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Developments in Terpene 
Chemicals 

-~ ~ ~ 

Turpentine and its related terpenes are the 
raw materials for a number of industrial 
chemicals. The manufacture of the better 
known products, such as terpineol and 
camphor, is reviewed. A number of new 
developments are described. These include 
the chemical separation of steam-distilled 
pine oil into its principal components ane- 
thole, camphor, fenchone, and terpineol, as 
well as the synthesis of pine oil from tur- 
pentine. 

Terpene hydrocarbons are the raw ma-  
terials for valuable resins. The monocyclic 
terpene hydrocarbons are also converted to 
p-cymene and p-menthane. Cymene is 
further processed to yield a-me thyl-p- 
methylstyrene or its parent, carbinol, and 
the corresponding ketone. Cumic acid is 
a by-product. Isoprene w-ill also bc pro- 
duced commercially from terpenes. 

ROBERT C. PALMER 
Newport Industries, Inc., Pensacola, Fla 

HE fact that the chemical literature on terpenes is 
voluminous is shown by t’he classical works of Semmler, 
Wallach, Gildermeister and Hoffman, the more modern 

books of Brooks or Parry, or, more recently and probably 
most comprehensive of all, Simonsen’s two volumes and the 
numerous papers in current scientific journals of the world. 
The astonishing thing is that in this era of industrial cbem- 
istry the applied chemical reactions involving terpenes have 
been almost insignificant in relation to the data available. 

There has been considerable speculation regarding the 
actual original chemical from which the terpenes are derived 
in plants. Read’s theory (16) advanced in 1929 that geraniol, 
an unsaturated acyclic alcohol, is the plant parent of all ter- 
penes is often quoted. Hall (10) elaborated on this a few 
years later and ingeniously showed that many of the excep- 
tions to Read’s theory could be explained if four theoretically 
possible glycols of geraniol were formed; he argued for this 
theory by counting the actual number of occurrences together 
in plants of the various groups that could be derived from any 
one of these glycols. 

The most widely distributed of all the terpenes is a-pinene, 
and it is the one most abundantly recovered for industrial use 
as oil of turpentine. It is found in the wood of many conifer- 
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ous trees although in widely varying amount. Wherever it 
is found in the wood, it is also always a substantial~portion 
of the oleoresin produced in the pathological process of resin 
formation, as in the so-called chipping methods. 

The value of turpentine as a solvent led to its widespread 
use, particularly in the manufacture of protective coatings. 
But even though the supply 'v('&s plentiful and the product 

and the yields were notably higher. However, after the war 
ended, turpentine took one of its upward price surges, and 
coupled with ample supplies of cheap natural camphor a t  a 
price pegged by the Japanese Camphor Monopoly Board, the 
operation of this plant was stopped and was never resumed. 

About 1931 one of the largest users of camphor (for cellu- 
loid and smokeless powder manufacture) again felt the desir- 

a b i l i t y  of being e a s y  t o  o b t a i n ,  
there was no great 
incentive to find 
chemical uses for 
it. Lack of eco- 
nomic control of 
production led to 
widely fluctuating 
pr ices ,  and this 
condition was not 
encouraging to its 
use as a chemical 
raw material. Yet 
this lack of control 
of t u r p e n t i n e  
prices was finally 
the cause of suffi- 
ciently permanent 
prices at levels low 
enough to make 
turpentine an at- 
tractive chemical 
r a w  m a t e r i a l .  
E a c h  r e c u r r e n t  
high price period 
i n t r o d u c e d  new 
and greater vol- 
umes of competi- 
tive cheaper sub- 
stitutes, until even 

STILLS AND RECEIVERS FOR THE PRODUCTION OF CAMPHOR, ANETHOLE, AND 
TERPINEOL FROM PINE OIL 

in low production years a surplus of turpentine was made. 
There was also another and an important factor that played 
its part in creating an additional supply of terpenes. This 
was the rapidly increasing production of turpentine and other 
terpenes from wood and wood waste during the last twenty- 
five years, not only from stumps and other wood waste by 
steam and solvent extraction processes but also the oils re- 
covered as by-products from the kraft pulp mills. 

Synthetic Camphor 

Probably the earliest effort to use turpentine for an indus- 
trial chemical process was in the manufacture of camphor. 
Brooks (8) states that the first commercial attempt to  manu- 
facture synthetic camphor from turpentine was a t  Niagara 
Falls in 1900. This process consisted of a fusion of the oil with 
oxalic acid to convert the pinene directly to  bornyl oxalate 
and formate. The esters were saponified to give the second- 
ary alcohol, borneol, and this was oxidized by chromic acid to 
camphor. Even though turpentine was then available a t  35 
cents a gallon, which had considerable influence on initiating 
this venture, it failed because of very low yield. Again, 
during the first World War an effort was made to solve this 
problem commercially. This was also a period of low-priced 
turpentine and high-priced natural camphor. In  general, the 
process followed more nearly the classical synthesis. Pinene 
was converted to its hydrochloride which, on reaction with 
alkali, yielded camphene. The camphene was esterified with 
an organic acid, and the ester of borneol thus formed was 
hydrolyzed to obtain the borneol which, in turn, was oxidized 
to camphor. This process had more steps than the earlier 
Niagara plant, but the final oxidation was better controlled 

permanently inde- 
p e n d e n t  of t h e  
J a p a n e s e  mo- 
nopoly, and syn- 
t h e t i c  c a m p h o r  
production was re- 
vived. Turpentine 
was again avail- 
able a t  areasonable 
cos t  a n d  for  the 
first time appeared 
t o  h a v e  a f a i r  
chance of continu- 
ing so. A great 
m a n y  details of 
the original syn- 
thesis were revised 
a n d  p e r f e c t e d .  
Technically p u r e 
p i n e n e  b e c a m e  
available for the 
first time vhich in 
itself meant higher 
yield. The final 
convers ion  step 
from b o r n e o l  to 
camphor was re- 
placed by a proc- 
ess that was a de- 

cided technical advance over the former methods. No very 
accurate figures are available, but it is a safe assumption that 
the use of chemically made camphor considerably exceeded the 
natural even before December 7, 1941. The availability of 
the technically pure a-pinene has more recently brought about 
another shortening of the process. It is understood that the 
direct production of camphene by the vapor-phase catalytic 
rearrangement of pinene is now entirely successful. This chem- 
ical use of a-pinene is apparently permanently established. 

Terpineol from Pinene 

One other chemical use for turpentine, known for many 
years, has been to a large extent independent of fluctuations 
in turpentine prices. This is the manufacture of the perfume 
base, terpineol, The process is a two-step synthesis. Pinene 
is first hydrated to terpinol hydrate, and the hydrate is 
gently dehydrated so as to stop a t  the tertiary alcohol, ter- 
pineol, instead of completing the dehydration to the mono- 
cyclic terpene hydrocarbons which readily occurs unless the 
reaction is carefully controlled. Actually the partial de- 
hydration of the hydrate yields several isomeric alcohols 
which give the oil its fine lilac odor, although a-terpineol pre- 
dominates. 

Substantial amounts of terpineol are still made from tur- 
pentine, but a new source of this product was made available 
with the growth of the steam and solvent naval stores plants. 
The high-boiling oil naturally present in southern pine 
stumps, commonly known as steam-distilled pine oil, was 
found to contain a large amount of a-terpineol and was used 
for the recovery of this terpene alcohol as early as 1917-18. 
Steam-distilled pine oil has continued to be an important if not 
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a principal source of the perfume grade terpineol, which is 
largely used as a soap fragrance. The chemical reactions in- 
volved are, in general, the same as those starting with turpen- 
tine, although the operating conditions in the first step are 
different. Terpineol is hydrated to terpinol hydrate and the 
solid hydrate is then dehydrated in exactly the same manner 
as in the process using pinene as the base. 

Phytosynthesis of Pine Oil 
The pine oil occurring in old pine stumps is an interesting 

mixture. It is a striking example of a natural essential oil 
whose constituents can probably be traced to a common par- 
ent, and which it has been possible to duplicate not only in 
the laboratory but also on a commercial scale. The synthesis 
of camphor from pinene through camphene and the esters of 
borneol normally produces only monocyclic terpene hydro- 
carbons as by-products. The direct conversion, however, of 
a-pinene as well as P-pinene to the bornyl ester of an organic 
acid is nearly always accompanied by the formation of the 
corresponding ester of fenchol, another secondary alcohol, in 
substantial amount. Monocyclic hydrocarbons are also pro- 
duced. This is apparently exactly what happens in the 
processing that has taken place in the old wood of a pine 
stump, where the simple organic acids are the most probable 
reagents. Almost no trace of &pinene remains, although 
large amounts of a-pinene are still present. P-Pinene would 
appear to be selectively reacted on but cannot be the sole 
source of all the products other than pinene. The beta 
isomer will not average more than 30 per cent of the total oil 
in oleoresin, while at  least 50 per cent of the total oil recover- 
able by extraction of old wood is no longer pinene. Also, p- 
pinene is readily isomerized to the alpha form. 

The composition of steam-distilled pine oiI can be traced 
through several types of reaction. In  one case there has prob- 
ably been a selective hydration to isomeric tertiary alcohols 
(terpineols), with the a-terpineol predominating, apparently 
without going through the hydrate. At least terpinol hydrate 
has been found in old wood only rarely. The presence of the 
oxide, 1,4-cineole, however, indicates some hydration to ter- 
pinol hydrate, since this oxide has been produced only by the 
dehydration of terpinol. All of the isomeric monocyclic 
hydrocarbons, dipentene, the terpinenes, and terpinolene are 
present. They may have been formed either by the breaking 
of the inner ring of bicyclic pinene or by the complete dehydra- 
tion of the tertiary alcohols. Another reaction may have 
produced the secondary alcohols borneol and fenchol, probably 
through their simple organic acid esters and subsequent 
hydrolysis, but no intermediate products are left to trace the 
exact course of the reaction with any degree of definiteness. 
Camphor is a positive constituent so the oxidation of one of 
the secondary alcohols must occur. The mechanism is un- 
known. The pine oil group of terpenes also includes a phenol 
ether, methylchavicol, which cannot be traced to pinene or 
any of its reaction products. Recent researches indicate a 
probable source of this terpene ether in the fragmentary degra- 
dation of lignin. The chemistry of the formation of pine oil 
as it occurs in the plant can, therefore, be rather well outlined 
in  some such way. 

Commercial Separation of Pine Oil Constituents 
Pine oil is a t  present the commercial source of its main con- 

stituents. The tertiary alcohols are separated either as the 
a-terpineol or as the mixed alpha and other isomeric ter- 
pineols which have the fine floral essence that makes it of 
special value as a perfume base. a-Terpineol can be obtained 
by  fractional crystallization (melting point, 35" C.), but to 
obtain commercially the perfume grade known as P-terpineol, 

the operation involves the complete hydration of the tertiary 
alcohol naturally present in the pine oil under carefully con- 
trolled conditions. Sulfuric acid is used as the catalyst. 
After the acid is removed, all of the pine oil not reacted on is 
separated from the terpinol hydrate by steam distillation; 
care must be taken t o  control the pH on the alkaline side dur- 
ing steaming. The conditions are then changed to the acid 
side, and the terpinol is dehydrated to a crude terpineol which 
is then carefully refined by severe fractional distillation over 
caustic alkali under very high vacuum ( 2 ) .  This yields the 
commercial &terpineol. 

The portion unaffected by hydration, which has been 
steam-distilled from the terpinol, is then treated with con- 
centrated caustic a t  temperature conditions that will isomer- 
ize the phenol ether, methylchavicol, to its useful isomer, 
anethole (3). The boiling point of the ether is so near that 
of some of the alcohols it cannot be isolated by fractional dis- 
tillation, but its isomer, anethole, boils about 18" C. higher 
and can, therefore, be easily separated in that way. The 
crude anethole is chemically treated to ensure the absence of 
phenols and is then redistilled under high vacuum to give the 
refined product (4). The aromatic chemical, anethole, has an 
extremely sweet licorice taste and is widely used as a flavor in 
confections and also in chewing tobacco. 

The treatment so far described has in no way injured the 
two remaining components of the original pine oil that are of 
any commercial importance. These are the secondary alco- 
hols, fenchol and borneol, which have now been recovered as a 
cut in the fractional distillation of anethole. They are, how- 
ever, of value only as potential sources of their corresponding 
ketones. The next step in the process is their oxidation which 
is carried out as a liquid-phase atmospheric-pressure catalytic 
dehydrogenation (6). This is accomplished by boiling the oil 
under reflux with about 2 per cent by weight of nickel, or cop- 
per carbonate, or a mixture of the two for several hours. 

The reaction must be and is 100 per cent of theoretical, since 
the secondary alcohols cannot be separated from the ketones 
by distillation. After the hydrogen is removed, the oil is dis- 
tilled again under high vacuum, and pure fenchone is sepa- 
rated as the lower boiling fraction. The camphor cut may be 
somewhat less pure, as camphor is readily and finally purified 
to its U. S. P. specification melting point by fractional crystal- 
lization from alcohol. The camphor produced in this way 
from pine oil has a positive optical rotation, while synthetic 
camphor from pinene is optically inactive. The most prob- 
able cause of this difference is the presence of some natural 
camphor in pine oil which is recovered unchanged with the 
camphor synthesized from the borneol. The latest edition of 
the U. S. Pharmacopoeia modified its definition of synthetic 
camphor over earlier volumes as regards the optical properties 
because of this peculiarity of camphor derived from pine oil. 

Synthetic Pine Oil from Turpentine 
As long as a decade ago the producers of steam-distilled 

pine oil were engaged in intensive research to find outlets for 
this product. The successful separation into its ingredients or , 
their more salable derivatives, just described, was one result 
of these studies. There were also several equally as successful 
and important developments. The chemistry of the pine oil 
as formed by nature from pinenes was, as previously men- 
tioned, sufficiently understood in the laboratory, so it was not 
surprising that the commercial synthesis of pine oil from the 
pinenes was undertaken when the demand exceeded that being 
supplied from its normal sources. Pine oil made from turpen- 
tine is not a new development but has been made in substan- 
tial volume for several years. All reagents do not act exactly 
alike on terpenes, so it may be expected that synthetic pine 
oils may differ somewhat in their composition depending on 
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the process employed. There are a number of possible re- 
agents and considerable latitude of operating conditions from 
which a process may be selected. 

Terpene Resins 
A more recent development utilizing bicyclic terpene hydro- 

carbons should be mentioned, as i t  may, conceivably, rank 
eventually with the leading chemical uses of turpentine. It 

Monmyclic Terpene Hydrocarbons 
The developments so far described have related almost en- 

tirely to  the primary terpenes present in turpentine or pine 
oil-that is, the bicyclic pinenes and the tertiary and second- 
ary terpene alcohols. There is, however, another group of 
terpenes obtainable from the dead wood. Their importance 
is greater when it is realized that these terpenes not only occur 
in the essential oils of many other plants than the pine tree, 

SEMICOMMERCIAL UNITS IN TERPENE CHEMICAL AND ISOPRENE DEVELOPMENT LABORATORY 

has long been known that the unsaturated character of the 
terpenes lends itself readily to  polymerization reactions as 
well as to condensations. There is a little patent literature 
on the subject, but outside of a paragraph or so in such works 
as Ellis’ “Chemistry of Synthetic Resins”, almost no mention 
is made of the possible formation of useful resins from ter- 
penes. Such resins are now being made commercially and in 
rapidly increasing quantity. The processes are new and de- 
tails have not been divulged. 

Two types of resins are being made from terpenes. One is 
a substituted phenolic which, on condensation with formalde- 
hyde, gives either thermosetting or thermoplastic resins of 
good melting point and excellent color stability, depending on 
how the aldehyde reaction is conducted. The other type, 
which is the more recent development and has perhaps the 
greatest possibility of growth, is a neutral hydrocarbon resin. 
This is obtained by catalytic polymerization. These resins 
are available in a range of melting point and color grades com- 
parable to the older and somewhat better known cumar res- 
ins, but the tei-pene products seem to  have somewhat greater 
usefulness. They not only have satisfactory initial color but 
good color stability. They are also soluble in a variety of 
solvents. Resins can be made from monocyclic terpene 
hydrocarbons as well as the bicyclic, but so far the pinenes 
seem to be preferred 

but can also be readily produced chemically from either pi- 
nene or terpineol. These are the various isomeric monocyclic 
hydrocarbons limonene or its optically inactive form dipen- 
tene, terpinolene, and the various terpinenes. Dipentene can 
be isomerized to terpinolene and terpinolene, in turn, to 
terpinene; there are many ways of accomplishing these re- 
arrangements. It is often difficult to prevent the isomeriza- 
tion and to control it, and these structural changes are not 
reversible. 

Until substantial amounts of these monocyclic hydrocar- 
bons began to be produced by the extraction of pine wood 
waste, probably not enough was being recovered from the 
other essential oils to warrant concerted effort to find any uses 
for these terpenes, let alone chemical uses. As was only 
natural, the wood extraction industry was the first to under- 
take investigation of possible markets for these hydrocarbons, 
particularly as production increased. It was soon found that 
these oils possessed different and superior solvent properties 
compared to turpentine. This was happily coincident with a 
trpmendous development in phenol-base varnish resins which 
were, in general, more difficultly soluble than those made from 
the oleoresinous bases. These terpenes had by then become 
known commercially as “dipentenes” (generally a misnomer 
chemically), and they found a ready sale because of their 
special solvent properties. Until recently there have been 
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I1 
HIC-&=CH~ HIC-C-CHD HaC-C---CE 

Dipentene Terpinolcne a-Terpincnc 

Hac-C-CHI H3C-C-CHI 
H H 

p-Cymene p-Menthane 

FIGURE 1. STRUCTURAL RELATIOKS OF MONOCYCLIC TERPENES 
WITH P-CYMEKE AKD ~-MEXTHALE 

p-Cymene p-Menthane 
Specific gravity (15..5/4' C . )  0.8612 0,8130 
Refractive ind%x (20' C.) 1,4905 1,4480 
Boiling range, C .  177-178 171-172 

no  real chemical developments that utilize the so-called, di- 
pentenes. 

p-Cymene and p-Menthane 

The kinship of the ClaHl8 monocyclic terpene configuration 
to p-menthane Cl0H2o, and also to the aromatic benzoid 
CloHl,, more commonly known as cymene, can be readily 
seen. As early as 1909 limonene had been catalytically 
reduced to p-inenthane. Both p-menthene, C10H18, and men- 
thane, CiaHSo, have been identified in steam-distilled wood tur- 
pentine, and the presence of cymene is possible though not 
necessarily so. Cymene is also a by-product of the sulfite 
pulp process by dehydrogenation of the terpenes, and has been 
found in Swedish and Russian turpentine oils. 

The benzene nucleus of p-cymene is suggestive of so many 
possible chemical derisratives that the conversion of the ter- 
pene hydrocarbons to cymene and its possible recovery in 
high technical purity a t  reasonable cost has been thoroughly 
studied. There are several references in the chemical litera- 
ture to vapor-phase dehydrogenation of limonene or dipen- 
tene, but for the most part the decomposition is not readily 
controlled. Losses as tar may be excessive or the dehydro- 
genation is so incomplete that i t  is not possible to separate the 
cymene from unreacted terpenes TTithout resorting to expen- 
sive additional steps. An entirely practicable method has 
now been developed, and any of the monocyclic terpene 
hydrocarbons may be used with equal success (19). Figure 1 
shows the structural relation of the monocyclic terpene hydro- 
carbons with p-cymene and p-menthane. The process con- 
sists in a liquid-phase catalytic disproportionation a t  atmos- 
pheric pressure with practically 100 per cent theoretical yield. 

The catalyst is copper-nickel formate with a metal ratio of 
three copper to  one nickel, which is best prepared by reacting 
the metal carbonates with formic acid. The dried, powdered, 
mixed formate, equal to about 2 per cent by weight of the oil, 
is gradually fed into the boiling terpene hydrocarbon con- 
nected to a reflux condenser and a water trap. About 8 hours 
are usually required to complete the reaction. For every 

three parts of starting terpenes there are produced two parts 
of cymene containing two less hydrogens and one part of p- 
menthane containing four more hydrogens than the starting 
oil. By careful vacuum fractionation these products can be 
completely separated. Two terpene chemicals are thus pro- 
vided a t  sufficiently lon cost and high purity that they im- 
mediately become interesting raw materials for further proc- 
essing. Typical constants of the cymene and menthane 
made by the process are shown in the caption to Figure 1. 

Cymene Acids 
The conversion of cymene to its monobasic acid, toluic 

acid, by the oxidation of the isopropyl group is not new. The 
dibasic acid, terephthalic acid, involving the oxidation of the 
p-methyl as well as the isopropyl group, is also possible. 
Both of these acids were made by Senseman and Stubbs (17) 
by a liquid-phase reaction. It was an  unexpected result to 
find that the p-methyl group could be exclusively and selec- 
tively oxidized to give the corresponding isopropylbenzoic 
acid, cumic acid ( I S ) .  

A number of oxygen-containing compounds of the many 
metals have been found to be satisfactory catalysts. A mix- 
ture of powdered dehydrated manganese and lead acetates 
gives good results. The oxidation can be conducted simply 
by blowing air through the cymene in which about 2 per cent 
by weight of the catalyst is suspended. A wide range of tem- 
peratures below the boiling point of cymene is operative. 
The lower temperatures give a better control of the reaction, 
and from 30" to 50" C. is usually sufficient. Time and tem- 
perature are, of course, functional. After 72 hours a t  30" C. 
as much as 40 per cent of the cymene reacted on may be con- 
verted to cumic acid. 

The acid is washed out of the reaction mass n i th  allrali and 
then recovered by acid precipitation; refinement is conven- 
tional, such as by distillation and crystallization from a 
solvent. Cumic acid can thus be readily obtained in techni- 
cal purity. It is a colorless needle crystal (melting a t  116" c.) 
and can be substituted for benzoic acid for a number of uses. 
It is believed that this homolog of benzoic acid will have a 
wider usefulness in organic reactions than toluic acid. 

Dimethyltolylcarbinol 

Another nex  product that will be made from cymene is a 
tertiary alcohol, dimethyltolylcarbiiiol; i t  is produced by the 
controlled catalytic liquid-phase oxygenation of the cymene 
(2.4). Except for the fact that the starting material has a 
benzene nucleus rather than a terpene, the product would be 
a-terpineol. The physical properties of this carbinol are 
quite different from those of terpineol. It has a high gravity 
(around 0.98 compared to 0.936 for terpineol) and a high index 
of refraction (1.52 compared to 1.485 for the terpene alcohol). 
The wetting properties are good. It h a d  a pleasant odor and 
may readily be used as a substitute for pine oil wherever a high 
alcohol content is required. The boiliiig range is about 10" C. 
higher than that of terpineol. This carbinol differs from ter- 
pineol in a lack of stability d i e n  heated to its boiling point a t  
atmospheric pressure. 

p-Methyl-a-methylstyrene 
The hydrocarbon produced when the alcohol is dehydrated 

is perhaps the most interesting chemical produced in this 
series of products. It is still unsaturated in the side chain, 
which becomes a methyl-substituted vinyl group. This 
hydrocarbon is, therefore, the p-methyl homolog of a-methyl- 
styrene. A large-scale manufacture of this new chemical 
from terpenes is of considerable interest and is a noteworthy 
development for several reasons. The foremost of these be- 
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comes apparent when it was discovered during the course of 
these researches that the a-substituted styrenes, while not 
polymerizable alone by means of heat as are the vinylben- 
zenes themselves, are readily copolymerizable with the sty- 
renes in molar proportions or less to yield colorless resins. 
This property is not confined to the styrenes but includes 
other polymerizable materials having the diene structure. 
Pure a-styrene hydrocarbons have never been available com- 
mercially, and the many new compounds made possible by a 
supply of this terpene derivative have hardly been touched 
upon. Typical physical constants of p-methyl-a-methyl- 
styrene are: specific gravity a t  15.5/4" C., 0.9038; index of 
refraction a t  20" C., 1.5329; boiling range, 190-191" C. 

Methylacetophenone 
From a practicable operative standpoint it is more con- 

vcnient to carry out the oxygenation of the cymenes under 
conditions that produce some dehydration of the unstable 
carbinol, and the a-styrene hydrocarbon thus formed is un- 
avoidably oxidized to the ketone. The ketone and the ter- 
tiary alcohol cannot be separated by fractional distillation so 
the carbinol is recovered containing some ketone. After the 
dehydration step to produce p-methyl-a-methylstyrene and 
the separation of the hydrocarbon by fractional distillation, 
methylacetophenone remains as a residue and is recovered as 
one of the by-products. The manufacture of this ketone is 
therefore one of the new terpene chemicals produced in this 
series. It is widely used as a soap perfume and for other 
purposes. It is a colorless, high-boiling oil (boiling point 
about 225" C.) and has a specific gravity of slightly over 1.0. 
It is anticipated that it will find numerous industrial uses. 
This material has not been available heretofore in any quan- 
tity but only as an expensive aromatic chemical. 

Methylstyrene 
One additional series of reactions was carried through in 

this investigation but will not be included in the commercial 
plant. The p-methyl-a-methylstyrene is readily oxidized to 
the corresponding ketone, methylacetophenone. This ketone 
may then be reduced to a secondary alcohol which, on de- 
hydration, gives p-methylstyrene. This vinyltoluene has 
the identical polymerizing properties of styrene which yields 
the tough colorless resins being developed with such rapidity 
in this era of plastics. 

Figure 2 shows the series of reactions from cymene to cumic 
acid, or through the alcohol to the methyl-substituted styrene 
and ketone, and also indicates how the ketone may be con- 
verted to methylstyrene. 

p-Menthane Products 
The process of oxidizing cymene is adaptable to the treat- 

ment of p-menthane with slight modification. The products 
are in each case the hexahydro modifications of the corre- 
sponding cymene derivatives. Hexahydrocumic and toluic 
acids are closely related to (in fact, are isomeric with) the 
naphthenic acids. The corresponding alcohol is dihydro- 
terpineol. It has a pleasant odor and could no doubt be used 
for many of the same purposes as pine oil where a terpene 
alcohol is the important and desirable constituent. The 
saturated ketone has not been isolated or investigated. p- 
Menthane itself is also of commercial interest as a solvent be- 
cause of its extremely narrow boiling range and the fact that 
it is chemically saturated. 

Acyclic Terpene Hydrocarbons 

Aliphatic terpene hydrocarbons can be readily produced by 
The two hydrocarbons of particu- rupturing the pinene ring. 

COOH 
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CHa 
I 
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H H 
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CHI 
I 
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I 
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p-Methyltolylcarbinol Methylstyrene 

FIGURE 2. SERIES OF REACTIONS FROM CYMENE TO METHYL- 
STYRENE 

lar interest are myrcene and the isomer ocimene or rather its 
transformation product allo-ocimene. These unusual prod- 
ucts were discovered many years ago (1895) as constituents of 
the essential oils of bay, verbina, and other plants. It was 
many years later that Arbuzov (1)  discovered the isomer of 
ocimene, allo-ocimene, in the vapor-phase pyrolysis products 
of pinene. He believed that both a- and P-pinene gave the 
same results. 

I n  the course of an investigation of methods of producing 
other types of products from wood turpentine which contains 
only a-pinene, a novel process of producing allo-ocimene in a 
liquid-phase reaction was developed (16). The method has 
not yet been commercialized, pending the completion of other 
research. P-Pinene was also studied but, contrary to Arbu- 
zov, did not produce allo-ocimene. This result was confirmed 
by Goldblatt and Palkin (9) mho were experimenting with 
vapor-phase reactions; they made the very interesting dis- 
covery that P-pinene yielded principally myrcene. Ocimene 
is so easily converted to allo-ocimene by even moderate heat 
that it is not surprising the former is never found in the 
pyrolysis products of a-pinene. 

It is well within commercial possibility that allo-ocimene 
and perhaps myrcene may become available as industrial 
chemicals. Their great interest lies in a triple unsaturation 
and, therefore, their adaptability to many reactions. Myr- 
cene has one conjugated double linkage, and allo-ocimene has 
the unusual structure of two conjugated double bonds. Both 



1034 I N D U S T R I A L  A N D  E N G I N E E R I N G  C H E M I S T R Y  Vol. 34, No. 9 

are capable of the Diels-Alder reaction with maleic anhydride, 
which makes possible a large number of complex esters. This 
interesting field has not yet been explored. 

Allo-ocimene readily polymerizes by oxidation to  a dry 
resinous film without the aid of a catalyst. I n  the presence 
of a little ordinary varnish oil drier, the drying characteristics 
are rapid. The film retains moderate flexibility for some time 
but finally becomes brittle. Numerous other uses for these 
unusual terpenes of even greater interest seem possible. The 
conversion of a- and &pinene to  allo-ocimene and myrcene, 
respectively, is shown in Figure 3. 

hydrocarbons of the benzene, toluene, xylene series as well as 
some terpenes which have escaped the pyrolysis; but as they 
are mixed with cyclic hydrocarbons of the same boiling range 
and contain also terpene decomposition products, they are of 
more interest for use as solvents than to be recovered for 
recycling. A neutral, high-boiling, polymerlike material is 
also formed which is sufficiently unsaturated to  dry readily 
by oxidation to a hard film. 

The new terpene chemicals considered here embrace only a 
limited survey of the subject. But even with these few new 
developments there can no longer be doubt that the ultimate 

a-Pinene 

y3 
n 

CH 
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CHz H H H CH8 H CHs H H H CHI H 
\ I l l 1  I c=c-c=c-c=c 
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CH, 
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C H I /  €!I CHa CH3 
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CH, H H H CHz H 

c-c-c-c-c-c \ I /  I l l  I 
II 

C H s /  !I l!3 CHa 
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FIGURE 3. CONVERSION OF a- AND @-PINENE TO ALLO-OCIMEKE AXD MYRCENE 

Isoprene 

Probably the first chemical ever made from turpentine ex- 
cited the liveliest interest a t  the time and has continued to do 
so ever since. Hlasiwetz (11) passed turpentine through a 
red-hot iron tube packed with broken porcelain and obtained 
a number of new products. They were not actually identified 
until Tilden (18) repeated this work and proved that iso- 
prene was formed in this manner. Williams (19) had made 
isoprene many years earlier from rubber; Tilden’s work took 
on added significance because Bouchardat had noted (7) that 
when obtained from rubber this same material could be re- 
polymerized to a rubberlike body only a few years before 
Tilden found isoprene in the pyrolysis of turpentine. 

The production of isoprene from terpenes has, until re- 
cently, never been commercialized. A unique process has 
now been developed that ensures the maximum yields a t  all 
times (6). A pilot plant has already produced several tons. 
It is expected that a large-scale plant will be in operation in 
a few months. 

It has been found possible to make isoprene of very high 
purity by this process. A study has also been made of the 
by-products of the isoprene process, which are unavoidably 
formed. These have been shown to consist of aromatic 

goal of a well-established terpene chemical industry is not 
some far distant possibility but is well within sight. 
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