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Thus far, only three esiers of menthol, namee
1y the acetate, the isovalerianate, and one in which nmene
thol is combined with an acid of eight ecarbon atons, have
peen found naturally in the peppermint oilsy” Since the
quality of the oil is influenced by the ester content, it
{5 of zome importance to study menthol estars.These are
used in perfumery, but to a greater extent ns medicines, -
Among these artificially preps wred are the formate, the
isov&leri&n&te?'thc cnx%mnntcs'an? the 3&119y1a$ﬁ%' The
menthol esters also offer excellent material Tor the stude
jes in optical retation on account of their large rota-
tion. For these rensons the esters have been studied ree
peatedly but the resulis obtained do not always agree
with those previously given. The obj@cﬁ of this revision,
therefore, is to bring tOW*tncr for comparison, these var-
jous results and to ascertain by experimental work which
of the record®d data can be relied uron and to eliminate,
as far as possible; those based on insufficient experi-

mentation or incorrect observation.

1. power and ¥Kleber, Arch, d., Pharm. 232, p. 639-59

G 5 ‘
2. Pertram, Winther "Patenteéder Org. Chem, Vol. 1, p. 623
3« Be Fiééher, hie neuen Artzneimittel, 5 Aufl.1893, p.277

4, Ribus and Scheuble, C.C., 77, (2) p. 385,
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WENTHYIL, FORUMATE.
Synonynsie Ameisensaeure Menthyl Ester.
Histéryi« This ester which has not yet been found in

nature wag firet prepared by Oppanheiml'in 18561 while

studying the stearopten of peppermint oil. In 1893 and
gi - prerared
in 1895, respectively, Schimmel & Co ., ; bt =

the ‘
formate on & commercial scale according to a modificaw i
tion of the method of Oppenheim patented by J. Bertrams*
ILater the formate was prepared and studlied by Behal%‘ﬁhe
128t work on this ester seons to have been done by Tschus

5. .
gaefl in 1898, who studied the optical rotation of the

esters.
FORVATION AND PREPARATION.

Formatione By condensaltion of menthol with formiec aecid.
CloﬁlgOH + HOCHO = ClGngocHo + Hzo. J

Berﬁram?'useﬁ hydmchloric, sulphuric and nitriec

agids as dehydrating agents, B&ha14‘lbtmr used a doudle {

'1‘ I-’j-ﬁb' ﬁl’u’l-‘ 120' }_}. 350:
2.0.0, 1893 1, p. 985.
3. Winther, Patente d. Org. Chem. Vol. 1, p. 623,

4. As Ch. 7, 20, Ps 423. o5 ¢
5. Ber. Dtsch. Ch. fes. 31, p. 360-68, Ibid. 1775-80.
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anhydride of formic and acetic acids prepared by himself,

. p
for the same purpose.Tschugaeff not only nscd formic acid

but alao an excess of a formate and sulvhmric acid. As to
i 2 - & 2'
the temperature of roaction, Oprenhein "suggests a"mehr

L :
oder minder stark tempepature using a sealed tube, Bers

3.0

tran” "clains that a low (niederer) temperaturs is prefere

&

abhle.

Preparationi~ Dertran's method ag patented is as follows:e

™00 parts of menthol are mixed with 200-300 paris of forme

ie {acetic, propioniec, butyrie, valerianic) scld with ad-
dition of 5-10 paxts of sulphuric {nitriec, hydrochloric)
acid. The temperature must not rise above 250C, otherwise
hydroearbons split off. This is diluted with water, the
ester separated, washed with water containing soda and
®ractionated in a vacuum or with steam. The busyrate or
valerianate can be heated to T0-800C. The esters of the
terpenc alcohols find use in perfumes and as medicines,
Trade names: Validol (walerianate), Stomachicum, Analep=
ticum, Anticepticum)

Propertiesi« The properties of the formate, purified by

fractional distillatlen, have been recorded as follows:

At ordinary temperature, nmenthyl formate is a
g€ " ;
- 5

1. Zer Disch, Ch. Ges. 31, pp. 360-68 and PP. 1775-80.

2 - Li ekf i g \:’3.2'11’1 - 120 3 p - 350 -

3. Winther, Patente d. Org. Ch. Vol. 1, p. 623.
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liquid, which, according to Schimmel & CO%' melis at 9eC,
According to Eehal?'menthyl formate boils at 2199, acw
cording %o Egrﬁramﬁ'at 950 under 10«1l m.m. pressure, and
according to ?sch*gaeff4’at 909 under 15 m.m, pressure,
The density as given by Eehalg‘is d =0.94%9 and 4 =0,9396,
according to Tschugaafféﬁ.%sﬁg at 200,

The angle of rotation ancording’ts Behalgfar the D line

is =80.17°, according %o Tsahugaeffé'«VQ.ﬁze who gives the
molecular rotation an «140.35°. Eehalz'giVQs the saponifi-
cation number as 28.77,

From the above it becomes apparent thalt the
properties of menthyl formate aa recorded by these inves-
tigators and prepared according to as many modifications
of the same general method, agree very well,

o B
Uses:» Menthyl formate i8 a sure analeptioum;” It is alse

g

® antinervosum, stomachicum and is used for sea sickness

a ?ro¢hylaatic§'

@
o

1. C.C. 1893, p. 985.
Anme Cho (7Y, 20, ps 423,

&
.

2. Winther Patente d. Org..Chem. Vol. 1, p. 623, :
4, Ber, Dbsch. Ch. Ges, 31, Pr. 360«68 and pr. 1775804
5. Kerner, Sghimmel & Co. Bers Apry 1904, p. 107.

6. Xopke “chirmel & Co. Ber. Oct. 1904, p.107.
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EMY’IH‘L R JXCWT “L.LL

Synonyms:- Ger, Bssigsaures Menthol, Tssigsaeure Menthyl
Beter.,

History:i« Yenthyl acetate was first prepared by Oppenw

neir”*in 1861. He assigns to it the formula:

916319}6

CgHse
Its presence in the reprermint oil was Tirst discovered
by Power and Ei@bnrzin 1894,

Qeccurrence:~ Menthyl acetate occurs noturally in the oil
2.

of pevnerminﬁ both in the American™*and in the Prenchi*
Formationt= l. By condensation of menthol with acetice acid.
Cq0tlag0H + HGGQCH5 = Cq0H190C0CHZ + HpO.
1t was according to this method that QOppen-

h@iml

first prepared this e-ter. He heated a nixture of
menthol and acetic acid and a salt of acetic acid to 150°C.

2« By éhe action of silver acetate on menthyl
iodide

Cygllygl + AgCOOCH= C ocﬁcg + Agl.

10 19
The reaction goes on Slowly when the lodide
and acetate,covered with ethor,are set aside for two days

g =
» 5

1. Tiev. Aﬁn. 12G,p 350,
2. Arch. d. Phaym, 232, p. 63950,
3. Charabot, BEull. Soc., Chim. 19, p. 117.
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more rapidly when heated. Perkenhaim;'lsqz As early as

1&825, Arthz'had already pointed out that when menthyl
chloride is treated in like manner, no ester results, but
menthene. This observation had been also corroborated
by others. Perkenheim®*also points out that menthene re=
sults when menthyl chloride is heated with potassium 4
cetate.

3. By the action of acetyl chloride on menthol.
Tschugaefs *1898.
C10/1190H + ClOCCHz3 = Cq4H,g00CCH; + HC1,
4. By the action of acetic anhydride on menthol.
CyoH1g0H + (CHZC0)0 = 0y H, g00CCH, + CHLCOOH.
This method was first aprlied by Tschugaefo'in 1898,

5

Verley and Foelsing™” "state that an excess of the anhydrdde

must be used, and Schimmel & Go?; emphasize that the nmix-

ture must be heated for at least an hour. This method,with
L

the use of anhydrous sodium acetate is used for menthol

assay of menthol containing oils?'

1. Ber. Ditsch. Ch. Gea. 25, p. 686,
2. Jahres Ber, Bér Ch. 36, p. 597.
3, Ber, Disch. Ch. Ges. 25. p. 686.
4, Ber. Msch, Ch, Ges. 35,~p. 2477,

5. Ber, Dtgch. Ch. Ges. 34, Dg, 3355
6. Schirmel & Co, Rer. Apr. 930, p. 156,

77.‘- "—).PQ 1910 p 318.
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8. By the addition of acetic acid to menthene.
CygHyg + CHZCOOH = Cyql;g00CCHz. -
Buggested by Dr. Kremors, University of Wisconsin,
6. By trestment of menthyl urethane with acet-
ic anhydride.

Cq tlqgOOCHIy + (CHZC0)00 =Cq4Hy900CCH, +

This mehtod was used by Arthlin 1886.

Preparationi~ The same general method of preparation of

menthol esters patented by Eertramz‘

as given under the
nentliyl formate, is applied to the acetate. The acetic an-
hydride method, used for assay purposes is also arplica-
‘ ble to the rpreparation of smaller smounts,

Properties:=-

The boiling points recorded by the several in-
vestigators are herwith tabulated.
Temp.. Preasx_xre. Observer. Date. Reference,
Z22u224°% .isvavean Oppenheim 1861 Ann. 120, p. 350
220u2B5% Gevisvnnn Berkenheim 1892 Ber. 25, p. 686

11090 10-11 m.m, Bertram =~ 1883 D.R.P. 80711.
2280 LR S o Pﬂwer & 1894 A e d. Phaml. 2.52
, Kleber P.639
1089 15 mem, Tachugaeff 1898 Ber. 31, p. 364
1160 22 m.m, Patterdon s -
: & Taylor - FelsB. 87, p. 53
el Semmler V.S, pv&?
31 5 meie Hann
‘ 2. Winther Patente 4. Org. Ch. Vol.l, p. 623.
1. Ber. Dtsch. Chem. Ges. 19, Ref. 437,
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The densities are herewith recorded in like
manner.
ds Temp. ©Observer. Date. Reference.

0.9414 .. Berkenheim 1892 Centralb. 1893, p. 364

0.9185 %f— Tschugaeff 1898 Ber. 31, p. 364
0.935 20 Kishner «xnen dJed.russ. Ch, gGes, 27,
T Sermler Vol.3, p. 47
0.9307 13 Patterson vene  dnleBs 87, D33
& Taylor
0.9230 20 lann 1910

The optical rotation observed is also tabulated

Temp. («ﬁb Observer. Date. Reference,
cess =72015 Power & 1894 A. d. Pharm. 232, p. 639
& Kleber
20° «79.42 Tschupgaeff 1898 PRer. 31, p. 364.
sess =79726 Kishner cees J.d.russ.Ch.Ges,27, p480
s %o Semmler, Vol. 3 p. 47
20° =72.42 Mann 1910

200 73014 u
240 L72%71

The only index of refraction recorded is that

. is
given by Patterson and Taylor which (n)= 5%5§?5 who also

-

give a moleculsr refraction () ~1~157°6 That found by .
the writer'at 20° with the Abbev Zeiss instrument is 1.4454

¥ {

]

These., a?fles were taken on Mar,23, 1910,¥ay 7,1910, and

‘;&@? 29,

2. Ja C.o. 8%,y p. 33, Bermler Vol.3, p. 47, DIvidently in-

‘&orrectly recorded,
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From the data given it would seem that the ester

ought to have a boiling point of about 283¢ at ordinary

presoure of 109¢ at 10-11 m.m, pressure; a density d%?g of™7

0.9185; =a épecific rotation (qagg.of ~79272 and an index
of refraction (n)20 = 1.,4454,

The fact that the ester properties given by Pow-
er and gieberl'are not in accord with the above might be
explained by the fact that the ester was obtained from
reppemint oil and no doubt was somewhat comtaminated with

z‘resalts, seent to be incor-

other subsiances. Rerkenheim's
rect a faect which might be explained by knewing that menw
thyl chloride heated with sodium acetate decomposes in

the same way as il does with potassium acetate, and these

side products cause the difference in properties.

Symmetric MNenthyl Acetate.
Symmetric menthyl acetate was prepared in 1897

by Knoevenagel and Viedermann®

*who used the symmetric men-
thol which they investigated,and tréated it with acetic
anhydride, They obtained a compound which had a boiling

point of 235-236°C. at 757 m.n. pressure,

Henthyl Esters of Acetic Acid Derivatives.

Synonym: - Ger, Chlor-essigsaudrementhyl Tster.

1. Arch, 4. Pharm. 232, p, 639.
2. Ber. Dtach. Ch. Ges. 25, p. 686,
3‘ Liebl MQ 29’?’ P‘ 169-



This ester which is closely related to the men~
 thyl acetdbe,was prepared in 1902 by Einhorn and Tahnt#ho
warmed on a waler bath a mixture of menthel, chlor-acet-
ic acid, and sulphuric acid for 6 hours. Another metiod
used by these investigators is that of boeiling a solution
of menthol in chloroform with chlor«acetic acid for three
hours using a reflux condenser. The formula given to this
ester is CHpClCO0C,gHyg.It8 melting point is 38?0:_ Other
compounds of the above tyfé rrepared by ﬁiﬁhein and Jahn
are the di—bhhyl glyeocoll menthyl ester and'the camphoryl
glycocoll menthyl ester. The first is prepared by allowe
ing mono-chlor- acetic ester of menthpl to react with di=-
ethyl amine. for 12 hours. Its bolling point at 20° is
160-162°. The hydrochloride melts at 108°, the methyl io-
dide addition product at 157¢ and the méthyl chloride ad-
dition product at 185°, The formmla given this compound
is E(Czﬁﬁ)z.CEOOOcldﬂlg.The camphoryl derivative is ob-
tained by heating amino«cémphor with the chlor-acetic es-
ter of menthol at 80°C. The hydrochloride melts at 208°cC,
In 1904 Bowack and Lapwarthz'prepargd several
complicated esters which are referable to the acetic ester
of.ﬁenthol. The cyanacetic ester of menthol was prepared
by heating menthol with th- ;ghyl eﬁter of c¢yvanacetic acid

.
-

1. Arch. 4. Pharm, 240, p. 646.
2' tTrO Ch. SOG. 85' p' 43!
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when needles whose meliing peoint is 83«84° are obtained.
In a two per cent solution in benzene the rotation is -81%12
The brom derivative CHCHErCOQClOng.is crystalline and
has a specific rotation of -32%9 The nmenthyl-p=tolylazo-
cy-nacetate €H3.06H4.H=H;CH(CN)COOCloﬂlg melts at 93-959,
The menthyl-p-brom- phenylazocyanacetate, |

Brigh Il « CH(CN)C00C, 414 o
has a melting point of 97-98° and a rotation of -42575,

The phenyl acetic ester o3 menthyl prepared by
: Tschugaeffl'in 1898 and also by Cohen and Brigasz'later
has a boiling point at 18m.m. of 1979 according to Tschue-
caefll and 216° at 39 m.m. according to the second investi-
pators, Tschugaeff gives for the density d20= 0.9874 and

a rotation of =£69,57°

l. Ber. Disch, Ch, Ges. 31, p. 1778,

2.P. Ch. 8. ¥r. 254.
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MENTHYT, PROPIONATE.

: Sgnogzg i=Ger. Propion~saeure Menthyl Ester,
History:- In 1898, Tﬁchugaefflprepared this ester for stud.
ies on optical rotation,

Formation and Preparation:- 1. By the direct action éf
menthol with prorionic acid.

C10H190H + HOCOCoHs = C3nil3900CCoHs + Ho

This is the general method of Bertraﬁ? who used an
acid such as JIC1 to dehydrate.

2. By double decomposition between menthol and
acid chloride.of propionic acid.

110 190H + 010002 1, = ngoﬁccsz + HC1
Tachugaeff digested these two substances on a water bath
until no more HC1 was given of?. Afﬁer purification the
ester wapg Tractionated,

s Ry the action of the acid anhydride on mene
thol, :

C, iy g0 + O(C B €O), = C, JH, 00CCH, + CH CO0H
Tschugaef élalso prevared this ester by the abhove means.
Properties:- The boiling point given by ?schug%effl‘is

1180 at 15 memi, a%‘?- = 0.9184, (<)%= ~75.51 and I = -160.2

OTHER ESTERS RELATID T0 ﬁgﬂTHYL PROPIOWATE,
Phenyl di-~ rom propionsaeure Menthyl 7ster was

1. Ber. Dtsch, Ch. Ges. 31, p. 360-68.
2. Winther, Patente d, Org. Chem. Vol. 1, p. 623.




12.

prepared by Cohen & Whiteleyl'who give it the fonmnlﬁ;
C H  CHBICHELCO0C, 4y o | '
and agsign to it the meliing point B4°C.

Reta~ phenyl propion saeure menthyl ester ( nenw
thyl propionic mcéd ester) CGH56H,CH2CQOGIOH19 WS Pros
pared by Hilditeh “in 1908 by treating betasphenyl proe
pionic acid and menthol with an excess of sulphuryl chlor-
ide and healing the mixture on & water dbath but not over
120° until no more MC1 is given off. The purified pro-
duect crystallizes in prisms whose meliing point is 28¢

and whose bBoiling point iIs 210-.12° at 25 m.n. The dene

sity d%gc 0.9836 and the index of refraction nl7& 1.5004.,
D

Hilditchzélsc prepared menthyl propiolic acid

ester { Phenyl propiolen sacure menthyl ester),
CalC3C.C000, gl g

by heating at 140° for four hours menthol and propiolic
acid wilth additian of HCl. Yellow crystals are formed
which have a melting point of 33° and a boiling point of
235-238° at 30 m.m. The densityfsd%fa 1.0595 and the ine
dex of refraction at 17¢ is 1.5239.

1. Jr. Ch, 8Soe¢. 79; p. 1808,

B T.0. 99, 11} p. 837,
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MENTHIYL, n-BUTIRATE

Synonym:- n«= BPuttersacure Venthyl Tster Ger,

Historv:e Oppenheiml'in 1861 prepared the buttyric acid

C, H
ester of menthel to which he gave the forrmla 10 19

; CSHVOQ
In 1898, Techugaeff” "also prepared this ecter among the
others he prepared a this time.

Pormation and Prevarationt- 1. By the interaction of ne

butyric acid with menthol.
Op@enheiml'prepared the ester by this method. Bertramz‘
uses HC1L for the dehydration agent in this method.

2+ By the action of hutyric acid chloride on
menthol,
It was according to this method that Tuchupaefé&prepared

the ester.

Properties:~ The boiling point of this esber is 2300
2

240° lat ordinary pressure or 129° at 15 n.n."*It is fure
ther describeﬁ by Tschuqaaffg‘as having a density of
";’ 0.9114 and the retation -69752 and a molecular ro-

tatdion of -155.9.

1. Lieb. Ann. 120, p. 350+ s ;
« Ber. Btsch., Ch, Ges. 31, p« 36088,

3« Winther, Patente 4. Org. Chem. Vol.l, p. 623,
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MEWTHYL VALERATE,.

Gers Valerianesdure Yenthyl Tster.
1.
In 1895, Bertram in a Cerman patent geve out

g
the preparation of this ester. In 1898, Tschugaeff "proe
pared this ester.
gecurrences:= The igo-valerianate was found by Powers

Klebers’ﬁo be pregent o a 8light extent in the Anerican
¥ Lo

0il of perrvermint, Char&bat&'lik@wiso records a valerian-

ate in the ¥rench peppermint oils Dut does not specify

which valerianate it is.

Pormation and Preparationi= 1. By the action of valeric

acid on menthol.

I | y24 T = ?
clgulg Eg S ﬁ00004ﬁll GldH19GOCG4'11 + Hgo

.
Bertram  in 1895, heated these two substances together and
used a mineral acid as dehydrating agent.

2. By the double decomposition between menthol

and the acid chloride,

B o

Acecording to the above method Tachngaeffz‘prepared this

ester,

1. Winther, Patente d. Org. Ch. Vol.l, p. 623,
2. Ber., Dtsch, Ch. Ges. 31, ‘p'; 360-68.

3s Archy De Phérm. 232, . 639=659,

4. Bull. éﬂe. Chin. 39, p. 117.
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Propertiesi« The nmenthyl nevalerianate of Tschngaeffl'

gave  boiling point of 141° at 15 m.n., & density of
égga 0.9074,a rotation of «65255 and o moleenlar rotation
054-157?3, Eertrwmz'finds-that his ester has & beiling
point of 125°=127° at 10«11 m.n. pressure,

Useste According to ?ertram?’ the isovalerianate is used

in medicines. Ebrneré‘and Kﬁpkeﬁ’yrefer this compound over

others ag a prophylactie, against sea-sickness,

OTHIR ESTTRS RETATED TO MENTHYL VALERATE.
Alphawbrom igsevaleric ester of menthol was pree-
pared in 1509 by Lﬁdy & Go?‘ who treated alpha«brome
isovaleric acid chloride with nenthel and obtained a clear
colorless syrup like ligquid of boiling point 205°.208°
at 760 m.ne. which had a pleasant odor, It was soluble in
alcohol, ether and chloroform and insoluble in water, It

can be used as a nerve gquieter.

1. Ber. Dtsch. Ch. Ges. 31, p. 560=68.

2. Sermler, Die Aethaerischen Oele, Vol, 3, p.
3. Winther, Patente d. Org. Ch. Vol.,l, p. 623.
4. Pharm. Centralb. 44, p. 917.

5. LTherap. Monatsb. 18, p. .296.

g =

B. CuCu 80, {1} P. 282,

L3S
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AJ»@ ‘...s y! ,uJ RO*’A J‘c
Synonmii~ Ger. n=la prwnﬁﬁnrn Wenthyl Ester.
i ot oo o A
History:~ In 1898 qucmw'we:i’fl’j;wrf:?pa.rm}. this ester,

Pormatilon and Preparationt« The menthol is heated on a

water bath with the acid chloride as with the preceding

esters. When carefully fractionated the boiling point is
> “2 “r

153% at 15 m.m. pressure, the density is d'zgr.: 0.90335,

(]
the rotation 62207 and (M)n:: <1579
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MENTHYL HEPTYLATE.
Synonym:~ n- Heptylsdure Menthyl Bster, Ger.
History:- This ester was prepared hy Tschugaeff*‘in 1898,

Formation and Preparaticn:« By the action of the acid

chloride on menthol as in the preceding methods.
Propertiesi=~The boiling point was found to be 1659 at 15
m.n. pressure, the density a20= 0.9006, rotation = -58285

and (1) = -15727.

HENTHYYL CAPRYTATE.
Synonymie Ger, naeraprylgaure Menthyl Eater,
History:~ The menthyl caprylabte was first prepared by Tschu-
gaeffl’in 1898,

Pormetion and Preparation:~This was alco prepared by the

action of the acid c¢hleride on menthol.

propertiesi-The boiling point is given as 17502t 15 m.m.

the dehity as a%gw 0.8977, the rotation as «55°85 and
(mgnu ~155%8,
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HENTHYI, STEARATE.
Synonym:- Gers Stearinsiure Yenthyl Bstier.
giﬁﬁggxgwmenthyl stearate was prepared by Beckmannl‘in
1897.

Tormation and Prevarationi« Reckmann heateéd nmenthol and

.

stearic aecid anhydride for several hours at 160°«170°,
The stearic ncid anhydride was obitained by treating sodium
stearate in benzene solution with phosphorns oxy-chloride

]

anéd Tilterinc off the sodium chloride. On evaporation of
the benzene he obt:ained the anhvdride., The melting point

of the ester was found to be 39 °¢.

1. Jr. f. Pke Ch. 55 (2), P. 14»31.
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HENTHYT. TSTERS OF UIsATIRATED ACIYDS.
ALY of the esters of the unseturcted acids wero

preyared by Ru};tel

*in 1903, which he used for the study of
¥
optical rotation.

Jormation and Preparstioni-All of tnpa estor were prepared

by the interaction of the acid chloride of the acid in
guestion and menthol. The tﬁa substances were heated on a
water bath until the HCl fumes ceased to come off. PFor
every molecule of menthol he added two molecules of pyri.
din@. The acid chloride was prepared as given under men-
thyl stearate.

The following esters were prepared by Rupe.

. orotonsfure Menthyl Zster
Alpha-beta-pentenesiure Menthyl Fster
Beta~gama~pentenesiure Yenthyl Hster
G&mmandaltampentaneséure Tenthyl Ester
Alphawbeta ~hexenesfure Menthyl REster
Tetaw=gamma~hexenesiure 1renthyl Ester
Gammaudalta-hexenesiure\Henthyl Ester
Nelta=Rpeilonshexen esiure MHenthyl Fster
AlphasBeta~heptenesdure Yenthyl Tster
Since only one person worked at these csters

the properties are here cnmitted sinde there is no means

of dispuifng their correctness. e
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WENTEYL 0F DI-CARDBOXY ACIDS,

piv oA ~/qu 008 1

rq-w

(e e
'Tl,.‘.& Q\J'». SN Diw

digs i = - R
SymenymGie Ger,. Oxalssgaure Tenthyl Dater,
L gL VAR RA

: ’
i L o i it S pem o 3 e Len e " o }
sohugeely prepared the mentlyl oxalete In 1902,

oriaation and preparastionss Iy heating together menthol

Provertleoni« A nice crryastolline substsnge resulis whose

&

melting noint Is between 672 and 68°, The rotation in bens
s a A‘ R

zene ip «101.5 oand the boiling point at 12 n.». is 225¢

It is decompoemed on distillintion,

Henthone is prepared from this ester by Bruni

‘ 2
and Contardil"®

MRITHYT, MATONATE,
3
£y - Wy 3 #a
In an article by Pruni and Contardi, this ester
is nerely mentioned,
s Ber. Dtaoh. Ch, Ges. 38, {2), p. 2477,

Bs 0.0 9y 18}y ps 878,

g =
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HENTINT SUCCTEATD.

Synonymsie Pr, Succinate de Menthyle,

fernsteingfure Menthyl Batop,

NEUTRAT, MTNTHYL SUCCINATHE

History:~The neutral suceinate of menthol (¥r. alpha ®%her

“neutre) was first prepared by Arthl
Q
voastigated by Tachugaeff in 1902,

Formation and Preparationt« When two molecules of menthol

and one molecule of sucoinic acid sre hested in a2 sosled

tube for 48 hours at 140%=180°, menthyl succinate resulis.

This method gives the neutral ester.

Propertiesi~ Crystallized from alochol; it gives a melis

ing point of 6289 and boils at 220° at which temperature
it decomposes into ﬂuccinic acid and menthene, In benw
zene its rotation is ~12020 and its gpecific rotation is
#8152, The srystals are rhomble, Taah&ga@ffﬁ‘atatea that
the ester can he distilled without decomposition,-this no

doubt under vaouus

MRITEYTL, ACLD SUGCINATE.
Synonymgi« Gers nernsteinsdure

Pr, hete Biher Acide”

g =

1s Arme Chim. 8%, Y p. 479,
2. Ber. Dtsch. Ch. Ges. 35, (2}, p. 2477,

*in 1888 and later in-
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e

w

p :
History:%his ester was also prepared by Arth™in 1886,

Preparation:- .&rﬁhz‘c’}%t‘. dined the ester Qa}i &GOQH . GQOG:L O‘ng ’

by heating menthol with succinic zeld aphydride for 56

hours at 110%, A crystalline mass resulted which when pure
ificd and cryatallized from alcohol had & melting point of
6290, It was goluble in aleohol, alightly soluble in boil-
ing water, In benzene it had a specific rotation of ~58763
at a tempersture of 20° for the D line. Sodium carbonste
was decomposed by it Lo form the sodiun salt, It also
formed the caleium, barium, strontium, mapnesium, potassium

and gilver valts.

LT THY Il TARTRATE.

-

Synonymi~ Weinsfure Menthyl Ester,

History!é The only persons who worked on this ester and
its deriﬁativem are Patterson and Tm&l@rg‘and Paterson
and thes‘in 1907,

Formation and Prevarationts The firet prepared it by ade

ding BOL to & mixture of ethyl tartrate and menthol at
12091302, Patterson andkﬁxwm3’pr@¢ar@é it by adding 50
gne, of the sodium ammonium tartrate to menthol and HCL
in the cold and graduslly incressing the temperature to
1109-130°, e ¢

Propertiesi~ Pine needles resulted from crystallization

1, Ann Chim. (6),.7/4 Pe 479, | |
2, Proc. (h, Soc. 21, p.18. O, Proc. Ch. Boc. 22, p. 274.
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from petrolevm ether.Patterson and T&ylarl'give to their
ester the melting point 7T42.759; that given by Patterson
and K&yea* im 420 The resrective densities given are

d =.1-06ﬁ0,6&i§bw@.9930) ond Gemos = 1,0450, The areciw

505 16"5 3
fic rotation as given by Patterson and ¥aye™'is «76,11 at

a tempersture of 1693 for the D line, and () = 264320
| DPLo0°

and (M) ' = «28702.
DH.B
Bridently the first worlk of Pattersen's with
Rylgr1Wﬂﬁ not entirely satisfaectory and therefore was

i 2 .
continued by Patterson with aye °

HONOw IMENTHY T 1= TARTRAT .

1sWeinsaure fono-Imenthyl Bster,

History:« The acld sster of letartaric acld was also proe
pared by Patterson and Kayes*

Formation and Preparsationt« This was prepared in the

seme way a0 in the previous experiment.

2

Ppoperticsi- Patterson and Kaye™'deseribe it ae a crystal-

line substance ebhitained from water and with a melting
point of over 2002 and a specific rotation of «76%46 at
a temperature of 4856 for the D line,

¢ -

Higtoryi« This ester was prepared b§ Patterson & Taylerl'

MONO-1-MENTHYL+ [ I~ACETYIm1«TARTRATE,

.
e

1. Prog, Ch. Bec. 21, P 1B, Jr. B7, p. 33,

2. Proc, ¢h, Boe, 22, p. R74,-Jr,
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and by Patterson and Xaye™*,

Yormation and Prepayationi» The ester was obtained by
boliling lsmentlylslstartrateo with an excess acetyl chlor-

i s
ye-+ghtained crystalg from die

P o e i o e e g sorla o 0%
selting roint wae 102,.5° whobe
S 1 4 <y g e o0 dy "

hose specific rotation was
’ ) 5 SRS P, T | PO, gy L, Ja ¢ &
atterson and Taylor<gave a meliw

d 0.9918, and 4 el 05882

QQ,E“ 14.4°

4

>

1. Proe, Uh, ”ﬂc. 23, P« 274,

-;.'.':. P.!I‘QC, (,-ﬂ.a ::;DG. 23-’ Y‘“ 1ﬁy
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FOOYME - Ger. Renzde-slure 7 onthyl E%T,-.
¥r, Benzoat de Menthyle.

e
Histo &N@n&rwl benzoate was firct propured by Arth™'in

o % 2.
1866 and by Beckmanm  in 1887 and 1897 ,0thor investigators
. e 4
are Damberger snd Lodteny* T QFWMua“” v and Zelikow.*

Formation i« 1, By the action of benzelc acld on menthél.
Glﬁxlgnh + Cﬁﬁﬁﬁﬁﬂd 10 1900€ﬂ6d6 @£04
By heating these two subsitonces topgether at & temperature
of 170° for 488 hoursp ﬁrﬁfl‘obﬂainﬁd the menthyl benscale.
The mixXture was boiled with dilute sodiuvm carbonate solue
tion, extracied with ether and the ester recrystgllized
frem alecohol, :
Beckmann® ‘ similarly prevared the ester by heat-
ing in = sealed tube at 2009,
2« By the use of bensoic acid anhydride on men-
thol, g
lﬁ 1903 + HOCOG&H 310H190006 Hﬁ 6H5000H¢
This mmthﬂd‘waﬁ ugsed by Peckmann and Pleiassner who heate

1, Ann. Chim, (8), 75 p. 479,

3. Tr. £. Pk. On, 65; {2}y p» 14s31, .

3. Ber. Disch, Ch, (es. 25, pe 197215,

4, Ber. Dbich, Che Gess 31, pe 360 and 1LT775«827 & 35,
B« Beres Dhachs Ohye Gooy 37, Ps 2501,

6. Bor, Dtsch, Ch. Ges, 22, p. 912.



ed the mixture for 2«3 hours at 160° and purified as in
the preceding method.

3. By double deconmposition between benzoyl chlore
ide and menthol,

cloﬁlﬁcﬁ + Glcocﬁﬂﬁ = Gléﬁlgoacesﬁﬁ 4 HCL.
Tachuraelf made use of this method and purified as above,
Usesi~ By means of menihyl benzoate; menthol can be idenw
tifi@d?' This statement is made by several other investigas
tors,

Propertisai~ Menthyl benzoate forms prismetic crystals

which cen not be distilled without decompositiont Opgtag.

sivm hydroxide completely saponifies the eoter’*

The melting pointe recorded are here tobulsted,

HaPau Observer Date. Reference,
0% Arth 1886 Anne. Chim, (6?, 7 Ps 479,
53%.54¢ Beckmann &  188% TBer. 22, p. 912,
Pleissner
54 @ 5“ }33 CEQ:!:UA Hl 1387 JI‘ » f.?}t & C}] & 55 , ( 2) 1 p » 16 -
55,59 Mann 1910,

The voiling points are ng follows:
BePy Presgure Obhserver
230 venses  Arth. 1886 Ann, Chim, {6), 7, ..79
180 18 m.n. Tochugnef? 1898 Ter. 31,p, 360 & p.1775
184° 16 m.m. Zelikow s 4.... Ber, 37, p. 1381, -

’ R gemmimf, Vole By PedB,
3010 '?4(;) Malls Zelikow s e e g /” :
1. RBer. 35, D.2477, 2. Ber. 22, p. 912,
2¢ Ber. 2%, p. 179213, 4, Ann. Chinm, (6), 7, p. 479,
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The rotations as recorded are here tabulated.

Temp., Angle Obaerver Date Refeorence.
cese  =90792 Apth 1886 Ann, Chim. {6), 7y p. 479
cess wB6.89 DBeckmann & 1887 DBer. 22, p. 912,
. Pleissner :
eoss  =90,74 Beckmann 1897 Jr.L.Pk.Ch. 55,(2) p.14

vees =90290 Tochugaeff 1B9B  Ber, 31,p.560-68. & 1775
240  W72371 Mann 39,
The density is given by Decknann and DPlelssnerss
as 0.8312,

Tor (}*«gi}o?3 Tschugaerf *gives the value «78%0,

From these resulte it would seem that the nelt-
ing point of menthyl benszoate ought to 54°, its boiling
point atld m.me. 180°, its density 0.8812, its rot ation
in 204 aleohol =90%91 and (i) = ~78%0

It seems from the above thai Arthis ester was
lmpure because it differs so preatly from the others in
tﬁm boiling point and the ratatiOm, The rotation in most
cases agree very well which would be an indication of the

identity of_the ester.

* y Pk > y A £ v
L.Ber., Dischy Ch, Ges. B2, p.91i8,

2¢ Der. Diach. Che Gess 3Ly p. D60-68, & 1775~82,
o

’
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OTHIR MENTHYL ESTIRE RELATED T0 THE BENZOATR.

1

In 1893, Hans Rupe™' prepared the hydro-benzoic

acid esters whose optical properties he studied. He obe
tained these by treating the menthol with the acid chlor-
ide in gquestion,

In the following yearsCohen with his students
Briggs%’ Rmper%' and Armeeé‘pr@p&re& the ¢hlor, broms, io-
do« and nitros benzole acid esters alsc for the stndy of
theilyr ortical properties, These were prepared in nearly
every case by heating the acld chloride with menthol ak
130%=140°

Somewhot carlier Techugaeff” "had also worked
along this line.
The esters are of 1little imporbance except in

the study of optical rotation,

1. Jahrsb. &, Ports, D Ch, 56, (3) 797,

2. Jahresb. 4, Popts. d. Ch, 56, {2), p. 1498,
Se Johregh, deTForts.. &y Chs 1904, p, 15454
4o ﬁge. ", {1} p. 1697,

B. J¢ PuA9, phys. Ch, Oes, 34, p. 606,
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MENTHYTL SALICYLATE,
Iistoryi~ In 1906, Hibus and Schﬁublﬁlprepared this ester.

¥romation and Preparation:» These investigators heated

to melting @ mixture of menthol and salicylic acid but
it was not allewed to resch 220° Through the liguid formed
some gas wao blown,

Propertient~ The ester is a thick liquid of hardly any

odor, with a sweet iaste, of boiling point 190° 2% 156 m.m.
or 1760 at 10 m.m. It &8 insoluble in water but soludble
in most organic solyents., It is used therapeutically.
nadalowski®*in 1906 claimed that the ester of
Bibus z2nd Scheuble was nade up not of menthylealicylate
put of a mixture of the two components which acta differ-
ently than do the components ‘ﬁzf;parm,’ﬂely. He alsoe claimed
thet the ezter was menthel with the salegin radical. The
easter preparsd by CGadalowski decomposes with :”“i er at
body heat , but t@at prepared by Bibus and Scheuwblie does

not.,

1; ﬁnf}o 7’;,’ (2)’ p. 5535-

20 ’:u{‘¢ .?r?,, (2}, 13& :;u{)ﬁ:id
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VIENTHYL CINWAMATE,
Synonymi~ Ger, Henthyl Eimmtﬁﬁare Mstaer.
Historyi~ 7This ester was prepared by ﬁilditchl"in ig08,

Formation and Preparationi- Hilditch obtained this ester

by treabing menthol and clnnamic acid with sulphuryl chlors
ide,

Propertiesi« An oil resulted which Cehn and Whiﬁalayz'deﬂ*

eribe as & yellow o0il, Its boiling point was found to be
250%«235% AL «185°C, it was 8till & ligquid, The density

Wwe d%gm L0070 end its index of refrasction n%gm 35453,

HETTHYI~EYDRO-~CINTAMATE,
Synonymi« Ger, Hydroezimmtslvre ¥enthyl Ester,
&, !
Historyi« Tschuguelf prepared this sster in s.e»

Propertiesi«This ester has 2 boiling point of 2030 at

15 m.m. presaure, a density of d%?ﬁ 0,9864, and a bolow
tion of =522l

Beslden the above esters, Cohen and Whiteley 2
have prepared the alpha-menthyl-zimmtsluresmenthyl ester

cﬁﬂﬁgﬂz‘ﬁﬁ(aﬂﬁ)ﬂﬂwcldﬁlg whose melting polint is 509, whose

rotation is ~20244,in a 30548 m.m, tube at 58°0.; and the

alphasnethylwhydrozinmtsaure nenthyl ester whose m.p,is 3%
i

1o G40. 79y (23, p. 837,
2, Jr, Ch. Soc. 79, p. 1308.

By Techupaelly veienssdhnsn
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Closely related to the benzoate are the phenyle
acetyl ester, phenyl-propionyl ester, ortho, meta, and
para=toluyl ccters of menthol, all prepared by Tachuga&ffl'
in 1898 from the acid chloride and menthol.

1l Ber. Dtsch, Ch. Ces. 31, p. 36068, & 177583,

NENTHYL PHTHATATES,
Synonym; ger. Phialsauredinenthyetber,
?'. Orthophtalate de HMenthyle.
History:~ This ester wes prepared by Arth®‘in 1886,

Preﬁ&raﬁian:dWhan theoretical amounts of phthalic acid

and menthol are heated together at 1359.140¢ for 40 hours
a 80lid forms which is the ester.

Propertics:®he melting point of the ester is 1339C, the

specific rotation at 20° for the D line is ~94%72. This

ester is soluble in alcohol tut more so in ether.

MENTHYL ACID PHTHALATE,
Synonymie Ger, Phtalsauremenomenthylester.
¥r. Orthophitalate Acide de lMenthyle.
History:~ This ester was also preparcd by Arth?'

Preparationt- By using one molecule of phthalic acid an-

Ll

1, Bér., Dtech. Ch. ges. 31, p. 360°-368° & 177582,

2. Ann. Chim. (6), 7, p. 479,



hydride and one molecule of menthol and heating at 110°C
for thirth six hoursthe enter was obtnined,

Propertiest~ The ester is insoluble in water, soluble in

alecohol, ether and chloroform, It has a rotation of 1085955

gt a temperature of 200, With ¥OH it forms the potassium

salt.

HAPHTHOIC ACID ESTERS OF MENTHOL.
Synonymi~  Ger. Alpha-naphthoesfure Menthyl mster,
These evters and their derivatives were prepared
by Hans Eup@l‘for his work on optical rotation in which

he used the scid ohlorides and menthol.

MISCELLANEQOUS ESTERS OF YWiNTHOL.
There is still another claps of saturated CYm

¢lic esters prepared by Rupel*in‘lgos for his work on Op=

menthol and acid chlorides, The following are the esters
prepared by Rupa%‘

Henthyl ester of Trimethylenecarbonsfiure

" ® v Tatramethylenecarbonsiure
" #  # Pgntamethyleneearbonsiure
" ® ¥ Hexamethylerecarbonsiure
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MENTHYT:, ACFTATE,

The method used for the preparation of menthyl
acotate is the method given in the U.S.Pharmacopoela*and
in Gildermeister and Foffmann®* for the estimation of menw
thol in perpermint oils. This reaction is according to
the equation:

=C, H. OH + (ﬁHgGO)ZO = 2 00CCH

10719 3 + Hy0

Ci0ta0

Three separate quantitios of 50c.c. of acetic

acid anhydride, Sgms. of anhydrous sodimm acetate and 25
gnis. of menthol were heated iIn ascetylization flasks over
direet flames. The boiling continned ¢almly until after a
certain time when the liquid boiled up violently and it
continued to¢ boeil for five minutes afisr removal of the
flame. Yo doubt this was the proper temperature st which
he two substances combine to form the ester. After the
mixture was cogled, it was washed with water, the excess
acid neutralized with potassium carbonalte; then washed a-
gain and dried over calciwm chiorides The ester was then
distilled under diminished pressure and the beiling roint
found to be 116° at 1bm.m. pressure. On saponification with
ﬁ/% potassivm hydroxide the following resulis were Ob=-
tained which show the purdty of the ester.

& -
L7 L

1. U.8.P. 1900, p.318
2.Die Aecther ische Oele, p. 848



D4,

¥t. of Bster w/2 X0r used 4 mster
R.8720 29.22¢.C4 100.05
2.7870 28.,03¢c,. 0, 99;98
2.7970 28.67¢.C6 100.70

The épecific gravity at 20°C. was found to be
«9230. The angle of rotation, which on Mar., 23, 1910 was
found to be ~722.42, on lay 7 had changed to «73°.14. On
Vay 29,1911, the angle was found to be «~72°, .at 24¢C,
If any change in the conposition did ocour it was very
slightfand the diffcrence in the above readings might be
explaineqbﬁ an error in reading the ansles. The index of
refraction was found to be 1.4454

Comparing as far as posaible the above resulis
with those obtalned by others, we find that the ester ob-
tained by Bertraml has a boiling point of 109% at 10-1lm.m,
very near to the one glven above;i;that of Tschug&effg has
a boiling point of 109° at 15m.m, pressure, 6 degrees low-
er than the one given above, Patterson & Taylors give the
boiling point at zzm;m. as 116°C. All other recorded boile
ing points-are given at ordinaxf pressure and can there-
fore not be compared with those herein discussed,

: There is a difference of only .002 betweén the

specific graviﬁy of the a%ofb;estsr'and that obtained by
g Wintheq, Patente d. Org. Chem. Vol. 1, p«623+
2. Bers d. Dtsch. Ch. Ges. 31, p. 364s
3. Jr. Ch. Soc. Lon. 87, p: 33,
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b 2

ishner™ a difference which may be due to the faot that

Kishner compares the density at 20°C. to water at 0°9.The
dengity given by Tschug&effg is rather Iowzdgf- = ;9185.
That given by Berkenheim5 iz 0.9414 which is high; the
density { 4, 5= 0.9307) assigned by Patterson & Taylor4 is
abont like that obtainsd in these exreriments.

The specific rotation for the D line given by
Kishnerl (»79°,28) and Tsehugaﬁffz («799,42) are high,
whereas that obtalined for the ester from the peppermin
¢il which is 720,15 a® given by Power & chher? is very
nearly the same as obtained by the writer.

It is rather unsatisfactory to trv to discuss
the guality of the estere by comparing the physical prow
perties alone, as th&sc'&re influenced in wvarious ways by
outside causes, The saponification as given above in ade
dition to the physical propertiesz ought to be a better
criterion of the purity of the ester obtained. An ester
which will fill these reguirements can therefore be used

as & standard of comparison with greater satisfaction.

1. Winther, Patente d. Org. Ch. Vol. 1, p. 623,
2. Ber. d., Dtsch. Ch. Oes. 31, p. 364.
d¢ C. 1893, 1, p. 982, Lox

4. Jr. Ch. Socs Lon, 87, B. 33 .

8. Avrch, &, Pharm. 232, p. 653.
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SLOY BESTXRIFICATION OF MENTHOL AND ACETIC ACID.

Both menthol and acetic acid occour in the oil
of yeppermin@hﬁ does also the menthyl acetate, The study
of thellow esterification which goes on when those two
substances, menthol and acetic acid, are allowed {0 re=
act with one another at ordinary temperature for a pere
iod of time, may help to explain the occurrence of the
three named snbatances in the properiions found, Resides
this, it is of gsome interest to note the rate of esterim
fication with worying quantities of substances in cone
tact,

Three ratios of the guantities of menthol to
agetic acid were prepared on Feb, 4, 1910, at which tinme
thre specific gravity, rotation, and index of refraction
were noted. These readings including saponification wvalw
ues were regularly taken at intervals of a weck, coverw
ing a period of nine months, after which the readings
were taken at longer intervals. After four months it was
found thuat neither the density nor the index of refrace
tion pave Any information as to the ester formation. Un~
fortunately aw crror was nade for the first few weeks in
raéﬁing the rotation, but later the rotation and saponi-
fication ﬁhﬂwe@ a constont {ncrease of ester content.

< The following data was obtained frem mixtures
of 200 gms. of menthol and 88 gms. of glacial acetic
acid, 200gms. of menthol to 176 gmsi of glacial acetic
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From the data given the following conclusions
may be drawn; that the greater the amount of acetiec acid
present the greater is the rate of esterificetion, In
the peppermint oils this conditicn is usually reversed |
in that there is usnally a large amount of menthsl present
which in some cases can be ¢hilled Quﬁ;ﬁeatie acld however \
is generally rrescnt in only very emall amounis.An excess
therefore of either one of these subsisnces means a Core
responding small amount of the other withhn ester content
depending on the egquilibrium between the twe, From the
perdodic dips in the curves it might be concluded that
changes in temperature may have a noticeable influence
onn the ester formation. The dips in the curves usually
come at the sane points for the theee mixtures. The ire
regularity of the rate of ester formation 4s showm from
the rotation values as well as the saponification valueﬂ;

The data also shows that such properties as the
specific gravity and the index of refracticn are useless
in deternining the speed of reaction of this kind and that
the saronification value and especially the rotation can

be depended on:
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Similarly to the previous wxperinents on ester-
ification, the slow action of menthone in centact with ae=
cetic acid over a long period of time was also studied. On-
ly the saponification walues and the angle of rotation
were condidered, becanse, from the previous experiment it
was found thatl the density and the index of r@ffaction
were useless in the determination of the rate of change
of ester content.

As ketones have additive capaciiy and az alcohols
form esters wilh acetic acid the Tollowing reaction was
considered to go on., ¥Pirst one molecule of acetic acid is
dadded onias shown:

OOCCT,
Cqllq oC:
9718 Now

then a second melecule of the acid reacts,; and by splite
ting off water a sort of diecster of a glycoll results. The
ester values are caloulated on this basis,

P00
So16° oooat g 2

Such "a combination of menthone and acetic acid
has not been reported a= nccur;ing in plant products though
the scparale Gngounds de-océﬁrLthere‘

< For the following dats 200 gms. menthone and 77,7
of glacial acetic acid, 150 gms of menthone to 116,55 gms.
of glacial acetic acid and 100 gms. of menthone to 116,55
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Like the preoceding experimenis on esterificas
tion, the rate of esterification between menthone and ae-
cetic acid increased with the amount of acetic acid prege
ent.The rate of esterificatisn is irregular as ghown by
the saponification and rotation valuwes due no doubt to
external influences. Trom the data it is secn that the
ester formed Very slowly. It was therefore suprosed that
an equilibrium had set in so that ag soon as the ester

had Tormed it was again partially hydroli¥®ed., To establish
é) ES

this fact, part of the acetic acid was replaced by such
an amount of acetiec aulydride which,with the water formed
through esterification would form acetic aecid which,with
the original amount would make the proportion of monthone
to acetic acid 1:2. Por this purvoese 71 gms, of nenthone,
27.7 gns, of glacial &éetic acid, and 25.5 gns. of acetls
ic'anhydride were used. The rotation of this mixture was
+6° 437 12%,In .8ix months the rotation had increased to
+'7% 21* and the amount of ﬂsté%asl;VQﬁ‘ From the tables

a similar mixture of 1 part of menthone to 2 parts of a-
cetic acid ( moleenlar weights.) gave after about a year
onlj 7.1875 ester. This shows conclusively that the sup-

position was correct.
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HENTHYT, PINZ0ATR.
The most sinple method of preparation of mnen-
thyl benzoate which suggested itself is that of bring-
ing together menthol and benaeyl chloride. These substanoc

@8 in molecular proportions according to the reaction
¢, A, 0 + {0 H COCY = 00CC H_+ HC1L
107129 65 Crgt190000Hg* HO

were heated to boiling in a flask with a reflux condens
ser. The mixture boiled at 145°C. outside temperature.
During the heating fumes of N(Cl escaped which were identie
fied by holding a molistened piece of filter paper near
them and also by the odor. After all ebullition at this
temperature had ceased, the mixture was distilled under

a 15 name. vacuum up to a temperature of 145°C. at which
everything but the benzoate was expected to have distilled
over. The melting point of the ervde ester formed was bee
tween 47°=55°C, Ten gms. of this ester were next thorough-
1y shaken with’cold aleohol when 5.3 gms. remained une
dissolved which had a meltins point between 379.569(, the
reater amount rielting near the lower temperatnre showing
the presence o? free menthol,

The orystals obtained from the solution of rene—

thyl bhenzoate had a melting #8int of 499560, most of
the ester melting at abov* 530, When rncrvstallizod from
alcohol, ghe crystals melied between 54° and 56°C, and

a crusty substance remained which invariably melted lower,
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After.smveral attenpts to obtain the ester pure
by the above method of crysitallization, it was found that
tho mixture of menthol and the menthyX benzoate when ¢ry-
stallized from benzene, gave & greater yileld o7 crystals
rielting between B4® and 56°., Thie showed that the ale
cohol had some action on the crystallization of the ester.
An analysis wos attempted of the original mixture as it
comes from the flask after distillation. Acetic anhydride
was added to acetylize the supposed excess of menthol and
the mixture heated. Yo satigfactory resulis were obtained
on saponification, It wac later Tound that the saponifi-
cetlion of the ester could not be depended on.

The above method was dropred because of itz ine
efficiency and the henzoic acid anhydride metliod talen ur.
The preperation of the anhydride offered the first diffr-
culty. Threc methods for the preparstion of this anhydride
were attempted..The first was the following nethod given
3 Autenri@th%i Benzolc ocid and acetic acid anhydride in
the proportion of 1 10 3 were allowed to stznd in contact
for several houre, after which the mixture was heated for
several nore hgmru to belling.with the use of a reflux cone
dengsers From the mixture the ecxcess of acetic acid and ae
cetic anhydride’were disﬁilléé and the remaining substance

in the flasgk washed with goda golution and then extracted

1« Ber. 4ds Disech. Ch. Ges. 34, Te 184.
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with ether. On evaporation of the ether a mixture of bene
zoic acid anhydride and acetice~benzcic acids apnhydride are
o%ﬁained.'Tc free the benzoic acid anhydride from the acet-
icebonzoic acid anhydride, the mixture was bhoiled with a

5» soda solution; this was kert up with thorough shaking
vntil a sample taken out and dropped into ico waler irmedis
stely so. idified. Too much heating should be avolded as
godimm benzoate is likely to Torm. The anhydride was then
discolved in 507 acohol after teing washed with water and
then preecipitated with a large amount of water. On cooling
benzolie acid anhydride was obtained whieh had a ﬁ&ity odor
and which cught to have had 2 melting point of 42°C. Everye
thing seened to work satisfactorily according to these
directions but when the melting point w&s tried it gave
values near that of Denzoic acid, 30 doubt the anhydride
was hydrolized in some woybecause the exact corditions were

not chtained. Thi

@
;;s

nethod was so long and questionable in
its results that others were tried instead.

The second method for the preparation of the ane-
hydride was suggested by ﬁh. @erhardti'who made use of the
double decemposition between sodinm benzoate snd benzoyl
chloride as followe:

CgilgC00TR + csn50051 = (CgHgCO) 50 + HaCl

ey sodiwﬁ\banaoate was mixed in molecular proportions

1. Ann. 87, P73
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with benzerl chloride and hected on a sand bath to 130°C.
A ¢lear solution remulteqhad when the temperalture wos ine
cresed sodium chloride separated out., After the mass was
cooled it wos washed with cold water and then with soda
solvtion, she residue is benzolc acid anhydride., This was
crystallized from hot aleohol. On cooling the anhydride
is supposed {0 separate out as an oil which will then
crystallize, Too much alcohol should he avoided since the

anhydride is lost in the formation of ester.Wlhen the nmelte

e

ing point of this material obtained was debermined, it
was found to meli at aboubt the temperature. of henzoic acid
and alse had that crystalline appesarance. This method was
also abandoned.

A third method of heating topgether neutral pole
tasitm oxalate and benzoyl chloride according to the reac-
tion:

20 W _COCL + (CO0K) = 0} 0 # 2KCL +
U6H560(1 4 (COOf)z (Cﬁﬂabﬂ)zp 4 ClL + 00 + CO

2
, =

was next tried, a method also worked out by Gerhardt . His

directions are as follows: ¥ Pottasium oxalate is heated

to free it from water of crystnllization and then powe

dered. Egual guantities of this salt and the benzoyl chlore

ide are heated together with qpnstant shaking. The reaction

is complete when 'no odor of bhenzoyl chloride remains."The

anhydride ié further purified by the same metﬁod as in the

1»- Anne 87, 11'?3. : e
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preceding experiments, Yo belter resultse then before were
obtained,
A method found very satisfactory is that suge
3 0 121 2 b 3 % 3 2 4 %
gested by Anschuets Who heated exalic acid with benzoyl
chloride,

(coom), + RCEHECOCL = (06}'}?500) + 2HCL 4 CO,h + CO

In this caseall of the side products are gascs and can beeas -
ily expelled. The ozxalic acid was first dehydrated. in an
air bath up to 110°C, then pulveried, placed in a vacu=-
um of 30 m.a. and heated externally up to 190°€. ﬁn xCesn
of benzoyl chloride was added to this dehydated oxalic aeid
and the two heated exﬁernaiiy to 140°»150°C, wvhen a sirong
action took place. The gases forrmed were allowed to esocape.
The heating was centimied until no more IHCL or carbon die
oxide was given off, The excess of benzoyl chloride was
then distilled off up to 176°C. at 35 m.m. pressure. AL
this temperature no benzoic¢ acid anhydride camo over. The
anhydride was extracted with ether, this nixture washed
with water and then washed with dilute axmonia to get rig
of ramainiﬁg benzoyl chloride. The ether was evaporated

of? and the benzoic acid anhydride heated with petroleunm
ether to effect solution. Wo anhydride scemed to dissolve

g

but in the molten condition it Tormed the lower layer from

which it ‘trystallized leaving the supernatent liquid of a
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wrownish color due no doubt to the impurities from the
anhvdride. After the crysials were washed with potroles-
T &% 1 s b 7 . 3 1 oo | Lo 2 - put . ohs y .

wry ether they melted at 42°0, and had a SWees friuit odor.

In the proparation of lhe mentliyl henzoate, twilce
the molecular proportion of anhydride to the menthol
cordins to the reacilon,

Ll

CHECOYO+ C ¢ H i
(46H5 )2,: 108 lqozi mﬂworccGHS + CGBSCOOH

were placed in a sealed pop pottle buried under sand and
heated alt a tenperature of 180°C. Tor 1 3/@ hours. Then the
ottle was opened no odor of menthol remained; this shows
the compicte conversion into the ester. This mixture was
then transferred to a distilling flask and everything dis-
tilled off up to 180°C. at 40 m.m. & temperature sonewhat
lower Lhan the boiling point of the rmenthy i benzoate which
is 180° at 15 m.m. pressure, The remaining mags w2l X
tracted with ether, this mixture washed with dilute sodium
hydroxide Lo remove remaining benszoic acid; then, with wo-
ter and the ether finally evoporated. Vhen erystallized
from petro@pum.ethﬁr, large prismatic whité‘nr;u,nlﬂ re-
~ulted which had a melting point of 55.59C. 'The retation
of a two rer cent selution of these erystalg in alcohol’
for a 100 m.m. tube, D line at-a temperature of 24%°C. was
10,81 which gives a specific rotation of =30%.5.
liﬁOﬁPAﬁIﬂ‘H: o other record shows”&ﬁnh‘a high

point for tris ester. This seems to be the correct
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WIArTHYL STEABATE.

An atterpt was made to prepare menthyl stearate
from menthol and stearic acid anhydride as suggested by
Beckmannl'ﬁor the preparation of the stearic acid anhyw
dride, 40 gm#. of stearic acld were heated with 25 gns.
anhydride in a sealed botile up to 160° for six
hours. The mixture was wached with water, then with dilute
sodium acid carbonate and dried belween porous rlates,

pefore washing with the 57 sode solution, the stearic acld

anhydride hed a meltin

Ve

point of 47°-55.5°C,.; after washing
the melting point was close to BHYC.

wolecular proportions of the anhydride and mene
thol were boiled at a temperature of 180°0¢, for three hours.
Wo special action took place except that when the liquid
whieh condensed in the reflux condenser dropped back to
the mixture it caused = crockling noise in the flask and
the liquid boiled up more violently. On GOOLlng, a8 yvel=
low mass formed which was extracted with alconol,and the
alcohol mvﬁporated. The supposed ester gove & melting roint
of over ?EOf. about the melting voint of stesric acid.

.

Because this method did not give very satisface

1.
tory results the Beckmann method was tried. 50 gms. of
5
gtearic acid and 8.2 gms. of sodiuwm hydroxzide were boiled

together +and then grvaporated to dryness. 75 the sodium

10 51‘- f'. Pro Ch" 5!59 (2), Pt 14“31.
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stearate suspended in benzel phosphorus oxy-chloride was

‘added. Two layers formed, the lower probatvly water and dis-
solved salt; the uppmﬁ@%ich was Lhice anhydride in the beéne
z0l which was evaporated when a liquid remained which solide
ified into a brownish white mass and whose melting roint
was 47%5700C.

When this anhydride was hected with the molecu-
lar amount of menthol at 180°C, for & hours, a while powe
der of strong menthol odor was obialined whose melting
voint was between B5H%«65°C. and which when rudbbed between
the fingers felt smooth and melted;

Poth products from the above experiménts had
rather low melting points and it was thought that these
mixtures might contain esfer in part. The separation of
this ester offered a preat @ifficulty. If excess menthol
were prescnt, this could be distilled off under vacuunm.

If the ester had a high boiling peint and were not decome
posed at a high temperature the steariec acid conld also
be distilled off. . Thisz was tricd but aftcr the menthol
came off, fthe remaining liguid turned brown which was a
sign of decomposition.

Another method of heating together stearyl chlore
and menthol suggested itself’s The stearyl chloride was
prepared by grinding tegether in a mortar, stearic acid
and phosphorus penta=-chloride and heating the two slighte

1y on a water bith. The excess of phosphorus pentachlorw



54.

ide was distilled off. The stearyl chloride was heated with
menthel to 150°C. for one hour. The resulting liquid when
allowed to cool, ecrystallized, Thig mass wag distilled une
a vacuu of 40 n.v. when menthol came over at 1030C. A
liquid, probably stearyl chloride also came over, The ree
sidue solidified and no longer had any odor of menthol.
This residue wasg dried Thetween porous plates and when
pressed between the fingers relted. On saponification,
the stearate content was found to be 114% and 115.1.
which showed that an exceas of stearic acid wus present.
The experiment was repeated but the resulting
residue after distillation mgain turned brown and had a
melting point of 58.5%¢. The scponification wvalue was
too far off to be eonsidered. ¥rom the above experinents
it was concluded that the brown mass which Pormed CON-
tained only the ester and stearic acid as the menthol
conld be distilled of7. To remove the steardc acid secemed
to be the onlylray to obtain a pure ester., An 2lkali as
sodiw: or pottasium hydroxides was thought wonld be likew
ly to break up the ester, Hydrated borium oxide was there-
fore used to precipitate the stearic acid., The nmixture of
stearic acidgn& ester in powder form with water was shaken
with bariumoxide. The mass was then shaken with ether
which was¢§o extraet only the ester and leaye the salt of
the acid. When the ether was evaporated, a residue was

left which had a erystalline appearance and which had a
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.malting yoint of about 75°C. very near to that of stearice
acid.

Caleivm chloride in alcohol was next shaken with
an alcoholic solution of the ester stearic acid mixtore to
form an insoluble salt of stearic acid. This also failed
to producse the pure cster. ILater work on the preparation
of sodium stearate showed with what difficnlity an alkali
combined with free stearic acid, This no doubt explains
why no insoluble salt of stearic acid had formed and why
the melting point of stearic acid was always obtained,

The only way which seemed to offer any rossibil-
ity of obtaining a pure ester was that of double decompoSe
ition between menthyl chloride and silver stenrate or
some other stearate. Ienthyl chloride was prepared hy
the comnon method of halide formation from alcchols
treatment with phesrhorus rentachloride. Berkenheim;'uséé'
the method of covering the phosrhorus pentachloride with
petroleum ether, pouring into this a coeld solution of mehp
thol in petrolewnm ether and keeping the whole with ice. As
time of reaction and rise in temperature change the pro=-
duects, everything was done speedily and at a low temperaw
ture, The redulting solution in petroleum ether was thore
oughly washed with ice wated and the ether layer éeparatu
ed Prom which the petroleum ether was evaporated. Both
the dextro and laeve menthyl chlorides are formed by this

1. Ber. d. Dtsch. Ch. Ges. 25, p. 686,
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meanss To get rid of one of these chlorides, Fursanow "
sugpests treating the mixture with aleeholiec potassium
hyddroxidewhen enly the dextro nenthyl c¢hloride Lreazke up
into menthene and votassium chloride and leaves the laeve
menthyl chleride. When treated in this way the solntion
hecame very hot and potassivm chleride formed; two layers
appeared after distilling off the alcohol. These were Sepd
arated and the heavier one fractionated., From the prepara-
tion of five separate quantities the following resulis
were obtained. ‘

Be Pe Press. m. Sp«Brs Rotation Index. of Ref

{209°) (20°) . 80"}
t. 111 a3 .9140 -7.16° 1,4588
2, 1200 62 .9150 5,680 1.4565
5. 1200 52 .9125 «6,07° 1.4560
4. 120° 52 9252 -69.5 ©  1.4587
5., 1150 34 \9203  =6.450 1.4595

A1l of these products were mixed, fractionated, and re=
fractionated. The dboiling peint at 30 m;m; wag then found
to be 111°%; the rotation at 200, -6.489; specific gravity
at 209 .9194; and index of refraction, 1.4587.

When éart of this menthyl chloride was hested
with aleoholic potassium hydrgxide, potassium c¢hloride was

produced which ®issolved in waer and precipitated sile

LN

1- C‘ 72, (2)' p. 54?0
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* chloride on addition of silver nitrate. The liquid

8 then fractionated, when the remaining menthyl chlor=

g boiled at 115° at 54 m.m, prescure.and had a rotation
~of ~7.18°. These results differ widely from those of Kure

,ﬁwfwnl*ﬂha gives the boiling point at 135.5 mata a8 113.59-

gima$ianaa.~56.56°. The resulting halide was a c¢lear liguid
:f with a characteristic halide odor. It was insoluble &n-
:f'u%$er but seluble in alcohol, ether, chloroform, benzene
r?fnmd petroleum ether, also in heptone, When distilled it
f, ﬁacnmpéae& and had a green tint which counld be got rid of
'?5vwi€h nereury.
; Sodium stearate was the first salt of stearic
‘agid prepared. The stearic ascid was dinsolved was disw
solved in absolute ether,and when metallic sodium was
1" added # white precipitate formed. This, it was declded,
was the anhydrous 5éd£nm,stearate. In the form of powe
der, however, it would not dissolve in water. Analysis ’
ghowed that it contained less than 50% of sodium stearate.
ﬁh&s substante could therefore not be used.
To prepare silver stearate it was necessary to
T{E_hawwfsedinm stearate. A 20 solution of sodium hydiroxide
fQE%Qm;gwnid presence of sodium =5ﬁ¥%ﬁn&ﬁa, was heated with
:5-€hsfﬁﬁ;eaua§r quantity of stearic acid for six-hours and

?ﬁ 1. ¢. 72, (2) 347,

. o 1140, the density at 20° as ,9411, and the specific ro-
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and at a 8light prescure. The mass formed wotildnot d
80lve in water. A similar mixture was then héate& o
bout 30 hours. While this was 8till in a molten cond
it was roured into water and dissolved quite readily.
this solution was added a solution of silver nitrate,
2 voluminous cheesy preciritate canme ém‘ This was
until no precipitate with }:;,rtimtmE.ari@ aoid was obtal e
in the wash water, and dried on a porous plate. The ma;
turned slightly grayish blue. Analysis showed less than
507 silver stearate. Purther inveostigation of this ma
showed that according to Lewkovitch, on dilutioh sodi
st carate Torms 5 sodiun aecid stearate, |
CypnnCO0BReCy B PR
If we consider that the supposed silver stearate is a
Bilver sodium stearatégimilar to the above, . the getual
mount of silver stearate will be close to 73%,
Another. sample ﬁf the nixture was 'ﬁh&l@;en with
acetone ané thoroughly washed with gcetone to dissolve |
out the saéium stearate. This was Tollowed with ether and
then a.lwml The siiver stearate was dried on a vorous £
platec. On analysis it gave the following resnlts;
Wt of silver stearabte= *mvm.

Wte of Silver. = ® 41013
4 silver stearate = 105.2 -
"3 S o
Ao
_ =L :
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these results show that the stearate of silver ¢an e

rurified in this way. The per cent is too high and is due
to the drying on the porous plate as some of the dust of
the plete became mixed with it.

Silver stecrate which for the above reason anal-
ized to 104.3% pure, was mixed in molecular proportions
with purified menthyl chloride and heptane added to bring
about contact, This mixture was heated in & sealed Thottle
al a temperature between 150° and 165°C, for three hours
when the stopper gave way and the products were lost, A
brown smeary substance remsined in fhm hottle and aflter
a Tew daye seemed to form fea,_thery crystals.

. In all of the experiments on the menthyl steore
ate no melting polint was obtained ns low as that given by

1"?3’111(}11 is 399, ‘It was thought possible that Becke

Beckmann
mann obtained only the melting point of a eutecli€ mixe
ture of menﬂwi.-and stearic acid. To discover whether or
not this supposition was true,the writer determined the
melting point of a mixture of menthel and stearic acid in
molecular proportions,and found it to he 499 The melting
pointe of the shbstances obt ained in.the above experiments

were close to 49° , Pron t‘hj.a fact it may be concluded

+ =
that these substances may have been eutectic mixtures.

1. Jr. £. Pr. Ch. 55, (2) p. 14=31.
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