An Aroma Chemical Profile

Menthol

By George Stuart Clark IV, Cameron & Stuart Inc., Easton, Maryland

he menthol molecule is comprised of four isomers:

menthol, isomenthol, neo-isomenthol and neo-men-
thol. These are complicated by the fact that each isomer
has two chiral antipodes having positive and negative rota-
tion. What is commonly called menthol in natare and in
commerce is the I-menthol chiral isomer.

L-menthol can be described as unique in the aroma-
chemical world for the cooling sensation it imparts to the
skin and mucous membranes. This cooling effect is far
greater than the cooling that occurs when a solvent, such as
ethanol or hexane, is placed on the skin. Although other
materials are known to display such a cooling effect, almost
all of them are derivatives of l-menthol.®

Organoleptically, l-menthol displays a minty, light, re-
freshing odor that at most practical concentrations is com-
plicated by an intense numbing-cooling sensation. At very
low concentrations, menthol displays a slight warming
sensation, along with the refreshing mint odor.”® At mod-
erate concentrations, the cooling effect develops. As con-
centration increases, the cooling effect becomes
overwhelming and desensitizing, producing a cooling-an-
esthetic reaction.

This numbing of the nerve sensation creates the throat-
soothing effect desired in cough drops. The desensitizing
effect can best be illustrated by walking into a menthol
production facility. One literally walks into an invisible wall
of menthol, It registers in the eyes, nose and mouth first. As
the vapor permeates one’s garments, the whole body tingles
and then numbs.

Problems with Impurities

Menthol’s dual sensory effect makes both the odor and
taste evaluation of menthol a difficult task. The cooling-
anesthetic effect interferes greatly with the odor evalua-
tion of menthol for trace impurities; that can be critical in
applications where menthol is used by itself and at low
concentrations, as, for example, in tobacco products. The
impurities are less critical when menthol is combined with
othermaterials such as anethole, methyl salicylate or carvone,
as, for example, in oral hygiene products. However, there
are cases where even in such products the trace impurities
stand out.
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Since all commercially available I-menthol production
ends with a crystallization step, small amounts of the
mother liquor, with its impurities, are trapped in the
menthol crystal matrix. Menthol crystals contain many
faults or pockets of these impurities. Large crystals of
natural menthol best illustrate these faults; they can be
seen as dislocations in the structure of these strikingly
large, beautiful erystals. However, even small crystals eon-
tain these inclusions. Thus, each manufacturing process
colors the basic menthol impression with impurities gener-
ated or present in the system.

For natural menthol, which is crystallized from pepper-
mint oils, the imputities are considered beneficial because
they impart a pleasant, fresh peppermint note that has
become critical for some applications.

Synthetic menthol crystals will display off-odors re-
flecting the materials used to produce the product and
impurities used in the final production steps. Examples of
these materials include citronellal, thymol, methyl ben-
zoate, and solvents such as acetone. These impurities
often go undetected if the product is smelled neat from
the bottle. However, in the end application, they can
cause severe problems, such as nose and throat irritation.
Two methods, aside from GLC analysis, will help detect
these off-odors. One method is headspace smelling. An-
other method places diluted samples — usually from
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clean ethanol solutions — on a blotter. One should pay
special attention to the blotter dry out. Its odor should be
clean fresh-floral, not sour-acrid or metallic.

Racemic menthol presents the same odor problems as
pure l-menthol, but with the further complication of in-
creased impurities and the presence of 50% of the
d- isomer that gives a musty, unpleasant impression.

Natural Sources

Two essential oils are rich in l-menthol content:
cornmint oil Mentha arvensis L. {. piperascens Malinv.
ex. Holmes, syn, M. canadensis L. {46-80%) and pepper-
mint 0il Mentha piperita {50-80%). Menthol is not wide-
ly distributed in other available essential oils and is
found only in minor or trace amounts in fennel, lemon
balm, Tagetes minuta and yarrow.%10

The high cost of Mentha piperita and the difficulty of
crystallizing significant quantities of menthol from it makes
Mentha piperita animpractical commercial source, There-
fore, the sole source of the world’s supply of commercially
available natural l-menthol is plantations of numerous
subspecies of Mentha arvensis plants grown mainly in
India and China.

Production of isolated natural l-menthol worldwide is
estimated at 9,400 metric tons (Mtons), though slightly
more for 1998. The consumption of menthol (both
I-menthol and racemic menthol} is presented laterin Tables
1and 2.

History of Menthol

Brazil challenges China: Peppermint and menthol
have been known to man since ancient times. Shimoyama
reported that menthol was known in Japan more than
2000 years ago. Its first report in European sources was by
Flueckinger in 1771.!} Prior to World War II, China and
Japan were the only significant commercial sources for
natural l-menthol. European and American flavor and
fragrance houses of that period produced synthetic
l-menthol, usually from citronellal oil-based feed stocks.

World War II caused a sudden disruption in the supply
of menthol and encouraged Brazilian entrepreneurs to
begin planting Mentha arvensis mint and producing
cornmint oil and menthol in that country. The war brought
a perceived urgency to that need, as menthol cigarettes
(supplied in the ration kits of the US military) found their
way around the world with the US armed forces. Today,
mentholated cigarettes are still an American phenomenon,
representing about 40% of US domestic menthol usage
and smoked in few other places on the globe.

Brazil rapidly replaced both China and Japan in occidental
markets as the commercial supplier of menthol. In the
1960s Brazilian production peaked at more than 3000
Mtons per year. Coincidentally, China began supplying
menthol, but US foreign policy prohibited sales of Chinese
menthol in the US.

In the late 1960s, the severe competition for the men-
thol markets depressed its price to US$3.50-4.00/1b. Bra-
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zilian producers lost interest in growing cornmint. This
price depression eventually led to the menthol shortage of
1974, when prices of up to US$57.00/kg were extracted by
some dealers.

Keep in mind that the menthol market, like the potato
market, is inelastic. A 100 Mton shortage of I-menthol, in
the world market with a demand of 11,000 Mton, will cause
prices to double or triple; on the other hand, even a slight
over-supply of 1000 Mtons may cause prices to fall by 50%.
The menthol market exhibits one of these pricing cycles
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every eight to ten years, as, for example, it did in 1974-1975,
1984-1985, 1988-1989 and 1996-1997.

Commercialization of synthetic I-menthol: During
and since the 1960s, increasing consumption of menthol led
various chemical companies to investigate the production of
synthetic l-menthol.'?!3 (So dramatic was this increase, in
fact, that around 1990, menthol displaced vanillin as the
aroma chemical having the highest annual consumption.) By
1974, Glidco-SCM (Millennium), Haarmann & Reimer
(H&R) and Takasago had entered the synthetic menthol
market. China had expanded its produc-
tion and Brazil's production was decreas-

ing due to unfavorable economics.
The menthol market received
its greatest over-supply shock in 1978
when H&R opened a 1100 Mton
sythetic menthol plant in Charleston,
SC and China increased its plantings of
Mentha arvensis —simultaneously. This
over-supply led to the depressed prices
of 1980-1984 and forced H&R to file a
dumping action against Japan and China
claiming that their sales of l-menthol in
the United States had depressed mar-
ket prices and, hence, H&R’s profit
potential The result was a Pyrrhic vic-

tho TTQ Totarnatrinnal Meada 100
tory the US International Trade Com-

mission decided that the Chinese had
dumped menthol (that is, they had sold
itat prices below their production costs),
but H&R (a subsidiary of Bayer-AG in
Germany) had suffered no significant
financial loss.

In 1985, Takasago built a new
synthetic menthol plantbased on pinene
as a feed stock. This facility, more ver-
satile than previous facilities, is capable
of producing a number of chiral chemi-
cals. Thus, Takasago is nof locked into a
single-product system.

China cuts back: In the mid-
1980s, China began to have supply prob-
lems due to socio-political restructuring
of its society. (This emerging problem
would again raise its head in 1996.) In-
ternal consumer demand began to take
precedence over “export for hard cur-
rency” policies and Chinese raw materi-
als began to display tightness in supply.
China’s problems and Brazil's dwindling
supplies of available cornmint oil led to
another menthol shortage in 1984-1985,
when prices reached US$33.00/kg,
dipped backto the US$13.00/kg level by
1986, but rose again by 1988 to the

US$40 00-42. uu;fkg level and remained

there until late 1989.
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The challenge from India: India has emerged as a
significant source of natural I-menthol. At the 1989 Inter-
national Congress of Essential Oils, Fragrances and Fla-
vors in New Delhi, $.C. Varshney, general secretary of the
Essential Qil Association of India, announced India’s in-
tentions to become the world’s dominant supplier of men-
thol. In throwing down the gauntlet, Varshney said, “Witness
the next match between India and the rest of the world.”'#

Government policy in India favored private develop-
ment of a menthol industry. This industry was not so
fortunate in some other countries. Governmental policies
in Brazil, for instance, have nearly eliminated the growth of
Mentha arvensis plants in that country (see sidebar).

As Indian menthol started to enter the world’s markets
in significant quantities, the price of menthol sagged to the
US820.00/kglevel by 1990, The market battle was between
China and India, because the synthetic producers were by
then sold out of capacity. The pricing of menthol continued
to drop and reached a US$13.00/kg level by 1994, a price
that had not been seen since 1988.

China industrializes: As China opened its doors to the
outside world, foreign investment began to flow into the
market of 1.3 billion potential consumers. The world’s
major chewing gum, cigarette, flavor and fragrance, and
toothpaste manufacturers made investments in new pro-
duction facilities in China with the aim of satiating China’s
growing internal consumer demand.

The internal demand for aroma chemicals and essential
oils for both domestic consumption and export of finished
products in China rose dramatically over the period 1985-
1996. This added demand was given preference over the
export of raw materials, because it satisfied internal con-
sumer demands and lessened political pressures. More-
over, the export of finished flavors and fragrances resulted
in more favorable foreign currency yields than did the
export of simple raw materials.

The industrialization of China resulted in new factories
being built on the limited farmland available in a country
where only 15% of the land is arable. The result has been
a decrease in the supply of both cornmint oil and menthol
from China to the outside world and an increase in prices
during the 1995-1997 period. China’s almost total with-
drawal from the menthol market in 1996 resulted in men-
thol prices skyrocketing to the US8100.00/kg level and
remaining there into the first six months of 1997,

Mentha arvensis and Menthol in India

An imported species: The Mentha species is not native
to India, but was introduced there only recently.'* Mentha
piperita was imported from Great Britain in the 1800s and
grown thereafterin India as a garden plant. Mentha arvensis
was brought into India from Japan in 1954 by the regional
research laboratory Jammu & Kashmir.

India had a fairly large internal requirement for
l-menthol in the 1950s and all of it was satisfied by imports
at great foreign exchange cost. Thus, the government was
interested in developing a domestic industry for any prod-
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Governmental Policies Control
roduction

Less cornmint oil from South America: In the last
twenty years, in its rush to industrialize, Brazil has set in
place an internal socio-economic structure that has re-
sulted in the total elimination of the growing of Mentha
arvensis plants in Brazil. The agrarian structure of Brazil
and the government policies all encourage large mecha-
nized farms with minimum labor, thus favoring such
crops as soy and castor beans. These policies have also
effected Paraguay, once a major grower of Mentha arvensis.
Paraguay now produces less than 100 Mtons of Mentha
arvensis oil each year.

All the l-menthol now being produced in Brazil is from
imported Chinese or Indian I-menthol and/or Mentha arvensis
oil. The last Paraguayan I-menthol producer, Amigo & Arditi,
continues to produce l-menthol from the limited Mentha
arvensis oil available there.

More cornmint oil from India: On the surface, there
appears to be a strong analogy between the history of
menthol production in Brazil and the rising menthol indus-
try in India. However, Brazil has three times the land area
of India and only 16% of India’s population. The Indian
government policies and Indian farm structure are just the
opposite of those of Brazil. The rural population of India
is in the majority and the small farmer has significant
political clout. India favors the local small-family farmer
and has set up a price-support system for most of its food
crops. Thus, the government controls the prices and distri-
bution of the family farm’s products, excepting the growing
of Mentha arvensis, which falls outside of the sphere of the
government control system.

The growing of Mentha arvensis by millions of small
farmers, has become a desirable personal-reserve method
to obtain cash quickly. Mint oil can be stored for long
periods and, thus, can be sold on the free market at
uncontrolled prices whenever the farmer desires. The
Indian mentality has always been a very entrepreneurial
one and the Indian I-menthol industry started with many
small farmers producing Mentha arvensis oil and many
small crystallizers making natural 1-menthol and mint oil.

The practice of pooling production volumes from small
production facilities, which is still used by the minor
producers of I-menthol in India today, has resulted in a
highly variable product from these sources and created a
poor image in the eyes of the world for Indian mint oils
and menthol. The result has been large variations in
quality and poor lot-to-lot reproducibility of the products
offered on the world market. This has now changed in the
case of the large manufacturers, and their products have
developed into world-class materials. As the industry
began to consolidate and large, more sophisticated manu-
facturers developed out of the chaos, the quality of the
available menthol and mint oils improved and the leading
sources are now as reliable as traditional Brazilian suppli-
ers have been in the past.

Contrastin
Cornmint
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uct that was being imported, and also in setting up domes-
tic industries that could export locally produced products.
Cornmint oil and I-menthol fit both sides of this equation.

The first Mentha arvensis clone: In 1958, the
Jammu & Kashmir laboratory introduced the initial
clone of Mentha arvensis to local farmers in order to
induce a domestic cornmint-menthol industry. Without
strong local technical support, the initial clone was
multiplied and divided over and over again, rapidly and
indiscriminately. The result was a deterioration of the
plant over a 20-year period, to the point that by 1978, it
yielded oil with an l-menthol content so low that no
l-menthol crystals could be obtained from it by cooling,

The decision was then made to develop new strains of
Mentha arvensis better suited to the climate of northern
India. This research on new agricultural products was
sponsored by the Indian government though the Indian
Council of Agricultural Research, which supports projects
in the various growing areas of India. The result of these
efforts was the development of two new hybrid species of
Mentha arvensis that proved disease-resistant and gave
superior yields of oil with a high l-menthol content (>85%).

By 1989, India’s cornmint-menthol industry had be-
come 5o firmly established that India began to eye the
world market and aspired to become the dominant
supplier of these products to the world.
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The Shivalik-88 Mentha arvensis clone: The pro-
duction of M. arvensis oil in India had grown from 400
Mtons in 19807 to 1,000 Mtons by 1989.'7 This sudden
surge of production was due mainly to the introduction of
one new Mentha arvensis clone: CIMAP MAS-1, more
commonly known as Shivalik-88. Shivalik-88 was released
to the Indian farmers in 1985.

A second factor contributing to the surge of production
was an improvement in crop procedures. Inter-cropping of
mint with other food crops encouraged the production of
mint oil. It was discovered that much higher yields of
Mentha arvensis plant could be obtained if the crop was
removed from the soil and rotated in a three-crop per year
system using Mentha arvensis, followed by potatoes and
then followed by one of several other crops.

Since 1989, India has propelled itself into the forefront
of the I-menthol trade using the oil produced from Shivalik-
88. In 1998, India will produce 14,000 Mtons of Shivalik-
88-based Mentha arvensis oil and isolate from this oil about
6,000 Mtons of natural I-menthol.!® This clearly places
India as the world’s dominant supplier of both 1-menthol
and of Mentha arvensis oil.

Changing demand for Mentha arvensis oil: The oil
of Mentha arvensis, like its cousin Mentha piperita, has
also found increased worldwide demand. With it, natu-
ral l-menthol has increased in availability and now ac-
counts for over 80% of the world’s supply. The resurgence
of natural menthol is due to higher prices and a change
in demand. At one time, menthol was the only saleable
product from cornmint essential oil and dementholized
cornmint oil was of no value. Today, world consumption
of dementholized cornmint oil for toothpaste and chew-
ing gum has resulted in growing demand.

World Consumption and Pricing

Consumption: Estimates of the world consumption of
menthol can vary for several reasons. For instance, do the
estimates include natural or synthetic l-menthol or both?
Do they also include racemic menthol? Does the definition
of consumption include only what is internalized by hu-
mans or does it also include what humans are exposed to
during normal usage of menthol-containing products? Tables
1 and 2 provide a “total usage” estimate that includes what
goes upin smoke, evaporates from the skin, is spit out of the
mouth, imbibed directly or absorbed through the skin.

Tt is estimated that about 22,230 Mtons of menthol of all
types {both natural and synthetic} will be used by the
populations of the world in 1998. This estimate is based
upon the known production volume of synthetic menthol
and on the known concentrations of menthol in natural
products. Menthol is present in very low concentrations in
other than mint plant products being used by humans,
those sources are not included in this estimate. One way to
estimate how much of the menthol used is consumed
internally and how much never enters the bodyis to assume
the products marketed containing menthol were used as
intended. That’s the assumption here. In other words, we
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ignore the fact that little Arthur ate the tube of toothpaste
or that Aunt Inge used it to polish the silverware. A rough
estimate of just how the world’s people consume the avail-
able menthol is presented in Table 1.

Consumption in 1998 of both natural l-menthol and
synthetic l-menthol in the flavor, fragrance, pharmaceuti-
cal, tobacco and oral-hygiene industries is estimated at
11,800 Mtons (26,000,000 lbs) worldwide. Regional
consumption figures are estimated as shown in Table 2.

Pricing: Figure 1 illustrates the problem that cyclically
appears when an agricultural commodity suffers from
under-pricing over anumber of years, Because the demand
for menthol is inelastic, very slight reductions or surpluses
of supply result in sudden rises in price or very low prices.
The steep rise raises the farmer’s hopes and always results
in overproduction and low prices. It is interesting that the
market-price highs experienced in 1974, 1983, 1988 and
1997 all occurred when significant synthetic volume was
available to the market.

Supply of Menthol

Lo 11 onn wxr. o 0 o o e

Uf ule L1,0U0 N].'[OI].b UI pure menm()l Luuaumeo 111 '[nU
world in 1998, the majority will be natural menthol (9,400
Mtons), while synthetic menthol producers will furnish
2,400 Mtons.
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Natural -menthol: Natural -menthol suppliers have
the advantage ofa decentralized supply system. Both crop
acreage and oil production are from small, local farms and
stills. This system is based upon a low-capital investment
and the potential for rapid expansion of output, as can be
seen by India’s rapid growth. Even the factories to crystal-
lize menthol from the cornmint oil are relatively low-cost
investments that can be quickly repaired or expanded.

As the economics of supply become favorable to local

producers, they encourage expansion of planting acreage

Table 1. Estimated world usage
of all menthols from all sources in 1998

Usage Percentage
{Mtons) (%)
Internal usage 12,540 58
Cral hygiene 3,600 17
Toplcal applications 3,220 15
Tobacco products 2,350 10
Other uses 520 04
Total 22,230 100.4

Tabie 2, Estimated reglonal usage (in Mtons)
of Isolated pure menthols by product category In 1998

Product category 1 2 3 4 5

Tobacco 650 200  1,800* 150 200
Oral hygiene 500 80O 1,500 500 400
Fharmaceuiicais 250 600 1,500 200 200

Confectioneries 110 300 400 200 200
Shaving products 70 150 300 100 100
Miscellaneous 70 100 100 50 100

Total 1,660 2,15¢ 5,600 1,200 1,200

= 1000 Mtons smoking tobacco, 800 Mtons chewing tobacco

1 = North America {including Canada and Mexico)

2 = Europe (including Eastern Europe)

3 = Asia (Including China, indla, Indonesia, Japan and tha Phlllppines)
4 = South and Central Amarica

5 = Others (including Near East, Africa, Australia and New Zealand)

L-MENTHOL Prices 1960-1998
50
40
30
=
&
20
\
10 bty w -
1960 1970 1980 1990 2000
Figure 1. I-Menthol prices 1960-1998
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and the establishment of permanent plantations. Land
available for growing mint is more than enough to meet
the needs, especially in India, where farmers can plant
Mentha arvensis crops on small plots without government
intervention in the form of quotas or price regulation.

Synthetic menthol: Synthetic producers have the
advantage of certain raw-material bases as feed stocks.
However, they suffer from the jeopardy of centralization
of production facilities, which could result in a major
disruption of supply due to equipment failure and public
environmental concerns. Another problem is the ex-
pense of tailor-made, sophisticated equipment needed
to produce l-menthol.

The past experience of synthetic producers, especially
those using benzenoid (racemic) feed stocks, indicates
their investments have not yielded the returns necessary
for justifying new facilities or replacing aging equipment.
Some of these synthetic plants are more than 20 years old
and will require extensive capital to replace worn-out
equipment in the future.

Prediction: The future for the supply of menthol will
see expanded production of natural menthol in India.
China, after a few years of adjustment, will return as a
stable and reliable — though minor — player in the
l-menthol market. Synthetic producers will remain in the
market for the near future, especially those manufacturing
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menthol from natural feed stocks that allow more flexible
production with less capital investment than those using
racemic intermediates.

Producers of Natural Menthol

South America: Brasway is the largest producer in
Brazil. It has the capacity to crystallize 3,500 Mtons/year of
menthol and produce 4,000 Mtons/year of dementholized
cornmint oil. Recent actual production has been estimated
at 200-300 Mtons of I-menthol produced by re-crystalliz-
ing Chinese or Indian menthol.

Yah Sheng Chong is the last of more than 20 small
crystallizers that were active in Brazil 20 years ago. Ithasan
estimated production of 100 Mtons/year of menthol pro-
duced from either imported cornmint oil or Chinese or
Indian I-menthol.

The Paraguayan fivm Amigo & Arditi produces l-men-
thol from the limited supply of locally grown corn
mint oil. Production has been about 100 Mtons/year over
the past few years.

India: Jindal Drugs Ltd. is currently the largest pro-
ducer of I-menthol, either natural or synthetic, in the
world. Capacity is estimated at more than 2,000
Mtons/year of natural l-menthol crystallized from locally
produced Indian Mentha arvensis oil. Jindal also produces
more than 2,000 Mtons/year of dementholized and triple-
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rectified cornmint oils. This leader in the Indian mint
industry also produces over 1,000 Mtons/year of Mentha
piperita and Mentha spicata oils and other essential oils.

Mentha and Allied Products Ltd. has an estimated
capacity of 200 Mtons/year of I-menthol crystallized from
locally produced Indian Mentha arvensis oil.

Many small producers operate in India. Their collec-
tive capacity is approximately 3,000 Mtons/year, but the
individual production capacity of each is difficult to
gauge. Capacity estimates are made more difficult due
to the practice of these smaller producers of pooling
their capacity to meet a large order obtained by any one
of them. The following are among those that could be
identified; Anamica Enterprises, Bhagat, Dee Kay Ex-
ports, Ghaziabad Aromatics, Hindustan Chemicals &
Allied Industries, Khushboo Essential Oil, Rupangi Impex
Ltd., Sharp Menthol India PVT Ltd., Siva Essential Oils
and Chemicals, Som Extracts Ltd., Surya Aromatics &
Allied Chemicals, Vaishali and Virat Expros Pvt. Ltd.

China: The capacity of each crystallizer is difficult to
estimate, although China in total is estimated to produce
more than 2,000 Mtons/year of l-menthol. The largest
factory is in Beijing and was built before World War II.
This factory is estimated to produce 1,000 Mtons/year of
l-menthol. At least six other smaller plants produce
l-menthol in other areas.

Far East: Dayspring Co, Lid. in Taiwan has a capacity
rated at about 300 Mtons/year of l-menthol, produced
from imported crude Indian Mentha arvensis oil.

Production by Nagaoka & Co. Ltd. in Japan is estimated
at 300 Mtons/year of l-menthol using imported crude
Mentha arvensis from India.

Small amounts of l-menthol and cornmint oil are pro-
duced from locally grown Mentha arvensis oil in North
Korea and Thailand.

Producers of Synthetic Menthol

Haarmann & Reimer (H&R) and Takasago are the only
major manufacturers currently producing synthetic men-
thol. Keith Harris of Australia and Camphor and Allied of
India are two minor producers. A few Indian synthetic
manufacturers produce menthol from menthone-rich
Mentha arvensis oil fractions.

Haarmann & Reimer: Estimated menthol capacity
worldwide is 1,520 Mtons/year, of which 1,100 Mtons/year
are produced in the US and the rest is produced in Ger-
many. H&R also supplies racemic menthol U.S.P. and

liquid menthol.
The H&R process hpgine with h\r-prnﬂnr& meta-

creasol, produced by Bayer-AG at their Uedingen/Ger-
many works, which supplies H&R plants in Germany
and the US. The creosol is alkylated to thymol and then
hydrogenated to a racemic mixture of menthol isomers
(hexahydrothymol) at Uedingen and most recently in
the Czech Republic. Racemic menthol is separated from
the isomers by high-platage distillation and the isomers
are recycled. Itis interesting that the alkylation of meta-
creasol produces some n-propyl derivative, which ac-
companies the racemic menthol and is carried through
the process and removed in the final steps.

The resolution of the optical isomers of menthol is
accomplished by converting the racemic menthol to the
benzoate via transesterification with methyl benzoate. The
racemic menthyl benzoate is revolved into pure - and
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A Figura 3. Cooling substitutes for menthol
o [+]
P S * Frescolate, Type ML, Haarmann & Reimer GmbH,
Holzminden, Germany
b Frescolate, Type MGA, Haarmann & Reimer
Figure 2. Analogs of I-menthol GmbH
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d-esters by selective crystallization using controlled seed-
ing in specially designed equipment with exacting tem-
perature control. The isolated crystalline esters are converted
back to the alcohols, vielding pure d- and l-menthol. The l-
menthol is further crystallized to remove impurities while
the d-menthol is recycled.

Takasago: Estimated l-menthol capacity is 1,000
Mtons/year at Takasago’s one production facility in Japan.
The company has produced I-menthol by a number of
processes over the past 20 vears using such feed stocks as
thymol, isoprene, limonene and citronellal. Their current
processis based on b-pinene, whichis converted tomyreene,
and then further converted to d-citronellal and subse-
quently to l-menthol. Because their feed stock is optically
active, there is no need to resolve a racemic mixture, as is
required in the H&R process.

Moo mnd AllZod. (Conanine b Hhic Tadian o o
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is estimated at less than 200 Mtons/year. Little of their
production has been seen outside of India. The process
uses 8-carene, which is found in Indian turpentine oil,
through a multi-step process involving pyrolysis, addition
of hydrogen chioride and subsequent generation of cis-
pulegol, from which |-menthol is derived.

Keith Harris: Capacity at Keith Harris is estimated at
30 Mtons/year of l-menthol and levo-racemic menthol

Vol. 23, September/October 1998

generated from l-piperitone found in native Australian
eucalyptus dives oil.

Bordas: Bordas’ capacity is estimated at 20 Mtons/year
of I-menthol and racemic menthol. Their feed stock is d-
pulegone, obtained from Spanish pennyroyal oil. This

source has apparently ceased production.

Little work has been published on the attempts, if any,
to develop analogs of menthol. Certainly, the industry
would like to see the effect of modifying the basic structure
of the menthol molecule and how these modifications
would affect both odor and the cooling effect.

The few reported analogs (1-methyl-4-isopropyl
cyelohexanols) with the hydroxy function in the branches
or on the 1- or 4- positions {such as dihydro-a-terpin-

2al) chow na pnnling affert Tha nracanre of nonronyl
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methyl cyclohexanols in H&R's feed stocks has not
been explored, however, I predict that optically active
analogs of I-menthol should show varying and possibly
surprising cooling-effect phenomena. In particular, the
products in Figure 2 should be of interest because the
presence of the 2-hydroxy group next to the alkyl
grouping of varying bulks is thought to be the key
determinant of the cooling effect.
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Substitutes

The materials in Figure 3 have been offered or sug-
gested as substitutes for menthol in the literature® and
were known in the industry as the “Wilkinson Sword
chemicals.” Haarmann & Reimer now offers two of these
materials under their trademarked Frescolate label.

Derivatives

Menthol is used in flavors and fragrances in the form of
the following derivatives:
* gcetate (GRAS 2668)
* isgvalerate (GRAS 26R9)
* propionate
* menthone (GRAS 2667}
» d-neo-menthol (GRAS 2666)
* menthofuran (GRAS 3235)

In addition, menthyl salicylate has been used as a sun-
screen agent. In Europe, menthyl valerate was previously
used as a mild sedative (Validol, Merck Index 5667).
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