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Is thus left with only * sextet of electrons* This proses* 
m y  be represented as followsi

• •  •  •  ' • •  ••' • •  • •  #•: A '- B : X :--»:A : B ♦ :X:
+ m • •  •  *  • •

Four different changes may them take place*
(I) the positive organic fyagaenl m y  have a Ilf# long enough 
to allow It to combine with a negative Ion It in tho reaction
mixture to give the ?,nomalft product*

•• « • • • • •:A: I >sA : 1 :• • »• • • *• ••

(g) If the atm A ha# a hydrogen attached to It the fragment 
can bo stabilised by the lose of a proton*

:A : B  »:K * I
• • ••

(3) If 1 hat a grantor attraction for electrons then A# an 
electron pair including the atm or group which It holds 
will shift to Bf leaving A with only a sextet of electrons* 
The new fragment can then recombine with the Ion % or with 
a new negative Ion t from the reaction mixture to give an
ttabnormal* or rearranged product*

•• •» •• •• •• ••:A: B — »A:I;— *Y: A:B:• • • * *1 11 •• • •
(4) If atm 1 in the rearranged positive fragment has a 
hydrogen attached to it, the system may lose. a proton and 
depending on the other groups attached to A and B, tbs
re suiting unsaturated compound may or may not he identical
with that obtained by the loss of a proton from the original
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fragment, g
A : B :---------- ♦ ff
• • • •

fhe dehydration of 2 , 3 # 4~ir toothy lpenbanol~3 
according to and. hsughlln^ yielded the normal
product# 3*metbyl~2*i #opr©pylbutene~X and 2#3,4-tri~ 
mt&ylpcnteiie<»8 In the rati# lit* lo rearrangement 
products wore detected*

A study of the dehydration of tertiary aliphatic 
alcohols containing an adjacent tertiary hydrogen was 
made by Whitmore and Brer*,® the group of alcohol# 
worked with may he represented by the formula 
lUOĤ ) (ls#~0gHy )GOH, fwo adjacent carbon# hold 
respectively a tertiary hydroacyl and a tertiary hydrogen 
which are readily removed to fowm a tetrasufeatitubed 
olefin* lb had previously been shown thafc the first member 
of the series in which 1 is methyl yields the expected 
tetra®*© thyie thylene and amounts# of 2 , 3-sUmethylbuteifie-l 
varying with the conditions of dehydration* With the 
four higher members (1 * ethyl, n - propyl, a * butyl 
and n-amyi) the e*oa©Xy#i# product# indicated bh#b- the 
dehydration tech place exclusively from ■ the isopropyl 
and B groups with the former predominating about Bil*

Whitmore and Church® In a study of the dehydration 
Of 2, g«*&i!8®thylhexaaol**!, m  alcohol of the type B̂ OGHgOH,
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whltaaor® and Herndon10 found that ootaaol-8 
on dehydration yields a mixture of ooten®~l and 
ooteno-E in approximately the ratio Is4* $he dehydration 
of oet&nol-X Involves a rearrangement and the product is 
a mixture of ootcne-X and oet«me~2 in approximately the 
ratio til*

fhltmere and fltaeyw^, in a study of the 
dehydration of 4, 4-dlmethylpontanol-2 , obtained 
4,4»disiethylp#ntene-‘2 and 4, 4*dimethylpent©ne-l in the 
ratio 4.ill* Contrary to expectation the dehydration 
took place mainly from the neepentyl group rather than 
the methyl group•

idWhitmore and his students made a study of the 
dehydration of secondary earbinol® containing a neopentyl 
system# Tertlarylmtylmethyloarbinol (pinaoolyl alcohol) 
yielded tetrametfcylethylene end tmsym-jse thyllsopr opyl- 
ethylene In the ratio 111* and a small amount of the 
normal dehydration product, terbiary^butylebhyleno* 
the dehydration of 8, 0«dim©thyldeoanol»5 and S-̂ aethyl-S- 
butylheptanol-2 gave mixtures of the three olefin®,
8, e~dim®thyl&eeene~6 and -4, and 2-^thyl^~butylheptene~8 • 
Relatively more of the two deeenes were obtained from the 
second oarblnol indicating the greater mobility of the 
butyl group than the methyl group# neither aloohol gave 
a detectable amount of normal dehydration without
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rearrangement. i-IsepropylnenimeX-© dehydrated bo give 
2*m®thyl*$-butyXheptene*2 ani ~i# the dehydration in* 
wolfing meinly 1sh© tertiary hydrogen rather than the 
butyl group* Dehydration of di*ter b^butylearbinel yields 
unstable nonones whleh break up to fora triiaetbyletbyleno 
and diXaobtttyleae and their polymer a, 4 aignifioanb 
feature of this dehydration la the apparent transfer of an 
eleetron pair. fre» a tertiary butyl group without the 
transfer of that greup.

Whitmore and L&ughlin^ studied the dehydration 
of tertiary aXoohoXe eoabaining a aeopentyX system* 
MethyX©thyl»tertiary*lmtyXearbin©X yielded the noraaX 
produet, 2# gf3-trlmethylpentene-3 wad the rearranged 
olefin 2,Uf3*»trimethyXp#ntene»X in the ratio 4tl*
Dimethyl *»e#y bi gay# the normal
produet Sf3,3~brimethylpentene**l* MethyllaoprepyX* 
terbi ary-butyle&r blnol gate 3, 3*&imethyl~2~Xsopropylbubene*! 
by normal dehydration involving the methyl group and the 
rearrangement produet &, 3, 3, 4-te trame thy Xpenbene-X in the 
ratio ill, with only traoes of 2,3,4,4-betramethylpentene~® 
by normal dehydration involving the isopropyl group* the 
sluggishness of the isopropyl group in this reaotlon in 
losing a proton is noteworthy. Metliyl*di*tert*butyloarbinol 
gave mainly 2*tert*butyl»i, 3~&imethyXbutene*! by dehydration 
Involving the methyl group. MethylethyXmopentylofirbinaX
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dehydrated without rearrftngomentto #we main!*
2,B$4~trime tbylheaene«*4 {frets Wm ethyl group) with 
1### than flirt percent of 2,8, 4* trlwthylheaene-S 
(from Wm neopentyl group) and only trace# of 
4# 4-dlaothyl-2-othylponttn#-X iirm Wm methyl r̂oup). 
fheir results shewed the tendency of these tertiary 
alcohols to dehydrate without rearrangement, In contrast 
to related primary and secondary alcohol# containing a 
noopmtyl group which dehydrated mainly with raemuigiMnt* 

Whitmore and Sla^sen** investigated th# dehydration 
of n-a?ayX,i seamy! mad eapryl alcohols by the Taetongaeff 
xanth&to method ehtch avoid# t■. t n*Amyl aleeb-cl
gate pentene~lf iaoamyl alcohol gave 1 sopropyle thy lone and
eapryl alcohol gat# a mixture of equal parts of oetene~S

> '
and octono-1.

Church, Whitmore and McGrow*5 studied the behavior 
of the fir# simplest normal alkyl radical# in the detaydra* 
lion of trlna^alkyl tertiary alcohols. In the oat# of 
tho Cwenty»twe alcohols studied the order of decreasing 
tact with which the different alkyl group# supplied Wm 
hydrogen to fora water west ethyl, n~propyl, n^butyl, 
n-amyl, methyl. All of these tertiary alcohols were 
dehydrated by iodine without rearrangement•

1?h« extensive literature on the pelyraviaableti of 
ethylene has been reviewed by 3SaaXey^ and Garether#3̂ *
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t-ethyl-4, 4-dimethylh©xone-l.
In tbs thesis of Cooke*, of ifeieh this work Is a 

continuation, the preparation of methyl laopropyl earteiaol 
by a Orlgaard reaction and the formation of an olefin 
containing ton carbon atoms per molecule by the action of 
sulfuric acid was described* In the thesis of iHseeler®
It was sheen by fractional distillation of the deesmsa 
through m  ordinary 100 cm* long, boat filled column with 
an electrically heated Jacket and subsequent osonization 
that at least two isomers wore present* fh® products of 
ossonolytia were aeetaldehyde ami a liquid fraction contain­
ing at least two eight carbon ketones, one of which gave a

osessicarbasone melting at 143*5 - 144#§ C* and the other a 
semicarbasone smiting at 1?#*1T1%# Fractionation and 
identif i. cation of the two ketones was net; possible with 
the mall mount of material obtained*

the purpose of the present work was to prepare 
sufficient of the deeene mixture so that It could be 
fractionated in the most efficient equipment available, 
to esea&ae the nearly pure Isomers thus obtained, and to 
determine the structure of the aldehydes and ketones formed, 
In order to add further to our knowledge of the mechanism of 
polymerisation of simple olefins to complex oils and resins*
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lathy! XmpTQpyl c&rbinol was prepared frm 
isopropyl bromide and ao#taldohydo by moans of th# 
arlgnard ro&etions

®8f0%- StfeUNP <5% ^
a a

a *, a
N> I1̂ !  * —>"*;« - c . c %

® H 0B|gjEhf

OB- ? 0 % ^  ?
JJn ' * V -» v i  -1 “ »

fh# carbiaol was treated with os# and ®n©**half moXs of 
aova&tjMTtw# par® ant sulfur!# mold at §§%* for twonty 
minutes* lids troafeaant had boon previously shown to 
glirs th© best yield of th» uaaaturatod dipoles#®*? hawing 
the ompirlo&X formula CioHgQ* Hons# and Blair^* base 
oaloulatod that th#** are Wt possible structurally 
laomsrio bydrooarbona of the othylsn# series with th® 
abow# oiapXrioal formula. Tbs purified dsesn# was 
fraotionatsd in a 3$9 an. long ohain-p&oicsd distilling 
oolown®* at the Bureau of Standards through th# oowtssf 
of th# lat# B» W* Washburn and 3* f* Sehlektans. This
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•till had been found to givo an offlalant separation of 
a SO mol peroont alxturo of bonaeno and othyloao diohlorido, 
subotanoo* having boiling points differing by only 3.48*0. 
Twontsy-oigfat fractions varying In volmoa frera 46 to 71 
nl. and a roaldno of 810 al. ooro ebtalaod. the fcoaporaturo 
and rofraetivo indloo* of the various fractions indleatod 
that the notorial dlstlllod consistsd primarily of too 
anbstanoas having tho following physical preportioss

lot Ooooao Bolling poiat-816 no* ■ 110.8*0 *?|® m 1.4344
8nd Doeono Boiling peint-00 w u  * 116.6% • 1.4376

the first deoene, when ozonized, yielded aeetaldehyde a 
ketone boiling at 14*?*f̂ Go at ¥46 asu9 the ss®isarbasefie of 
whloh melted at X4¥»6*$%* fhe second deoene, when oxonised, 
yielded acetaldehyde and s ketone boiling at I§4*4#0* st 
¥66 «*, tho ess&oi^baaene of ititeh M l  tod st 169*6^0* 
thorough examination of fractions 2,5,13,19,2$ and tho 
roaldno failed to reveal tho p M m M  of say other deesne#
It m t therefore, oonelnded mat there are only too isomeric 
deoenee present and thatfchese iaossers are. ptdail in o-̂paaj 
proportionii ainoe the onrv© Obtained by plotting the refractive 
index spinet the percent distilled shows a sharp rise between 
the two plate ana corresponding to the tee deodsta iso**** n̂ hen 
approximately fifty percent of the mixture has been distilled* 

Tii*6BKMi>ii 84 a <jum*̂iSosi»wiKa<ft mmm rsemed he Qftdsidlmia of
both deeenes, it was toown that the greiip ^  • 0 • H was



m IQ  m

present In boHi deeenea. ©oik ketones §*fe tt*s Hofmann 
tost ehiyjmeberisti© of MstbgrX ketones, th#r«% oxtimding9H5  CH3
tti© temm portion of me deeene moleemlos it <4- * 6 * X« 
ft** identity of the roasliting °7H15 radieaXwtta established 
if w. Gordon Reso®® for the first ©toon* sad if the sstfaoar 
for th© aeeoad deeene*

Oxidation of Hit methyl ketone to 11 seven carbon 
•old with sodium hypobramlto took place mitt good yields*
The amid© of the seven carbon sold melted si Ther©
•ro seventeen possible structurally lsomex*ic saturated seven 
carbon soldo# Bellstetii lis ts  tbs amides of th irteen of 
these, only m m  of stiieh melted in mo nsi^torbotd of the 
unknown snide* Alt sold too metfayiaieth/lacctlo sold 
whose amid© was reported if Isllor end ©epos®® to next s t 

*?8«Wde* Hits sold was synthesised if tbs Orlgoard reaction 
from th© chloride of mthyXdiethylearbfnol sad eerbsn dioxide, 

was found to boil st the sszs© tosparabtu*© so m s  unknown 
seven carbon sold# namely 104°C., s mixed siting point, 
however, showed & doprosslon of approximately thirty degrees, 

twolt© of tSh© seventeen possible s iiu iitiirs llf isomerio 
saturatod eight carbon methyl ketones are described In m o  
literature* The boiling point of tbs ketone and tbs molting 
point of th© somioarbasono of one of those ar© very close to 
those of the unknown ketone* Hilo o n  ̂ metOiyl-3-ethyl- 
pentanoue-2, which ms' found by 'fybopf®® id  boil s t 153*©~X©4*(fc.
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at ?50 mm* and to yield a seioloarbaaone melting at 1§8°C#
This mother1 ketone should yield an oxidation with sodium 
hypebremibo the nil MVai oarbon a© id that had already 
been synthesised. In view of the roiaaâ ablo similarity 
la phyaloal constants of the two ketones and aside, 
3^ethyl~3«*thyXpent8B0no~2 m o  synthesised la order to 
Qhi|iok ob posilbid rearrangement dorian tho preparation of 
the eeid. % o  method of Ryberg m o  used for the synthesis, 
involving the reduction of aiethylethylketone with magnesium 
âaoiĝ ii and rearrangement of the sysBiebrie&l ffr̂ymeel to the 
pinseolone with sulfurie sold of -10*0. the seraicarbasone 
of the ketone fraction boiling from 155* to l@i%* melted 
at 167*5°C*j s mimed melting point with the unknown m l *  
carbasone showed e depression of about thirty degrees.

Inspection of the data la the literature revealed 
that there were only three methyl ketones whose sesdoarbasones 
or derived seven carbon acid amides were unknown* One of 
these three, namely 41 S-dlme thy lhej»none<*5i , had previously 
been made in this laboratory by Wheeler® and its aoraicarbazone 
found to m l b a t  150-160.5*0.(corr.). Thero remainod only 
the following possible methyl kstonesi 3, 4,4-brlmethyX«*
pentanone-2 and 4,4^imethylhexanene~2. Evidence

e gaccumulated in the meantime by w. Gordon Rose Indicated 
that the ketone obtained f m  the lower boiling deeene was 
3,4, 4~brlra© thy Ipenbanone*® * It remained to prove that the



m £ 4 .  **

seeond ketone was 4# 4~&inie thylhexanonê B,
the ketone was eenvertod to the oxlme by treatment 

with hydroxylamlno and the kotoxlme was subjeoted to & 
Beekrnnn rearrangement by treatment with phosphorus 
penfcachlori&e* The rearrangement prooeeded In the desired 
"anti” sons# with twenty pereeBt yield of m substituted 
aeetamide* The substituted amide was hydrolysed by a 
111 aqueous syrupy phosphor!* sold solution in a sealed 
tube at 230~4G°G, Solid derivatives of the resultant 
amine were prepared with pieryl ohlorlde and bensone- 
aulfonyl ©hlortd®. the pioramlde melted at 8S»8B*S#G* 
and the benseneaulfonamlde at 59*S9#S°C* The reactions 
involved in the above degradation of the ketone are as 
followsI

c % c %
CHg-CHg-0-CHg-OO-OHjj ♦  KBgOH > e ^ |-6 % ^ -0 % ^ « C ^

H O

Hydrolysis with »*fG* ♦  GH3CO0H

0 %
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0 %  H

0 E ^ ~ G B g *C

0%
NOt

£ 0 * 0 2

e4

0

 ^ 0% ^ B g ~ C - C % - l i ~3

OH® 0

0 %  H 0I t II

C%

The above ploraml&e and bensene sulfonamide war# 
prepared synthetically la Mi# fallowing manner* Dimethyl** 
ethyl a##t 1# acid was s#d« through th© Orlgnard reaction 
frm tertiary amyl chloride am1 ©arbon dioxide* fh# acid 
urn# converted to th# chlorid# with thloayl chloride and 
then to th# amid# by treatment with amonlm hydroxide *
Th# amid# was dehydrated to Mi# nltrll# with phosphorus 
pentoxide, and Mi# nltrll# reduced to th# amine with 
sodium and alcohol* ®h# ploraaid# and bena#n#sulfon«mid# 
w#r# prepared in th© m m l  manner* The picramid# melted 
at 07*©~88*0°C* and the beasen# sulfonamide at &9«*59#50C* 
Mixed melting points with th# derivatives obtained from 
th# unknown keton# gave no depressions of the melting 
points* Th# reaction! involved, in thla synthesis are a# 
follows*
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QWm
I

*  %

i n

Ether
0 %
I

-> * CO -- ><^-08^-0-0001|
fflL 
w* »

c %
*  4 SOCXg >085-08 -̂0-0001

®s
» ♦ » % > OH^GHgO *0 OHHg

>0%0%0-0ii I

»• (Bid

>♦85  >C8gCBgO-CBg!n^

K
the motion of ?§$f OitXfnrio’ ooi* o» awttiyXi sopropylcarbino1

0at 80 0. results, tboroforo* In the formation of two laomerio 
<Eeeenesf namely 3 f 4, 5f tetramathylhexaiio-S and 
$1 §, 5* trtaethylhep tene*S*
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CII

1
\ •C-C-CH^I I
H 0H

CH« CIU Cli. GK* I , f J
C%-C - C - C » C-H

C %  H
C %  GHg GHg

C K g - C H g - C ^ H g - C

GHg
C - H
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According to the theory of Whitmore for the 
dehydration of alcohols, stcthyXXaopropyle arfcfaiol would 
lose the hydroxyl group and become a positive organic 
ions

6%  H 0%  M• • vr «• 4* •# ^
C %  « 0 * C i 0 % --> 0 %  » 0 I 6 I 0 %  * iOlB (1)• • a * • • 4̂

1 @ 1
I

this positive fragment may lost a proton from the isopropyl 
group to form trim© thylethylene s

0%  1  0% H• • mm ^
0 %  I 0 t @t@%— >@% $ @110101% + i m  

*
1

or from th* methyl group adjacent to th© positive carbon, to
fom 1 sopropylethyXene s

0 %  1 0 %  1 1•* a * +• • # # a
0%  t 0 I 0 I «%.---> 0%  * 0 I 0 it 0 i 1 + 1 (9)

1 1
If th© positive carbon of the organic fragment has a greater 
attraction for electrons than the adJsoont seoondary curium, 
toe hydrogen may shift sith Its electrons to form a new 
positive lent

@ %  H 0 %  H
@% s 0 t 0 1 0% -------->@% 1 0 1 0 * 0%  (4 )

H  1
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A tf&Ift of a methyl group in this ease would mot' result
In any ©hang# In structure • of the positive Ion# A loss
of hydrogen from the newly farmed ethyl group would
produce fcrtaethylethylens t

CH3 S ®
• •  • •  • •  * •  • ̂

0 %  I 0 l 0 1 0 % --- > 0 %  i 011 0 i 0 %  ♦ H (5)
1

Less of hydrogen from the adjacent methyl group would 
produce l-m«thyl-l*otliylethylono *

0 %  H H Oil- H
i« * •  * •  • •  #•

a %  1 0 i 0 i 0% ---- * a *$ 0 t 0 $ 0%  ♦ i*(§)
Jfc •• •*

H  R

Inasmuch as th© carbon atom having the moot 0X00tronegative 
groups attached to it hoc the least attraction for electrons, 
positive Ion (4) would he txpsctod to predoiuinato rather 
than fragment (!}•

Union of fragment (4) with olefin (6) would take 
place as follows1

0»m 1 0%  1 0 %  1 COL 1

CHa H H CHa H H

Loss of hydrogen from the ethyl group would be expected,
t ias In the case of mcthyXethylneopentyXearbinoX # and would 

tmm 3,0,5*trlmethylhes*tene-0, observed as one of the products 1
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CBL H CH„ HQMm H 0 %  I1 * 1 1 ^ 1 | * | J ^ I
CB90%C *  0 -  0 -  0 *0 % ------> CH CHg-C > C > C < * G > C %  (8 )

H * B ^ 8  8

Union of fragment (4) with olefin {§} would proceed In th© 
following Biaimer*

In order to account for th* 3,4, 5, S~tetram®thy lhexene-8 
observed as the second product of th* reaction investigated, 
th* positive fragment In (9) would have to undergo a shift 
of a methyl group and a loss of hydrogen from th* ethyl 
group*

CH* 0 %  OH* CHa 0H* 0 %
0 • 0 * *0 - CHgCBg----> *C • 0 • 0 * C^CH^ (9)
OH* H CB* CH* H m

0 %  OBg 0HS
40 « C * 0 -
1 I I0Hg H CĤ j

> 083- 0 * 0 * 0  - OHgC^ (10)I I 4
0 %  H

CHg 1 0 %  8

If the explanation of th® formation of the above 
par®ducts la sought In the theory of a chain reaction analogous 
to th© polymerisation of ethyl ©me, the mechanism is saich siller*
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W  CH5
 ^ CHg $ 0 1 C s C ts C i H

C % H

This is the other observed produet, namely 5f5,S~triBisfchyl~
hcptene-2* if this meehentsm is correct, brims thyle thylen©
sad l-s*e thyl-l~ethyle thylene mat be produced by the
dehydration of mothylisopropyloarblnol In the ratio 3il«

the product a formed by the polymerisation of
Isobutylene can bo predicted by the same mechanism* From
a consideration of the relative electronegativities involved,
isobutylen© would bo expected to behave as

OHg 1
0%i~ 40 11 0#»

1
rather than 0%  H

“ _ 40 it 0» H
• •

QH*s

$h© products observed in the formation of the dipolymer cm 
be accounted for on the basis of the wactivation* taking 
place eighty percent in the first sense and twenty percent 
In the second sense with subsequent addition to a molecule 
of Isobutylene*

It has already been stated In the Introduction that 
the first step In the polymer1sat1on of ethylene Is the 
formation of butene-1 and the second step Is the formation
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of hMuamm~l* Similar terminal unaaturatlons hay# been
found by fdsitby and Rats 0̂ to a study of to# polyin&enea,
/c% -08H4\
\CH » OH ya# Caro there4* * ha# reviewed to# evidence 
regarding to# polymerization of vinyl compounds and states 
that to# facts Indicate tost to#•-format lea of the high 
polymer is a chain reaction* "to# collision of an activated 
molecule of monomer with another molecule of monomer yields 
an active dimer capable of ooupll qg wlto another molecule 
of monomer, and tom activating energy persists to the 
polymeric chain until it has bean built up to a considerable 
length” • *thte mechanism may be formulated as follows t

HOB m CHg *  HGH a* CHg ■-----

HO%a^0{H)iiG% * HOH « OHg > H0H^OHg0H(H)OH^(H)mO% etc.®

However If ft Is a strongly electronegative group such as toe 
phenyl group In styrene, it Is believed tost to# following 
emirs# would predominates

ROB » Ciig * RCH » OH^ > RgCHCJ%CH w CHg

RgCBSI^OBeCHg * BOH « CHg > R^BD%DH(H JCl^OIIaCHg etc*

Experimental evidence regarding the structure of even the 
relatively simple dimer of styrene Is lacking. The validity 
of the Interpretation of oleflnic polymerisations cm toe 
basis of toe  relative eleetr onegativltiea of the group# 
involved met necessarily await further evidence*
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It should be noted that this reaction makes available 
a source neb only of two now deeenes, but also the correspond­
ing deeanes <which it la planned to prepare wad study la tor) #
and th© corresponding eight carbon ©ethyl ketones and seven

a tcarbon acids* Previous attempts to synthesise one of 
these acids, dimcthylethylpropionic acid, failed. Grosslay 
and P@rkinS2, isolated a heptyXle acid from the decomposition 
products of camphoric acid by fusion with potash* Mis acid 
had a boiling point 200-210* sod gave an anlllde melting at 
1O$-X0§*8** they believed it to be dlmethylethyl|a?oplonie 
acid but synthesis by the interaction of ethyl sodiamalonate 
and dime thy le thyXearbiisylbroml&e was not successful* It is 
interesting to note that the melting point of their anlllde 
Is within 0. e*c of the value found for dtmethylethylpropionie 
acid in the present Investigation.
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oflaepregyl

Xaepropyl bromide m s  first prepared by treating
a mixture of isopropyl alcohol and naphthalene with
bromine. two parts by weight of naphthalene were mixed
with one part of isopropyl aloohol in a roun&^bettom short
neok flask fitted with a dropping funnel, distillation

otabs and thermometer* fhe mixture was heated to 00 0 and 
bromine added drop by drop until excess hydrogen bromide 
gas ms evolved* The ester was dta tilled, washed 
suesssslwely with water, sodium bicarbonate solution, and 
water, and dried over ignited potassium carbonate* Fractional 
distillation yielded about sixty pereent of isopropyl bromide 
(b.p. 8»-ei®C.).

Inasmuch as this method involved the loss of one 
part brains for oaeh part eenverted to hydrogen bromide, 
mother presses was used to prepare most of the Isopropyl 
bromide required, Hydrogen and bromine were passed over a 
platinum catalyst and the resulting hydrogen bromide was 
bubbled through Isopropyl aloohol. When the aloohol was 
saturated, the ester ms distilled end worked up as 
described above, & total of Sd$@ grams of pure isopropyl 
bromide was prepared.
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The poor yields in m i  4 and 5 wore due to this factor.
When all of tbs aldehyde had been added, the produo t was
allowed to stand overnight and then poured on ©racked lee*
The basic magnesium halide was dissolved by neutralising
with dilute sulfuric acid* The ether layer was separated
and the aqueous layer extracted at least four tines with
ether* The combined ether solutions were dried over
anhydrous sodium sulfate and fractionally distilled* The

a oportion boiling from 10® to 113 0* was collected and 
saved for ref me tionation* Refractionatlon of 3440 gram 
of methyl!sopropyloarbinol collected at 10®~H0°0« yielded 
1111 grams boiling at 110*111* and 1740 grams boiling 
111-118°C.

7h« •xperlmmtal oondltionB found by Coole»* to g&vo
th@ best yield of dipdyaer were employed* The amounts of 
material used aid the yields obtained are given in Table B* 
Methyl!sopropyloarbinol was added rapidly with vigorous 
stirring to one and one-half times the molecular equivalent 
of sulfuric acid in 73 per cent aqueous solution, specific 
gravity 1*67, in a three neck flask, fitted with a mercury 
sealed stirrer, reflux condenser and separatory funnel* It 
la important to add the alcohol rapidly as the lower yields



obtained In the first five run© were due to th© aim 
addition of th© aloohol over periods of §5* M» 29* Id 
and 16 minutes respeelively# Th© temperature was raised 
rapidly to 6©°C* and kept there for to minutes* Th© 
usual time for th© addition of 200 grams of ©arbinol to 
450 grama sulfurt© aold solution and subsequent ©location

Aof th© temperature to M O #  was flw minutes* Kefiuxing 
©©owe during th# period of heating* da© probably to th© 
formation of Ion boiling oiefiaa* it th© and of twenty 
minutes th© oontonts of th© flask war© quickly ©©©led to 
ram, temperature and th© layer of hydro©arbon separated#
It waa washed with ©odium blearfeonate solution, then with 
water, and dried ©war calcium ©blori&e# The dry product 
was fractionally di©tilled and the fraction boiling free 
149® to !#§%*, containing the deeenes, was ©awed for

ofurrier purification. Th© 140~169 0 fractions from all 
rmm were mixed and placed ower sodium wire# After standing 
overnight th© material was refluxed for six hours and again 
allowed to stead overnight* Th© deoen© was distilled from 
the sodium through a short ©©luma packed with small pieces 
of glass tubing# A total of ISM ml distilled between 147® 
end 183*6.
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Preparation of Boo#®*

Rim

Mefehyl-
tisopropyl
carbinol
used
gprnm

x io ia
ofdecene

gyawf

Peroent
oftheoremticalyield
%

1 100 33* 41.5
2 100 36* 45.5
5 00 18.5 46.3
4 m 20. 50.5
i m lf*i 44*6 m HI* S3*

100aw 46.5 56.3
S 000 91* m.
i 000 m 34.5
10 004.# 93.s 57.5
n 000 100* 61.
u 000 f i: * i 59.5
m 000 63* 50.
u 000 96*3 60.5
u
u
I f

000
m m 192*

195
60.5
80.5

10 003.5
I f 000 101.0 63.5
20 194 100.5 63.
01 XU 44 49.5
22 49 03 59.
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boiling-point apparatus of th# Cottrell type and th# 
balling paint of each fraction determined* aohloktans 
found that this still running at a rat# of 0*5 ml# of 
distillate per minute, with a reflux ratio of 22 il, a 
vapor velocity of f mm  m per minute, and having a "hold 
v®* of 180 ml, readily separatee a mixture of bensene and 
ethylene diehloride* Starting with 1500 ml of a 50 mol 
percent mixture of be neon# and ethylene di chloride, 
substances having belling points differing by only 3*48°G*# 
it was possible to obtain 430 ml of almost purs bemfsne 
as distillate and 330 ml of almost pure ethylene diohlorlde 
as residue*

$h# results of the fractionation of lit® ml of 
deeene are presented in fable 3* fhe still was. m  at 
the average rate of 0*4 ml of distillate per minute and 
with a reflux ratio of till* the temperature of distillation 
is plotted against the percent distilled in Figure 1* the 
refractive index of each fraction is plotted again at the 
percent distilled In Figure t* fhe latter curve consists 
of two w®Xl»d#fined plateaus with a fairly sharp rise 
between them in the 33*30 percent distilled area* suggesting 
the presence of two isomers in equal proportions* The 
temperature curve shows these same two plateaus but at least 
on# ether miner break is also present*



tmbl* 6 
Fractionation of deceno 

Volume of charge m 1880 ml. 
Refractive indexl1̂ )  of charge *» 1.434#

Fraction
le*

Volume
ml.

fercentdistilled
%

temperature
%  at Eli m*

1 it ©•9 <90° 1.4202
2 60 #*» 91*# 1*4832
3 MT" 9*0 106*1 i.4m%4 54 12.0 107*9** 1*42365 Sf 16*1 108.0* 1.43090 54 18*1 106*2 1.4318
7 -M___ 11*6 107*8 1.4326
© if 24.7 110.1 1*46649 m 20*3 110*# 1.436#1© 49 61*0 110*7 1.433811 58 64*2 110*8 1.46401© ©9 38.0 110*3 1*464210 60 41*6 111*0 1.464414 50 44*0 111.4 1*43441© 66 47*6 HI.# 1.434316 SI 60*1 111*9 1*4647If . a u 53.2 116*1 1.4350
IS ss 56.2 114*1 1*463719 ss 69.2 114*4 1.4362
SO Yl„ 66*0 114*4 1*468#21 # 65*0 US*# 1*467623 £l #9*0 U S  *9 1.467#m 60 71*# 116*8 1.4376
24 60 74*4 U #*8 1.437#m ©1 77.8 116*8 1.4673m 69 ©0*4 118*9 1.4375m 66 ©6*4 117.0 1.4S#0*H*
m 46 85.9 Hf .6 1*4676m ©10 m Residua 1*4406

# Leaks in system
•# Still stmt down for four days prior to taking this fraction.
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fhe presence of acetaldehyde was Indicated in the 
first portion of sash distillate by its characteristic 
odor; it was Idsntifisd through the p~ni trophenylhydrasscnef 
confinalng the previous work of Wheeler**, $hs formation 
of formaldehyde toward the end of the osontsatton period 
was noted* particularly sfoen high concentrations of os one 
were used, Qualitative tests with fuehain and resoreinol 
reagents for formaldehyde gave positive testa on the 
aqueous solution obtained by passing the gas from the 
ssenXsing tub© through a water trap, Passage of ozone 
through ethyl see tats alone did net prodnse formaldehyde • 
duly traces of formaldehyde were obtained and its presence 
is believed to be due to decomposition of the deeene ozonide 
by excess ozone.

i s a s s a n J W w e M l i

Fifteen gram portions of the deeene fractions which 
were representative of the various plateau areas on the 
temperature curve (Figure 1) were ozonised and the ketones 
recovered in the manner described above, these were 
fractionally distilled through a small Olalsen flask and 
a sal portion of each fraction treated with semlearbaslde 
hydrochloride and sodium acetate In alcoholic solution to 
precipitate the aemloarbasones of the ketones* In this
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It was observed that deoene fractions 5 and 13
0yielded primarily a k# tone which boiled below 130 0 and 

gave a ssemlcarbasone which malted at about 144%, whereas 
deccne fractions S3 and 29 yielded a ketone which ballad 
above 130% and gave a semloarbasone melting at about 
133% • Bacon® fraction 2 which was about 18° below the 
boiling rang® of th® doc®no® evidently contained soma other 
product besides the low bellli^ kotone, but It m s  not 
Investigated further* Deeene fraction If wee a mixture of 
the two deeenss with the higher boiling isomer predominating♦ 
It was, therefore, evident that there were only two teener* 
of deeene present.

Beeene fractions £1 to 29 were osonised in 29 to 93 
ml portions, the ethyl acetate removed by distillation 
through a small column, and high boiling residue fractionated 
in a Blateen flask, the results are given in fable 4* fhe 
higher boiling ketone thus obtained (fraction 130*160%.} 
was redistilled (fable 3) through a ̂ odbiclnlak vacuum- 
jacketed column at the rate of 0*23 ml per minute, fhe 
refractive index, density and Cottrell boiling point were 
determined for various fractions, fhp ketone was found to 
have the following properties$: Cottrell boiling point 7gg m 
154.4°C.) d |2  a 0.829! H§® « 1.4X83. Fraction 11, tfco
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properties of which wore considerably different from the 
above ketone* would not yield a semiearbasone aM was not 
investigated further*

Decene fractions 3 to 9 wore osonlsed in 20 to 2& 
ml portions and the decomposition products di stilled in the 
m m  manner as the higher fractions* the yields as given 
in fable 4 are lower than those obtained with the higher 
boiling ketone. Inasmuch as this lower boiling ketone was 
later found to haws a boiling point of 147*20C at *?6d mm 
pressure, considerable amounts of this ketone are probably 
in the fraction boiling above 1§0°C* This ketone was turned 
over be w* Cordon Rose for further investigation* Its 
properties were found by fclm^ to be as follows t Cottrell 
boiling point m 147.8*0) • 0.e8«» m 1.4136)
semtearbasone melting point * !47.S-8®C*
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‘Table §

Distillation and properties of higier 
boiling ketone

Charge m  180 ml Pressure m  198 mm

tteewH* Cottrell
eeuple lefraotlee boiling

Fraeb. Mmmm% distill- temper** Index Density et
so. *i. od ̂  «tu« d f  I f *

9*01 § 66.8-104 1.4064 ** •9.11 10 104-108 1.4190 ** «*10.60 80 108*lQf.l 1.4196 0*320 *»18.00 m 10T.1 1*4190 ■m 152*813.85 40 107*8 1.4190 o.saa liO.f18.88 m 108 1*4190 m 184.118.88 60 108 1.4194 m 114.9
mm ¥0 108 1*4190 0.929 184.49 mm so 108 1.4190 m 184.48

10 18.60 90 103-124 1.4205 m *
11 10.80 80.0 124-129 1*4509 0*842 <•»
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Derivatives of lsotone (b#p* IM*4?GA
Preparation of semioarba*one of ketone (b#p« 154.4°G#)

Three grams of aemlcarbaside hydroohlorido and 3*4 g# 
sodium acetate were dissolved In 30 ml of water and 30 ml 95$ 
ethyl alcohol* 2,4 ml of ketone fraction 8 wars added with 
stirring# The mixture vas neutralised with 10$ sodium 
hydroxide solution and five drops of glacial acetic sold were 
added# The precipitate, whleh formed rapidly, was filtered 
off and reorystallised from 30$ ethyl aloohol to constant 
melting point* Melting point a 169#5°C.(corr*)# Analysis 
of this derivative is reported in Wheeler1 s thesis3#

Preparation of 2,4-dlnitropiienylhydr&sone of kofcane(b#p.lS4,4°G.)

Kight-tenths of a gram of 2, 4~dlni trophenylhydraslne 
and 0*7 ml ketone fraction 3 were dissolved in 40 ml of 
ethyl aloohol and brought to a boll under a reflux condenser#
The solution was allowed to oool one minute and 0#@ ml concen­
trated hydrochloric sold added# The solution was then boiled 
for two minutes and allowed to oool# The precipitate was 
reorystallised from 95$ ethyl aloohol to constant melting point* 
Melting point a* 146#5 - 147°C# This derivative is very 
Insoluble In aloohol and petroleum ether#
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Analyalsi
Sanpl. H O  OOs Hydrogen Carbonmg. rag. ag. % $

3.748 8.103 7.489 6.89 84.144.889 8.408 8.388 6.37 84.09
Calculated for OgR^gHO^^HOgJg 6.84 84.80

c, iW
#Iodoform teat to ketone (b.o. «* 154.4 S.)

Sown slid one-half ml iodine solution (8 g. iodine 
and id g* potassium Iodide in 120 ml water) war# added to 
1 ml of 10^ sodium hydroxide, Throe drops of ketone fraction 8 
wore then added, the mixture was heated to SQ°C ., and shaken 
vigorously for li to 80 s&nufcea* A yellow p?eeipltabe famed 
and settled to the hot tom, indicating the presence of a 
methyl ketonef

Oxidation of baton, (b.p. ia4.4°C.) with .odlnra hypobrowlt.

thirty-three $tms of sodium hydroxide were dissolved 
in 280 ml water and cooled to 0*0. in a 3-necked 1-liter flask, 
fitted with a stirrer, reflux condenser, dropping funnel and 
thermometer* Four and eight-tennis grams of bromine were 
added in 23 minutes keeping the temperature below 3*0. The 
solution was cooled to 0°C* again and 13 g. of ketone boiling 
at 154*4*C • were added in 13 minutes* The temperature did not 
rise above 1*0* The solution was stirred vigorously for 1 how
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Bgtfai&a«L. of Mil
Preparation of the amide of G^H^0g(fe#p*«0U°C .}

On® ml of the add mo refXwxed one-half bow with 
1*2 ml thlonyl chloride sad poured Into 16 ml oonoonirated 
ammonium hydroxide with cooling* fhe precipitate m s  
filtered and r©crystallised from petroleum other (6O-07°€.) 
to constant molting point* Molting point «* 76.5°C (corr.)

Analysis*
Sample V  
mg. m *

C°g
mg.

Hydrogen Carbon
%

3.669 3.749 
3,663 3.791 6.6048.461 11*7!

11.70 64.9864*88
Calculated for 11.70 65.08

Preparation of th® anllide of C^M^O^b.p.aiS0®.)

One ml of the sold was reflwmsd one-half hour with 
1.2 ml thlenyi chloride and poured Into 9*§ ml aniline 
dissolved In chloroform* The excess aniline was removed by 
washing with dilute hydrochloric sold* The imilide was 
obtained by evaporating the chloroform mid reorystalXlsed 
from petroleum ether {60-67°C*) to constant melting point* 
Melting point « 106.6 - 106°G * (©orr*)



AnalystaI
Sample
«S*

% 0
«8*

co§
mg.

jfWjremh.'aw Cartoon
i*

5*5001 2,942 t*fai 9.40 73.235*555 5*003 9,863 9.48 75.68
Calculated for 0 ^ ^081%% 9.34 76*00

Preparation of the p-phemylphenaeyl eater of OpH^Qg
(b.p. * 813*0.)

Apjn*03dUaately 0*005 mol of the sodium salt of the 
©old was reflated wSthO*O05 md of p*pfcenylphonaoyl bromide 
in 15 ml of 76$ ethyl alcohol for one how* Sufficient 
alcohol was added to keep the eater in solution* The 
precipitate which separated m  cooling was filtered off 
and reerystalllsed from alcohol to constant melting point* 
Melting point « 74°G* (Corr.)

Analysis!
Sample SLO COg Hydrogen Carbon
m* «5* It It

5*251 2.186 2*188 7*37 77*303*525 2.249 2*473 7*57 77*77
Calculated for O^H^OgO^OOgl^CgMg 7*45 77.70



Attempted preparation of G#lJt%

There are only eight six carbon fatty acids as 
compared with seventeen seven carbon fatty acids.
Isolation of a six oar bon acid would, therefore, have 
simplified tha problem of identification of the deeene, 
this was first attempted by the transformation of the 
carboxyl group of the seven carbon sold to a diphenyl** 
oarbinol group and subsequent oxidation of the tertiary 
oarblnel which should split off benaophenon# to form the 
six carbon said* the dlphenylaikyXearbinol was prepared 
from the seven carbon said methyl aster and brombensens 
through the Drlgnard reaction,

Preparation of the methyl eater of Cy%40g (b«p« 213°C.)

Seventeen ml of methylnltreasurethane mere diluted 
with @5 ml ef absolute ether and heated to boiling in a 
300 ml distilling flask# Approximately 23 ml of a 83$ of 
potassium hydroxide in methyl alcohol were added, keeping 
the solution boiling without additional heat# the contents 
of the flask were distilled until colorless, The di&semethane 
ms collected in 100 ml absolute ether with an adapter dipping 
below the surface# the yield was determined by adding am 
aliquot of the ether solution to a weighed amount of
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p«nltrobensoic acid and titrating the excess mold, and was
found to bo 0.23 g« dl ©some thane per 21! methyXnitrosGure thane*
fhere was, therefore, available 3.1*7 g. of dtasoraethan© for

omethyl&bton. Seven grams of %%^0g of boiling point 213 C. 
(requires 2.20 g. CHgHg) wore added to the odd diaxomethane 
solution, the ether was evaporated and the ester vacuum 
distilled. Five and one-half grams of the ester boiling 
at 49-50°8 at If mm. were collected# field a* fl percent 
theoretical.

Preparation of the dphsnyldkylo^blml

Eighteen grams (0.12 mol) of brcmthenxen® in dry 
ether were added slowly to 4 g. (0.16 mol) magnesium covered 
with dry ether, the solution was refluxed on the stems bath 
for 15 minutes after the first vigorous reaction had subsided 
and then cooled to 0®0* Five ml one-half grams (0*04 mol) 
of the acid methyl ester in dry ether solution wore added and 
the solution warmed gradually and finally refluxed on the 
steam bath for one-half hour. It was then poured on leef 
neutralised with dilute hydrochloric acid and extracted 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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Oxidation of tho toFtl&ry ©arblnel

31x grama of chromic add anhydride were dissolved 
In 10 ml glacial acetic aold and 10 ml water, and addod 
drop by drop to the © g* crude tertiary carblnel In 30 ml 
glaolal acetic add* The solution was wsneed on the steam 
bath for 13 minutes, poured Into 9D0 ml water and extracted 
thoroughly with other* the other was evaporated and the 
residue made alkalino with sodium hydroxide* The benso- 
Phonone was extra©tod with ether*; When this fraction was 
distilled, 5.5 greats of high boiling residue m s  obtained 
which did net solidify* fhe alkaline aqueous fraction was 
made acid to Congo Red with sulfuric meld, extracted with 
ether, and the ether extract dried over ignited sodium 
sulfate* Fractional distillation failed to yield any 
organic acid*

Oxidation of the ketone with chromic-sulfuric (Mild mixture.

Methyl ketones when oxidised with chr<mdo*siilfurio 
acid mixture usually split off acetic acid as me of the main 
products* this should have resulted in the formation of a 
six carbon acid or a lower molecular weight ketone with the 
ketone (b.p* 154.4°C.) under investigation* Mine teen and 
one-half grams of chromic acid anhydride were dissolved in
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120 mi water and 16 ml concentrated sulfurle acid* Fifteen 
ml of ̂ ^X6° and the solution boiled In a 1 liter
flask fm  one and on©-half hours# An emulsion was no tod In 
the reflux condenser* The contents of the flask were steam 
distilled until nearly dry* 30 ml of water were added and 
tli© solution distilled to nearly dryness again* The ■
distillate was made alkaline with sodium hydroxide and the 
ketone extracted with ether* light and one-half ml of 
ketone were recovered* The aqueous solution was acidified 
with sulfuric sold and extracted with ether* A small amount 
of organic acid was noted* The 8*5 ml of ketone was boiled 
with ehromic-milfuric acid mixture for 24 hours* Only 1 ml 
of ketone was recovered which was shown to be the original 
ketone by preparation of the ssmiearbssone* The ether extract 
containing the organic acid formed in this second treatment 
was added to the first portion and dried over Ignited sodium 
sulfate* Fractional distillation yielded 3 ml of acid boiling 
at ®6-lOO0C • at 16 mm* Oxidation of the ketone with chromic* 
acetic aeld mixture did net result in better yields of organic 
acid*

The amide of the organic acid fraction was prepared 
as previously described* Fractional crystallisation from 
petroleum ether seven tines yielded a small amount of the less 
soluble fraction melting at QB-SS^C. and the residue as an 
amide melting at 75 #3**74 *8̂ 0* l mixed melting point of the 
latter material with the amide of the seven carbon aeld
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emelting at ?i*i 0* gave no depression of the melting point* 
Reerystalllsation of the 82-88° material from petroleum 
ether two more time* gave a very small amount of material 
melting at 90-100°S • Mixed melting points of this material 
with the seven carbon sold amide and aeetamide gave 
depressions of the melting point boles V0°G* A mixed melting 
point with dimethylel&ylaeetasdde, ihloh melts at 10i°6«f did 
not depress the melting point but melted Indefinitely at about 
90°C* It was, therefore, evident that the ketone was abnormal 
in its behavior end tended to spilt off the methyl group to 
yleM a seven carbon sold rather than form the six s&rben 
sold* this behavior is not surprising in view of the 
structure of the ketone as later established, sines Whitmore 
has found that a CHg group attached to a tertiary carbon is 
very non-reaetlve*

fhe amide of Ads wild is reported by A« Haller and
mm to molt nK# Bauer*57/at 78-79C* As this was within two degrees of the 

melting point of the maids obtained from the unknown 
c7k14% (b*p* 813*0*} the above sold was synthesised by a 
method not heretofore reported in the literature for this 
acid, namely by the addition of carbon dioxide to methyl- 
diethyloarblnyl magnesium chloride#
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Preparation of methyldiethyloarbinol

On# hundred twenty-seven .grow® (5*2 mola) of 
magnesium turnings were placed in a 2-11ter 3~neeked 
flask fitted with & stirrer* reflux condenser and separatory 
funnel* fhe magneslum was covered with 220 ml dry ether*
Fire hundred grama (4*6 stole) ethyl bromide mixed with 360 
ml ether were added ewer a period of five hours* fhe 
solution was refluxed on a water hath for one-half hour 
and Hum cooled to 6 C. One hundred eighty grama (2 mole) 
of ethyl acetate in 126 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 see late in 
15 ml of ether were added rapidly* fhe solution was 
refluxed a half hoar* then poured m  oraehed t#e* neutralised 
with dilute sulfuric acid and extracted with ether, fhe 
ether extract was dried over potassium carbonate* Fractional 
distillation yielded 125 grams of methyldiethylcarhinol 
belling between 122-126̂ 0* Forwent yield m 55*4$ theoretical*

Preparation of methy Idle thy loarbinyl chloride

Hydrochloric acid gas was generated by dropping 
sulfuric acid on sodium chloride covered with aqueous 
hydrochloric acid and dried by passing through two washing
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towers containing sulfuric acid. The dry hydrochloric 
mild gas was passed Into 125 grams (1.2 mis} of methyl- 
diethylearbinol containing 45 grams of calcium chloride 
for throe hours. After on# and one-half hours the calcium 
chloride had taken op sufficient water to form a separate 
layer, this was removed and 45 grams fresh calcium chloride 
was added. The solution was filtered and refluxed at 90 
mm pressure for three-fourths of an hour* Vacuum distilla­
tion yielded 100 grams {.85 mol) of tertiary chloride 
distilling at 55-56° at @0 mm pressure, field m 69$ 
theoretical.. The chloride was kept over ignited potassium 
carbonate.

Frepafatien of methyldiethylaoetlo sold.

Twenty-five grams (1 md) of dried powdered 
magnesium were placed in a 2-liter 3-neeked flask fitted 
with a stirrer, reflux condenser, and a separatory funnel. 
One hundred twenty-five ml of dry ether I distilled from 
Orlgnard reagent) and 3 grams of the tertiary chloride were 
added. It was necessary to add iodine and methyl Iodide to 
start the reaction, which was Initiated only after one hour 
elapsed time. The remaining 84 grams (.ft ml) of tertiary 
chloride contained in 500 grams other (total used «® 8 mole} 
was added over a period of 4 hours. The solution mm
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2X3°Cf melted frets to 02°C * f remslfcing la the i m  
range* fhe two amides were therefore derived from two 
different acids*

Preparation of the anilide of m t̂ y Idle thyl&ceti© sold*

fhe anlltde of this sold was prepared by the method
previously described* fh® product m s  recrystaXXlsed from

©petroleum ether (00~W 0*) to constant melting point*
Halting point * 88.0°C. (e«rr.)

Preparation of p^phenylphenacyl ester of 
mthyl&lethyXacefcie aoid

fhe p-pheaylpbenaoyl ester of this mid was prepared 
by the method previously described* fhe product m s  
reorystallised free alcohol to constant melting point* 
Melting point «fS?G*(cerr* )♦

fhe semiearbaaene of this ketone is reported by 
Hyberg88 as melting at 168°C* fhe boiling point of the 
ketone is given as 153*§~XM°C. at ¥$d ma# Xnasmuoh as 
them physical properties are remarkably lit© those of our 
ketone, it m s  believed worth while to prepare this ketone
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in order to talc# mixed melting points of the seialc&rbaEonea # 
although th# Hofmann oxidation should field methyldiethyl- 
acetic sold which had already been synthesised* Synthesis 
of this ketone would Sheer whether rearrangement had taken 
place during the preparation of the sold*

Preparation of symmetrical^© thylethylpinaeol

One kilogram1 of me thylelhylketene was refluxsd with 
calcium oxide for one hour* A fresh 200 gram portion of 
calcium oxide was added and refluxing continued for mother 
hour* Distillation yielded 760 grams boiling 77° to 84°C, 
Kighty grams (3.29 mole) of magnesium were plaeed in a I* 
liter flask and covered with 800 ml dry hensezis* ninety 
grams (*3 mol) of mercuric chloride in 500 g, (7 male) 
me thyle thy Ike tone war# added rapidly, followed by the 
addition of 260 g« (3*6 mole) ketone in iOO ml dry bensen© 
before refluxing ceased* fhe solution was heated m  the 
steam bath for 10 hours* Vigorous refluxing took pies# for 
2 hours and then subsided* the ©entente of the flask became 
a solid smooth mass* two hundred ml of water were added 
and the solution was refluxed gently overnight, cooled mad 
decanted* fwo hundred fi fby ml of benaene and 00 ml water 
were added, and the mixture heated m  the steam bath for 
a half hour, cooled and decanted* two hundred fifty ml 
bensene were added and the above process repeated* fhe
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ben&en© ms distilled from the decanted solution# When
the temperature of the vapor reached 84® water appeared
©gain in the column# The contents of the flask wore
then transferred to a Claisen flask and vacuum distilled*

oThe material boiling below 64 at 13 mm ms taken off and 
then the following fractions collected, at 11 mi

Fraction temp* distillate Amount

Fraction U represent a the best material* Fractions 1 and 
5 undoubtedly contain seme of the pinned* The yield m s  
therefor© approatimately 00 percent of the theoretical Meed 
on the amount of magnesium used*

Rearrangement of the pinacol to the ptnaoolone *

light hundred grams of sulfuric acid in a 1-11 ter
3-fi©eked flask fitted with a stirrer, separatory fume 1 and

othermometer were cooled to -10 6* and 100 g* of ptm&ool 
(51 g* Fraction 8 and 49 g« fraction 5) were added dearly 
over a period of mm and one-half hours* keeping the 
temperature about -0*6 • the solution was stirred vigorously 
for 2 hours longer at *6%# poured on finely cracked lee and 
steam distilled* oollocting about mm and one-half liters*

18
5
40 MITMVResidue
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3«venfcy«-an# grama of oily insoluble material wore 
separated and dried over calcium chloride* fhe ketones 
m m  distilled through a Clai sen flask at ordinary pressure 
(747 mm) m d  the following fractions collected*

Fraction temperature Amount
1 li7~X60 7.0 g.2 150-151.5 2.5 g.
0 151.5-153 6.3 g.
4 155-15© 7.0 g.
5 150-160 6.5 g.
6 Residue 37.0 g.

Kyberg states that fee rearrangement goes to percent 
Involving the migration of a methyl group to give an ethyl 
ketone ©oiling at 151.3°( seadcarbazone K.F. 98°C.) and 
80 p# east involving the migration of an ethyl group to 
yield a methyl ketone ©oiling at 153.5-154° (semtcarbazehe 
*»*>. 168°C . ) .

, Preparation of fee semlearbasonea of fyberg's ketones

One ml of fractions 1 to 4 was mimed wife 1.5 g« 
semlsafhaaids hydrochloride end 1.7 g. sodium acetate in 
50$ alcohol solution, fhe solution m s  neutralized wife 
10 percent aqueous sodium hydromidi solution fed 0.65 ml 
asetie sold added. After 54 hours the precipitate was 
filtered off9 water added to fee filtrate fed a second
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crop of crystals collected* fhe following melting point® 
were observed!

Fraction lot Crop M.P* 2nd Crop M*P*00 «G
1 149-169 129-130
8 159-163 143-146
3 162-166 154-1504 107 #6 159*5-161*5

Fraction 4 material Mod Mom reerystallised from 50 percent
oalcohol* A mixture of the 167*5 aeralearbason# above with the 

semi earbasone {M.P* 169*5°) of the unknown ketone boiling 
at 154*4°C*f melted Indeflntely from 136 to 15#* fhe 
unknown ketone is, therefore, not 3-ŝ thyl-5-e thylpentanone-2, 
despite the similarity in phyeleal properties*

Preparation of the 2f4-dlnitrophenylhy&raaone of 
3-me thy 1-3-e thylpen tanone-2

A 0*7 ml portion of fraction 4 (b*p* 153-155°) was 
used to prepare the 2,4-dlnltrophonylhydrauBone by the method 
previously described* fhe product was reerystallised three
times from alcohol and onee from 30-58°C* petroleum ether to

o _constant melting point* Melting point m 92«?92.5 C. fhls 
Privative will therefore serve to differentiate this ketone 
from the one boiling at 154*4°0* obtained by osonolysis of 
the higher boiling deeene*
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Preparation of from ketone (b*p» ia4*4°0.)

53fhe Beckmann rearrangement of the oximea of 
ketones to substituted amides is very often a useful 
method for Mi# degradation of ketone# to mealier 
molecular weight pro duet#* It wee realised that If the 
ketone under Investigation (OgEjjCddHg) rearranged in 
the "anti* sense, a substituted acetamlde (CgHxa^HOOGH^) 
would be produced which probably eeuld be hydrolysed to 
yield a six carbon amine* this would considerably 
sixapllfy the problem of Identification of the structure 
of the sin carbon alkyl rascal*

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

%iriy*five grams bydrexylamlne hydrochloric 
in 60 ml water, 31 g. ketone, mad BOO ad 95$ alcohol were 
mixed together in a 500 ml flask connected to a reflux 
condenser* Fifty-seven grams potassium hydroxide in 57 
ml water were added with vigorous shaking* Ww mixture 
was refluxed for two hours, cooled and extracted with 
ether without acidifying* Th& ether extract was dried 
over sodium sulfate and distilled* thla procedure gave 
a clear distillate whereas iAsm the mixture was acidified 
before the ether extraction, the exlme fraction was rendered
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turbid by th® presence of hydroxylamlne hydrochloride • 
!I^nty~»tne grams of ketexisi© boiling at 101%* at 
13 vm was obtained. Yield «* 81 percent theoretical. fhe 
yields obtained in two preparations when tho solution m s  
acidified before oxtraction wore os followsi 
20 g* ketone yielded 14 g* kebeatae * S2.3 percent 
theoreticali 23 g. ketone yielded. 13 g ketoxlme « 33 
percent theoretical* Tbs ketone used in these two latter 
preparations was mads available for this investigation 
through the courtesy of w. dordon Hose* It was obtained 
by him fro® one of the decease present in Sharpies 
"Diamflene* and m s  shown to be identical with the author fs 
ketone by a mixed melting point of the aemiearhasenss*

Analysis*
Saisple %0 0 %  %dregeam*u si. mg. %
8,031 3.061 7.168 U.68
Q«loul*t*6 for CgH^HOH U.97

BMkmna ntniagMiiBt of **>. oxlro.

fw«mty~fiv« grams of ketoxlme were dissolved in 
220 ml ether* fhirtymewen grams of phosphorus pentacrilorids 
were added with vigorous shaking ever a period of era hour 
while cooling to -ro, In as iM-ralt bath. k praelplfcat*

e

66.87
67.06
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formed in the fl&ak during the first few minutes and 
redlasolved before the addition of the phosphorus 
penfcachlorlde was completed# After standing overnight, 
the ether was removed by distillation and the residue 
poured on er&eked ice, The aqueous solution was made 
alkaline with sodium hydroxide and extracted thoroughly 
with ether, Thai ether extract was dried over sodium 
hydroxide mad distilled* Five grams of amide boiling 
at 12S°G * at IS mm was obtained* field « 20 percent 
theoretical. Approximately the me. yield was obtained 
in two other preparations using 14 g, and 9*0 g ke toxins.

The use of bensene sulfonyl Florida instead of 
phosphorus pentaehl orlde as the reagent for effecting 
rearrangement was also tried* Five grams ketoxlme were 
dissolved In 25 ml pyridine and 6*1 ml benxene aulfouyl 
chloride added while cooling, The mixture was allowed 
to stand at room temperature for one hour. The precipitate 
which formed I n  the lee bath dissolved at room temperature 
with evolution of heat. The solution was poured on a 
mixture of 15#§ g sulfuric add and cracked ice* The 
aqueous solution was extracted with ether and the ether 
extract was dried over Ignited sodium sulfate# Distillation 
yielded one gram of amide belling at 120° at 13 mm and 
1*5 g of a high boiling (approximately 223° at 13 mm) 
material. The yield of the amide boiling at 120° at 13 
tm was, therefore, the same as that obtained by Hie use of
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phosphorus penbaehlorlde. All attempts to offset the
crystallisation of this amide were without success*

Hydrolysis of the unknown amide*

fhe amide was found to to very a table to both 
alkaline end sold hydrolysis at ordinary pressure*
Hydrolysis wee effected, however, by sold in a sealed 
tube* Five grams of amide were heated In a sealed tube 
with 10 ml of a 111 aqueous phosphoric sold solution at 
030-840° for five hours* fen ml concentrated hydrochloric 
add ware added and the solution extracted with ether 
several times to remove any unhydrolysed amide* fhe 
solution was saturated with potassium hydroxide while 
cooled in an lee bath* tbm amln© was distilled Into 
111 aqueous hydrochloric sold and the amine hydrochloride 
obtained as a solid by evaporation of the aqueous acid 
on a steam bath* ft was dried in a vacuum dessieater over 
potassium hydroxide. Approximately five grams of mine 
hydrochloride were obtained.

Derivatives of

Preparation of the pier amide of the unknown amine.

One gram of the amine hydrochloride m s  dissolved 
In a little water and saturated with petes elm hydroxide*
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flm  msHm was ax bra© tod with savoral portions of othor,
tho other solution added to X g pleryX ehlorlde dissolved
in 80 sal of 98ff ethyl alcohol, and the other evaporated
on a oteaa hath* fhe solution m s  cooled and the
precipitate separated by filtration* It was reeryst&XXised 

ofrom §0*8? 0* petrelem ether to ©onat&at melting point* 
Melting point « 88-88.8*1(3. (aort*.)

Analysis*
Sample rogea Carbon

4.688 2*188 7.2«9 ' 8*02 40*10
' Qaleulated for CgH^MOgHgjHOals 8*16 40*10

freparation of the If oweafid# ©f tin unknown

One gpam of the amine hydrochloride In 30 ml of
five percent potassium hydroxide was mixed with 1*2 ml
benaene sulf emyl chloride, shaken vigorously for several
minutes and than warmed on the steam hath to hy&rolyae
the excess chloride* fho solution wan cooled and the aid#
of the flaak scratched to eryetallia# th# heavy oil which
remained undlsaolved* ffce precipitate was filtered and

orecrysfc&llised firm 38*5$ 0* petroleum ether to constant 
molting point* Malting point m 59-59.5°C. (corr.).

m *
4*8P

*
45*972*1X3 7.71? 8.17

amino*
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Analysis8
Sample % o °0g Hydrogen Carbon
mg, taw#*mg* mg, i $

3.305 2.294 7.231 7.78 59.644.260 2,984 9.338 7,® 89,68
Calculated for 7.94 69,78

(All analyses recorded in this thesis were made by B. Spies.)

fhis amine was desired in order to eoiipare the 
molting points of its pieramide and bensexiesnlfonanide 
with those of the six ear bon sain® obtained by de^mdatioa 
of the unknown eight carbon ketone of boiling point 154.4°C,

Preparation of dim®tbylethylaootie meld.

A few small crystals of iodine were placed in a 
filter S-neeked round bottom flash, fitted with a reflux 
condenser, stirrer and graduated dropping funnel, all 
connections being made with ground glass joints* fhe 
iodine was cowered with 98 g. (4 mola) of risagne alias turnings 
dried overnight over phosphorus pent oxide. Tli# fjiask 
heated t# vaporize t£i& iodiB# and aUo«*d h

mixture of 496 g. (4 mole) of tertiary amyl chloride 
(b.p. B4-86°C.) dried over ignited potassium carbonate 
and 000 ml ether dried by distilling from ethyl magnesites 
bromide was prepared, thirty ml of the halide mixture were 
added to the reaction flask, fhe reaction was well started



66 *

to eight atamfces* Two hundred ml of dry ether were thro 
m  la rapidly, followed by 476 ml of the. halide mixture 
at a maximum. rat# of one drop per second (3 ml p#r minute), 
f*bm hundred ml of dry ether wore added to the remaining 
halide mister# and this mixture run Into the reaction flask 
at Mi# same slow rat# as above. Addition of the halld# 
mixture took nine hours* The solution was stirred one hour 
longer and cooled to ~20°G * with dry lee In oarbon tetra- 
chloride-toluene mixture* Carbon dioxide gas m s  passed 
In for three hours, maintaining a alight pressure by a 
tserewry seal at the top of the condenser* The solution was 
allowed to stand overnight, then poured on wanked lee, 
made sold to Congo Bed with dilute sulfuric aeld and 
extras ted five times with ether* The ether ex tract ms 
dried over sodium sulfate* Fractional distillation yielded 
2SS g (f*i mis) of sold telling at S$0O* at 13 uasu field m 

of theoretical.

Preparation of dime thy lethylaeefcyl chloride,

Fifty-eight grams (0*§ mol) of dimethyl®thylaoetis 
acid were added to 63 g (0,87 mol) thloayl chloride dropwlae 
ever a period of one hour while warming on a steam bath 
under a reflux osndeasew* The solution was refluxed for 
me hour longer and distilled* There was obtained S3 g«



(0*43 aol) of acid chloride boiling at 132-134° 0« at 
atmospheric pressure* Tield * 86$ of theoretical*

Preparation of dime thy lethylaee baii&de •

The acid chloride from 38 g* (*§ mol) of 
dtmethyXethylaeetle acid, prepared as above, was m m  
dropwise into an ioo-ammonim hydroxide mixture without 
isolating the chloride by distillation# fhe precipitate 
was filtered on a Buchner and washed with a email assetsit 
of cold water* fhe field of amide m e  44 g* (0,38 ad),
equal to y$j( of the theoretical m&m% baaed on the acid

•:- , &

used*

Preparation of diiaethflethjlaceto-nitrlle.

Twenty-two grams (0*12 mol) of the amide and 
St g phosphorus pentoxide were mixed thoroughly and heated 
gently in a round bottomed flask for ten minutes* fhe 
mixture was distilled until no more nitrile came off* One 
p art by volume of water wee added to u parte of the nitrile 
said the solution saturated with potassium carbonate* fhe 
nitrile layer was separated, a small amount of phosphorus 
pentoxlde added and the Sdtri|e redistilled* fhere was 
obtained It*& g (0*16 mol) nitrile boiling at 128-122® at 
760 last* field • IBtjf theoretical*
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Preparation of l*amlno*8f g*dliaiethylbutane.

Fifteen and eight* tenths grams (0*16 mol) of 
the nitrile were nixed with E50 ml absolute ethyl alcohol 
and SO g. of sodium, out up In small pieces, were aided* 
fhe flash me cooled under a reflux condenser until the 
vigorous reaction tod subsided, then heated until the 
aodiugs was completely used ̂ p> The solution wee ©ooled 
end hydreehlerl* acid added until the reaction mixture 
wee acid to Congo Ked* 4 seasiderdble excess of hydro* 
chloric acid wee added end the alcohol removed by 
distillation* The aqueous residue wee saturated with 
potassium carbonate end the amine distilled into 111 
hydrochloric acid* The hydrochloric acid solution was

a
evaporated nearly to dryness on the steam bath* Prying 
was completed in a vacuum deesloator over potassium 
hydroxide.

a.ar&BrttoflM. M
Preparation of the pioramide of l*smiii0*0f 

0-dlmethylbutane *

The pier amide was prepared in the manner previously
odescribed and recrystallised from 00*#? G* petroleum ether 

to constant melting point* Melting point m 8f *8*88*6°C*(corr*) • 
Mixed melting point with pior&iaid© of unknown six carbon amine
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which maltad a* St-S8.8*C. gam ao daprasaian of tha 
molting point,

Propap&tion of fcbo feonsono sulfonamldo of l»aaiiio*3|
S««4iŵ bgr̂ btttsBiS

UlO ^  INIS pj?#pSf,10<l in tho
sjsimsr prs^iously desortbsd sxsi roeryatftlltsod from 
potroloma ®thmr Iso oonat&nt molting pd nt* Molting 
point m a9*59*S°G.(Corr*). 1 ^ 4  molting point with
bQ¥if # ^Qaw o f  tMfdm«gn fffg  ©anbon

moltod of b0~§9.S*C* ga*© m  dsjirtoalon of th© molting 
point*
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StfMMAHT

1* Methyllsoprofylci^binel has been shorn to bo 
dehydrated and the resulting olefins polymerised by tha 
action of seven ty«*flve percent sulfuric mold at 80°0. to 
yield a sdxture of two deoenes, namely 3,4#8#5-tetra- 
mofchylhejt»»e~2 and 3f 5, §~trixsethylhepten#-2t present In 
equal proportion*.

2* k mechanism has been postulated for thla 
polymerisation, baaed on the apparent activation of 
trimethylethylene as OHg ♦ 0(0%) ® CH(OH^) and 
subsequent addition to another melooule of olofta*

S* fhls reaction makes available a source not only 
of the two new deeeaes mentioned above, but also of the 
corresponding deeanes, tf2,3,4-tetramethylhexaae and 
3,3,5-trlmethylheptme, the two eight carbon methyl 
ketones, 3,4,4~ trims thylpentanone-B and 4t4«*dimethy3hexaiî ie*2f 
and the two seven carbon saturated monoaarboxylio acids,
«£, /̂ /d-trimethylbubyrle aeld and /?,/? «dliimthylvalerio sold.

4* 4t4̂ hseld̂ lhî Kan«sui'«f has been found to have
the following properties! b.p.y^g 184.4%.
2S ^1.4183| m.p. eeraic&rbasons 169.8 $*f m.p. 2,4-dinitro-
phenylhydrasone 146.5-147°C.

5. 3-*Me thyl-5-ethylpentanone-2 lias been synthesised 
by Hyberg1* original method and the following derivatives 
prepared: semioarbasone $.p* 107.8%. {Syberg 168%.)|



2,*-dlnltMph«nylhydra»«B« m .j>. 92-92,5°C . Thle tea tone can
bo distingtiiahad frea by fch®
4~dinifcroph®nylhydraĵ « derivative#

6* Z3,^ »btBiathyXvai®Pl© acid {dliaat̂ UfchylpFoptoisd©
acid) baa l»®a ftt»d to hat*© tfe© foHowing prop®rfci©as
*»9«VVt l«-XO4*>0#i sup* asdd© ?©*§%.!
m*p. anllida lQ§,5~X0©dG*f sup. p-phoaylphoniioyX oator 74°G.

?* «C -Metbyl- <£^thylbutyri© aoii baa boon
aynthosisod and tti© foiloat&g derivatives prepared: ©add©
m*p* 78*S°0. (Hall®3* and Bamar 7S-?f%*)| anilido sup* S8.S0G.j

oP~p3̂ iiylphona©yl ©afar sup* 76 6# M i  aold nan bo 
distinguished from /̂ /?*dlMat%l7alarlii acid by tha anllln® 
derivative.

S* 8̂ isietbylbmbim® baa bom ayatboalaod
and th© folloirifig derivatives proparodi bensonomilfonamid© 
sup* 69-*59#5°0«j pioriis&d© sup* 88-88* 8°C.
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