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INTRODUCTION

The purpose of thls research was to prepare pinane by a
method of catalytic hydregenation heretofore unused, and to
check 1ts physical constants against thosewfound in previous
researches., In addition, the lnvestigatlon included a study
of the sulfonatioqﬁgf plnane, and the conditions for sulfo-
nation, also a atudj of the properties of the resulting sul-
fonlc acid. Its.propertiea were considered with a view to
the possibllity of commercial utilization of the product.

HISTORICAL

Pinane was filrst reported prepared from l-plnene by
Sebatier and Senderensl in 1901, using a flnely divided nickell
catalyste The vapors of plnene mixed with hydrogen were
passed over thls catalyst at a temperature of approximately
220°, The bolling ﬁgint of the original plnene used was
not glven by Lipp,5 where thls reference was found, and the
- orlginal reference was not avallable, The resulting oll was
. purified and fractlonated, giving a liquid which distilled
from 165 - 166°. Since that time a number of investlgators
. have prepared plnane by varlations of the Sabatler and Sender=-

' ens process,2 using nickel, palladium, and platinum catalysts,

- (1)Sabatier and Senderens,Comptes Rendues,l132,1256,(1901).
. (2)(a)Sabatier and Mallhe,Bl.(3),36,615,(1906);(b)Vavon,C.R.149,
. 98; Bl.(9),9,250¢(c)Zelinsky,Ber.44,2784; (d)Nametkin-Jarzeff,

- Ber.56,832;Te)Nametkin,J.Russ,Phys.Chem.Soc+51,147-51(1920);(f)
¢ P, IIpp, Ber.63B, 411-6_(1930).

- (3)A. Lipp, Ber. 56B,2098 - 107, (1923).




and reducing with hydrogen in the vapor state. A. Lipp®
mentions the productlon of plnane by hydrogenation with a
platinum catalyst in the liquid state, first prepared: by Fokin
and Wilstatter, and prepared later by Lipp, using the Fokin-
Wilstatter procedure. For the most part, the varlatlions in
physical constants reported may be conside?ed due to experi-
mental error, as the magnitude of these varlations 1s not
greate A few of the chemicai propertles have been Investiga-
ted and are reﬁa?ted,z and also a study of the Raman Spectra.4
About the only comprehensive and worth-whlle review on
the subject was published 1n 1923 by ]Z.i.pp,:5 who summarlzed
the previous work and 4ild some work himself to verify the
structure of plnane, Lipp5 mentions the plnane produced by
various methods which were unpublished, but contained 1n the
theses of the Technische Hochschule, Munlch, from 1910 to
1917. Lipp, uéing plnane prepared by the Sabatier-Senderens
process, states thab several days actlon of concentrated sul=-
furlc acld on this pinane caused a rise In the hydrogen and a
drop In the carbon values, and a strong decrease in optlcal
activity. He does not attempt to explain thls, however, and
all other Investigators working with supposedly pure plnane
report no reaction from sulfurle aclid 1n any concentration.
The freezlng point of plnane was reported in Beilstein®
as -50° for d-pinane prepared from d-oc pinene. Freezing point

. for l-pinane is not given., Lange's Handbook® reports =45° for

-
T

) (a)DuPont ,Daure, Allard, Bull. Soc.Chim.49,1401-9,(1931);

)Bellstein,Vol.5, 4th edition supplement, Pg.48.
)Lange's Handbook of -Chemistry, (1934).

ErEg)Bonino and Cella,Meln,-u¢cad, Italla, chim.2,No.4, 5-51,(1931).
F
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‘d=pinane. These were subsequently determined durling the
present inveétigation to be much too high for the pinane

prepared.,
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EXPERIMENTAL
PINENE
(a) Preparation = 1500 cc gum turpentine, furnished
by the U. S. Naval Stores Experiment Statlon at Olustes,

“,

Florida, was distilled in a 45 inch fractionating column,.
The first 75 cc were rejected, and the subsequent fraction
boilling over a range of one degree (155-156° at 737 mm) was
retalned, pﬁ% In a bottle contalning metalllic sodlium, and
allowed to stand-wlth occaslonal shaking for a few days. This
frgction amounted to approximately 700 cec.  This was redis-
*tilled in another smaller fractionating column; and the middle
portion, bolling over a range of approximately three-fourths
of a degree was retalned.

(b) Propserties = The physical constants determined
were bolling range, 155.3 ~ 156.0° at 738 mm; rotation,
-39.40 at 270 C; freezing point -61° to ~-83°,

The bolling rdﬁge was measured with a calibrated Anschutz
thermometer reading in tenths of a degree. Rotatlon was
measured on an ordinary optical rotation apparatus. The
freezing point was measured in a liquid air bath, using a
pentane filled thermometer whose error was not more than a
degree or two at the temperature of dry lce, and which was

correct wlthin error of reading at 0°.

(’ PINANE

(a) Preparation - Pinane was prepared from the plinene

previously prepared,ahgﬁhgdrqgenatian in an Adams type reductor,?

(7) Organic Synthesis, Vols 1, 53, (1932)
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uslng the Raney nickel eatalysta. The reductor 1s a device
for shaking and heating e round-bottom flask containing the
catalyst aﬁd the materlal to be reduced. A 500 cc round-
bottom flask was coated with a 3/16 inch layer of asbestos,
around -which was wound half of an 18 foot length of No. 30
Chromel wire. Another layer of asbestos was applied, then
the rest of the wire wound, after which a final layer of asbestos
was put on. EH\The vessel was then alr-dried for a few hours,
and the drying.cogpleted in an oven, then it was wrapped in
tire tape. The flask was then clamped in place by its neck
on the shaker, The shaker was constructed to glve about
fifty shakes a minute. A clamped-on stopper for the flask

- contalned a thermometer and a hydrogen intake. Originally,

a rubber stopper was used for this, but after two fallures gave
less than five pgrcent yleld, this was glven up. Evidently
the sulfur in the rubber poisoned the catalyst, for it was
ineffective after having been used with the rubber. The

final epparatus was equlpped with a lead stopper in which the

| hydrogen intake tube and the thermometer were integrally cast.
This was then machined to fit with a shoulder, and a slight
circular ridge machined on the shoulder to hold a gasket better.
: Various materials were trled as a gasket, but cork-filled

: Neoprene was the best of all used. A coat of Duco paint around
the tube and the thermometer reduced hydrogen leakage to prac-

- tically zero, though it was never quite completely eliminated

_ ..
- wlth the lead stopper. With the lead stopper, the catalyst

. il

(8) Raney, JACS 54,- 4116, (1932)
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did not seem to decrease in activity, and could be used over
and over.

A small intermediate cyllinder was used between the large
hydrogen cylinder and the flask, to prevent too great pressure
on the flask, since a reducing valve was not used. The pres=-
sure guage on the intermediate cyllnder enabled a closer check
on the pressure changes, since the smaller cylinder, which
held enough hydrogen at fifty pounds for one run, was shut off
from the larger one after being filled. A system of valves
was attached to the Intermedlate cylinder which allowed
shutting off elither the flask or the large cylinder, or both.
Also, the whole system could be evacuated and refilled with
hydrogen wlthout changing the connections.

To carry out a hydrogenation, the flask was clamped into
_place'on the shaker. The leads from the reslstance wire
were connected 1n serles with a lamp bank for temperature
control. The flask was heated with 110 volt current. Two
hundred ce of plnene and seven to ten grams of catalystg were
loaded Into the flask, and the stopper clamped on. While the
flask was warming up, the alr was flushed out by alternately
applying suction with a water pump, and then running into the
. whole system about three atmospheres of hydrogen. For the
. first run, this was done four times 1in order to clean out
&'the interﬁediate cylinder, which had contained air. On

l subsequent runs, only the flask was flushed out.

5

(9) The Raney catalyst, after belng washed with alecohol and
dried in an atmosphere=bdf~Hydrogen, was kept under pinene in
stoppered bottles.. :Equal welghts of plnene and catalyst were
present, so that fifteen to twenty gm. of this mixture was used.

/—\\.
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Shaking was begun when the temperature reached about 150°.
~ The hydrogen pressure was usually kept at about 45 pounds
. gage, merely increasing the pressure slightly above 45 every
; time 1t dropped to forty or forty~-two pounds, On different
.~ batches, the temperatures ran from 190 - 210°, The time
. allowed for hydrogenation, was on various batches from seven
to twelve hours.
The resulting llguld was decanted and fractionated once
. for general use. =~ Followlng 1ls tabulated a typlcal result
i for approximately 140 cc dlstilled at 738 mm:

14 cc 160 -~ 164° water-whilte

31 cc 164 - 165° " n

50 cc 165 - 166° * i

35 cc 166 - 166.5° " "

10 cc Residue yellowlsh=-brown

The three middle fractions are probably practically all

; pinané, and amount to approximately 80% yield. In addition,
- half of bothlend ffadglons may probably consist of pinane,
;which if considered wlll meke the yleld approximately 90%.

' Consldering the bolling range of nearly pure plnane as
;165.5 to 166.5° at 740 mm, these results for "Boiling range"

. are just about the average of those previously reported.

(b) Properties - The center fraction of the distilletion
;eferred to above 1s not affected 1rn the cold by permanganate
iblution, sulfuric acid, or nitric acld, on shaking and
ijlowing to atandk?or-about an hour. .

ng/Pnndfed cc of'théaptﬁape bolling over a range of two

‘and a half degrees.w&s‘frap§i9n%ted six times In the fractlion-
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ating column, giving 50 cc of the center fraction that seemed
practically constant bolling. This fraction was fraction-
eted once more in a small column, The result of this

distillatlion at 738 mm was as follows:

1ce ~ 166.2 - 166,.6°
3 cc 166.6 - 167.0°
44 cc 167 .0 = 16‘7050
2 cc Reslidue

This 44 cc fraction was utilized for the determination of
the physical coqptants of the pinane. It amounted to
about 40% vield on the basis of the original pinense.

The optical rotation, measured at 27° C, was =-6.5°,

Its specific gravity, wlith respect to that of distllled
water at 17.5°, was measured with a Westphal balance:

at 17.59 =~ 0,8567
20.0° - 0.8550
26,0° - 0.8509

Its refractive<index, measured at 20° with an Abbe
refractometer, was 1.4602.

The freezing polnt determlnation was made In a large
air-jacketed test-tube, immersed in a liquid-air bath in a
Dewar flask. A 15 cc sample was used, into which the
pentane thermometer was immersed, the plnane belng stirred with
a loop of copper wire. The average temperature drop was
from one to two degrees a minute. The freezing polnt was
based on three determinatlions: In one the pinane was removed
immedlately on ﬁardening, In another, 1t was kept at the seml-
hard stage for five ﬁlﬁﬁfgg;Qand in the third, i1t was kept at

-80° for ten'ﬂinutesg(juspmbelow hardening temperatures), and




then for 45 minutes at the seml-hard stage. Fall and rise
of temperature was controlled by changling the depth of
immersion iIn the bath. In all cases, the conditlon of
the plnane seemed to be dependent on the temperature alone,
without being affected by vhe time taken. At no time did
the appearance of the pinane change. No c{ystallization
was evlident, nor any decrease in clarity, except for a very
slight clouding above =40°, which may have been due to a
very small amount of water. Water may possibly have been
Introduced throughigtmospheric condensation on the wilre
stirrer, which moved up and down.

At =82° the pinane began to increase in viscosity,
becoming more and more syrupy, until at about ~100° it was
too stiff to contlinue stirring. This was 1ln contrast to
the behaviour of the sample of pinene, which had become
definitely crystalline at -62°.

Optical rotation and freezing points were determined
(one determination each) on s few other samples selected at

random:

Bolling Range Rotation Freezing range
at 738 mm
160 - 1620 -80 == «120°
163 - 1640 -8,7°
165 = 166° =7 .69 -90 — =110°
1674 - 168° -85 —= ~105°

v ‘\._
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SULFONIC ACID FROM PINANE
(a) Preparation
(1) In order to determine whether pinane could be
sulfonated with concentrated sulfurle acld, the following
experiment was tried: to.five cc of pinane were added five
cc of 96 - 98% sulfuric acid. This was stirred in a test-

tube in an ice-bath for three hours, then allowed to stand.

Practically all the original oll separated, and the acld layer

was a light orange color. Stirring was continued for three
hours at room temperature. About 4% cc of oil settled out,
and the acid layer was brown=-colored. Stirring was contin-

ued for three hours more at 60°. About 4 cc of oil floated,
and the acid layer had become a dark brown. This ecld was
not extracted.

Since it was evident that only a small amount of sulfon-
atlon could be occurling under these conditions, oleum of
varying concentrationgﬁwaS“used in the subsequent experiments.
Two varlations of thelprocedure were used, and are gilven
belows:

(2) An amount of pinane, about 5 c¢c, was put in a
test tube and varying amounts and concentratlons of oleum
were added d:!.rectly, all at once. The tube was lmmersed
in a bath and stirred for three hours with an alr-driven
stirrer. At the end of this time, the siirrer was stopped
and removed, -the pinane unreacted allowed to float. Thils
pinane layer was Pemoved with an elongated medicine dropper
and welghed. For-tha,g;qathive runs, tﬁa boiling point

of thg\unraacted pinane was checked. However, since it came

10,




1l.

out the same as the originasl each time, or very slightly
higher, 1t was assumed that no reaction had taken place on
this oll. (Some of the recovered pinane was sulfonated in
three instances, and bshaved exactly like the other unused
product) -
The bottom acid layer was poured slowly on crushed ice,
then neutralized with precipitated cﬁalk.’ This was done
because, as with practlcally all sulfonic aclids, the calcium
salt 1s water-soluble. This results in a solution containing

a small amount Jf goluble caleclum sulfate and the calclum

sulfonic acld salte.

2 RSOzH + CaCOz = Ca(RSOz)g + HpgO + COy

CaC0z + HpSOz = 0CaSOy + Hy0 + CO

The calcium sulfate,was precipitated and filtered off with the
excess calclum carbonate. Using this procedure, 1t was s
relatively simple mgtter to prepare the pure calclum salt of
the sulfonic acid.; The solution was evaporated to dryness,
first by bolling, then the last of the water removed in. a
vacuum desliccator. The dry salt was taken up with-gi&mall
amount of water, flltered, and dried agein; the procé%g once N
more repeated, to remove as much as possible of the calclum
sujfate.

For analytical purposes, a gample was twlce agaln
extracted -with water, then the product was submitted to an
analysls for“d&rqu 503. Calcium was determined as calclium
sulfate by the method glvem by Scott10, using 1/20 of all

(10) Scott, Starndard.Methods :of Chemical Analysis, page 107




amounts called for. The salt was dissolved in water and
calcium was precipitated in acetlec acid solution with ammonium
oxalate. The calcium oxalate was flltered off, 1gnited,
then converted to the sulfate with a few drops of conc. sulfuric
acid. The sulfate was lgnited, weighed, and calculated to
calcium. | .

On basis of Ca(CygH,gS0z)g @
Calcium : Calculated, 0.890% Found, 0.835 % .02%

S0z was detgermined by digesting O.1 gm in 100 ce of 20%
HC1l for three hours at 90 - 95°, then allowing to stand
overnight, after which the solution was analyzed for soluble

S0, by method given by Scottll,

Ca(RSOz)p # HC1 = 2 RSOzH + CaCl,
RSOzH +« HOH = RH + HgSO4

The small percentage of caleclum and the acldity of the solution
was such that caleiuin sulfate did not precipitate. 1/20 of

the amounts called for was used. The sulfate was precipltated
In hot solution by addition of barlum chloride, flltering and
welghing in a Gooch cruecible.

S0z ¢ Caleulated, 3.56% Found, 3.6 % .2%

It was found that if any appreclably greater quantlties
were used in the dlgestion with HCl, the results for SO0z were
low. The percentage of hydrolysis becamé very small when an
attempt waé made to hydrolyze enough of the sulfonile acid to

‘rai

_produce an orgaﬁiéfresidus of sultable slze for ldentification.

Blanks on the HC1 usd&féﬁﬁﬁéd po sulfur.

(11) Scott, Standafﬁvﬁefﬁbés-bf Chemical Analysis, page 497
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13,

(3) To check on the sulfur dloxide produced in the
sulfonation,'a few runs were made in a 200 cc¢ four-neck flask,
equipped with a mercury-seal stirrer, a separatory funnel for
drip-adding oleum or pinane, a thermometer, and an outlet tube.l
This outlet led through &n empty trap into a 500 e¢c Erlenmeyer
containing fifth normal NaOH, which had an outlet to the
atmosphere through a soda-lime tube. The round-bottom flask
was kept lmmersed iIn a bath at the temperature desired.

in general,'it was charged with a welghed portion of
about 20 cc of pinane, and the acid added through the funnel
in half to one hours' time. There was no noticeable rise
in temperature, except when the acid was added wvery rapldly to
the plnane while the flask was not lmmersed in the bath.

The resulting batch was treated 1ln exactly the same
manner as in the previous method, after reserving an aliquot
portion for the determination of the sulfur dioxide. The
sulfur dioxide was determlned directly in this solution by
titration with tenth normal lodine solution. The soda=-lime
tubes and eaustie were made slightly aclid with HCl and titrated
with the same 1odine solution. Only when the evacuation of
the gas was extremely rapld was any sulfur dlioxlde found in
the soda-lime tube, and not much in the caustic.

In an attempt to add 60% oleum into this apparatus, a
carbonaceous appearing stalactite formed at %he end of the
separatory fumnnel, which eventually clogged the tube, prevent-

S
ing further flow. -~ As a result, only the lower acld concentra-

5
g AR
~

tions could be used. "~

The final stef 1h‘qu production of the sulfonlc acld was




14,

the addition of the calculated amount of oxallc acld iIn
water solutlon, to a water solution of the calcium salt.

The solution was bolled, flltered and evaporated to dryness.
This residue was extracted with a small amount of cold
water, flltered, and re-~evaporated to produce the free
sulfonic acid. .

(b) Properties - The free acid is black in color,
andlgives a dark brown, nearly black, water solution. The
dry solid 1is reﬁﬁily powdered, and quite brilttle, but not
evidently crystalline. It 1s soluble in any solution of
water, or any liquld contalning a reasonable amount of water.
With water and practically all solutions it makes a paste
with only a few drops. It 1s also soluble 1n carbitol,
but in no other organic solvents tried, including methyl,
ethyl, butyl, and octyi alcohols, acetone, ether, chloroform,
carbon tetrachloride, oleic acid, plnene, pinane, ethyl and
amyl acetate. .

No solvents were found in which 1t was only partially
soluble. Attempts to recrystalllze the free acld or the
calcium salt by diluting their water or carbitol solutions
with organic diluents resulted only in a separation into
two liquid layers, one of which contained a very concentra-
ted solutlion of the sulfonic acid salt.

The free acld 1s quite hygrdscoplc, dampening with only
a minute's exposure to the alr.

It decouposes somewhers sbove 200 degrees without

¥
s

melting. s e g wd



Calcium carbonate 1s not precipitated from a solution
of the calcium salt of the acid, on bubbling 1n CO, for an
extended period. Calcium oxalate 1s precipltated when
an oxallc acld solution 1s added to the calclium salt.
Evidently the strength,-and therefore the lonlzatlon constant
for the sulfonle acid is somewhers betwaep these two, at
approximately Ky = 10~4 5

Further work on the properties, and attempts to hydrolyze

the acld were done with the calcium salt, and are mentioned

under propertles of the salts.

SALTS OF SULFONIC ACID FROM PINANE
(a) Preparation

(1) The preparation of the calcium salt is an
Intermediate step 1n the production of the acild.

(2,3,4) The sodium, potassium, and ammonium salts
were produced in the same manner as the free acid, from the
original calcium églt, by double decomposition with the
carbonates or oxalates of the corresponding cation. They
were also purified in the same manner.,

(5) An attempt to prepare the aluminum salt by the
same method, using aluminum oxalate prepared in the laboratory,
falled. The reason for thils 1s evidently that the salt
hydrolyzed, preclpitating eluminum hydroxids.

(p) ﬁroperties =~ The salf; are non-hygroscopic, or
practicallyféag The calcium salt 1s dark brown, the sodium,

potasslum, and ammonium sglts a lighter brown. Otherwise

R SR e
.- i -

there 1s no ev&%@nt_differehee between the properties of



the salts and those of the free acid.

The salts have the same solubilities as the acid, and
decompose wlthout melting. The salts are brittle and
readily powdered.

An attempt was made~to analyze the calclium salt for
carbon and hydrogen in a combustion train.ﬁ After fourteen
hours of burning, only 45% of the calculated water and 50% of
the calculated carbon dioxide was produced, and the ash was
still grey, altho the tube had been heated at approximately
600 degrees.

Ten grams of the calcium salt was heated for two hours
at 200° in a sealed tube with 20 cc of water and ten grams of
sodium hydroxide. Nothing separated from the solution other
than sodium silicate. An ether extractlion produced only
enough residue to gilve a falnt eromatiec odor, which was
unrecognizable.

On treatment with fused sodium aydroxide, nothing of any
consequence was recovered, and some of the product was decomposed.
Any results that might eventually be obtalned by pursuing
this course more carefully would likely be unreliable, due to
instabllity of terpene structures at the temperature requlred
( 310 - 320° ). The material was treated in a round-bottom
flask fitted with an G‘F‘reflux having a lead-off tube at the
top. A few drops of unidentiffable liquld were resovered,
and quantitiea_of a foul-smelling non-condenslble gas were
evolved. ha ‘

Heatlng to aboﬁt-filflﬁd“::'Qith sulfurlic and with phosphoric

sclds produced no'hydrquqisg beyond a small ether extract.




This was merely enough for a falnt odor, after three hours
heating with the conc. sulfurlc acid. Nine grams were
dlssolved 1n conc. HCl, and the solutlon bolled to dryness.
The total ether extract amounted to about half a cc and was
black and slightly vlscous.
- Since most salts of sulfonic aclds are good wettling
agents for cotton it was thought worth-while to try the
effect of the calclium salt of this acid. Howsver, a ten
percent solutlion was required to show a wetting effect equal
to that shown by‘some of the products at present on the market,
when used in a 0.3 to 0.1% solution.

Eleven. grams of the calclum salt was treated wlth twenty-
five grams of phosphorus pentachloride, refluxing for an hour
in an oil bath at 150° . The solid mass was extracted
with benzene, and the solutlion poured into conc, ammonia
solution. Evaporation of the benzene layer produced about
three to five percent yleld of a solid soluble in carbitol,
amyl acetate, alcohol, and acetone, but insoluble in water
and ether. This product was so soluble in alcohol that 1t
could not be recrystallized. Its purlfication was attempted
by succesive solution, filltration, and evaporation; first in
alcohol, then in acetone, then In amyl acetate. However,
each evaporation resulted ln partial decomposlition, with a loss
of some of the compound. Strangelf‘bnough, while the decom~
position product was no longer soluble 1n solvents mentloned,
or in water, 1t“would nearly completely dissolve in carbitol,
showing that the decom@qg&ﬂign was not éomplete.

This solld aiﬁo“decompos?d without melting.

17



18,

There was about 90% recovery of a water-soluble hygro-
scopié black powder, which was evidently the original
sulfonle acid; also some decompositlion Into a small resldue

Insoluble In any of the solvents.

‘.w

RESULTS

A number of‘runs were made varying the concentration and
the amount of acld used. In all but two of these runs, the
time of stirring was three hours. One run was stirred for
three hours, at the end of whieh the amount of unreacted
plnane was measured, and then replaced for seven hours additional
stirring. The plnane was agaln measured, and the amount
was not found to decrease noticeably. Unfortunately, an
accident prevented measurement of the final yleld of this
batch, but all ev1¢eﬁce indicated that 1t was iIn line with
the results of the other runs. Another run was stirred
for only 45 minutes. The yleld for this run was in agree=-
ment with that expected for the same concentration and three
hours of stirring. Evidently the time of the reactlon 1s
very short, and with highly efficisnt contact, the process
probably could be cut to a few minutes. However, with
contact very efficlent, efficlent ccoling would also be
necessary. Otherwlse the acld would have to be added
qulte slowly, ;ince a certain amount of heat 1s liberated.

The results are'showﬁ”%p the followlng tables, both for

runs where sulfur:dibxiﬁe was measured, and those where 1t

was neglected.




.

On the graphs, the dots show runs which were made with
about 4% grams of pinane, end ten cc total acid, in an ice
bath. Circles indicate the runs made at room temperature,
approximately 25°, in a water bath. X's indicate that
20 cc of acld was used, mand the runs for these were made in
an lce bath. All these runs were made ;? the test tube.
Runs made in the flask are marked wlth a trlangle. These

were made in a water bath at room temperature.
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