THE CONSTITUENTS OF DIAMYLENE

by

William Gordon Rose
/I'{

Thesis submitted to the Fasulty of the Graduate School
of the University of Maryland in partial
fulfillment of the requiremsnts for
the degree of Dooctor of Philosophy

1934



UMI Number: DP70552

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript

and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing

UMI DP70552
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



ACENOWLEDGMEBRT

Dr. Hathan L. Drake suggested end ocutlined the
investigation deseribed in this thegis. During the entire
course of the investigation, he gave invaluvable advice and
encouragement. His agelstance in the design and construction
of many special pieces of apparatus used was very helpful.
The gquality of this thesis was improved by his constructive
eriticiem. ¥For all these things, the author desires to

express his grateful appreciation.



TABLE OF CONTENTS

Fage

In%mmtiaﬂ N R R NN LR RN NI N I N NN AN NI RN 1

Zzperimental .... ... fene s ieecaran teiwecan P
Practionation of the mixbare ............... . oie... . 6
Calibration of themocouple......ccvivvvinen v connnnes . 10
Test distillation of Podbielnislkr typs still......... seee 11
Ozonolysis of the decene fractions.............. secesens 18

The profucts of 0Z0NOLlYBis. .t cvviiiecerverecasscecaconns 2%
Eypobromite oxidation of 2,2,3-trimethylpentanone-4 ..... 21
Bsterification of methyl-tert.-tutylacetic acid......... 23
Preparation of 2,2,3-trimethyl-4,4-diphenyliutancl-4 ... 22

Oxidation of 2,2,3-trimethyl.4,4-divhenylbutanol-4 ..... 24

Oxidation of 2,2,3-trimethylpentancne-4 ................ 25
Beckmann rearrangement of the oxime....... ............. 28
Hydrolysis of the amide........... .. .. iiiiienniu nen 28
Synthesis of S-amino-2,2-dimethylutane................. 30
Analytical date.......o00c0eenoo. cereenas -

3

Discussion of the mechanism of polymerization...........

mbli@mhy.. -------- .'"..O!Q.'O."l’."l.Qt'!..'.""%



INTRODUCTION

Diamylene is 2 by-product formed in the chlorination of
the pentane fraction of petroleum. Other by-products formed in
this process are trimethylethylene, diamyl ether and some
diehlorpentanesl:2, The dlamylene is formed by polymerisation of
the amylenes. The structure of the decens, or decenes, thus formed
had net been established.

The literature relating to studies on olefins of this
type has been summarised by UocokeS and the more recent centribu-
tions have been reviewed by Wheeler?,

Schindelmeiser® oxidised a dimer obtained by the poly=
merization of trimethylethylens. Several products were isolated,
tut acetic and succinie acids are the only compounds that were
recognised. Even these were not characterised by the formation
of sultable derivatives. Apparently disregarding the products
of oxidation, Schindelmsiser ascribes the structure
OaHgC(CHg)aC(CHg): C(CHg)2 to the dimer, based on its formation
from trimethylethlens.

Forris and Joubert® attributed this same structure to
& dimer obtained by the action of gulfuric asid on trimethylethylene.
The published evidence favoring this structure is no more
eonclusive than that obtained by Schindelmeiger. The dimer was



subjected to the action of ozonized air. The products resulting
Trom the decomposition of the ogonide were formic and acetic acids,
a substance that smelled like acetone and gave the nitroprusside
color test, the silver salt of an acid CgHyC00H, believed to be
dime thylethylacetic acid, and three equal fractions boiling
130-150°, 150+160° and 1680 to over 200°. These were believed to
contain the methyl ketone corregponding to dimethylethylacetic
acidy, bat the ketone was not isolated in the pure state and was
not characterized by derivatives.

In the last two years, Whitmore and his studente have
investigated the structure of a mmber of olefins resulting from
the dehydration of alcohols. The firat of these studies’?8,9,10
was a confirmation of the stracture of the isomers of diisobutylene
as 2,4, 4-trinethylpentene-l and 2,4, 4-trimethylpentene-.2, as reported
by Butlerow!l and McCubbin and Adkinal2, and s study of the properties
of these pure olefins. The dehydration of isopropyl-tert.-butyl-
carbinoll® by gulfuric acid gave the game products as was obtained
by heating the correspomding Grignard complex. The products
include 2,4, 4-trimethylpentene-l, and higher boiling olefins not
yot identified. Dehydration of methylethyl-tert.-butyloarbinellé
by heating with a trace of iodine gave mainly 2,2,3-trimethylpentens.3,
and sbout 20% of a rearrangement product 2,3,3-trime thylpentene-l.
Dimethyl-tert.-anylcarbinoll4 was similarly dehydrated to
2,3,3-trime thylpentens-l and a small amount of a by-produet not
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yet identified. 2,3,4-.trimethylpentancl-.3, similarly dehydrated,
yielded a mixture of 3-methyl-2-isopropyliutene-l and 2,3,4-tri-

me thylpentene-2 in the ratio of 1:2. Alecohols of the type
R(CHz)(100-C387)COE  were found to give mixtures of two olefins in
each of ths four cases studiedlBe Dehydration of pinacolyl

alcohol by (1) oxalic acid (2) heating the -OMgBr derivative of

the alcohol and (3) by heating with iodine in a sealed tube gave
varying amounts of tetramethylethylene and unsymmetrical

me thyli sopropylethylenel®, Dehydration of pinacolyl alechol with
phosphoric acid on silica gel gave these rearrangement products,

and the normal dehydration product, as welll?. gubstituted pinacolyl
alcchols behaved similarly, oexcept that no 2-methyl-3-butylhsptens-.3
was obtained from 3-methyl-3-btutylheptanol-218. octancl-l and
octanol-2 both gave mixtures of octene-l and octene-219, on
dehydration. Dehydration of several tertiary neopentyl alcohols<®
resulted in a normal dehyiration, with little or no tendency toward
the formation of rearrangement products. Dehydration of tweniy-two
niphatic tertiary alcohols containing normal alkyl groups rsnging
in sise from methyl to amyl2l yielded only the normal dehydration
products, and no products resulting from rearrengsment. Dehydration
of di-tert.-butylearbinol®2 was found to give a 7745 yield of
trimethyle thylene, dne to rearrangsments. The statement is made
that part of the trimethylethylens ie polymeriged, btut the nature

of the polymer was not reported.
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The decenes formed by the action of sulfuric acid on
me thylisopropylcarbinol have boen under investigation in this
laboratory for several yearsS)4. This polymerisation igs believed
to proceed through the intermediate formation of trimethylethylene.
The probable relationship of diamylene to the decenes formed from
me thylisopropylearbinol led to the present investigation.

Two constituents of diamylene were separated by
fractional distillation. The fractions thus obtained were subjected
to the action of ozonized oxygen. The products of osonoclyels were
acetaldehyde, identified by the formation of its p-nitrophenyl-
hydrazone, and two ketones, namely 3,3-dimethylhexanone~5 and
2,2,3=-trimethylpentanone-4. The structure of the former ketone
was established by Kline®?, fThat of the latter by the following

trangformations:

OglygC00H; + NBOH ——d Oghya(Cilg)CsROH & 50
. PCls.  C.H,. NE0OC
Cgiyg(CHz)C:NOH ——By CgH) NHOOCH,

Q
CglygWHCOCHy & Hg0 B4y comgn, 4 CHgOOOH
The amine Gsﬁlaﬁﬁg was identified ag 3-amino-2,2-.4i-
methylbutane, by synthesis of the latter from pinacolone, and mixed
melting point determinations of several derivatives.
This establishes the structurs of the decenss as

cgasc(caa) 5CHC ( 033) : CHCF,g

and

( cxs)sccﬁcazc( Gﬁa) s CEEKs



EXPERIMERTAL

It was proposed to subject the constituents of
dlamylene to the action of ozonized oxygen, and to charecteri ze
the fraguents resulting from the decomposition of the resulting
ozonide. Previcus workers in this laboratory®:4 had found it
extremely difficult to separate the ketones resulting from the
osonisation of a mixture of isomeric decenss. Hence it was
deemed advisable to first separate the diamylene into the individual
igsomers present, es far as this wag practicadle by fractional
dlgtillation.

The diamylene used was obtained through the courtesy
of the Sharples Solvent Corporation. The commercial product
wag refluxed over sodium for 12 hours, and was then diatilled
from the sodium. Two liters of thisz materisl was fractionated
at the Buresu of Standards, through the courtesy of the late
Dr. B. W, Washburn and Sylvester T. Schicktans. The still used
1s of the total condensation type, and hag bdeen descridbed by

Schicktans®, fThe results of this fractionation are glven in

the following table:
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DISTILLATION A

Barometric Presesure = 215 nm.

Fraction Total Volume Boiling 25°
0. Distilled Point® n
1 54 100 © 1.4262
2 106 104.6 1.4278
3 183 104.9 1.4311
4 216 107.2 1.4313
5 269 106.7 1.4312
6 328 110.2 1.4318
7 385 110.5 1.4318
8 441 111.2 1.4322
] 500 111.3 1.4325
10 554 111.3 1.4325
11 607 111.3 1.4325
12 657 111.5 1.4324
13 707 112.8 1.4335
14 768 112.8 1.4325
15 812 112.8 1.4325
16 868 113.0 1.4326
17 922 113.5 1.4325
18 987 113.6 1.4325
19 1048 114.1 1.4325
20 1107 114.3 1.4326
21 1167 114.8 1.43%0
22 1215 114.7 1.4333
25 1267 115.2 1.4334
24 1326 115.4 1.4337
25 1383 115.8 1.4337
26 1440 116.2 1.4341
27 1496 116.5 1.4342
28 1665 116.7 1.4343
29 1613 116.9 1.4343
20 1679 117.1 1.4337
31 1738 117.1 1.4322
residne 1973 1.4304

a. The boiling point of the fractions was determined
by a Cottrell boiling point apparatus Bullt into the
e$1ll and functioning under the samé pressure at
vhick the distillate was collected.
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CALIBRATION OF THERMOCOUPLE

Accepted Atmospherie B. F. Change Corrected

Substence B M. Boiling Pressure for Pressure Boiling
Distilled EE.EE Point _ . mm, Change® = _Point _
Acetene 6.39 56,290 756 0.12° 56.1°
Benzene 9.44 80.2 13 gg 0.17 80.0
Water 11.88 100.0 762 0.09 89.9
n-Bityl

alechol 14.26 117.7 © 756 0.19 117.6
Chlorbengene 16.15 132.1 ¢ 755 0.24 131.9
Brombenssne  19.20 156.2 ¢  75g 0.20 156.0
Aniline 23.28 184.4 © 7585 0.27 184.1

&. Boiling vointa at 760 mm. pressure were corrected to
the observed pressure during the distillation by means of the empirical
relation & = ,00012(760 - p)(273 .+ t)25

8 = correction
p = ohgerved pressure
t = boiling temperature

b. Young "Fractional Distillation®.

¢. International Critical Tables.

d. Tsbles Ammelles Internationelles de constants et donnes
numerigues; 1925..6.

The accompanying graph (page 9) was prepared in order to
make this data more readily available.

The efficiency of the still was tested by the distillsation
of a mizture containing 80 mol per cent each of benzene and symmei:ical
dichlorethane?3, The distillation rate was 0.1 co. per mimte, the
reflux ratio 30:1. The columm used in this distillation had an
internal diameter of 3.8 mm. and was packed with a single spiral of
No. 26 monel metal wire. Other columms used in subsequent distillations
had & diameter of 5.0-8.0 mm. and had a single coil of ¥Wo. 20 monel

metal wire, for packing.



TEST DISTILLATION OF PODBIEINIAK TYPE STILL
Charge = 756 ce. oquimolar mixture of 0638 and cugczcagcl

Fraction cc. Thermocouple 280 Hol %
Fo. Distilled Reading (V) n Cellg
1 5 9.51 1.4839 76.5
2 10 9.563 1.4835 7€.0
3 156 9.61 1.4829 76.0
4 20 9.5 1.4811 2.0
B 25 9.53 1.4798 70.0
6 30 9.58 1.4736 67.0
7 35 9.89 1.4764 63.56
8 40 9.61 1.4748 61.0
g 48 2.63 1.4729 57.0
Fie) 50 9.63 1.4681 42.0
11 58 9.64 1.4870 47.0
12 60 .73 1.4893 33,0
13 85 9.78 1.4801 18,5
14 70 9.40 1.4440 4.0
15 73.5 9.75 1.4422 1.0
16 Gesidue Ca 1.5 cCommem 1.4414 0.0

Thie data shows that 2 single distillation through the

st1ill, at a rate of 0.1 cc. per minute gives a distillate
containing more than 70 mol per cent benzene, for about 20 mol

per cent of the charge. The difference in the boiling voints of
the two sabstances is about 3.59., fThis dlistillation also shows
that for distillation rates of 0.1l cc. per minaute, the thermocouple
reading is not o reliable indication of the bdoiling temperature of
the distillate.

A 125 ec. round bottom flask fastened to the colurm with a
corkk stopper, cemented with Le Page's glue, gerved as a still pot
in the above test distilliation. In the subsequent distillations, the
atill pot consisted of a Pyrex tube having e length approrimately
four times the diameter. This type of flask pregented a gmaller

rurface for evaporation, and tended to promots more regular distillation.



This dietilling tube was sealed to the colwm by means of a side
tube at the top of the distilling tube. A filling tude was
provided at the top of the distilling tudbe. The filling tube was
sealed, after introdustion of the sample.
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Redistillation of the fractions of distillation A
required more than two hundred hours of actual distillation.
Frequently, more than forty hours were required for the distillia-
tion of a single charge. Dr. Nathen L. Drake, Mr. Jos. R. Splexs
and Mr. Sterl A, shrader were kind enough to assist with several
distillations, to odviate the necessity of interrupting the distillia-
tion of an individual charge. Their assistance iz gratefully
acknowledged.

The data on the redistillation of the fractions of
distillation A is best given in tabular fomm.

DISTILLATION B

Dictillation of Practions A-l, 2, 3, 4 and B

Pressure = 200 mm. Rate = 0.1 c¢c. per mimte
Fraction ce. Cottrell Boiling Point n 259
No. Distilled Presgure = 672 om.
1 20.2 123.1° 1.4155
2 40.3 143.8 1.4246
3 61.1 149.4 1.4274
4 81.5 151.0 1.4288
5 101.85 161.9 1.4295
6 122.7 152.3 1.4304
7 145.8 183.2 1.4309
8 165.8 153.4 1.4314
9 186.8 153.6 1.4314
10 206.2 153.9 1.4314
i1 228.6 154.4 1.431%
12 287.0 168.3 1.43286

1’{0313110 330263-0 “““““ 1.4353



(257 A1 i ;4 A eupisey

9gep°1 g°481 e 4 ¢ 8
Seeh° 1 ¥°9st 0" 621 4
22291 o°oct 0°601 9
83EV°1 0°98t 8°88 g
22eP°1 0°93t 8° 89 ¥
segv° 1 6°8S1 o 8vy e
Seey° 1 6°gat 0°gg (4
veev 1 —— 08 T
ez ﬂc ‘mm gyl = OINEBeId POTLTA 810 “OR

¥ juted Sarrvg 11633300 *99 ToTRoRas
suuta 30d *99 (°0 = oWy WE Q02 = SINSEI

a1 Pu® T ‘gI~V SMOTFORILT JO UWOTIRITIWET]
d BOLIVITILSIA

6e2ev°1 8°991 O°gzg o eupisey
2742 A o 4°%aT 6°261 ot
12747 2 & g ¥4t ¥° 081 6
geey° 1 2°9a1 ¥ 081 8
geev 1 i A8 411 A A8 43 &
yeer 2°9at ¥ 0e1 9
yeer 1 2°¥at ¥° 001 G
yeer° 1 2°%31 1°08 1 4
yeevr 1 e ¥st 1°08 4
geevr 1 o°vetl 1o 2
12ev°1 8°eat oo 1
gz U ‘U 99 3 SINSBELS POTITAS T ‘o

o jutog Fuiriog TI8X330D °o9 WO T3 C8IH

sguuyn 20d 00 T°0 = e3%y ‘UM GOL=LOL = SINSReXT

1T Pwe 01 ‘e ‘8-¥ SUOIORI JO WOTIRITIISTC

D ROILVITIILSIq



- 15 =

DISTILLATION B
Tistillation of Frastions A-.19, 20, 21 and 22

Pressure = 200 mm. Aate = 0.1 cc. per mimate
Fraction cC. Cottrell Boiling Point 28°
Wo. Digtilled Pressure = 757 mm, n
1l 20.2 156.9 1.4324
2 40.2 167.1 1.4325
3 60.3 157.4 1.4327
4 80.9 157.4 1.4328
5 101.2 157.4 1.4328
8 121.5 157.6 1.4328
? 141.5 157.6 1.4328
8 161.9 188.1 1.4328
9 184.0 156 .4 1.4329
10 204.1 158.8 1.4323%
11 216.9 158.8 1.4334
Residue ca.222 === eeee- 1.4368
DISTILLATION ¥
Distillation of Ffractions A-28, 29 and 30
Presgure = 200 mm. Rate = 0.1 cc. per minute
Fraction eo. Cottrell Boiling Point 25°
No. Detilled Pressure = 765 mm. n-
1 23.8 160.6 1.4344
2 4.1 160.6 1.4344
3 64.2 160.6 1.4344
4 85.0 1€0.6 1.4344
5 1056.3 160.8 1.4348
6 128.3 160.8 1.4345
7 146.3 161.0 1.4348
8 166.8 162.0 1.4335
9 173.6 ———— 1.4322
Residue 17 00000 eeee- 1.4297




DISTILLATION
Distillation of Fractions A-Hesidue

Pressure = 197 mm. Rate = 0.1 cc. per minate
Praction ca. Cottrell Boiling Peoint 250
Xo. Distilled Preggure = 771 mm. n
1l 20.4 163.3 1.4282
2 40.4 163.5 1.4274
3 60.6 163.8 1.4268
4 80.7 164.6 1.4256
5 1x1.0 165.3 1.4251
6 13,1 166.2 1.4248
7 151.7 167.8 1.4268
8 i71.7 168.0 1.4304
9 191.7 170.€ 1.4362
10 202.2 172.4 1.4384
11 218.¢ ivr.e 1.4387
Regidue CR.229 e 1.4456

At least two isomers are indicated by these distillations,
but the data on the intermediste fractionations, distillations D and
E, is not conclusive. It was determined to investigate the possibvility
of the existence of additional isomers in the intermediate fractions
by ozonolysis of representative fractions.

The ozonizer used was the same as that used by CookeS
and #heeler?. During the course of tre osonolysis experiments, it
bescame necessary to clsan the Berthollet tubes. When these tubes
were replaced in the containing jar, they were held in vlace by a2
glass rod, to which theoy were fastened with & cord, inaztead of being
neld in place by a wooden holder. The Rerthollet tubes were then
sealed to each other, instead of being connected by msrcury-gealed

cups. This resulted in & 10-15 per cent iuncrease in the yield of
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osone. The ogzonizer generated ozone at a rate of .0432 -~ 0.497
moles per hour, when oxygen was supplied at a rate of 16.3 liters
per hour (6.0-6.8 per cent osone).

The decene was ozonigzed in solutions of ethyl acetate
of petroleum ether, (boiling range 30-40°), the concentration being
1l mol of decene per liter of solution. For the ozonolysie of &
suall sample of the decene (10-20 cc.), the solution was placed in
a pyrex tube 2 cm. in diameter and 35-40 om. in length. The osoniszed
oxygen was admitted through an inlet tube sealed in at the dottom
of this tude. larger samples (504100 cec.) of decene were osonised
in a gpecially constructed flask of 500 ce. capacity, having a bubbler
tube sealed to the top of the flask. In each case, the contsiner
was connected to the ozoniser by means of a mercury~sealed cup, and
was immersed in a mixture of chlereform and carbon tetrachloride,
maintained at 15 to -25° by means of solid carbon dioxide.

Osone was determined by bubbling the oszoniszed oxygen

through a 5¢ solution of potassium icdide, acidifying with hydro.
chloric acid, and titrating the 1odine liberated with standard sedium
thiosulfate solution. The osonised oxygen was Dubbled through the
decene golution for the time theoretically required, based on the

osone determination just described.
The osonide was decomposed by two methods. The catalytic

method recently described by F. G. Fisher®6 wag the first to be tried.
The ogonide was readily reduced by this method, when ethyl acetate

was used ag solvent. However, very little reduction was effected by
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this method, when petroleum ether was used, bscsuse the water formed

in the reduction was ingoluble in the petroleum ether, and csused

the catalyst to form small moist balles that remained in the bottom

of the flagk, and posseased no catalytic aclivity. The szinc, water-
catalyst method desorited by Whitmore and Cimrch? was round to give
slightly better yields of ketone, less high boiling residue, and

could be used egually well with petroleum eiher or ethyl acetate as
solvent. In one experiment, vart of the oscnide decomposed violently,
blowing the stopper out of the flask, durin; the removal of the solvent.
Subgequently, the osonide was reduced without the removal of the solvent.
This method gave equally good results and aprarently obviated the

danger of an explosion.
Wore than 9650 cc. of material was ozonised. Only three

products of osonigation were found, i.e., an aldehyde, ylelding a
p-nitrophenylhydragone that melted at 125.5-126.0°%, aund two ketones,
giving semicarbesones meiting at 148.5° and 168.6-168.8°. EHach
ozonization alsc ylelded & high boiling fraction. Very careful
fractionation failed to indicate any homogeneous rroduct in this
fraction. The results of the osonizations may be summsrized in

tabular form.
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Anount of
Hethod Used Ketone

Reforence yni s fer Reduction Obtained
b 3 Ay 7 110 oatalytic 32.8
2 Ael2,16 106 cadalytie 21.6
3z B.118 10 catalytio 2.0
4 za.a,v,a 9,10,11% 106 ginc-water?® 5.6
& 2,3%, TResidue, D-1,7,8 108 sinc.water '
6 ai 4,5,6,7,88 9%  ecatalytie 31.5
7 D2, 3’ 4y E’ 6 94 6&%10 0.0
8 B2, 3,4,6% Be estalytio 19.0
9 ®1,2,3,4,5,6° 109 eatalytic 485.0

10 . 10 catalytie 3.8
11 Unfractionated decene 100 sinc.water 41.0
12 Unfractionated dscens 100 sinc-wateyr 42.0

a. Oply part of this fraction was uged.
b. Osonised in petroleum ether. Attempted catalytic
reduction was net euccessful.
¢. Part of the cosonide was lost by vielent decomposition,
after remeval of the solvent.
4. Xetone fractions of the two experimenta wers united
before distillation.
The kstone fraction obiained from osonisations nos. l.7
gave only one semicarbagone, melting at 148.5°. The main Fraction
boiled at 147.2% in the Cottrell beiling point apparatus, under a
barometric pressure of 766 mm. The refractive index at 25° was found
to be 1.4136, and the density at 20° was 0.9262. Osonisations 9 and
10 gave & ketons boiling at 154°. The semicarbdasone of this keteue
mwlted at 168.6-168.8°. The ketone had a refrastive index of 1.4183.
These same two ketones were obtained by heeler? and Kline®? fyem
the dimer resuliing from the action of sulfuric acid on methyl-
isopropylearbinel. The identity of these ketones with those
obtained by Elins was established by miwed melting point determinatioens
en the semicarbasones. The higher boiling ketone from these osonolysis
experiments was given to Mr. Gordon 3. Kiine, in connsction with his

work=’ on the styuoture of this substance.
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THE PRODUCTS OF OZONOLYSIS

The sldehyde giving a p-nitrophenylhydrasone melting
at 125.8-126.0° was shown to be acetaldshyde by a mixed melting point
determination with the p.nitrophenylhydrazone of acetaldshyde obtained
from the Eastman Kodak Company.

The higher boliling ketone was shown to be
€ HgC(CHy) CH,CO0H; By Kline?7.

The lower boiling ketone was obtained by Wheeler? and
wag characterized by the formation of a semicarbagone. Analysis
of this semicarbasone showed the ketone to have the formmla CgH, 0.

Part of the ketone used in the determination of structure
to be descrided DPelow was obtained by Mr. Gordon M. Kline, of thie
laboratory, in his investigation of the decenes obtained from
me thylisopropylcarbinol.

The ketone had a density of 0.8262 at 20° and a refractive
index of 1.4136 at 26°. The ketone was characterized by the
formation of a 2,4-dinitrophenylhydraszone that melts at 109.8°,
prepared according to the directions of Allen%0, fhe p-nitro-
phenylhydrasone, prepared from penitrophenylhydragzine in the sgame
way, melted at 73,0°.

The action of alkaline hypoiodite on the ketone indicated
1%t to be a methyl ketone, although the formation of iodoform was very
gslow indeed. The ketone was accordingly oxidised with alkaline
hypobromite, in accordance with the directions for the oxidation
of pinacolone to trimethyl acetic ac1d®C. Ninety-ninve grams of
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acid from this run was 5.5 g. that boiled at 76° at 5 mm. This
is 19% of the amount theoretically obdtainable.

The acid melts at 24.5°, and has a refractive index
of 1.4182 at 26°. 1t ylelds an amide that melts at 106.0°, an
anilide that melts at 104.5° and a p-phenylphenacyl ester that
melts at 68.5°. The p.nitrobenzyl ester was an oil. Analysis of
the acid, and the three z0lid derivatives showed it to have the
composition GSHBCOGK.

¥o acid possessing these properties has bheen describsd
in the literatnre. An attempt was mads to oxidize thie acid te
the next lower acid in the series, throungh esterification of the
acid, the astion of phenylmagnesiumbromide on the sster, and
oxidation of the resmlting tertiary carbinol.

Wine grams of this acid was refluxed for three hours with
30 ce. wathyl iodide and 20 g. of silver oxide. The reaction
mizture was filtered, and excess methyl iodide recovered from the
filtrate. The silver oxlde-silver iodide mixbure on the filter
wag then waghed with methyl aleohol, and the washings added to the
filtrate, from which the excess methyl iodide had been removed.
Pistillation of this solution gave 6 g, of the ester boiling at
46° at 18 um. pressure.

T™ias ester was added, drop by drop %o the Grigusrd reagent
nrevared from 2.4 g. magnesium in 50 ecc. ether, and 15.0 g. of

brombenzane. After all the ester was addsd, the reasction mixture



was heated under reflux for half an hour, and let astand over night.
The next morning it was refluyed an additional two hours, mogt of

the sther was digtilled off, and the residme was heated one hour more.
The residus was poured into 100 g. of iee to which 6 sc. concentrated
sulfuric acid had bsen added. This mixturs was ether exiracted,

dried and the ether removed. There remained 9 g. of residus, whiech
probably econtained soms ether.

This residue was oxidized with chromic¢ anhydride and asetic
aeld, according tc the method followed by Veland, Hchlichting and
Jacobi®® for the oxidation of the tertiary carbinol obtaimed from nor-
cholanic acid. The 9 g, of carbinel wers disgolved in 10 cec. of glacial
acetic acid. The solution was warmed on a steam bath, and to the wamm
golution there was added during the course of two hows, 16 g. of
chromi¢c anhydride dissolved in 15 cc. water and 20 cc. acetic acid.

T™he reaction mixture was then hested on the steam bath six hours loanger,
eocled, and sulfur dioxide bubbled through the cooled sclution, to
reduce any excess of the oxidizing agent.

The reaction mixture was digtilled with steam until about
800 ce. of distillate wae obtained. The diestillate was made alkaline,

and extracted with ether., The aguSous layer was boiled to remove
ether, made acid %to congo by sddition of sulfurie zmcid, and extracted

with petroleun ether., Benzophenone was obtained from the extraction
of the alktaline solntion. Acetic acid was the only acidiec orgenic

eonstitment of the reaction mixture.



The next attempt at degradation of the ketone was &
direct oxidation of the ketone with an agueous solution of chromie
anhydride and sulfuric acid. 16.F g. of keton® was suspended in
25 ce. of water in a 500 cc. flask provided with a mechanical stirrer,
reflux condenser and a dropping funnel. The stirrer was started, and
a solution of 28.6 g. of chromic anhydride in 756 g. of 30 per cent
sulfuric acid was slowly added through the dropping fumnel. The
atirred mixture was then heated under reflux for 8 hours. The
material was then distilled with steam. The steam distillate was
extracted with ether and the ether layer was extracted with sodium
bicarbonate sclution. The bicarbonate extract was acidified and
extracted with ether and dried with sodium sulfate. Removal of the
ether left btut a minmute residue that was too small to bde distilled.
This acidiec residue was converted into the amide, and recrystallized
ence from petroleum ether. It melted at 97.99°. A mixed melting
point determination of this material and the smide (melting at 106°)
of the acid CgHygCOOH, obtained by the hypobromite oxidation of the
ketone, showed the mixture to melt at 100-101°. A mixture of this
amide (melding at 97-99°) with the amide (melting at 103-104°%) of
dimethyl ethyl acetic acid melted at 70-76°., 5.5 g. of the original

ketons wag recovered from the neutral ether extraet of the remction

mixture.



CMANN REARRANGEMENT OF THE KETOXIME

¥ore fruitful rewmlts were obtalned by carrying out a
Beckmann rearrangsment of the ketoxime. The best yield of oxime
was obtained in the following way. 26 g. of ketone was dissolved
in 165 cc. of ethyl alcohol. To the solution was added 28.4 g. of
hydroxylamine hydrochloride disgolved in 5O cc. of water and 47.5 g.
of votassiun hydroxide in 47.5 g. of water. The solution wags reflumsd
on the steam bath for twe howse, 100 ecc. of water was added to
d4isgolve the polassium chloride that precipitated from the cold
solution, and the resmlting seolution was ether extracted and dried
over sodium sulfate. Removal of the ether and distillation of the
residue ylelded 24.5 g. of oxime, boiling at 113° a¢ 37 mu. This
oxime boiled at 79.0-79.5° at & mn. pressure. It has a density of
0.9343 at 20°, and a refractive index of 1.4848 at 26°. The oxime
1s & viscous oll. It solidifies to a glags at the temperabave
of solid carbon dioxide, tut cculd not bde obitained in erystalline
form.

Rearrangement of the oxime wag effected by means of
bensenesnlfonylohloride®3, in ary pyridine snd by treatment of an
absolute ether solution of the oxime with phosphorous pentachlorided?,
The lat%er method was favored, becamse the yields of amidefrom the
rearrangement of the oxime were batter.

Four grams of oxime was &lssolved in 20 ec. pyridine,
and the selution cooled %o 0°. 5.85 z. of benrenesulfonylchloride
was added to the cocled solution, drop by drop. vVhen the solution
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removal of the ether, gave 9 g. of amide boiling at 130-131°
at 20 mm.

It was believed that the oxime had rearranged according
to the schems CgHyz(CHz)C:NOH —3p CgHygWHCOC

Accordingly,
a 11 terature search was made for the acetyl derivatives of the
primary hexyl smines. Only three have been reported, and these all
melt above 110°.

The first attempts to hydrolyse the anmide were unsuccessful.
Refluxing the amide with alcoholic alkali for U hours csused no
hydrolysis. The same result was found on refluxing for 2 hours
with BO% sulfuric acid. Refluring with 1:1 sulfuric acid for 20 hours
effected s partial hydrolysis, but there was also much carbonization.
Attempts to hydrolyss the amide by Gattermsnn's modification3S of
Bouveault! s method®® of hydrolysing difficulty hydrolysable amides,
and by Bouveault's original methed (l.c.) were also unsuceessfal.

Heating the amide in a sealed tube with 1:1 sulfuric acid
effected hydrolysis, tut there was also much carbonization. Three
erams of the amide were heated with a solution of 4 ce. sulfuric
acid in 4 cc. of water at 200°, for J hours. 1.2 g. of amine was
obtained from this hydrolysis.

Beating 3 g. of the amide with 4 cc. 85% phosphoric

acid end 4 cc. of water in a sealed tudbe at 200° for 4 hours also
yielded 1.3 g. of amine. There was no carbonisation in this
experiment. In a subsequent experiment, 9 g. of the amide was
hydrolyzed in two egual portions in sealed tubes, each of which
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™he analytical data of compounds not previocusly reported
in the literature can best be presented in tedular form.

Wt. of Sample Wt¢. of GO, Wt. of HxO

BEs BE - ... pg . $C__FEH
Semicarbazone of 4.041 8.672 3.687 58.835 10.20
2,2, B=trime thyl- 2,392 5.093 2.228 58.07 10.42
pentanone-4%

Theore tical composition of Ogh, N 0 58,33 10.34
p-Nitrophenyl- 3.061 7.178 2.)22 64.16 7.78
hydrazone of 2,2,3- 3.156 7.439 2.248 64.30 7.97
trimethylpentanone-4

mr‘ ti e‘l Gemposi ﬁon of ¢ 145311“302 63,83 8.04
2, 4=Dini trophonyl- 3.180 6.381 1.8562 54.73 6.52
hydrasone of 2,2,3- 3.763 7.512 2.188 54.45 6.41
trimethylpentanone-4

Theoretical composition of cu%%% 84.51 6.54
Oxime of 3.152 7.740 3.287 66.97 12.22
2,2, 8-trimethyl- 4,239 10.430 4.482 67.10 11.83
pentanone-4

Theorsticsl composition of Gsﬁlg% 67.07 11.97

=
¥ethyl.tert.- 3.276 7.762 3.184 64.64 10.78
atylascetic acid 3.381 7.945 3.308 64.09 10.82

Theoretical composition of Q'PKMOQ 64.54¢ 1C.84

Amide of methyl- 3.174 7.533 3.189 64.73 11.28

Theoretical composition of 0.,815!10 65.05 11.71



wto ef sml‘ Wt. 0! Gog Wto Qf O
Substance ng. __mg. m;a #c $ B
Anilide of methyl- 3.590 10.080 2.960 76.57 9.22
tert.-butylacetic 2,533 7.122 2.112 76.68 9.32
acid ,

Theoretical composition of C,,H, N0 76.04 9.33
p~-Fhenylphenacyl ester 3.986 11.351 2.598 77.67 7.29
of nethyl-tert.- 2.680 7.504 1.787 77.41 7.58
butylacetic acid

Theoretical composition of 62183403 77.73 7 .46
Benzenesulfoneamide 3.391 7.396 2,395 59.76 7.90
of 3=mmino=e,; 2= 3.665 7.967 2.506 59.29 7.65
dime thylbutane

Theoretical composition of C,oHyglidaS 52,70 7.%94
Picramide of 3.378 5.734 1.494 486.29 4.94
Bepnino-2, 2- 4,330 7.362 1.979 46.30 5.12
dimethylbutane

Theoretical compositioen of cmamneas 46.13 5.1€
Acetyl derivative 3.262 8.088 3.450 67.57 11.83
of J-amino.2,2- 2.173 5.338 2.248 66.86 11,57
dime thylbutane

Theoretical composition of 0831@0 67.07 11.97
frmide formed by 2.79%4 8.888 2.906 67.23 11.63
rearrangemsnt of 2.789 6.825 2.880 68.74 11.95
oxime

Theoretical composition of CBH"HG 67.07 11.97
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Wt. of Sample Wi. of CO, Wt. of 320 Wt. of im

Sobetance BE. , BE. RnE me.  £¢C 48 $m
Chlorsarate of 4.066 2.382 1.395 1.821 16.08 3.85 44.88
Beamino=z, 2= 10.508 6.348 3,493 4.697 16.48 3.72 44.710
dime thylbutane® |

Theoretioal compoesition of C 6316chl . 16.31 3.69 44.67

a. Analysis of thie subxtance was reported by Wheslers.

b. The author wishes to express his gratitude to Mr. J. B. Spies,
of the Burean of Chemistry and Soils, U. 3. Department of
Agriculture, for thie analysis.

c. The gold content of this salt was reported by Markownileffd8
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DISCUSIION

Several theories bave been advsnced to explain the
polymerization of olefing. DBerthelet ie¢ sald to have besn the
first to attempt an explanation of polymerisations of this type.
The theory of Berthelot was used by Butlerovil and by Kondilkevil
to explain the results obtained by them in their studies on
hydrocarbons. This theory postulates the intermediate formation of
an alkyl salfuric ester. This ester then condenses with a gecond
moleoule of the original olefin, to form the resulting dimer, with

the loss of sulfuric acid. Thus,

(CHyx) 50:CHy 4~ Hg904-—> (CHz)20(0805H)CHy
(CHy) oC(0804H) CHy 4~ (CHz)oC:CHy —) (CHg)oC:CHO(CHg) 5

This mechanisu never gained general scceptance, btut more satisfactory
mechani sms were not forthcoming. In the firet place, this theory
postulates the formation of but ons diisgobutylene, whereas there is
abundant proof718:9:10:11,12 4yt thie reaction results in the
formation of two isomeric octenes, namely, 2,4,4-trimethylpentene-l

and 2,4,4-trimethylpentene-2., Another chbjection that has been raised
to this theery is the fact that other agents, such as alumimim chlorids,
zinc chloride, fullerts earth, light and heat, effect the ssme
polymerization. This theory would not lead one to expect this.
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MeCubbin and AdkinelZ gxplained the formation of these
two octenes from isobutyl aleohol on the basis of the activated
hydrogen theory of Bergmsnn. Thus, an active hydrogen atom of
the methylens group or of the methyl gzroup can add to one of the
ethylenic carbons in on® of several ways, the rest of the molecule
then adding to the other ethylenic carbon. These iransformations

may be represented:

CHy
)6&@%
CH, Chy  ACHy
(1) + — ORg
e oa” N e’ iy
Chy
}cm.-cxz
(2) GE& ---.) )G:i-.c%—eﬁmc\::
c

Or, again, the hydrogen atoms of the methyl group

may be zctivated
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c
c: 0=08,
(3) é ><:H....cnz....cma...c._cgg
M cH, Gﬁs
egz)cacag
or
033>6“'“QE2
(4) + ; %} %-— -
- Hy
cﬂa*c(%

The compounds produced by reactions (1) and (4) are
the only ones formed by the polymerization of isobutylene.
Thus, the theory predicts the formation of four isomeric octenes;
very careful investigations, using large quantities of material,
ghowed the presence of btut two igomers?:8:9,10 A more sericus
objection is to be found in the postulation of an active hydrogen
atom in the methyl group. The interpretation of the experimental
regults of this polymerization in thig wey would indicate the
hydrogens of the methyl group to be four {imes as active as those
of the methylene group, since the amount of octene formed by
reaction (4) ig found to be four times that of the octens formed

by reaction (1). This is inconsistent with the facts observed
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CoHg0( OBg) oC—{0H + H-0(CBz)0(CHy)

lx OH

Qg!%ﬂ(ﬁﬁs)z-—ﬂ(ﬁ'ﬁg):ﬁ(c%)a

The theory does not accounti for the formmtion of the
two isowers that were found in this investigation, end does not
explain the polymsrization of olefins by such agents as fuller's
sarth, light and heat.

Hunter and Yohe?®® studied the polymerization of
unsaturated hydrocarbons by means of aluminum chloride. in
activated olefinic dond ie¢ represented as one in which wne carbon
atom has acquired the second electron palr, thuas:

C: 0

An activated double bond then combines with a molecule of aluminum

chloride, forming the complex

R =B

e e

B:2C:C 1 B

1Cl:AL:CL
1
which then combines with another molecule containing an sctivated

olefinic double bond, to fom



This molecule can then underge further addition, resulting
in the formation of a trimer, oic.

This theory of Hunter and Yohe is similar to ome previously
postulated by whitmore®4122:45  4p tnat the medern concepts of
atomic structure are utilized. Thus, the gecond of two pairs of
shared electrons, constituting an olefinic linkage, 1s held cloger
to one of the olefinic carbones then to the other. The theory is
based on the conceptions of atomes and molecules introduced by
G. ¥. Lewls, Arthar Michsel, Juliue Stieghits, W. A. YNoyes,

Hans Meerwein, H. J. Imcas and Charles Prevost. The theory was
firet applied to explain the mechanism of the Hofwann, lLossen,
Curtius, Beckmann, pinacol-pinacolone and the bengil-bengilic
acid rearrangements, &z well as the rearrangements frequently
observed in ths dehydration of alcohols, or the replacementi of an
hydroxyl group by halogen, or some other atom or group. It has
mors r-m:umt].sfg'5 been applied to explain the rearrangements that

occur duaring polymerization.
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thig leaves one of the carbons as & posltively charged atonm,
which can then underge the charactsrigtic changes of positively
charged atoms, namely:

1. Unien with a negative ion.

2. Reversal of the process, to give the same, or a
new olefin.

3. BHearrangement of the carbon skeleton, followed by
loes of & proton, to give s new olefin.

4. Polymerization. Polymerization involves the
addition of the positive organic fragment to another
molecule of olefin, in the same way that the pesitive proton
added to the first molecule of olefin. The remit is a
larger positive fragment, which can undergo the changes
indicated.

This theory has been uged to explain the rearrangements

involved in the formation of 2,4, 4-trimethylpentens.]l and

2,4, 4-trimethylpentene-2 by the action of sulfurie acid on
isobutyl alcohol. The addition of & hydrogen lon to isobutylene
gives a positively charged tert.-tmtyl group. This sams product
is obtained by treating tert.-butyl alcchol with acids:



GH?’ H OHB H G%
‘e [ B4 .o . o0 o9
0%:6:;6&-}16;:20%:3:9:3{-—-333:C:O:H
H H CH;
(&) (»)

In the same way that a positive hydrogen ion adds, the positive
tert.-butyl group (B) can add to isobutylens to glve the
intermediate (C).

: § GBS H QHS

'. LN ) *e LN ]
cﬁaac:=<§+€>:6}!5«~—§033:e:c=c:café

633 H OH, CBg H )

(¢)

The produet (C) is positively charged. The carbon atom that
ghares tut eix electrons can attract a palr of electrons from
one of the adjscent methyl groupe, or from the methylene zroup,
thus liberating e proton and forming s double bond.

© /'H Chg (caa) 2 (653)3
Tame . (CHy),0==CHC(CHy);
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palrs of shared elsctirons, as may be typified by ethylene

H

H: C:; : € : H

in which the two palrs of shared elecirons are symmetrically
located, with respect to the carbon atoms, becauss the groups
attached to these atoms are egqually slecirensgative. However,
in unsymmetrical dimethylethylene, the methyl zroups are more
electronegative than the hydrogen atoms, and, consequently, the
two pairs of shared elsctrons constituting the doudle bond are

displaced toward ths earbon holding the hydrogens

CEy
: :
C sz.é
LN ] E
CH,

This is evidenced in the mode of addition of HCL to olefins.

In this instance, the chlerine ien aMn %o the cardon holding the
methyl groups, snd the hydrogen to the carbon holding the
hydrogens,



CHy 333
oo 4 ve B

e ee

¢ t:C + HY —> €1 103 C: H

se B es E

CH, oR,

Ayres® has shown that 2-methyibutens-l is formed in
the chlorination of isopentane in the following way:

e NP o .
mﬁ}emnzc% Cly —> 3%61}@&%91!3 W1

s > oHOH,CH, beat, :::

COHgCH BO
CH,C1 i B

Trimethylethylene is formed from this by addition and loss of HCl.

:::>ecxgcaa + HOL > ::: D C010H,0H,

Cly N
ch>aczcagcné-g:=:2 c%>o...cm33
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The last reaction ie seld to be truly reversible. Trimethylethylene

is also formed by another geries of reactions, in the chlerination

of the pentanes.

N oR .
ea?cm%s% . 0l —» °%>cm%3%51 Ho1

cH. oy |
;:> CHOE,CE,0L —> 6&3 CHCB==CH, + HOL

CHg CHz
- CHCHC
eﬁg}ammcsx + HOL — 01'{3> 1CE,

:zymmxcna = ::)czeacss

The mechanism of the polymerization of trimethylethylene
to form 3,4,5,5-tetramethylhexene-2 may be represented as the
additlon of one molecule of trimethylethylene %o another like molecule

CHy CHy CHy CHy
K H n * e H
¢ 1 C ¢ $13C —> € 3 ¢ : € 13 ¢

e .S LN ] e e e e e

% B O CF  COHp CH, OB OH



It will be noted that this mode of addidion 1s in accord with

the electironie arrangement of the trimethylelthylene molecule.
This molecule is unstable because carbon atom 1 shares but

& elsetrona, and carbon atom 3 shares 10 electrons. Transfer of
2 electrons from carbon 3 to carbon 1 and the consequent shifi of
the methyl group that shared this pair of electirons, results in
the egtablishment of a true olefinic bond between carbons 3 and 4.

This will be recogniszed as 3,4,5,5.tetramethylhexene~2 when
written in the more cenventional manner (CH,) gCCHOH, ==CHOH, .

In a similar fashion, addition of a molecule of
trimethylethyleone to one of 2-methyliutene-2, followed by the
rearrangerent of a methyl group, yields the other decene found in
diasmylene, namely 3,5,5-trimethylheptene-2.



CHs Clig CHy Ol

¢ e X L X ] e e LA J

c t 30 » @ : ¢ C .....)c:esc s+ &

LN ]

eoe H Ly X X H .

Gyl Chy CHy Colig Cig Ciy

OK& 033 Gﬂs

o8 E se L X} a

¢ : € ¢ © 3 | — Oﬁs s &+ € : G -

L X 3 K L X} e L X 4 K L R L X 2
2% CHy Cliy Oy OB Cfs

This last formula may be written CpHgO(OHg)aCHCCHz—CHCHy ; in this
guise 1t will be recognised as 3,5,B-trimethylheptene-2.

In support of thie mechaniem, it may be pointed out that it
algo offers an explanation of the experimental observation that
vinyl ehloride, trimethylethylene and unsymmertrical mstiylethylethylene
all polymerize more readily than ethylene. In the light of this
mechanism, this is due to the polarity established in the molecule,
due to ths replacement of hydrogen by the more elecironegative
methyl or ethyl groups or by chlerine.
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The mechaniem formmlated above alse explaing the formation
of 2,4,4-trimethylpentene-l and 2,4, 4-trimethylpentene-.2 frem
igobutylene, if cme assumes the rearrangement of a proton, as well
as 2 methyl group.

.a;ﬁa lgi% 06;% QQO%
: H 1
(41 ::i + c :a.(t:.ﬁ?:.%:g ::-t"i
H B " H
o, oy oy o,

This may undergo rearrangement in one of two ways, (1) by completing
the oectet of carbon 1 by tranefer of an electron pair from carben

3, nhicht:garés electrens, followed Ly rearrangement of a methyl
group, glving 3,4,4-trimethylpentene-1, or (2) by rearrangsment of

s proton, snd the formation of the ethylenle bond at the other end of

the moleculs.



H H
Q B, CR,
CR, OR,
.e B ee "
¢ «+ 2 ¢ ¢ C 1+ €
K - {
L X ] *e )
¢ ¢
By By >
CH,
LN J 8
ﬁlls:t}::GzO 1 ¢ 3+ EHB
* & H . e a
5y oF,

Although the latter iz net very probable, the mechanism becomes
moye probable when it is remembered that this latter product,
2,4,4-trimethylpontene.2 constitates but 20§ of the diisobatyleme
mixture



CONCLUSION

Two igomeric decenes have been obtained by fractionation
of diamylens, obtained as a bDy-product in the chlorination of the
pentanes. The dscenes were shown to be 3,8,05-.trimethylheptene-2
and 3,4,5,5-tetrame thylhsxene-2, by osonolysis of the decene
fractions. These two isomers are present in approximately equal

anocunts.
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