A STUDY OF THE ACTION OF SULPHURIC ACID
ON SECONDARY BUTYL ALCOHOL

BY
FLETCHER P"XEIICB, JR.

C?Zé»w

LM 70

I//(" s /(;/‘i/
P
Folio

Thesis submitted to the Faculty of the Oraduate School
of the University of Marylend in partial fulfillment
of the requirements for the degree of

Doetor of Philosophy

1936,



UMI Number: DP71153

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 Publistung

UMI DP71153
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 LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, M| 48106 - 1346



‘xION eYy JO esandOd oyg Pupanp guousPeancoue

pus pIY 8TY 497 ‘wetqoxd oyl DPeEeTEne
ous ‘exwar *7 *4 *Jq 03 uogswiveadde eseours
83 sesxdxe 04 SOUNIA J0UNW SYY

LEANOCH INONIOV



TABLE OF CONTENTS

Ki‘tor&‘.l IR NS O NAEGLIENRENBENG QRIS ORROONTES

DisoUBBION cescesssorssaosrvsosrvosccenssscasannsy

Rxmmn“l Q-,.a;oothQQoniﬁﬁtouc.oov--Q.OQ‘QU‘

Effects of Conditions on Yield of Polymer
from 5’6@““3’7 Butyl AloohO)l ecivvsccorsanes

Purification and Fraotionation of the

Ootene Mixture Ssssces sl NI NINGRROEROIEBTRERES -

Osonolysis of Low Boiling Praction of

Distillate (b) SH eV R EC RIS IAINEREBIRNRETERY

The FProducts 0:;030&01"1' 6o¢b;ooowor'cntoi

Fractionation of Materiasl (o) teassesensanes
Purifieation of Material (o) cevseasecnsencs

Identification of Material (d) Seassessnane

Preparation of the 2,4 dinitro phenyl-
hydragone of the Methyl Ketone (d) ceessves

Syntheslis of Pure Kethyl Secondary
Bﬁtyl KotONn® ceocossesnsscsscnnssscsssansos

Hypobromite Oxidation of Methyl Ketone (d)..

- Preparetion of the Amide of the Acid
Resulting from Hypobromite Oxidation ..see.

Preparation of the p~phenyl phenacyl Ester
of the Acid Resulting from Hypobromite
Gxid‘tion [ ER AN ENE RSN ENNEENEENENENEESEEE R R NN X1

Preliminary Examination of Higher Bolling

Component of Distillate (b) Sesensasssesnes

Purification of Higher Boiling Component
Of mstill‘t‘ ‘h) [ R EE E N E E  E E R R R KL K]

>

Page

18
12
16
18
20
22

83
24

8

31

32

33




TABLE OF CONTENTS (CONT'D.)

Fractionation of Produst (8) ecececscecense

Identification of Pure Higher Boiling
Component (f) from Distillate (b) a.eecees

Preparation of 3,5, dinltrodbenszoate of

the Aleochol Resulting from Hydrolysis

of the Etm!‘ CsONVEIGEISRNIEERNCIIRSEUROGEOINRAOHS
Hydrolysis of the Ether with HBEFr sececsrces
Search for Presences of Other Unsaturates ..

Analytioal Dats ...cssvv0vvcassencocncenense

SUMBATY o . cosoorcvsnsscosvnornsasrenstreraescs:

Blbliogrlphy ‘;ouoooan-'ouoatco"oo%»cutcuonvvadi

Page
36

$§ 8 8

44
45



HISTORICAL

The object of this investigation was to determine
whother dipolymers of butene-2 could be produced by the
adtion of sulphuric acld on secondary butyl slechol, and
if so to establish the structure of the polymer or poly-
mers thus produced so as to sccumulate more evidence as
to the mechanism of the polymerization of olefins., Under
the conditions employed, approximately sixteen per cent
of the secondary dutyl aleohol was converted to a dimer,
(5,4,dimethylhexene-2) and olghtuon per cent to a1~
‘ lacandary butyl othtr. , oo
| Cookel, Wheeler®, and Kiine?, working in this
laboratory, have 1nvaltigatod the atructuron of the dimers
formed by the action of seventy-five (78) per cent silphurioc
acid on methyl isopropyl cardinol. Rose%, also of this
laboratory, has investigated the constituents of diamyleue,
8 by-produst formed in the chlorination of the b&n&anc
fraction of petroleum, by polymerisation of the amylenes.

During the past three years, Wnitmore®=20 gna nis
students have investigated the struotures of a number of
olefins resulting from the dehydration of alcohols, and
have proposed a mechanism to explain the polymerisation



of olefins, This mechanism will be discussed in detail
later in this paper.

Ipatjew and Sdzitowseky®l found that upon passing
the wvapors of secondary Butyl aloohol through a copper
tubs filled with sino chloride and heated to 480°C.,
there was obtained butylene, isobutylene, methyl ethyl
ketone and a liquid unsaturated hydrocarbon which they
did not 1dentify. Upon passing seeondary butyl aleohol
" over reduced copper at 160 - 300°C. they obtained methyl
ethyl ketone and water. When nickel was substituted for
the copper, water and hydrsetrbona which they did not
identify, were produced instead of methyl ethyl ketone.

Marcel and Gusrbet®2 found that upon heating
secondary butyl mlechol and its sodium derivative at
200%c. polymerisation oocurred with the formation of a
disecondary butyl aleohol. The authors sssigned the |
strusture of 3-methylheptancl-5 to the dimer so produced
on the evidence that oxidation of the alcchol yielded a
ketone whieh 4id not form an addition product with sodium
bisulfite. This ketone upon oxidation ylelded a mixtaro;
of seclds whish were separated by fractionsl distillation.
From determinations of the per eent of barium in the barium
salts of these acids the authors claimed the presence of
acetic, hexanole, propionic, and methyl ethyl acetic acids,
According to these nuthori the formation of these acids is
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asocunted for by the strusture assigned to the ketone.

R. V. Wheeler and ¥, L. Wood™> investigating the
 thermal decomposition of normal olefins found that heating
alpha and beta butene together in a quarts tube at 600°C.
gave rise to the formation of oyclohexene and methyl-
oyéldhexene. DBenzens and toluene wers also found present
in small amounts as waz methyl-cyslohexadiene and oyaclo-
hoxsdiene. |

C. B. Hotsig® nas found that butene-2 as 'lli as
cartain other olefins is polymerised by the astion of
Esdon, The amount of polymer obtained was smell, husovyr,
snd no attempt was made to investigste the nature of the
compounds proéuced. _ ,

L. F. Marek and R. K. Flege®0 noted the production
of about five (5) ﬁar eent of polymer in their experiments
upon the "Catalytie Vapor-Phase Hydration of Butene-2
linder High Pressures®. Cuprous ohloride, thoria, snd
cuprisc phosphate, were used as catalysts at temperatures
from 427 to 568°0 and pressures of 3000 to 8000 pounds per
square inech. The nature of the polymer was not 1nvoat1§ntad.

C. C. Coffin, H. S. Sutherlend, and 0. Maass®6
investigating the setion of hydrochlorie acid upon the
three butenes, found that in the case of butene~l and
butene-£, polymers were produced as well as the sxpected
butyl chlorides. Moleculsr weight determinstions, boiling



points and halogen anslyses indicated that these polymers
were octyl chlorides. The structure S-methyle4-chlor-
mothylhexane is suggested for the polymer from butene~l
begause it was observed to decompose readily to an octene
and HGl. The octene thus formed was assigned the structure
8-ethyl S-methyl pentene-l. The polymer from butene-R is
assigned the strusture of a 3,4,4imethyl 2-chloro hexane.
This compound 1s supposed to result from the sstion of
hydrochloric scid upon 3,4,dimethyl hexene~-l.. HNao proof
that these are the struetures of the polymers is advanced
by ths authors.



DISCUSBION

8nmi,tm6§u§ have ﬁbm aﬁv@@d to explain
the polymerisation of olefins, Chief among thesse are
the theories of Berthelot®7, MoCubbin and Adkina98,
Norre11%9, Horris and Joubert3, Hunter and Yonedl,
and Wnitmore and go-workers.18+19 7These theories have
Yeen summerized and discussed by Hose®, and with the
sxception of that of Whitmore et. sl. will not be
discussed here. , »

The theory of Whitmore will be outlined here
because it seems to be the most generally applieable
of the mechanisms sdvansed. The following a-aunptzons.
form the basis of the theory. |

“1. A non-ioniec attachment between an atom like

anrbén er nitrogen and an elestronegative atom or
group 1s broken during the reactionm.

2. At the instant of removal of the electro-
negative group, 1t takes a completed cotet of eleotrons
with 1%,

3« Tha atom which shared sn oléetren paxé with the
electronegative group is thus left with only a sextet
of electrons.

4. This deficiency of two elestrons may induce a



migration of an electron pair from an adjacent stom,
thutigiving.r&n‘o to 'abnormal' or r‘urru_god.wbduh.
- Be In the case of oarbonyl compounds, a carboen with
an open sextet may be formed by the addition of a
positive ion to the oxygen. In this oase, also, the
presence of the open sextet indusces rearrangement".
The application of the theory to the polymerisstion
of olefins makes necessary th@ introdustion of further
assumptions; essentially as follows.
The first step in the polymeriszation of olefins
by scid is the addition of & hydrogen ion (a proton) to

the extra electron pair.

p B
//e.-c +H0 = @ : C:H (1)
H H

This 10avea one cr tha carbons as a positively charged atom,
capable of undergoing the resctions of a positively charged
atom, namely:

l. Union with a negative lon.

2. Reversal of the process as indicsted in resction
1, to givo»tho seme or a new olefin,

3. Rearrangement of the oarbon skeleton, roxlcuid
by the loss of a proton, to give a new olefin.

' ™ .Pulyuarizntion. This involves the addition of
the positive argnnio-rragione to another mclecule
of olefin in the same manner that the positive
proton added to the firast molecule of olefin.



A larger positive fragment results which may

nndorgo the above changes.

Ascording to this a.ehaaian the polymerization
of butene«2 would proeeed in the following manner. The
addition of & hydrogen ion to butene-2 gives a positively
charxsd'aoccndary buty) group. This same produet is
obtained by treating sesondary butyl alcchol with acid.

H
H oR
‘aold -
CHy ! g e CHy + Hé»CHy " ¢: 0 CH, =<— CHy:C: ¢: ‘CHy
H ﬂ u n ‘ B H

| (a) | (B)
The positive secondary dbutyl group, B can add to
butene~2 to give the intermediaste C.

N OHy chy CHy § cs,,cn,cx;

cna'ee +ac=-—-——venacccc
E R H R H H HER
{B) (A) {c)

- The product, C, is positively charged. th;pnrbon
’qupu‘Bhaﬁ ahdii;fbﬁt‘;iz,iloaquna ean iéﬁéait“u;pnér of
| elestrons from the adjaoonc‘notﬁyl group, or from the
c;»bnnkholdxng a tertiary h}ﬁrastp.‘libirato & proton and
establish & true olefinic linkage.



CHgCHy
. o b .
CHy - CHy « CH-CaCH-CHy + H 0

,//f/”///;? | 8.¢.axnathyi hexens~2
| © CHwCH |
\ ’ ) a‘i 3

CHy - CHg = CH-GHeCHsCHg + K @
 8,4,dimethyl hexene-l

(c)

Sinee tertiary hydrogens are more lisble than
srs the hydrogens of a nuthrl group, the resrrangement
of (C) should take plssce msinly to form 3,4,dimethyl
hexene~2. It is not unlikely though that the carbon in
(C)} which shared but six eleotrons might ntﬁrnn& & pair
of electroms from the adjacent methyl group thus giving
rise to a small amount of 5.4,dinnsh71 hexens~l.

In this 1nvastigation,'hoiwvor, results sesmed to
indicate that 3,4, dimethyl hexene~2 is the only octens
prodused by the action of sulphuris scid on secondary
buty) aleohol,under the conditions employed in this work.

A mechanism recently proposed by RIino&’as to
explain the polymerisation of olefins, utilizes the theory
of electronegativity advanced by Kharaseh33, Kline views
the formation of olefinie polymers as a sort of a chain
reaction anelogous to the polymerization of akhylcnoa‘.
Carothers>4 pro%laa:ly'hola this view, ihieh is essentially
that collision of an activited molecule of monomer with an



unactivated molecule of monomer results in the formation

of an activated dimer whioch may then react with another
unactivated molecule of aonanir and so on., The activating
energy may persist in the polymeric chain until 1t has
grown to considerable length. The presence of a strongly
eleotronegative group in the molecule is belleved to produce
rearranged produocts.

Acoording to Kline, Trimethylethylene behaves s
though it were activated, due to the relative elestro-
negativity of the adjacent carbon atoms involved in the
rallowing nANNSY ,

6857 ;é g : B

The addition of these two fragments to the double
bond of trimethylethylene or of l-methyl-l-ethylethylens,
the two olefins formed by dehydration of meshyl 1éopropyl
earbinol, ocan then take place to form 35,4,5,5 tetramethyl-
hexene-2 and 3,5,8 trimethyl-heptene~-2. These two products
have been shown to be produced by the action of sulphurie
acid on methyl 1sopropyl earbinel.

Butene~-2 aceording to this mechanism should activate
as in (1) rather than as in (2).

B E
CHg i #0 :: C*  ICHy (1)

CHy Gaa
' « ¢+ 'R (2)



CHy CH

. na ’ Gﬂa 355
+C - c” * ﬂna. P .
Gns

Tong ony oty on,

035' ¢ :¢ 0 :°¢C 'R
CHy B

3,4,5,5-tetransthyl Hexene-2

oty ¥ cuyom
0 .0 + CHy! # .0

oB, ®

b

- |
cn3iﬁ'ﬁ:c.'.'c:x
CHy N

3,5,8-trimethyl heptene~2
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Activetion as in (1) and subsequent addition of
this fragment to unasctivated butene-2 should lead to
the formation of 4,8,dimethyl hexene~2. (D)

T M 2R A ol
9 - ? + Gﬁa: +G:: G+  3CHg—p CHg'! ? Lf B+ A + ' CHy
B | H R

(D)

4,5 dimothyl hexene-2

No formation of 4,8,4imethyl hexene~2 (D) was
observed, in this investigation, by the actlon of
sulphuric acld on secondary bdutyl elcohol. In order to
agccount for the formation of 3,4, dimethyl hexene-2 found
to resudt from the action of sulphuric acid on secondary
butyl aleohol, the activation of butene«2 must take place
as in (2). This, however, is inconsistent with the
relative electronegativities of hydrogen and methyl,
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EXPERIMENTAL

Brfects of Conditions on Yield of Polymer from
Secondary Butyl Alechol

Cooke, Wheeler, and Kline (loec, cit.) working
in this laboratory, have found that by treating methyl
1sopropyl oarbinol with seventy-five (78) per cent
sulphurie geid for twenty (20) minutes st 80°C., and
atmospheric pressure, a mixture of dimers (decenes) is
produced.

We have found that with secondary bdbutyl alechol
thﬁpo same conditions failed to produce any dimer (ocotene).
Varying the consentratiocn of the scid from BO to 100 per
gent, the time of the reaction from twenty (£0) minutes
to fortyeeight (48) hours, and the temperature from 25 to
100°C. st stmospherio pressurs yislded no appreciable
quentities of cctens. Concentrations of scid greater than
ninety (90) per cent resulted in the formation of a
quantity of high boiling material the components of whish
were not identified, but which probably consists of a
mixture of higher polynarn.véﬁbc failure of the eonditions
employed by Cooke, Wheeler, ind Kline to produce any ootene
was sseribed to the fact that at temperatures at which the
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velocity of the reaction
8C4g —» Oghy g

besomes appreciable, the butens~2, formed by the dshydra-
tion of the asecondary butyl aloohol, 1s driven from the
reaction mixture as s gas before polymerisation can take
- place. |

The effect of keeping the butene~-2 in contact with
the acid by pressure was then investigated. 100 grams of
secondary butyl sloohol were placed in & sealed tube with
176 grams of eighty-three (83) per cent sulphuric acid
and heated at eo°c. for one hour. The oily layer which
separsated on top of the reaction mixture was separsted,
washed with sodium bloarbonate solution to remove aoid,
dried over anhydrous sodium sulfate, and distillad through
& zlass column, 10 mm.in diameter, and 25 em. long, filled
with glass beads. 10 grana‘ar ma terial ,which from its
distilling range 120-128°C. was thought to be dipolymer,
was obtained. This 1s a yleld of thirteen (13) per cent
of the theory. |

The effects of acld consentration, tempersture, and
time of roaetiaavan the produstion of dimer in & closed
system was further investigated with a view to increasing
the yleld. Sin¢e no sultadble method was uvnalablp to
insure the mixing of the butens vapors with the sulphurie aeid,
deperidence for the faruatiaﬁ of the p@iyner“uua pliécénbﬁtlroly
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ﬁ . | raahx{x , . |
Effects of Conditions on Yield of Polymer from Becondsry
Butyl Alcoheol

Distillate

Acld “ Be Pa above Yield
Aloohol Conc.acld used  Time Temp. 110-1806 125 oale.as
gme. Wte £ Ums . hrs. ©9C. Emde gms. ooctene £

e 4 | & 14.0

200 8.6 200 1

200 78.6 200 1 108 19 28 9.5
200 78.6 200 1 98 10 5 6.6
200 78.6 00 1 o8 18 18 9.0
200 75,0 200 1 80  a%.: B 8.0
400 76.0 1660 28 80 68,8 70  £8.8
800  75.0 1660 48 80  188.0 100 36,0
800 78.0 1660 68 80  188.0 150 36,0

Of the conditions investigated, seventy-five (76) per
cent aoid at 80°C for forty-eighs (48) hours gave the best
yield of dipolymer. Under these oonditions the rerustién of
dimer is not very rapid. (16 per cent in 48 houra). The
formation of higher polymers by polymerisation of the dimer
1s much more rapid as evidenced by the faot that boiling the
dimer in the presence of even & small smount of scid converts
it to a mixture of higher polymers.
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Purification and Fractionation of the Octene
Nixture

2.5 kilos of material distilling betwsen 110 and
126°%. (a) were prepared from 6 kilos of secondary
butyl aloohol. This produst was refluxed over metallies
sodium for firty (50) hours to rbu#vo any alechol present,
and then distilled from the sodium through the column
slready desscribed. 2 kilos of distillate (b) dietilling
between 116 and 185°C. were obtained. This distillate
(b) was frastionated at the Bureau of Standards through
the aeourtesy of Dr. 3. T. Soehioktans. The still used
has been fully deserided by Sehicktans8. The results
of thia fraectionation are given in Table II.
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!ABLE-II!

Fractionation of distillate (b)

' Barometric  Reiractive

Fraetion Total volume Cottrell pressure index

¢ @8 b.p.%, inches of Hg NEO

1 54 108.3 £9.56 1.4068

8 109 109.9 29.66 1.4098

3 1687 111.95 £20.58 1.4113

B 204 114,28 20.48 l.4148

6 358 114,55 29 .40 1.4148

7 406 114.60 29 .48 1.4158

8 460 116.8 R0 .47 l.4158

9 526 115.32 20.48 1.4188

10 sog 116.5 £9.48 1.4158

11 638 1156.58 20.63 1.4158

18 694 116.7 £0.63 1.4156

13 78) 115.88 29.80 1.4188

16 av 118,90 £29.86 l.414%

16 946 118.10 20 .58 1.4136

17 1007 120.06 £9.65 l.4114

18 1087 180,00 29.656 1.4101

19 1141 1R0.60 20,67 1.4082

20 1199 121.08 20,76 1.4061

81 1287 121.40 29 .83 1.4046

22 1331 121.850 29,88 1.4032 5y

23 15:%, 181.656 20.98 l.4007 . -7

24 14 128.0 £9.98 1,.5902 }

25 1483 128.1 29,98 1.3973 |

26 1581 1a82.82 30,04 1.3988 \ L

27 1607 128.2 30.00 1,305 ]

29 1667 122.3 £90.91 1.3048 \

20 1782 122.38 20 .86 1.3087 ‘

30 1776 128.40 20.84 1,3033

31 1889 122.56 29.79 1.3088

32 la 122.56 20.77 1.3931

residue 217 n- cw- l1.4118




Refractive Index

0
Per Cent Distilled
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Osonolysias of Low Boiling Fractions of Distillate (b)

The curve resulting from plotting refresctive index
against per cent distilled 1is shown in Figure 1. This
curve indicates that there are at least two substances
present in distillate (d). Freactions 7-14, Table II,
were combined, subjected to the action of osonized
oxygen and the fragments formed by the decomposition of
the ozonide identified. The osonizer used was the same
as that used by Cooke, Wheeler, Kline and Rose (loe. oit.),
end wou.uﬁcra ozone at the rate of 0.0884 to 0.0416 mol per
hour when oxygen was supplied at the rate of 16.5 liters
per hour. The amount of osone being goenerated was
determined by passing the osoniszed oxygen into five (5)
per cent potassium ilodide for five minutes, acidifying
with hydrochloric acid and titrating the liberated iodine
with standard thiosulfate.

Fraotions 7 - 14, wmwoe (tadble II) were osonized
in portions of fifty-six Auuv m&rﬂn each in 180 ¢¢ of
ethyl acetate as solvent. The osoniszation was carried ocut
in a speocially constructed flask having a bubbler tube
sealed to the top. The flask was connected to the ozoniser
by meana of & mercury sealed cup, and was immersed in a

mixture of sarbon tetrachloride and chloroform meintsined
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at «15 to -%QG. by means of solid caerbon dioxide. The
ozonlised oxygen was bubbled through the solution for the
time theoretically required as indicated by the osone
determination desorided above.
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The Produets of Osonolysis

. The ozonlds was decomposed by the nsawbn.an ¥hitmore
and Chureh’ ouarue that the aowqrsa was not w:nan.a.wnau
the osonide before nbonuuouw»aaa. This procedure obviated
the danger of explosive decomposition of the osonide and
geave satisfastory results,

The s.now wr«p& from the desomposed ogonide gave a
strong aldehyde resction with fuchsin sldehyde reagent,
but gave a negative test for formaldehyde with resoreinel.
The aldehyde present was proved to be scetaldshyde by the
formation of a p-nitro-phenyl hydrasons m.p. 126.5-126°C.
(corr.) A mixed melting point of this derivative with the
p=nitro phenyl hydrasone prepared from pure asetaldehyde
showed no depression of the melting point. PFurther
examination of the water layer falled to reveal the
presence of appreciable quantities of any other substances.

The ethyl aeean«s layer gave a strong aldehyde

reaction; which later Gevelopments showed to de due to

acetsldehyde. No test for formaldehyde was cbtained with
resoreinol.

The ethyl acetate layer was dried over anhydrous
sodium sulfate and the ethyl acetate removed from the
products of decomposition of the oszonide by fractionating
through & 20 inch Widmer colummn. The high boiling material (o)
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left in the dlestilling flask (280 ea) was transferred
to « specially gunttrastod-pyrox'utxll.pat«whiuhwwn-
sealed to a Podbislniak'? solumn. The distillation was
carried cut at atmospherie pressure at the rate of 0.1
o por minute. The results of the distillation sre
given in Table 1I1I.
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TABLE IIX
Fractionation of Material (o)

Charge 280 ce

Praation Potal volume Temp.?C Refractive index
# ?33 N 2@3‘

a6

b1 10 . 79.0 1.376}
2 20 93.6 1.3797
3 30 110.0 1.3088
4 40 116.0 _ 1.30829
& 49 116.,0 1.3089
8 59 182.0 1.304)

7 69 128.8 1,3641
8 79 183.8 1.3046
9 89 186.0 1,3046
10 o0 126.0 _ 1.59490
1 XQ%__ 126.0 1.30490_
12 p I { 125.0 1.3066
13 129 186.0 1.3088
14 140 185.0 1.3966
16 160 128.0 1.3088
16 160 126,0 1.3066
17 170 126.0 1.3058
B ams e

128, o3
20 200 137.8 1.3933\
21 210 170.8 1.4189
22 220 180.0 1.4194
23 189.0 1.480)
r‘.id“’ 5 - - e
Total 234

(a) The temperature of the distilling vapors was determined
b{ means of s triple junction copper-advanse thermocouple
placed in a re-entrant thermocouple well at the top of the
column. At the rate of distillation used in this fractiona-
tion, temperature indicetions are inssourate.



The refractive indiges and also the distilling
temperatures{keeping in mind the lack of exastness of
these) remain fairly constant for fractions 4 to 1l
(76 oc) and for fractions 12 to 19 (81 ce¢), indleating
that in these fraetions tha'diakillqta was fairly pure

or was & fairly uniform mixture of two or more components.

Purifiocation of Material (o)

Acetic acid was found to be present in all
fractions of the distillate due %o the oxidation of a
inaii smount of nootaiaqhydo in the or&sinui eﬁuﬁsﬂ.
Acoordingly fraotions 1 to 11 { Table III) (109 ee.)
were combined, refluxed with twenty (20) per cent
sodium hydroxide for four and one-half (4%) hours,
and the oily layer stesm distilled from the alkaline
solution. The oily layer of this steam distillate was
ssparated, dried over anhydrous sodium sulfate and
distilled through a short colusn (loce. oit.). The entire
smount of liquid, 5O grams, dlstilled at 116 C. The
material obtained by combining fractions 12 to 19 inelusive
(Tuble III), washing with & saturated solution of sodium
bicarbonate, then with a little water, drying over
snhydrous sodium sulfate and distilling had the sume
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physical properties as the material obtsined from
fraetions 1-11 znsluaiﬁi‘ The total amount of msteriasl
{d) obtained from fractions 1-19 (Table III) was 100 grams.
This materisl, (4), was found to have the following
physical constants.
Cottrell boiling points 116.8°C at 758 mm.;
Refractive index, a.}f 1.4000; Density at 25°C. 0.81%.

Identifrication of Materisl (4)

The material (a) gave no test with PFushsin
nlénhud# »Qngﬂﬁﬁ'hut dia givm & positive lodoform test
by the method of Fusond7, which establishes the materisl
as a methyl ketone. 231n0t scetaldehyde is the only other
produet of the decomposition of thtagggnldo. the original
cotene must have the structure R - 0 = Ch -~ CHg and the
ketone obtained must be a six carbon methyl ketone,

Ths physioal properties of (4) agree more closely
with those of methyl sesondary butyl ketone than with those
of the other three possible methyl ketones. This is shown
in Table IV,
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TABLE IV

?hyuxcal Properties of Nethyl Butyl Ketones

‘ ﬁ???f?%;ii;"““
Ketone b.p.%C. Density  index n

1

_ Methyl n-butyl 187.8 04830 0%,  waew

; ¥ethyl sec.-dutyl 117.8  0.815 20%.  1.3990 ;

| Nethyl iso-butyl  119.0  0.803 20°C.  1.3969 |
| % Nethyl tert.-butyl  106.0* 0,888 0°0." cee-- ‘

H
3

H
i

» ?alnoi from Beilatein. Other wvalues from Int. crit.rnblcl‘E

The methyl ketons, d.p. 116.8°C. (4) obtained in this
work ylelded s 2,4, dinitrophenyl hydrazone® melting at
71.8%C. (eorr.) Pure methyl secondary butyl ketcne
prepared by an acetomsetie estor synthesis ylelded a
2,4, dinitrophenylhydrasone melting at 71.8%C. (corr.) A
mixed melting point of this derivative and the corresponding
derivative prepared from the unknown methyl ketone (d)
showed no depression, thus establishing the identity of
(4) and mothyl secondary butyl ketone.



Preparation of the 2,4,-dinitro-pheny sanosa
of the Methyl Ketone (d4), bd.p. 116.89.

2.0 grams of 2,4, dinitro-phenylhydrasine and
1.8 grams of the mothyl ketone {d) were placed together
in e flask with 1007Qa of hindtnyivt (98) per sent
aloohol and hemted to boiling on the stesm bath, The
nixture was allowsd to cool for one ginuto, at the end
of which time 2.0 oo of econcentrated hydroehloric seid
were added to the selution and the solution boiled for
an additionsl two minutes. The erystals whiech separated
out on cooling were filtered off and recrystallized from
a little ninety-rive (95) pir ntaﬂ'ulcéhul. The yield
was 2.0 grams (71.8§ of theory) of material melting at
71.28%¢. (oorr.). Purther recrystallisations of thias
derivative falled to raise the melting pa&nb.

Synthesis of Pure Methyl Secondary
Butyl Ketone

1. Preparation of ethyl scetoscetic ester?® 750
grams of ethyl acetate and 60 grams of clean thinly sliced

sodium wers placed in a 2-1, round-bottom flask fitted
with an efficient reflux condenser closed by a caloium
chloride tube, and warmed on the steam bath until the



resction started. Heating was then discontinued
until the resction had subsided, after which the mixture
was again heated until all of the sodium had reacted.

The reastion mixture was poured slowly into a well
shaken solution of 110 grams of ninety-eight (98) per cent
sulphuric acid and 600 grams of water, whioh mixture had
been oooled to 10°C. During the asidiffecation the
temperature was maintained below 85°C. by eooling in an
ice bath when necessary.

After the acidificeation the two layers were
separated and the ester layer subjescted to distillation
from a steam bath through a bead column one and one~-half
(1%) feet in length. The crude ester left in the
distillation flask was removed, allowed to cool to room
temperature, and washed with a saturated solution of
sodium blearbonate. The erude washed product was trans-
ferred to a Claisen flask with a fractionating side arm,
and distilled under reduced pressurs. 160 grams of ester
bolling at 79°C at 18 mm. pressure was obtsined.

2. freparation of ethyl methyl scetcagetate. 400 se.
of absolute aleohol) were placed in a three naek;d one liter
round bottom flask fitted with an efficient mechanical
stirrer, a reflux ocondenser clesed by a galeoium chloride

tube, and a dropping funnel. The flask was arranged for
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heating on a steam bath. 18 grams of clean thinly sliced

metallic sodius wers then added to the alcohol. When

the sodium had all rescted, 110 gruua»nt othyl aceto-

scetats was added, the stirrer started and the soluticn

heated to gentle boiling. 120 grams of methyl iodide

was added to the bolling solution over & pericd of two

hours., Refluxing and stirring were continued for eight

hours after this addition. | |
The reacticn mixture was removed from the flask

and washed with sufficient water to remove the sodium

iodide present. Aloohol snd water ware removed from

the ester by distillation from s steam bath through a

short column filled with glass beads. The crude produst

was transferred to a Clalisen flask with fractionsting

side arm snd distilled under redwced pressure., The

yield of product bofiling at 80 to 88°C. at 14 mm. pressure,

was 71 grams. |

This prepsration was carried out in the same manner as
descrided in the preparation of ethyl wethyl acetoscetate.
11.6 grwmaxe:’nndiaﬁ*vnrb.raictod with RS0 co. of ebeolute
aleohole To this was added 71 grams or'cthyl nethyl
acetoscetate., The qalutlon'u;a.braught to bdoiling and 54
grams of ethyl bromide was added to the boiling solution with
 atirring over a period of ome and ani;hllf hours. S8tirring



and refluxing were continued for eight hours after the
addition of the bromide. After removal of slochol from
the crude ester by distillation through a short column,
the ester was distilled under reduced pressure in a
Clalsen flask with fractionating side mrm. 20 grams
of material bolling at 198%C. at 761 mm. pressure was
aobtained. _

4. O : dary butyl ketone

20 grams of ethyl methyl ethyl acetosocetate was
stirred at room temperature with 150 oc of five (8) per
cent sodium hydroxide for four hours. The aqueous
solution was then transferred %o a flask fitted with a
separatory funnel snd s large bent glass tube leading to
a condenser set for a»»«»ypa«uaa« 16 oo of fifty (50)
per cent sulphuric scid was then added slowly through
the separatory funnel. .aw.u the evolution of carbon
dioxide had ceased the mixture was stesm distilled. The
water layer of the steam distillate was steam distilled
several times to resover as mush of the ketone as possible.
The aolv»ao; ketone &ugacwab was washed noau times with
one-third of its volume of soncentrated caleium chloride
solution, dried over anhydrous ssleium chloride, filtered
and distilled. 10 mu-sﬁ.ma methyl caanaaanw.uwa«w ketone
boiling at 116,0°C. were ocbtainsd. The refractive index
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condenser for distilletion and heated to steam distill

the bromoform and carbon tetrabremide. When these two
substances had been distilled off, the mixture remaining
in the distillation flask was allowed to ocool to 60°€¢

and 40 oe of congentrated sulphuric acld was sadded

through the separstory funnel. The flask was then heated
until all of the insoluble material had distilled. The
insoluble material in the steam distillate was separated
and dried over ealotum chloride. The dried material was _
d&l&&llod through & golumn 20 x 8 mm. f1lled with glaan A
;bouds. 7 grams of an acid bolling point 175 G.. ro:raativc
gindnx a8 1;{6&9;yd@ﬂ¢@t7”25°§ 0.938, were obtsined.

Pgopart%lon of the Amide of the Acid Ronnlcinﬁ from
ypobromite Oxidation of the Hethyl Ketone (4)

One gram of scid was refluxed with 2 3r-as of
thionyl chloride for thirty n&n&toa on a nt«an bath. The
~caoled roqidgc was added alewly and with shaking to 5 ec
of samonium hydroxide maintained at o°c‘ by an ice and
salt bath. The orystals which were formed were filtered off
un& recrystallised from a 1little water. The crystals melted
at 120.9°C. (oorr.) sand furthér srystallization failed to
reise this melting point.
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Pr&lim&niry Examination of the Higher Boiling Component
of Distillate (b)

56 grams of fraction 32 (Tsble]I) dissolved in 180
eo of ethyl acetate were subjected to the sstion of
ozonised oxygen as previoualy desoribed. Ozons was passed
at the rete of .04 mol. per hour, at vhioh rate 12.5 hours
would be required to oszonize 56 grams of ootene. However,
osonization was complete at the ond of one hour as
indicated by the decomposition of the rubber ocutlet tube
from the ozonization fiask. This indicated that there was
very little unsaturation present in this high boiling last
fraotion of the frastionated liquid (b). It was proposed
to purify the saturated material thus indicated to be
present in the fractions boiling at 121° and above by
subjecting it to the antionkef ozonised oxygen, decomposing
the osonide and fractiocnating the mixture.

Purifioation of the Hi Boiling Component
of Distillate (b)
BOO ece. of the mixed fractions 24-31 (TablefI)
inelusive inrogcubjaatcd to the acticn of omone in the

absence of any solvent until no more ozone was adsorbed.



This operation required 14 hours with ozone pessing

at the rate of .04 mol per hour. The osonide was
decomposed by the method of Whitmore and Churoh (los.eit.).
The insoluble layer (e) was separated, dried, and
distilled through a Podbleinisk type still, The results
‘af this frectionation are given in Table V.
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TABLE ¢
Fraction of Produat (e)

Distillation rate, .1 6o per minute
Charge 438 oo,

Total volume Temperature

Fraction Refractive index
# co ¢ (e) ¥ 28%.
b 4 10 10 1.3891
2 20 108 1.5017
3 - N 108.5 1.3017
4 40 108.8 1.3087
8 50 109.0 1.3927
6 61 118.0 1.5927
7 7 118.0 15927
8 a3 1iR.0 1.3927
9 96 118.0 1.3988
10 108 113.0 1.3080
11 120 113.5 1.3089
12 130 113.6 1.3029
14 £00 114.0 1.3930
15 218 114.0 1.3930
16 268 114.0 1.363%0
17 368 114.0 1.39380
18 4285 114.0 1.3080
residue 10 ) ——w - -
Total 435

{a) At the slow rate used in this distillation temperature
indications are inssccurate.
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Q A peétien of frastion 17 f?nblt*v) was refluxed
‘over metallic sodium for six (6) hours and then distill-
ed from the sodium. The refractive index of the material
(£) obtained from this treatment was found to be 1.3031 at
28%C, The density was found to be 0.750 as 25°C. and the
Cottrall d.p. 1281.0 at 780.)1 mm.

Identification of Pure Higher Boilan Component (r)
from Distiliate (®

Molecular weight determination by the lowering of
the freesing point of thiophene free bensens .hnvté the
compound to have a molesular weight of approximately 186,
Aniiynia of the compound showed it to contain 73.88 per oent
esrben, 13.84 per c.nt:hyﬁrosa#, and 12.30 per eent oaxygen.
The molecular formuls éalculated rr@n,&h--abov: results
would be Ogh, 0. B5ince the compound did not react with
ozone or metallic sodium it was concluded that the oxygen
in the compound must be present in an ether linkage.

3ince nleohola‘aaﬁtaining from one to five eardon
atoms form ethers when heated with sulphuric aeid, it
~ seemed logical to suspect the oxygen containing cﬁmpauad to
be a 4i-butyl ether, prodbadly symmetricel di-secondary butyl

ether. Examination of several physical constants of some
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Preparation of the 3,8, Di-Nitro Benzoate$d of the
Alcohol Resulting from Hydrolysis of the Ether

1l ea. of the material suspected of being di-
secondary butyl ether (fraction 17, table V.) was mixed
with 0.6 gram of 3,5, dinitro hensoyl shloride and 0.18
gram of anhydrous zinc chloride and refluxed for one hour,
The product was lesched with 10 ¢c of water and 10 ¢o of
1.5 normal sodium carbonate, warmed, flltered, and the
precipitate washed with 10 o of 1.5 normal sodium oarbonate
and a little water. The residue was extracted with hot
carbon tetrachloride, the carbon tetrachloride evaporated
off, and the residue reorystalliszed from a little ninety-
five (95) per cent ethyl aleochol. 0.1 gram of material
melting at 75.8°C. (corr.) waa obtained. This dinitro
bengosts was proved by s mixed M,P. detorminstion to be
identical with the 3,8 dinitro benxoate prepared from
secondary butyl aleochol,



ngﬂw

Hydrolysis errthcixthqr with Bydrebromie
: - held

Forty grams of the material (fraction 17,
Table V.) ware saturated iith hydrobromic acid and
then heated under reflux for three howrs. The product
was washed with water, then with a saturated sodium
bioarbonate solution, and finally with water. The
gaahed liquid was then dried over anhydrous caloium
ohloride, filtered, and distilled through & shors
column (250 x 10 mm.) filled with glass beads. 68.5
grams of a bromide (g) {81.2 per eent of the theory for
di-socondary butyl ethar)beiling point 90-91°C at
 786.6 ma., refrsctive index n28 1,4341 and density
a®® 1.250 were obtained.

The faet that the unknown ether (f) formed a
3,8,dinitrobenzoate, when treated with 3,6,dinitrobensoyl
chloride and anhydrous zino chloride, that proved to be
identical by a mixed melting point determination with the
3,5, dinitrobensoate preparsd from pure secondary butyl
alechol, and that upon splistting with hydrobromis acid
this ether gave an aishtyéano (81) ykr oent yleld of a
‘bromide whose physical propsrties chesk with the physical
properties of mecondery butyl bromide as givem in the
literature, is very good evidence that the ether in question
is di-secondary dutyl ether.
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An attempt to prepare the 3,5, dinltrgbcnuasto
of secondary butyl alcohol from the secondary butyl
bromide (g) obtained by splitting the ether, and the
silver salt of 3,5, dinatrs bensgole acid was unsuccess~
fal, Hyﬂrobremic acld split out, and consequently no
ester formation took place.

Another attempt to make a solid derivative of
this bromide involved the use of potassium phthalimide.
In this case also hydrohranie acid split out and no
derivative was obtained. |

| An attempt to propnro'dinaaaehdary butyl ester by

e Willliamson's ether ayntha:ia;‘uatag 6§condn§y butyl
bromide and the sodium salt of secondary butyl uionhpl"rnlA
unsuscewsful despite all presautions to avoid the presence
of moisture and unro#eetdlnoGIWu. or sodium oxide in the

reaction mixture.

Search for Presence of Other Unsaturates

To make sure thaﬁ no u#aauﬁratod compounds, othaf
than the one vhdao it?uatnri had been established, were
present in the originsl mixtﬁr-, 10Aoc portions of trleﬁionn
1,4,17,20,23 (Tahlo XI)vreipoeﬁivtly were subjected to the
astion of ozoniged oxygaa; Low bolling petroleum ether,
free from unlatﬁratoa, as shown by & teat with totranitio-

methane, was used as a solvent in these oszonolysis. The
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BUMMARY

1. Secondary butyl slechol has been sudbjected without
agitation in a c¢losed aystem to the astion of seventy-
five (75) per cent sulphurie soid at 80°C. for forty-
eight (48) hours.

2+ This treatment resulted in the formation of 3,4,
dimethyl hexene-2, and di-secondary butyl ether in
approximately egqual amounts together with other
undetermined products.

S+ The mechanism of the polymeriszation of olefinas,
postulated by Whitmore, ascounts for the formation of
3,4, dimethyl hexeno-2 from secondary butyl aloochol.
There was no indication of ths presensce of a second
substance, 3,4, dimethyl hexene~l, whish might alse

be expected according to ¥hitmore's theory.



- “ -
'BIBLIOGRAPHY -

1. Cooke -~ Thesis, University of MNsryland (1989).
8. Wheeler - Thesis, University of Maryland (1931).
8+ Kline - Thesis, University of Maryland (1934).
4. Rose - Thesis, ﬂnlnrutglar Maryland (1634).
(See also Drake ine & Rose, J. Am. Chem.
Soo. 56, 2076 (1954).
. Whitmore and Wrenn = J. Am. Chem. Soc. §3, 3138 (1931).

6. Tongbert, Piokens, Fenske snd Whitmore - J. Am. Chem.

7, Wnitmore and Church = J. Am. Chem. Soo. 54, 3710 (1938).
8. Whitmore and Houk - J. Am. Chem. Soc. 54, 3714-8 (19382).
9. Whitmore and Lamghlin « J. Am. Chem. Soc. 54, 4011 (1903g2).
10. Whitmore and Evers - J. Am. Chem. Sosc. 58, 812-6 (1933).
11. Whitmore and Rothrosk - J. Am. Chem., Sos. 85, 1106 (1933).
18, Whitmore and Meunies - J. Am. Chem. Soe. 88, 3721 (1933).
13, Whitmore and Krueger - J. Am. Chem. Soc. BB, 1688 (1933),
14. Whitmore and Herndon « J. Am. Chem. Soc. 55,3488 (1933).
15, Whitmore and lLanghlin - J. Am. Chem. Soc. 58, 3732 (1983).
16. Church, Vhitmore snd MeGrew « J. Am. Chem. Soo. §6, 176 (1934).
17. Whitmore and Stahly - J. Am. Chem, Soc. 5B, 4183 (1933).
18, Whitmore ~ J. Am. Chem. Soc. B4, 3274 (1932).

19. Whitmore - Ind. Eng. Chem. 88, 94 (1934).

20, Whitmore and Fleming - J. Am. Chem. Soe, 58, 1269 (1034).
£2l. Ipatjew and Sdsetowecky - Ber. 40, 1827 (1907).



30,
| 40.
41,
48
43.

"o“.

Narcel and Ouerbet - Bull. Soc. Chem. 7, 208 (1910).
m.lcr, ReVe lnd We Le Wood » J, Chen, Boe. 1810-88 Clﬁam.

_ Heisig ~ J. Am, Chem. Boec. ﬂ’ 3245 (1931),

Marek and Flege - J. Ind. Eng. Chem. 24, 1428 (1932).

Coffin, Sutherland snd Msass - Cand. J. Resesrch 2, £6,267 (1930).

Berthelot - see Butlerov - J. Russ. Chem. Soc. )4, 201 (1808).
KoCubbin and Adkins - J. Am. Chem. Sec. 58, 2547 (1930).
Norrell - Ind. Eng. Chem. 19, 798 (1987). |

Norris and '3oﬁlme « J.» Ams Chem. Scc. 49 , 873 (19287).

. Hunter snd Yohe - J. Am. Chem. Soc. 55, 1848 (1933).

Kline and Drake - Jour. Researeh. Bur, Standards, 15, 708 (1934).

Kheraseh - J. Am. Chem. Soo. 47, 1948 (19085).

Carothers - Chem. RHev, gg. 863 (1931).

Schioktans « Jour. Research, Bur, Standards 7, 88&_(5.%1).
ivid. 211, 89 (1038).

Podbielnisk ~ Ind, Eng. Chem. Anal. Ed. §, 119-42 (1933).
Puson - Chem. Rev, 16, 775 (1934),

Allen « J. Am. Chem. Soc. §8, 2056 (1930).

Organie Syntheses Coll, Vol. I.' Page 281,

Orgenic Syntheses Coll. Vol. I. Page 518.

MoElvain - J. Am. Chem, Soc. §3, 1173 (1931).

Drake and Bronitsky - J. Am. Chem. Soc. §8, 3718 (1930).
Underwood, Baril, Toone - J. Am. Chem. Soc. BS, 4087 (1930).



e lL.eT -
| JcTYW T Tagead

i E‘;{ | ; »
Tl U ?« Vel 3 e 27/
- v

.
\ﬁé/f\ l T a v » ‘7

N ! {l ((\



‘,‘,-\) ) . . (
; : % i O Hoe e M
‘/
e " . V.)» ) /Vr"
e It e P R 7
"

hzg,e )’ L/ ) O-') :I' (,, T ) (J_ T oo 277 ¢



[Reprint from the Journal of the American Chemical Society, 56, 2076 (1934).]

[CoNTRIBUTION FROM THE UNIVERSITY OF MARYLAND!

The Diamylenes Produced from Methylisopropylcarbinol by Sulfuric Acid!

By NatHAN L. DRARE, G. M. KLINE AND W. G. ROSE

Many investigators have studied the polymeri-
zation of amylenes, but to date no conclusive
proof of the structure of any of the polymers has
been offered.2% 4567

Previous work on the structures of the decenes
produced by sulfuric acid from methylisopropyl-
carbinol has likewise been inconclusive.®®

The present paper advances evidence that
3,5,5-trimethylheptene-2 and 3,4,5,5-tetramethyl-
hexene-2 result from the action of warm sulfuric
acid on methylisopropylcarbinol. These sub-
stances are produced in approximately equal

(1) From the Ph.D. dissertations of G. M. Kline and W. G. Rose
(2) Wischnegradsky, Ber., 8, 434 (1875).

(3) Schneider, Ann., 187, 207 (1871).

(4) Michael and Brunel, Am. Chem. J., 41, 118 (1909).

(5) Michael and Zeidler, Ann., 385, 252 (1911).

(6) Schindelmeiser, Chem.-Ztg., 46, 566 (1921).

(7) Norris and Joubert, THIS JOURNAL, 49, 873 (1927).

(8) Cooke, Dissertation, U. of Md., 1929.

(9) Wheeler, Dissertation, U. of Md., 1931,

quantities, and no evidence of the presence of
other decenes has been found.

The formation of 3,5,56-trimethylheptene-2
would be predicted according to the theory ad-
vanced by Whitmore!® to explain the mechanism
of the polymerization of olefins by acid catalysts.
However, only a radical intramolecular rearrange-
ment of one of the hypothetical intermediates
which would be expected according to Whitmore’s
theory could result in the formation of 3,4,5,5-
tetramethylhexene-2.

The proof of the structures of the two decenes
was obtained as follows. Ozonolysis yielded
acetaldehyde and two ketones, CgH;O, which
were demonstrated to be methyl ketones by the
haloform reaction. The two decenes must, there-
fore, possess the structure RCID:CHCHa

CH3
(10) Whitmore, Ind. Eng. Chem., 26, 94 (1934).
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Many of the theoretically possible methyl
ketones could be eliminated as a result of informa-
tion available in the literature. The melting
point of either the semicarbazone of the ketone,
or of the amide or anilide of the seven carbon
acids which would be formed from the ketone by
the haloform reaction, is recorded for all but three
of the theoretically possible eight-carbon methyl
ketones. One of these, viz., 4,5-dimethylhexa-
none-2 has been synthesized in this Laboratory by
Wheeler,® and found to yield a semicarbazone
melting 159-160°. It remained to eliminate one
of the three following ketones: 4,4-dimethyl-
hexanone-2,3,4,4-trimethylpentanone-2, and 3-
methyl-3-ethylpentanone-2. The last-mentioned
ketone has been prepared by Nyberg, who
recorded!! the melting point of its semicarbazone
as 168° (¢f. semicarbazone of (I) below, m. p.
169.5°). Additional evidence in favor of the
possible identity of (I) and 3-methyl-3-ethylpenta-
none-2 is to be found in the fact that Haller and
Bauer!? report that the amide of the related di-
ethylmethylacetic acid melts at 78-79° (¢f. amide
of (V), m. p. 76.5°). Synthesis of 3-methyl-3-
ethylpentanone-2, however, proved that it was not
identical with ketone (I).

The ketoximes, R(CHj;C=NOH, were con-
verted by the Beckmann rearrangement into sub-
stituted acetamides, RNHCOCHj;, whose hydroly-
sis yielded the corresponding amines. The latter
were identified by comparing several of their
derivatives with the same substances prepared
synthetically.

Experimental

Methylisopropylcarbinol.—The carbinol was prepared
from acetaldehyde and isopropyl bromide.13

The Decenes.—The above carbinol was added rapidly
from a separatory funnel to one and one-half times its
molecular equivalent of 759, sulfuric acid contained in a
flask equipped with stirrer and condenser. The tempera-
ture of the mixture was then raised rapidly to 80° and held
there for twenty minutes. Five minutes sufficed to add
200 g. of carbinol to the acid and to raise the temperature
of the mixture to 80°; slower addition of the carbinol
resulted in a low yield of decenes. After twenty minutes
the mixture was cooled, the hydrocarbon layer separated,
washed with bicarbonate solution, and with water, and
dried over calcium chloride. Distillation of this product
through a short column yielded a fraction boiling from
149-169° which was subjected to further purification.
The yield was 55-60%. The 149-169° fractions from
several experiments were combined, allowed to stand over

(11) Nyberg, Ber., 6B, 1960 (1922).

(12) Haller and Bauer, Compt. rend., 148, 130 (1909).
(13) “Organic Syntheses,”’ Vol. XII, p. 48.
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sodium for about eight hours, then refluxed over sodium
for six hours, and allowed to stand in contact with the
sodium overnight. The resulting product was distilled
through a short column; 1880 ml. of decenes boiling from
147-163° was so prepared, and further fractionated as
described below.

Fractional Distillation of the Decenes.—Through the
courtesy of the late E. W. Washburn, arrangements were
made to fractionate the decene mixture in one of the very
efficient columns at the National Bureau of Standards.
The column used had been described by Schicktanz,4
and is capable of separating a 50 mole per cent. mixture of
benzene and ethylene dichloride so that 309, of practically
pure benzene and 239, of practically pure ethylene di-
chloride are obtainable by a single distillation.

The decene mixture (1820 ml., n°° 1.4346) was separated
into 28 fractions of about 60 ml. each, and a residue of 210
ml. The total volumes, b. p. (215 mm.) and #%’ were as
follows: Nos. 1-2, 112 ml, to 91.6°, 1.4202-52; Nos.
3-7, 281 ml.,, to 107.8°, 1.4274-1.4326; Nos. 817, 576
ml., to 113.1°, 1.4334-1.4350; Nos. 18-20, 178 ml., to
114.4°, 1.4357-1.4366; Nos. 21-28, 416 ml., to 117.3°,
1.4373-6; residue, 210 ml., above 117.3°, 1.4403.

Indication of the presence of at least two isomers is
apparent; the refractive index of one is near 1.4340,
that of the other near 1.4375. Since other work had
convinced us that it was futile to attempt a separation
of pure individuals by further distilling the purest frac-
tions, ozonolyses were carried out on the fractions listed
above.’®

Exploratory Ozonolyses of the Decene Fractions

Fifteen-gram portions of fractions 2, 5, 13, 19, 25, and of
the residue, (29), were ozonized and the ozonides decom-
posed. Acetaldehyde, a trace of formaldehyde, and a
mixture of ketones resulted. The ketones were converted
into their semicarbazones and the latter fractionally crys-
tallized. No evidence of more than two semicarbazones was
obtained. Decomposition of the ozonides was effected
by several different procedures: the zinc-acetic acid
method, the catalytic hydrogenation method,’¢ and the
zinc-water catalyst method!” were all used. The most
satisfactory results with these particular decenes are ob-
tained by the use of ethyl acetate or petroleum ether as
solvent for ozonolysis, and the zinc-water catalyst method
for decomposition of the ozonide. Ozonolyses were con-
ducted at —15 to —25°.

Very careful exploratory ozonolyses of representative
fractions of a purified specimen of the so-called ‘‘Diamy-
lene’’ marketed by the Sharples Solvents Company of
Philadelphia revealed no products other than those men-
tioned above.!®

(14) Schicktanz, Bur. Standards J. Research, 11, 89 (1933); cf.
also 7, 852 (1931).

(15) We wish to express our thanks to S. Schicktanz and the others
of the Petroleum Research Section of the Bureau of Standards for
their valuable assistance in fractionating the decene mixture.

(16) F. G. Fischer, Ber., 65, 1467 (1932).

(17) Whitmore and Church, THis JournaL, 54, 3710 (1932).

(18) Space does not permit including the detailed evidence which
indicates the absence of any considerable quantity of decenes other
than those mentioned above. For detailed evidence the original
dissertations of G. M. Kline and W. G. Rose (U. of Md., 1934) should
be consulted.
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The Eight-Carbon Ketones.—By ozonolysis of frac-
tions 21 to 29, and of fractions 3 to 9, two ketones, (I)
and (II) were obtained. The yield of ketones was about
60%. Both ketones were obtained from all fractions, but
(I) was present in greater abundance in the products of
ozonolysis of fractions 21-29, and (II) was present in
larger quantity in the products of ozonolysis of fractions
3-9. (I), later shown to be 4,4-dimethylhexanone-2, has
the following properties: b. p. (Cottrell)l® 154.4° at
768 mm.; di° 0.829; »% 1.4183. (II), later shown to be
3,4,4-trimethylpentanone-2, has the following properties:
b. p. (Cottrell) 147.2° at 766 mm.; di° 0.826; »n% 1.4136.

Table I lists the derivatives prepared from ketones (I)
and (II).

NaruaN L. Drakg, G. M. KLiNe aND W. G. Rose
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verted into diethylmethylcarbinylmagnesium chloride
and treated with carbon dioxide. The resultant acid
yielded an amide which melts at 78.5°. A mixture of the
synthetic amide with the amide of (V) melted from 52-62°.
This acid has been characterized only by its amide; the
anilide and p-phenylphenacyl ester were consequently
prepared for future reference. These substances melt
at 88.5 and 76°, respectively.
3-Methyl-3-ethylpentanone-2 was made according to
Nyberg’s directions. Its semicarbazone melts at 167.5°,
but a mixture with the semicarbazone of (I) melted from
136 to 150°. The 2,4-dinitrophenylhydrazones serve
well to differentiate 3-methyl-3-ethylpentanone-2 from
(I). The melting points of these derivatives are 92-92.5°

TaBLE I
DERIVATIVES OF KETONES (I) anD (II)

Carbon, 9, Hydrogen, %
M. p., °C. B. p, °C Caled. Found Caled. Found
Semicarbazone of (I) 169.5 ... 58.33 58.36 58.60 10.34 10.04 10.282
Semicarbazone of (II) 148 ... 58.33 58.53 58.07 10.34 10.20 10.42
2,4-Dinitrophenylhydrazone of (I) 146.5-147 ......... 54.50 54.14 54.09 6.564 6.29 6.37
2,4-Dinitrophenylhydrazone of (II) 109.5 ..., 54.50 54.73 54.45 6.54 6.52 6.41
Oxime, (IIT), of ketone (I)  ....... 101 (13 mm.) 67.07 66.57 11.97 11.68
Oxime, (IV), of ketone (IT)  ....... 113 (27 mm.) 67.07 66.97 67.10 11.97 12.22 11.83
p-Nitrophenylhydrazone of (II) 73 L. D 63.83 64.16 64.30 8.04 7.78 7.97
The Degradation of (I) and (II) to Seven-Carbon and 146.5-147° (in the order that the ketones are men-

Acids.—(I) and (IT1) were degraded to the corresponding
seven-carbon acids by the haloform reaction. The method
employed was like that described?! for the conversion of
pinacolone into trimethylacetic acid. The yield of ¢-
amylacetic acid (V) from (I) was 45-53%; that of methyl
t-butylacetic acid (VI) from (II) was 35%. The following
properties of (V) and (VI) were observed: (V) boils at
213° at 778 mm. (Cottrell), and distils at 103-104° at 13
mm.; (VI) melts at 24.5°, and distils from 103-104° at
20 mm., or at 76° under 5 mm. pressure; the methyl
ester of (V) boils at 49-50° at 17 mm., that from (VI)
at 46° under 18 mm. pressure. (VI) has a n% 1.4182.
Table II lists the derivatives of (V) and (VI).

tioned).

The Beckmann Rearrangement of the Oximes (III)
and (IV).—The oximes (III) and (IV) were rearranged by
means of phosphorus pentachloride in dry ether. A
typical example is as follows: 25 g. of (III) was dissolved
in 220 ml. of ether which had been carefully dried, ren-
dered alcohol free, and finally distilled from ethylmag-
nesium bromide; 37 g. of phosphorus pentachloride was
added to the ethereal solution while the mixture was
shaken and cooled to —5°. After addition of the phos-
phorus pentachloride was completed, the reaction mixture
was allowed to stand overnight. The ether was then re-
moved by distillation, and the residue poured over cracked

TABLE 11
THE Actps (V) AND (VI) AND THEIR DERIVATIVES
Carbon, %, Hydrogen, %
M. p., °C. Caled. Found Caled. Found

Amide of (V) 76.5 65.05 64.98 64.85 11.71 11.75 11.70
Amide of (VI) 106.0 65.05 64.73 64.84 11.71 11.28 11.80
Anilide of (V) 105.5-106.0 76.04 75.93 75.68 9.33 9.40 9.45
Anilide of (VI) 104.5 76.04 76.57 76.68 9.33 9.22 9.32
p-Phenylphenacyl?? ester of (V) 74 77.73 77.50 77.77 7.46 7.87 7.57
p-Phenylphenacyl ester of (VI) 68.5 77.73 77.67 77.41 7.46 7.29 7.55
t-Amylacetic acid (V) .. 64.54 64.02 7.46 10.84 10.56
Methyl-¢-butylacetic acid (VI) 24.5 64.54 64.64 064.09 10.84 10.78 10.62

Synthesis of Diethylmethylacetic Acid and 3-Methyl-3-
ethylpentanone-2 and their Derivatives.—Ethyl acetate
was treated with ethylmagnesium bromide to yield diethyl-
methylcarbinol. The chloride of this carbinol was con-

(19) Boiling temperatures (Cottrell), and melting points have been
corrected, or were taken with standardized Anschiitz thermometers.

(20) Analyses reported by Wheeler, Ref. 9.

(21) “Organic Syntheses,”” Coll. Vol. I, p. 510.

(22) Drake and Bronitsky, THis JournaL, 52, 3715 (1930);
Drake and Sweeney, ibid., 64, 2059 (1932).

ice. The aqueous solution was made slightly alkaline
with sodium hydroxide and extracted thoroughly with
ether. The ether extract was dried over sodium hydroxide
and the ether removed by distillation. Five grams of
amide (VII) boiling at 125° at 13 mm. was obtained. A
very similar process resulted in the production of 9 g. of
amide (VIII) boiling at 130-131° at 20 mm. from 11.6
g. of (IV). The yield of amide obtainable from (IV)
was much better than that from (III). There was always




Oct., 1934

a very considerable amount of high boiling residue left
after distillation of (VII). Rearrangement of (III)
through its benzenesulfonyl ester resulted in no increase
in yield; the rearrangement takes place smoothly, how-
ever. The high boiling residue is probably the result of
rearrangement in the other sense.

The Hydrolysis of the Amides.—Both amides (VII)
and (VIII) are very stable toward hydrolysis. Boiling
them with alkali or sulfuric acid was found to be without
any appreciable effect. However, by heating the amides
for five hours at 230-240° in a sealed tube with 85%, phos-
phoric acid diluted with an equal volume of water, hy-
drolysis was effected. After opening the tubes, the acid
solution was extracted with ether to remove unhydrolyzed
amide and acidic products, and then cooled strongly and
saturated with potassium hydroxide. The amine was
either separated in a separating funnel and distilled, or
distilled directly from the alkaline solution into 1:1 aque-
ous hydrochloric acid. From 5 g. of (VII) approximately
5 g. of amine (IX) hydrochloride was obtained; 9 g.
of (VIII) yielded 5.5 g. of amine (X).

2-Amino-3,3-dimethylbutane  (XII).—Pinacolylamine
was prepared by the reduction of pinacone oxime by
sodium and alcohol.

1-Amino-2,2-dimethylbutane (XI).—Dimethylethyl-
acetic acid was made from #-amyl chloride by use of the
Grignard reagent and carbon dioxide. The acid was
converted into its chloride by means of thionyl chloride
and then into its amide; 22 g. of amide was mixed thor-
oughly with 32 g. of phosphorus pentoxide and heated
gently for about ten minutes. The mixture was then
heated more strongly until no more nitrile distilled. After
washing the nitrile with water and saturated potassium
carbonate solution, it was dried and distilled from a bit
of phosphorus pentoxide; 15.8 g. of dimethylethylaceto-
nitrile boiling at 128-129° at 760 mm. was obtained, a
yield of about 869, of that theoretically possible. The
entire quantity of nitrile was dissolved in 250 ml. of
absolute alcohol, and 20 g. of clean sodium cut into small
pieces was added. The flask was cooled while the reac-
tion was very vigorous, and finally heated under reflux
until all the sodium had dissolved. The solution was then
cooled and acidified strongly with hydrochloric acid and
most of the alcohol removed by distillation. The aqueous
residue was next saturated with potassium carbonate and
the amine distilled into 1:1 hydrochloric acid. After
evaporation of the solution nearly to dryness on the
steam-bath, drying was completed in a vacuum desiccator
over potassium hydroxide.

Table III lists the derivatives of amines (IX) and (X).

The Comparison of the Derivatives of Table III with the
Corresponding Substances from (XI) and (XII).—The
synthetic amines (XI) and (XII) were converted into the
P and B derivatives of Table III. The resulting sub-
stances were identical in melting point with the compounds
listed in the table, and a mixture of approximately equal

DIAMYLENES FROM METHYLISOPROPYLCARBINOL
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TasLE 11T
THe DERIVATIVES” OF THE UNKOWN AMINES (IX) AND (X)
Carbon, % Hydrogen, %
M. p., °C. Caled. Found Caled. Found
P—IXP? 88-88.5 46.12 45,97 46.12 5.16 5.17 5.22
P—X 107 46.12 46.29 46.30 5.16 4.94 5.12
B—IX 59-9.5 59.70 59.66 59.68 7.94 7.78 7.82
B—X 96.0 59.70 59.76 59.29 7.94 7.90 7.65
Amide VIII 68-68.5 67.07 67.23 66.74 11.97 11.63 11.95
Chloro- 189,195d 16.31 16.08 16.48 3.69 3.85 3.72
aurate X°¢ Au 44.67 Au 44 .88, 44.71

¢ In the above table N-(2,4,6-trinitrophenyl)-amines are
designated by P, and N-benzenesulfonylamines by B.
Thus, P—IX is the N-(2,4,6-trinitrophenyl) derivative of
the unknown amine (IX). ® Prepared from the amine
and 29, alcoholic picryl chloride. ¢ Cf. Markownikoff,
Ber., 32, 1448 (1899).

parts of known and unknown melted at exactly the same
point. Amide (VIII) was also prepared from amine
(XII); analysis and a “mixed melting point” determina-
tion proved the synthetic product identical with the sub-
stance obtained from oxime (IV).

Conclusion

It is apparent, from the structure of amines
(IX) and (X), that amides (VII) and (VIII)
from which the amines are produced by hydrolysis
must be C2H5C(CH3)2CH2NHCOCH3 and (CH&);;-
CCH(CH;)NHCOCH;.  The oximes (III) and
(IV), therefore, have the structures CoHsC(CHj),-
CH,C=(NOH)CH; and (CH;);CCH(CH;)C=
(NOH)CH;. Ketones (I) and (IT), consequently,
are CgHsC(CH;;)zCHQCOCHs and (CH3)3CCH-
(CH;)COCH;, respectively, and the original de-
cenes are CoH;C(CHj3):CH,C(CH;)==CHCH; and
(CH;);CCH(CH;)C(CH;3)=CHCH,.

Summary

1. The action of 759, sulfuric acid at 80°
on methylisopropylcarbinol has been shown to
yield 3,5,5-trimethylheptene-2 and 3,4,5,5-tetra-
methylhexene-2.

2. These same two substances are also present
in the “Diamylene’” formed as a by-product
during the chlorination of mixed pentanes.

3. Whitmore’s theory of the mechanism of
the polymerization of olefins by acid catalysts
accounts adequately for the formation of 3,5,5-
trimethylheptene-2, but not for the production of
3,4,5,5-tetramethylhexene-2.

CoLLEGE PARK, MARYLAND RECEIVED JUNE 7, 1934



