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INTRODUCTION

The formation of high molecular welght olefins
by the action of sulfurie soid and other dehydrabing and
polymerising agents on aloohols and olefins 1s well Imown,
This resction has important induatyrial appllioations in the
manufscture of synthetio lubricating oils® and synthetie
&a,gw#u».u. The literaturs on this subjeot up to 1031 has
been covered in the thesés of Cooke® and vmeeler® and will
not be repeated at this time,

A series of artioles by F, C, Whitmore and his
students on the dehydration of alsohols and the mechanism
involved therein has appeared in the literature singe 1031,
The theory proposed to explain the formation of the various
produots found should also be applioable to the amyl alochol
involved in the present investigation., A brief review of
their work is, therefore, presented below,

Whitmore® proposed the following meshanism to
explain the formation of " _mgs.aava or rearranged products
in the 2&.3 of. g& organie reactions. When a malecule
aaﬁa:ua»ya a -nuéﬂ@ww owuagmsn»g atem (or mnﬁuf
A8 oxygen or gwemas is w&egwa »ﬂwo a «.oﬁaﬁaﬁ which results
in the removal of that atom, the awggﬁs«wﬁg‘i aton takes
a gompleted ocotet of elestronas with it. The atom which
shared an electron patr with ‘the m?a%@nm:m group (X)
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s thus left with only a sextet of electrons, Thias process
may be represented as followsai

[1s

$ & : B ——) A + :X:
Pour different ehmgon may then take plaoce.
(1) The positive orgeanic fragment may have a life long enough
to allow it to combine with a negative ion ¥ in the reaction
mixture to give the "normal” produst:
{8) If the atom A has & hydrogen attached So it the fragment
can be stabilised by the lcas of a proton.

H
:ézg——azkrzaz +« B

(3) If B has a greater attrastion for electrons than A, an
elestron palr including the atem or group which it holds
will ahift to B, leaving A with enly a sextet of elesctrons,
The new fragment oan then recombine with the ion X or with
a new negative ion Y from the resction mixture to give an
"abnormal® or rearranged produot,

& B —9& B -—)Y ﬁ E
{4) If atom B 4in the mwmngod pouﬁ.k&w fragment has a

hydrogen attaghed to 1%, the system may lose a proton and
depending on the other groups attached to A and B, the
resulting unsatursted compound may or may not be ldentioal
with that obtained by the loss of e« proton from the original



fragment. "
{‘?‘——)““‘W + H

The dehydration of 2,3,4=trimethylpentanol~3
sceording to Whitmore and Laughlin? ylelded the normal
products S-methyl-2-isopropylbutens-l md 2,3,4-trl~
methylpentene~8 in the ratio 1:2. No rearrangement
products were detested,

A study of the dehydration of tertiary aliphatic
aloohols containing an adjacent tertlary hydrogen was
pade by Whitmore and Efm..s The group of slaoohols
worked with may be repressnted by the formula
R(CH,) (1s0~OgH,)COH, Two adjacent carbons hold
respectively a tertiary hydroxyl and a tertiary hydrogen
which are readily removed to form a tetrasubstituted
olefin. It had previously been shown that the firat member
of the series in which R 48 methyl yields the expescted
tetramethylethylene and amounts of £,3~dimethylbutens-l
varying with the condltions of dehydration., With the
four higher members (R = ethyl, n - propyl, n - butyl

n-w!) the mmu preodusts indigated that the
dehydration took plmo mmﬂww from the isoprepyl
and R groups with the former predominating about 28:l.

Whitmore and Chureh® in a study of the dehydration

of 2,8-dimethylhexanol~l, an alechol of the type RgUCH,CH,
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Whitmore and n@mdmw found that ocotanol-R

on dehydration yields a mixture of :cotene-l and

cotene~2 in approximately the ratio li4. The dehydration
of ootanol~l invelves a rearrangement and the product is
a mixture of ootene~l and ostene~2 in approximately the
ratio 211,

Whitmore and ﬁmyarn, in a study of the
dehydration of 4,4-dimethylpentanol-8, obtained
4,4-dimethylpentens=2 and 4,4-dimethylpentene-1 in the
ratio 4,511, Contrary to expectation the dehydration
took place mainly from the neocpentyl group rather than
the methyl group,

Whitmors and his mxmu“ made a study of the
dehydration of secondary carbinols eontaining a neopentyl
system, Tertiary-dbutylmethylearbinol (pinaselyl sloohol)
yielded tetramethylsthylene and unsym-methylisopropyle
ethylene in the ratio 211, and a small amount o the
normel dehydration produst, tertiary-tutylethylene,

The dehydration of 6,08-dimethyldesancl~b and S-msthylede-
butylheptanol-2 gave mixtures of the three olefins,
5,6-Gimothyldecene=5 and -4, and 2-methyl-3-butylheptene-2.
Relatively more of the two decenss were obtained from the
seoond carbinol indicating the greater mobility of the
butyl group than the methyl group. HNelther alochol gave

a8 detestable amount of nermal dshydration without
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rearrangenment. S-Iseopropylnonancl-d dekydrated to zive
2%%&71*&»%3’113@%&0*9 and -3, the dehydratioen in-
valﬁng minl: tho tertiary hwdmg«m rather ﬁhtn the
butyl group. Dahydratien of aa-ma-m;-zommx mm
uastable nonemes which bresk up to form trimethylethylene
and diisobutylens and their polymers. A significant
feature of this duhydmﬂim is the apparent transfer of an
electron pm from & Mﬂ:m butyl group without the
tranafer of that group.

Wnitmore and Laughlin®® studled the dehydration
of tertiary aloohols containing a neopentyl system.
Methylethyl~tertiary-butylearbinol ylelded the normal
product, 2,2,5-trimethylpentene~3 and the rearranged
olefin 2,3,3-trimethylpentene~l in the ratio 411,
Dimethyl~tertiary-smyloarbinol gave mainly the normal
prmt: 2,3,3-trimethylpentens-1. MNethyliseprepyl~
tertiary-tutyloarbinol gave 3,3-dimethyl-R«isopropylimtencel
by normal dehydration invelving the methyl group and the
rearrangement produst 2,3,3,4~tetramethylpentens~l in the
ratio 311, with only traces of 2,3,4,4-tetramethylpentene~2
by normal dehydration invelving the isopropyl group. The
sluggishness of the isopropyl gvmm in this reastion in
losing a proton is noteworthy. Hethyledistert-butylsarbdbinol
gave mainly 2«tert-butyl-3 ,a«»mmm;mm«:, by dshydration
involving the methyl group. Methylethylneopentylearbinol
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dehydrated without rearrangement.te give mainly
2,2,4~trimethylhexene~4 (from the ethyl group) with
less than five pereent of 2,2, 4~trimethylhexene-3
(from the neopentyl group) and only traces of
4,4~4imethyl=-2=ethylpentene~l {from the methyl group).
Their results showed the tendency of these tertiary
aleohols to dehydrate without rearrangement, in contrast
to related prigmary and secondary alsohols containing a
neopentyl group whish dehydrated mainly with rearrangement.

¥hitmore and 33@:@“ investigated the dehydration
of n-amyl,isoemyl and oapryl alachols by the Tschugaeff
zanthate method which avoids rearrangemsnts. n-Amyl aleohol
gave pentene-l, isoamyl alochol gave isopropylethylene and
oapryl mml aﬁn l. mc m? equal mts of egtens~8
and cotehe-1. |

Chureh, "hitmove and MoGrew'® atudted the behavior
of the five simplest normal nm& radicals in the dehydra-
tion of tri-ne-alkyl tertiary alschols, In the oase of
the twenty-two alochola studied m erder of mm*un:.ng
ease with which the different alkyl groups supplied the
hydrogen to form water was! ethyl, n-prapyl, n-butyl,
n-amyl, methyl. All of these tertiary aloohols ware
dehydrated by 1odine without rearrangement.

The extensive literature on the polymserisation of
ethylens has been reviewed by SW and Carothersi?,
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Mignonae and Saint-Aunayl® susceeded in isolating as the
first products formed in the action of the silent discharge
on ethylene butene-l and hexene-l., Pease® found butene-1
in the products of the thermal polymerization and from a
atudy of the kinetics has concluded that this is a ohain
reaction. Carothers states that in effect at least this
resction {nvolves at the first step the addition of ethylene,
as H + CH = CHg, to the double bond of another molecule of
ethylene, and then s similar addition to butylene,

Lebedev and Koblysnski1?® have investigated the
polymserisation of isobutylene, They found that the trimer
was not wou.qgnwag under the conditions that lead to the
production of higher polymers from either the monomer or
the dimer., Hence the higher polymers must be built up by
the successive addition of monamer or dimer. The strusture
of the polymerized olefina was not determined,

The isomers present in diisobutylene prepsred by
the astion of sulfurie aeid on tertiary butyl aleohol were
found by Whitmore and his students3l to be 2,4,4=trimethyle~
pentene~]l and -2, eonfirming the previous work of HeCubbin
and Adams®®, The trimethylpentene~l and -2 fsomers are
preasent in approximately the ratioc of 431,

whitmore®?, in a discussion of the polymerization of
olefins by acid catalysts prediets that the most probable
produsts in the dllisocamylenes would be 3,5,5~trimethylheptene~2
and -3, 2,3,4,4-totramethylhexene-1 and -2, and
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g-othyle~4, 4~dimethylhexene~l.

In the thesis of Cooke®, of whioh this work is a
continuation, the preparation of methyl iscpropyl oarbinol
by & Grignamd resction and the formation of an olefin
oontaining ten carbon atoms per molecule by the action of
sulfuric acid was desoribed. In the thesis of Whseler®
it wae shown by fractional distillation of the decenes
through an ordinary 100 om, long, bead filled columm with
an eleatrically heated jacket and subsequent osonization
that at least two lsomers were present. The products of
osonolysis were acetaldehyde and a liquid frastion gontain-
ing at least two eight oarbon ketones, one of whioh gave a
semicarbazone melting at 143.5 - m.a“c. and the other a
semicarbazons melting at 170-171°C. Fraotionation and
tdentificatien of the two ketones wds net possible with
the small amount of material obtained.

The purpose of the present work was (@ prepare
suffisient of the decene mixture so that it could be
fractionated in the most effieient squipment available,
to ogonise the nearly pure isomers thus obtailned, and to
determine the strusture of the aldehydes and ketones formed,
in erder to add further to ocur knowledge of the mechanism of
polyserisation of sizmple olefins to complex olls and resins.
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SUMMARY OF RESULTS

Hethyl isopropyl carbinol was prepared frem
isopropyl bromide and scetaldehyde by means of the
Grignard reaction:

Dry
Gﬂa Bthey Gna\ ,
)G - Br + Mg —— - lghe
ony f %’3
‘-n* B

cH

3> W*Qﬂanﬁ __9% ""““‘ma
CHy f‘ Oy dughr
, R
‘ms

0 -g-c
imm-ns Rc—'?%? By

The carbinol was treated with one and one-half mols of
seventy-five percent sulfuric acid at 80%., for twonty
minutes, Thiz treatment had been previously shown to
glve the best yield of the unsaturated dipelymer having
the empirical formula GyoHgs. Hense and Blatr®® nave
caloulated that there are 377 possible structurally
isomeric hydrocarbons of the ethylene series with the
above empirical formula. The purified decene was
fragtionated in e 250 em. long chain-pasked distilling
colwm®® at the Buresu of Standards through the courtesy
of the late E. W. Washburn and 3, 7. Sehfektanz. Thia
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still had been found to give an effioclent separation of

& 50 mol pergent mixture of benzene and ethylene dichloride,
substances having boiling points differing by only 3.48%,
Twenty-eight frections varying in volwmwes from 46 to Vi

ml. and & residue of 210 ml, wers obtained., The temperature
and refractive indices of the various frasctiens indisated
that the material distilled eonsisted primarily of twe
substances having the following physieal propertiesi

18% Docene Bolling point~216 ma, = 110.8°% T5° = 1.4344
2nd Desene Beiling point-218 ma, » 116.8°%C 150 = 1.4376
The first decene, when osonised, yielded scetaldehyde and a
ketons botling at 147.2°C. at 766 mn., the semicarbasone of
which melted at 147.8+8%. The seeend decene, when ozonised,
yielded agsetaldshyds and a ketone bolling at 154.4°C. at
768 mn., the semicarbazone of which melted at 169.5°C.
Thorough examinstion of frastiens 2,5,13,19,28 and the
residus falled to reveal the presense of any other deocens,
It was, therefore, concluded that there are only two isomeris
decenes present mﬁ that - m« iwu are mmt in aquul
proportions uinmv the eurve ubtained Yy plwuns the refractive
t{ndex against the percent distilled shows a sharp rise between
the two plateaus corresponding to the twe dessne isomers vwhen
approximately fifty peoreent of the mixture has been diatillied.
Inasmush as acetaldehyde was formed by osggolysis of
both decenes, it was known that the group C uC « H was
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present in both deeenes, Both ketones gave the Hofmann
test characteristic of methyl ketones, there! W
the known portion of the decene muloonles m - H,
The identity of the remaining Cnllyy radisel waas eatadblished
by W. Gorden Rose®® for the first decene and by the amthor
for the second degens.
Oxidation of the methyl ketone to a seven gerbon
s0id with sodium hypobromite teck place with good ylelds.
The amide of the seven oarbon scid melted at 76.85°C. There
are seventesn possidble strusturally isomerig saturated seven
earbon aoids, DBeilstein lists the smides of thirteen of
these, only one of which melted in the neighborhood of the
unknown smide. This acid was methyldiethylacetio acid
whose amide was reported by Haller and Bauer®' to meit ab
78-79°C. This acid was synthesized by the Orignard resotien
from the chloride of methyldiethyloarbinol and earben dioxide,
and was found to beil at the same temperature as the unknown
seven cerbon soid, namely 204%0., a mized melting point,
however, showed a depression of qu thirty dowu.
Mﬁu ef the umm Ma&bin mmy umu
saturated u&ght sarbon methyl ketones are énurim in the
literature, The bolling polant M‘ the kot&m &nﬂ the mlﬁ&ns
point of the semigarbaione of one of thcn are vmvy slose bo
those of the unknown ketone, This was J-methyled~ethyle
pentanone=, which was found by Nyberg®® to boil at 153.8+184.0°C.
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at 756 mn, and to yleld a semicarbasone melsing at 168°C.
This methyl ketone should yleld on oxidation with sodfium
hypobromite the same seven carbon acid that had already
been synthesised. In view of the romarkable similarity
in physical constants of the two ketones and acidas,
S-mathyl-3-athylpentanone~2 was syntheaised in order &o
chegk on posaible rearrangement during the preparation of
the acid. 7The wethod of Nyberg was used for the aynthesis,
involving the redustion of methylethylketone with magnesium
ssalgam and resprangement of the symmetrieal pinaocol to the
 pinscolone with sulfuriec aeid at -20°G. The semlearbasone
of the ketone fraction boiling fram 163° to 1586°C. melted
at 167.8%.; s mixed melting point with the unimown semis
carbagons showed s depression of about thirty degrees.
Inspeotion of the data in the literature revealed
that there were only three methyl ketones whose semiocarbazones
or derived seven ocarbon agld amides were uninown, One of
these three, namely 4,5-dimethylhexanone-#, had previously
been made in m: xabomtm by mewa and 1ts semigarbazone
found to molt at 160-160,6%. (osrri). mm mm only
the following pessible mothyl ketones: 3,4,4-trimethyle
pentanone~2 and i,mwwn. Evidense
sscocumilated {in the meantime by W. Gerdon Rﬂﬂm indlcated
that the ketone ﬁbtﬁnﬁ-m the luower b&ltng decene was
3,4,4~trinethylpentanone~2, It remained to prove that the
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second ketone was 4,4-dimethylhexancne-2.

| The ketb&ﬁ was oconverted to the oxime by treatment
with hydroxylsmine and the ketoxinme was subjeoted to a
Becknmann rnnrrnngem#nt by Sreatment with phosphorus
pentachloride., The resrrangement procgesded in the desired
"anti" sense with twenty percent yleld of a substituted
acatanide, The substituted amide was hydrolysed by a
1:1 aqueous syrupy phosphorie acld solution in a sealed
tube at ésomée“e. 30114 derivatives of the resultant
amine were prepared with pleryl chloride and bensene-
sulfonyl chloride., The ploreamide m&lﬁgﬁ at ae~aa.ae¢.
and the benzenesulfonamide at 59«59.5°C. The resctions
involved ig the above degradation of the ketone ﬁra an

follows:
i s
ena«angn?ncnﬁaaaﬁana 4-uu,aﬁ.-->en§~em@~?~aug~§~sna
oy uy ¥
H
Bec¢kmann rcarrungemnﬁ OHy
with PClg ; |
> GlgClig-)-Clg=i-4-0"s
CEy HO
fydrolysis CHa .
wien B3P0 cﬁamxg-?'-anam + CHyCOOH

CHy
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Oty R Oy M § )
Oty~Clig=C~CHightiy & N ca,,-cne.-c-.cxswog
gﬁs NO, % 3‘

on £02C1 oty uo
caa-cﬂa-e-e% — www—cﬂwwo
or CHy O

The above pieramide and bensenesulfonsmide were
prepared synthetically in the following manner, Dimethyle
ethyl acetic ascid was made through the Gvs.gnard‘ peaction
fram tertisry amyl chloride and garbon dioxide. The asid
was converted to the chloride with thionyl chloride and
then to the amide by btreatment with ammonium hydroxide.
The amide was dehydrated to the nitrile with phosphorus
pentoxide, snd the nitrile reduced to the amine with
sodium and alochal. <he pioramids and benzenesulfonamide
were prepared in the usual manner, The pleramide melted
at 87.8-88.6°C. and the bensenesulfonamide at 59-59.5°C.
Hixed melting points with the derivatives obtained from
the unknown ketone gave no depressions of ﬁh& molting
points. The reactiond invelved in this synthesls are as
followss



CHy
+ 8001 — Oliy~0ly-G-C0C
CHy
CHy
+ Wiy ——> CH5Cligl~CONTig

The action of 78% sulfuris acid on methylisopropylearbinol
at 80°C. results, therefors, in the formation of two isomeris
decenes, namely 3,4,5,6-tetramsthylhexene~2 and
3,5,6~trimethylheptene«2:
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Cila CHa GIL, GIL
) 2o s e

Gﬁa-@ « (= § om (el
} ]
ﬂﬁg H

CHx  Cliz CH.

S

Clg=CHy=C=Ciig=C = C = I
|

Gﬁa




DISCUSSION OF RESULZS

Agoording %0 the theory of Whitmore for the
dehydration of slechols, methylisopropylecarbinol would
lose the hydroxyl group and become a positive organie
tont

ORy H oy H
CHg 104 C s CHy—503 16+ C s Oy + " 10iH (1)
0 B
H.

?hu mut&w rmm may lose a pwmm from the isepropyl
group to rnm %ﬂmthahmﬁm;

OBy H Oy
Clig ¢ C ¢ Ga%——)% $ C31050Hy + H (3)
E

or from tha methyl group adjasent to the positive carbom to
torm isopropylethylens:

chy B OHg B X
CHy 1 asua%—e%:e:o::s:xi*a (3)
H : {

If the positive ocarbon of the organic Lragment has a greater
attraction for electrons than the adjaogent segondary oarbon,
the hydmgm nay ah&ft with its eleotrons to form a new

positive xom
CHy H Gﬂa H

éﬂgzatatcﬁg—)ﬁﬂgsﬂ:ﬂtaﬂg (4)
H H
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A shift of & methyl group in this case would not result
in any change in ﬂmtmv‘os the positive ion., A loss
of hydrogen from the newly formed ethyl group would
produce trimsthylethylens:

oy X Clly H
Qﬂalalﬁlﬂga—-ématﬁitﬁtsﬂaﬁﬁ (5)
{

Loss of hydrogen from the ud;mm methyl group mld
produse l-methyleleethylethylens.

Oy X H  CHyH
cﬁaacsest}ﬂa———)xzcﬁcaes%«»ﬁ(&)
n "

Inasmich as the carben atom having the most electronsgative
groups atmd to 1t has m loast attraction for tlocbrann,
positive ton (4) woudd be mam to predeminate rather
than fragment (1).
Union of fragment (4) with olefin (6) would take

place az followss |

CHy ¥ CHy K omy B CHy R

anaca,m- ¢ana~e-csa—->caaaﬁﬂ~a~e »-c -cmana 7
ana R B CHy B H

Less of hydrogen from the ethyl group would be expeoted,
a8 in the case of ﬁathy}.etzhmgapmtymﬂbmm, and would

form 3,5,5-trimothylheptane~2, cbserved as one of the produstas
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CHy B CHy H CHy B CHg H
olty0 Gﬂa E saa n ?nax'x Gﬂa H
EG%-?»?an?wGBﬁ,—)OH&QHgfw?-Gnﬂmﬁﬁa (8)
Chy N * & cHg B

Union of fragment (4) with olefin (5) would proc
following manners

od in the

OHy OBy OHy Gy Gty Oy
Caﬁ *‘?‘“%—9‘?*?*?“%3“% {g)
cn;, OHy CHy H ‘ma

In order to ascount for the 3,4,5,8-tetramethylhexene-3
observed as the second product of the reaction investigated,
the positive fragment in {(®) wonld have to undergo a shif¥
of a methyl group and a loss of hydrogen from the ethyl

groupi
H Hy OHy CH
Tia (P P s (Fs (s
W - .G - ? « CHq g ——> ﬂﬂa - ? - ? P + Bﬁgcﬁa (xﬂ)
1 +
CHg B CHy oHg H
CHy C CH, CHy CHy H 11
QHy « G » C -~ C » CHLC ‘ #« “C «C=~CuwC~-C
370~ C - - Clgllly — >0y - G - C 8
on, H ciiy H

If the explanation of the formatlion of the above
products is sought in the theory of a chain resction analogous
to the pelymerigation of ethylene, the noghanism is much simpler.
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S O O
—>CHg 3 C 2 C1C 361 R
CHg H

This 1s the other observed product, namely 3,5,5-trimethyl~
heptene~-28, If this mechanism ias correct, trimethylethylene
and lemathylelesthylethylene must be produced by the
dehydration of methylisopropylsarbinel in the ratio 311,

The products formed by the polymerization of
isotmtylene can be predicted by the same mechanism, From
a oonsideration of the relative electronegativities invelved,
isobutylene would be expested to hehave as

iy T
CHgs™ 0 11 O
;;
rather than CHy H
¢ 1 - 'm
cx,

The produsts observed in the formation of the dipalymer oan
be sgoounted for on the basis of the "activation" taking
place eighty percent in the first sense and twenty perocent
in the second sense with subsequent addition to a molecule
of isobutylene,

It has already been stated in the Introduction that
the first astep in the polymerisation of ethylene ia the
formation of butens-l sund the second step La the formation
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of hexene-l, i‘smuar terminal unsaturations have been

found by Whitby and Kats®? in a study of the polyindenes,
CHg « CgHg
CH = CH

g

Ne Carothersd7 has reviewed the evidence
regarding the polymerization of vinyl compounds and atates
that the facts indicate that the formation of the high
polymer is a chain reaction., "The collision of an astivated
moleculs of monomer with snother molecule of monomer yields
an agtive dimer capable of goupling with anothaer molecule

of monamer, and the agtivating energy persists in the
polymerie ghain until it has been built up to a oonasiderable
length"., "This mechaniem may be formulated as follows:

RCH m Gﬂﬂ + RCE m %———)Rﬁﬁg@%c(ﬂhﬁﬁa

RCHgGHoG(R)uCHg + ROH = CHg — RCHgCHaGH(R)CHGG(R)=0Hy eto.”
However 4f R 18 a strongly electronegative group such as the
phenyl group in styrene, 4t is believed that the following

oourse would predominate!
ROH = CHy + RCH = OH, —— RoCHOHaCH = CH,

RoCHOHgCHaCHp + RCH m GHg— > RaQHOHGCH(R )CHgORsCHy eto,
Bxperimental evidense regarding the struoture of even the
relatively simple dimer of styrene is lasking. The validity
of the interpretation of olefinic polymerizations on the
basis of the relative electronegativities of the groups
involved must nogessarily await further evidenve.
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It should be noted that this reaction makes availlable
a sourge not only of two new decenes, but also the correspond=-
ing decmnes (whioch it 1s planned to prepare and study later),
and the sorresponding eight carbon methyl ketones and seven
oarbon acida., Previous attmzpw& to synthesize one of
these acids, dimethylethylpropionie acid, fatled, Crosaley
and Perkin®® isolated a heptylis seid from the decomposition
produsts of ocamphorie acid by fusion with potash. This acid
had a boiling point 209-210° and gave an anilide melting at
108-105,8%, They belleved it to be dimethylethylpropionic
acid tut aynthesias by the interaction of ethyl sodiomalonate
and dimethylethyleardinyliromide was not auacessful, It ia
interesting to note that the melting point of their anilide
18 within 0.5% of the valus found for dimethylethylpropionie
agid in the present Investigation,




Isopropyl bromide was first prepared by treating
a mixture of isopropyl aloohol and naphthalene with
bronine, Two parts by weight of naphthalene were mixed
with one part of isopropyl alechol in a round~bottom short
neck flask fitted with a dropping fumnel, distillation
tube and thermometer. The mixture was heated to 6@“& and
bromine added drop by drop until excess hydrogen bromide
gas was evolved, The ester was dlatilled, washed
suceessively with water, sodium blcarbonate solution, and
water, and dried over ignited potassium carbonate, Fractional
distillation ylelded about sixty percent of isopropyl bromide
(b.p. 50-81%.).

Inaszuch as this method involved the loss of one
part bromine for each part converted to hydrogen bromilde,
anothsr process was used to prepare most of the isopropyl
bromide required, Hydrogen and bromine were passed over a
platinum eatalyst and the resulting hydrogen bromide was
bubbled through isopropyl aleohel. Vhen the aloohol was
saturated, the estor was distilled and worked up as
described above, A total of 8455 grama of pure isopropyl
bromide was prepared.
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The poor yields in runs 4 and § were due to this factor,
%hen all of the aldehyde lad been added, the product was
allowed to stand overnight and then poured on cracked ice.
The basie magnesium halide was dilssolved by neutralizing
with dilute sulfurie asocid. The ether layer was separated
and the aqueous layer extracted at least four times with
ether, The combined ether solutions were dried over
anhydrous sodium sulfate and fractionslly distilled, The
portion boiling from 108° teo 116°C. was collected and
saved for refractionation., Refractionation of 3440 grams
of methylisopropyloarbinol collected at 100-118%, yielded
1111 grams boiling at 110-111° and 1749 grams boiling
11-112%,

The experimental conditions found by Cooke? to give
the best yleld of dipolymer were employed., The amounts of
material used and the ylelds obtained are given in Table 2,
Hethylisopropylearbinol was added rapidly with vigoerous
stirring to one and one~half times the molecular equivalent
of sulfuric asid in 75 per cent aqueocus solution, specific
gravity 1.67, in a three neck flask, fitted with a meroury
sealed stirrer, reflux condenser and aeparatory funnel, It
is important to add the alsohol rapidly as the lower ylelds
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obtained in the first five runs were due to the slow
addition of the aleohol over periods of 5635, 38, 22, 10

and 18 minutes respeetively, The temperature was ralsed
rapldly to 80°C. and kept there for 20 minutes. The

usual time for the sddition of 200 grams of garbinol to
450 grams sulfuries acid selution and sudbsequent elevation
of the temperature to a0%c. was five mimites, Refluxing
ogours during the perioed of heating, due probably to the
formation of low beiling olefinas, At the end of twenty
minutes the csontents of the flask were quickly cooled to
room temperature and the layer of hydrosarbon separated,

It was washed with sodium bloarbonats solution, then with
water, and dried over ocaleium shleride, The dry product
was fractionally distilled amd the fraction bolling from
149° to 169°C., conteining the Maaﬁu, was saved for
further purification, The 149-169°C frastions from all
runs were mixed and placed over sodium wire., After standing
overnight the material was refluxed for six hours and again
allowed to stand overmight. The decens was distilled from
the sodiwm through a short golumn pagked with small pleces
of glass tubing. 4 totel of 1880 ml distilled between 147°
end 163°.
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Table 2

Peroent
Mothyl~ of
1sopropyl Yield theore«
sarbine of tical
Run used decene yield
grams grans %
) 100 S3. 41.56
2 100 a6, 45.5
3 80 18.8 48.6
4 50 80. §0.5
5 §0 17.5 44,
6 B0 21. 83,
7 100 46,5 58.8
8 200 91, .
9 200 i d 54.6
1l 806 100, 68l.
kb 202 95.5 89.56
13 200 a3, 53,
14 208 96.5 80,8
ig g% 192, 605
1y /03 1 80,
18 203,08 98 ®
19 200 10,0 63.8
£0 194 100,58 5.
21 112 44 49.5
28 49 25 89,
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bolling-point apparatus of the Cottrell type and the
boiling point of each fraction determined., Sohicktansz
found that this still running at & rate of 0.5 ml, of
distillate per minute, with a refiux ratio of 22:1, a
vapor veloeity of 7.57 m per mimute, and having a "hold
uwp” of 180 ml, readily separates a mixture of benzene and
ethylene dichloride, Starting with 1500 ml of a 50 mol
percent mixture of bensene and ethylene dichleride,
substances having beiling points differing by enly 3.48%.,
it was possible to obtain 450 ml of almost pure bengene
as distillate and 350 ml of almost pure ethyleme dichloride
a3 residue,

The results of the fractionation of 1830 ml of
decens are presented in Table 3. The atill was run at
the avaerage rate of 0.4 ml of distilliate per minute and
with a reflux ratie of 22:1, The temperature of distillation
is plotted sagainst the perocent dlstilled in Figure I, The
rofractive index of eagh fraction is plotted againat the
percent distilled in Pigure 2. The latter curve consists
of two wellwdefined plateaus with a falrly sharp rise
between them in the S50-60 percent distilled area, suggesting
the preasnoe of two isomers in equal proportiona. The
temperature curve shows these aame two plateaus but at leaat
one other minor break is alse present.
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Table 3
Pragtionation of decene
Volume of charge = 1820 ml.
Refractive index( %) of oharge = 1.4346

Hefractive
. Percent index
Fraoction Volume distilled Temperature !%5
Ko, , ml, % ’ °G at 215 . ‘ ;
1 82 2.9 {po® 1.4202
2 60 8.8 91.6 1.4282
3 58 9.0 103.1 1.4874
4 B4 12,0 107.8% 1,4283
5 87 18.1 108,.0% 1,4309
é 84 18.1 106.8 1.4318
7 64 21,6 107,8 1.4326
8 [27 24.7 110.1 1,4334
9 88 28,3 110.6 1.4336
10 49 31.0 110,7 1.4338
11 58 34.2 110.8 1.4340
i2 69 38,0 110.8 1.4342
13 63 41,5 111,0 1.434¢
14 80 44.0 111.4 1.4344
18 56 47.3 111.6 1.4345
16 51 50.1 111,9 1.43547
1 8 53.2 11,1 1.4350
18 58 56,2 114.1 1.4357
10 82 59.9 114.4 1.4368
20 - 53,0 114.4 1.4366
zl 5‘ 6508 3.1.5.& 1.65'?3
22 F 69.0 115,90 1.4376
23 8O 71,8 118.8 1.4376
24 50 4.4 116.8 1.4376
25 5 77.8 116.8 1.4378
26 89 80.4 116,9 1.4375
27 83 83.4 117.0 1.4360u%
28 468 85,9 CA17.3 1.4575
29 £10 - Residue 1.4403

# Loaks in syatem

## 3t11ll ahut down for four days prior to taking this
fragtion.
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The ezonizer described Ly Cooke® was used in
this investigation. The decene sample (20 ml) was mixed
with three volumes of ethyl acetate and cooled in the
oronizing tube to «25°C, Osone was passed through the
solutions at varying rates, corresponding to flowmeter
readings of 4 to 10 and to ozone valuea of 1.5 to 2.0
grems per hour, The upper limlt was found to give
satisfactory absorption and was used in most of the
experiments, The amount of omone was determined by passing
the gas through 80 ml of 5 percent aqueous potassium iodide
solution for five minutes and titrating the fodine,
iiberated after acidification, with astandard thiosulfate
solution, After the solution had been treated with the
theoretical amount of ozone, the ozonide was decomposed by
mixing with 100 ml 10 pergent acetic scid end 7 grams mine,
and warming gradually on the ateam bath with stirring.
A water trap was used at the top of the reflux condenser
to catoh acetaldehyde vapors. The ethyl acetate layer was
separated and the agqueocus layer extracted four times with
othyl anostate. The ethyl scetate solution was washed with
saturated sodium bloarbonate solution until free from acld,
and then washed onve with water. The solution was dried
with ignited sodium sulfate and distilled through a small
fractionating column f£illed with small pleces of glass tubing.
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The presence of scstaldehyde was indicated in the
first portion of saeh dlstillste by its charasteristie
odory it was identified through the penitrophenylhydrazone,
confirming the previous work of Wheeler®, The formation
of formaldehyde toward the end of the osonisation period
was noted, particularly ﬁﬁen high consentrations of ozone
were used, Qualitative tests with fuchsin and resorceinol
reagents for formaldehyde gave positive tests on the
aqueous solution obtained by passing the gas from the
osonising tube through e water trap., Fassage of ozone
through ethyl asetate alone did not produse formaldehydse.
Only traces of formaldehiyde were obtained and ita presence
1s belleved to be due to decomposition of the decene ozonide
by exsess osone.. : -

Pifteen gram portions of the decene fractions which
were representative ef the various plateau aress on the
temperature curve (Figure 1) were ozoniged and the ketones
recovered in the menner described above, These were
fractionally distilled mmgn"n small Claigen flask and
& ml portion of eash frasction treated with semicarbaside
hydrochloride and scdium acetate in algchollio solution to
“precipitate the asemigarbdasones of the ketones., In this
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Decene Fraction 19 Boiling Point = 114.4°%C at 215 mm,
Boiling HKange 1st Crop of 2nd Crop of
of ﬁaga Gut Amnount; somioarbazsons uaﬁgﬂgmugt
€ ml. HoPo in H,P, in €

- 80130 1.6 158-164 () 181 (s
130-180 1.4 153 124 (s
150-160 4.7 146 152 (s)
160-180 2.4 151 122

180 1.7 nons none

Reorystallization from dilute alcohol ralsed the
melting point of the 130=150° out from 188° to wﬁan.u that
of the 150-160° cut from 146° to 166°; and that of the
160-180° out from 131 to 160°,

Degene FPraction 28 Boiling Point = 116,8° at 215 mm.
Boiling Range lst Crop of 2nd Crop of
of ketone Cut Amount senicarbagzone gsomicarbazone
og ml. HePe In ©C M P, in “C
150 0.4 - -
150-185 5.8 167 134 (8)
VH@W Hnﬂ - -
Decene Frasction 29 Bolling Point = Hestdue()>117.3%
at 218 rm)
Boiling Range st Crop of 2nd Crop of
of ketone ocut Amount semicarbagone senmigarbazone
8 a!' w&.Wo g x.MvQ g 80
80150 1.8 le2 153 (s)
160-160 ) 160 gﬁﬂ
160-180 2.8 180 121 (s8)
>180 1.2 131 (a) none

Recrystallization frem dllute alechol raised the
melting w&.nw of the 80+150° cut from 162° to 168%C,; that
of the 150-160% cut from }60° to 165,6%.; and that of the
160-180° cut from 160° to 161-163%,



- 38 -

It was observed that decene fracblons 5 and 13
yielded primarily a ketone which boiled below 150°C and
gave a semicarbagzone which melted at sbout 144”6, whereas
decene fractions 20 and 20 ylelded a ketone which bolled
above 150% and gave a semioarbazcne melting at about
168°C, Decene fraction 2 which was about 18° below the
bolling range of the degenesa evidently contained some other
produsct besides the low boiling ketone, but it was not
investigated further. Decene fraction 190 was a mixtwre of
the two decenss with the higher bLeolling 1somer predominating.
It was, therefore, evident that there were only two isomers

of decene present,

Preparation of the two ketones

Decene fractions 21 to 20 were ozonized in 20 to 25
ml portions, the ethyl acetate removed by distillation
through a small column, and high boiling residue fractionated
in a Clalsen flask. The results are given in Table 4. The
higher boiling ketone thus obtained (frastion 150-160°C.)
waz redistilled (Table 3) through a Podbielniak vaguume
Jacketed column at the rate of 0.20 ml per minute. The
refractive index, density and Cottrell boiling point were
determined for various fractions. The ketone was found te
have the following preperties; Cottrell boiling point ygo =
154.4%.; 4 38 = 0.829; 180 = 1.4183. Fraction 11, the
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properties of which were sonsidersbly different from the
above ketone, would not yield a semicarbazone sand was not
investigated further,

Decene fractions 3 to © were osonimed in 20 to 28
ml portions and the decomposition products distilled in the
seme manner as the higher fractions. The ylelds as given
in Table 4 are lower than those obtained with the higher
bolling ketone, Inasmush as this lower boiling ketone was
later found to have a boiling point of 147.2%C at 766 mm
pressure, oonsiderable amounts of this ketone are probably
in the fraotion boiling above 150°C. This ketone was turned
over to VW, Gordon Rose for further investigation. Its
proporties were found by hznm to be as follows: Cottrell
boiling point = 147.8°0; &F2 = 0,826 150 1,416,
semicarbasone melting point = 147,6-89,
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Table §

Distillation and properties of higher
boiling ketone

Charge = 180 ml Pregsure = 198 mm

Thermo- Cottrell
Pevoent oouple Refractive bolling

Fract, Amount distill~ temper~ Index Density gn&n‘b at

Ko. ml, od n&um nga

| 3 4

1 0.68 5 66; 5“‘1“ 1.4%‘ - -

2 9.58 10 104-1086 11,4196 - -

3 18.60 20 108=-107.8 1.,4196 0,826

4 18,680 30 107 B 11“‘5 - 153.8

& 18.856 40 107.5 1.4180 0.828 153,%

6 ¢35 M lm 1.41% - 15‘-1

8 13.'?5 70 lo8 1.4183 0.889 154.4

10 18,60 90 108-124 1.42056 - -

10.830




Derivatives of ket
Preparation of semloarbasone of ketone (b.p. 154.4%C.)

Three grams of semigcarbazide hydrochloride and 3.4 g.
sodium acetate were dissolved in 30 ml of water and 30 ml 95%
othyl slochol, 2.4 ml of ketone fraction 8 were added with
stirring. The mixture was neutraliszed with 10% sodium
hydroxide solution and five drops of glasial acetic seid were
added., The precipitate, which formed rapidly, was filtered
off and recrystallized from 50% ethyl aleohol to constant
melting point, Melting point = 169,8%C.(corr.). Analysis
of this derivative is reported in Wheeler's thesis®.

Preparation of 2,4~dinitrophenylhydrazone of kotone(b.p.154.4%C,)

Eight=-tenths of a gram of 2,4~dinitrophenylhydrasine
and 0.7 m)l ketone fraction 8 were dissolved in 40 ml of 95§
ethyl alcchol and brought to a boll under a reflux ocondenser,
The solution was allowed to cool one minute and 0.8 ml consen-
trated hydroghlorie acid added. The solution was then bolled
for two minutes and allowed to cool, The precipitate was
recrystallized from 95% ethyl aloohol to sonstant melting point,
Melting point = 146.5 - 147°C. Thise derivative is very
insoluble in alcohol and pstrolewn other,
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Analysies
Sample &f} Cog Hydrogen Carbon
g * ng. ﬂ %
3.742 2,108 7.429 G.89 54.14
4.229 8.408 8.386 6.57 54,00
Caloulated for eaanﬂmaasmaa)a 8.54 54,50

0
C11H§ﬁ>qhﬁ
Iodoform test on ketone (b.p. = 154,4°C,)

Seven and cne~half ml lodine solution (8 g. Lodine
and 24 g. potassium fodide in 120 m) water) were added %o
1 ml of 108 sodium hydroxide, Three drops of ketone fraction B
were then added, the mixture was heated to 60°C., and shaken

vigorously for 15 to 30 minutes. A yellow precipitate formed
and settled to the bobtom, indlcating the presence of a
‘methyl kelene,

mﬂy-thmn grams of sodium hydroxide wers dissolved
in 280 ml water mnd ceoled to 0°G. in a Jenegked l-liter flask,
fitted with a stirrer, reflux condenser, dropping funnel and

thermometer. Four and eight-tentha grams of bromine were
added in 25 minutes keeping the temperature below 3°C. The
solution was cooled to 0°, again and 13 g. of ketome boiling
at 154.4%C. were added in 15 minutes, The tempersture did not
rise above 1°C. The solution was stirred vigorously for 1 hour
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with tls temperature.betwesn 0% and 890,, then stirred for
five hours at room temperature, warmed to 60°C, and stirred
for 1 hour at that temperature, The reflux condenser was
changed to d1stilling position and the bromoform and carbon
tetrabromide steam distilled, After cooling to 50°C. and
adding 40 ml oongentrated sulfuriec acid, the organic acid
presont was steam distilled, The distillate was extracted
thoroughly with ether and dried over ignited sodium sulfate.
Fractional dlstillation ylelded 7 grams of an asid boiling

at 103-104° at 13 mn, Yield w B3% theoretical, Repetition
of the above reaction with Bl.2 grams of ketone and proportion-
ately larger amounts of reagents ylelded 23 grama of acld,
which 1a 45 percent of the thecreticsl yleld. A boiling point
determination made at atmospheric pressure gave the wvalue
215% at 778 mm.,

gﬁ.ﬁ&.n.
Sample a0 4 Hydrao Carbon
mZe M amm w 2
8.800 2,663 6,626 10.56 64.08

Galoulated for Cyiy40g 10,84 64.59
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Derivatives of acid (b,p, 213 Qz
Preparation of the amlde of Cylly(0(b.p.=@137C.)

(ne ml of the asid was refluxed one-~half hour with
1.2 ml thionyl chloride and powred into 15 ml concentrated
anmonium hydroxide with oooling. The precipitate was
filtered and recrystallized from petroleum ether €60~6’7°(:.)
to constant melting point, Melting point = 76.5°C (corr.)

Analysiss
Sample 0 co Hydrogen Carbon
mg. k. mg® % %
3,869 3.749 8.504 11.75% 84.98
3.588 3.721 8.461 11.70 64.85
Caloulated for Onl)sONHg 11,70 65,02

Preparation of the anilide of Gyly (Og(b.p.213°C.)

One a&. of the acid was refluxed one-half hour with
1.2 ml thionyl chlorides and poured into 2.5 ml aniline
dissolved in ghloroform. 7The exsess aniline was removed by
washing with dilube hydroghloris acid., The anilide was
obtained by evaporating the chloroform and recrystallised
from petroleum ether (60-67°C.) to sonatant melting point,
Helting point = 108,56 - 108%,.(sorr.)



Analysis}
Sample a0 ¢o, Rydrogen Carbon
MG 39 m? % %
3.508 2.942 9.781 9.40 75.93
5,868 3.00% 9.868 .45 75.68
Caloulated for %Gng 8.54 76.00

Preparation of the pe~phenylphenacyl ester of dc,ﬂ“aa
(bu#a = mﬂﬂ-)

Approximately 0.005 mol of the sodium salt of the
acid was refjuxed with 0,005 mal of p-phenylphenacyl bromide
in 16 ml of 75% ethyl aleohol for one hour. Sufficient
alochol was added to keep the ester in solution. The
precipitate which separated on gooling waa filtered off

and reerystallized from aleochol to gonstant melting point,
Melting point = 74°C. (Corr.)

Anal yslas
3ample %ﬁ Coq Bydrogen  Carbon
ng. . ng. £ £
3.83) 2.186 9.188 7.5 7. 50
3,383 2.849 9.476 7.5 77T

Caloulated for OyH;z0a0Hg000gHCGHs 7.45  77.70
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Attempted preparation of OgHjgOg

There are only elght six carbon fatty acidas as
compared with seventeen seven cardon fatity acida.
Isolation of a six ¢arbon acid would, therefare, have
simplified the problem of identifisation of the deocene.
This was first attempted by the transformation of the
carboxyl group of the seven carbon acid to a diphenyl-
earbinel group and subsequent oxidation of the teriiary
carbinel whieh sheuld split off bengophenone to form the
six earbon acid. ?he*éiﬁhqayinikyaaufhinel was prepared
from the seven carbon seld methyl ester and brombensene
through the Orignard reacstion,

Preparation of the methyl ester of CnH;40p (b.p. 215%.)

Seventeen ml of methylnlitroscurethane were diluted
with 85 ml of absolute ether and heated to boiling in a
800 ml distilling flask. Approximately 25 ml of a 25% of
potassium hydroxide in methyl aleohol were added, keeping
the solution boiling without additional heat., The contents
of the flask were distilled until colorless. The diszomethane
was collected in 100 ml absoclute ether with an adapter dipping
below the surface. The yield was determined by adding an
aliquot of the ether solution to a weighed amount of
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p~nitrobensolic acid and titrating the exoess acid, and was
found %0 be 0.83 g. diazomethane per ml methylnlitrosourethane.
There was, therefore, avellable 3,17 g. of dissomethans for
methylation, Seven grams of Ogly40g of bolling point 213°C.
(requires 2.26 g, CHglg) were added to the cold diasomethane
solution, The ether was eveporated and the ester vacuum
distilled, Five and one~half grams of the ester boiling

at '59*59% at 17 mm, were colleoted, Yield = 71 percent
theoretical,

Preparation of the diphenylalkyloarbinel

Eighteen grams (0.12 mol) of brombenszene in dry
sther were added slowly t0 4 g. (0.16 mol) magnesium covered
with dry ether. The solution was refluxed on the steam bath
for 15 mimites after the first vigorous reastion had subsided
and then cooled to 0°C, Pive and one~half graus (0,04 mol)
of the acid methyl ester in dry ether solution were added end
the solution warmed gradually and finally refluzxed on the
steam bath for one-half hour, It was then poured on ice,
neutralised with dilute hydrochloris acid and extiracted with
ether, The ether extract was dried over sodium sulfate.
After evaporation of the ether about 8 g. of semi-solid
residue remained,
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Oxtdation of the tertiary carbinel

3ix grems of chromic acld anhydride were diassolved
in 10 ml glacial acetic acid and 10 ml water, and added
drop by drep to the 8 g. erude tertiary oarbinel in 30 ml
glacial acetie acid, The solution was warmed on the steam
bath for 15 minutes, poured into DO ml water and extrasted
thoroughly with ether. The ether was sevaporated and the
residue made alkaline with sedium hydrexide. The benzo-
Dhenone was extracted with other, '~ Yhen this fmass.en was
diastilled, 5.5 grams of high bolling residue was obtalned
which did not solidify. The alkaline aqueous fraction was
made mold to Congo Red with sulfurio acid, extrasted with
ether, and the ether extract dried over ignited sodiwm
sulfate. Fraotional distillation failled to yield any

organie acid,
Oxidation of the ketene with ehromice-sulfuric acid mixture.

Nethyl ketones when oxidised with chromig-sulfurie
acld mixture usually split off ssetic acid as one of the main
products, This should have resulted in the formation of a
six sarbon acid or a lower molegular weight ketone with the
kotane (b.p. 154.4°C.) under investigation, HNineteen and
ene~half grams of shromiec agid anhydride were dissolved in
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120 ml water snd 16 ml gonsentrated sulfuric scid, Fifteen
ml of UgHyg0 were added and the solution boiled in a 1 liter
flask for one and one~half hours. A4n emulsion was noted in
the reflux condenser. The contents of the flask were atean
distilled until nearly ary; 30 ml of water were added and

the solution distilled to nearly dryness again., The |
distillate was made salkaline with sodium hydroxide and the
ketone extrasated with ether. Eight and one-half ml of

ketone were recovered, IThe agueous solution was acidified
with sulfuric acid and extracted with ether. A small amount
of organie aclid was noted, The 8.5 ml of ketone was boiled
with chromicesulfuric acid mixture for 24 houra, Only 1 ml

of ketone was regovered which was shown to be the original
ketone by preparation of the semicarbasone, The ether extract
containing the organic scid formed in thias asecond treatment
was added to the first portion and dried over ignited sodium
sulfate, Fractional distillabtion yielded 2 ml of acid boiling
at 96-100°C. at 16 mm, Oxidation of the ketone with chromie-
agetic aocid mixture dld not result in detter ylelds of organie
agid,

The amide of the organic acid fraction was prepered
as previously described. PFractional orystallization from
petroleum ether seven times ylelded a small smount of the lesa
soluble fraction melting at 82-88%C. and the residue as an
amide melting at 73.5-74.6°. A mixed melting point of the
latter material with the amide of the seven carbon acid
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melting at 'Iﬁ.aec-. gave no depression of the melting point.
Reorystallisation of the 82-88° material from petrolewn

ether two more times gave a very small amount of materisl
melting at 90-100%C. lixed melting points of this material
with the seven carbon asid amide and agetamide gave
depressions of the melting point below 70°C., A mixed melting
point with dimethylethylaoetamide, which melts at 103%., aid
not depress the melting point but melted indefinitely at about
90°. It was, therefore, evident that the ketons was abnormal
in 4ts behavior and tended to split off the methyl group to
yield a seven carbon acid rather than form the six oarben
acid, This behavior 1s not surprising in view of the
structures of the ketone as later established, sinse Whitmore
has found that a CHy group attached to a tertiary carbon is
very non-reastive.

The amide of #his acid is reported by A. Haller and
Be Bamrm/;oﬁ I'r;eal-}w‘c‘ As this was within two degrees of the
melting point of the amide obtained from the unknown
OqH140g (b.p. 213%,) the above acid was synthesized by a
method not heretofore reperted in the literature for this
acid, namely by the addition of carbon dioxide to methyl-

dlsthyloardinyl magnesium chloride,
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Preparation eof methyldiethylecarbinol

One hundred twenty-seven grams (5.2 mols) of
magnesium turmmings were placed in a 2«liter 3S~-necked
flask fitted with a stirrer, reflux condenser and separatory
fumel, The magnesium was covered with 200 ml dry ether,
Pive hundred grams (4.6 mols) ethyl bromide mixed with 350
ml ether were added over a period of five hours. The
solution was refluxed on a water bath for one-half howr
and then cooled to 5°C. One hundred eighty grams (2 mols)
of ethyl soetate in 125 ml of ether were added over a period
of 3 hours, maintaining the temperature at about 20°C. The
solution was refluxed a half hour and allowed to stand over-
night, Thirty-five grams (0.4 mol) of ethyl acetats in
15 ml of ether were added rapidly, The solution was
refluxed a half hour, then poured on cracked ige, neutralized
with dilute sulfuriec acid and exiracted with ether. The
other exitrast was dried over potassium carbonate, Frastional
distillation ylelded 125 grams of methyldiethylearbinol
bolling between 120-185°C. Percent yleld = 53,4% theoretioal.

Preparation of methyldiethylearbinyl chloride

Hydrochloric acid gas was generated by dropping
sulfurie acid on sodium chloride sovered with aqueous
hydrochlorie asid and dried by passing through two washing
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towers containing sulfuric acid., The dry hydroghlorie
soid gas was passed into 126 grams (1.2 mols) of methyle
dlethyloardinol containing 45 grams of galeium chloride
for three hours. After cne and one~half hours the salolum
chloride had taken up sufficient water to form a saparate
layer. This was removed and 45 grams fresh caleium chloride
wes added, The solution was filtered and refluxed at 90
mm pressure for three~fourths of an hour., Vacuum distilla~
tion ylelded 100 grams (.83 mol) of tertiary chloride
distilling at 55-56° at 90 mm pressure. Yield m 69%
theoretical, The ghloride was kept over ignited potasalum
earbonate.

Preparation of methyldiethylacetis asid

Twenty-five grm;‘u% (1 mal) of mm powdered
magnesium were placed in a 2-liter S-necked flask fitted
with a stirrer, reflux ocondenser, and a separatory fumnel,
One hundred twenty-five ml of dry ether (distilled from
Grignard reagent) and 3 grams of the tertiary ohlaoride were
added. It was necessary to add 1odine and metbyl iodide to
start the reaction, whieh was initiated only after one hour
elapsed time. The remaining 84 grama (.72 mol) of tertiamry
ehleride oontained in 500 grams ether (total used = 8 mols)
was sdded over a period of 4 howra, The soluilon was
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m%, melted from 53° to as“c., remelting in the same
ranges The two amides wore therefore derived from two
different acida,

Preparation of ths anilide of methyldlethylacetic acid.

The anilide of this aeid was prepared by ths method
previously dessribed, The product was recrystallized from
petroleum ether (60-67°C.) to sonstant melting point.
Helting point = 88,8°C. (corr.)
Freparation of p-phenylphenas

mothyldiethylagetic acid

The p«phqylphmz eater of this aeid was prepared
by the method previcusly described, The product was
recrystallized fram alcohol to acnatant melting point,
Helting point m 76%C.(bery,).

The semiourbagene of this ketone is reported by
Nyberg?® as melting at 168°C. The boiling point of the
kotone is given as 153,5-184%C, at 756 mu. Inammugh as
theme physical properties are remarkably like those of our
ketone, it was believed worth while to prepare thie ketomne
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in order to teke mixed melting points of the semicarbazones,
although the Hofmamn oxidation should yield methyldiethyl-
acetic aold whioh had already been symthesized. Iyntheais
of this ketone would show whether rearrangement had taken
plage during the preparation of the acid,

Preparation of symmetrisal-methylethylpinacol

One kilogream of methylathylketone was refluxed with
caloium oxide for one hour, A fresh 200 grem portion of
caleium ox1ds was added and refluxing sontinued for another
hour. Distillation ylelded 760 grams boiling T7° to 8%,
Eighty grams (3.29 mols) of magnesium were placed in a 5e
liter flask snd covered with 800 ml dry benzene. Ninety
grams (.3 mol) of mercuric chleride in 500 g, (7 mols)
methylethylketone were added rapidly, followed by the
addition of 260 g. (3.5 mols) ketone in 2800 ml dry bensene
before refluxing ceased, The selution was heated on the
steam bath for 15 hours. Vigorous refluxing took plase for
2 hours and then subsided, 7The gontenta of the flask became
a so0lld smooth mass., Two hundred ml of water were added
and the ualu{:ien was refluxed gently overnight, cooled and
desanted., Two hundred fifty ml of benzene and 20 ml water
were added, and the mixturs heated on the steam bath fer
& half hour, cvoled and decsnted, Two hundred fifty ml
benzsens were added and the above progese repeated, The
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bensens was distilled from the decanted solution. ‘“hen
the tempsrature of the wvapor reached 84° water appeared
agaln in the column., Ths contenta of the flask were

then tranaferred to a Claisen flask and vaocwum distilled.
The material boiling below 64° at 13 mm was taken off and
then the following fractions colleated at 11 mmy

Frastion Tenp, digtillate Amount
1 64-877C. 104 g.
2 87-100°C. i3 g.
3 1%13%6' 49 &
b Residue 80 g.

Fraction 2 represents the best materisl, Fractions 1 and
3 undoubtedly contain some of the pinacol. The yleld was
therefore approximately 50 percent of the theoretical based
on the amount of magnesium used,

Rearrangement of the pinacol to the pinscolonet

Eight huandred grams of sulfuric acid in a l-liter
S=neoked flask fitted with a stirrer, separatory fumel and
theruometer were acoled to ~1a90‘ end 100 g, of pinsasol
(51 g. Fraotion 2 and 49 g. fraotion 3) were added slowly
over a period of ene snd one~half hours, keeping the
temperature sbout -8%C. The solution was stirred vigorously
for 2 hours longer at u@’ﬁ, poured on finely crascked ice and
stean distilled, collecting about one and cne-half litera,
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Seventy~one graams of oily zmlubiu matorial were
separated and dried over calehm ohiormn. The kotones
were distilled through a Clataen flask at ordinary preasure
(747 mm) and the following fragtions collected:

Fraction Temperature Amount
1 127-160 7.0 g»
2 160~181,.5 2.5 ge
3 151,5-153 2.5 8o
4 1565-188 70 gs
8 188-160 6.5 go

Hyberg states that the rearrangement zoes 20 persent
invelving the migration of a methyl group to give an ethyl
ketone boiling at 151.5%°(semicarbazone i.P. 989C.) and

80 per cent inveolving the migration of an ethyl group to
yield a methyl ketone boiling at 153,5-154° (semicarbaszene
H.P. 168%.),

Preparation of the semicarbasones of Hyberg's ketones

One mi. of fractions 1 to 4 was mixed with 1,5 g.
senieardbagide hydrochloride and 1.7 g. sodium agetate in
50% alechol seolution. The solution was neutralized with
10 pereent aqueous sodium hydroxide solution and 0,28 nml
agetio aclid added, After 24 hours the pracipitate was
filtered off, water added to the filtrate and a seoond
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orop of orystals eolleeted, The followling molting points

wore observed:

Fragtion lat Crop H.P. 2nd Crop H.P,
o ¥ oc
1 140-159 129-139
2 150-183 143-146
3 162166 164~150
4 167.6 159.8~161.8

Frootion 4 material had been recrystallized from 50 percent
aleochol, A mixture of the 167.6° semicerbasone above with the
semigarbasane (M.P, 169.8°) of the unimown ketane boiling

at 154.4°C,., melted indefintely from 136 to 150%, The
unknown ketone is, therefore, not S-methyl-3-ethylpentanone-2,
dospite the similarity in physical properties,

Preparation of the 2,4~dinitrophenylhydrasone of
S~=me thyl-3~e thylpentanone~-2

A 0.7 ml portion of fraction 4 (b.p. 153-156") was
used to prepare the 2,4-dinitrephenylhydrazone by the nethod
previocualy described. The produst was recrystallised three
times from alochol and onse from 36-58°C. petroleum ether to
constent melting point. Melting point m 92-92.5 C. This
derivative will therefore serve to differentiate this ketone
from the one boiling at 154.4°C, obtained Yy osonolysis of
the higher boiling decene,
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Preparation of GghyoNH, fram ketane (b.p. 154.4°c.)

The Beelmamn rnwmg&m&“ of the oximes of
ketones to substituted amides 1a very often a useful
method for the degradation of ketones to smaller
molesular welght produsts, It was realised that if the
ketone under investigation (CgH;3C00H3) rearranged in
the "anti" sense, a substituted ssetamide (CgHygNHCOCHy)
would be produced which probably sould bs hydrolyzed to
yield a six carbon amine., 7This would considerably
s1uplify the problem of idemtifiaation of the strusture
of the six carbon alkyl radiesl.

Preparation of the oxime of the ketone (b.p. 154.4°C.)

Thirty-five grams hydroxylamine hydroohloride
in 60 ml water, 31 g. ketone, md 200 m) 95% alcohol were
mixed together in a 500 ml flask connected to a reflux
condenser, Fifty-ssven grams potassium hydroxide in 7
nl water were added with vigorous shaking. The mixture
was refluxed for two hours, cooled and extracted with
ether without scidifying. The sther extrast was dried
over sodiun sulfate sad distilled, This progedure gave
& clear distillate whereas vhen the mixture was acidified
before the ether extraction, the oxime fraction was rendered
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tuwrbid by the presence of hydroxylamine hydrochloride,
Twenty-nine grams of ketoxime boiling at 101%C. at

135 mm was obtained, Yield = 81 persent theoretical. The
yields obtained in two preparations when the solubion was
acidified before extraction were as followa:

20 g. ketone yielded 14 g. ketoxime = 62.5 percent
theoretical; 23 g. ketone yiqlm 156 g ketoxime = 58
percont mmlucala The ketone used in theae two latter
preparations was made avallabls for this inveatigation
through the sourteay of ¥, Gordon Rose, It was obtained
by him from one of the m;ma present in Sharples
"Diamylens" and was shown b0 be identicsl with the author's
kotone by a mixed melting point of the semigarbasones,

Analysis:
Sample 0 Clg Hydrogen Car
ng. 3» wsgf % %
2,831 3.081 7.188 11,68 66,57
Caloulated for CgllygNOH 11,97 67.08

Beokmann rearrangement of the oxime.

Twenty-five grems of ketoxime were dissolved in
220 w1 qmira Wx*nwa grwas of phospherus pentachloride
were added wfl.th vigarm shaking over a pamml of one how
while gooling to =8%. in an ice-salt bath. A presiplitate
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formed in the flaak during the first few minutes and
redissolved before the addition of the phosphorua
pentachloride waa gompleted., After standing wemi@le,
the ether was removed by distillation and the reaidue
poured on cracked jce, The aqueous aclution was made
alkaline with sodium hydroxide and extracted thoroughly
with ether. The ether extract was dried over sodium
hydroxide and dlistilled, PFive grams of amide boiling
at 125°C. at 15 mm was obtained., Yield m 20 percent
theoretionl. Approximately the same yileld was obtained
in two other preparations using 14 g. and 9,5 g ketoxime,
The use of bensens sulfenyl ehloride instead of
phosphorus pentachloride as ths reagent for effecting
resrrangement was also tried, Five grams ketoxime 'cfcm
dissolved in 256 ml pyridine and 6,1 ml bensens sulfonyl
chloride added while cooling. The mixture was allowod
to atand at room temperature for cne hour. The precipitate
which formed in the loe bath dissolved at room temperature
with evolution of heat., The solution was poured on a
mixture of 15,5 g sulfurie acid and oragked 1iee. The
aguesous solution was extracted with ether and the sther
extraot was dried over ignited sodium sulfate, Disti}jlation
ylelded one gram of smide boiling at 125° at 13 mm and
1.6 g of a high bolling (spproximately 228° at 13 mn)
material. The yleld of the amide boiling at 125° at 13
mm was, therefore, the sawe as that obtained by the use of



phosphorus pentashloride, All attempta to effesct the
orystallization of this smide were without success,

Hydrolysis of the unknown amide,

The amide waa found to be very stable to both
alkaline snd aeld hydrolysis at ordinary pressurs.
Hydrolysis was effected, however, Ly acid in & sealed
tube, Five grams of amide wore leated in a sealed tube
with 15 ml of a 11l agueous phosphorie acid solution at
230-240° for five hours. Ten ml agnoentrated hydrochlorie
acid were sdded and the solutfan extrasted with ether
geveral times to remove sny unhydrolyzed amide., The
solution was gaturated with potassium hydroxide while
cooled in an ice bath, The smine was distilled into
11l squecus hydroshloric asid and the smine hydrochloride
obtained as a solid by evaporation of the aqueous acid
on a steam bath., It was dried in a vacuum dessioator over
potagssium hydroxide. Approximately five grams of amine
hydrochloride were obtained,

Derdvatives of GgHyaNHg

Preparation of the piloramide of the unknown amine,

One gram of the amine hydrochloride was disaolved
in a little water and saturated with potassium hydroxide,
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The amine was extracted with seversl portions of ether,

the ether selution added to 1 g pieryl ehloride dissolved
in 50 m} of 95f ethyl alechol, and the ether evaporated

on a steanm bath, The solutlon was cooled and the
procipitate separated by filtration. It was reorystallized
from &&W” G. petroleun ether to constant melting point,.
Melting point m 88-88,8%. (corr.)

Analyaiss
Sample "0 o Hydrogen Carbon
g i ags 4 4
4,577 2.113 7.91% 8.1%7 45,97
4,088 2,188  7.929 - 5428 46,12
Galoulated for Cghy WHOLH)(NOg); 5.16 46.12

Praparation of the bmmtmzrmﬂ» of ths unknown
amine. |

One gram of the amine hydrochleride in 30 ml of
five pergent potassium hydroxide was mixed with 1.2 ml
bengenesulfonyl chloride, shaken vigorcusly for several
minutes and then warmed on the steam bath to hydrolyse
the excess chloride. The solution was cooled and the side
of the flask seratsohed to erystallisze the heavy eil whiech
remained undissolved. The precipitate was filtered and
resrystallized from :ssaao’c:. petroleun ether to constant
melting polnt. Melting point = 59-59.8°C. (corr.).
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Analysist
Sample Hpo 00g Hydrogen Carbon
o e T 48 F 4 %
3.308 2.204 7.8351 778 59.66
4.268 2,984 9.338 7.68 59.68
Caloulated for CgHy4NHSOgOgHg 7.94 §9.70

(A1l analyses recorded in this thesis were made by J. R. Sples.)

This amine was desired in order to compare the
melting pointa of its ploramide and benzenesulfonamide
with those of the slx carben amine obtained by degradation
of the unknown eight carbon ketene of boiling point 154.4°C.

Preparation of dimetiylethylasetic sold.

4 fow small orystals of 1odine were placed in a
£=1liter Se-necked round bottom flaak, fitted with a reflux
condenser, atirrer asnd Asmﬁmbed aropping funnel, all
connogtions being made with ground glass joints., The
fodine was covered with 98 g. (4 mols) of magnesium turnings
dried overnight over phosphorus pentoxide, The flask was
heated to vaporise the iodine and allowed %o cool., 4
mixture of 426 g. (4 mols) of tertiary amyl chloride
(b.p. 84-88%C,) dried over ignited potassium carbonate
and 500 ml ether dried by dilstilling from ethyl megnesium
bromide was prepared, Thirty ml of the halide mixture were
added to the reaction flask, The resction was well started
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in eight minutes, Two hundred ml of dry ether were then
ran in rapidly, followed by 475 ml of the halide mixture
rate of one drop per sesond (3 ml per minute).
Three hundred ml of dry ether were added to the remaining
halide mixture and this mixture run into the reaction flaak
at the same slow rate a&s above, Addition of the halide
mixture took nine hours, The solution was stirred one houy
longer and socled to -20°, with dry 1ce in carbon tetra-
shloride~toluens mixture, Carbon dloxide gas was paased

in for three houra, mainteining a slight preasure by a
mereury seal at the top of the condenser. The solution waa
allowed to stand overnight, then poured on orasked iLse,
made acid to Cengo Red with dllute sulfurie acld and
extracted five times with ether. The ether extract was
dried over sodium sulfate, Fractional distillation ylelded
256 g (2.2 mols) of acid boiling at 85°C. at 13 mm., Yield =
55% of theoretical.

at & maximum

Preparation of dimethylethylasetyl ehloride,

Fifty~eight grams (0.5 mol) of dimethylethylacetis
aolid were added to 68 g (0.57 mol) thienyl ohloride dropwise
over a period of one hour while warming on a steam bath
under a reflux ocondenser. The solution was refluxed for

one hour  longer and distilled. There was obtained 88 g.
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(0.43 mol) of acid ohloride bolling at 132-134° C. at
atuospherio pressure. Yisld m 86% of theoretical,

Preparation of dimethylethylscetmmide.

The acid chloride from 68 g. (.5 mol) of
dimethylethylasetioc aocld, prepared as above, was run
dropuise into an Llge~smmonium hydroxide mixture without
isolating the chloride by distillation, The precipitate
was filtered on a Buohner and washed with a small amount
of ocold water. The yleld of saide was 44 g. (0,38 mol),
equal to ‘?GS of the theoretical mmt ‘based on the acid

used.,
~ Preparation of dimethylethylaceto-nitrile.

Twenty-two grams (0,19 mol) of the amide and
58 g phosphorus pentoxide were mixed thoroughly and heated
gently in a round bottomed flask for ten mimutes., The
mixtuwre was distilled until no more nitrile came off. One
part by volume of water was added to 2 parts of the nitrile
and the sclutlion saturated with potassium sarbonate. The
nitrile layer was separated, a small amount of phosphorus
pentoxide added and the mitrile redistilled. There was
obtained 18.8 g {(0.16 mol) nitrile bolling at 188-120° at
760 mm, Yield = 86% theoretical,
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Preparation of l-amino~2,2«dimethylbutane.

Fifteon snd eight-tenths grams (0.16 mol) of
the nitrile were mixed with 250 ml absolute ethyl aleohol
end 20 g. of sodiwm, cut up in =mmsll pleces, were added.
The flsak was cooled under s reflux condenser untll the
vigorous reaction had subsided, then heated umtil the
sodiwn was completely used up. The solution was coocled
and hydroehlorie acid sdded until the reastion mixture
was &oid to Congo Red, A emidombu excess of hydro-
chloric acid was added and the aloohol removed by
distillation. The aqueous residue was saturated with
potassium garbonate snd the amine distilled into 1:1
hydrochlorie acid. The hydrochloric acid solution was
ampcr;teé nearly to dryness on the steam bath., Drying
was completed in a vaswumm dessivator over potassium
hydroxide.

Dorivatives of l-amino-2, 2-dimethylbutane
Preparation of the ploramide of l-mmino-2,
2~-dimsthylbutane.

The pioramide was prepared in the manner previously
described and reorystallised from 60-67 C. petrolewn ether
to constant melting point. Melting point m 87.8~88,6%.(corr.).
Mixed melting point with pieramide of unknown six carbon amine
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which melted at 88-88,5%C, gave no depression of the
melting point,

Preparation of the bensenesulfenamide of l-amino-2,
2«dimethyltutane

The bensenesulfonamide was prepared in the
nanner previously desoribed and recrystallized from
petroleum ether to constant melting point, Helting
point w 89-59.87.(Carr.). MNixed melting point with
benzsenesulfonamide of wnimown six carbon amine which
melted at 659-59.8%. gave no depression of the molting
point,



1. HNethyllsopropyloarbinol has been shown to be
dehydrated end the resulting olefins polymerised by the
sction of ssventy«five percent sulfuris acid at 80°C. te
yield a mixture of two desenes, namely 3,4,85,5~tetra-
methylhexens«2 and 3,8, 5-trimethylheptene~2, present in
equal proportions.

2. A mechanism has been postulated for this
polymerigation, based on the apparent sotivation of
trimethylethylens as CHy + G{CH3) = CH(CHg) and
subsequent addition to another molecule of olefin.

3. This resction makes avalilable a source not only
of the two new deocenes mentioned above, but also of the
corresponding desanss, 2,2,3,4-tetramethylhexane and
3,3,8=-trimethylhepteane, the two eight carbon methyl
ketones, 3,4,4-trimethylpentanone-R and 4,4~dimethylhexanone~g,
and the two seven carbon saturated monosarboxylioc acids,
<, B, A=trimethylbutyrie soid and 3,/ «dimethylvaleris acid.

4. 4,4-Dimethylhexanone~2 has been found to have
the following properties: b.p.ygg 154.4%0.; £ 0,029,
nf 1.4183; m.p. mawmm 169.5 ﬁq n.pe 2,4~dinitro-
phenylhydrasons 146, 5-14'700. ' ' |

Be OGelothyl=3-athylpentanone-2 has been synthesised
by Nyberg's original method snd the following derivatives
prepared: semicarbasone P.p. lﬂ“!.ﬁ“ﬂ.(!ybwg 168%.);
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2,4=-4initrophenylhydrazene m.p, 92-92.5°C . This ketone can
be distinguished frem ¢,4-dimethylhexanane=2 by the
2,4-dinitrophenylhydrasine derivative,

8. /3,4 «Dimethylvaleric acid (dtmethylethylprepionie
acid) has been found to have the following. ﬁrapomt.é
V.Peyg 218%C.; bup.ys 103-104%0,5 m.p. emide 76.5°C.;

Mepe anilide 105-.&1@&”@:.: m.p. pophenyliphenssyl ester 'MGG.

7. L =Hothyle Kwathylbutyrie acsid has been
aynthesized and the following derivatives prepared: amide
m.p. 78.8°0. (Haller and Bauer 78-79°C.); snilide m.p. 88.8%.}
p~phenylphanacyl oster m.p. ?ﬁ%. This acid oan be
distingulished from /G G«dimethylvaleric acid by the aniline
derivative,

8. 1l=imino=-8,2«dimethylbutane has been synthesized
and the following derivatives prepared: benzenesulfonmmide
BaDe 59~50.50. } ploramide m.p. 38»88.5%.
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