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L aevo- or (-)-menthol is one of the most impor­
tant flavorings used in the tobacco industry. Men­
thol is used extensively in pharmaceuticals, cosmet­
ics, toothpastes, chewing gum, and other toilet 
goods as well as in cigarettes. The current annual 
world production is estimated to be in excess of 3 
million pounds, of which the tobacco industry con­
sumes approximately 25%. 

The majority of (-)-menthol is obtained by 
freezing the oil of Mentha arvensis to crystallize 
the menthol present. This "natural" menthol is then 
physically separated by centrifuging the superna­
tant liquid (called dementholized commint oll) 
away from the menthol crystals. Any residual im­
purities are due to traces of Mentha arvensis oil, 
and these often impart a slight peppermint aroma 
to the menthol crystals.l.2 

Considerable effort has been devoted to the pro­
duction of (-)-menthol by synthetic or semi-syn­
thetic means from other more readily available raw 
materials (Fig. 1). Historically, the price of natural­
ly derived (-)-menthol has fluctuated widely. 
When natural prices are high (e.g., $8/lb) synthet­
ic menthol has been able to compete economically. 
However, until very recently natural menthol prices 
have normally been in the $3.50-6.00/lb range and 
synthetic (-)-menthol production has been only 
marginally profitable at best. Currently, factors 
such as currency fluctuations and short crops are 
having a marked effect. Prices, at least for the short 
term, have escalated as much as 100%. 
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Fig. 1. Potential raw materials for synthesis of (-)-menthol. 

This article reviews the various synthetic se­
quences and potential raw materials for (-)­
menthol production as well as a new procedure for 
the total synthesis from ( + )-limonene, a citrus 
by-product. The organoleptic properties of the men­
thol isomers and intermediates from this new syn­
thesis sequence are discussed, along with the im­
portance of the stereochemical aspects on chemore­
ception. 

Synthetic laevo-menthol 

From racemic manthol. A major synthetic effort 
on (-)-menthol has been based on the optical res­
olution of racemic menthol which can be derived 
either by the reduction of thymol (ex petrochemi­
cal sources) or from racemic-citronellal (ex /3-
pinene ~ citra! ~ ). The difficulty in the classical 
menthol resolution techniques is that from a pound 
of racemic menthol no more than one-half pound of 
(- )-menthol can theoretically be obtained. Of 
course, the (+)-menthol which is separated can be 
isomerized to racemic menthol, 3 but such recycles 
and resolution techniques are expensive. 

Racemic menthol can be separated into its opti­
cal antipodes in a number of ways. In general, these 
methods are based on formation of the crystalline 
derivative of an optically active material which is 
then separated by fractional crystallization. Com­
mon classical derivatives are materials such as the 
alkaloid salt of the acid phthalate,4 campholic 
acid,5 and menthoxyacetic acids.6 More recently a 
patent was issued wherein a supersaturated solution 
of a benzoic acid derivative of (+)-menthol is 
seeded with the ( + )- or (-)- form of the deriva­
tive to induce selective crystallization.7 Another 
novel procedure wherein racemic menthol is re­
solved over an optically active polymer has ap­
peared.8 

The discovery of chemical methods for asymmet­
ric reductions0 offers promise for the future that 
thymol can be catalytically reduced in such a man­
ner that proper asymmetry would be introduced at 
C-1 in the menthol mixture produced. Provided the 
desired optical asymmetry is present at C-1, there­
maining asymmetric centers at C-3 and C-4 can be 
manipulated to give (-)-menthol with little trou­
ble. At present, however, this breakthrough is only 
an anticipation of things to come. 

The. stereoselecti.ve synthesis of (-)-menthol 
from readily available optically active terpenoids 
possessing properly disposed asymmetric center(s) 
offers intrinsically the most attractive routes to this 
alcohol without the necessity of optical resolution. 
Examples of such synthetic possibilities have led to 
several commercially exploitable procedures which 
should be mentioned. 

From dementholized cornmint oil. Dementhol­
ized "cornmint" oil is the supernatant oil obtained 
from freezing naturally occurring (-)-menthol 
from oil of Mentha arvensis. In compositions this 
dementholized cornmint oil is similar in many . 
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respects to the peppermint oil obtained from 
Mentha piperita and is valuable in its own right 
for peppermint :flavorings. Considerable quan­
tities of this relatively inexpensive by-product oil 
(from natural menthol production) have historical­
ly been processed by enriching the residual (-)­
menthol present by chemical conversion of menthyl 
acetate (via ester hydrolysis) and menthone iso­
mers (via mild reduction techniques) into addition-

- al (- )-menthol. The (- )-menthol can then be sep­
arated and purified by distillation derivative crys­
tallization or as the borate ester.1•10 A typical 
analysis of dementholized cornmint oil is shown:11 

Component 

ex-Pinene 
8-P inene 

Percentage 

(+)-L lmonene 
Cineole 
3-0ctanol 
(-) - Menthane* 
(+)-lsomenthone* 

1

-)-lsopulegol* 
+ - Heomenthol* 
+ - Heoisopulegol* 
- - Menthol* 

~
+ -Neoisomenthol* 
+ -lsomenthol * 
- -Henthylacetate* 

(+ - Piper ltone* 

1..8 
2.3 
6.2 
0.5 
2.0 

27.6 
6.0 
4.6 
2.6 

.1. 6 
31.7 
1.0 
1.0 
2.9 
6. 1 

*All convertible to (-)-menthol by 
chemi ca l means. 

From citronella oil (Figs. 2, 3). The production of 
(-)-menthol from citronella oil is probably the 
most popularized synthetic of the procedures, since 
it is used as an illustration in many organic chemical 
textbooks. This process has been used commercially 
both in the United States and abroad whenever the 
price ratio of citronella oil to natural menthol was 
advantageous. (+)-Citronella! is separated from 
citronella oil by fractional distillation and then sub­
jected to cyclization procedures. Classically, this 
cyclization is carried out in protonic media (formic 
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Fig. 3. (-).Menthol from (+).cilronellll. 
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acid, phosphoric acid, acetic anhydride, or solid 
loff has shown that thermal cyclization occurs 
acidic catalysts such as silica). More recently, Oh­
cleanly and in high yield.12•13 The resultant iso­
pulegol isomers formed possess· the necessary asym­
metric center at C-1 of the p-menthane skeleton for 
(-)-menthol production. The (-)-isopulegol can 
be physically separated18 and directly hydroge­
nated to (-)-menthol, while the remaining isopule­
gol isomers are recycled to an equilibrium mix­
ture.18 Alternatively, the total isomeric mixture of 
isopulegols can be hydrogenated to an isomeric 
menthol mixture. (-)-Menthol is separated and 
purified through high efficiency distillation columns 
and recrystallization (of derivatives). The remain­
ing isomeric menthols can be isomerized catalyti­
cally to an equilibrium mixture favoring the desired 
(-)-menthol ison:ter.l This process of physical sep­
aration of (-)-menthol or (-)-isopulegol and iso­
mer equilibration can be continued at will and is 
an integral part of the commercial production of 
(-)-menthol from (+)-citronella!. The retention 
of optical activity in this process is determined com­
pletely by the fact that the initial asymmetric cen­
ter in (+)-citronella! is carried through the entire 
sequence unchanged. Configurations at C-3 and C-4 
in the resultant p-menthane skeleton are manipu­
lated to always correctly relate to C-1. Maintenance 
of such a center of spatial configuration is manda­
tory for any successful (-)-menthol synthesis from 
optically active starting materials. 

From ( + )-pulegone (Fig. 4). The manufacture of 
(-)-menthol from ( + )-pulegone (ex Spanish pen­
nyroyal oil) similarly is dependent on configura­
tion at C-1 in the present material.14 In this process 
the 4,8-double bond is catalytically hydrogenated 
and then the mixture of (-)-menthone and ( + )­
isomenthone so produced is reduced by sodium in 
alcohol to give predominantly (-)-menthol. Re­
duction of menthones by nascent hydrogen gen­
erated in situ is the preferred procedure inasmuch 
as this system allows epimerization of the isopropyl 
group and preferential reduction to an all-equato­
rial substituent system, presumably via the enolate.1 
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Fig. 4. (-)-Menthol from <+)-pulegone. 

----

(·)-lleothol 

From (-)-piperitone (Fig. 5). (-)-Piperitone is a 
major constituent of Australian oil of Eucalyptus 
dives. This material presents a somewhat different 
case because the optical activity is due solely to 
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the asymmetric C-4 carbon which possesses the op­
posite configuration present in (-)-menthol. This 
means that to achieve the correct configuration we 
must selectively induce the correct asymmetry at 
C-1 and then invert C-4 in the final product. Be­
cause C-4 is adjacent to the ketone carbonyl, (-)­
pi peri tone is easily racemized in the presence of 
either acidic or basic substances. For this reason 
much effort has been expended to find a simple pro­
cedure for preparing optically pure piperitone 
from a partially racemized mixture.ll1•16 

Hydrogenation of the 1,2-double bond of (-)­
pi peri tone produces (+)-menthane and ( + )-iso­
menthone. Since these ketones are of the opposite 
optical series with respect to C-1, on reduction 
with sodium in alcohol, (+)-menthone gives {+) 
-menthol while ( + )-isomenthone gives (-)-men­
thol. This drawback precludes production of (-)­
menthol by this sequence due to partial racemiza­
tion.l7 Alternatively, (-)-piperiton~ may be re­
duced18 to a mixture of (+)-trans-piperitol and 
(- )-cis-piperitol {64% traM and 36% cis) using 
LiAIH4• Hydrogenation of ( + )-trans-piperitol with 
Raney nickel produces ( + )-isomenthol (major prod­
uct) and (+)-menthol (minor product), while (-)­
cis-piperitol affords (-)-neomenthol (major prod­
uct) and ( + )-neoisomenthol (minor product). Iso­
merization of ( + )-isomenthol and ( + )-neoisomenthol 
in the presence of oxidation-reduction catalysts can 
produce (-)-menthol; (-)-neomenthol, however, 
isomerizes to (+)-menthol. As can be seen, this 
process is plagued with isomer separation of ma­
terials whose configurations at requisite asym­
metric centers are antipodal. For this reason, 
(-)-menthol of high optical purity is rarely 
ever produced from (-)-piperitone without some 
optical resolution being required at "6 final purifica­
tion stage. A more direct approach at (-)-menthol 
production from the antipodal (+)-cis and (-)­
trans-piperitols will be discussed later.19 

From a -phellandrene (Fig. 6). The same stereo­
chemical complexities that plague menthol produc­
tion from (- )-piperitone also are encountered if 
(- )-a-phellandrene is used as the raw material. 
Addition of hydrogen chloride to phellandrene af­
fords phellandrene hydrochloride (predominantly, 
1-chloro-2-menthene) which can be converted to 
a mixture of optically active cis and trans piperityl 
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Fig. 6. (- )oM•nthol from (-)-a.-phell•ndrene. 

acetates by allylic displacement with sodium ace­
tate in acetic acid.20·21 Hydrolysis affords (-)-cis­
piperitol and ( + )-traM-piperitol. Alternatively, 
phellandrene hydrochloride may be oxidized with 
chromic acid to give (-)-pi peri tone. 22 Either se­
quence puts one into exactly the same situation as 
previously described for converting natural (-)­
piperitone to (- )-menthol. 

From (- )-,8-pinene (Fig. 7). A more successful 
approach in which asymmetric centers are con­
trolled so as to avoid isomeric materials with op­
posing antipodes in the synthetic sequence has been 
developed by Glidden-Durkee (SCM Corpora­
tion). (-)· P ·Pinene of very high optical purity oc­
curs as a major constituent in both gum and sul­
fate turpentine produced in the eastern United 
States. Typically, these types of turpentine contain 
60-65% a-pinene and 20-35% (- )-,8-pinene from 
which the latter is commercially separated by 
fractional distillation for use as a raw material in 
resins and for perfume and flavor materials such 
as geraniol, linalool, citral, nopol, and a multitude 
of related aromatics.23•28 Hydrogenation of (-)­
,8-pinene affords predominantly (-)-cis-pinane 
with the requisite asymmetry at C-1 required for 
conversion all the way to (.-)-menthol. Pyrolysis 
of (- )-cis-pinane affords optically active 2,6-dimeth­
tyl-2,7-octadiene which can be converted to (+)­
citronellol by several routes. One procedure in­
volves protection of the 2,3-double bond by reac­
tion with HCl to form 2-chloro-2,6-dimethyl-7 
-octene followed by anti-Markownikoff addition of 
HBr. Solvolysis of the intermediate bromo-chloro 
compound affords a mixture of a- and ,8-citronellol 
(either directly or more usually as the ester). [Only 
the ,8-isomer is desired and so the a-double bond is 
subjected to isomerization to the ,8 position.] Al­
ternatively, direct treatment of 2,6-dimethyl-2,7-
octadiene with organoaluminum compounds such 
as aluminum triisobutyl (or alkyl boranes) and 
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Fig. 7. (- ).Menthol from (-)-,B·pin• n•. 
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oxidation-hydrolysis affords ( + )-,8-citronellal in 
high yield. This latter sequence offers consider­
able advantages over the former, provided appro­
priate safety precautions are employed. Catalytic 
oxidation of ( + )-citronellol gives (+)-citronella!, in 
good yield, which is then convertible to (-)-menthol 
by classical procedures. The degree of optical puri­
ty of the final product obtained via this procedure 
is highly dependent on excluding the small per­
centage of trans-pinane produced in hydrogenation 
of (-)-,8-pinene. Pyrolysis of this latter material 
affords antipodal 2,6-dimenthyl-2,7-octadiene which 
when carried through the sequence gives ( + )­
menthol. While seemingly insignificant because of 
the small percentage generated, this can play a 
distinct role in the final optical purity of the men­
thol produced. 

From (+)-3-carene (Fig. 8). (+)-.:1-3-Carene from 
Western U.S. turpentine20 provides another mono­
terpene raw material for the potential production 
of (-)-menthol. Catalytic isomerization30

•
81 pro­

vides the needed ( + )-.:1-2-carene required for 
either of two alternate synthetic routes. 

11<0 

Fig. 8. (- ).Menthol from <+).A-3-c•rene. 

In one approach, reaction of ( + )-2-carene with 
peracid yields ( + )-cis-2,8-p-menthadien-1-ol via 
the intermediate cis-2-carene epox:ide.82 Allylic dis­
placement33 with acetic or formic acid in a buffered 
solution affords a mixture of cis- and trans-piperi­
tenyl acetates (or formates) which on hydrolysis 
give (+)-cis- and (-)-tran.s-piperitenol. These iso­
meric alcohols are separated by fractional distilla­
tion and the cis-isomer is recycled by the same 
buffered carboxylic acid system used above to 
mixed cis/ trans piperitenyl esters.38 In this manner 
pure (- )-tran.s-piperitenol is obtained with mini­
mum losses due to (+)-cis isomer formation. The 
(-)-trans-piperitenol is desired here so as to be 
able to selectively obtain (-)-menthol directly on 
hydrogenation. Hydrogenation over Pd/C affords 
better than 70% (-)-menthol along with some un­
desired (- )-isomenthol. Efficient fractional distil­
lation gives (- )-menthol of good purity. Unfor­
tunately, the (-)-isomenthol obtained in the last 
step of this synthesis is of the opposite optical se­
ries, but since this can be catalytically converted to 
racemic menthol under strong catalytic condi­
tions,:~ this by-product is salable. 

A second route, developed by Hercules, Inc., in-
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valves pyrolysis of ( + )-delta-2-carene to ( + )­
trans-2,8-p-menthadieneao.a• with generation of 
an asymmetric center at C-1 which is carried 
through the remainder of the synthesis. Isomeriza­
tion of this 2,8-menthadiene to ( + )-~,4(8)-p­
methadiene can be accomplished either catalytical­
ly in the presence of strong bases80 (e.g., potassium 
t-butox:ide) or via hydrochlorination-dehydrochlo­
rination. Treatment of ( + )-2,4(8)-p-menthadiene 
with hydrogen chloride affords 8-chloro-3-p-men­
thene which can be reacted with sodium acetate 
and acetic acid to give mixed (cis/trans) pulegol 
esters via allylic displacement.85 Hydrolysis affords 
(-)-cis and ( + )-trans-pulegol. Because the abso­
lute configuration of C-1 is fixed in this system, re­
duction of either pulegol isomer provides menthol 
isomers which can be readily equilibrated to pre­
dominantly (-)-menthol. More specifically, reduc­
tion of (-)-cis-pulegol affords (-)-menthol and 
( + )-neoisomenthol, while ( + )-trans-pulegol gives 
( + )-isomenthol and ( + )-neomenthol. Purification 
of equilibrated menthol isomers is carried out as 
previously mentioned (e.g., fractional distillation 
and crystallization of menthol derivatives). This lat­
ter process is intrinsically one of the most attractive 
potential routes to (-)-menthol developed to date. 

From (+)-limonene (Figs. 9-15). At this point I 
would like to describe a route to (-)-menthol de­
veloped at R. J. Reynolds from (+)-limonene, the 
abundant by-product terpene derived from steam 
distilling orange and lemon peels. ( + )-Limonene 
of high optical purity was hydrogenated to ( + )-
1-menthene over a Raney-Ni catalyst (97% yield). 
A rather . protracted study was undertaken at this 
point on methods of epoxidation of (+)-1-menthene 
with a view to economics (and stereoselectivity). 
From our previous study36 we knew that reaction 
of 1-menthene with peracids produced essentially a 
1:1 mixture of cis/trans epoxides. We had also 
found that direct acetic acid-sodium acetate solvoly­
sis of (+)-tran.s-1-menthene oxide would give 
predominantly the desired ( + )-1-hydroxy-neocar­
vomenthylacetate, 37 whereas similar treatment of 
the cis epoxide gave only 1-acetoxyneocarvomen­
thol. Without belaboring the theoretical implica­
tions, it should be pointed out that this study dem­
onstrated for the first time that 1,4-disubstituted-1-
cyclohexenes which were previously considered to 
be attacked in a non-stereoselective manner by 
electrophilic reagents, could be directed to give 
predominantly either the cts39 or trans40 epoxides, 
as desired. The discovery that air oxidation of 
(+)-1-menthene in acetaldehyde gave a reason­
ably good yield of (+)-1-menthene epoxides pro­
vided an economical process. Since none of the 
epoxidation processes studied was completely 
stereospecific, the idea of direct solvolysis to 1-
hydroxyneocarvomenthylacetate was abandoned. 
Instead, since both the cis and trans epox:ide pro­
duce (+)-1-hydroxyneocarvomenthol on hydroly­
sis, this intermediate was prepared from the 
mixed epoxides and then converted by acetylation 
to the desired hydroxyacetate. 

Pyrolysis of ( + )-1-hydroxyneocarvomenthylace­
tate gave a mixture of 8 parts of (-)-trans-2-men-
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thene-1-ol and 2 parts of the novel ring contraction 
product, 3-isopropylcyclopentyl methyl ketone. The 
small amount of 1-hydroxyneoisocarvomenthylace­
tate formed in the hydrolysis/ acetyl~tion se­
quence (derived from the trans epoxide)81 g~ve 2.5 
parts of (+)-ci.t-2-mentbene-1-Ql and 7.5 parts of 
3-isopropylcyclopentyl methyl ket~ne. A study of 
such pyrolytic ring contractions of cyclohexyl-1,2-
hydroxyacetates has· been published.41 Although 
the pyrolysis products can be purified at this stage, 
it is more practical on a large scale to subject the 
crude pyrolysate to solvolysis in acetic acid/so­
dium acteate wherein the 2-menthene-1-ols41• are 
converted to a mixture of the piperityl acetates88 

through allylic substitution-rearrangement ( 42% 
cis/58% trans). Inasmuch as the · isomeric cis and 
trans piperityl acetates are separable only with dif­
ficulty by fractional distillation, it is most con­
veW,ent to take the crude mixtures of acetic acid 
solvolyzed crude pyrolyzate and hydrolyze the to­
tal mixture with base· to give the corresponding 
mixed (+)-cis and (-)-trans-piperitols. These iso-

• 
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meric alcohols are readily separable by distillation 
along with the 3--isopropylcyi:::lo?entyl met_hyl ke­
tone formed durlng the pyrolysiS step. Tins latter 
Jcetone, although of no further interest to us in our 
menthol synthesis, is interesting from several other 
standpoints. First. reduction to 1-(3-isopropylcy­
clopentyl)-1-ethanol provides the interesting lina­
lool-muguet floral type perfumery material re­
ported by Eschinasi;42 and second, the ketone it­
self is very closely related to an interesting hurley 
tobacoo isolate (3-isopropenylcyclopentyl methyl 
ketone)•s and itself possesses distinct burley to-

·bacco flavor characteristics.••·•11 

Having separated the ( + )-c&s and (-)-trans­
piperitols, we had-several alternative courses of ac­
tion for obtaining (-)-menthol. First, "sf;"lective .. 
hydrogenation of (+)-cis-piperitol stereospecifical­
ly to (+)-neomenthol would "fix" the absolute con­
figuration at C-1 so that upon equilibration of the 
C-3, C-4 asymmetric centen, (-)-menthol would 
be the predominant product. Unfortunately, in all 
cases some (-)-neoisomenthol was produred and 
because this alcohol possesses the opposite absolute 
configuration at Cl, upon isomeriz.ation it wo·.tld 
yield (+)-menthol. For tllis reason we decided to 
recycle the (+)-cis· pi peri to] back into the solvoly­
sis system used on the (-)-trans-2-menthene-1-o) 
for productlon of equilibrated piperityl acetates. In 
this way the ds-piperitol was converted to a 427c 
cis/58% trans mixture from which additional (-)· 
trans-piperitol was obtained after ester hydrolysis. 
By continuously repeating this procedure durlng 
production a maximum amount of (-)-trans-pi­
peri to] is obtained, and since the solvolysis system is 
used in the preceding sequence, it is quite con­
venient to feed the (+ }-cis-piperitol stream back in 
at this stage. 

Having abandoned any real consideration of re· 
ducing cis piperitol to menthol isomers, we now 
undertook a brief study on the direct reduction of 
(-)-traM-piperitol to (-)-menthol. It shortly be­
came apparent that 5% Pd/C in ethanol would pro­
vide 75% (-)-menthol and 25"/o (-)-isomenthol. 
Fortunately, these two isomers are separable by ef­
ficient fractional distil1ation and {-)·menthol of 
high purity was readily obtained. Since the (-)· 
isomenthol formed is of the opposite optical series, 
th<.' only utility this material has is for production 
of menthane (by oxidation) or racemic menthol via 
isomerization techniques.~ 

Organoleptic properties of menthol isomers. The 
above examples illustrate the basic routes to (-)· 
menthol from available optically active terp('nes. 
Let us now turn to the organoleptic properties of 
some of the menthol isomers and par1i'cularly to 
the reason why (-)-menthol is preferred O\'er ract'· 
mic or (+)-menthol. 

(-)-Menthol has been utilized for many years 
for its cooling properties which are dt>sirable in cer­
tain topical and ingested applications. Although 
Mgumcnts have raged in scienti6c circles for half a 
century, about the physiological response of cnan. 
tiomc-rs, until recently the reason for sue:h differ· 
cnc-cs ~as poorly ~nderstood. Industrially it was 
n-<'Ogmz.e.d a long time ago that (-)-menthol pos-
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sessed more cooling pov.:er than (+)-menthol. Pub· 
lished reports, however, range from (+ )-ment.hoJ 
having no <.-ooling power28 to the more recent find­
ings that it has about % the cooling power of the 
laevo isomer.te But if the only difference was cool­
ing power, wh)· then was ract'mic menthol so total­
ly unsuited for use in flavor applications as a re­
placement for (- )-menthol? As was pointed out at 
a recent symposium on Gustation and Ollaction,•1 

the dertro and loevo forms of menthol fal1 into that 
small but scientifically significant group of enantio­
topic materials that possess distinctively different 
aromas. This may simply be explained by the fact 
that action of odorant molecules v.iith chemorecep­
tors can be three dimensionally dependent. 

Picture for a moment the olfactory reception ap· 
paratus. Surrounding the olfactory nerve cell is a 
highJy organizttd bimolecular leaA<>t lipoprotein 
membrane. On one side (outer) the fluid possesses 
a high sodium ion concentration while on the inner 
side of the membrane a high pot1'tssium ion concen­
tration is found. The differential ion c:onc:entrat:on 
sets up an electrical voltage potential.~8 Spanning 
the biomembrane are transmembrane channels 
which act as ion pumps. It is 'known that these trans· 
membrane channels are comprised of helical pro­
tein structures and this is the mechanism by which 
ion selective permeation biomembranes can OC· 

cur.49 Such protein channels possess discrete pre· 
ferred 3·dimensional conformations. Ob\'iouslv, • 
this is a drnamic system and ion permeation is a 
continuously pulsating process even in the equilib­
rium state.~0 W'hen an odorant contacts tht"se bio­
membrane structures in the olfactory epithe­
lium a measurable electrical impulse occurs, pre­
sumablr <;orresponding to alteration in the cationic 
permeability of the biomembrane. The adsorption­
desorption process of odorants at the lipid boundary 
interface presents a novel system which may also 
possess some 3-mmensional preferences.~~ Inter­
action of chemical odorant messengers with the 
protein structure composing the biomolecular 
transmembrane channel by complexing via h)·dro­
gen bonding or sulphydryl groups of the helical 
.. ion pump"ll:~ causes conformational defom1ation of 
the helical structure, thus altering the rate and 
pulsation order code of the ion pump. The change 
in the transmitter code and electrical pot<'ntial re­
!inlt-; in th(' spcci£c odorant message. 

The gt•n('ral nl£'chanism prest>nt(:d ahow supports 
the basiC' .ideas elaborated br Dadt•sll0 and is in all 
prohabilitr valid f<?r C'ettain other fonns of clwm· 
orcception (e.g., taste, nnestllrsia):~a That such pro­
cesses are 3-rlitn<'nsionaHy d~:pendcnt is not sur­
prising nnd, in fad, jt is amazing tl1at such ronsid· 
erations were ignored until reccnt1)·.:~4 As this 
me<·hanism is further studied, better corr<.>lations to· 
molet.·ular slmcture and odor "ill undoubtedly 
supersede the very elementary information pres· 
cntly being proposed.~$ 

The marked C'hange in odor dJaract<'risti<:s of the 
other nwnthol isomers is certainlr not surprising 
wh<.'n one t.-onsidc~ the basi<.· 3-dimt>nsinnal depen­
dence of ooor reception. 

Figures. 16 and 17 present tlw o•·ganolt'ptic prop-
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Fig. 16. To!Mcco flavor of Isomeric menthols. 
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Fig. 17. ToiNcco flavor of aromatic Intermediates from synthetic 
menthol study. 

erties of the various menthol isomers studied along 
with the intermediates from the final menthol syn­
thesis described. While these evaluations were 
made in the course of studying the organoleptic 
properties of aromatic materials on tobacco,44 

there are similarities in the odors of the materials 
alone. 
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