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I.

The cils ohtained Hy distillineg tae natural ex-
‘udations of pine and fir trees were known to the ancients
as cedar oils. Pliny mentions oir of turpentine (cedar oil)
in iais Natural History (Bk; IV. chap. 7. ; Plinv's Natural
History in Bohn's Classical Library, vol. III. p. 288.).
 Hercdchtus, in his account of the EBgyptian practice of en-
balaing tne dead, gives a description of tne use of a crude
0il of turpentine (Hist. Bk. 2. chap. LXXXVII. : Lacuner's
Notes on Hercdotus, London. I844. vol. I. p. 3I2.) . This
0il is sald to have been chbtained from oleoresin by boiling
with water in an open earthern pot, and skimming off tie
crude oil as it rose to the surface of tne water. The very
early examples of fine Chinese lacquer work lead to tiae con-
clusicn that some kind of 0il of turpentine was distililed
and used by the Chinese in ancient times. It would tius
appear that oil of turpentine was tie tirst of all tie
esgsential oils to find commercial use and technical ap-
pliecation.

Pure oil of turpentine may be defined as tlie oil
obtained by distilling turpentine with water, or with steam
whieh has not been superhneated. The definition for oil of
turpentine, proposed by M.Vemes, professor at tue Uni-
versity of Bordeaux, and adopted by tue International Con~
gress for tne Suppression of Adulterations, Paris, 1907.,

centains tue following:-
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" Turpentine o0il is execlusively the produet of the

v distillation (with water or non-superheated steam

" of the resinous exudations of the several species of

* PINUS.

" Turpentine oil should not contain mineral oils or

" other products not resulting from the distillation

" of turpentine with water vapour. It nay, however,

* contaln small amounts of resin oil and colophony

* which result from the nrocess of distillation ( so

* called normal adulterants )1
011 of turpentine ( or pineune )is very widely distributed
and can be found optically inactive, as well as in both
opticaily active modifications. This 0il is scarcely ever
found in flqwers, but nearly always occurs in the oils
obtained from leaves, barks, and woods. Whilst the prin-
éipal scource of pinene is the ocleoresins of the several
species of PINUS it nas also heen found in the oils of
cypress, nutmeg, camphor, coriander, carrot, fennel, Trose-
mary, lemon, rue, parsley, penperaint, and eucalyptus.

. 011 of turpentine is a colourless mobile liquid,
which undergoes autoxidation on standing in contact witn
the air, and partliy resinifies. The bhoiling points of nearly
all oils of turpentine 1ie within the fange 154°-175° 0.

The earliest observations made on oil of tur-

ventine concerned its behaviour at low temperatures. In I794
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Margueron (Journ. de Chim. et de Puys. I794. 2. 178 ; Crell's
 Annalen, I795. 2. 195, 3I0, and 470 .) states tast tne oil
when cooled te -2890. golidified to & crystalline nmass.
Turing an attempt to prepare a 'Liquor Antartiriticus Pettiir
in which preparation hvdroagen chloride is passed into oil of
turpentine, the apotheecary Kindt, of Eutin, obtained a soclid
mass of crystals ( Trcuusdcrff's Journ. dér Pnarm. IB03. II.
pt. 2. I22.). Tuis substance ne and others considered to be
rartificial camphorv. The same compound was also examined
hy fehlen {Nehlants #13gem, Tourn, Fir die Chemie, Iﬂig. a.
462-469.) and Tuwas (Annal. de Chim, et Pays. I83%, 2nd.
Series, 53. 406;).

Whilst carrying cut a study on French oil of tur-
pentine, Biot first observed its rotatory power ( Memolres de
1'Acad. des Se. I8I7. p. I3.), and he continued his re-
searches into the other essential oils. Freneh oil of tur-
pentine was shown tc be laevorctatory, and a number of years
later American 0il of turpentine was shown to be dextro-
rotatory. The rotation c¢f the latter olil was contfirmned by
Pereira and Gribourt, and Pereira introduced tie terms
| riaevogyrate" and "dextrogyrate" (Pharm. Journ. I854. 5. 70.)

The first elementary analysis of ©il of turpentine
was made by Houtton-Labilliardiere (Journ. de Puarm. IBI8. 4.
5. ) who found the ratio of carbon to hydrogen toc be 5 to 8.

These results were confirmed by later workers, and Dumas
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pointed ocut tuat essence of lemon had Tue saue corpcsition
(Ann. I8%3. 6. 245.) . It has already been uentioned taat
French oll gf turpentine was found to be laevorotatory, and
tiie American variety to be dextrorotatory. Bertinelot (Compt.
rend. I862. 55. 495 and 544. ) named the laevorotatory aydro-
carhon "terebentene" and tie dextrorotatory one "australene".
Vallach ( Ann, I885, 227. 200. : ISC7. 356. 227.) suggested
the name «-pinene for bhoth modifications, and differentiated
the two as l—-¢-pinene and d-o-pinene.

The chemistry of the terpenes and especlally of
pinene received a new impetus when Tilden and Suenstone
prepared the nitroscchlorides (J.C.S. I877. P. 554.) and
from a étudy ot these compounds Tilden classified tie then
known terpenes into three grouprs (J.C.8. Trans. I87&. 33.
84.) . Pinene nitrosochloride has been largely used as a
means of prevaring pure d-pinene (Wallach, Ann. I888. 245.
25I. ; I889. 253. 25I. . Baeyer, Rer. IB95. 28,R48. :
Kremers, Pharm. Rundsh. (¥ew York.) 1895. I3. I35. : Hender-
son and Gray, J.C.S. 1903, 8%, IR99, . Tilden, J.C.S. I1904.
85. 759.) .

Pure oil of turpentine from French and American
turpentines may be regarded as practically pure o -pinene.

It has been found that oil of turpentine from these sources,
however, does contain a small amount of another terpene. This

fact was first reeognised by Baeyer (Ber. I896. 208. 25.) who
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carried out the oxidatiocn of Frenci oil of turpentine with
ccncentrated permanganate solution. Among the products ne
found tne sparingly secluble sodium selt of an acid (a.p.
I25°C.) iscmeric with pinonic acid, C,H,0; « This acid ne
named nopinic acid, and stated that in all probability it
wag formed from a terpene, named by hinm " nopinene v, present
in the o0il o¢f turpentine. Sexmler during his investigations
naxed the same anydrocarbon " pseudopinene " (Ber. IS00. 33.
1458.) , It should be noted tnat, altlhicugih this hydrocarbon
is present in only smell amounts in the oils of turpentine,
it is, nevertheless, readily identified es the sodium salt
of tne aclid it gives on o2xidation with permanganate, since
this salt is only slightly soluble in water, and crystallises
Aout when the reaction mixture is cooled. Ahlstronm and Ascnan
(Ber. 1908, 39. I445.) studied the yields of sodium nopinate
thained by oxidising different fractions c¢f American oil of
turpentine . Tney give resnlts showing tnat about fifteen
times the yield is obtained from the higher boliling fractions
as from the lower fractions, and tnat tie greaiest vield is
from the fraction of b.p. I62°-I163°C. Later Wallach gave tuis
hydrocarben the nane{l-pinene to distinguish it from d-pinene
(Ann. 1907 . 357. 50.).

It was not, however, until Wallach nad success-—
fully acconplisned the synthesis ofﬁ?—pinene (Ann. 1908, 3¢ZX.

I-19.), and after Gildemeister and Hoeiler had isolated it
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in & fairly pure conuition from hvssop o0il ( Report of
Schimel & Co. I908. April. 58. ; Wallachlwestsenrift,
Gottingen. 1909. 414 and 417.), that it could be conclusively
shown tadat tais new nyvdrocarbon is contained in tae fraction
of b.p. 16290.-—1650'0. or oil of turpentine.

It has since been found tnat{g—pinene is con-
tained in otuaer essential oils, and that it always occurs
tnerein along wita-pinens. It3 presence has been proved in
0il of lemon (Nildiemeister and Miiler, Wallach Festschrift,
gottingen, 1909, 42.), and in cumin oil (Report of Scuimmel
& Co. O~t. I909., 49.), and in corianuer ocil (lcc.cit. 48.) .
It is provable taat it will also be found to occur in other
essential oiils.

Tiie accepted constitutional formula for  -pinene

is:~-

H Lc\ CH,
‘ GH/

The formula, provosed by Semmler (loc. cit.) for his pseudo-
pinene, and accepted by Wallach for(l-pinene, snews tie

latter to pe a metnylene derivative.
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The formula they assigned to[l-pinene is:-

CH,.C.CH,

ch\l H/GH2~

By the oxidation of the fraction.b.p. 180°~I70°C. of Amer-
ican oii of turpentine, Wallach prepared nopiniec aeid, which
was isolated as the sodium salt (Aan. I907. 356. 227-228.) .
Pres nopinic acid has a m.p. I28°C.

By further oxidation in acid nermanganate solution nopinie
acid (I.) can be converted into nopinone (2.) . This substance
is a ketone, which, in the hands of Wallach, proved the

starting point for a number of lateresting syntheses.

|
H,0" CH H,0”

////CH

OH, .0 -CH,
HZG\ /GH,_ HZC\’ /cﬁL |
| cH

(1.) (2.)
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Tne tirst step was the interaction of nopinone witin Zn. and
bromacetic ethyl ester (Ann. I907. 357 . 50-53.), and on
decomposing the intermediary product with water tne ethyl
ester of nopinol acstic aeid (3.) was formed. This was then
heated with KHSO, for two hours at 150°-I80°C. when H,0 was

split off giving an unsaturated etnyl ester (4.)

CH, .C000, Hy CH .C00C, H,-
0.0H ¢
//// N //// \\\\
‘HLc - H H,C H
CH .0 .CH, CH, .0".CH,
H,0 \I ~CH, H,C CH,
| \\\Yf///
. CH H
(3.) (4.)

on hydrolysls the free acid was obhtained, and when this was
distilled €0, was split off and a hydrocarbon, C, H, , result-
ed.

It was proved later that this hydrocarbon was L-d-fenchene,
(Ann. 1908. 3%33. 3.), and not § -pinene, which Wallach sought
to ebtain, and which he considered the synthesised aydro-
carbon at first to be. Ann. I907. 357. 53.).

On carefully regulating the foregoing experiments, Wallach
(Ann. 1908. 36%. 7.) obtained free nopinolacetic acid (5.).



.COOH
-OH

/\

CH, .0 .CH,

HZCS\\;
CH

(5.)

H,C

\

CH,

N

on heating this acid with acetie anhydride, two other acids

were obtained. One of these was so unstable that it immed-

iately broke up, giving off €0, , and foraing a hydrocarbon

which was proved to bef} -pinene.

The second acid

on distill-

ation split off €O, and gave fenchene.

wallaca gives tne following scieme, and states that he con-

sidersz?~pinene to be an intermediary stage in the feramation

of fenchene from nopinone. (1oc. cit. p.I8.) .

CH, .COOH CH,
1 |
Y OH /c
H ¢
O, .CH3 CH, T CH3
////CH H.C
\c \GH

noninolacetic acid.

ﬁ -pinene.

fenchene.
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By the careful oxidation, in alkaline permanganate solution,
¢t nis synthetical@'-pinene Wallach obtained.@—pinene glveol

(10e. cit. p.IX.) .

This substance he_found tc be a crystalline compound of
m.p. 75 -77°0.
On reducing nopinone, Wallach obtained tne corresponding

alcohol, nopinol (Ann. I997. 353. 235.) .

CHB.T.cﬂj' CH , .0 <CH,
H,C_ H, H,C CH,
CH OH

nopinone. nopinol.

With the aid of the Grignard reaction he converted nopinol Exi_

into pinene aydrate (Ann. I907. 358. 2%9.), and from the
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latter he prepared the true

360. 88.).
CH,
C.O0H
//// \\\\
H,0 ~CH
T
Gng.c.cn3
H,C~ CH,
\\\ /
CH

Pinene hydrate.

IT.

pinene avdrozhloride ( Ann. I1908.

H.C
: \\\
“CH

Pinene hydrochloride.

Wallach dissoived.@;pinene in dry etner, and saturated

the solution with dry hydrogen chloride, when he obtained

a mixturé of bornylchloride and diventene dihydrochloride.

Barnylchloride.

CH .QCl.CH3
Dipentene hydrochloride.

A solution of }-pinene in glacial acetic acid gave similar
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results (Ann. I908. 353. I5.).

It will tiwus be seen that B-pinene gives tne saue
products with hydrogen ciloride as  —pinene does. Pariselle
(Compt. rend. 19221. I72. 1495.) siows tuat uydrogen bromide
also gives tine same products with(3-pinene as witnc(—pinéne.
It has long been known that when chromyl chiloride is added
to any of the terpene hydrocarbons, dissolved in an annydrous
solvent, a golid addition product is formed. Wnen this
compound is decomnosed by water a number of oxidaticn pro-
ducts result. denderson and ¢ray (J.C.S. I903. 83%. I299.)
and denderson and Heilbron (ibid. I908. 93. 282.) obtained
by this methsd a 5211id addition prodret fromd-rinene, and
hy the deccmpositicn of tais compound witi water several
oxidation products were secured. If we assuwe tuat 1t pe
possible tc obtain the same addition produst from [-pinene,
as from K ~-pinene, hy tie action of chromyl cnloride, it
would be expectsd tnat tne same series oi oxldation products
would result., One »nortion cf tiie present work saows now far
this asSumg}ion is justified.

Etard first noted toe action or curomyl culorice
'on tiie terpene hydrocarbons, and by the decouposition of tue
camphene compcound witsn water ae obtained an aldehvde and an
acld (Comnt. rend. 1893, II6. 434.) . Bredt and Jagelki ( Ana.
1899, 2I0. IT2.) repeated Etard's experiments witl camphene,

and they gave the name carphenilanic aldehyde to tie aldeunyde
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and campnenilanie acid to tie aeid product. Bouveault (3Bull.

goc. chim. I900. 23. III. 5%5.), ia the ligit of Wagner's
new formmla for ecamphene (Journ. russ. Puayvs. chem. Ges. I899
31. 830.) assigned the following forrmla to campuenilanic

aldenyde -

From campuaenilanie acid Bredt and Jagelki obtained an hydro-
vvcamphenilanic acia wuichh was identical witn the cawphenylice
acid of Wagner (i»id. 1895. 28. 84. ; I897. 29. I24.) . Becbu
acids on oxidation give camphenilone (Va;ner, loc. cit. ;

Bredt and Jagelki, lcec. cit.).

OH O ——CH, GHif——?H————CHﬁ_ OHz fH CH,
Cily .0.CH, | ——> | CH,.C.CH, |&——— | CH;.0.CH,
OH ////ﬂH CH 5 ///,GH CH ;
?.OH co ki
GOOH COOH

Campuenyiic zcida. Campusnlious., Cadupucunilasiic acid.
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Henderson ana Gr;y (loc. cit.) dissolved d~pinene
ia 10 ﬁclumes of vure dry carbon disulp:iaide and slowly'added
a 104 solution of (r0,01, in the same solvent. Tue sclid
addition prodnet was nrecipitated, and after heing allcwed
to settlé, tine carbon disulpnide was decanted off. Tie sclid
compound was tien snaken up witih ice cold water., Thne oil thus
’obtained was separatsd and stean distilled; From tiie purified
oil the following products were lsolated-+—

a/. A saturated aldenyde - GQHMWCHO.
M0 3370,
h.p. 205-207°C/755 .
Semicarbazone m.p. I9I°C.
On exposure to the air tne aldehyde passed over
“into the ccrresponding acid - CQHK.COOH.
n.0. II7°C.
‘b/. An unsaturated ketone - C,H,0.
Liguid.
b.p. 209-2107C/757 mu.
Semicarbazone mn.p. 226-228°C., with decom-
pbsition.
e/ . A chloro-compsund - € H,OCL.
a.p. I68°C.,

This substance was a colourless crystalline solid

which gave no oxime, no semicarbazone, and was

inert towards most reagents.
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In a later investigation nenderscn anc Heilbron (loc. cit.)

prepared from tiae acid (a.p. II'?.OC.) the fcilovwing -

af . The acid chloride - CoH,.COCL.

b.p. I120°¢./70 mm.
v/ . A crystalline bromo-acid - CgH, Br.COOk.
e The nydroxvacid - C, H, .0H.COOH.

MWDo 227°C.
The Na-salt of tnié acld is sparingly soluble in
water.
As bye-products they obtained:-
A bromo-compound - c,on,30Br.
o.p. 173°0.
This comﬁound was found to be neutral.
A small quantity of anctner acid - c{1 HIS.COOH.
m.p. 144°C.
By reduction of the ketone -~ Oq Huko - they ob_ta;'ned' an un-
saturated alcohol - C(i 4 Oh.
b.p. I47-148°C./20 zmi,
Pnenylurethane m.p. 95°C.
Acid phthalate a.p. I07°C.
By treatment of tiae chloro—compound - C,H, 001 - with sodiua
ethoxide in boiling aleoiasl soluticn, a colourless crystal-
line substance was ultimaf,ely secured. Tiis compound was free

from chlorine, nad an odour similar toc that cof campnor, and

gave a wm.p. I65°C.
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1

When 3 ~pinenc was treated witn carcayl caloride

in tae sawe wmanner as A -pinene, a similar o0il was obtainew

by decomposing itiue sciid acdition preduct withh water.

On examination this oi1 was found to contain:-

a/ .

A very szmsll auantity of an sldehyde or uixture
of aldehydes. Tuie scdium bisulphite compound was
decomposed, and the resulting cil treated with
sead carvazide acetate. On purifiéaticn ol the semi-
carbazone, small wilte ucdules viere cobtained, which
began to soften at 30°C. and coumpletely iiguiiied
at 50°¢. Tt would appear aignly prcbable thiat the
¢il consisted of a wixture cf tvuc aldenydes.'An
atteupt to separate tue seuwdcarbazones vy fraction-
al crystallisation from hot metnyl alccnol failled
owing to tuc swmall quaitity availsable.
Tne maln product was a Letcne, 1solated as the
sexnicarbazcoie. The latter,after puriiication, gave
a.p. 225°C.
and wiaen adxed witihi the sezdcarbazcone of tilie
ketone obtalned from d-pinene, stiowed Lo lowering
of the melting point. Tae ketone obtained from
ﬁ-pinene was thus sacwll tc be identical witu that
from «-pinene, i.e. it is tue ketone;-
C, 1,0

A large number of recrystallisations frow hot
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setiyl alediol uliviastely save tle semicarbazgne
in the form of delicate, cclourless, needle—sinapea
crystals, walcu vere found to nave ai-

m.p. 232°C.
and_decomposing at thne same temperature. Frou the
sexdcarbazone the free ketone vwas prepared. Its
properties were tie sawe as the properties of tiie

ketone obtained by Henderson and Cray (lcc. cit.).

_ A small amount of a velatile neutral product

w.p. I85°C.

Analysis gave tihe foruulai-

It is shown tanat this compounda is identical witn

the trans-inactive form ¢I pincl-glyccl udescribed

by Wagner and Slawinski (Ber. I899. 32. 2067.).

C.OH
HC///( \\\\ HOH

ch\ H/GH,__

VHE RN

Pinocl-glyecol.
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ig.

o trace wiatever of any chloro—coupound, COrres—

ponding to tne substance -~ C H0CL - obtained from

d-pinene, was chserved.
It will ve seen, tiereflore, that, wnile(G-pinene, so far as
tite main product of tie reaction witi cirowyl cldoride is .
concerned, does give rise to the sawe ketone as « -pinene,
all the subsidiary products show marked differences. Wit
®-pinene, also, it was founa that tue yield of ketone in
compariscon to tune total yield of oxidation products was
greater t.uan in the case of d-pinene.

It is reawnrkavle tuav this Ketane -~ Cqup - first
prepared in 1803 ircu -plnene , still rewains unidentified.
When one considers tie ease witi wiadcua tie plnenes, on treut~
went with various reagenta, give rise to derivatives of
bornecl, caupiele, or evein ifehcuene, it will be seen tnat
gspeculaticn as vo tae constituvion ¢f thids ketole is neithner
advisable nor profitable. Tie characteristics of tids kKetone
certainly do not agree with thnose of ncopincne, any of tie
‘knowil isopropyleycloiiexenones, campnenilone, fencliccamp.iCrone
oamﬁﬂorone, pilaopsacrone, nor isccauwpuorone. Similar uncer-
tainiy exists witi regard to the alecncl - GiHKOH - oObtained

from this Ketone by reduciion.
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It aas been shown that wnencx—pinene is oxidised
wilth hydrogen peroxide in glacial acetic acid sclution, sev-
eral products are obtained ( Henderson and Sutnerland, J.C.S.
I9I2. I0I. 2288-2293.) . The most iumportant of these are tuaree
in number:.-

| a/. Borneol.
b/. «-Terpineol.
e/. T:4:8-Trihvdroxvuentnane.
[;—pinene,under exactly slailar conditions, was oxidised witu
ayarogein peroxiue vu finug ouv wusiwusr tue sauwie, Ol allalogous
ccompounds are produced. In viidls case three products were also
obtained, and these are sunown to be:-
a/. Borneol.
b/. Fenchyl alcohol.
¢/. A polyLydroxy-compouny wuicu is
probably 2:8:9-Trinydroxymenthane.
The bhorneol was lsolated anu idenitilfied as tue p-nitro-
benzoate: -
a.p. IBT3C.
It was observed toat Tencuayl alconol daid not react so readily
with p-nitrobenzoyl chioride as borneol did, and this pro-
perty was utilised to separate tue two alccouols. It is inter-
esting to note tiat Wallacn (Wacir. kK. Ges. Wiss. Goitingen,
I805 6-12.) separated fenchone fron camphor by acting on a

mixture of tie two witih sewdcarbazide, wien tue camphlior
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formed a semicarbazone, and tie fencuone dia noet react.

The fencayvl alcoinol, after removal of tie torneol
p-nitrobenzoate, was distilled in a current of steam, and
was obtained as a waxy solid:-

a.p. 40°¢C.
Some fenchyl alconhol was prepared by reducing fencuaone. Tie
fencuyl alcolicl so cbtained was found to have:-

m.p. 41°0C.
On mixing the two no lowering of the melting point was obser-
ved. It is, tierefore, evideiit tnat fencilyl alcocicl wes one‘

01 L6 products.

CH,
/é
H,0 HOH
Okt -G -CHy
e N
HC//// §\§§GH Borneol .
cﬁkc -CH, ?H N
i, e ] CH,_ CH
\CH/ . Hzc/ \GH
«K~Pinene. |

H,On_ OH
H/

; +OH

o

& -Terpinecl.

CH,



”I .

| iﬂ | ch\' /eH,_
I

HC CH Borneol .
CH .C.CH

H G\L{/Cd

ﬁ-Pinene .

GH3

CHOH

.
\
P

CH,

/ /\__

Feneiiyl Alcoucl.

Tn cornection with the Formstion oi Fenciiyl aleoiwl from
@-—pinene. it has already been pointed out that 'Wallaceu syn-
thesised @-pinene and fencheine simultaneously frow nopinol
acetic acid. Bouchardat and Lafont (Cowpt. rend. I898. I25.
756.) obtained Tencayl alcoacl by the action of wineral acids
ou laevo oil of turpentine. Barbisr and Grignard (Bull. scg
chim. I909. 4. (5). 5I2. B5I9.) state that fencuyl alconol
results togetusr witi otiier alconols wien French oil of tur-~

ventine 1s hydrated. Tiese investigators assume that it is
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forumed frow the B-pinene present 1n‘tne 0il of turpentine.

Tne borneol and renchyl alcohol were obtained from
that part of tiie oxidation product wilcn uistilled in a cur-
Prent of steam. The non~volatile portion, whicu appeared to
consist mostly of resin, was furtner examined. A& small quan-
tity orf a very visecid, colourless liquid was ultimately
gecured. Tuis suvstance ccula not be obtained in a crystal-
line condition. It decomposed wihen it was heated. and also
when it was distilled in vacuo. If it be a itri-aydroxy com-
pound, analogous tc tihe one prepared from o-pinene, its pro—
perties seem to suggest tnat it is the 2:8:9=-trihvdroxyien-—
thane described by Wallacenh (Ann. I89%. 275. 165. ; 277 . IBT.

T894, 279, 286.) and Tiemann and Semxler ( Ber. I&95. 28.
2142.) .

An attempt was made to secure a p-nitrobenzoate
from this non-volatile oxidation product. The ester cbtainea
did not give a definite welting point, and this suggested
that a mixture of p-nitrobenzoates nad been ioruwed. A con-
sideration of tine formula assigned tc 2:8:9-trianydroxynen—
tnane snowed tiat sucihh a2 mixture could quite easil& occur
witn tanis compouna. It will be seen tnat this tri-nydrie
alconol contains a primary alcouol group, a secondary aleo—
hol group, and s tertiary alcchicl group. EXperience nas s:cwn
tnat it is a matter of extreme aifficulty to obtain a p-nitro

benzoate rrow a tertiary alconhocl, so that the formation of a
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possinile tertiary p-nitrcbenzcate need notfbe~considered.

It is probable, then, that an ester could be tcrmed at eiltner

of the other alcohol groupings, and somewhat less likely

that & di-p-nitrobenzoate could he formed from hoth.

A -Pinene,

é; ~Pinene.

r

'HL

.

—_

H,C - CH, .
2-\ 4 F
| 7
C..OH

P

3
I:4:8-Trihydroxymnenthane.

o

HLG/ | HOH |
A
HLG\ /cﬂ,_ |

H

P
CH, CH, OH

2:8:9-Trihydroxymentiane.
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Although a large excess of p-nitrobenzoyl chloride
was used, nevertheless, a pure product was not cbtained.
This seemed to hear out the assumption that a mixture of
monoc-p—nitrobenzcates had been formed. With the small quan-
| tity of esters available, it was found to be impossible to
effect a separation by repeated recrystallisaticns from hot
methyl alcechol . The entire yield ¢f this polyhydric compound
was used up in the foregoing investigation, and consequently
any further work on its ceconstitution has had to be suspended

for the present.
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Preparation ofﬁ%-Pinene. 7 "J,;;u“

I f"‘ e
During tne course of the present work,(ﬁep;nene

.was prepared from three different sources. Tiese different
oils of'turpentine Were:i~
FPrench o1l of turpentine.
Anmerinan il of turpentine.
Indian oil of turpentine ( from Pinus Excelsa ).
French oil of turpentine is produced.from the pine
( Pinus Maritima ) growing on the dunes ( "Landes" ) of soutl~
western France. The physical constants of a sample examined
by Flavitzky (Ber. 1879. I2. 23%57.) were:-
b.p.= I55 0.
d,. =0.8587.
Ny .
A d]B=-43 E
American oil of turpentins i3 produced in thne tur-
pentine forests of the Southern States of U.S.A. Tue turpen-
tine is prinecipally ohtained from three species of Pinus:-
Pinus Palustra. Mill.
Pinus Heterophylla. Ell.
Pinus Echinata. Mill.
0f these the first named is by far the most important. Az a
rule American oil of turpentine is dextrogyrate, hut it can
sometimes he found laevogyrate. The Bureau of (Caeaistry,
T.8. Dept. of Agriculture, Bulletin I44. I9II. p. 22, gives

the following range »f phreirel ~ongtantsi-



e
d,. from O.SGIf to 0.8289.
(«], , from -3z4.8"to + 20.6"
n, . from I.4384 to I.481I8.

The Indian oll of turpentine was obtained through
| the courtesy of the British Xylonite Cc¢. This oll was dis-
tilled at Jallo, Punjab, from the oleoresin of Pinus Excelsa.
The following detalls regarding Indian oil of turpentine from
"Pinus Excelsa are glven in the Blletin of the Imperial
Institute, vol. XV. lic. 4. Oct./Dec. I9T7. p. 563.:-

N

A, = 0.862,
(<], =+42%20, |
It is also stated that 904 of this oil distils over hetween
157°-160°C., and that this fraction was found to be practi-
cally pure d-d-pinene.
In view of the results published by rariselle
( Compt. rend. T92I. I72. 1496, ; Ann. chin. 1922%. (IX.) I9.
119.) it seemed probable'that French oil of'turpentine would
prove to be the best source of f-pinene. Accordingly two
gallons cf French oil of turpentine were procured, and after
purification, one litre was subnitted tc a test fractionation
using a " Ramsay * fractibnating column. After a large number
of distillatiocns, carried out at a rate of 70 drcps per wmin-
ute, a very small quantity of oil, with a constant
b.p. 183 -165°C.

was obtained. The total yiéld of fairly pure (-pinene ,



27 .
distilling at this temperature, was found to be:-
9.5 c.c's per I.000 c.c's of oil of turpentine.
This yield, compared witil Tie large percentages cuoted
by Pariselle, vas disappointing. It ie true tunat iie separated
thegﬂ-pinene by fractional distillation under reduced pres—
sure, using an " O0tto stiii—nead with 5 bulbs, whereas the
present fracticnation was carried cut at ordinary atwmospheric
pressures, and using a fractionating column which could only
deal with a small quantity of ligquid at & time. 1t became
evident, however, that it would be necessary to distil a very
large volume ¢f oil of turpentine, and it was desirable,
therefore, to find out *he wmost efficient form of fraction-
ating cclumn tc use. Half litre samples of Erencn cil of
turpentine were distilled with each ¢f the following frac-
tionating coclumns:-
Rod and Disc.
Raxsay.
Hempel (glaés beads ) .
Hempel (Lessing's rings ).
Dutten's. |
"Pear® bulb colwan - with 12 "Pears".
Modified Evaporator.
The "Rod and Disc" type did not give particularly gccd re-
Sults in tne separation of(l—pinene fram 4~pinene. The boil-

ing points of the two nydrocarbons were prcobably too close
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togetiler, on tihe cne hand, and on the other, the temperature
of the vapours was toc nigh tc enable them to be efficlently
separated by this column. Tlie " Ramsay " gave sowewhat better
results, but the coluﬁn was toc narrow, and only a limited
volume of oil of turpentine could be distilled at a tiae.
The " Hempel " fractionating column, filled with glass beadé,
or witii Lessing's rings, caused toc much condensation of
11quid in the column, with the result that the latter grad-
ually filled with liguid, and distillation cculd not be con-
tinued . Wrapping the outside of tne coiuun witi asbestus
wool did not improve malters tc any great extent. With
" Dutton's " column, it was found that separation could not
be effected unless the rate of distillatiocn were slowed down
to 20 drops per minute, or thereby. This entailed packing tue
outside of the coluun in asbestos wool, and even then the
rate of distillation could not be maintained at this low
value for any length of time witiicutl tiie total cgssation cf
distillation. It was found in all tiiese experiuents with
fractionating columns that a constant rate of distillation
less than 70-80 drops per wminute could not be maintained at
the temperatures - I155°C. to I70°C. — at which tie fraction-
ation of oil of turpentine was attempted.

Tiie " Pear " fracfionating column with 12 " Pears "
was then tried, and quite good results were cobtaihed, es-

pecially after it had been jacketted with & wide glass tube
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to prevent vile access of draugnts to the column. A constant
rate of 75 drops per wminute could be maintained. The " Mod-
ified Evaporator " column was found to give results as good
as, or even better than, the * Pear ", The " koualfied
Evaporator * eclumn used had three compartments, and since
it could not deal wlti tie larger qguantities of oil of tur-
pentine, 1t was used taroughout to give a cleaner separation
of that fraction of the oil wihichi was collected at a tem
perature of I60°C. and upwards frow the " Pezr " fraction-
ating colwan.

Tiie joint use of these two columns,  nowever, did
not give a yield of f3 —pinene exceeding I% of the volume of
French oll of turpentine distiliied. To make guite certain
regarding the history of tihe oil cf turpentine used in the
fractionation, a quantit& — IO kilograus - of French turpen—
tine was procured from Frahce, and this was submitted to
steam distillation in the laboratory. A4 yield of I623 c.c's
of pure dry Frencn o0il of turpentirne was secured, and over
8 kilograms of a very clean, water-white colopliony obtained
as a bye-product. The supply of French oil of turpentine so
prepared was repeatedly rfractionated, and I5.I c.c's of

B-pinene, in a pure dry condition, were obtained. The frac-
tion which passed over unchanged at 162°C.~164°C. after
several distilletions was taken to be@ ~pinene and was found

to give the foliowing constants:-
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b.p. I182°C. to 164°C.

d* = 0.8722.

it

=
&
1

1.477.
5 o

, = -19.9°

~ Pariselle (Compt. rend. I92T. I72. I496.) gives:-

b.p. 163°C. to 164°C./ 760 mm.

5

d” = 0.8728. d° = 0,8848.

n, = I.479.

[«]” = -19.8%
Wallacii (Ann. I908. 363. ¢.) gives forp -pinene from Amer-
oll of turpentine:-
b.p. 162°C.~163"C.
d = 0.866.
‘n’ - T.4724.
| <], = —22° 201
An additional 2 gallons of French cil of turpentine, belong-
ing to the 1920 crop, were obtained through the eowrtesy of
tie Britisn Xylonite Co. This oil, likewise, gave noc better
yield of B-pinene.
Tne 2 gallons of Indian oil of turpentine from
Pinus Excelsa, procured tarough the same firm, were next
examined for their content of(l—pinene. This particular var-
1e_ty of 01 of turpentine was found to be rien in £ -pinene.

In addition, it was shown to contain a small proportion of

f-pinene, and also of a third hydrocarbon, boiling ahout
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I73°C. At first the latter hydrocarbon was considered to be
sylvestrene. It did not, nowever, give the colour reaction
for sylvestrene, and it is probably identical with the
d-Aa-carene isolated by Simonsen from Indian oil of turpen-
tine, distilied from the oleoresin of " Pinus Longifolia *

(J.0.8. 1920. 1I7. 570. ; 1922, I2Y. 2292. ).

OH
|
0

N

e
\ (I(:(GH

d-A -Carene .

[
b.p. 168°C.-169-C./ 705 mm.

Owing to the presence of this third nydrocarbon, witin a bolil-
ing point only 2 1ittle higher than that of ﬂ—pinene, the ~
isolation of[;-pinene' from Indian oil of turpentine, from
* Pinus Excelsa ", proved tc be a long and tedious process.
Por this reason the attempted preparation oi‘@-—pinene from
this source was drovnved.

Since the composition of oils of turpentine from
the Indian * Pinus Tongifolia ", and from Swedisii and Russian

Pines, are sufficiently well known, no attempt was made to
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prepare ﬁ—pinene from these olls. Attention was turned to
Cbtaining(g—pinené from American oil of turpentine. 1t was
found tnat tie yield of p-pinene from this source was slight—
1y better tnan from the French c¢il. The yield was a shade
more than I of the total American oil distilled. The fact
that American oil of turpentine was found tc be ricuaer in
f-pinene than the FTrench variety is in 2cecordance with
Wallach's statement (Ann. I908. 253. 9. ), hut he does not
give any details regarding the comparative ylelds. Altogether
4 gallons of American cil of turpventine were distillied. Since
the same laevogyrate (3 -pinene ig¢ obtained from both American
and Fran~h ~ils of turnentine, the total sunmnlv cf turpentine
cils - a little more than 8 gallons - was mixed, and distil-
led indiscriwinately.

To purify the oil1 of turpentine, it was 2llowed to
stand in contact with solid caustic potasi for several days.
The oil was then sevarated from the s¢lid potash, precipita-
ted resin, and the concentrated acueous sclution of potasn
formed from the water present in thne turpentine oil. The oil
of turpentine was next steam distilled. Each.batch of 0il of
turpentine - about I% litres - was distilled in three, approx
imately eqﬁal, stages. That‘is tc say, that, when sbout cne
third of the oil had distilled over with tie steam, the re-
celver was changed, and was chéngéd again when the second

third had passed over. The three portions of the distillate
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obtained in this manner were then examined separately for
their content of 3-pinene. 1t was found that the last third
of the distilliate was somewhat richer in(Z—pinene than the
other twc. The first portion of the distillate, however, did
contain 2 small propcrtion on@—pinene, and -since it was
desirable to secure as muché%—pinene as possible, noc useful
purpose would be served by neglecting the yleld from this
source. The three portions of each distillate, however, were
accumlated separately, since by this means a rougl-and-ready
primary fractionatiocn of the oil was secured.

Tuae iresh steam distilled oil was separated from
the 1éyer of distilled water, and dried over freshly ignited
anhydrous sodium sulphate. The dried o0il was tien submitted
to fractional distillation in the " Pear " apparatus.

The greater porticn passed over at I55°C.-T56°C.

Fractions were taken:- I56°C.—I57°C.

157°C.-158°¢C.

I158°C.-159%°C.

159°C .~160°C.

over 160°C.

| The fraction passing over'under 1567C. was found to be prac-
tically pure -pinene. It was, nevertheless, run through the
distillation apparatus twice more, before being finally 1aid
- on one side, and an additional small quantity of higher boil-

ing o0il was thus secured from it. The remaining fractions
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were redistilled separately, tne .iguer boiling portion of
each fraction heing added to the next higher fraction, and
80 on, until a gquantity of o0il boiling above I60°C. was
isolated. This portion was dealt with separately in the
" Modified Evaporator " column and fractions were taken:-—

| Under 160°C.
160°C .~162°0.
162°C ~164°C.
164°C.~166°C.
Over I66°C.
The fraction separating under I160°C. was returned to the
" Pear ". The fractionation was continued until a portioh
of the oil, passing over constantly at 162°C.-184°C., was
isoclated. It gave constants:.-

3

d

0.8710.

ny = I.4760.
It was assumed that this fraetion of the oil of turpentine
consisted of@-—pinene sufficlently pure to carry out the

oxidations. A tctal yield of %I2 c.co's of this F—pinene was

obtained.
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__The Oxidation of f-Pinene with Chromyl Chloride,

A 104 solution of%%—pinene was prepared by dis—
solving 40 graws of the hydrocarbon in 400 grams of carbon
disulpiiide. A IO% solution of chroﬁyl chiloride was prepared
hy dissolving 100 grams of the reagent in a kilogram of car-
bon disulpnide, The carhon disulphide had previously been
carefully purified by distillation with a small cuantity of
chromyl chloride. Any unchanged chnromyl cilloride was decom-
posed by shaking up the distillate witi: a little distilled
water. The carbon disulphide was separated from tire agueous
solution, and dried over annydrous sodium sulphate.

Tue guantities of chromyl culoride and B -pinene
used were sufficient to give sligntly more tien 2 molecular
proportions of the former to I of the latter. Botl sclutions
were kept well cooled in ice, and swmall cuvantities o1 the
chromyl ~hlovide were added, at short intervals, to the
@-pinene solutipn. THe latter solution was Kept in a state
or constant agitation. A ueavy LY Ouiilsi~LLiack preclpltate, of
chromyl chloride 3 -pinene addition product, was gradually
deposited. This compound is characteristic of the action of
chromyl chloride on the terpene hydrocarbons, and has the
eompbsition:_

C,H,+20T0,CL, »
During the addition of the chromyl chloride, any local over-

heating, due to railure in maintaining the f-pinene solution
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in constant azlitation, or neglect in Xeeping tie reacting
substances well cooled, results in serious losses due to
resinification. After tie calculated amount of ciiroayvl chlor-
ide had all been added the orecipitate was allowed several
days in which to settle. If tile suvernatant layer were eclear,
8101l quantities of chromyl chloride were added until 1t
possessed a permanent reuuisn tinge. After the formation of
tine addition produet was taus cowpleted, tue liguid layer of
carbon disulphide was decanted off. A brownisi~black paste
remained. A little of this paste was dried and washed witih
carbon disulpnide at tile puap. Tiie addition product was ob-
tained as a dirsy winite powder. It was found tnat it readily
absoribsd moisture from tne d4ir, and was gquickly converted
into a viseid green liquid vossessing a pecullar sweetisa
odour. Tue powder is completely decomposed witii water.

Tie Lrownlsirblack paste was slowly run into ice-
cold water, wita which it was well stirred. On standing, tuae
carbon disulpnide separated, and was run off. It was of a
dark brown colouf, and was found to contalin most of the ox-
idation products in solution. Tae green agqueous solution was
extracted several times wita etier, and finally witii 1igot
petroleum. After the agueous solution nad been extracted it
was lalid aslide, but wien several weeks had elapsed, it was
noted fnat portions of resinous matter had been deposited

on the sides and bottom of tile Winchester flask containing
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the liquid. It would thus appear that,'under the above con-
ditions, tne decoampositicn of tne brown addition product,
and the extraction of tne aqueous solﬁtion, were not so com-
plete as tney were previously tuaougnt tc be. Consequently,
when a second nortion of 4-pinene was oxiudised tne previous
procedﬁre was gomewhat altered. After tne carhon disulphide
layer nad been separated, trne aqueoug solution was placed in
a Winechester and gently warmed in a thermostat. Experiaent
showed that the best temmerature, 10 ensure complete decom—
vosition, was in the neighbournood of 25°¢. The Wincnester
was kKept in tue tnermestat at this temperature tor a days
ainua the soluticn, arver cooling, was extracted as before. In
this case the decomposition and extraction were conplete, and
no resin was deposited from the green agqueous solution even
arter tne lapse of zix montns.

The carbon disulphide solution ot tne oxidation
products, and the several extracts were washed with water,
and dried over aninydrous sodinm sulphate. The solvents were
distilled off, and the residues mixed. The oxidation product
was thus obtained as a dark brown viscid oil, whicih appar-
ently contained a large proportion of resin. The oil was sub-
mitted to steam distillation, when a cuantity of a clear
VYellowish oil passed over, and collected with the aistilled
water in the receiver. The resin remained benind in tne dis-

tillation flask.
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Separation gﬁmphe Aldehy@gs.

- ———a e

The distillate from the steam distillation was
saturated with sodium chloride and repeatedly extracted with
ether. The etnereal solution waé geparated, and dried over‘
anhydrous sodlma sulphate. Tne ether was separated by distil-
lation from a water-bath. The remaining oil was mixed with
8ligntly more than its volume of freshly prepared, saturated
aqueous solution of sodiua hisulphite. The mixed liguids were
placed in a conical flask, locsely stoppered with cotton wool,
and kept in a c00l place for several weeks. Tye flask was
shaken at frequent intervals. A small arop ot crystals, of an
aldehvde hisulphite commound and of sodiua bisulphite, was
slowly formed. These crysials wsre -arefmity filtered off at
the pump, washed with aleohol and ether, and dried. The un-
changed il was extracted from tne tiltruave énu agalil wizeu
with ssturated sodimm bhisulphite solution. A furtner very
small crop of crystals was sscured. The coabinea yvield of
erystals was boiled with sodiuva carbonate solution, in a
distiiling-flask, to decompose the bisulpnite compound. Tae
aldeshydes volatilised, and distilled over witn the stean,
accumulating in the receiver as a few diops of semi-golid
011. These were extracted with ether, the solution dried over
anhydrous sodium sulphate, and the ethner separated by dis-
tillation. A very small quantity of a thick greenisi-yellow

911 -~ with an odour sinmilar to that of camphor - was thus
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obtained. This 2i1 was immedintely weiruned aiuw dissolvea il
pure etnyl alcohol. To prepare the semlcarhazone, the cal-
culated quantity of seamicarhazide nvdrocnloride — one zbl—
eonlar provortion - was weighed, and dissolved in trne ainimum
volume of distilled water. Similarly one aolecular proportion
of potassium acetate was dissolved in etiyl alceohol . Tue
three solutions were mixed and sufficient ethyl aleohol added
to give a homogenecus sslution. After étanding for several
days the semlcarhazone was precipitated by tue aadition of
distilled water, and 21iowed to settle. The precipitate was
separated by filtration, washed, and dissolved in msthyl
aleonol, in a hot sclution of wvnicn it was readily soluble.
The bulk of tie metihyl alconcl was distilied off, and on
c¢ooling the remaining solution, the semicarbazone crystal-—
lised out in the form of whitish nodules. These were col-
lected, dried, and a melting point taken. It was found that
the substanze began ts soften adbout 30°C. and was completely
liguid at 50°C. A further recrystallisation from a small
volume of hot methyl alcohol gave no better results. It
appeared evident that tne indefinite melting point was nst
due to any chance impurity. It wis micii more probable that
the result was ocecasioned by a mixture of aldeliyde sealcarb-
azones, in all likxelihood, two in number. Atteupts were amade
to separate the semicarbazones by fractional crystallisation

from methyl alcohol, but with the very small amount available
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no satisfactory results were obtained.

»Eeparation of the Ketone.

The oily oxidation produect, from wilen the alde-
hydes had been removed bv sodium bisulphite, was washed suc-
cesslvely with aqueous sodium carbonate and water,Aand then
dried over anhydrous sodium sulphate. Tiie dfied oll was dis-
solved in etnyl aleohol, and tiie calculated amounts of semd-
carbazide hvdrochloride and potassiwa acetate were added. On
standing for several davs, crystals were slowly deposited,
and Hy tine daily addition of a few drons of distilled water,
the vield vwas graativ innreased. After standing for a fort-
night, the etnyl aleohol was distilled off, using a short
fractionating column iu case tu6le sululu be wily volatile
neutral products in the oil. Tae aleconol wiicli accumulated
in the receiver was found to possess a peculiar nenetrating
odour. Some distilled water was added to a small sample of
tiie aleohol, and a white turbidity resulted. So it appeared
that the oil contained a volatile substance, wialcl distilled
with aleohol vavour, even although a fractionating column
was used. All the :listilled alcohol was accordingly set on
one side for further examination. The liquid remaining in
the distiliing flask was decanted from tue solid semicar-
bazone, the latter powdered vp and washed witi water, and

the decanted liquor and washings were submltted to steaa
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distillation. The distilied water in tne receiver also showed
turhidity, and was likewise set on one side. Notuing else
wag obtained except a drop or two of a mobilé 0il, waich
further eéxamination snowed to coﬁsist of unchanged ff-pinene,
containing in solution a 1ittle of the same volatile sub-
stance as the ethyl alconol.

The wasned semicarbasone, of which & fair yield
was obtained, was dissolved in Lot metiyl aleciiol. A small
quantity of a vellowish, sandy subhstance remained undissolved
and on furtiher examination it was fouﬁd to be a condensation
product of semicarbazide. The not methyl alcoiicl solution
was filtered free froa the insoluble residue. Tne solution
was concentrated by distiliing over about salf tne bHulk of
maetnyl aleohel, and allowsd *2 2221, The gsemirarhazone of
the ketone was deposited in minute colourless nesdles, and
after purification, hy recryvstaillisation several tiues iroa
hot methyl aleohol, gave a melting point or 225°C., decow
posing at the same time. The ketone semicarbazone cbtained
by Henderson and Gray (loc. cit. ) from&-pinene meltad at
225°C. A small quantity of tils semicarbazone was procured
and mixed witn tne semicarbazone from(3-pinene. The melting
point of the mixture was 224°C. Tiere is therefore no doubt
that the ketone prepared from(-pinene is identical with
that fromd-pinene.

The ketone has the composition:-

cquwo.
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A portion of the semicarbazone was repeatedly re~
cerystallised from hot methyl alcohol, and a melting point
taken after each crystalliaation. It was found that the melt-
ing point rose steadily, but slowly, witii each auditional
erystallisation. Ultimately a series of crystallisations gave
a product melting constantly at 232°C. (uncorrected.) .

Tiie ketone itself was obtalned by deccaposing tihe
semlecarbazone witn a sligaut excess of oxalle acid,‘and stean
distilling tne mixture. The distillate was saturated wita
sodium chloride, repeatedly extracted wit.u etier, and tue
extracts dried over anhydrous sodium sulpnate. The ether was
separated by distiliation fraa tie water-batn, and tie kKetone
wa3 obtained as e golourless, oily iiguid witin a pleasant
aromatic odour. Tae Ketone is soluble in metnyl and etayl
alco.ols, in ether, enlcorcforn, benzene, acetone, petroleum
etner, and glacial acetic acid. It is insoluble 1in water. It
boils at 207°¢.-208°C. It discliarges the colour of perman-
ganate ssclution, and combines with two mclecular proportions
of braomine . There was no necessity to prepare line correspond-
ing alcohol, and the amine therefrom, since tiese campounds

have already been uescribed by Henderson and Hellbron (J.C.S.

1908, 93. 292 ~ 293.).

Separation of tiie Neutral Compound.

Tie etlLyl alcoiol distilled from tine Ketone semi-
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carbazone, and the distillate froam tne steam distillation
were umixed, and a iurvuier largs bulk of distilled water added.
The alxturse was repeatedly extracied wita petroleum sther,
and the combined extracts dried over anayurous soulwa sul-
pinate. The petroleum ether extracted most, but not &l1, or
tie proauct wilcil caused the turbidity. On account of tne
volatilicy of this substaice tiie petroleua etlier was evapor-
ated at the »ump, tuus getting free of tue solvent at a low
temperature. The substance appeared to be readily soluble in
vetroleuw etuer, and 1t was only obtained in the crystailine
state by pouriang tae lagt of the solution on to & waten glass
and allowing t.de solvent o spontansously evaporate, Small
colourless crvstals, possessing an oaour reminiscent of tnat
of cauphene, dDut sharver, were obtained. Tiese crystdls welre
found to selt, not very saarply, about IT0°C. A furtuier
purification, by crystallisation from a 1little chloroform,
gave a sample whlci aad-a melting point of I123°C.-125°C.
It seemed possible that another one or two recrystaliisavions
adgint sti11 furtner raise tie melting voint, but witi tue
small guaatity available 1t was not considered savisable
to run the riskx of furtner loss. During the melting point
determinations it was found tuati tue substance sublimea on
to.tne gldes of tne test-tube containing tune trnermoueter.
Tiie substance did not immediately discharge the colour of

Peruanganaite solution. It was also found to be saturated
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towards broaine.
Analyses saowed.-
0.I334gus . gave 0.1190gms. H,0. : H = 9.899
" " 0.3750%ms. GOy o ¢ O = 64.4%
0.I2364a3. gave 0.1068ems. H,0. : H = 9.67%
" " 0.2896gus. G0, . ! O = 64.2%
C,H,0, requires ¢ = 64.54% : H = 9.884%.
Details regarding tae following couwpounds ot formula ¢, H,O,
were found in tne literature.-
Trne compound described by Wagner and Slawinski (Ber.
I899. 32. 2082.) and named nopinolglycol.
Tﬁ OH

2

AR

¢ CH.
0 \GH/

0 :( CH, ),

It had & m.p. I25°C.~-127°C.
Gave a red colour witi conc., sulphnuric acid in tne cold.
Was sparingly soluble in 1ight petroleun.
Three different modiiications or pinolglycol are de-
scribved.

a/. Tae cis-modification of pinolglycol by Slawinski (J.

rusgs, Chem. pnys. Ges. I898. 30. I95. : central%blatt.

i
»



I898. (2.} . 54%.) .

Has a m.p. 123°0.-I24°0.
Gives a golden-yellow colovr with conc. H,80, .
b/ . Trans-active modification, by Wagner and Slawinski {Ber.
I899. 32. 2072.) .
m.p. 75 0740,
Sublines.
c/ . Trans-inactive modification, by Wagner and Slawinski ( Ber
1899, 32. 2087.).
m.p. I26°C.-127°0.
Sublimes.
Gives a golden-yellow cclour witii conc. HIS% in the
cold.
The compound CoHe0, obtained fromﬁ—pinene also gives a
#olden-yellow colour with conc. H,80, in the coid. It sub-
limes, ana nas a m.p. I23°C.-I25°C., this flgure being re-
garded as low for tne reasons already given. There is there-

Tore, a great deal of justification in identifying the
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compound secured from(@—pinene as the trans-inactive @modifi-
cation of pinnlglveol deseribed above. Since tials compound
was preparsd from @—pinene, it wasz at first thought that it
aizght prove to be nopinoslglyvesl. Tils conclusion was, how-
vever, untenable in view 2f the properties of tie coapound
fr@nbg—pinene which have already been set fortn, and also
because tihis compound was found to be readily soluble in
11ghp petroleua. '

The sodium bisulpaite solution, from which the
aldehyde-bisulphite crystals nad been deposited, and from
which all the oxidation 911 had been extracted, was dailiuted
with an equal volume of water. Dilute sulphuric acid was
slowly added to the solution until all effervescence had
ceased. The soluiion was then heated until all the sulpnur
dioxide had been expelled. When cocl, a sufficient voluae
- of dilute sulphuric acid was adaed to0 dake tus silulidn
faintly acidie. Tnis acidiec solution was repeatedly extracted
with small voluues of ethner. Tus combined extracts were dried
over anhydrous sodium sulpiiate, and tue etuer distilled from
the water-bath. There was practically no residue left‘;n the
distilling flask. The few drops of liculd whiecia did remain
were washed out with 2 small quantity of distilled water. The
3olution showed an acidic reaction, but no trace of any acld
other than sulnaurice acld could be detected.

The sodiwm carbonate solution, witn waien the
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oxldation 0il1 had heen washed after the extraction of the
aldehydes, was examined in a siaillar fashion. A trace of an
crganic acid was found after the ether nad heen distilled
off . This aeld occurred as a drop of thick 211, possessing
a sour smell . The guantity was far too small to permit of
further examination, hut in all prdbability tiie acid was form
ed from tiae aldeavdes bv alr oxidation.

| At no point in the examination of tine volatile
portion of the original oxidation »nroduct was a substarnce
isolated analogous t2 the chloro-compound obtained by iHen-
derson and Gray fromo-pinene (loc. cit.).

The resin, which remained in the distillation flask
after the steam distillation of tihe original oxidation oil
was dissclved 1in etiier. The dark brown solution was repeated-
l1v washed with water until a sample failled to show any trace
of chromium s3l1ts, or soluble chlorides. A small guantity of
thie ethereal solution was evaporated to dryness, and tie re-
s ldue examined for comhined chlorine. No trace of chlorine
was found. The ethereal solution was then shaken up wita a
solution of sodium carbonate. Mo effervescence was observed,
but the sodium carbonate solution became tinted wish the dark
brown eolour of the resin. It was not found possible, now-
ever, to isolate tile sodium salt of any definite acid. The
ethereal solution was washed free from sodium salts and dried,

The ether was distilled off, and tihe resin subaitted to
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distiliation under reduced pressure. Noething distilled over
except water, and a carbonaceous nmass remained bernind in the

flask.
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Tiie Oxidation 0f¥2—P1nene witis Hydrogen Peroxide.

In order to carry out thne oxidation 2 molecular
proportions of aydrozen peroxide were added to 50gms.. of
@-pinene dissolved in I30gms. of glacial acetic acid. Tue
Aydrogen veroxide used was " Perhyarol ", - a 30% agueous
solution - and 2 molecular proportitions of this strenght were
caloulateu to be 78 e.c's. The aixture was hesated on the
water-bsti at 50 ¢.-55 C. until the f-pinene, wuich separ-
ated, on tiie adaition of tie nyurogen peroxide, nad again
passed into solution. Under these conditions the oxidation
proceedsa sowmewnat siowly, »ut attemmnts to hasten the process
by carrying it ouv at nLigner teumperatures resulted in the
formation of wmuch resinous aatiter. After constant neating Tor
sbout a week alil the upper laver had disappeared, ana tue
oxidation was taxken to he complete. Tiue sSoLutiow was wow ol a
lignt yellowisin brown tinv. It was diluted witn distilled
water, and the acetic ac¢id cowmpletely neutralised by trne add-
ition of sodiuw carbonate. An 0ily liquiu whilca separated was
extracted by means of ether. The etiher extractions uad to be
very exhaustive, as even tlie tentin extract, wien tested, was
founu to contain a small quantity of product. The extractions
were continued until tie solution haa been extracted fourteen
times . The ethereal extracts wele combined, wasued wita
Succesgive small quantities o water, to extract any sodium

dcetate, and drisd over anuydrous sodium sulpuate.
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Tne original agueous solution would stiil contain
trne sodium salt or any acid whienh might have been formed
during the oxidation. A small quanvity of dilute acetic acid
was, therefore, added until the solupion was Just acid to
litms. The solution was then extracted witnh etner. The re-
sidue rrom tne extract, after the ether had been distilled,
contained no otner acid than acetie. In case tne acid, 1f any
were formsd, snould be a stronger acia than acetic, a few
drops of dilute sulvimric acid —ere 24ded to the solution,
and it was again extracted witn etner. The residue, on examin-
ation, contained no other organic acid execept acetic acla;

It was, therefore, conciuded tnav no free acid was formed
dvring the oxidation. |

ne etner was distilled of'f from tne dried ethereal
extfaet of the oxidation produets, and a brown viseid oil was
obtained. Tiis was mixed witui an equal volume of tfresily
prepared, saturated aqueous sodium bisulphite. After stanuing
in a cool place ror several davs, with oceasional snaking,
a few crystals were deposited. On examination, however, these
were found to eoonsist of nothing else than sodiua bisulpaite.
The solution was allowed to stand in contact witi the sodium
bisulpnite for several weeks longer, but no aldehyde-bisulpii-
ite compound was secured. It seemned fairly well establisaed
that no aldenydes were formed during tne oxidation. Similarly,

on treatmsnt with seaicarbazide acetate, no sign of any
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ketone was oh=zerved.

The oxidation oil was reccovered I'rom these several
processes, washed free from the reagents, and submitted to
steam distiliation. Abhout three—quafters of tine total oil
passes over with the steam, and the non-volatile portion
remained behind in the distilling flask as a dark brown
resinous mass. The volatile portion was extracted froa the
distillates with ether, the sthereal solution dried, and the
ether distilled off. A practically colourless, fairly aobile
oll, with a n-t unpleasgant odour, was obtained. This oil was
dissoclved in metnyl aleohol and the calculated amount of
potassium aydroxide, dissolved 1n metuyl alcolicl, was added.
The aixture was heated sn *he woterhath, nnder a reflux con-
denser, for nalf-an-hour. The methyl alconol was distilled
off, using a2 short fractionating oolumn; and t.ie resldue was
suhmitted to steam-distillation. Tie aqueous residue remain-
ing behind in the distilling flask was acidified witi dilute
sulpimric acid. Acetic acid was liberated, but no trace of
any other organic acid could he detected. It was taus shown
that the esters in the volatile portion of the oxldation o1l
consisted solely of acetates, and that esters of any acid
formed during the oxidation did not occur.

‘The steam distillate was extracted with ether, tne
extrast dried, and the ether distilled off. The residual oil

was then submitted to distillation under reduced pressure,
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when it was found that practically tue wudle ol it pussed
over at II5°C.-I20°0./I8ma. The oil showed no signs of sep-
arating into different fractions. Henderson and Sutserland
observed {(loc. cit.) thatcx-pinené, wien oxlidised witn hyd-
rogen peroxids, gave rise tc a mixture cf o -terpineosl and
horneol. Altnough ns distinetive odour was noticeable, it
was conglidered that a similar mixture amignt have been foraed
in the case of{l—pinene. A saxple of the 0il was seeded with
a crvstal or two of d-terpineol (am.p. 35°C.) and cooled in a
freezing mixture. No crystals were forued, and in fact tne
O\—terpineol passed intc solution in tiae oil. it became evi-
dent that tne constituents of the 211 were souswhat different
from these obtained fromad-pinene. It was also evident tnat
the o1l consisted either of a single liquid aleohol or glycol
or a mixture of at least two such compounds, possessing boil-
ing points close to each other. It was determined, therefore,
to atteuwpt the preparation of p~nitrobenzoates, in order,
if possivle, to. throw more ligant on this prohlen.

A portion of the »il was dissolved in T0-I2 times
its volume of pure dry pyridine. The calculated quantity of
powdered p-nitrobenzoyl chloride was weighed out, and grad-
ually added to the solution, care being taken to prevent
undue heating. After all the p-nitrobenzoyl chloride nad been
added, the mixture was gently warmed on the water-batn for

2 few days. After thes reaction was considered to he complete
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the dark brown solution whiceh resulted was allowed to cool.
The 1iquid set to a pasty crystalline mass, and tihis was
drained at tie pump. The filtrate was dissolved in 5% sul-
pharie acid, in order to dissolve tnevpyridine, and to pre-
‘cipitate any free p-nitrobenzoic acid. Tuis solution wés £i1-
tered at tuae pump through tae sawne Tilter paper as before,
and tae residue on tne filter washed witn 54 sulphuric acid
until no more pyridine remained. Tne filtrate, aTter 1t hagd
gstood for a little time,was observed to he covered with an
olly film, and it was set on one side for furtner examination.
The residue on the filter was shaken up witn dilute sodiua
biearvbonate in order to dissolve any free sulpunuric acia, or
any p-nitrobenzoic aclid formed during tne reaction. “hen
2]l evolution of carhon dioxide was at an end tiie aixture was
filtered at the pugp . The residue was wasned witn water, and
dissolved in hot aethyl alczonol. The alcoilol solution was
heated under a reflux, and a little sctivated animal charcoal
added to the solution. Tne solution was filtered free from
charcoal, and allowed to cooi; Small glistening plates, with
a pale yellow colour, separated out. Atter several recrystal-
lisations from methyl alcohol, when they became almcst wiite
in colour, t:2 -2rystals were found to melt sharply at 137°¢C.
A gpecimen of pure borneol p-nitrobenzoate was prepared in a
lmilar manner, and it was also found to melt at 137°C. The

two p-nitrobenzonates were mixed, but no lowering of the
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melting point was observed. It was, therefpre, eStabiisued
tnat bornenl was one of thne products obtéined bi oxidising
@—pinene witn aydirogsn peroxide.

Since tae yolatile »ortion of the oxidation oil was
liguid at oriinary temperatures, it was evident tuat it was
a mixture. No great difii-nlty nad been encountered in pur-
ifying tae borneol p-nitrobenzoate, and on taat account it
appeared likely that the otier constituént, or constituents,
of tne mixturs did not react so readily witn tie p-nitro-
hanzoyl ehloride as bhorneol did. This observation sujgcested a
possible weans ot separating tile constituents of the mixture.
Tune remaioning portica <f tue volatile oil was, theretfore,
treated withh rather less than the calculated quantity of
p-nitrobenzoyl cnloriie,

Tne filtrates and pyridine sulphate solutions were

all colleected, and tn= oily surface fila extracted witih ether.

+3

he ether was distilled »ff and thne resldue steam-distilled.
A small guantity of a greasy looking solid accuamlated in tie
receiving flask, and floated on tne surface ot the condensed
water. A small sample was collected and dried, and the wmelt-
ing point of tais sample was found to be about 40°C. This
substance nad ratiner an unpleasant smell, reseabling tnat of
fenchyl alconol.

A small volwzse of D-fenchione was obtained and dis-

solved in metayl nloohol. The solution was boiled under a
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reflux, and siigntly aore tnan tie taecretical aasunt of
metailic sodium gradually added. Wihen all reaction dad ceased

tue mixture was dissolved in water, and the methyl aleohol
distilleg orr, using a fractionating cblumn.'Tne residue was
steam-distilled, and tune fencihyl alconol extracted from tie
distillate by means of ether. On dryiné tne'soiution, and
separating tne ether by distillation, the fenchvl alconol was
ocbtained in tue solid condition. Tuis fenchyl alcchol was
observed to melt at 41°C. A portion was uixed witan the solid
of m.p. 40°C. secured from the volatile oxidation cil. No ap-
reciable lowering of tiie melting polnt was observed. Tiere
ig, tnersfaore, no doubt that fenchyl aleohol occurs aaongst
tne oxidation products of‘ﬂ—pinene. Experiment alsc showed
tiat bornesl and fenechnyl aleoicl readily fora 2o liquid mixture
Also, since the normal boiling pointe of tne two coupounds
lie within 10°C. of eccn otner, it can be understood way
aistillation under reduced pressure failled to separate thea.
Tne dark brown resincus portion of tue oxidation
product wanicn did not distil in steam was dissolved in wetuyl
alzoh01. A sclution of potassiua hydroxide in the sawme sclvent
was added, and tas whole neated, uander a reflux, on the water-
batn for nalf-an-hour. The caustic potash was then neutralised
by passing in carbon dioxide as the solution cooled. When
neutralisation was complete, tie uaydrclysed product was ex-

tracted with ether. The ethereal solution was dried, and tne
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ether distiiled off. A few c.c's of a dark brown, very viscid
licuid reasined. It was found to dissolve by being stirred up
witih beiling water. Tae agueous solution was boiled with anisal
charcoal and filtered. The filtrate was saturated with ammonium
sulpnate and repeatedly extracted wita etuer. Tne extracts were
dried and the ether distilied off. Tiie residue was a clear,

)
water-wnite, very visecid liguid. Fractional distiiiation of
tiiis 1iquid was attempted, but it was found that it readily
decowposed. Tais vointed, if anvihing, to a higu uydroxyi
content., A little of tune substance wAas diggolved in 4 small
volume of benzene, cooled in a freeziug mixture, ana stirred
witil a4 glass rod. No crystals were obtalned. A negative resuit,
unuer siailar conditions, was also obtainea witn etaer, ligit
petioleumw, cialorvororw, carbon tetrachloride, carbon disulphide,
etuyl acetate, acetone, anda pyridine. On attempting to prepare
a p-nitrobenzoate, 4 very small cquantity oi crystals was oOb-
tained, and these, after purification, showed a melting point
runging froa 50°¢. to 70°C. Tne ester was, tnerefore, evidently
a mixture, eitier of p-nitrobenzoates of different substances?
or else dirferent p—initrobenzoates of‘tne same substance. Tile
erystals were not auenable to fractional recrystallisation
from hot methyl aleohol . The total yield of this compound
was entirslv used up in the foregoing experiments, and no
furtiler work on its constivation could be carried out. From

a review of tne gen-ral properties of this compound it seems
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C probable that it 15 identical witn the 2:8:9-trihydroxyaen-
tnane described by Wallaen, ane Tiemann and Semxmler. The
‘arguments in favour of this view riave already been set out

(m. 22.) .

In tne oxidation with chnromyl ciilloride, I20gms of
@-pinene were used. In the oxidation witihh hydrogen peroxide,
I50gms. of @-pinene ware used. The total weight of'ﬁfpinene

‘used in tiese experimenis was, tiererore, 370gms.
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