

wiecki et al (58) reports the properties of 8-brome-p=menthane to be as

follows: b.p. 65-66°/3 mm Hg, di(): 1,1617, n]2)°= 1.4887 anda [ ]23®= 0°.
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It is doubtful, however, that fheir'8-bromo=p-menthane was geemetrically
pure or free of the meta isomer,

The bremide product was considered te have majer amounts eof trans-

8 -bromo-m-menthane and cis-8-bromo-p-menthane and lesser amoeunts of cis-
.8-bromeo-m-menthane and trans-8-brome-p-menthane. The cis-trans isemeri-
zatien undoubtedly was promoted by the presence of the acidic hydrogen

(50)

bromide o

\

Dehydrebremination of the Terpinyl Bromides: The formation of oles~

fins frem the terpinyl bromides by.eliminatien of hydreogen bromide was
investigated as a possible means of analysis. No direct gas chremato-
graphic analysis of the bromides could be made because of their thermal

unstabllity.

Fach fterpinyl bromide should theoretically eliminate hydregen bre-

(50)

mide fo form eolefins in accerdance with 1) Saytzeff's rule and 2)

the cis-trans orientation between the bromine atom and the hydregen atoms
on adJjacent cérbon atoms; .The theoretical eliminatien reactions of
several ferpinyl bromides are~given in Figure 39. .Iseomenthyl broemide .
with only-one.hydfogen gtom in a trénsmposition to the bromine should
follow-the trans~orientation rule te form predeminantly 2-p-menthene (64);
.0On the other hand, ﬁeoisomenthyl bromide, with twe hydrégen atgms trans-~
oriented with respect to the. bremine should fellew Saytzeffl's rule teo

give mostly 3-p-ménthene. .Cis-8-brome-p-menthane would be expected to

eliminate HBr to give mostly 4(8)-p-menthene with lesser amounts of cis=-
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8-p-menthene., .However, the reaction is complicated because the 4(8)-p-

(65)

menthene has a strained olefinic bend making it -less stable than
the<8~p~mehthene. .Because of the unétability facter mere 8-p=menthene’

might be produced than would be predioted by nermal rules of eliminatien.

.The ‘results of three experiments on the dehydrobromination of the
terpinyl bromides are given in Téble XITI. 7It can be seen that the producé
composition was strongly dependent upon the type of reactien used. .Gas
chromatographic anglysis in three coiumns (201_ B ﬁ l—oxydiprOpylnitrile,
107 barbowax'ZOM and 10! PDEAS) indicated only four major compenents as
‘shown in Figure 50. .However, the infrared spectra of each 6f the com=:
-ponents in the-mix showed the-éresence of impurities in all except the
4(8)~p-menthene (Figures 58 te 61). The olefins obtgined as by-pfoducts
from the saponification of inaividualvesters (discussed later) alse .in-
dicated that the meta and para isemers could noet be resolved except for
4(8)-m-menthene and 4(8)-p-menthene. Thefeforé, tﬁe results of the
elimination reactions are reported in terms of mixtures of the meta and
para .isemers. -The results shew only small differences between the re-

" actions in KOH at 75°C and NadH at 150°C. .However, at 125°C in Na@H,
_isomerization appesred to occur-mﬁch more, with the amoun£ of—the 3~§s
menthene -and 3-m-menthene increasing .frem 34~4®% to about 60%. The iso-

(64)

merization eccurred in the expected direction ~but it seems odd that

it happened more se at 125°C in the caustic and net at 150°C. .However,

it is obvieus that .isemerization was occurring during all three re-

actions since 3-p-menthene and 3-m-menthene would net be preduced directly
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from the eliminatien of 8-brome-p-menthane and 8-bremo-m-menthane,

respectively. ’ N

Since the compositien of the bremide mixture could net be determined
with any accuracy frem the olefins preduced by eliminatien, the dehydro-

brominatien investigations were discentinued.

.

.Hydrobrominatien Reaction with Carane: The hydrebrominatien of car-

v

ane was carried out as a seml-batch reactioen. The carane, in a liguid
state, was contacted with fhé gaseous hydrogen bromide by dispersing the
HBr into the liquid.through a fritted glass gas bubbier tube. .The re-
actlon was found tp proceed nearly as'fast as the HBr could be fed to
the reactof; .The reaction was alsoe found te be highly exothermic, mest
likely a result oﬁ the energy releésed as tﬁe cycleproepane ring of the
carane melecule was fissioned. The_reéction was.investigated using or-
ganic peroxldes to promete the free radical mechanism and a free radical
inhibiter fto promete the .ionic mechanism. The diétfibutien of bromldes
in the product was determined indirectly from'the corresponding esters
which were obtained by reactioen .with silver acetate in‘glaeial acetic
aoid.l.It woulg be well to keep in mind ﬁhen examining the results that
the -relative amounts of cis and trans isomers reported could have been

influenced when the bromides were esterifiled.

The conversion of carane was determined from the amount of unreacted

carane in the reactien mixture. The unreacted carane was separated from

the bromi&es along with the inert hydrecarbons by vacﬁum distillatioen.
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In some cases the cenversion had to be estimated because of the presence
of olefins. Carane could net be resolved from >-p-menthene in the gas

chromatograph.

Effect of. Temperature: The effect of temperature on the reactien

was investigated'over a range Brem about 5°C te 100°C, .The results are
glven in Table XITII. The temperature was found te have essentially\no
effect on.the reaction rate with conversiens ef 95% or greater being ob-
tained in the four experiments. Thig effect is net pamticularly sur-

(63)

prising since Goering et al in their investigations with l-methyl-
cyclehexene foﬁnd that the reaction went as well at 0°C as.it did at
65°C. The lower temperature pfobably increases the solubility of the
HBr -in the reactien mixture providing a slightly greater cencentratien

which might tend to offset any decline in reaction rate at the.lower

temperature.

.The results seem.to indicate also that the higher temperatures’
faveored the .formatien of the meta isomer., The amount of trans-8-breme-
m-menthane .in the preduct increased from 44% te abeut 58% as the tempér=
ature was increased from 35°C to 100°C. .There did not seem to be any

appreciable effect on the product distributien between 5°C and 35°C.

The effect of temperature on meta isoemer foermation .is shown in Figure 40,

The isemerizatien of the .cis and trans isomers appeared not to be

affected by temperature.
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These four experiments were carried out with a'constant initial car-
ane concentration, a censtant HBr feed rate and a censtant reaction time.
;BenZAyl peroxide was used in the experiments te try te induce the free
radical mechanism,  .The temperature aﬁparently had ne influence on the
reaction mechanism, i.e., ioenic er free radical, since no secoendary

bremides wdre ebtained,

Effect of Initial Carane Concentration: AThe results for the inves-

figation of the effect of initial carane concentration on the cenversien
of carane and the distributien of.the bromides in the produét are given
in Table XIV. .The carane concentration was varied over a rangé from

.30 g-moles/liter %o 1.60 g-moles/liter, .The reactien time and HBr feed
rate were held constant and the temperature was kept at about 28-37°C for
the four experiments. Benzoyl peroxide was used as a free radicall in-
.itiator. The conversien (a measure of reaction rate) was found te in-
crease from about 60% when the concentrétion was 30 g-moles/liter to
about 95% when the concentration was 1.60 g-meles/liter. ..The-reacti@:n_~
rate is dependent upon reactant concentration seo a decrease in the rate
would be expected at the leower carane ooncentrations,‘ The HBr concen-
tration was presumably lewered alse at the lower ca:ane‘conoentrations
since additienal diluent was used to decrease the concentratien rather
.than décréasing the ameunt of carane charéed‘initially. -Figure 41 illus-
trates the effect of concentration on the conversien. The -reactant coen=-
centration apparently had no effect on the disftributien of the meta gnd

para isomers,
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Effect of Varieus Additives: Various additives were investigated

to determine if a free radical mechanism could be .induced te reverse
‘Markovnikov's rule of additien.. Benzoeyl peroxide,.laureyl peroxide,

and cumene hydroperoxide were investigated for this effect, :In addition,
the effects of ultra-vielet radiation and diphénylamine were investigated. .
One run was made using no additive, also. The reaction was carried out
with the -HBr feed rate, the initial cafane concentration, and the temper-
ature essentially held constant. tThe fesults of these experimen;s are
given in Table XV. .It is apparént that neither the presence nor the

nature of the additiveé had an effect on the conversien of carane which

was 95% or greater -in all the experiments.

.There were no secondary bromldes obtained when the peroxides were
used, so.1t appears very likely thaf the cycloprepane ring of carane,
when under é_free.radical attack by Br! (if 1t occurred), does not react.

like an olefin teo allew the abnermal additien vielating -Markevnikev's

rule. .This is discussed in more detail in the next section.

.Hydrobromlnatlion Reaction Mechanlsm: The results of the hydro-

brominatien investigatien have shown that the free radical mechanlsm
failed to work with the carane meolecule. .Ne gooed reason can be given
for why the cyclopropane ring would not react .in an analegous manner te
an olefin, Apparentiy, the lonic mechanism was favered regardless of
the presencé of the free radicals. The question c¢ould be ralsed that
possibly the organic peroxideé did not function properly to form the

b
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free radicals necessary for secondary additioen. .The answér te this,

of course,.is that the reaction‘with cérane'was carried out in an iden-
tical manner to fhe reaction with l-methylcycleohexene for which second-
ary addition oeccurred. There is always the possibilit&, howevef, that
the carane reactant contained some contaminant which may have inhibited
free radical formatien., .It is difficult fer the auther te understand
why secondafy bromides were not obtained since the theoretical censider-

ations on the reactlon seemed very sound.

The reactlon as it most likely occurred is shown in Figure 42.\ The
fissioning of the_cyclOprOpane ring to form the meta and para isemers
obviously must proceed as a parallel reac£ion. An ionic reactioen mech-
anism must have predeminated with carane in order to get almost ex-
clusive tertiary addition. This is the mechanism shewn. The cyclo-
propane ring -fissions te cis-orientation undéf attack by a hydrogeﬁ lon
to form the moét stable tertiary carbonium .ien which is on the #8lcarb9n
atom. The bromine lon then rapidly reacts to form the tertiary bromide.
The .isomerization of the cis to the trans isomers probably started with
the cis-carane before it had reacted with HBr and continued after ring

fissioning and additien had taken place.

C. . Esterification Investigations

Esterification eof Cyclohexyl'Bromide: The esterification of cycle-

hexyl bromide was studied as an analogous reactioen te the esterifi-

cation of the terpinyl bromides. The cycleohexyl bremide and reactién

products were all easlly analyzed in the gas chromatograph with goed
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seﬁarations of cyclohexyl bromide and cyclohexyl acetate achieved in a
six~-foot Carbowax 4000 column. .The reaction was investigated using
soedium acepate,.potassium acetate énd Silver gdetate in ethanol and

acetlc acld mediums. The .results are given in Table XVI.

The sodium and potassium salts were found in general-téabe rather
unreaétive. A maximum bromide cenversion of 48% was oﬁtained with
pdtassium acetate in a 10% agueous acetic acid mediuh after 10. hours
with the temperature ranging from 30 to 96°C; however, the eéter yield*
was only five pércent, The maximum ester yield ebtained with potassium
acetate was 25% at 110°C éfter five hours in a glacial acetic acid medium

while the bromide cenversion was 15%.

.When the sillver acetate was used, conversiens of 100% were obtained
in.several of the experiments. A maximum ester yield ofl55% was obtainéd
at 95°C after about twe hours using a glaciél écetic acld medium, The
corresponding bremide conversion was 100%. Coﬁmercial silver acetate
(Baker) was used in this experiment. When silver acetate which had been

synthesized in the chemical engineering laboratery was used,.the ylelds

*The bromide could react to form beth an ester and an olefin. The ester
yield is defined as the fraction of the tetal amount of bremide which
reacted and formed ester. The conversion is the .fraction of the bremide
which reacted .forming both ester-and elefin.
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were considerably lower, perhaps because of the assumed lower purity of
the acetate salt. Lower yields also occurred when an absolute ethanol

medium was used, the maximum being 25% after one hour at.74°C.

It is believed that an ether produét was formed when ethanol was

used. The probable reaction is shown below:

Br ' o OCH=CH
: 0 ' 0
Vi
+ CHsC . CHACHZOH + AgBr. + CH3C’/
OAg ’ OH
Cyclohexyl Cyclohexyl-ethyl

Bromide ' ether

The reaction in acetic acid occurred in the desired manner as follows:

| I
Br . : 0CCH
0 .
V4 HAc -
+ CH=C —>— + AgBr
"0Ag ‘ g
Cyclohexyl
acetate
(50)

- Ethanol is the medium suggested by Finar but no mention is

’

made of ether formation. . The suspected ether product was never verified,

however.

o

~
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Products frem the Esterification of the Terpinyl Bromides: The four

e;ters obtained from the esterification of the terpinyl bromides were
identified .from the corresponding alcehols. .These esters were cis- and
trans-8-m-menthyl acetaté and cis- and trans-8-p-menthyl acetate. .Small
quantities of the esters were lisoeolated from the chromatograph in order te
obtain their infrared spectra and NMR spectra. .However, no positive-iden-
tifications of these estefs could be made directly because no speétral
information was available on the known‘estersf Two of the esters were
isolated in a fairly pure state. .These twe are trans—8—m-m¢nthyl acetate
and cis-8-p-menthyl acetate. The cis-8-m-menthyl acetate and trans-8-p-
menthyl acetate could not bé resolved in the chromatograph so they were .

isolated together as a mixture. The infrared spectra and NMR spectra of

these esters are given in Figures 62 and 68, respectively.

The pure esters wére found to be colorless liquids with a very
characteristic odor. .Not enough of the pure esters was obtained to deter-
mine any physioal propertieég however. _No physical pfoperties were ob-
tained for the ester product mixture either, since the product centained

unreacted bromides.

The esters could be produced only when an acetic acid medium was
used. When absolute ethanol was used as the medium, other products were
obtained. .These materials were never identified but are suspected te be

ethers, as mentioned previously.
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In addition to the suspected ethers which were obtained in the
ethanol medium, three other unidentifiéd by-products occurred, mainly
during the esterification of the products .from the hydrobromination re-
action. These materials were isolated frem the ester product mixtures
and infrared and NMR spectra obtained for them. The spectra are shown

in Figures 63 and 69, respectively.

A .chromatogram of an esterified hydrobrominatien product containing '

these materials is given in Figure 51. The infrared spectra indicated
that two of these products were not esters since they did net have the
characteristic strong ester éarboh&l band at 1730-1750 cm_l. These were
the two majer by-products. The miner by-product which occurred between

- . I :
the two major by-products in the GLC showed a -C=0 group in its .infrared
spectrum at 1730-1750 om“'l s0 there was still the possibility of it being
an ester. The .NMR spectra of the two major products showed resenance for
single hydrogens attached to carbons which were attached to oxygen, like

g .
—C - . This eccurred at § = 3.32 - 3.5 (2 doublets,.l proton each).

\O/ !
.This indicated that perhaps these materials were epoxides of some sort, A
carbon-hydrogen analysis of these unknowns showed 55.42 wt.% carbon and
8.64 wt.% hydrogen. If the molecule contained only carben, hydrogen{iand
oxygen,'then the oxygen content would be 35.95 wt.%. The empirical feormula

. .
works out to be 04.62H8,6%O .In terms of whole numbers this could be

2.25°
C10H1905 or perhaps‘ClEH2206. -The oxygen content secems very‘hlgh and the

imagination is defied when-one tries to plece together some kind of chemical

* N .
Elek Micreoanalytical .Laboeratories, Torrance, .California.
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structure from ClOHl8 olefins anhd acetic acid having even multiple epoxide
or ether type -linkages and ene of these empirical fermulas. Apparently
there was an error in phe énalysis, the ‘sample was contaminated, or:there
are other elements present .in the-structure{-perhaps bromine, At any rate,
ne further attempt was made at identifying these materials. .The miner hy-
product showed ne ester methyl pretons on the NMR so a lactone structure is

suggested for it. .No elemental analyses were doene on this material,

These-by-pfoducts‘occurredzin major amounts when olefins-and-unre-
_acfed carané wefe in the hydrebrominatien preduct produced with an erganic
pereoxide present.  Very littlé of these materials occurred when teréinyl
bromides which were free of olefins were esterified or when hydrobrbmina—
tion préduct made-witﬁ diphenylamine present was esterified (Figuré 52} .
.It was also discovered that the esterified hydrobrominationnpfoducts would -
undergo a:reaction to fofm thé unknoewn materials in the gas chromatograph e
when .the phenyl diethanelamine succinate preparatery column was used, -The
réaotioﬁ occurred only when the matefials wefe recycled bgck through the
chromatograﬁh several .times with large samplé injectien volumesl(2©®—3®0/41),
The temperature of the detector was about 215°C, the columh at 170°C and the

Anjector at about 210°C. In these reactions, approximately equivalent a-=

mounts of the three by-preducts were proeduced.

Esterificatien Reaction with the Terpinyl Bremides: The terpinyl

“bromides were esterified in a batchwise manner in a stirred reactor, .The

..reaction appeared to go extremely fast in acetic acid with considerable

~
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exothermic heat liberated. .This required that the bromides be added to.
the slurry of acetic acid ana silver acetate rather than mixing everything
together at the start; anly small ameunts of bromide were used (5=10 ml)
so that the reactién temperature could be contrelled, Silver acetate was

the only salt.used (synthesized in this laboeratoery).

The analysis eof the products from the esterification reactions was
dene in the gas'chroﬁatograﬁh. .The unreacted br@mides'decomposed teo ole-~
fins in the chromategraph so coﬁyersiqn,data was impossible to obtain in
this manner since olefins were alse a by-product in the reaction, .The re-
sults are, therefore, reported in terms of the amounts of olefin and
total ester (includiné the unknown by-preoducts when they occurred) in the

product and the distributien of individual compoenents .in the ester,

A_chémical methed of analysis for tetal unreacted’bromide-in the
product waé investigated but.if was found te be unsatigfactory. :The
methed invelved a cenversien of the organié bromide inte sedium bremide
by a reaction with soedium ethexide (sedium metal in absolute ethanel)
follewed by a volumetric analysis for .the brom;de using FaJjans Methed
(66’67), The anglysis with standard NaBr werked beautifuliy, but when
the organic bremides were.used the final end peint in the velumetric
analysis was impoessible to see, .Complete conversien of the oerganic bro-

mides te NaBr could net be achieved and the unreacted broemides degraded

to a dark brown color which obscured the salmen celored end peoint.
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The effects of the solvent medium used, temperature, bromide con-
centration and reaction time were investigated. All of the experimental

data and results for the esterification reactions are given in Table XVII.

.Effect of the Solvent Medium: As mentioned previeusly, very little

ester could be obtained when abseolute ethanel was used. This was attri-
buted te the reaction forming ethers as being predeminant. The probable
products were.terpinyl-ethyl ethers. .No attempt was made to verify the

structure of these materials, however.

When acetic acid or propionic acid was used none of the suspected

ethers pccurred,

Effect of Temperature: The temperature was investigated over a

range .from about 2°C (in proepienic acid) te a 112°C, the beiling peint ef
acetic acid at 640 mm Eg. .The effect of temperature on the tetal amount
of ester that was obtained was not very clear-cut except that at.112°C
the'amount-was rather ‘low, being only 21%. At the other’temperatures,
2°C =70°C, the amount of ester in the product varied from 45-59% with ho
definite trend apparent. .The maximum ameunt of ester (59%) was obtained

at 16-19°Q in an acetic acid médium, which was about as low .a temperature

as could be used wilth acetic acid since the freezing peint is 16-17°C.

The temperature appeared to have no appreciable effect on the dis~
tribution of esters. The composition of preoduct from Run E-56 was some-

what different, mainly because of the censiderable amount of by-proeducts
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present. .Runs E-56 and E-55 were the last runs made., so perhaps the bro-
mide reactant had decemposed somewhat so that enough olefins were present

te form the unknown by-products. ' )

.The bromide concentration was'°24—.25 g-moles/liter and the reactien
time 15 minutes for these runs except for Run E-28 which was carried eut

for 60 minutes.

Effect of Initial Bromide Concentratien: The initial bromide cen-

centration was investigated over a range frem .12 to 1.30 g-moles/liter.

.In these .runs the temperature was kept between 20-30°C with reactien times

of 15 or 30 minutes used. .Increasing the bromide concentration seemed

te have a detrimental gffect on the ameunt of ester‘in the product as can
be seen in Figure 43. fhe amount of ester -in the product decreased from

a little less .than 60% to about 43%'when the -initial bromide cénéentration
was increased from abeout .16 g-meles/liter to 1.3 g-moles/liter. There

was no noticeable effect on the ester product distributieon.

.The -high concentrations of bromide were obtained by decreasing the
amount of acetic acid used while keeping the initial ameunt of bromide
used coenstant. At the high conogntrations the slurry of silver acetate
and acetic acid became rather thick, so pérhaps the mixing efficiency‘
was poorer and.lecalized hot speots occurred causing more HBr eliminatioen
to take place. .It had been -found in pre&ious tests that very poeor yilelds
of ester were obtained whenever the siiver acetaté and terpinyl bromides

were placed in direct contact witheut any acetic acid present. The re-
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actien was feund to be instantaneous with censiderable heat evelved.

Effect of Reaction Time: T?e esterification reaction was carried

out-from tweo minutes up te 6Q minutes with the othef variables held céﬁ-
stant, .Thelamount of ester in the product after two minutes reactien
time was found te be a8 high as 57% with ne appreciable increases for
reaction times up to 60 minutes. .Undoubtedly the-reéction was essen-
tislly complete well befeore twoe.minutes. .The obéervations on ‘the re-
action in man& experimeﬁts indicated that the reaction was instaﬁtaﬁeeus
ﬁr@bably going nearly to completion a few secoends after the bromide had -

been added to the silver acetate-acetic acid slurry. Thils was apparent

from the immediate increase in temperature as the reactants were mixed.

. It was mechanically impoessible to try te stop the reaction after only a

few séconds with the reaction system that was used. .However, the reactioen

could probably have been slowed down by using very cold temperatures,

(e.g., that of liquid Np) if kinetic data-had been desired.,

.Miscellaneous Experiments: In additien te the abeve effects, the

reactlon was also investigated with the individual reagents added slowly.
The results of these experiments are given in Runs E-34 and E-35, Table
XVII.-‘In Run E-34, the bremide was added gradually te the -slurry while
in Run E-35 the silver acetate was added gradually te a solutien of thé
bromide .in acetic acid. .In beth experiments about 50% ester was obtained
with the simllar proeduct dis@ributions. .In another experiment a 2:1

ratio of silver acetate to bremide was uséd rather than the .usual 10%

F VI
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excess. The results of this exper}ment are given .in Run E-37 and can be
compared to the results of‘an eduivalent run (E-30) in which only a 10%
excess of silver acetate was used. Thé results in both cases shewed abeut
55% ester with about the same preduct distributiens indicating that a 10%

excess of silver acetate was adequate.

Esterifiéatioaneaction_Meéhanism: The esterification of the ter-
pinyl bromides'with silver acetate.was found to be a very rapid reactioen
which was éocompanieq by HBr elimination.' These two reactioens mest likely
occur ;n pérallel. The ester yieldé were reasonaﬂly good (up to about 60%
ester in the preduct) when aoetic acid or propionic acid was used.as the
reaction medium._ However, an undesirable reaction predeminated when ab-
solute ethanel was used as the medium, resulting in the formation of sus-
pected ether products with very little ester pro@uced. .The reactioens in

acetic acid are shown in Figure U4, The substit@tion reaction mest likely

col
" takes plane with an Sn mechanism. In this mecharnism the bremine actually

leaves the molecule forming.an intermediate carbonium ien. This carbenium
ion 'then reacts véry:rapidly with the acetate ion (which -is a'weak nucleo-
phile) to form the ester. .The silver acfs as an electrophilic ca%a;yst.
pulling the bremine off the molecule and speeding up the reaction. If,
hoWeVer, the broﬁine ien tends to pull a trans-oriented hydrogen ien off
the melecule ﬁhen it leaves, then eliminatioen wili occur with the result-

ing olefin formatien. .Fer theireaotiOn With 8-breme-p-menthane, the twe

" possible olefins would be 4(8)-p;menthene and 8-p-menthene as shown in

Figure 44,
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D. .Hydrolysis  Investigations

Hydrolysis of Cyclohexyl Bromide: The direct hydrolysis of the broe-

.mides to their corresponding alcohels was originally devised as the last
step of the process to convert £$_3=carene into meneterpene alcohels via
the bromides. .Since a supply of.the_terpinyi bromides was net on hand
early in the research and alse because of the difficulty of analyzing
these bromides, cyclohexyl broﬁide was investigated. " .The results are

given in Table XVII1I.

.It can Be seen that the olefin,cyclohéxene,was the major prodﬁct

in nearly all of the experiments rather than the desired product, cyclo-

.hexanol,  Eliminatien nearly always accompanies the substitution re-

actiens of secondary and tertiary bromides and in this .investigatien ne
conditions could be found to hydrolyze the cyclohexyl bromide directly
without the elimination reactien predominating. - The two competing para-

OH
llel reactions are given below:

R K‘,\}«K’&O‘O
i
- gfi///’///?f Cyclehexanol
+ OH
- &3

Cyclohexyl bromide

Br

Cyclehexene

-3ix hydrolyzing agents were triled: watéra agueous sodium hydroxide,
agueeus sodium carbonate,lpetaésium formate, gilver oxide, and a silver

oxide-sodium nitrate mixture. .No mere than a trace of cyclehexanel was
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obtained from any of the hydrolyzing agents except the silver oxide~sodium
nitrate mixture. .In Run OH-16 the cycleohexanel yield was 20% but the bro-

mide cenversion was enly 20%. Silver oxide aleng with sodium nitrate was

“the hydrelyzing agent. The reaction was carried out .fer 2-1/2 heurs at

90°C. .In Run 0H-25, made with the silver oxide-sodium nitrate mixture,
a,34% yield of cyclehexanol was ebtained with 100% conversioé of the bro-
mide. This run was carried out at 60-90°C for four houfs."The sedium
nitrate was present in many of the experiments because the silver oxide
was produced in the reactor from seodium hydroxide and silver nitrate.
wﬁen silver exide was used (ﬁun QH-27) which had been synthesize@ and
wabter washed before placing it in the reactor, the,yielq of oyclohexanél
was only 2%. .The patented methods .for hydrolyzing alkyl bremides were

found to be essentially ineffective with cyclohexyl bremide.

There are two main reasens why it is difficult te hydrelyze cycloe-

hexyl bromide without apprecilable elimination eccurring at the sane time.

.First, cyclohexyl bromide is a secondary halide which is prone .-to elimi-

(16)

nate although .less so than a tertiary-halide cand second, the cycle=

hexyl halides have a higher tendency to eliminate than do acyclic sec-

(55)

ondary halides- . Substitution and eliminatien reactions,.in moest.

. . 1 . . .
cases, are favored by definite mechanisms.” The Sy mechanism, .in which
the bromide .lon actually leaves the carbon atom forming an intermediate
carbonium .ien which, in turn, then reacts with the hydrexyl ien, would

2

promote elimination. The S, mechénism-in which the hydroxyl group

attaches 1tself on the opposite side of the carbon atem from the bromine
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group before the bremine completely leaves the carben atom, would faver

substitution, .Unfortunately, the tendency to. follew an Snl mechanism -is

.increased from primary to secondary.te tertiary halides. Also,.the cy-

clic ring would strengly hinder the Sn2 mechanism .in which the .hydrexyl
group must attack the carbon on the opposite side of the bromine group

which would be on the .inner side of the ring.

.Hydreolysis of Menthyl Acetate: The hydrelysis of menthyl acetate

was investigated primarily because it was the only cyclic terpinyl ester
reédily availab;e. -The esters produced in the laboratery could only be

isolated in small quantities and only after a great deal of time., Also,

any attempt at .investigating the reaction.with the ester mixture would

_ have been complicated because of the difficulty in trying to analyze

product mixtures centaining up t0 seven compenents with the gas chrom-

atograph. '

Menthyl acetate was investigated even though ne secondary esters
were produced in order te galn some insight inte the reactien cenditions
needed for the hydrelysis reactien. The reaction cenditions used would

probably be a little toe severe for the tertiaky esters which are more

. susceptible to eliminatien. .The results of the investigatien of the

¢

hydrolysis of menthyl acetate are given .in Table.XIX. A chromategram of

reachion preduct is given in Figure 54.

All except two experiments were carried out in the Parr bemb. These’

two experiments were conducted in a glass refluxing reactor.  Aqueous
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sodium hydrogide was the primary hydrelyzing agent used with concentra-
tion; varied from .25 to 2,50 g-moles/liter of water. The initial acetate
concentration was varied .frem .13 to 1.08 g-moles/liter of water, The
temperature was studied over a range from 95 to 245°C and the reactien

time varied from 15 minutes to 28 heurs.

The base temperature\used for the experiments (190°C) was probably

a_littie toe high, pushing the conversion data up inte the 90% range for

most runs which overshadowed some of the effects of the other Variables.

.However, the saponification of esters is a well knownrreaction and the .

effects of the variables could, .if necessary, be predicted rather edsily.

The reaction rate showed a remarkable increase between 95°C and
120°C. At 95°C the conversion was eonly 10% after 20 hours but when the

temperature was increased to 120°C the conversion was 88% after 13 hours.

.The menthol yield in both runs was 100%. As the temperature was in-

creaged up to 190°C the conversion reached 98% while the .yield dropped
slightly tb 97%, due to seme olefin -formation. The efﬁect of reactioen
time was evident but distorted by the high.tempenafure. After one hour,
at 190°C, the cenversion was 92%, but after two hours it was 96%, after
13 hours it was 98%. -The effects of reactant concentration were not

evident with cenversiens being 96-98% for the concentratiens used and

yields being -95-100%.

Acidwdatélyzed hydrolysis was tried once.in a glass refluxing fem, -

actor, The'results'are given in Run 0H-35., The reaction was carried
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out for 28 hours at 95°C in a large excess of water with a few drops of
concentrated sulfuric écid és the catalyst. As can’be seen,ithe conver-
sien was only 6%. -One Sap@nifiéafion reactien was carried out at the
same temperature for 20 hours ané a 10% cenversien was attained. .In one
run the reactioen was stbpped after 15 miﬁutes begause the temperature
got too high (245°C). .In this run (OH-56) a conversien of 75% was ob-
tained with a 100%-menthoi yield. .In another run in which the tempera-
ture got tée high (up to 210°C) a coenversien of 98% had been obtained

when the reaction was stopped after one heur. The yield of menthel in

this run was 94%.

. *
.The saponificatien of esters is well known, with the reaction pro-

(50)

ceeding under second order kinetics ,.i.e;,.the rate is propoertional
to the concentrations of ester and base raised to the first powe? (rate
oC [ester] = (OH) ). The effects of the menthyl acetate and sedium
hydroxide ‘concentration were not established from ‘the experimental data
but it is obvious from tﬁe general rate expfessiOn; préviously determined

for this type of reactieon, that increasing the reactant coencentratiens

would .increase the reactien rate. .The reaction rate was found to be

’strongly'dependent en the temperature between 95°C and 120°C. .If mere

* '} . L]
Saponification in a homogeneous system is a simple secend order reactioen.
.However, in a heterogeneous system such as this, the reaction rate ex-
pression could easily be complicated because of the mass transfer effecss.
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conversien data had been obtained between these twe temperatures, a plot
of rate coenstant versus .temperature would mest likely ha%e.indicaﬁed the
Arrhenius exponent;al relaéionship between reaction rate anq temperature.
.The effect of temperatures above 120°C were less pronounced'becéuse of

the depletion -of menthyl adetate as the reéaction "appreached completion.

The secondary'eSter, menﬁhyl acetate,’showed a very ‘good stability.
toward eliminatien even at tempefatures as high as 245°C with the very.
strong base used. -The-lack4of elimination eccurring with the secondary
ester at conditiens which would probably have caused complete elimination
of the corresponding bremide, can be explained by the meéhanism of ester -

saponificatioen,

~Recall that during -the hydrelysis of cyclehexyl bromide the mechan-

- .ism that was favored was the Snl.in which the bremine actually leaves the

molecule making elimination very probable because when the bromine ien

. leaves, .1t can easily take a hydregen lon with it. .In the mechanism of
saponification, however, the single bonded oxygen in the ester never leaves
the alkjl group. -That .1s,.the rpaction proceeds with acyl-oxygen fisslen

(50) as shown below:

0 0 ‘ '
H20
T - e D 22 :
0y CCH3 + OH - CHC g, * o
| o .

" Menthyl acetate - ‘ Menthol’
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The evidence for this type of mechaniém has been well established from

18

tracer studies using 0 in the water phase and also frem experiments.

\

showing that the optical activity of a.molécule is retained since the

alkyl-oxygen bond is not broken.

-The saponification of menthyl acetate was of heterogeneous nature

because of the insolubility of the organic phase in the aqueous alkali,

.The.reacfion,'therefore, had to take -place at the,interfaoe'between the

‘two phases. The reaction time and temperature probably might have been

lowered if a co-gsolvent for the twe phases such as 2-proepanol or diethy~

-lene glycol had been used to suppiess the effects ef the mass transfer of

reactants and products to and from the -interface.

.Products from the Hydrolysis of Terpinyl Esters: . The final terpéne

alcohol products, obtained frem A -3-carene by the four-step process,

were found te be cis-8-m-menthanol, trans-8+<m-menthanel, cis-8-p-menthan-

0l, and trans-8-p-menthanel, all of which are tertiary alcohels. .The

-strﬁctures of the alcehoels are given in Figure 45, Positive .identifi-

catlons were .made for the cis- and trans-isomérs of 8~p—menthénol:by com-
paring the infrared spectra of the aloohoi products Wifh.that of known
samples of these alcehols. .The inf?ared spectra are éiven in Figures 64
and 65. .The other eviaeﬁce which further strengthened the -ldentification

of the 8-p-menthanels included a comparisen of retentien times in three

different chromatégfaph colums (13! Hyprose Sp-80, 10! TCEP and 10! PDEAS)

and the melting points of the alcehoels. ,Both cis- and trans-isomers are

’

X,
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solids at room temperature, but the cis-isomer has the higher melting
point. The properties of cis- and trans-8-p-menthanol given in Simon- -
sen (1) are as follows: Trans -8-p-menthanol----m.p. 34,.6-35.2°C, b.p.
209.5°/760 mm, dig 0.901 and n2® 1.4630. Cis-8-p-menthanol----b.p. 210-
210,5°/760 mm, d;g L9124 and ngo-l.4655. ‘The cis isomer -is reported
by Eastman and Quinn (68) to have a melting point of 46.7-47°C. Thése
twé alcohols were synthesized from miéro—quantities of the pure esters
and purified in’ the- chromategraph but net enough was obtained te make any
measurements of physical properties other than the mglting point of the
cls isomer which was found to be aboutn46°0. -The trans isomer apparently
wags not pure gsince it did neot soligify at'rodm temperature. .The\alcoho;s
had te be made.indiﬁidually from the esters because they could net be
separated from the alcohol mixture .in the chromatograph while-£he esters

could be separated in the chromategraph. .A chremategram of the alcehol

product mixture is shown in Figure 55 which indicates the poor reselution.-

The cis and trang isomers of 8-m-menthanel were identified by de-
duction because samples of these alcohels were not available neor was there
any spectral informatioﬁ.in the literature for them. .The following-is
a bresentation of the evidence which led te the identificatien of' the

fouf alcohols.

~

10719

rearrangement) ‘which theoretically could be obtained frem cis-carane, ex-

Recall that there are eight poessible C, H. 0H isemers (twe by simple

cluding all the geometric lsomers. .These eight alcohols are shown in
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‘Figure 2. .If all the geometric isomers are included there are twenty pos-

sible alcohols. FHoertunately, only four of these alcohols were obtained

- in major amounts, which greatly simplified the identiﬂicatioﬁ.

.The first stép that was taken in the final product identificatien

was To separate the three major ester pomponents which could be resolved

© in the chromatograph (Figure 53). .These esters (two were pure and one

was. a mixture of two) were iselated in a 20! x 3/8" PDEAS preparatory
chrematograph celumn. .They were purified.from olefins and bromides by
passing them repeatedly through the chromatograph. ﬁhen the three iso-
-lated components were free of impurities infrared and NMR spectra were
obtained. The infrared spectra inhFigure 52 definitely showed the strong
ester carbonyl bond at 1730-1750 cm"l but did not provide an identifi-
catien since noquown ester samples were available., The NMR spectra,
‘hewever, shown in Figure 68, immeaiately eliminated the secondary 5ix~
membered ring aicohols, Y-p-menthanol énd 3-m-menthanoel as possible pro-
ducts. All of these alcohols have a .proton on the isepropyl group,  as

’ .

shown:
R
é
I

HsC H, CHs

which causes the resonance of the six protons on the two methyl groups to
be split into a doublet at about f = 1.0 with a frequency of 6-7.cps, .This

is very clearly shown in the . NMR speétrum of U-terpinenel (Figure 71).

L
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The esters show.instead'singlet resonance at J = 1.4 (6 H) which indi-
. . ; ! .

cated either that the acetate group was. situated as shown,

or that the sévenmmembefed ring had been formed with its gem dimethyls_

which would also show up as a six-proton singlet.

One of the olefins obtaingd from the dehydrobromination of the ter-
pinyl bromides (preyiously discussed) séill had not been identified, éo
the NMR spectba were ebtaiﬁed.for_the four which had been previously
separated in the gas chromategraph. This was done to determine -if the
unidentified olefin was one of the trimethylcycloheptenes, The spectra
are shown .in Flgures 67;A and 67~B. -The NMR of the spectrum of the un-

known olefin indicated that it.did not have the cyclic noncoenjugated ole-

finic bond which the cycleheptene derivatives would have. .This type- of

double bond has preton resonance at J = 5,2 = 5.7. The spectrum of
this olefin did indicate, however, impurities with a double bond of the

following type

R ~CHa

Ly
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from the weak resonance at J = 4.78. "It also showed singlet resenance
(six protens) at J = 1.69 indicating also the -presence of an elefinic
bond of the follewing type:
o
/\

H=C CHs
The ‘IR spectra of the other olefins had'matched reasénably clese ‘with
known six-membered ring olefins seo that 1t was reasenable to assume that

he majer amounts of the cycloheptyl alcohols wére.present°

From the evidence that had been obtained from the infrared and NMR
spectra of the esters and the olefins, the number of possible alcohoels
which could be present -was narrewed to four: cis- and trans-8-p-men-

thanol and cis- and trans-8-m-menthanel,

It was impoessible to tell from the -ester spectra which were meta

derivatives and which were -para derivatives so this necessitated the

"synthesis of the pure alcohelsifrom the ester oomponenté. -This was

acoomﬁlished with 25-1060 /&1 of the esters andAlO%-aqueous,NaGH using
sealed 'glass reaotioq tubes. .The reaction tubes'were'plaoed in the Parr
bémb,.wrappedhin cloth and surrounded by water, agd the rgacﬁion carriea
out at a temperature of 170°C for abeut 10-1? heurs. The yields of al-
cohol were about 50% with nearly complete conversien of the esters. .The

alcohols ‘were purified in the gas chroematograph. .It wés discovered at
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this time that one of the ester components iselated in the chromatograph
/

actually was a mixture of two esters (identified later as cis-8-m-menthyl

acetate and trans=-8-p-menthyl acetate) as indicated in the chromatogram

An Figure 52.

Three of the alcehols wefe obtained in sufficlent quantity and pur-
ity to obtain their infrared and NMR spectra which are shown in'Figures
64 to 66 and in Figure 70. .The .cis ' and trans isomers of 8-p-menthanel
which had been tentatively identified 5y cémparison of retention times
in @he chromatograph with the known alcohols were immediately verified
from the infrared spectra. The NMR spectra for the unknewn aléohol
verified what had, been foﬁnd wilth the esters, i.e., that the hydroxyl

was located on the isopropyl group as shown:

HC

Q a2

Nci
g

Since only the cis and tpans.meta isomers having the above struc-
ture remained as possible’alcohols, the two unknown alcoﬁols in the pro=-
duct were considered'identified. .The chromatogram of the alcohoels ink
Figure 55 shows the cis and trans assignments given to the two geo-
metric isomers of*8-m-menthanol. .This was done -purely by analegy to the
relative fetention times of cis- and trans-8=p-menthanol.in‘this chrem="

ategraph celumn, i.e., .the trans isomer has a sherter retention time than
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the cis Hsomer, .Simonsen has listed the properties of 8-m-menthanel
20 0.9100, and n§°1.4633. No mention was ..

made of whether it was the cis or trans geometric isomer,

There was another minor alcehol product in the mixture but .1t never
occurred in amounts over 5% so 1t was not identified. This .is the first
peak in the chromatogram. Trace quantities of menthol and isomenthel

(identified by GLC retention time only) were observed also in the product.

It is probably reasonable to assume that there were .small ameunts of

other alcohols produced which are not evident ‘because they could not be

.resolved in the chremategraph.

v

.Hydrolysis Reaction with" the Terpinyl Esters: The hydrolysis'of the

terpinyl esters was not investigated in detail mainly because of the com-

plexity of analyzing a reaction mixture which would have contained as

many as seven compqnents when the reaction was ihcomplete, .The reaction
was investigated in seme detail with menthyl acetate (discussed previeus-
ly)_because 1t was the only ester available., The main difference in the
sapenification reactions of secondaryland tertiary esters would be in

ﬁhe degree of élimination.. The effecfs of all the variables would be

the same excepp-that less severe conditions would prebably be usedAwith

the tertiary esters.

A considerable amount of the terpinyl esters was saponifiled, however,
in order to make enough of the alcohol product to try separating the com-

ponents by steam distillation. .The ester used for this purbose was syn-

=TT

In) i a k i | T
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thesizéd using a mixture of bromide product frem many runs. The bromidei
was vacuum distilled to remeve unreacted carane and olefins. The éste£~
ification was carried out in a series of runs since about 25 ml was the
maximum amount of bremide that could be esterified in one run with the
500 oc‘reaotor without getting severe heating effects frem the reactioen.

The accumulated ester product was then vacuum distilled to remove olefins

before saponifying .it. The amount of unreacted bromide in the ester was .

noet determined.

The alcohels were alse synthesized in a series of runs since only

about 20 ml of ester could be saponified in the Parr bemb without lesing

1}

mixing efficiency.

Each run was carried out at 170°C fer lB‘hours using -120 mllef five
percent Na®H. Approximately 180 ml of alcohol product were obtained.
which éontained about 50% alcohels. It is apparenﬁ from this that elim-
inatien was more .of a problgm with the tertiafy esters than it was with
the secoendary ester, although the.amount of olefins in the:pﬁoduét would
alse be dependent on the amount of unreacted bromlde in the ester. Com-

plete conversion of the ester was obtailned, which was desired.

Hydrolysis Reaction Mechanism: The saponificatioh'of esters has

already been discussed in some detail in the section en the -hydrelysis
of menthyl acetate. The reaction with 8-p-menthyl acetate is .illustrated
in Figure 46 éhowing also the eliminatien reactien. As mentiened pre-

viously, esters can bé hydrolyzed with less -elimination occurring than
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with the corresponding halides because of the mechanism of the ester
hydrelysis in which acyl-oxygen fissioﬁ oeccurs leaving the oxygen
attached to the alkyl part of the ester, Apparently acyl-oxygen fission
doeé not take placé predominantly in the case of tertigr& esters be-

cause some elimination dees oeccur.

Distillation of Terpinyl Alcohel Products: The distillation of the

alcoﬁ@l preduct was undertaken in the hope of separating the alcohels
806 that they could be identifiled and alse seo physical properties.ooulé‘
be measured. .The distillation was carried out-before the alcohols had

been synthesized individually froﬁ the ise@lated ester components.

A batch steam distillation was used with the 75 theoretical plate
column.‘,Dowtherm A was placed in the still poﬁ to chase out the leaét

volatile alc@hols in the mixture.

.The distillation was started at a reflux ratio of 2.5:1 to cut out
the olefins,in the product mixture. As the olefins wére removed the
reflux ratio was graduaily raised to 30:1 so that a clean-éeparétion
could be madé between the olefins and the alcohols. A 30{1 reflux ratie
‘'was .then used throughout the distillation of the alcohels sihce if was
the maximum attéinable en the Cerad copdenser. The distillatlon shewed
that no appreciable separation could be méde between the meta and para
alcohols. This was essentially what was expected, however, since the
trans-8-m-menthanol and transe8—p;menthanol could not be resolﬁed com-

pletely in any of the chromatograph celumns., .It is noet surprising since
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the bolling points are probably enly about 2° different.at the maximum.

A slight degree of separation was achleved between the cis and trans

-isomer mixtures, however. .Better separatiens ceuld probably have been

made ameng the esters since they could at .least be resoelved in the
chromatograph. Crystéllizatibn could perhaps be used to separate the

cis and trans alcohol isomers.

E. General Discussion

Out of the twenty (twe by simple rearrangement) saturated mene-
cyclic meneterpene alcohols which could theoretically be obtained from
carane, only four were producéd in any majer ameunt. .These were the
cis and trans isomers of 8-p-menthanel (dihydre- A -terpineol) and the
cis and trang isomers of 8~m-menthanolf(dihydrocafveterpineol*z. .Only

trace amounts of the menthel isomers were detected. !

. This procesé with its two costly steps, .the hydrobromiﬁation and

the esterificatien, would probably nbt be econemically feasible for

v

producing these tertiary alcohels. At least one of the geometric ise-
mers, . if net both, of 8-p-menthanel could very easily be produced from

oL ~terpineol by simple hydrogenation. Alpha-terpineel eccurs naturally

6l)

in several essential olls . -Trans~8-p-menthanol alse has been found

.

*This is the trivial name .for the optically inactive alcohoel., The
optically active alcoehoel is called dihydrosylveterpineol=,
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in pine oll,.which is a high boiling fractien of turpentine.-.Little-is
known about the 8-m-menthanol isomers. .Théy apﬁarently do net eccur,

naturélly.L,SimonSen (1) has discussed the syﬁthesié of these alcehels

by several methoeds, .including one from'sylvestr@ne dihydrechloride which

can be made from & -3-carene.

.The anti-Markevnikov hydrob;omination of carane failed to providg
any of the secondary bromides necessary for tﬁe synthesis of menthel by
this precess. The theoreticaiAconsiderations for this reattien appeared
to be very sound. Perhaps the feaction would not go because of some con-
taminants in the system which;prevented4free radical férmation. On the
other hand, the chemistry of the cycloprOpane‘ring may be very much hore

complicated than .is now known and the fermation of free'radioais may Jjust

not occur when the ring;is.fissioned. .It would be interesting .te see
further research done en this reaction (preferably by an advanced or-

ganic chemist) to determine -the mecharilsm of the hydrobreminatien at

the cycloproepane ring with free radicals present.

.If some way could be\found.to‘obtain the secondary bromide, more
work could be done on the esterification'reaction, also, .Thils regction
went so easlly wilth silver acetate that .it would seem -likely te go also

wiﬁh one of the cheaper adetate salts. A detailed,inﬁestigation would

proebably be required to determine fthe best reactlon system ahdlaperaﬁing

condltions to use.
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The sapenificatien feacéion was found te go very readily with the
,Secondary ester, This reaction could prebably be carried out at less

gsevere conditions if better mixing of the heterogeneous reactants could

be achieved or if .a good co-solvent could be .found to elimihate the mass>

transfer effects.

1

JIf the-teftiary alcohois werer desired .from carane, they could.pre-
bably be synthesized very eas;ly by direcf hydrolysis using dilute sul-
furi¢ acid. .This is a very simpie reaétion,with olefins énd would
greatly improve the econémics of producing these alcohols from A -3~
éarene° However, the'problem‘of separating the meta and para deriva-

.tives .in the final proeduct would still be present,

v

FTheir value is about 80£/1b.

L




b Fan)

I i

()

Wbt A L] L1y

VI.'~Conclusiqns

1. The hydrogenation of'(+) A -3-carene was found to yield X—)ciss,.

carane and 1,1,4-trimethylcycleoheptane. .The reaction was found to proceed

well with reduced.nickel and rhodium catalysts generating seme exothermic

heét.

2. .In a continuous .fixed-bed catalytic reactor ﬁsing,an active re-
duced and stabilized nickel catalyst (Harshaw:Ni-OlO#T),fthe-yield of
carane was found to be favered by pressure up te at least 1000 psig, .by
temperatures somewhat less than about 80°C and by liquid hourly space
velecities of .10 or léss. The yield of l,124-ﬁrimethyloycloheptane was

found to be favored by atmospheric pressure, by temperatﬁres greater than

about 80°C and by liquid hourly space velocities greater than .10 hr-1,

.In some exXperiments carane yields of 95% were obtained with nearly com-

plete conversion of A -3-carene. .The operating cenditions fer these
high yields were as follows: .T = 60-70°C, P = 750-1000 psig, and LHSV =

,10-.20. .The hydreogen rate was found to have little effect on the re-

actien as long as the hydrogen was in excess.

3. -The nickel and rhodium catalysts were both found to be badly
poisened during a run causing a .drep in activity but net in Selectivityo
The poison is suspected to be water, assumed toe be generated in the re~

action from peroxide contaminants .in the & -3-carene feedsteck.

4. . The boiling peints of (-)cis-carane and 1,1,4~triméthylcyclo—

heptane were .found to be less than a degree apart making separation of
; g

il
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these products by normal distillation extremély difficult. The A -3-

carene, however, had a boiling point about 3° higher than the hydrogena- o

tion pfoduots 50 it -could be separated from a produot‘mixture by distil-~
;ation-using 75-100 theoretical plates and reflux ratios of 30:1 te 40:}'

and with considerable mid-fraction recycle,

5. .The anti-Markovnikovrhydrobrom;nation of ecis-carane was found to
yield meta and pdra tertiary derivatives only. .No secondary bromides of
any amount were formed nor were any seven-membered ring bromides formed.
Thé product was considered to contain the cis- and trans. . isomers of 8-
brome-p-menthane and 8-bremo-m-menthane., These bromides were -found to be

very unstable, .decompesing to olefins upon mild héating.

6. Duriﬁg{thé hydroebreminatien, . the cyclopropane ring was .found to
react much faster with HBr than olefins did, preducing considerable
exothermic hedt when .the ring,was.fissioned. :Nearly complete conversioen
was obtained at moest of the reaction condltions tried. fﬁigher tempera- |

tures (up to 100°C) were .found to favor slightly the formation of . the meta

_derivatives. .Low carane concentratiens (dewn te .30 g-meles/liter) were

found to decrease the reaction rate at a fixed hydrogen bromide feed rate.
Organic pefoxides were found to have no appreciable effect on the product

content other than to suppress slightly the cis-trans -isoemerizatien

'

oeccurring.
7. For the esterificatlen of cyclohexyl bremlde, sllver acetate was

found to be the best acetate salt for the reaction,

L
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8. The esterification of the tefpinyl ester,product'with silVef
acetate was strongly"influenced by the seolvent medium used. An absolute
ethanol medium was found toe suppness ester formation,,favoring;instead
the formation of‘producté which were suspected to'be ethers. Glacial
acetic acid or propionio acid mediums were found to ﬁavor ester forma-
tion with the reaction proceeding instantaneously, generating considerable
exothermic heat. Temperature over a range from about 2°C to'7®°C was feund
te have no appreciable effect on the ester yield but the, yield was found
to be conéiderably'deoreased at the refluxing temperature of acetic acid
(112°C). The maximum amount of ester in the product was found to bo
about 60% at a temperature of about 20°C and an initial bromide cencen-
tration of about .25 g-meles/liter. Higher concentrations of bromide
were found to decrease the ester yleld. Tne-major by=-products of this

reactlon were olefins produced by elimination of hydrogen bromide.

9. When crude hydrobromination products (containing bromides; ole-
Lins, and unreacted carane) whioh had been obtained with freo radicals
. , ) y
present'were esterified, additional products were formed along with‘the
esters. These products could not be positively identified but .-from :infra-

red and -NMR spectral censiderations.were considered to contain ‘exygen and’

are believed to be of epoxide and lactoene nature.

10, The final alcehoel products were found to be cis- and trans-8-

p-menthanel and cis- and trans-é-m—Menthanol. The identification of

. these alcohols was aocomplished:from_infrared and NMR spectral evidence,
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retention times .in the gas chromatograpﬁ, and from -the melting points of

the alcohols.

s

1l. .The hydre;ygis of the terpinyl ester products ‘was net investi-
gated in detail. .However, a detailed .investigatioen of the reac%ién with
the secondary-ester, menthyl acetate, indicated that high yields and cen-
versions could be 6btained using sodium hydroxide sapoenification at tem-
peratures greater than about 120°C. The'reactien rate was found to be
strongly dependent upon the temperature: .Nearly quplete convefsion could
‘be obta;hed'afﬁer ene hour when the témperature was around 200°C but the
reaction was'féund'to be .very slow at a temperature of595%b. _Elimination
was fouhg to be no problem with the secondary ester.but it oécurred con-
siderably more with the tertiary esters. Approximate;y 50% yields of

the tertiary alcohols could be obtained at 170°C after 10-12 heurs.

.12. The direct hydrolysis of the cyclohexyl bromide was found to
be very difficult to achieve with elimination predeminating with nearly

all the hydrolyzing agents tried. A mixture of silver oxide and sodium

nitrate was found to be partially effectiﬁe,.howevef.'uThe-reaction was

never tried with the tertiary bromides, which more than likely would have‘

been even more difficult to hydrelyze.
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VII. Recommendations

The exploratory nature of this research problem opened the door to
many areas of new research which could not be followed up in detail be-
cause of the time limitations. Some of the more inéeresting of these

research areas are listed below. It is recommended that they be inves-

tigafed in the future.

1. Research on the hydrogenation of N -3-carene to Qarané and also
to l,l?M—trimethylcycloheptane is by no means complete. These materials
are not unknown but they are unaVailable at the éresent\time. The di;-
tribution of samples of them would help in the market development of
A\ -3-carene. Before ény attempt is made to produce quantities of carane
and l,l,H-trimethylcyéloheptane for sémple distribution, however, the
following research should be underﬁaken:

.(a) The problem of‘deactivatidn of the hydrogenation
catalyst should be solved. It is recommended to
determine the nature and amount of contaminants in
the O -3-carene. An elemental analysis of the A -3~
carene wohld‘be most helpful in this area.. When_tﬁe
poisdns are found (peroxides-are a gdod lead) efforts

’

should be made to eliminate them or render them

harmless,

(b) A more detailed investigation of other hydrogénation

catalysts would be helpful. The Girdler nickel and

rare metal catalysts'are recommended.

it
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carane in high yileld,

[ -

-1%6-
(c) To learn more about the reactions taking place,jit is
recommended that an investigatioen of the kinetics of the -

reactiens be made to establish the .exact mechanism,

(d) An optimizatien of the reactor operating variables is
recommended with strong emphasis placed on a statistical

analysis,

2; .The separatien of unreacted Z§~3-cafene from the hydregenation
product would probably\fécilitate.maximum production of carane.in high
purity. .It is recommended that various means (distillatien, .extractien,
orystallizatien,.etc.) of separating A -3-carene and carane be invgéti;

gated.

.3, .The olefins produced from the dehydreobromination of the mixture

of 8-bromo-p-menthane and 8-breme-m-menthane isemers showed streng

inclinatioens to .isomerize forming 3-p-menthene-and 3-m-menthene. .The

anti-Markevnikev hydrebremination would probably go reasonably well with
these olefiné to preduce the secondary bromides. -Therefore,.it .is

recommended to inﬁestigate poséible ways of oebtaining 3-p-menthene from

4
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VIII "APPENDIX
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TABLE IV. Structures of Some Terpene Hydrocarbons Associated with
the Hydrogenation Reaction.

Terpenes in A -3-Carene Feedstock

A -3-Carene

A ~Pinene

@ -Pinene

Dipentene

Myrcene

> & &0




TABLE IV (continued)

Possible Saturated Products of the Hydrogenation Reaction

Carane

1,1,4-Trimethylcycloheptane

p-Menthane

2,6-Dimethyloctane

m-Me thane

Pinane
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TABLE V, Experimental Data and Results for the Preliminary Batch Hydrogenatlon Experlments

11’1

the - Parr -Bomb.,

Weight Volum

Product Analysis, .%

Run (1) cCatalyst O-3 Temp. Press. Reaction (3) D=3
No. Catalyst (gms) (ml) (°c) (psig) Time(min) Carane TMCH Carene Other
1 None = ————- 100 200 850 50 No Reaction (4)
2 Co-Me 18 62 200 500 30 17 6 11 66
3 Co-Mo 18 50 100 200 30 No Reaction
Ly Ni-Mo 15 4o 100 500 15 No Reaction
5 Ni-Mo 15 . 4o 200 500 90 27 10 12 51
6 Ni0 15 56 145 1000 60 No Reactien
7 Ni0 15 56 200 200 60 No Reactien
8 Ni-Mo 20 50 100 500 90 No Reaction
9 Ni-Mo 20 50 250 - 550 15 25 6 13 46
10 Ni-Mo 20 - 80 180 1000 170 12 8 8 72
1
Notes: 1. .The Girdler G-69RS nickel catalyst used.in the bomb was in powdered form., The =
’ other catalysts were -in 1/8" pelletized form, Ni-0lO4T was the Harshaw catalyst 7
g and ,5% Rh was the Englehard rhedium catalyst. -
2. .The AN -3 purity for -various runs was as f0llows: 1-10 =---..99%
W-18 ---- T70% !
20 ---- 889
22-23 ---- 86%
Co2hk ae-n 809
25 =---- 0%

‘consisted of pinane, 2,6-dimethyloctane from myrcene,in the

TMCH refers to 1,1 4—trimethjicycloheptanem_

The other products obtained in the hydrogenatlon with the desulfurizatioen catalysts
consisted mainly of menthenes and menthadienes (isomerization products).
products frem the hydrogenation with the Girdler, -Harshaw and Englehard catalysts
O -3 feed, and some

unknown materials,

.The other

T
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TABLE V- (continued)

22

Product Analysis, %

Welght Volume .

Run (1) cCatalyst O3 (2)  fTemp. Press. Reactien . (3)- O -3-
No. <(Catalyst (gms)” (ml) (°c) (psilg) Time(min) 'Carane  TMCH Carene Other
14 @-69RS Ni A2 90 100 175 8l L 0} 24
15 @-69RS Wi C 12 -100 50 100 140 10 0 42 u8
17 G-69RS Ni 12 75 25 135 167 Very ‘Little Reactien
18 G-698S Ni 12 - 60 .50 125 204 - 56 T2 0 22
19  G-69RS.Ni J12 75 70 125 1180 4o 49 0 11
20 G-69RS Ni 12 100 50 125 180 32 20 7 ]
23  Ni-0lo4T 4o 100 50 - 125 210 25 <2 52 21
2 .5% Rh 20 50 25 125 © 150 1 8 80 11

20 50 50 200 120 43 6 22 29

25 5% Rh

 ~IHT-
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~ .Catalyst Carane TMCH" “ AN Other

_ Harshaw Nickel : .
Ni-0104T 70 23 0 T
Englehard ,5% Rh. .83 11 o} 6

bl e, L R ) (N}

J )
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;TABLE VI. Comparison .ef Active Hydrogehation Catalysts in Parr'Bémb.l

Average Product Analysis,.%

Girdler Nickel - : ) T
G-69RS 21 I AR hi 21

Raney Nickel : . '
#28 . 9 . 86 0 5

Notes: These runs were carried out in duplicate at about 70°C and
600-psig for twe hours using 50 ml ef N =3-carene -and 25 gms
of catalyst. .The "other" products net spec¢ified above were
2,6-dimethylectane, ‘pinane, and one unknown.

~

The A -3-carene used had the folldwing analysis:

88U —mem A =F
5.0 =--- myrcene
4.2%4 ---- dipentene
2.3% -=~-- Dbeta-pinene
*mmcE = 1,1,4-trimethylcycloheptane.

\

N5

il




PR

0

1

00

L L L1

]

Catalyst

Harshaw Nickel
73-78°C
590 psig
60 min

Englehard Rhodium
_,7300
590 psig
60 min

Raney Nickel
25°C
600 psig
. 60 min

Carane
TMCH
D=3
ether

Carane
TMCH
N -3

other

Carane

TMCH
D=3

other

~143-

-TABLE .VII. ‘Results of the Durability Tests .for the Catalysts,

Preduct Analysis

ist Run ) 2nd .Run

50% H2%
149 12%.
18% 26%
18% , 20%

- 86% 83% . .
9% 12%
0% .. - 0%

. 5% n 5%

Th% \ 82%

22% 13%
0% 0%
4% 5%

Notes: .15 gms of the Harshaw and Englehard catalysts were used while

approximately 20 gms of the powdered Raney nickel catalyst were
used. .25 ml of A -~3 were used. The A -3 had the follewing

analysis:

91.,0% <=w-
.28 -ae-
T/ —

A -3
myrcene
dipentene

1.4% ~---- beta-pinene

-

T
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TABLE VIII. Experimental Data-for the Continueus Hydrogenation of O -3-Carene in the ‘
Fixed-Bed Reactor.

.Runs CH-1 and CH-2

N\-3-Carene

Operating Temp. Press., Ho Rate = ~Feed Rate, % Carane
. -bay . ‘Time Sample {°C) (psig) (SCF/hr) - (cc/min) in Prod,
1 4:40 PM start
7:45 PM 1 - 160 500 2.20 .90 6.6
8:45 PM 2 200 500 2.20 .90 11.7
2 . 12:30 AM 3 200 500 2.30 2.00 7.5
shut down
7:45 PM ‘ restart
9:30 PM 4 ' 210 700 3.20 3.00 6.0
©11:25 PM. 5 : 190 500 1.70 200 6.0
N ‘ shut down
Catalyst: . 200 cc of 1/8" cobalt-molybdate,

D :3-Carene Feedstock --.85% pure.-

Minimum linesout time for a sample was two hours.
Reactor -- 31" % 1", heated electrically.

~ T~

T 1TTn
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.TABLE VIII (continued)

Run CGH-3
Operating Temp . Press. H, Rate i LHSV - % conv, .% Carane
Day . -Time Sample (°c) (psig)  (SCF/gal-O-3) (ar™l) A -3  in proa.
1 2:00 PM  start S .
4:00 PM ‘ 1 63 100 75 .86 43 25
7:10 PM 2 60 - 7100 o193 30 - 63 37
, 9:40 PM 3 ~ 6T 100 - Uo7 .23 69 - 36
g shut dewn . ’
2 2:08 PM restart - ‘ ’
6:40 PM -l 54 100 117 2677 69 32
9:05 PM 5 60 100 cl2l . M6 54 . 3y
. : ) shut dewn “ : - : .
. . 4=
3 10235 PM restart : : b
2110 PM - 6 62 100 121 .78 34 20
4aho PM T 73 100 117 .65 51 27
. shut down : :

Catalyst: 137.5 gms (100 cc) of 1/8" Harshaw Ni-OLO4T. /
A -3-Carene Feedstock: 61% pure for ‘1-5, 81% pure -for 6-7.
.Reactor: 31" x l”{,heated electrically,
- *The percent conversion ef the A -3-carene isltotal conversion based on the ameunt of
A -3 present in the feedstock,

T

TT.

1r,

-




































































































































































































































































































































































































































































































