
(First Copy) 

Mark Wilder Bray 

................... . .. . . . . .. . ... . ' '.. . . . . '. .. ' . . . . . . . .. . . . 
~.. . . .. . . . . . . . 



f 

( 

CONTRI!UTION TO OUR KNOWLElllE 

OF 

THE TERPENES. 

00000000 

A Thesis 

submitted to the Faculty o~ the Graduate School 

of the 

University of Minnesota 

by 

Msrk Wilder Bray 
I 

in partial fulfillment of the requirements 

for the degree of 

May 1914. 



REPORT 

ot 

COllMITTEE ON THESIS 

THE undersigned, acting as a committee of 

the Graduate School. have read the accompanying 

thesis submitted by .. ¥.r..t ... .¥.~;--~ .. ~f. ~l~!X.-~.r-~~--····-··--·-·-·-·· 

for the degree of ··-·······--¥.~~~-~;: ... £f .... ~~-ienc~-~---·-···-·-·----~-

They approve i t as a thesis meeting the require

ments of the Graduate School of the University of 

Minnesota, and recommend that it be accepted in 

partial fulfillment of the requirements for the 

degree of ..... ~-~-~~!. .... 9..f ... ~E-~-~£~-~-! ....... -····-··········· --· 

..... .M~ .... 2.6. •.. --------1914 ··-·······-·· __ ... ·-·-··--··-·-·-·-·-·--·-·-·--------·--·--·· 
·····-·-·-····- -· --·-... ·-·-·--·---·---·-----·-· 



Contribution to our Knowledge of the Terpenes. 

Introduction~ 

It has long ·been known that the terpenes are 

hydrogenated derivatives of the common aromatic hydro

carbon oymene. Very many of the terpenes are vegetable 

products. They are all volatile with steam, and this 

property facilitates the isolation of the natural ter

penes. The distillates separate over into two layers, 

an aqueous layer below and a mixture of the terpenes 

above. After drying the terpene layer it is purified 

by fractionating under reduced pressure. 

Perhaps the most striking characteristic of the 

terpenes is their property of being easily converted 

by several chemical reagents into isomeric forms, all 

of which in the end yield terebene. This substance is 

very easily identified on account of its most character

istic property of forming a hydrochloride, C10H16·Hcl. 

(J.Chem.soc., V.25.) 
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It has been synthetica1ly prepared by several 

chemists. Bauer and Verson (Ann.Chem.Pharm.,CLI, 52) 

found that by heating rutylene dibromide with alcoholic 

potash, a hydrocarbon with the formula C10H1 6 was formed 

which had all the properties of terebene. 

Richter {Deut. Chem. Ber.,V, 334) by the conden

sation of amylene made rutylene, and finally obtained 

terebene. This is shown by the following formulae: 

Amylene Diamylene Terebene 

HsC CH:J HsC CHa HaC Olia 
\ / )fu v 
OH CH 
r • r ' 

CH CH2 HaC CH2 CH--CH 
" " I " r " 
CHa CH HaC CH CHa CH 

• r r ' r 

CH H2C--- CH CH:: c 
/\ 0Ha OH:J 

OH:J CH3 

Flaritzky (Bul.Soc. Chem., C2J ,30, 434) states 

that the carbon atoms in terebene and in all inactive 

terpenss are not grouped as in the aromatic compounds. 

He represents the inactive terpenes by the following 
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formula: CHa, 
/ 0==9•-CH2--CH2•-C=C.,.CH3 

CHs 6Ha 

or, CHs, 
/ 0=9--cH2 ... -CH2--CH=C==CH2 

CHa CHa 

Deville (Am. Chem. Phys., V.75, 38) prepared 

optically inactive terebene from turpentine by polymer

ization with sulphuric acid at a low temperature. He 

then distilled the material and again agitated the por

tions which distilled over between 210° and 220° with 

sulphuric acid. When the material was again distilled 

he obtained an optically inactive terpene or terebene. 

He further prepared it by agitating at low temperatures 

as before, turpentine with l/20 part of the acid. After 

allowing the above acid to act for twenty-four hours, it 

was decanted and the product distilled. This distillate 

again similarly treated, formed terebene. 

Riban (Compt. rend., 76, 1547) adopted the latter 

method, distilling the crude product until the tempera-



ture of 260° was reached, and treating from five to 

eight times with the acid. By this method terebene 

156• and cymene 175° together with a camphor material 

190°"205° were formed. The terebene was purified by 

repeated fractional distillation. The distillate was 

finally resolved into terebene and cymene when he dis

tilled it over sodium. A small amount of intermediate 

material, which boiled between the above temperatures, 

together with a polymerized product were formed. About 

ten per cent. of the tul'Jlentine used was changed to 

terebene. 

4. 

Armstrong and Tilden (J.Chem.Soc., v. 35,734) 

treated turpentine as above, but rectified with steam, 

gently heating on a sand bath to prevent the condensation 

of steam. This method gives a better separation of 

terebene from unaltered products, viz: terpene and 

oolophene. They also treated turpentine with sulphuric 

acid of various concentrations and the results were care

fully calculated. It was found that concentrated sul

phuric acid reacted to a great extent upon terebene; 
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. hence the yield was small. They obtained the most 

satisfactory results when turpentine was agitated at 

the low temperature of 80° in the stoppered bottle with 

1:1 sulphuric acid. By the method of rectifying with 

steam the polymerized products do not distill over, how

ever, cymene which is formed in the above reaction does 

distill over with terebene. These two products were 

separated by fractional distillation. 

Long continued distillation of the above terebene 

gave a substance having a boiling point of 180°. This 

is not a product formed by the action of sulphuric acid. 

It is, however, beyond a doubt an oxidation product. In 

the distillation of commercial terebene I found hat a 

large percentage passed over between 152.5° and 154°. 

This is lower than the boiling point given for terebeae. 

If this lower boiling point material is allowed to startd 

in the sunlight for several weeks it is changed over, and 

a large percentage distills over at 156°. However, the 

last fractions pass over as high as 190°. The substances 

distilling over below 155° are probably derived from 
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turpentine, because in distilling turpentine a small 

amount frequently distills over as low as 149° {Frank

forter, J. Am.Chem. Soc., V.28, 1467). It is undoubted

ly a decomposition of the oxidation product formed dur

ing the process of distillation; because when portions 

boiling at 160° are distilled over sodium the boiling 

point of the resulting material is lowered to 1589 -159°. 

This completely solidifies in the condenser and is iden

tical with inactive camphene prepared by Riban from 

terebene by heating the hydrochloride with sodium stear" 

ate at 180°. The above melted at 40°, after recrystal

lizing from alcohol it melted at 47°. 

According to Biban the terebene hydrochloride 

melts at 125° and inactive camphene at 145° in an at~ 

mosphere of hydrochloric acid gas. Armstrong and 

Tilden found that the hydrochloride formed from their 

product melts at 118°, but after purification by sublim

ation in dry hydrochloric acid gas it fuses at 145°, viz: 

at the same temperature as Riban's oamphene hydrochloride. 

Wallach{Ann. 258, 343-347) to who~ we owe considerable 

--
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for our knowledge of the terpenes, found that inactive 

pinene can be ma.de by treating nitrosochlorpinene with 

aniline. C10H1sNOOl +. 2 CsH5NH2 = H20 + HCl + N2Ph.CsH4 

NH2 + C10H16• The inactive pinene thus formed has the 

following properties: Boiling point, 155~-156°, specif

ic gravity 0.858 at 20°, index of refraction No= 1.46553 

I collected terehene having the same properties 

from commercial terebene, boiling point 155°•156°, spec

ific gravity 0.859, optical activity at 20° is t 1.75°. 

According to Riban (Compt. rend., LXXVI,1547-1560), 

terebene is a colorless, mobile liquid with a boiling 

point of 155°-156°. It does not solidify at --27•. 

Its specific gravity at 0° is 0.877; at 20°, 0.860; 

at 40°, 0.834; vapor density 4.79, calculated 4.70. 

It is inactive under polarized light, and no hydrate 

is formed when treated with alcohol and nitric acid. 

Dry hydrochloric acid gives a hydrochloride 

which decomposes in hot water to form a crystalline 

camphene, and which may be oxidised to camphor and 

camphanilic acid. When treated with antimony penti-
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chloride and gently heated it becomes viscid. If this 

is washed with cold alcohol, then hot, and dissolved in 

ether which is distilled off in vacuo, keeping the mix

ture at 210° a polymeride of the formula C40Hs4 or 

(C10H1s)4 is obtained. 

Riban (Compt. rend., LXXVIII, 288-291) compares 

terebene and terebenthene as follows, stating that they 

are very similar in a11 their properties, the only point 

of difference being their optical activity. Terebene is 

inactive while terebenthene has an optical activity of 

(a)y ~ --40.32° . The properties of terebenthene are 

given by him thus: Boiling point 156°, specific grav

ity at 0° ~ 0 . 8767. Specific gravity any temperature is 

(~8767 - .00008308 t). Refractive index in yellow light 

is 1 . 4685; red light, 1.4656; green light, 1.4728; blue 

light, 1.4796. 
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Experimental Part. 

Fractional Distillation of Commercial Terebene.- In 

order to study commercial terebene two thousand five -

hundred grams were subjected to fractional distillation. 

The constants were determined for each fraction, and 

are recorded in the following table. It willbe here-

in noted that as the temperature and specific gravity 

increased the rotary power changed from dextro to levo. 

Wt.Gr. B.P. 0 O. Opt.Act.at 20• Sp.Gr. M.M. 
Calo• Reading Pressure 

taken 

500 152.2•155.5 +2.28° 3.88° 

'906 155.5-156.5 +1.75 3.12 

752 

256 

124 

161 

156.5-158.2 

158.2-161 

161-165 

165-178 

35 178•183 

decomposed 183 

- 3.78 

1.04 

--2.39 

-6.51 

-12.2 

.8577 

.859 

.8596 

.8606 

.8608 

.8615 

.8778 

.8859 

752.2 

752.-749.3 

749.3 

737.5 

737.5 

737.5 

737.5 

737.5 

~ -- ---- ------ . -
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The above temperatures were all observed with a standard

ized thermometer. 

Action of Light on Terebene . -- When the substance 

which distilled over :from commercial terebene at a tem

perature of 152.5°-154° was allowed to stand in the 

sunlight for several weeks the boiling point was raised, 

and most of it passed over above 155° . The amount which 

is ~hanged from t~e lower to the higher boiling point 

material depends upon the length of time that it is 

allowed to stand in t~e sunlight. It was found, that 

if the material was allowed to stand in the sunlight for 

one week only, a. temperature of 158• could be reached 

before decomposition took place. It, however, the 

above fractio.n be allowed to stand in the sunlight for 

a longer period of time higher temperatures .can be 

reached before the terebene decomposes; more and more 

of it distilling over at these higher temperatures. In 

order to obtain more data concerning the transformation 

of these lower boiling point terpenes to higher ones, 
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by the action of light, 100 grams of the fraction 

boiling from 152.5°-154° were placed in the sunlight 

for one week and then distilled in a small flask with-

out the use of a fractionation tube. The distillates 

were collected and weighed. At the same time 100 gram 

samples were also placed in the sunlight and at the end 

of each week one was taken and subjected to fractional 

distillation, results of which are tabulated below: 

Tabulation of the results found for the fractional 
distillation of Terebene when placed in the sunlight for 
different lengths of time. 
---------------------------------------------------------1st 2nd 3rd 4th 5th 6th 
B. P.° C. Week Week Week Week Week Week 
--------~------------------------------------------------
151.5-152.5 8 • 6.5 12 19 7 6 
152.5-154 52 51 42 23 9 4 
154. -155 25.5 30 25 20 21 9 
155. -158 8 29 
155. -160 10 21 
155. -165 15.5 
155. -173 34.5 
155. - 175 57 
161. -191 21 
TotaL 
above 155° 8 10 15.5 34.5 57 71 
-------------------------------------------------------
T~tal percent. 
distilled 94 97.5 94.5 97. 94 90 
Percent. 
residue 6 2.5 5.5 3. 6 10 
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This experiment has been carried out qualitatively 

in this laboratory and it h~s been shown without a doubt 

that terebene changes over,when placed in the sunlight, 

from a lower to a higher boiling-point material . This 

ie due either to isomerism or polymerization of the 

terebene, or to both. Polymerization of the terpenes 

may be brought about by various methods. According to 

Riban (compt. rend., LXXVI, 1547-1550) a polymer of 

inactive terpene with the formula(0 10H1g)4 may be made 

by treating it with antimony chloride. The boiling points 

of all these polymers are very much higher than that 

given for terebene. 

Ir has also been shown in this laboratory that a 

polymer of terpene is formed when it is treated with 

iodine. I found,however, that bromine and chlorine 

do not act in the same capacity. In this case chlorides 

and bromides of terebene are produced, which do not 

leave polymeric substances when distilled. This re-

action is elaborated upon later in this paper. When 

terebene 155• is treated with phosphoric anhydride the 
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boiling point is greatly raised and fractions can be sol

lected which have boiling points ranging from 200°-210°, 

at a pressure of 20 m.m. This oil was not further 

studied but will be taken µp later. A polymer of 

terebene of the formula (C10H1 0 )4 was obtained by the 

writer, when it was treated with aluminium chloride. 

This compound is also discussed on a later page of this 

paper. 

Polymerization of Terebene by the Action of Alumin-

ium Chloride.-- To 500 grams of terebene 156° was added 

575 grams of anhydrous aluminium chloride. The alumin-

ium chloride was added very slowly, while the temperature 

was kept very low--5°. During the night the ice melted 

and the temperature raised to that of the room, and a 

violent reaction took place, leaving a green,tarry mater

ial which was found to be decomposed. The above ex

periment was repeated. At first the terebene became 

yellow, then brown and fairly hard. This was set aside 

for ten days after which time the whole was treated with 

water and ice to remove the excess of aluminium chloride. 



h 

0 0 

0 

I . 
I . 

l 1 g co 

c r on 

bl n 

h 

·-
o•-
o•-

o•-

4 'IJ 

0 

o• 
• 

o• 
o• 

ol • 
on 1 

l • 

l 



l • 

l. B. • 195 -205• 

2 . 205•-215 

3 . 215•-230 

o . 3 as t n p 0 d int di tilling to-

th er ith th fr o ion III, I nd 

di till h ollo ing r o ion r obt in d: 

1. B.P . 225 -25 t 30 • . pr ur 

2 . 2so•-27 

3. 27 •-2so 

2ao•-290° 

6. 290•- o• 2 

6 . 3 o•- 10 3 

h r inou ri l boilin ·- 10 

ri ol in 01 ol lco ol. 

hi cool nd ri 1 

hi 1-c 

1 f o r 

l 0 i h 1 co 0 n 

llo to in 1 01 0 



the nevr compound was found to be 91. 5°-93°. This 

was analyzed and found to contain 88 per cent. carbon 

and 11.33 per cent. hydrogen, theoretically 88.24 per 

cent. carbon and 11.76 per cent. hydrogen. The mol-

ecular weight was determined by the freezing point 

method, using benzol as a solvent, and found to be 

537. The theoretical molecular weight is 544 for 

C40Hs4 or (C1 0H1s )4. 

Analysis is as follows: 

Potash bulb, weight, = 59.4460 gr. 

Bulb + 002 n = 60.0980 ff 

Carbon dioxide " ::31 .6448 " 
CaCla tube " = 19.9254 " 
Tube + H20 " = 20.1294 " 
Water " = .2040 " 

Boat " = 3.3440 " 

Boat + Sub. " = 3.5440 " 

Substance " = .2000 " 
Determination of molecular weight: 

Weight of sample, .2054 grams 
" " benzol 20.1566 " 

16. 



Temperature readings: 

To0 of benzene = 3.165 (first trial) 

" n " = 3.165 (second trial) 

Ti• " ,, + Sub.= 3.070 (first trial) 

It " If" If = 3.070 (second trial) 

The lowering of the freezing point, D0 was .095• 

Calculation: 
w 

• = xn•w---, = 5000 x .2054 ~ 
0.095 x 20.1566 

537 +. 

Action of Bromine on Terebene.-- To 644· grams 

of the fraction distilling over from 154°-155.5° at 

17. 

762 m.m. pressure from commercial terebene was added 

320 grams of bromine. Each had been previously diluted 

with an equal volume of glacial acetic acid. The flask 

was placed on ice tlBt the temperature might be kept as 

low as possible (about 6°). If the clear bromine is 

added to the terebene a violent reaction takes place. 

resulting in decomposition. At first the bromine is 

discolored by the terebene as fast as the former is 

added. at the same time giving off hydrobromic acid. 
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Upon the addition of more bromine it changed to a wine 

color. This product was placed in the sunlight for 

three weeks, when a part of it was removed and treated 

with water to remove excess bromine, hydrobromic acid 

and acetic acid. The new compound settled to the 

bottom and was of a light-brown color. This was dried 

over calcium chloride and was subjected to fractional 

distillation in vacuo. Fractions were collected at 

the following temperatures: 

Boiling Point 80°-105 at 33-35 m.m. pressure 

" 
" 

" 105°-110° 

" 110°-140° 

" 
" 

" " " 
" "fl fl 

When a temperature of 140° was reached it decomposed 

in the distilling flask, giving off hydrobromic acid. 

The above distillates were collected and mixed together, 

and redistilled at 37 m.m. pressure, giving the follow

ing fractions: 85°-113°, 113°-120°, 120°-125°, 130°-140°. 

The material passing over from 120°-126° was treated with 

aniline from which was obtained CGH5NH2 •HBr. Upon re

moval of the excess aniline from the resulting oil 
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by means of nitric acid terebene was again formed, with 

a boiling point of 155°-159°. Most of this came over 

at 155.5°-157°. It has been found that camphene is 

formed when pinene dibromide is treated with aniline, 

and the excess aniline removed as above. The bromine 

compound was analyzed by the above method, viz: heating 

with aniline. The aniline hydrobromide formed was 

treated with silver nitrate and concentrated nitric acid. 

The results showed the percentage of bromine to be too 

low. .3060 grams of sample gave .2306 grams of silver 

bromide. Percent.of bromine = 32.07 

Theoretical for C10H16"HBr = 36.40 

Another analysis by the same method gave the following 

results: .2990 grams of sample gave .2244 grams of 

silver bromide. Percent. of bromine 31.96. It was 

then analyzed by Carius' method: .2002 sample gave 

.1700 silver bromide. Percent. bromine 36.13 

" Theoretical 36.40 

This analysis showed the compound to have tm formula 

C10H16 ·HBr. After allowing the bromine to act on the 
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remaining terebene and glacial acetic acid for six weeks 

in the sunlight, crystals began to precipitate out. These 

were removed and purified by washing with ether and abso

lute alcohol to separate them from the oily material, 

which had not been completely acted upon by the bromine. 

These crystals were recrystallized several times from 

glacial acetic acid. They were found to be only slightly 

soluble in ether and alcohol, either hot or cold. When 

the crystals were treated with boiling glacial acetic 

acid they were comparatively soluble, almost completely 

precipitating out on cooling the acid. The crystals 

are isometric, forming beautiful plates by the above 

method of recrystallization. These were analyzed by 

Carius' method, and found to contain five atoms of 

bromine. The melting point of the pure crystals is 

la3•-1a4°. 

Analysis:-- .2000 gr~ o~ sample gave .3520 

gr. of silver bromide. Percent. bromine = 75.40 

Theoretical for C1oH12Br4·HBr = 75.05 

I 
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Frankforter and Frary(J.Am.Chem:Soc.XXVIII,1461-67) 

have made similar chlorhydrochloride compounds of pinene 

and firpene. They obtained compounds containing nine 

In these exper-

iments it was necessary to first form the hydrochloride 

of pinene before the chlorine interact to form the 

above compound. In other words, chlorine does not act 

directly with pinene, as does bromine and terebene. 

I also made the bromhydrobromide of terebene, here

tofore mentioned, from commercial. terebene. This sub

stance had the same melting point, viz: 183°-184°. 

Some of the crystals of this compound were treated with 

concentrated nitric acid (sp.gr. 1.42) and no action 

resulted, even when the material was heated to boiling, 

which was shown by removing the nitric acid and examin

ing with a compound microscope. The crystal.a remained 

unchanged in shape and also retained the same melting 

point. When treated with aniline the crystals readily 

dissolved, but on heating no reaction took place, as 

in the case of the hydrobromide,(C10H1s·HBr) • In this 



22. 

experiment, too, the melting point and shape of the 

crystals remained the same, from which I concluded that 

no reaction took place. 

When the bromhydrohromide is treated with absolute 

alcohol and sodium, an oil is formed which has not 

been obtained pure in large enough quantities for 

analysis. This is now under investigation. 

On heating the bromhydrobromide with phenol no 

reaction takes place. 

About two grams of the above compound was treated 

with silver oxide and 80 per cent. alcohol. The whole 

mass was heated to boiling for three hours, during 

which time more alcohol was added to replace that which 

evaporated. At the end of this period the alcohol was 

removed and nitric acid added, resulting in the forma

tion of silver bromide. The excess of nitric acid was 

removed by washing with water, and the new substance ex

tracted from the silver bromide was recrystallized with 

glacial acetic aoid. The crystals here obtained had 

the same melting point as the origiIEl substance and 

·- - . 
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the same shape. Thia reaction was repeated, but at 

this time the nitric acid was added at the beginning, 

Desulting in a violent reaction. Vapors of ethyl ni

trite esuaped leaving silver bromide and an oil after 

the nitric acid was carefully removed. This oil is 

soluble in either and alcohol. It gives a test for 

bromine. I found it impracticable to further study 

the oil because the yield was so small that it was 

impossible to purify enough for analysis. However, 

it is at present under investigation. 

Action of Nitric Acid on Terebene.-- One hundred 

grams of terebene, 156° was cooled to 5° c., and twice 

the molecular weight of concentrated nitric acid(sp.gr. 

1.42) was slowly added. If the temperature is allowed 

to rise to 20° a violent explosion results, and the 

oxides of nitrogen are given off. Also, if the nitric 

acid is added all at once, it is impassible to keep the 

temperature low enough to avoid explosion. Tne terebene 

first becomes reddish-brown in color, when on addition 

of more nitric acid a thiok,dark-brown substance is 
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formed. This is entirely soluble in fuming nitric acid, 

and when so treated some of the terebene is oxidized to 

oxalic acid which crystallizes out of the concentrated 

solution. This was found by subjecting the crystals to 

analysis. The nitro product was treated with cold water, 

and a yellow gum was obtained which was thoroughly washed 

to remove all nitric acid. It was found to be somewhat 

soluble in water, When dissolved in 97 per cent. alcohol 

and reprecipitated in dilute hydrochloric acid a gum was 

obtained which changed to a light yellow powder when 

agitated for several days with cold water. The molecular 

weight of this was determined by McCoy's method, and found 

to be 222. on the first trial and 220 on the second. 
Wt .196 x 1560 

M = --- = ----------- = 222 .v :056 x 25 

.202 x 1560 
M = ----------·---- = 220 

.055 x 26 

Theoretical for C1oH14(N02)2 = 226 

The above nitro compound is soluble in all of the 

common solvents. 



Action of Iodine on Terebene.-- When terehene is 

treated with iodine at ordinaty temperatures, a violent 

reaction takes plac·e, followed by a rapid rise of tem

perature, reaching a height of l66•-160Q, namely, to 

25. 

t .he boiling point of terebene: In this reaction hydro

gen iodide is given off. If equal molecular parts of 

iodine and terebene are allowed to react at once they 

combine with explosive violence, giving off as before 

large amounts of hydrogen iodide and free iodine result

ing in the formation of complex materials. When, however, 

the iodine is cautiously added and the mixture kept at 
is 

a freezing temperature, the iodineAabsorbed, and a heavy, 

dark, oily substance is £ormed. Thia was washed with 

water and dilute potassium iodide, then with dilute pot-

assium hydroxide until the excess of iodine was removed, 

after which it was subjected to fractional distillation 

at ordinary pressure. This procedure resulted in de

composition and iodine was liberated. A part of the 

original iodine compound was then distilled under the 

reduced pressure of 5 m.m. Small amounts of hydrogen 
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iodide passed over leaving a thick, tarry material in 

the retort. It could not be distilled over. All 

three, viz: the washed cru.de product and the other two 

which had been subjected to distillation, were tested 

with the ordinary solvents, and although they were found 

to be soluble they could not be made to crystallize. 

A white precipitate was formed when the crude product 

was dissolved in alcohol, and water slowly added, when 

this was examined under the microscope it was found 

to be a heavy oil. This oil was not analyzed because 

it could not be purified since it could not be distilled 

without decomposition. When this oil is allowed to 

stand in the sunlight for sometime, decomposition takes 

place and iodine is liberated in the same manner as 

the iodine compound of pinene(Frankforter and Poppe). 

This iodide of pinene, however, could be distilled 

under reduced pressure, and when so treated a translu

cent and fluorescent residue remained in the flask. 

This changed to an amber colored liquid at 140°, dis

tilling over at 180°, which was recognized to be di

penine. 
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I was unable to get this polymeric form from tere

bene or from camphene when treated in the above manner. 

Neither could I get a compound resembling colophonene, 

(C10H1s)4, which they obtained by continuing the dis

tillation to a temperature of 230°. Some of the above 

oil was treated with concentrated nitric acid, which 

resulted in a violent reaction, liberating iodine and a 

yellow gum when the residue was precipitated from alcohol 

by the addition of water. 

Action of Chloral and Bromal on Camphene.-- To 

68 grams of camphene 74 grams of chloral was added. 

The camphene dissolved readily with no reaction. The 

mixture was then heated seven hours a day for six days, 

using a reflux condenser to keep the mixture from evap

orating. It was then subjected to distillation under a 

pressure of 15 m.m. Here no constant boiling point could 

be reached and crystallization of the product was fouhd 

to be impossible, all of the common solvents having been 

tried. 

Frankforter and ~oppe placed equal molecular 

quantities of pinene and chloral in sealed tubes, which 
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were heated in a bomb furnace. A reaction took place 

and beautiful crystals of C10H1 5 ·CC1CHO were obtained. 

Equal molecular quantities of camphene and bromal 

were likewise heated together. Here the reaction was 

more vigorous, but I could not obtain satisfactory res

ults as purification by vacuum distillation or crystalliz

ation was found to be impossible. It was. noted,however, 

that camphene acts less vigorously when treated with 

chloral and bromal than does pinene. Bro~al acts with 

explosive violence on pinene after it is heated to a 

slight extent. 

• 
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