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U R I S G  the past several years the authors hare  analyzed D numerous samples of menthol, mixtures of menthols, 
and mixtures of menthol with other terpene alcohols. I n  
some cases the usual methods for the determination of men- 
thol have been found satisfactory, but in many instances they 
do not give correct results, particularly when dealing with 
mixtures of isomeric menthols. The purpose of this work is to 
study the application of various methods of analysis to  the 
separation and determination of menthol and to indicate cer- 
tain necessary modifications. 

The structural formula for menthol as established by 
Semmler, Beckman, and others ( 8 )  is shown in Figure 1. It 
is apparent that  menthol is capable of existing in eight opti- 
cally actire forms. Six of the eight have been isolated and 
identified, as shown in Table I. 

TABLE I. MENTHOL STEREUISUUERS 

Llelting Specific 
Stereoisomer (71 Point Rotation 

c. 02 
1-Menthol 43 -49 5 
d-Menthol 43 +50.1  
1-Keoment hol Liquid -19 6 
d-Neomenthol -17 + I 9  6 
1-Isomenthol 80 8 -24 1 
d-Isomenthol 85.0 4-26 3 

Stereoisomers containing two or more 
asymmetric carbon atoms may differ in 
their physical properties. Further, al- 
though they undergo similar reactions, the 
difference in rates of reaction may be 
marked, as shown by this study. 

Until a fex  years ago the industry ob- 
tained all its “menthol U. S. P.” from 
Japan, where it occurs naturally in oil of 
peppermint, Mentha aroensis. I-Menthol 
in the pure state is the U. S. P. material. 
In  recent years, however, many synthetic 
menthols have appeared on the market. 
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FIGCRE 1 

They have consisted of varied mixtures of the other stereoiso- 
mers along with some of the U. 8. P. product. The number 
and proportion of isomers in any mixture of menthols is de- 
pendent on the method of synthesis. K h e n  d-citronella (4) 
obtained from citronella oil is used as the starting material, a 
mixture of three isomers-d-neomenthol, d-isomenthol, and 

1 Present address, Hercules Ponder  Company, JVilmington, Del 

l-menthol-is obtained. The large proportion of l-menthol 
present in this particular mixture makes possible its separa- 
tion on a commercial scale. The chief interest of the authors 
has been in the analytical reactions of these three stereo- 
isomers. The physical constants of the various menthols 
studied were determined as shown in Table 11. 

T.4BLE 11. PHYSICaL CONSTANTS OF hfENTHOLS 

Boiling 
Melting Specific Refractlve Point 

Point Rotation 1ndt.x (760 h l m  ) 

c. c. 0 2 h  n 2 0  

I-Xenthol (U. S. P.) 43 - 5 0 . 0  1.4600 216 
d-Yeomentho1 -17 +19 .7  1 ,4600  212 
d-Isomenthol 83 + 2 5 . 5  1,4600 21s 
hlixturea 15 - 2 .88  1.4600 214 
a The mixture consisted of approximately 35% l-menthol, 40% d-neo- 

menthol, and 25% d-isomenthol. 

The d-neomenthol was obtained by separgiting i t  from an 
isomeric mixture which had been enriched in this lower-boiling 
material by careful fractional distillation in a 240-cm. (8-foot) 
laboratory fractionating unit. The final purification was ef- 
fected by preparation of the d-neomenthol acetate (9) ester 
and subsequent hydrolysis of the recrystallized product. 
The d-isomenthol was prepared by separating it from a mix- 
ture which had been enriched in this higher-boiling material 
by careful fractionating as in the previous case. Final purifi- 
cation was achieved through repeated alcohol recrystalliza- 
tions. Although it is evident that the d-isomenthol was 
slightly impure, the 2-menthol and d-neomenthol were pure, 
as shown by comparison with Table I. 

Discussion of Methods 

Most methods for the determination of total menthol 
(1, 6 )  involve acetylation followed by hydrolysis of the acety- 
lated product with a n  excess of standard alcoholic potassium 
hydroxide. However, saponification by the use of potassium 
hydroxide in diethylene glycol (6)  is an improvement for the 
reaction and can be carried out in one fourth to one fifth of the 
time. Preliminary studies indicated that  the rates of both the 
acetylation and hydrolysis varied for different isomers of 
menthol. However, an acetylation time of 2 hours was found 
to be sufficient for complete reaction in all instances-in 
fact, 1 hour sufficed for all except the d-neomenthol. The low 
results obtained for some of the isomers were found without 
exception to  he due to  a too short hydrolysis time. Therefore, 

187 



188 INDUSTRIAL AND ENGINEERING CHEMISTRY VOL. 12. NO. 4 

in the authors’ study the acetylations were done in  a 2-hour 
period, and only the time of hydrolysis was varied. 

The pieces of equipment nece3- 
sary are 125-ml. conical Pyrex flasks, burets, pipets, and reflux 
condensers. The reagents are alcoholic potassium hydroxide 
(approximately 0.5 N )  and 0.5 N aqueous hydrochloric acid. 
The acid is standardized against the potassium hydroxide which 
in turn is standardized against benzoic acid (Primary Standard 
39c, National Bureau of Standards). In applying the methods 
of Redemann and Lucas (6) conical Pyrex flasks fitted with 90- 
cm. (%foot) air condensers instead of glass stoppers were used, 
since it was found that 15 minutes or more of gentle refluxing 
were required for complete hydrolysis of some of the samples. 

PROCEDURES. For the acetylation, 20 grams of the menthol 
were introduced into an acetylation flask along with 25 ml. of 
acetic anhydride (c. P. grade), and 5 grams of c. P. anhydrous 
sodium acetate. The mixture was refluxed gently for 2 hours. 
One hundred milliliters of distilled water were added, the mixture 
was heated on a steam bath for 30 minutes t o  destroy excess ace- 
tic anhydride, and the aqueous layer was drawn off. The oil 
layer was washed twice with 10 per cent sodium bicarbonate 
solution and three times with distilled water until the last wash- 
ings were neutral. In the past high results have been reported 
(2) because of failure completely to remove the excess acetic an- 
hydride. The use of the bicarbonate washes very effectively 
eliminates this source of error. Finally the material was dried 
over anhydrous sodium sulfate and filtered. 

For the hydrolyses, 1.0 gram of the ester was weighed and trans- 
ferred to conical Pyrex flasks equipped with water-cooled con- 
densers. Twenty-five milliliters of 0.5 N alcoholic potassium 
hydroxide were added and the solutions were brought t o  refluxing 
temperature. Determinations were made in triplicate and a 
blank was run with each set. 

APPARATUS AND REA4GENTs. 

TABLE 111. 

Sample 

1-Menthol 

&Menthol 

d-Isomenthol 

d-Isomenthol 

d-Neomenthol 

d-Neomenthol 

d-Neomenthol 

Mixture 

Mixture 

SAPONIFICATION WITH ALCOHOLIC POTASSIUM 
HYDROXIDE 

Ester 
Hydrolysie 

Time 
Hourn 

0.5 

1.0 

0.  j 

1 . 0  

1.0 

2.0  

3.5‘ 

2.0 

3.5a  

Total 
Menthol 

% 
9 9 . 7  
99 .7  
99 .7  

100.5 
100.0 
100.0  

9 8 . 4  
98 .7  
9 s .  4 
99 .8  
9 9 . 9  

100.4 
68 .9  
6 9 . 2  
6 8 . 4  
8 8 . 9  
88.6 
8 8 . 5  
9 9 . 9  

100 .2  
100.4 
9 3 . 0  
92 .9  
93.4 

100 .2  
100 .4  
100.2 

Average 
Menthol 

% 

99.7  

100.2 

9 8 . 5  

100.0 

6 8 . 8  

88 .7  

100.2 

93 .1  

100.3 

Corre- 
sponding 

Ester 
Value 

282.4 
282 .5  
2 8 2 , 4  
284 .2  
283.1 
283 .2  
279 .5  
279.5 
280.2 
282.5 
282.7 
284 .0  
209.0 
209 .7  
207 .8  
257 I7 
267 .1  
256 .8  
282 .9  
283 ,6  
284 .0  
267 .3  
267 .1  
267.8 
2 8 3 . 6  
284,O 
2 8 3 , 6  

hlean 
Ester 
Value 

282.4 

283.5 

279 .8  

283.0 

208 .8  

257.2 

283.6 

2 6 7 . 4  

283.7 

a Not aomplete a t  end of 3 hours. 

The results are shown in Table 111. Values are given in 
terms of total menthol calculated according to the usual 
formula for ester-free materials (3) and also in terms of the 
corresponding ester value. The results obtained when the 
diethylene glycol reagent (6) was used are shown in Table IV. 

Inspection of Table 111 indicates that  the hydrolysis of the 
esters of l-menthol and d-isomenthol is practically complete 
within 30 minutes and is definitely finished a t  the end of 1 
hour, but  the d-neoester requires 3.5 hours for complete 
hydrolysis. At the end of 1 hour only 68 per cent “total 
menthol” is obtained for material that  is really pure d-neo- 
menthol, as is shown by the result obtained on the same ma- 
terial when hydrolysis time TTas 3.5 hours. Low results were 

obtained also on the mixture a t  the end of 1- and 2-hour 
periods. Although the error is less here than in the case of d- 
neomenthol, the time required for complete saponification is 
essentially the same. 

TABLE I\-. ~APONIFICATION WITH PoT.4SSIUM HYDROXIDE IN 

Sample 

1-Menthol 

1-Menthol 

d-Isornenthol 

d-Isomenthol 

d-Neomenthol 

d-Neomenthol 

Isomerio 
mixture 

Isomerio 
niirture 

DIETHYLENE GLYCOL 
Corre- 

Ester sponding Mean 
Hydrolysia Total Average Ester Ester 

Time Menthol .Menthol Value Value 
M i n .  % % 

9 8 . 5  279.5 
5 9 9 . 0  9 9 . 0  280 .9  280 .6  

9 9 . 5  282 .1  
9 9 . 8  282.5 

15 100.1 9 9 . 9  283 .3  283 .0  
100.1 283.3 
99 .6  282 .2  
99 .1  9 9 . 2  281 .0  281 .5  
9 9 . 2  281.3 

100.2 283.6 
15 9 9 . 5  9 9 . 9  281 .8  283.0 

100 .2  283 .6  
99 .5  282.1 

15 9 9 . 3  9 9 . 4  281.6 281 .9  
9 9 . 4  281.9 
9 9 . 7  282 .5  

30 99 .7  9 9 . 8  282 .5  282 .9  
100.3 283.7 
9 8 . 4  279.7 

15 9 8 . 5  9 8 . 5  279 .8  279 .8  
9 8 . 5  279 .8  

100.4 284 .0  
30 100.3 100.2 283.7 2 8 3 . 6  

100.0 283.1  

5 

By the use of the diethylene glycol solution of potassium 
hydroxide, all the hydrolysis times are greatly reduced, and 
the precision of the results is equally as good. Again, the 
d-neomenthol and the isomeric mixture require the longer 
time. However, all the results indicate the definite advantage 
of using the diethylene glycol as a hydrolyzing medium instead 
of the usual alcoholic solution. 

Summary 
A comparison has been made of the value of alcoholic po- 

tassium hydroxide and of potassium hydroxide in diethylene 
glycol for the saponification of isomeric menthyl acetates. 
I n  the case of the acetate of d-neomenthol and of mixtures 
containing it, it  has been found necessary greatly to  increase 
the time usually specified for hydrolysis, since the d-neoester 
hydrolyzes so much more slowly than other menthol esters. 

A method for separating d-neo- and d-isomenthol from a n  
isomeric mixture of menthols has also been described. The 
method of Redemann and Lucas (6) for rapid hydrolysis of 
esters has been satisfactorily applied to  the menthol esters. 
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