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XXVI.-Researches in the Menthone Series. Part I X .  
A New Optical Resolution of dl-.Menthol and of 
dl-Cam phor- I0-sulphonic Acid. 

By JOHN READ and W ~ L L B M  JOHN GRWB. 
ALTHOUGH the naturally occurring form, E-menthol, was fairly 
readily obtained by the optical resolution of dl-menthol by Pickard 
and Littlebury (J., 1912,101, log), the method does not appear to 
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lend itself to  the preparation of d-menthol in quantity, the R ~ Y  
Operations being summarised as follows (Eoc. cit., p. 121) : dl-menthyl 
hydrogen phthabte -+ brucine salt (mother-liquors) --+ h p ~ e  
d-menthyl hydrogen phthalate + impure d-menthol -+ impwe 
d-menthyl hydrogen succinate + cinchonidhe salt (six recrystal- 
lisstions) 4 slightly impure d-menthyl hydrogen succinate 4 
slightly impure d-menthol -+ slightly impure d-menthyl benzoate 
(two recrystallisations) -+ pure d-menthyl benzoate. A more 
recent resolution of dl-menthol (Neuberg, Jacobsen, and Wagner, 
Permentforsch. , 1929, 10, 491) through glucoside formation with 
a- or p-acetobromoglucose has not led to the isolation of pure 
d-menthol . 

Several attempts have been made to render d-menthol accessible 
in useful quantities, but as yet we have had no opportunity of 
preparing it from d-menthylamine (J., 1929,23). 

We now show that a mixture of Z-menthyld-camphor-10-sulphonate 
(Z-D) and d-menthyl d-camphor-10-sulphonate (d-D), which is easily 
obtained by the interaction of dZ-menthol and d-camphor-10-ad- 
phony1 chloride in quinoline, yields the first of these esters in a state 
of purity after four recrystallisations. Similady, pure d-menthyl 
Z-camphor-10-sulphonate (d-L) may be obtained by using Z-camphor- 
10-sulphonyl chloride. The process is not hindered by the presence 
of a little of the antimeric acid chloride, and a yield of more than 
40% of the calculated quantity of pure ester is easily secured. 
Hydrolysing agents furnish mixtures of I (or d)-menthol and partly 
racemised d (or I)-A3-menthene from these two esters (compare 
Patterson and McAlpine, J., 1928, 2464), the main reaction proceed- 
ing as follows : CloHl,~O~SO,R -+- C,,H,, + R*SO,*OEI. The 
product obtained by steam-distilling d-rnenthyl Z-camphor-10-sul- 
phonate in presence of 50% aqueous oxalic acid was shown to contain 
d-menthol corresponding to not less than 25% of the ester, but the 
yield of pure d-menthol actually isolated was only 10%; the 
substance had m. p. 42", [a]$* + 49.9" (alcohol). It is not clear that 
uncombined d-menthol has been previously prepared in a state of 
stereochemical purity. Its odour, although of the same general 
character, is fainter than that of Z-menthol (compare Pickard and 
Littlebury, Zuc. cit., p. 112). Pure dl-menthol, now prepared for the 
first time by mixing equal quantities of the d- and the Z-form in 
light petroleum, melted at  34", which is the temperature already 
recorded for specimem prepared directly from optically inactive 
materials. 

The Z-camphor- 10-sdphonyl chloride used in the above process 
may be recovered; since, also, the operations are simple and eady  
conducted, the optical resolution of dl-menthol in this way provides 
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a practicable method for the preparation of d-menthol, in spite of 
the unsatisfactory result of the final hydrolysis. The esters I-D and 
d - L  should be of use in the diagnosis of I -  and d-menthol, respectively. 

An equimolecular mixture of the esters d - L  and I-L, when 
recovered from an ethereal solution, melted indefinitely over a wide 
range of temperature and gave no indication of the formation of 
a partial racemate. Similar behaviour was shown by a mixture of 
I-D and I-L. In  both cases, the observed rotatory power in chloro- 
form was practically equal to the mean value for the two components. 
An equimolecular mixture of I-D and d-L appeared to give rise to 
mixed crystals when allowed to separate slowly from ethyl acetate. 
Owing to the easy separation of I-D from I-L, dl-camphor-10-sul- 
phonic acid is readily resolved by conversion into the I-menthyl 
ester, three recrystallisations of the product furnishing pure I-D in 
about 65y0 yield. When heated to 153", the ester decomposes 
suddenly and quantitatively into pure &-camphor-10-sulphonic acid 
and partly racemised d-A3-menthene (compare Patterson and 
McAlpine, J., 1927, 349). It may be added that the velocity of 
formation of I-D is appreciably greater than that of d-D : we are 
engaged in a further study of this and other problems arising out of 
the present research. 

E X P E R I M E N T  A L. 

I-Menthyl d- Camphor- 1 0-sulphomte .-To a soh  t ion of I-menthol 
(5.2 g.) in freshly distilled anhydrous quinoline (20 c.c.) was added 
slightly more than 1 mol. (8.5 g.) of d-camphor-10-sulphonyl chloride 
(J., 1930, 2768). The chloride dissolved on gentle warming, the 
temperature rose spontaneously to 70-80", and quinoline hydro- 
chloride separated on cooling. The solid ester obtained by treating 
the product with dilute hydrochloric acid was steam-distilled for 
15 minutes in order to remove unchanged menthol; i t  waa then 
washed with water, dried, and recrystallised from hot ethyl acetate. 
The yield waes about 85y0 of the calculated amount. The quinoline 
was recovered and used again. Dry pyridine was also used success- 
fully in the reaction (compare Tschugaeff, Ber., 1911, 44, 2026). 

The ester crystallises from light petroleum in slender needles, 
attaining 5 or 6 cm. in length. From a cold saturated solution in 
ethyl acetate it is deposited in magnificent doubly-terminated 
prisms: one such crystal, 6 cm. long, weighed 10 grams. The 
following report of a crystallographic examination of the substance 
has been kindly furnished by Miss Mary W. Porter, B.Sc., of the 
Department of Mineralogy, University of Oxford : 

'' The system is tetragonal, c : a == 1.3788 : 1, the forms being 
a(100), m(110) and p(l l1) .  The habit of the crystals shows m(110) 
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well developed and a(100) narrow (Fig. 1). The angular values 
obtained from the measurement of five crystals are given in the 
following table : 

P 
/--- 

4 
No. of Mean Mean 

Form. readings. Limits. obs. Calc. Limits. oba. Calc. 
a (100) 14 359" 51'- 0" 14' 0" 1' 0" 0' 89" 54 -90" 9' '30" 2' 90" 0' 
m(110) 19 44 55-45 7 45 1 45 0 89 54-90 34 90 4 90 0 
~ ( 1 1 1 )  20 44 4 7 - 4 5  9 46 06 45 0 62 34-63 17 62 61 - 

Cleavage : m( 110) perfect. 
I-Menthyl d-camphor-10-sulphonate gave 411;' - 0.83", [a]!:' 

- 20.9" (c 1.9855, chloroform; I 2) (compare Ber., 1911, 44, 2026) ; 
it  melts at 125.5" and decomposes at 153", 
forming d-camphor-10-sulphonic acid and partly 
racemised d-A3-menthene (Found : C, 65.2; H, 
9.3. Calc. for C,,H,O,S : C, 64.8; H, 9.3%). 
When steam-distilled, the ester does not 
volatilise, but it undergoes an extremely slow 
decomposition leading to the formation of 

partly racemised d-A3-menthene ; the addition IH I 111 

of sodium hydroxide appears to have little or no 
effect upon this process. The ester is very stable 
towards hot alcoholic potassium hydroxide ; 
when treated with sodium in hot ethyl alcohol, 
i t  breaks down slowly, yielding menthol and 
menthene, and a similar reaction occurs much 
more readily when boiling propyl alcohol is sub- 
stituted for ethyl alcohol. The ester is not affected appreciably 
when warmed with tin and concentrated hydrochloric acid, or 
with zinc and glacial acetic acid. Prolonged boiling with 20% 
hydrochloric or sulphuric acid causes a gradual decomposition 
of the ester, with the production of menthene, and a similar change 
occurs rapidly when the substance is heated with a methyl- or 
ethyl-alcoholic solution of hydrogen chloride. The most satisfactory 
hydrdysing agent which we have yet applied to the ester is hot 50% 
aqueous oxalic acid : this yielded a mixture of I-menthol, d-camphor- 
10-sulphonic acid and partly racemiaed d-A3-menthene. I-Menthyl 
benzoate prepared from the volatile product had m. p. S4", [a]fTo 
- 89.0" (c  2-0, alcohol) and [a]:;" - 90.6" (c  1.1, benzene) (compare 
J., 1912,101, 119). 

1-dlenthyl 1-Camphor-lO-suZphonute.-The crude ester was pre- 
pared, in the manner described above, from I-menthol and Z-camphor- 
10-sulphonyl chloride ([a];:' - 31.0" in chloroform, c 24) .  The 

Double refraction positive." 

FIG. 1. 

I-menthol, d-camphor-10-sulphonic acid and I I I  
I 1  
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resulting colourless oil waa steam-distilled for 10 minutes only, in 
order to remove most of the unchanged menthol. The dried product 
crystallised slowly in the ice-chest. After two recrystallisations 
from an ice-cooled solution in rectified spirit, the ester had m. p. 
47", a$. - 3-10", [a]$* - 77.6" (c 1.9950, chloroform) (Found: 
C, 65-0; H, 9.3%). It sepazates in minute crystals, and is very 
soluble in alI the ordinary organic solvents. When heated to 153", 
it decomposes into I-camphor-10-aulphonic acid and partly racemised 
d-A3-menthene. In its behaviour towards hydrolysing agents it 
resembles I-menthyl d-camphor- 10-sulphonate ; it is, however, less 
resistant than the latter ester, being, for instance, more readily 
decomposed when steam-distilled. When mixed together in equal 
quantities, the two esters appear to decompose a t  about the mme 
rate during steam distillation; so that the above difference may 
depend upon the fact that the first ester, unlike the second, remains 
solid in contact with boiling water, when pure. 

Resolution of dl-ilfenthol with d-Camphor- lO-aulphmyl Chide . -  
dl-Menthol (m. p. 28*&-3142O), mixed in quinoline solution with 
d-camphor-10-aulphonyl chloride in the usual way, furnished a 
crystalline ester having [a];' + 26.0" (c 1.9, chloroform). After 
two recrystallisations from light petroleum and two from ethyl 
acetate, this product gave pure I-menthyl d-camphor-10-sulphonate, 
i den t id  with the foregoing ester, the yield being about 46% of the 
calculated amount. When treated with Soy0 aqueous oxalic acid, 
in the way described below, the ester yielded (1) partly racemised 
d-As-menthene, and (2) crude I-menthol, corresponding respectively 
to  40% and 35% of the amounts theoretically possible. The 
characteristics were (1) b. p. 45-50°/7 mm., .n',"' 1.4566, [a]:. + 34.0" (c 2-0, alcohol); (2) b. p. 85-90"/7 mm., [ 4 3 ~ *  - 35.6" 
(c 2.0, alcohol). The second fraction, after purification on porous 
plate, gave I-menthol having m. p. 42", [a]g* - 48*9", the yield 
being 10% of the amount theoretically obtainable from the originltl 
Z-menthyl d-camphor-10-sdphonate. 

Resolution of dl-Menthol With l-Camp7wr- 10-sulphimyl Chloride.- 
I-Camphor- 10-sulphonyl chloride, prepared from a stereochemically 
impure specimen of I-camphor ([a]:* - 37.0°, c 2-5, alcohol), had 
[a];* - 246" (c 2.0, chloroform), and thus contained about 12% of 
the &antimeride (compare Graham, J., 1912, la, 754). In reaction 
with dl-menthol it gave a crystalline ester having [a]:' - 19.0" 
(c 2.0, chloroform). When fractionally recrystallised twice from 
light petroleum and twice from ethyl acetate, this product yielded 
42% of the possible quantity of d-mmthyt l-camp~-lO-sulphonate, 
m. p. 125*fio, ag' $- 0*86", [aIu -j- 20-8" (C 2.0140, chloroform) 
(Found : C, 64.9; H, 902%). 
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Stam was p a a d  into a suspension of the powdered ester in hot 
60% aqueous oxalic acid, and the distillate was collected. The 
esfer ww added in portions of 10 g., at  intervals of 30 minutes, an 
equivalent of sodium hydroxide solution being introduced simultane- 
ously. When dried and fractionally distilled under diminished 
pressure, the volatile oil produced in this way yielded two main 
fractions : (1) b. p. 47-48"/7.5 mm., [.ID - 31.2" (c 2.0, alcohol), 
[.ID - 31-6" (c  2.0, ether); (2) b. p. 91-92"/8 mm., [.ID + 36.5" 
(c 2.0, alcohol). Fraction 1 was a liquid possessing the character- 
istics of partly racemised 1-A3-menthene ; the yield corresponded to 
42% of the ester. E'raction 2 was partly crystalline, and consisted 
of d-menthol contaminated with about 16% of menthene; the 
yield corresponded to 30% of the ester. The d-menthol contained 
in this fraction was thus about 25% of the quantity theoretidy 
obtainable from the original ester. When left on porous plate in a 
desiccator for 2 days, fraction 2 gave pure d-menthol. The oil 
recovered from the porous plate by extraction with ether was heated 
with boric acid a t  100-120" for 4 hours (Ber., 1929, 62, 2045), and 
the resulting semi-solid mass was distilled under reduced pressure to 
remove water and menthene, When steam-distilled with sodium 
carbonate solution, the residue gave a further quantity of d-menthol, 
wbich was dried on porous plate as before. The total yield of pure 
d-menthol was lo%, referred to the original d-menthyl Z-camphor- 
10-sulphonate. The product had m. p. 42", a:' + 1-52', [a]:' + 38.9"; a:* + 1-95', [a]:' + 49.9"; + 68.6"; 
a?' + 2.96', [a]!31* + 75.7" (c 1.9550, alcohol). A specimen of 
natural I-menthol, consisting of long prisms, m. p. 42", had a?' 
- 1-52", [a]:' - 38.6"; 4% - 1-95", [a]$* - 49.6"; aZil - 2*29", 
[a]gl - 58.2"; a:' - 2-96", [a]:* - 75.3" (c 1.9666, alcohol). 

The residue from the hydrolysis was neutralised with milk of lime 
in order to precipitate the oxdic acid, and the filtrate was evaporated 
to dryness on the water-bath. The resulting sodium Z-camphor- 
10-sulphonate, when treated with thionyl chloride, readily yielded 
I-camphor-10-sulphonyl chloride, [aJF - 31.0" (c 2.0, chloroform). 
Somewhat more than 80% of the sulphonyl chloride corresponding 
to the pure ester was recovered in this way. 

Equimolecular Mixtures of Certain Optically Active Menthyl 
Cumphor-lO-suZphonates.-( 1) An ethereal solution of equal weights 
of pure l-menthyl 1-camphor-10-sulphonate (m. p. 47") and d-menthyl 
1-camphor- 10-sulphonate (m. p. 125.5") when evaporated to dryness 
yielded a product composed of fine crystals. When heated, these 
softened at  about 50', became completely liquid at about 105", and 
decomposed a t  153", yielding dZ-A3-menthene and Z-camphor- 
10-sulphonic mid. The observed value of [ay;' in chloroform WM 

+ 2-29", 

H 
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- 28-9" (c 2*0), the mean of the values for the two components 
being - 28.4". 

(2) The product obtained in a similar way from Z-menthyl Z-cam- 
phor-10-sulphonste and I-menthyl d-camphor-10-sulphonate was 
indistinguishable in appearance from the foregoing material. When 
heated, it softened at  about 48", melted completely at  about 105", 
and decomposed a t  153", yielding partly racemised d-A3-menthene 
and dl-camphor- 10-sulphonic acid. The observed and the calculated 
value of [a];:' (c 2.0, chloroform) were - 49.6" and - 49.3", 
respec tively . 

(3) The optically inactive product obtained by evaporating to 
dryness an ethereal solution containing equal weights of I-menthyl 
d-camphor-10-sulphonate and d-menthyl I-camphor-10-sulphonate 
melted sharply a t  102". A large crystal obtained by slow deposition 
from ethyl acetate had [a]$* + 5.9" (chloroform), corresponding to 
a mixture of about 64% of &-L and 36% of I-D. 

Resolution of dl-Camphor-10-sulphonic Acid with 1-Menthol.- 
dl-Camphor-10-sulphonyl chloride (57.6 g. ; 1 mol.) was stirred into 
a solution of I-menthol (53.8 g . ;  1.5 mols.) in anhydrous pyridine 
(100 c.c.). A t  the end of the reaction the mixture was poured into 
water, and an ethereal extract of the resulting oily product was 
washed with dilute sulphuric acid and water. Excess of menthol 
was removed by steam distillation, and the crude ester was then 
isolated by extraction with ether ; it was obtained in 90% yield, and 
had [a]:' - 4794" (c 2.1, chloroform). Three successive recrystnl- 
lisations from hot ethyl acetate furnished pure I-menthyl d-camphor- 
10-sulphonate ([a]K' - 20*9", c 2.0, chloroform) in about 65% yield. 

When heated to about 155" in an oil-bath, the ester decomposed, 
yielding partly racemised d-A3-menthene and d-camphor-10-sul- 
phonic acid; the latter substance formed a crystalline mass in the 
flask. The two products of the reaction were readily separated by 
treatment with water and ether, or with light petroleum alone, the 
perfectly anhydrous acid being obtained in the latter case. When 
evaporated on the water-bath, the aqueous layer from the first 
process yielded the crystalline acid : after being dried in a vacuiim 
desiccator, this was found by titration to contain 7.5% of water, and 
i t  gave [a]:;' + 19-8", [a]:$1 + 26.1" (c 5.1, water); the corrected 
values were thus [ I X ] ~ '  + 214" and [a]& + 28.2". The acid was 
therefore optically pure (compare Pope and Gibson, J., 1910, 97, 
2214; Burgess and Gibson, J .  Xoc. Chem. Ind., 1925, 44, 496~).  
The yield from the ester was almost theoretical. The d-Aa-menth- 
ene formed in the reaction had [a]$* + 19.8" (c 2.1, alcohol). 

The acid obtained by washing the decomposition product of the 
ester directly with dry ether, followed by light petroleum, consisted 
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of a crystalline powder, the partkles of which differed from those of 
the foregoing specimen of the acid by showing no tendency to 
cohere : age + 2.17", [ct]f>B* + 21.4"; a%, + 2-84", [a];$, + 28.0' 
(c 5.0735, water) (Found : C, 516;  H, 7.0. C,,H,,O,S requires 
C, 51.7; H, 6.9%). 
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