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NATIONAL ADVISORY COMMITTEE FOR ARRONAUTICS

TECENIGAL NOTE. NO. 1247

THE PREPARATION AND PHYSTCAL PROPERTIES OF SEVERAL
ALTPHATIC HYDROCARBONS ANﬁ INTERMEDIATES

“By Frenk L. Howard, Thomss W. Mears, A. Fookson,
Philip Pomerantz, and Donald B. Brooks

SMMARY

. In the course of an.investigation of the knock ratings of aliphatic
hydrocarbons, pure paraffins and olefins were prepared in auantities
sufficient for engine tests. This report describes the methods of prep-
aration and purification of three pentanes, four hexanes, three heptanss,
Pour octanes, eight nonanes, seven decanes, four hexenes, five octenes,
8ix nonenes, six decenes, and & number of alcohols, ketones, esters, and
elkyl halldes. Moat of these compounds were highly purified., Physical
constants measured included freezing point, boiling point and its varia-
tion with pressure, refractive index and density, and thelr variations
with temperature.

INTRODUCTION

In 1934 the Automotive Section of the National Bureau of Standards
undertook en investigation of the. impurities present in the certified
iscoctens (2,2,k-trimethylpentane} used as a primary standard in the
knock rating of fuels. In the course of this work, about a score of
paraffin hydrocarbons were isolated and their physical properties and
knock ratings were determined. (See reference 1.} The information ob-
tained in this work indicated that some of the higher paraffin hydro-
carbons should be decidedly superlor to iscoctane in knock rating.

The results of this work led to a research project that was Initi-
ated with the objective of prevaring, in quantitles sufficlent for engins
tests, the paraffin hydrocarbons likely to be of interest as components
of combat aviation fuel. This project was begun in 1937 under joint
sponsorehip of the National Advisory Commlttee for Aeronautics, the Army
Alr Forces, and the Navy Bureau of Aeronautics and has been actively
prosecuted since that time. The results of portlons of this investigation
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completed prior to 1940 have been presented in references 2 to 5, and
the syntheses and phyeical properties of & number of addltlonsal allphatic
bydrocarbons are described in the present paper. .

Since the obJective of thls work was the preparation of pure hydro-
carbons for engine testing to determine kmock rating, it was gensrally
neceseary to subordinate other conslderations to this purposs. In many
cases, 1t was therefore not possible to make detailed studies of the re-
actions or to determine properties of some of the new or little-known
intermediates.

Acknowledgments are due the following people for aid and advice on
various phases of thils work: Dr. Cecil E. Boord, Ohio State Universlty,
Dr. George Calingaert and Dr. Harold A, Soroos, Ethyl Corporation Re-
search Laboratories, Dr. Nathen L. Drake, University of Marylend, Dr.
Merrill R. Fenske and Dr. Frank C. Whitmore, Pennsylvanla State Collegs,
and Dr. Frederick D. Rossini, National Bureau of Standards.

APPARATUS

Reaction Vessels

Small-scale explorstory reactions were generally carried out in 5-
liter glass flasks. In some cases, where an unusually low yleld of
Pinel product was expected, 12-liter flasks were used. The use of thess
larger flasks was discontinued in 194k, and reactions of this size were
then conducted in l4-liter brass double-walled vessels. For synthesls
on a larger scale, two copper reactors were used initially. Fach of
these reectors had a capacity of 60 liters and was double walled. Water
at any desired temperature between 5° and 75° C could be circulated in
the space between the walls to control the temperature of the reaction.
The reactors were equipped with multiple-peddle stirrers (60 to 200 rpm),
roflux condensers (multiple copper tube), separatory funnels for addi-
‘tion of reactants, and draw-off valves for removal of products. These
reactors were used until early in 19hli, when two 50-gallon kettles (one
glass lined, one stalnless steel) were put Into service. The copper
reactors were then used as distillation receivers in conjunction with
the large kettles. The large kettles were standard commercial ltems
and were installed so that any temperaturs between 50 and 150° C could
be maintained in the jJackets.

Hydrogenation Bquipment

Hydrogenatlon reactions were sccomplished in high-pressure hydro-
genators, designed after those described by Adkins in reference 6.
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Three sizes were used, with capacitlies of 1, 3, and 20 liters. The cat-
alyst used was & commercial nickel-on-kieselguhr preparetion, which
proved to be economical and efficient. No difficulty was encountered in
hydrogenating any of the materlals, provided they were halogen-free.
Most. of the hydrogenation reactions took place et temperatures below
160° ¢ and pressures below 2000 pounds per square inch.

" Stills

For convenlence, the various stills used In this work are desig-
nated in the text by numbers. The sallent features of these stills’ are
glven in teble 1. Some of these columms are no longer in use, having
been supplented by others of later designs. Operations formerly per-
formed in Columns 1 and 2 were later carried out in 19 end 20, end Col-
ums 8 and 9 were replaced by 17 end 18. Column 10 was esbondoned in
1942, when Coluwmn 11 was put into operation. Columms 3 to 7 were re-
placed by 21 to 27 late in 1945.

Still l.- This still 1s of the. total-reflux, intermittent take-off
type, end has been previously described in reference 5. The reflux rate
was approximstely 1500 ml per hour in most cases, the take-off rate be-
ing govorned by the composition of the cherge and the purity desired in
the product. Samples of 78 ml each wers removed antomatically at prede-
termined intervels varying from 0.5 to 2% hours. The efficlency is ap-
pggximately ninety to ninety-five theoretical pletes, and the hold-up is
260 mi. . .

Still 2.- The colum of this still consists of 150 actual plates,
following the design by J. H. Brunn. (See reference 7.) The volume of
each fraction removed was 65 ml. Reflux rate was about 800 ml per hour.
This still has also been described in reference 5. The mechanisms of
operetion and semple removal are the same ag for Still 1.° In both
Stills 1 and 2 the head temperature was followed during the*day by means
of a platinum resistence thermometer, and the timing operations were
scheduled so that semples were removed when this temperature (corrocted
to 760 mm Hg) beceme reasonsbly constent (generslly to within a change
of less then 0.005° C per hr).

Stillsg 3 40 9.- Small stills patterned after thoss described by
Whitmere and Iux (reference 8) were used to remove other from reaction
mixtures, for purification of intermediates, for preliminary purifica-
tion of final products, end for fractionation of small charges. These
stills are designated as. 3 to g In table l._ i

St111 10.- Prior to the construction of other large-cepacity stills,
St111 10 was used for.preliminary fractionation of commerciel synthetic
- crudes. The pot was part of & domestic hot-water tank, thé column 4
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length of 2-inch pipe. The take-off was governed by a 1/8—inch needle
© valve. _

T, St11l 1l.~ In order to have a higher-capaclty, higher-efficlency
std1ll then 10, Still 11 was constructed. - The entire still 1s made of
monel metal. The reflux rate is about 4 liters per hour, as measured by

gain in temperaturo of the condenser water: The take-off rate 1s gov-
erned by e commerclal 1/8-1nch solenoid valve, operated by an automatic
timing device. The efficiency of the still is about sixty-five theoret-
ical plates umder operating conditions (3.5 to 4.5 liters per hr reflux) .
Safety devices include overflow tanks for the salvaging of materlal dis-
t1lled through the condenser 1f the water ls accidentally cut off, a
product overflcw tank for retalning material which may be delivered be-
cause of faulty operation of the solenoid valve, and a’ pot~temperature-
limit control. All openings to the still are vented to the outside of
the. building.

- B8%111s 12 to 16.~ These columns were constructed for analysis of
cormercial crudes, purification of large quantitles of materisl, and
isolation of hydrocarbons from commerciel mixtures. These were put into
operation in 1943, and later (1945) Column 11 was lengthened by 4 feet
end added to the group. The take-off on all these stills is governed by
e timer and small solenoid velves. Condensers in the larger columms are
of the multiple cold-finger type. The columns are heated by reslstance
wire controlled by variable transformers. Tomperstures are msasured by
copper~constentan thermocouples. Safety devices include overflow tanks,
auntomatic pot-temperature-limit control, forcod ventilation, automatic
carbon-dioxide Pire control (controlled by thermal-plugs), and automatic
warning 1f the atmosphere spproaches a combustible mixture. The pots of
Stills 12 to 16 are made of mild steel. The columns of 12 aend 13 are
mede of galvanized pipe, and the columns of 1t and 15 are made of staln-
less stecl. Condonsers ere of copper, brass, or monel metal.

DETERMINATION OF PHYSICAL PROPERTTES

- From the plots of refractive indices, boiling polnts, or freezing
Points of fractione with respect to volume of distillate, those fractions
containing the best material were selected and used for the determination
of physical constants. i : '

The methods used for the determination of physicel constants have
been described in reference 4. The Freezing-point apparatus was modified
in December 19L4li, so that additlonal control of the rate of cooling could
be obtalned. This was done by installing a pumping system on the evacu-
ated chember surrounding the semple, so that the rate of cooling could be
governed by the pressure in the evacuated chamber. This modification of
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the equipmsnt has been adeguately described by Mair (reference 9).
Table 2 lists the measured physical propertlise of the compounds de~-
scribed hereln.

The freezing-point data on 2,2,5,5-tetramethylhexane are considered
repreogeutative, and are 1llustrated in flgure 1. Bolling-point date on
four compounds are shown In flgure 2. These flgures are presented as
typlcal examples of measured physlcal propertlies. Refractive indices
were measured on an Abbe type (Valentine) refractomster wntil 1943 when
a Bausch and Lomb precision-oll refractometer (slso Abbe type) was put
Into use, An estimate of the purlty of the individusl compounds may be
made from the date listed in table 2 under the heading .AT:20 to 80 per-
cent, which indlcates the number of degrees différence between the tem-
Yereture at which 20 percent of the material had distilled and the tem-
perature at which 30 percent hai distilled. The presence of peroxldes
in the olefin samples tended to make this difference extraordinarlly
large. .

PREPARATION OF MATERTALS

Grignard Reagents

The preparation of Grignard reagents in large quantities (up to
330 moles) has been found to be subjsat to the same limltetions as the
Preparation of small amounts, except that the ylelds, in gencral, are
slightly larger. The methods used in +typical runs of representative
members of the aliphatic series are given as follows, and are not re-
pegtod in the discussion of the various syntheses. Decomposition of
reaction complexes formed bty the action of Grignard reagents on various
compounds followed the classical methods and need not be repeated.

Methylmagnesium bromide.~ To the reactor was added 100 gram atoms’’
(2.43 kg) of magnesium turnings and enough ether to cover the magnesium.
A smell smovmt of methyl bromide was added. If reaction-did not start
Imredlately, a little methyl iodlde (or previously prepared Grignard
reagent) was added. After reaction had been initiated the stirrer was
started, and methyl bromide from a cylinder supported from a steelyard
was ellowed to flow through a coll of copper tubing surrounded by a dry-
1ce bath where it condensed and dropped Into ths reaction mixture. Flow
was regulated by a2 small needle valve. After the reactlon was well
started, cooling water was admitted to the: jacket, and =n excess of
methyl bromlde was added as fast as 1t would react. During the addlitlon
of mothyl bromide, ether was added In 2-liter portions until the total
ether added was 20 liters (200 ml per gram atom of magnesium). The
smount of methyl bromide added was determined by the loss of welght of
the cylinder, and 1t was found that prectically no methyl bromide was
lost during the operation. After addition of methyl bromide was
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complete, the reaction mixture was warmed for 2 to 3 hours. If the mix-
ture contained sludge or pieces of unreacted magnesiuvm, it was allowed to
stand until the sludge had settled, and then the clear solution was si-
phoned off. The sludge was next washed with dry ether and allowed to
settle, then the siphoning procedure was repeated. If the amoung of
sludge was small, this last operation wes carried out advantageousiy in
a separatory fumnel, In which the sludge could be drawn off easily.

The yields varied from 88 to 95 percent, based on magnesium, as de-
termined by titration. Similar ylelds were realized when ethyl magnesium
chloride was prepared, but in thls case slower addition of hallde was
necessary in order to avoid the formation of apprecisble smounts of
sludge.

Isopropylmegnesivm chloride.- Magnesium turnings (1.5 kg, 63 gram
atoms) and 5 Liters of ether were placed in the reactor, and reaction
was started by the addition of a small amount of isopropyl chloride.
After the reasction was Inltiated, the stirrer wes started and 1 liter
of isopropyl chloride in 2 llters of ether was added slowly. After this
first charge of chloride was complete, 5 liters of ether and the rest of
the magnesiwm (1.5 kg, 63 gram atoms) were added, and coocling water was
circulated through the Jjacket. Then the rest of the chloride and ether
was added in the ratic of 1 liter of chloride for 2.0 to 2.5 liters of
other, until & total of 125 moles of chloride and 37.5 llters of ether
had been used. This addition was carried out as fast as possible, still
keeping the reflux from the condenser dropwise and not in a steady stream.
About 35 hours were required for a 125-mole run. After removal of the
clear solution from the sludge, the yield, calculated from titration dats,
emounted to 90 to 93 percent of the theoretical quantity,

t-Bubylmagnesium chloride .~ Thie preparation was casrried out in es-
gentlally the same mermer as descrlbed for the preparation of isopropyl-
magnesium chloride, except that the addition of chloride was necessarily
slower in order to retard formation of hexsmethylethans, ilsobutylene, and
dilscobutylens. A TO-mole run required approximetely 35 hours. The lat-
ter half of the chloride added was more dilute than the first half (ref-
erence 10) and the rate of addition was slowed up progressively as the re-
action neared completion. The jJjacket of the reactor was not coocled so
much in this preperation as with the less highly branched haelides. The
tendency of t-butyl chlorlde to form sludge ls much greater than that of
the simpler halides, although meny runs were made in which practically no
sludge was observed. The ylelds varied from 80 to 92 percent.

i

n-Pentane

One gallon of commercial n-pentane was fractionated in Still 1.
From this distillation there was obtained 1792 ml of material, the
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fractions of which had & refractive index npao of 1.3574 to 1.3575. A
"best" semple was selected for d.et_erz_nina.t.‘-.on of phyeical constants:

2-Methylbutane ( Isopentane)

One gallon of commerclal isopentene wae frectionated in Still 1.
There was obtained 2200 ml of material, ap° = 1.3535 to 1.3536, which
was collected while the head tempera,ture of the column was 27. 870 to
27.88° C. Later a total of 47 liters of high-purity materisl was pre-
pered from the same source by fractiomation in Still 11. .

2,2-Dimsthylpropane (Neopentanse)

In 1933, Whitmore amd Fleming (reference 11) described the prepara-
tion of neopentane by reaction between methylmagnesium chloride and
t-butyl chloride in toluene at 45° to 50° C. Yields of 42 to 50 percent
wore reported. ' In the present work, a method is described whereby some-
what 1arger yields of purer produc'b were obtalned.

In this work neopentane was prepared by action of dlmsthyl zinc on
t~butyl chloride in toluene at 5° C. The advantage of causing resction
- at 'bhis temperaturs, rather than the often used higher temperature (35°
to 50° ¢) .for resgctions of this type has been previocusly demonstrated.
(See reference 2. ) Dimethyl zinc was prepared in the manner described
in reference 2; however, cerialn improvements in the technique of han-
dling this ma‘berial have been made.

A 5- liter, single-neck flask, which wa.s used for dimethyl-zinc prep-
.aration, was placed in‘an oil bath and fitted with a L0O-millimeter
reflux condenser. To the top of the conienser was attached a bridge of
10-millimeter glass tubing which led. to the top of a similar reflux con-
denser attached to a S5-liter, thres-meck flask. This latter flask, into
vwhich dimethyl zinc was distilled, was situated in a cold-water ba.th end
was provided with a separatory funnel. (500 ml) and a stirrer. A side
arm on the bridge provided for the introduction of Iinert gas (carbon
dioxid.e) . .

: ' The zinc-copper couple from 960 grems of zinc dust emd 120 grams of
cupric .oxide was placed in the one-neck flask, and 1100 grams (7.75
moles) of methyl icdide added. The temperature of the oll bath was
raised to ebout 45° C, and a slow stream of carbon dioxide was passed in
the side erm of the bridge and out through the seperatory funnel into a
venting tube made of ‘25-millimeter glass tubing. Reaction between
methyl lodide and.the couple was complete after 10 hours, provided that
the couple was sufficiently sctive. When reaction hed ceased, .as ghown
by the cessation of reflux, the carbon-dioxide flow was stopped, 500 ml
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of tolusne was added to the three-neck flask, and the top of the separa~
tory funnel was fitted with a tee tube. The reflux condenser on the one-
neck flask was heated with steam, end the temperature of the oll bath
‘was graduslly ralsed over a period of 2 hours to ebout 180° C. This
ceuged the methylzinc ilodlde In the flask to decompose into dimethyl zinc
‘end zinc iodide. The dimethyl zinc distilled across the bridge into the
toluene in the three-neck flask. Carbon dioxide was allowed to flow
through the top of the tee while distillation of dimethyl zinc wes in
progrees. o

After distillation of dimethyl zinc was complete, the single-neck
flasgk was allowed to cool and the slde arm on the bridge connected to a
gas-purification itrain comprising, in the order nsmed, a wash bottle con~
taining water, two bottles contalning 85-porcent sulfuric acid, an empty
bottle, a bottle containing 40-percent potassium hydroxide, & calciwm-

. chloride drying tower, and a 100- by l.5-centimeter tube filled with
glllcea gel. After passing through.this train, the gas was led into a
condensing system comprising & copper coil condenser at -10° C, a re-
ceiver at -78° C, and finally e trap at -78° C.

The flask containing toluene and dimethyl zinc was cooled to 5° c,
and 525 ml (about 4.8 moles) of t-butyl chloride in 750 ml of dry toluene
was added during 5 hours. During the addition of chloride, methene was
evolved by the reaction. After the addition of chloride was complete,
the reactlon mixture was allowed to stand 15 hcurs. Then the bath tem-
perebure was ralsed gradually to S0° ¢, during which time more gas was
glven off which wae not affected by the sulfuric acid and which did not
condense in the -78° ¢ trap. .

Water was then added to the reaction mixbture ,through the separatory
funnel. Tt was necessary to exercige conslderable care in this opera-
tion, since-a violent evolution of neopentane took place at this point.
Thie gas was condensed in the -10° C condenser, and solidified in the
recelver. There was no discoloration of the sulfurlec acld. After about
200 ml of water had been added end the evolutlon of gas had subsided,
the apperatus was swept out with nitrogen.

The. resulting neopentane was trensferred to a glass tube and sealed.
The yleld amounted to 164.5 grams, which i1s 59 percent of that theoreti-
cally poselble, based on one half the amount of methyl ilodide used (2
moles of methyl lodide give 1 mole of dimethyl zinc). The residue from
the dimethyl zinc, which contained zinc lodide, was used to prepere addi-
tional methyl lodide by the method described in reference 12.

In aesgembling the apparatus, corks, rather than rubber stoppers,
wore wsed excluslvely and after assembly they were coated with shellac.
In one preliminary experiment, in which rubber stoppers were used, the
product was contaminated with e materisl which hed the odor of methyl
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mercaptan. Where rubber tubling wes necessary 1n making connections to
the side arm on the bridge, arrangement was made so that a minimum of
rubber surface was sxposed.

The yield reported on the first run was verified later when nine
edditional runs of this preparation were mede, in which an average yleld
of 65.6 percent wes. obtained. In two of thése runs, the couple was less
active than in the other prevarations, and the product was contaminated
wlth methyl lodide. The presence of methyl iodide was charectérized by
a pink color which developed in the product after a few days. The yleld
obtained in one run was low because a stoppage develoved in the purifica-
tion train, and same materisl was lost through & loosened connection.

:  Freezing-point measurements mads on the materisl from three experi-
mente gave -the values -16.61°, -16.61°, and -16.60° C, respectively.
These data may be compared with the value -16 b3 +O‘lO° C, calculated
for the freezing point of 100-percent- pure neopentane by Aeton and
Messerly. (See reference 13.)

3-Méthylpentane
From 75.2 moles of ethylmegnesium chloride and 37 moles of ethyl

acetate there was prepared 3660 ml of 3-methyl-3- pentanol which was
purified by distillation in Column 7 (b.ps 120° to 124° ¢ at 760 mm).

'f'Dehydration of this carbinol by refluxing with 0.2- percent B~naphthalene

- pulfonic acid ylelded a mixture of, alkenes which boiled 65° to 71° C at
758 millimeters. This dehydration would be expected to yield chiefly 3-
. methyl-2-pentens, with & smeller emount of 2-ethyl-l-butene. No attempt
wes made to separate the two olefTins .since both compounds yield the seme
alkene when hydrogenated.. Hydrogenation of this mixture -gave crude
alkene which was filtered through silica gel end distilled in .Column L
to. yleld 1980 ml of material which bolled 6L4.5° to 65.5° C (uncorrected).
Redistillation in Column 1 gave: 1420 ml of hydrocarbon made up of frac-
tions removed while the head temperature was 63.319° to 63.322% C (761.1
* mm Hg) and - for vhich . a0 =.1.3764 to 1.3765.

2 2-Dimethylbutane (Neohexans)

. The synthesis of neohexane has been reported previously in refer-
ence k., Since then commercial neohexsne has become available. Several
. charges of thig material were fractionated in Stills 1 end .2.. From each
run, only the latter half of the distillate cocnsisted of material having
the properties of neohexane. The forerun contained .an .impurity of
higher refractive index and glightly lower boiling point. No extensive
iInvestigation was made of this forerun, but the most likely impurity was
cyclopentane. This fact was later substantiated by the manufacturer.
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A total of 38 liters of purified neohexane was propared by fractionation
of 75 liters of the commercilal crude mixture in Stil11 11.

2-Methylpentane

-About 75 liters of commerciasl crulde neohexane was frasctloneated. to
prepare 38 liters of 2 s2-dimethylbutane. From the distillations of this
material, there was obtained 3320 ml of resldue, which. was fractionated
in Column ‘2 into 46 fractions:

Bolllng range .
Fraction | (Head temperature) | Volume | Refractive index, np=°
- (o) (m1) |
1 to 22 58.8 to 60.2 1500 1.3748 to 1.3717
23 to bh 60.2 to 60.4 1500 1.3715 to 1.3717
45 to L6 60 .4 140 1.3717 to 1.37hk4

Fractions 35 to 37 were combined, filtered through sillca gel, and used
in therdeterminations of physical propertles of 2-methylpentane.

Investigation of Butene Alkylate

Seventy+~five liters of Butene Alkylate was fractlonated in St11l 10.
The head temperature was measured by means of a recording thermometer of
the gas-ezpansion type. The reflux ratio was maintained at sbout 100 to
1. Fractions of not more than 3.87 liters each were collected, the vol-
ue ‘of the fractlon depending on the time-temperature curvé. After
measurement of refractive indices, .like fractions from different runs
were combined end refractionated in St11l 2. Fractionation of the low-
est bolling portion from Still 10 was carried out first, then the second
lowest bolling was added to.the residue end fractionated, and so on.
The refractive index of each fraction was measured, and a plot of refrac~
tive index versus fraction number was made. BSamples represented by sin-
gle plateaus were combined end redlstilled in Colum 1 or 2. Several
hydrocarbons were lsolated thereby, and are llsted in table 3.

. 2,3-Dimethylbutane.- The 2,3~ dlmsthylbutane from Butene Alkylate
(2213 ml) was added to 1255 ml of 2,3-dimethyibutane of approximately
the seme purlty from another source. The combined materlsel was washed
with sulfuric acid, water, sodium-carbonate solution, and again with
water. - After 1t was dried end filltered through silica gel, 1t was frac-
tionated in 8%t1l11 2, and gave 2300 ml of meterlal for which '

np=° = 1.3748 to 1. 37&9
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2,4-Dimsthylpentene .~ The' 2,k-dimethylpentane from Butene Alkylate
( 2610 ml) was refractionated in St111 2. The Practions for whlch
np° 8; 1. 3816 to 1.3817 were reserved as the best portion, a.nd. amounted
to 9

2,3~Dimethyluentane from Iscoctane

. Seventy-Tive liters of iscoctane (a commercial mixture of dbranched
chain hydrocartons) was fractionated in Still 10 in the manner descri‘bed
in the preceding section. Fractions which distilled between 85° end
95° ¢ (np=° = 1.3886 to 1.391k) were combined (28,051 ml) and refraction-
ated in Sti11 11. From this distillation there was obtained 7165 ml of
hydrocarbon which boiled 83.7° to 90.0° C (nD?o = 1:3918 to 1.3921) which
wae refrectionated in Still 2. The purified 2,3-dimethylpentane thereby
obtained smounted to 4750 ml efter filtration through gilica gel. The

. refractive index range nDeo'_ of various fractions was 1.3919; to 1.39195.

2,2,3-Trimsthylbutane (Triptene)

. The synthesis of triptane involved two reactions: (&) the prepara-
tion of 2-chloro- 2,3~ dimsthylbutane, and (b) the reaction of this chlo-
ride with dimetnyl z:lnc . .

o -Chloro- 2, 3 dimethyl'butsns. The anpa.ratus used. ws.s similar to
that described in. reference 2 for 'I;he preparetion of h-chloro- 2, 2, e
trimethylpentene. It was modified ‘so that rubber stoppers were repla.r‘ed.
with ground-glass connections. The alkens used wass a mixture of 2,3~

. dimethyl-l-butene and 2,3~dimethyl-2-butene, which was formed by dshydra.-
tion of pinacolyl alcohol (3,3~dimethyl- 2-'buta.nol) (See rcference 5.)
The original.'slkene mixture contained & small amount. of 3,3-dimethyl-1-
‘butene, in addition to theé hexenes 3, but tkls hydrocarbon was removed for
~ use, in endther, synthesis., ’ _ .

In 2 hours, 1500 ml of the alkene mixture, along with excess hydro-

. @en.chloride, was passed through two chambers kept in a bath .at - c.
.Occagionglly it was necessary to remove the baths in. order to allow the

" golidified c'hloride to melt and pass on through the spparatus. The prod-
uct. was, vaghed with water, with 5- percent sodium-bicarbonate solution,
again with water, and dried with two successlve portions of fresh anhy-
drous potassium cerbonate. Distilletion of the resulting material in
Colum 3 gave, after a forerun of unchsmnged alkene 675 grems of 2-chloro-
2,3-dimethylbutane (b.p. 69° to 70° C &b 190 mm Haj. |

Synthesls of triptene.- With apparstus like that used in the prepa~
retion of neopentane, dimethyl zinc was prepared from 1100 grams (7.75
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moles) of methyl i1odide end distilled into a 5-liter flagk containing
500 ml of toluene. The flask was surrounded by lce, and the chloride
600 grams, 5 moles) in 1000 ml of toluene was added during L hours. The
mixture was allowed to stand Ffor 16 houre, and was then treated with
water and with dilute hydrochloric acid. The reaction product, 2060 ml,
was Tractionated in Column 5 to give a small amount of methyl lodide,
some olefinic material, presumably dimethylbutenes formed by dehydro-
chlorinatlion of the alkyl ‘chloride, and 297 ml of crude triptane boiling
at 78° to 83° ¢, with nD2° = 1.3932. Two passages through silica gel
gave a product of the following propertles, compared with those of high-
purlty material:

High-purity
Property - Present material
preparation (reference 5)
Refractive index, np~° 1.3807 1,387
Density, d,°° 0.6896 0 .69000
Freezing point, ©C -26.1 -25.059
Boiling point, ©¢ 81.0 (Cottrell) 80.879

The yield of crude triptane emounted to 51 percent of the theoretical.

In subsequent experiments it was found that a large excess of alkyl
chloride offered no addventage, a 2- to 3-percent excess giving a compara-
ble yleld. The excess chloride was found to be eagily removed by bolling
the crude mixture wlith a 5-percent solution of potassium hydroxide 1n
alcohol.

In each of geveral experiments, the yield emounted to h6 to 52 per-
cent of crude triptane. The time allcwed for addition of chloride was
varied from 3 to 8 hours, end the temperatire of reaction from 0° to 30° C
without any appreciable change in yleld. In one experiment, in which iso-
octane (2,2,h- trimethylpentane) was used ag & solvent the yield was 48
percent.

. Under the conditicns of hydrochlorination, 2 3-dimethyl-l-butene was
found to add hydrogen chloride more easily than 2,3-dimethyl-2-butene.
The unreacted elkene which was recovered when a mixture of the two was
hydrochlorinated was found to be practically pure 2,3-dimethyl-2-butene.
Very clight decomposition of 2-chloro- 2,3-dimethylbutane takes place
when it 1s boiled at atmospheric pressure.
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2-Methyl-3-Ethylpentanse .

This octane was prepared by hydrogenation of the olefins which re-
sulted from the dehydration of 2-methyl-3-ethyl-3-pentanol. The carbinol
was prepared by the action of ethylmagnesium chloride on isobutyl iso-
butyrate.

To a solution containing 90 moles of ethylmegnesium chlorids in 20
liters of ether was added 6335 grems (44 moles) of isobutyl isobutyrate
in 10.5 liters of ether. The product was dried with sodium carbonate and
distilled in Column 6. There was obtained 5680 ml of 2-methyl-3-ethyl-
3-pentanocl (55° to 57° C at 48 mm Hg). Dehydration was effected by re-
fluxing the carbinol with 0.2 percent by weight of B-naphthalene sulfonic
acid, which gave 5235 ml of crude alkene mixture, boiling at 114° to
119° ¢. Since dehydration of 2-methyl-3~-sthyl-3-pentenol should yield
two alkenes: mnemely, 2-methyl-3-ethyl-2-pentens (b.p. about 117° ¢} and
h-methyl-3-ethyl-2-pentene (b.p. sbout 116° C), both of which yield the
same alkene on hydrogenation, no attempt was made to separate the two.
The alkene mixture was dried with calcium chloride and distilled from so-
dium. A portion of the distillate (k721 ml) was hydrogenated to the
- alkens, which, after two distillations from sodiuvm and filtration through
silica gel, amounted to 4Q50 ml. The compound was finally fractionated
in St111 1, yielding 3300 ml of materia.l which hed a rofractive index
cons'bant within 0.0001.

2,3, 3-Trimethylpentane

This hydrocarbon resulted from the reaction between 1sopropylmagne-
sium chlorido and .t-anyl chlorid.e.

To 90.5 moles of 1sopropylmagnesium chloride in 30 .9 liters of ether
solution was added 9600 grams (90 moles) of t-amyl chloride during a
period of about 12 hours. Stirring was continued until separation of
. solid material prevented sdequate mixing. Then the reaction mixture was
allowed to stand 2 to 3 weeks at 15° to 20° C until no more Grignard re-
agent was present. The product was treated with ice and dilute hydro-
chloric acid and the resulting organic material distilled in Columm 3.
After a forerun of ether, 1isoamylens, and t-emyl chloride, there was ob-
tained 4400 ml of crucle 2,3,3-trimethylpentane (31l-percent yield) which
. boiled 112° to 115 C. When refractionated in Columm 1, the crude paraf-
fin gave 3600 ml of fractions for which np~> = 1.407h to 1.4075. . Redis-
tillation of accumilated foreruns from several batches gave an sdditional
quantity of puro materisl. From several runs a total of 39 liters of
pure 2,3,3-trimethylpentane was prepared.

Early experiments on this preparation were made in which a large ex-
cess of Grignard reegent was. assumed to be desirable, tut 1t was found
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that the yleld of product was amctually decreased by an excess of Grignard
reagent. For exemple, in one run in which 72 moles of isopropylmegnesium
chloride was allowed to react with 57 moles of ¢-amyl chloride, the yleld
of 2,3,3-trimethylpentane was only 21 percent.

2,2,3-Trimethylpentane end 2,3,4-Trimethylpentane

By fractionation of several cute of alkylate mixtures, 38.6 litors
of 2,2,3-trimethylpentane and 37.9 liters of 2 , 3, 4-trimethylpentane were
prepared. The source meterials were alkylatee, hydro-codlimers, end i1so-
octenes which had accumulated at the laboratory. These materials totaled
-approximately 85 gallons. Some of them were partially fractionated, same
were "as received." :

The unresolved alkylates and residues were roughly fractionated in
Stills 10 and 11 into concentrates rich in 2,2,3-trimethylpentene and
2,3, k- -trimethylpentene. These concentrates were redistilled in Column 1ll.
Most of the materisl was obtalned by these distillations. Foreruns, in-
termedlates, end afterruns were agein fractlonated in Stllls 1 and 2.
From a totsl of 47 distillations there were obtained 38,610 ml (at 25° C)
of 2,2,3-trimethylpentans (np2° = 1.4026 to 1.4029) end 37,955 ml (at
250 ¢) of 2,3,k4-~trimethylpentans (nDE° = 1.4041 to 1.4045), Physical
"constants of the two compovnds were msasured and agreed well with those
measured on the pure materilels, as reported 1n references 4 and 5.

2,2,5-Trimethylhexane

The presence of 2,2,5- trimethylhexane in lsooctane residue was re-
ported by Brooks, Cleaton, and Carter in 1937. (See reference l1.) By
distillation of an additional 76 liters of this materiel in Still 10, a
concentrate rich In this nonane was obtslned. This concentrate (h525 ml.,
b.p. 123° o 125° &, np®° = 1.399 to 1.400) was refractionated in Still
l. There was obtained 2005 ml of 2,2,5- trimethylhexane with a refractive~
index range of 1. 3995 to 1.3996.

2,3,5-Trimethylhexane

This nonane wes prepared by hydrogenating 2,3,5-trimethyl-2-hexens,
which resulted from the reaction of isopropylmsgnesium chloride on 1-
chloroe-2,3~dimethyl-2-butene. There was also formed a small amount of
2,3,3,4- tetramethyl -1-pentene in this reaction.

2,3-Dimethyl-1,3-butadiene .- Pinacol hydrate, prepared by the method
of reference 5, was dehydrated to anhydrous pinacol by distillation in
Columme 4 to 7. These distillations were carried out at atmospheric
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 Prédsure’ yntil the head temperature reached 122° G, wheh the pressure was
* -reduced to 8 millims'bers of mercury. At this pressurs the anhyd.rous
: pinaool distilled. at 111 to llh° Ce & .. .

T order to detsrmine the optimum conditions for conversion of the
glycol to 2 3-dimethyl -1 3-'bu‘bad.iene, g series of test runs were mede.
' 'Thb resul'bs are shown in the following ta‘ble-

¥

' fDEH@ﬁATION OF PINACOL T0 2,3-DIMETHYLBUTADIENE-1,3 -
et - AND PINACOLONE (3, 3-DIME'I‘HYL-2-BUTANONE)

' . S ' - Yield ( percant) of -
[ Pinacol "o Catalyst .. 7 Dimethyl-
"{Rua | taken | -. . : butadiene Pinacolone
st | o !
ool b53 .5 grams 48- percent hydro- b5 s .. 29
S 'bromio a.cid St g o
2 : ..500' 5.0 grams B-na.phthalene sul— .36 - : ~ 3k
4.0 1 -fonica.cid : i
3 -1 500 5.0- grams 'o-'boluene sulfonic ko - Y ',.-31
o racid oo, : .
k1 500 | 7.0 grems eniline bydro- - 18 15
. . 'oromide . . . . A N

In these experlments, the pinacol was refluxed with.the.catelyst in Col-
t vmms 5-0r 7. The product of each rum was washed, dried, and. distilled in
:~ Column.6 for analysis. ' From the results.of. '(_:hese experiments , 1t was

i 'goncluded that 48-percent hydrobromic scid was :the best gatalyst of those
tried for this dehydration.: '.By dehydrating geveral batches of pinacol

© (2.5 t0.3.0 kg per batch), :17.% liters.of. 2,3+dimethyl-1,3-butadiene was
propared which boiled 68.3° to 7L..5° O at 758 miliimeters. .. ..

«Xk=Chloro-2,3-dimethyl-2-butene .-. The addition of hydrogen chloride
- to: 2,3=dimethyl~1,3-butadiene was accomplished :in the apparatus described
.+ in-referencé 2. .The reaction chambers were kept at.-30° C, and dry hy-
drogen chloride end alkadlene added simultanecusly, The daily output of
the apparatus was 1.0 to 1.5 liters of chloride. The product was freed
of dissolved hydrogen chloride by aeration with carbon dloxide and stored
over sodiwm carbonate. Distillation analysis showed that the reaction
was prax:tic:a.l],;,r quantitative. The product used for further synthesis
boiled at 32° ¢ at U5 millimeters of mercury.
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2,3,5-Trimethyl-2-hexene .~ To an ether solution of 62 moles of isc-
propylmegnesium chloride was added 7.32 kilograms of l-chloro-2,3-dimethyl-
2-butene. The reaction mixture became very viscous, and it was necessary
to add more ether at intervale. The reaction was worked up after U days
and the orgenic material was dried, the ether removed and the crude res-
1due distilled through Column 3 (b.p, 70° to 71° ¢ at 90 mm,
np=° = 1,4299). Although there was no appreciable forerun, & large amount
of high-boiling material (175° to 200° C) was present. This material was
not identified, but is presumed to be polymers (dimers and trimers) of
the alkediene formed under the influence of the Grignard reagent.

The crude 2,3,5- trimethyl 2-hexene contained a considerable quantity
of chloride, . the greater part of which was removed by boiling with alco-
holic potassium hydroxide. Hydrogenation of the crude alkene gave 2,3,5-
trimethylhexane, which was filtered through silica gel and distilled 1n
éolumm 3. From 2500 m! of materiasl, there were obtained 900 ml which

boiled 13192 ¢ (np®° = 1.4060 to 1.4061) and 50 ml of & hydrocarbon
vhich boiled 1%41.9° C (n92° = 1.4k218), The latter was identified as
2,3,3,k-tetramethylpentene by comparison with a sample prepared in another
manner. A residue of sbout 1 liter which boiled sbove 165° C resulted
from this distillation. This residue was probably formed by the action
of potassium hydroxide or hydrogenation catalyst on the unsaturated helide
vhich was present in the crude olefin. Obviously, most of the Grignard
reagent wae dissipated in side reactions rather than by coupling with the
chloride in the expected menner. This tendency could possibly have been
decreased by carrying out the reaction in a more dilute eolution.

This preparation was made in 1939 at the suggestion of Dr. C. E.
Boord of Ohio State University. The goal was the preparation of 2,3,5«
trimsthylhexane and 2,3,3,4-tetremethylpentane. The reaction yielded
about eighteen parts of the former to one part of the latter. These two
hydrocarbons probably resulted from the action of the Grignard reagent on
two isomsrs of 2,3-dimethylchlorobutene. These two isomers probably were '
l-chloro-2,3- dimethyl 2-butene, formed by 1,4 addition of hydrogen chlo-
ride to the diolefin, and 3-chloro-2,3~ dimethyl 1-butene, formed by 1,2
addition. The former chloride would be expected to react with isoPropyl-
magnesium chloride to give 2,3,5~trimethyl-2-hexene, and the latter chlo-
ride to to give 2,3, 3,h-tetramethyl-l-pentene.

E. T. Cline has made a study of this reaction (reference lh), in
which hydrogen bromide, rather than hydrogen chloride, was used. He odb-
tained a ratio of alkenes of 1.6 parts of 2, 3 5e trimethyl-e -hexene to 1
part of 2,3,3,k4- tetramethyl l-pentene.
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2,2,4-Trimethylhexane

*In 1937, Brooks, Cleaton, and Carter (reference 1) isolated en wn-
nown nonane from the residue obtained in the distillation of isooctane
(2,2,4-trimethylpentane), which was tentatively identified as 2,2,h-
trimethylhexane. In order to exteblish the identity of this hydrocarbon.
a semple of 2,2,hk-trimethylhexane was prepared, and a comparison of phys-
ical properties mede. -

Dilsobutylsne was oxidized by sodium dlchromate, as described in
reference 15 by Whitmore, Homeyer, end Trent, to gilve trimethylacetic
acid and 4,h-dimethyl-0-pentanone (methylneopentyl ketcne)., The oxida-
tion of diisobutylens isomsrs is discussed more fully in later mections.

To 7.0 moles of ethylmagnesium chloride in 1L0O ml of ether solution
was added T7h2 grams (6.5 moles) of k4,4-dimethyl-2-pentanone (b.p. 124° ¢
at 760 mm Hg, np=° = 1.4038) in 800 ml of dry ether. The reaction mixture
was allowed to stand at room temperature for 35 hours, refluxed for 6
hours, and then worked up in the stendard manner. The organic material
was washed, dried, and distilled in Columm 4. Tn addition to ether and
recovered ketone, 409 grams (2.9 moles) of 3,5,5-trimethyl-3-hexanol and
84 grams (0.6 mole) of nonénes resulting from premature dehydration of
the carbinol were obteined. The purified carbinol was dehydrated by heat-
ing with B-naphthalene sulfonic acid (1 gram) to give a mixture of alkenes
which boiled 127° to 132° C. The yield was 335 grams (91 percent). This
alkene mixture has been analyzed by Whitmore and Cook (reference 16) who
Pfound by ozonolysis that it contalned approximstely three parts of 3,5,5-
trimethyl-2-hexene, one part of 2-ethyl-4,6h-dimethyl-l-pentene, and a
trace of 3,5,5-tirimethyl-3-hexene. All these compounds give the same
- alkane when hydrogenated, so no attempt waes made to -separate them.

" The slkenes were hydrogenated, and the product filtered through
silica ‘gel and distilled in Column 5.  The middle 70 percent of the dis-
t1llate, which distilled at a constent temperature, was redistilled.in
the same .column, the middle 25 percent of the distillate from the latter
distillation was used in the measurement of physical properties. The
propertlies of the synthetic material are given in teble 2 and are compared
in the following table with the properties of 2,2,k-trimethylhexsne, which
was lsolated . by the present authors. The identity of the two is proved
by deta on the freezing point. of the 50:50 mixture. :
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Bynthetio material Fraction from
Property - 2,2,h-trimethylhexane | imooctane residue
' ‘ (reference 1)
Boiling point at 760 mm Hg, °C 126 .54 126,51
Change 'in bolling point with
pressure, °C/mm Hg 00.0503 m--
Freezing point, ©°C -123.4  (mp) : -129.53
Freezing point of mixture, ©C -12k.19 -124.19
Refractive index, =np=° 1.4033 1.40312
my > . ~ 1.k010 ~--
Donsity, gm/ml, a2¢ o : ~ 0.7156 20,7153
a=s 0.7118 ) ~—-

8The published density, 0.7048 {reference 1) of the material isolated
from iscoctane residue was in error. A recalculation of the original date
gave 0.7153, redeterminstion gave 0.715k.

2,2-Dimethyl -3~-Ethylpentane

The synthesis of 2,2-dimethyl-3-ethylpentene wag carried out iIn the
Pollowing steps: (a) Reaction of t-butylmegnesium chloride with carbon
dioxide to give the Grignard complex of trimethylacetic acid, (D) reac-
tion of this complex with ethylmagnesium chloride to produce 2,2-dimethyl-
3-ethyl-3-pentancl, (c¢) dehydration of the carbinol to 4, h-dimethyl-3-

"eothyl-2-pentene, and (d) hydrogenation of the olefin to 2,2-dimethyl-3~
ethylpentane. :

To 50.2 moles of t-butylmagnesium chloride in 18 liters of ether,

' cooled to 5° C, was added 3 killograms of solid carbon dioxide in small
pleces while the reaction mixture was being stirred. Stirring was con-
tinued while the mixture came to room temperature and while it was heated
to reflux for 2 hours. It was then cooled and 104 moles of ethylmagne-
sivwm chloride in 20 liters of ether was added slowly. After addition was
complete, the mixture was stirred for 6 hours and allowed to stend at
room temperature for 2 days. The vroduct was distilled in Columm 6.
From this distilletion was obtained 3485 grems (48.2 percent yield) of
carbinol (b.p. 90° to 95° C at 50 mm Hg,.152° to 176° C'at 756 mm Hg,

np°C = 1.4417, d%° = 0.851). The carbinol was dehydrated by heating
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with B-naphthalene sulfonic acid to give 3600 ml of alkene. Fraction-
ation of the crude alkene Iin Colum 5 gave 2680 ml of purified 4, k-
dimethyl-3-ethyl-2-pentene. . The alkene was hydrogenated, snd the product
filtered through silica gel and distilled in Columm 1. From this distil-
lation 1650 ml of constant-boiling 2,2-dimethyl-3-ethylpentane

(np®° = 1.41225 to 1.41230) was obtalned.

2,4-Dimethyl-3-Ethylpentane

Preparation of 2,k-dimethyl-3- .othylpentane was acccmplished by hydro-
" 'genation of the alkenes which resulted from the dehydration of 2,k-
dimethyl-3-ethyl-3 -pentenol. The carbinol resulted from the action of
ethylmagnesium chloride on 2,4-dimethyl-3-pentanone (diisopropyl ketone).

To 76.2 moles of ethylmagnesium.chloride was added T5 moles of 2,k-
dimethyl-3- pentanone during 2 days. The product was recovered by addi-
tion of ice and ammonium chloride to the.reaction mixture, and by subse-
quent distillation gave 5650 grams (52.3 percent) of 2,k-dimethyl-3-ethyl-
3-pentanol. A pure sample was obbtained by redistillation of the best
Portion of the crude.

' The carbinol was dehydrated wilth B-naphthalene sulfonic acid to give
© 6110 mlL of crude alkene mixture. A charge of 2 liters of the dehydration
product was fractionated in Columm 5 for analysis. The individual olefins
woére recovered in the ratio of 77 percent of the lower-boiling 2,4-
dimethyl-3-ethyl-2-pentene to 23 percent of the higher-boiling h-msthyl-
3-1sopropyl-2-pentene. A sample of each of these isomers was redistilled
for determination of physical constents. The valueg obtained were:

_ . 2,h-D1meth;}1;' L-Methyl-3- | -
Property 3-ethyl-2- 1sopropyl-2-|
T Dentene pentene
Boiling point at 760 mm Hg, °C | ‘130.5 138.7
Refractive index, np?° - | 1.h227 - 1.4349
. . | .
125 1.k20h 1 14306
Density, 42° . o | 0.7433 0.7584
a=° 0.7385 0.7550 -

Hydrogenation of samples of both alkenes yielded the same alkane.
The alkene mixture (b.p. 128° to 140°.C) was hydrogenated and the result-
ing product distilled.in Colwm 4. The portion boiling 136° to. 139 C
was filtered through silica gel and refractionqted in Column 1. .
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In 1945 the preparation was repeated on a somswhat larger scale.
For this preparation, 2,h-d4methyl-3-pentanone was fractionated in Still
11. Only the purest fractions obtained (b.p. 124.6° to 124.7° C,

np=® = 1.4015 to 1.4017) were used in the subsequent synthesis.- The car-
binol was the product of reaction of the -Grignard reagent prepared From
260 moles of ethyl chloride with 223 'moles of rédistilled ketone. The
reaction product was-distilled in Columm 21.tntil thée head temperature
vaes 130° C. A sample (1600 grams) of the residue was:distilled in Column
L, From this distillation there-were obtained 1130 grems of pure carbi-
nol (2,4-dimethyl-3-ethyl-3-pentancl, b.p. 94.5° to 95.0° ¢ at 47 mm Hg)
and gbout 200 grams of less pure materiel. A semple from the middle cut
of this distillation was reserved for 'physical constants measurements.

‘The rest of the umdistilled residue was dehydrated, with B-naphththalene
sulfonlic acid, and the dehydration products were.washed, dried;.end dis-
tilled in Column 11, Analysis of the distillation curve showed the pres-
- ence of 77 volume percent (13.ht liters) of lower-boiling olefin; and 23
volume percent (4.0 liters) of the higher-boiling isomer. In this distil-
lation a best semple Trom each .of the. plateaus was reserved &nd redis-
tilled in Columm 17 for physical«constants measurements. Hydrogenation
‘of - the olefins was carrled out as previously described. The paraffin was
fractionated in Columms 17, 18, 19, and 20. There was obtained 11,800 ml
,of pure hydrocarbon for engine tests. Physical constents of materisls
- synthesized 1in this later preparation are given in table 2. ' .

*2,2,3-3-Tetremethylpentane {Tetrane): . . . .

~ The synthesis of 2,2,3,3-tetramethylpentane (& new compound desig-
‘neted tetrans) was first accomplished in 1940 (October-December). .The re-
" action involved (a) preparation of 2,3,3-trimethyl-2-butanol. (triptanol)
'from 3,3-dimethyl-2-butanone (pinacolone) end methylmagnesivm bromide,
- (b) reaction of this carivinol with hydrochloric .acid to, give 2-chloro-
© 2,3,3~trimetaylbutane (triptyl chloride), and (c) reaction of the chlo-
~ride with ethylmagnesium chloride to give the nonane and 2,3,3-trimethyl-
' ' 1-butene (triptene). .

From 82 mgoles of pinacolone and 84 moles of methylmagnesium bromide,
56:5 moles of 2,3,3-trinethyl-2-butanol was prepared. This carbinol was
-dissolved In ether, and the solution sheken with several portions of con~
. centrated hydrochloric acld. Samples of the ether solution were removed
periodically. The sublimation point of the crude chloride from these
semples rose to 131° to 133° C. Recrystallized chloride was found to sub-
1lime at 133° C. The chloride solution was washed, dried, end added to 115
moles of ethylhmagmesium chloride. The mixbure was stirred Ffor 3 hours and
. then allowed to stand for .k weeks at room temperaturs.

*Compounds designated with asterisks are. belisved -to be.new compounds.
. , _ R D R :
: it L

.
be
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_ After the reaction mixture was worked up, the organic materlal was
distilled in Column 6, and ylelded 2100 ml of recovered triptene (tri-
methylbutene) and 1900 ml of crude 2,2,3,3-tetramethylpentane, which was
contaminated by a considerable amount of triptanol. The carbinol was
filtered off as the hydrate, and the filtrate dried and filtered through
81lica gel. The volume of nonane recovered was 1250 ml, which represents
a yleld of 9 percent, based on ‘the originel pinacolone. Distillation of
this material in Columm U4 gave 1087 ml of hydrocarbon which was collected
at 88.6° to 88.7° C at 159 millimeters of mercury. A portion of this ma-
© terial was recrystallized repeatedly, until the refractive index and
freezing point were unchanged by further crystallization. Physical con-
stants vere measured on this sample. A second run of this preparation
was made in March 1941, in which recrystallized triptyl chlaride was
reacted with an equimolar quantity of the Grignard reagent. In this case
the yleld was increased to 22 percent, based on the chloride.

Procurement of 10 gallons of this hydrocarbon was undertaken in
1gk1, Part of this (2.9 gal) was prepared at Ohio State University the
rest was prepared in these laboratories. This large-scale preparation
" was carried out by a modification of the technique developed at Ohio
State University. The chloride was added to the Grignard reagent in
elght equal portions, in 8 successive days, while the reaction mixture
was kept at 35° C. .

An lmproved method was devised for the preparation of the large quan-
titles of triptyl chloride necessary for this synthesis. The equipment
conslsted of three reactors, made from 30-inch lengths of 12-inch pipe,
closed at both ends with companion and bvlind flanges. One end of each re-
actor wae fitted with a emall steel valve (1/4 in.). These reactors were
refrigerated (-30° C) and were connected to a manifold through which hy-
drogen chloride could be admitted to each. The roactors were charged with
triptene in wide-mouth bottles. The flanges of the reactors were secured
by bolts and the reactors were allowed to stand until cold. Hydrogen
chloride was then admitted wmtil the pressure was 100 to 120 psi. The
pressure gradually fell as the gas reacted until the pressure was about
50 to 60 psi.. Then the process was repeated umtil there was no appreci-
.able change in pressure during an hour. The excess gas was released, the
system purged with dry slr, and the product removed. The yleld was prac-
tically quantitative. The product was uncolored end contained a small
amount of excess hydrogen chlorlde. Thils excess was converted to alkyl
chloride by adding a small amount of olefin to each jar and allowing to
stand uvntil reacted. By means of this technique, 20 to 35 liters of
triptene was converted to the chloride in 1 working day.

To 300 moles of ethylmagnesium chloride there was added 300 moles of
triptyl chloride in eight equal portions during 8 days. During this time,
the reactlion mixture wae heated to reflux temperature and stirred. At the
end of 2 to 4 additionel days, whem ell the Grignard reagent had reacted,
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the mixture was worked up with lce and hydrochloric acid and washed four
times with water. Distlllation of the ether, and of most of the triptense.
was carried out from the reaction kettle. The distillate was drled and
redistilled in Column 12 or 13 for recovery of triptenea.

The residue in the reaction kettle was boiled with scdium propylate
in propyl alcohol until the product was substatlally free of chloride.
After the product was washed, 1t was gteam distilled, and the distillate
dried end bolled with alcoholic silver nitrate to remove the last traces
of chloride. Then the product was filltered, washed several times, driled,
and distilled in Columns 11, 18, 19, ani 20, From two runs as doscribed,
which were worked up together, there was obtained 14.92 kilogrems (116.6
moles) of tetrane which wes 99.6 mole percent pure. This represents a
vleld of 19.h percent. A total of 21.7 kilograms was prepared by this
method. :

*2.2,3,h-Tetremethylpentane and 2,3,3,k4-Tetremethylpentane

The first preparation of these two nonanes was accomplished in June
19kl by hydrogenation of the alkenes (reference 17) formed ty the dehydre-
tion of 2,2,3,h»tetramethyl-3~pentanol. The carbinol was prepared by the
reaction between methylmagnesium bromide and 2,2,L4-trimethyl-3-pentanone.
This ketone was the result of oxidation of 2,2,4-trimethyl-3-pentancl,
one of the products resulting from the action of t-butylmagnesivm chloride
on isobutyraldehyde.

‘The method of reference 17 was used to prepare 2,2,4-trimethyl-3-
pentanol. To 55 moles of t-butylmegnesium chloride was added 3960 grams
(55 moles) of isobutyraldehyde. Distillation of the orgenic resction
products gave 4290 grams (33 moles, 6O-vercent yield) of 2,2,h-trimethyl-
" 3-pentancl. The carbinol was oxidized to pentamethylacetone (2,2,4-
trimethyl-3-pentenone) with potessium dichromate and sulfuric acid, by
method of Faworsky. (See reference 18.) From 32 moles of carbinol,
there was obtainod 3150 grams (24.6 moles, T7-percent yleld) of ketone,
‘which was distilled in Columm 5.

The 2,2,4-trimethyl-3-pentencne (24.6 moles) in 6 liters of ether
was roacted with 26 moles of methylmsgnesium bromide, end the product dis-
tilled in Colum 5 until the temperature reached 1430 C. At thils point
dehydration of the cerbinol was beginning to take place, so the distilla-
tion was Interrupted, and the clear, slightly yellow residue (2950 ml)
was dehydrated with S-naphthalene sulfonic acid.

. " From the dehydration there resulted 2410 ml of alkens ﬁiituré, which
was dried and distilled in Columm 3. The followlng Ffractions were ob-
tained: ' _
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Boiling Range ' ‘ :
Fraction (Head temnerature) Volume | tqentification
o (oc) (mi)
1l 91 to 119 23 | Forerun
2 119 to 124 1550 3,3-Dimethyl-2-
- isopropyl-l- butene .
3 124 to 129 200 | Intermediste ‘
i 130 to 135 600 | 2,3,3,4-Tetramothyl-
l~-pentene :
5 >135 120 | Residue

Fractions 2, '3, and 4 represent a combined yield of alkenes of 15.9
moles (65 percent based on 2,2,4-trimethyl-3-pentenone). Semples from
the middle of the plateaus repreaented by frections 2 and 4 wére resserved
for physical-constants measurements. No attempt wes made to imolate
2,3,k4,k-tetramethyl-2-pentens, a very small quentity of which was found
by Whitmore end Teughlin in- reference 17.

The alkene fracticn which dilstilled 119° to 12’4-0 C was hydrogenated,
and the product was filtered through silica gel and diastilled in Colum
3. There was obtained 1CT7C ml of hydrocarbon which boiled 133.7° to
134.1° ¢, np=° (uncorrected) = 1.4147 to 1.4150. ("Uncorrectéd" meens
no correction for possible instrument error,.) Redistilletion of this ma-
terial gave 930 ml collected at 133.8° C. Physical constants were ‘deter-
mined on & sample from the center of this fraction.

| The alkene fraction I was treated 4n 1ike menrier, ' and yielded 347 ml

. of material 'collécted at 142 ¢ (mncorrected), fractions of which showed

a refractive-irdex range np=° (uncorrected) of 1.h21g to 1.k220. A
‘sample from ‘this diatillation was reserved Por determinsation of physical
constants. . A21 intermsdiate fractions, foreruns, residues, end material
eluted from silica gel were hydrogenated end distilled in Colum 8. In
this way, there were ohtained an additional 200 mi of 2,2 3 P tetr&methjl-
pentane and 145 ml of 2,3,3,k- tetramethylpentane.‘

Tests on thess. two hydrocarbons demonstrated the adviaability of pre-
paring larger quantities. Consequently, 10 gallons of each was synthe-
sized at Pennsylvania State College. These hydrocarbons were purifisd in
these leboratories for engine tests by" diatillation in Column.l. New
pure samples for measurement of physical -constants were obtained concur~
rently. The improved data are given in table 2.
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Dimethyl-Zinc Synthesis of Three Tetramethylpentenes

An olefin co-polymer fraction containioe 3 L h-trimethyl-2-pentene
and 2,3,k-trimethyl-2-pentene wae reacted with drv hydrogen chloride un-
til about 60 percent of the olofin was converted to chloride. This
chloride-olefin mixture was treatel with dimethyl zinc in a solvent of
hydrogenated co-dimer, which containel 2,2,3- and 2,3,h-trimethylpentanes.
The resultent product was hydrogemated to a mixture of hydrocarbons, all
known to have superior characteristics. This study led 'té-the «syntheses
of these compounds in & pure state by this method.

Secondary and tertiary butyl alcohols were co-polymerized in the
presence of sulfurlic acid in the manner described in refersnce 19. A
portion of tho product was analyzed by distillation in Column 1 and was
found to contain the diisobutylenes, 2,L4,Lk-trimethyl-l- and +2-pentenes
(25 percent), 3,4,hk-trimethyl-2- pentena (23 percent), 2,3,L4-trimethyl-2-
pentene (37 percent), and higher-boiling material (15 percen+) The rest
of the olefin mixture was roughly separated by distilletion in Column 5.
The fractions which boiled 107° to 120° C amounted to 9740 grams and con-
sisted of 2,3,4-trimethyl-2-peritene and 3,L4,4-trimethyl-2-pentene as major
components. Part of this fraction (6300 grams) was fractlonated in Col-
umn 2. By this distillation there were obtalned 1150 grams of 3,u, k-
trimethyl -2-pentene (npao = 1.4230, 25 = 1,4205, 42° = 0.7392,

= 0.7350, b.p. 112.1° 4o 112.80 C? and 1865 grams of 2,3,h-trimetdyl-
2 -pentens (n 20 = 1.,4275, ny®° = 1. 4230, 420 = 0.743M, 425’ = 0, 7391, b.p.
116.3° to 116.5° c) . . ' ,

These two alkenés vere reacted separately with hydrogen chloride at
-60° C in an apparatus described in reference 2 wntil approximetely 60
percont of the alkene had been converted to alkyl chloridse. The products
were washed, dried and. f“actionated in Columen 3. In this way, 716 grams
of constant-boiling 3~ chloro 2,2,3~trimethylpentane was obtained from the
3,4, k-trimethyl-2-pentene. The chloride from 2,3,4-trimethyl-2-pentens
(1h10 grams) was Probably a mixture of 2-chloro- 2,J,h ~trimethylpentsane
and 3-chloro-2,3,k- trimethylpentane. Bince these two chlorides were cx-
pected to yield two different nonanes (bv reaction with dimethyl zinc)
with boiling points differing by about 8° C, Ho attempt wes made to sepa-
rate the chloride mixture. Physical_cpnstants meagured on the chlorides
are. 1ncluded in table 2.

2,2,3,3- Tetramcthylpentane.- In the apparatus, and bJ the technique
descrived previously, 4.15 moles (61k grams) of 3-chloro-2,2 » 3~ trimothyl-
pentane in 700 ml of iscoctane (2,2,k- trimethylnentane, 8- verevence
fuel) was allowed to redct with the dimethyl zine from 7.75 moleé of
methyl lodide. The dimethyl zinc wes In & solution with 500 ml of iso-
octane. The bath temperature for the reaction was 7° C. The product was
boiled for 2 hours with 5-percent potassiim hydroxide in alcohol, washed,
and fractionated in Colwrm 4. Thils distillation gave:
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Boiling range < . _
Fraction | (Head temperature) Volume Refractive index, npzo
' (°c) (ml)
1 96 to 100 1130 1.3918
2 100 to 110 65 | 1.4059
3tok 110 o 116 231 ©1.4195 to 1.4225
5 116 to 138.6 27 1.k226
6 138.6 to 140.3 39 1.ko26
7 140.3 50 | - 1.k233

Distillation of the residue was continued in St11l 8 and gave:

L

8 140.3 7 . 1.h232
9 (Restidue) >140.3 10 . 1 h379 .

" Fraction 1 was recovered solvent. Alkene by-products of the reac-
tion, formed by dehydrochlorination of the alkyl chloride, were contained
in fractions 2 to 5. By the low refractive indices of ’chese fractions,
1t is indicated that this material consisted mostly of 3,4,k-trimethyl-

- 2-pentene. The yield of 2,2,3,3-tetramethylpentane (fractions 6,7, and
8) amounted to 37.7- percent based -on alkyl chloride. Fraction 7, after
filtration through silics gel, Led the following properties: freezing
point, -11.85° C, boiling point, 1ho.eo° to 140.23° ¢ at 760 millimeters
of mercury; refractive index, npZ°= 1.4233, np=® = 1.k211; density,
d2% = 0,7565, 4%° = 0,7527." It may be seen that the product was of high
purity whon these Properties are compared with those of the-pure sample,
ag listed in table 2. The freezing point indicates s purity of about
.99.5 mole percent. . .

2,2,3,4- and 2,3, 3 - Tetramethylpen'benes. By -use" of the same proced-
ure as dlescri‘bed. two runs were mede in which & total of 8.35 moles of
" the mixture of 2- end 3-chloro-2,3,4-trimethylpentanes was reacted, at
©10° ¢, . with the dimethyl zinc from 15 5 moles of methyl iodide. The com~
'bined products were refluxed with alcoholic potassium-hydroxide, washed,
dried. and distilled in Colwmn 4. This operation gave:
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Boiling range
Fraction | (Head ?em?erature) Volume | Refractive index, np=°
=l

(m1)
1| 95 to 100 2051 ' 1.3917
2 ‘100 to 115 116 1.40
3ok | 115 to 119 : Lo ©1.4269 to 1.4267
5 119 to 130 31 : 1.4219
6 to 8 130.0 to 133.5 139 1.4158 to 1.4150
9 "133.5 t6 13k.0 138 - 1.k152
10 134 to 1k0 . 6k - 1.4183
The residue was distilled in St1ll 8, and gave:
11. 100 to 215 . | = 0 . 1.k212
12 141.5 to 142.0 60 1.4218
13 142.0 to 143.0 20 1.hk221
1k 143 to 165 - 10 . 1.272
15 (Residue) ~===ceuwa- 83 1.4570
1 : o {

Fraction 1 wag recovered imococtane; fractions 3 to 4 were alkene by-
products, indicated to be mostly 2,3,4-trimethyl-2-pentene by the refrec-
tive indices. The total yield of tetramethylpentanes {fractions 6 to 1k)
emounted to 30 percent, based on alkyl chloride. These tetramethylpen-
taiies conslgted of about 71 percent of 2,2,3, 4u tetramethylpentane and
about 20 percent of 2, 3, 3,k4- tetramethylpentane.

: Fraction 9, after filtration through silica gel, had the following
properties: freezing point, -122.54° C, boiling point 133.3° to 133.4° ¢
at ‘760 millimeters of mercury, refractive index, n 2o’ 1.4h148,

np=° = 1.4127; density, d=° = 0.7397, 4%° = 0.735 Theme valuves are in
agreement with those reported Por the pure 2,2,3,4- tetramethylpentane in

* table 2. Fractlon 12 was £iltered through silica gel, and the eluent usmed
for measuremont of physical properties. These properties were -found to
be: boiling point, lh1.3° to 1k1,4° ¢ at 760 millimeters of MOrCUry; re-
fractive index, np3° = 1.4217, np25 = 1.4196, density, a4=° = 0.7545,

425 = 0.7512. Theme data agres with thome reported for purer 2,3,3,4-
tetramothylpentene In teble 2,

A tetramothylpentane, assumed to be 2 3,3,h tetramethylpentane, was
prepared by Dinerstein (reference 20) in 19h0 by action of dimethyl zinc
on 3-chloro-2,3,k-trimethylpentane. Later work by Enyeart (reference 21
end by the present authors shows that the hydrocarbon described by
Dinerstein was 2,2,3,4k-tetramethylpentane.
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¥2,4-Dimethl-3-Isopropylpentans (Triisopropylmetians)

The recent preparations of triisonropylcarbinol by the action of
isopropyl lithium on 2,h-dimethyl-3-penteanone (4iisopropyl ketone) (see
reference 22) and by the action of isopropyl chloride on diilsopropyl
ketone in the presence of sodium (see reference 23) have male avallable
a method for synthesizing triisopropyluethene (2,4-dimsthyl-3-iscpropyl-
pentane). A quantity of this compound has been prepared by the use of
isopropyl lithiwm. '

Preliminary work on this reaction was performed in seversl smsll-
scale experiments, in each of which 10 gram atoms of lithium, 6.5 moles-
of isopropyl chloride, 5.k moles of diisopropyl ketone, andi 2000 ml of
golvent were used. During this study, it was found thet technical 2,2,k-
trimethylpentane (1lsooctene) served admirably as a solvent when its use
wvas augmented by efficient stirring and exlernal cooling of the reaction
nixture. No preliminsry purificaticn of the solvent was necessary and
the hazards accompanying its use are much less than those of petroleum
ether, used by the original investigators. (See reference 22.)

The preparatlon of the conslderable quantliles of finely divided
lithiwm requlired was expedited by the use of a small laboratory rolling
rill. While the 1ithium was being worked In the mill it was_lubricated
and coated with & mixture of £0-percent isooctane und 20-percent 1ight
minersl oll applied by means of an oil can. This technique tended *o
prevent the lithivm from sticking to the rclls and also prevented excem-
sive oxlde foymation., The rolled pleces, about 0.003 inch thick, were
cut into ribbons and then into sguares in large shellow pan under 1so-
-Octane . ' . . Co.

The yilelds in all the preliminsry runs ampunted to 18 to: 22 percent
of carbinol. No appreciable change in yleld was experlenced when the
reaction between 1sopropyl lithium and diisopropyl ketone wes carried out
at 99° C, the temperature of boiling isooctene, rather. then at 35° G,
the temperature used by the oiriginal investigators. L

. After the technique of hendling the reaction hed been sufficilently
developed, a large run was-carried out in the 50-gallon stalnlecs-steel
kettle. Tha total quantity of reactants used was: 159 gram atoms (1.10
kg) of lithium, 115 moles (9.03 kg) of iscpropyl chloride, 80 moles (9.13
kg) of diiscpropyl ketone, and 55 liters of isooctane. The quentity of
isopropyl chloride was relatively larger than thsat used by the criginel
Investigators in order that e minimum amoumt of lithium be left unreacted
and that any loss occurring through the reflux condenser be replenlshed.
The dlisopropyl ketone was constant-bollinz material obtained by redis-
tillation of the commercial product in Still 11.
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The kettle was flushed with nitrogen and charged with 31 liters of
lsooctane. About helf the lithium was added and the reaction started by
the addition of 1 liter of 1sopropyl chloride in 1 liter of 1scoctane,
and by warming the jacket to 35° C. The remainder of-the lithivm was
added In three additlonal charges during the next Eé days. During the
first 3 deys, a mixture of the remeinder of the isoproprl chlorlde in an
equal volume of iscoctane was added in four charges.

A solution of diisopropyl ketone in 1l.4 liters of isococtane was
added during 8 hours, while the reaction temperature was hell at 15° to
60° C. After addition was complete, the mizture was waxrmed and stirred
for 5 hours, after which 1t was cooled. Decomposlition of the reaction
mixture was effected by the addition of 25 pounds of cracked ice, fol-
lowed by a solution of 1l pounds of ammonium chloride in 5 gallona of
water. The aqueous lsyer was removed, and the organic leyer weshed Live
times, each time with 3 to 5 gallons of water, after which 1t was with-
drawn and drled overnight with potasslum carbonsate.

Fractionation of the product in Columm 6 gave: recovered isooctane,
diisopropyl ketone, boiling point 121° to 126° C, 2355 grams; intermediate
fractions, 240 grems; and triisopropylcarbinol, boiling point 104° to
110° ¢ at 50 to 55 millimeters of meicury, ¢576 grams. This represents a
yield of 20.4 percent based on the diisopropyl ketone added. A pert of
the trilsopropylcerbinol was redistilled, and a pure sample col'wcbed from
the middle of thies distillation for the measurement of physical ccastants.

The carbinol was dehydrated by distillation from anhydrous copper
sulfate, From 16 moles of triisopropylcarbinol, 1k.l moles (90 percent)
of crude 2,4-dimethyl-3-isopropyl-2-pentene, was obtained. Water recovery
amovnted to 80 percent. The crude olefin was dried over calcium chloride
and distilled in Column 6, Ffrom which 1372 greame of material, which boiled
153.2° to 153.6° ¢ at 756 to 759 miilimeters of mercury, np "= 1,h368
to 1.4371 (all values uwacorrected), was collscted. A sample was removed
from the middle of the distil;ation for the measurement of physical con~-
stants.

The olefin was hydrogenated, and distilled in Colum 6, and gave
1100 grems (80 percent) of constant-boiling material boiling point
156.5° C at 749 millimeters of mercury, np=<°=1 h°?h to 1.4236 (all val-
ves uucorrected). This material contained a trace of olefin which vas
removed by repeated filtrabtion through silica gel. Refractionation unier
reduced prossure afforded the means of obtaining s purs sample for
physical-constants measurements,
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Pentamethylpentanes

2,2,3,3,h~ Pentamethylpentane. The first preparation of 2,2,3,3,k-
pentemethylpenteane was carried out in February 1942 by the reaction
between 2-chloro-2,3,3- trimethylbutane and isopropylmagnesium chloride.

To 30.5 moles of isopropyl magnesium chloride in 10.53 liters of
ether solution, there was added, at room temperature, 26.h moles of 2-
chloro-2,3,3-trimethylbutane (sublimation point 132.7° to 13h° €} in 3.5
liters of ether. Afted standing for 3 weeks at 15° to 20° C, the reac-
tion mixture wes worked up in the usuvel manner. The product distilled
in Column 6; gave: :

1k, 8 moles of 2,3,3-trimethyl-1-butene, formed by dehydro-
chlorination of 2-chloro-2,3,3- trimethylbutane_

0.1 mole of 2-propanol formed by'oxidation of the Grignerd
reagent, foumd in an azeotrope with 2 3, 3 trimethyl-1~
butene

2.2 moles of recovered 2-chloro-2 3,3~trimethylbutane

3.1 moles of 2,3,3~-trimethyl-2-butanol, presumably by hydrol-
" . - ysls of the chloride

.05 moles of crude 2,2,3,3,4-pentamsthylpentane

This represénts a yield of 4.0 percent. Another run, in which 19i3 moles
of the ‘'chloride was used and vwhich was kept at 5° C for .3 weeks, then at
room tempérsture for 2 weeks, yielded O b mole of additional crude (3.1-
percent yield). o

The combined yield of crude materisl (300 ml) was fractionated in
Column 8. From this distillation there was obtained 226 ml of material
which boiled 163.7° to 164° ¢ (uncorrected) This product was redis-
tilled in the same colurm, and there was collected 186 ml of constant-
bolling, constent~refractive-index material. The physicel constants of
this product efter filtration through silica gel were: <freezing point
" -37.5° C, np° = 1.4361, 42° = 0.7803, boiling poin'b 165.54° to 165.56°
at 750.5 mi limeters of mercury .

Later, two other méthods for the preparastion of this decane were
investigated. Botk of these methods involved the methylation of 2,2,3,4-
tetramethyl~3-chloropentane. This chloride was prepared in good yield
from the corresponiing alcohol by reaction with concentrated hydrochloric
acid. The chloride decomposed easily when a boiling-point determination
ves attempted at atmospheric pressure. It would not crystallize at dry~
lce temperature and hed an index of refraction np2° of 1.4389. The
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carbinol was prepared by the reaction between methylmagnesium.bromide
and 2,2 h-trimethyL—3 pentanone. o g ],,ﬂJ“.
In one experiment (November 1943) on' the methylation of “this chlo-
ride, 1.7 moles of the chloride in 320 m) of benzene was added to.2.5
moles of dimethyl zinc, using: the previously described tedpnigue. Dis~
tillation analysis of the' produot of reaction showed’the Presence of OB
mole (23.5 percent) of 2-isopropyl-3, 3 dimethyl -1 butene and 0.81 mole. -
(%7.5 percent) of 23,3, h—tetramethyl 1-pentens, both formed by. dehydro-
chlorination of the alkyl.chloride. In addition, there was found 0.38
mole (assuming C,oH,o) of material which boiled 150° to 160°'C, and from
which no pure material could be 1eolated.;ll: L ,.: .
In another experiment (May 19&&), 0.7 moles of 2, 2 ,3, b tetramethyl-
3-chloropontane was treated with 11.0 moles of methylmagnesium.bromide
in ether solution.: The reactidn was allowed to take place over, a period
of 3 weeks at.15° to 22° C. The products of the reaction, as determined
by distillation analysis, consisted of 3.0 moles (28 perccnt) ‘of 2-1so-
propyl-3,3-dimethyl-1-butense, and 5.7 moles (53 percent) of 2,3,3,4-
tetramethyl l-pentens, formed by dehydrochlorination of the alkvl ‘chlo-
ride. In addition, there was found 0.5 mole (k. Z percent) of crude
2,2,3,3, -pentamethylpentans (158° to 167° c, = 1.4354 to 1.4369).

It is interosting to note that in both of these trials,. the dshydro-
chlorination of the alkyl'chloride led “to approximately the seme relative
proportions of the two nonenes; nemely, one part of 2-isopropyl-3,3- .
dimethyl-1-butene,  and: two. parts of 2,3;3, h -tetramethyl- l-pentene. This
proportion is not the same &s cceurs when the carbinol 1teelf is dehy- .
drated Tn that case the: proportions are’ three parts of 2- 1eopropyl 3,3-
dimethyl-1l-butene and one part of 2,3,3,4-tetramethyl-1l-pehtens. (See
reference 15.) . . y

Pentamethylpéntanes from 2,2,3,4,4-pentamethyl-3-pentanol = T.- In '
an attempt to. prepare. 2,2,3,4 h-pentamethylpentane, At hag been found .
that .2,2,3,b4,4- pent&methyl 3 pentanal w1l dehydrate under the influence-
of iodine to.a mixture of two decenes, which cn hydrogenation, yields .
both of the, pentamethylpentanes...n : -

n 1933 Whi tmore and Laughlin (reference 17y reported the d.ehyd.ra-‘
tion of 2,2,3,4,4-pentemethyl-3-pentenol by means of B-naphthalene sul-
fonic, acid to glve 2rt-butyl-3,3-dimethyl- =1-butehe without. appreciable .
rearrangement. . They- also reported a small amount of low-boiling, uniden-.
tified. material. S e - _ : :

‘ Since thie reaetiqn offered a. means of preparing 2, 2 3 h h-penta-:
mothylpentane, a trisl:run'vas mafe. When the’ carbinol Was dehydrated
with B-naphthalene-aulfonic acid at. atmmepherie preeeure, ‘the products
of the reaction consisted of isobutyleme, 2,3-dimethyl-l-butens,
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2,3-dimethyl- 2-butene end only a small -amount. of higher-boiling material.
No 3,3-dimethyl-1- butene was found in the reaction products. Dehydration
of the carbinol with iodine was found to yield. a mixture of decenes, com~
posed of 2-t-butyl-3,3- dimenbyl -l-butene and 2,3,3,k4,4- pentamethyl l-
pentene.

(1) Preparation of 2,2, h-trimethyl-3-pentanone and
2,24 h-tetramanhy113¥pentanone

Preparation of 2,2,h-trimethyl-3-pentanone vas made by the Haller-
Baver synthesis (reference 24) in toluene solvent by the action of sodium
amide and then methyl sulfate on 2,L-dimethyl-3-pentanone. Sodium amide
was made in 90- to 9h-percent yield by the method described in reference
25. The crude 2,2,4k-trimsthyl-3-pentanone was methylated a second time
by the same method to glve 2,2,4 k-tetramethyl-3-pentanone. The manipu-
lative detalls of these reactions are described by Vhltmore and Laughlin
in reference 17. The over-all yield was 58 percent of that theoretically
possible, calculated without including recovered 2,L-dimethyl-3-pentanone
ani 2,2, ﬂ ~trimethyl-3-pentancue, which were recycled in ths synthesis. A
charge of this ketone was fractionated in Coluvmm 1, for the isolation of
& pure sample for physical-constants measurements, In the same column,

& sample of the 2 2,h,h-tetramethyl-3-pentanone was also.distilled for
the same. purpose. . :

(2) Preparation of 2,2,3,4,L4-pentamethyl-3- pentanol

!

A solution of 10 moles of methylmsgnesium brcmlde was reacted with
8.75 moles of 2,2,h,h-tetramethyl-3-pentancne and the product worked up
in the usual mznner. Fracticnation of the product in Colum 4 at a pres-
sure of 5T millimeters of mercury gave a forerun of 307 ml of masterial
which boiled below 105° C. At this point the carbinol begen to solidify
in the condenser and the pale yellow material remaining In the pot was
found. to be quite pure carbinol (melting psint ebove 37° C). A portion
was recrystallized from ether for use in the determination of physical
properties. The yield emounted to 75 peréent of the. theoretical quantity.

(3) Dehvdration of 2,2,3,k, k- nentamethyl—3-pentanol
withuﬁ-navhthalene sulfonic ecid .

Dehydration of 897 grems (5.7 moles) of 2 2,3,4, L -pentamsthyl- 3-
pontanol with 8 grams of B-naphthalene sulfonic acid under a fractionat-
ing colum resulted in the dietillation of & water layer, an organic
layer (855 ml), and about 50 ml of meterial collected in a dry-ice trep.
The orgenic layer, which smelled strongly of sulfur dioxide and hydrogen
sulfide, was washed, dried, and distilled from sodiwm, and gave the fol-
lowing fractions:
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Bolling range . oL
Fracticn (Head temperature) ‘Volume | Refractive index, 'ano
(°c) 1. (=1) ~
1 5k 4  emmea-
2 54 to 57 . 65 1.3908
a3 51 to 71 26 . 1,4033
4 Tl:to 73 . 23 | © 1.b08h4
5 73 to 75 365 1.k100
6 75 to 150 35 1.h223
7 150 to 153.2 ' ol 14375 i
8 153.2 to 156.5 33 . l.khoo
9 156.5 to 157 14 . 1.hh11
Residue 157 22 . mesee-

8Digtillation interrupted.

A conslderable quantity of gas vas evolved during the-distillation.
This gas boiled at about -4° C, was readily absorbed In sulfuric acid,
and absorbed bromine. Regenera+ion from sulfvric-acid solution by neu-
tralization resulted in t-butyl alcéohol. This identifies the d=s as iso-
butylene, The other principal products of the reaction were fr¢cuion
2(2,3-dimethyl-l-butene), fraction 5 (2,3-dimethyl-2- buLene;, aui frac-
tions 7 end 8, which probably contained a mivturs of 2,3,3,4,4-pente-
methyl- l-pentsne and 2-t-ouuyl 3,3-dimethyl-1- butene . Siﬂce the preducts
of this distitlation 314 not V1eld the desired cowpotinde in any appreci-

ble quantity mMore elaboraue analysis wes not"underraxcn.

(h) -Dehydration of 2,2,3,4 h-pentemethvl -3~ pentanol
wiuh 1oéire .

A charge of 2,2 3,&,hipeﬁtdmsthy1~3apentanol (640 grems, 4.1 moles)
wag refluxed with ﬁ grams of 1odine and the piroduct distilled through a
- short: fractionating colum, yilelding 70 ml of water.aad 700 ml of organic
material. The organic layer was washed; dried, and fractionated roughly.
The distillates from three rums were comn*ned, yielding 1950 ml of mate-
riel which, on further fractionation, gave 1800 ml boiling 140° to 155° C.
The residue was senleolid and had en edor simller to that of a carbinol.
The 140° to 155 C fraction wau redistilled into the followlng fractions:
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Boiling range
Fraction (Eeud emperature) Volums Refractive index, nD2°
(°c) (m1) (wmcorrectsed)
1 100 to 1k8.2 55 1.hk31% .
2 148.2 to 149.0 43 1.k348
3 149.0 to 1k49.6 283 1.k355
L 149.6 to 151.0 460 1.k355
5 151.0 to 152.0 . 190 1.4367
6 152.0 to 153.0 55 1.h38L .. .
7 153.0 to 155.0 50 1.h396° . ...
8 155 0 to 15700 26 1. )-l-)-l-lO v -l

A constant-bolling portion of fraction 3 was reserved for determi-
nation of physicel constents and ozonoiysis. At 157° ¢ C, solid material
started to form in the condenser; so the distillation was stopped. The
cooled residue in the Plask was solid mwelting at 34.5° to 37.5° G, but
8 mixture of this compound ani the original carbinol was lilquid at Toou
temperature. The material was soluble in ethor, insoluble in water,
slightly soluble in 85-percent phosphoric acid and was unaffected by
sodivm.

Anelysis showed the presence of 83.1 percent carbon and 13.8 per-
cent kydrogen. Rocause of the volatiiity of the compound, these results
. %3y be low. By ext ending the CH content to total 1CO percent, the anal-
ysis was calcuiated to 85.8 percent carbon and 1k.2 percent hydrogen,
which sgrees with the anslysis of an alksne. The molacular weight was
found cryoscopically to be 142.h (theorj for cloHéo = 1h0 1).

. At this point the disti;laiion of the solid olefin was continued
after provision had been made to.prevent soildification of material in
: the condenaer. This disvi;lamiou gave the f‘»Lowing fractionss Co

s

Boiling rangs

Fraction | (Head temperature} | Welght

(%c) (grams)

9 _ 157.0 to 157.2. | :30.1 .
10. 157.2 t0 158.0° { - 18,6
11 158.0 to 158.2 18,4
12 158.2 to 158.2 277
13 158.2 to 158.9 28.1
1k 158.9 to 159.0 28.3
15 159.0 to 159.0 28.2
Residue 39.1

Ozonolysis was performed on fraction 15.
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{5) Ozonolysis of Alkenes -

‘(a) Lower-boiling alkeme (2-t-butyl-3,3-dimethyl-l-"
butene)

Ozonization of 0.21 mole of alkmne in 300 ml ieopentane at ~5° to
-10° ¢ was sccomplished in 12 houre. Oxygen ccntaining 7.5 porcent ozone
was used at the rate of 7500 ml. per hour. The solvent was nol removed
prior to decomposition because the ozonide proved to be & solid. Decom-
position was effected by msans »f the technique developed by Whitmore ani
Church in refsrence 26, The veactlion was of medium violence and gave
rise to 36.5 ml of oll and 150 ml of water leyer. Analysis of the water
layer showed the presence of 0.15 mole of Formsldehyde end no other low-
molecilar-welght aldehyde or ketone. The oll was distilled to yield
24,3 mi of 2,2,4,hk-tetramethyl-3-pentanone (b.p. 15%° to 155° C¢), which,
when treated with methylmagnee*um,brumide, gave 2,2 3,h,h penuamethyl 3-
pentenol, the identity of which was proved by a nﬂxed melting point with
a known eample.

(p) Eigher-boiling alkene (2 3,3 b h—pentamcthyl 1-
pentene)

In the seme menner as described, 0,11 mole of the hibher~boillng

alkene was ozonlzed in 300 ml of ieopentane gt =100 o0 -20° G to ylold
0.071 mole of formaldehydie and 9 grams of en oil. (b.p. 172° ¢

np2* = 1.4149). This oil gave a positive 1oioform test, and - wes oxidlzed
by 59-percent nltric acid to 2,2,2,3-tet ramethylbutano*c acii. (See ref-
erences 27 and 28.) After sevoral crystallizations from slcohol, this
acid melted at 196° to 197° C, the same value repdrted in reference 29,
The neutral egqulvalent was found to be 147.3, The amlide was prepared end
found to melt at 201.5° to 202.20 C, which dgrees with the melting point
(221° to 202° C) found 'in reference 29. The ketone gave a 2,k-dinitro-
phonylhy®razone which melted at 182° to 183° 0, The kstons was therefdre
considered to be 3,3,4,k-tetramethyl-2-peniencone. (Analysis: I found;
17.20, 17.28 percent; calculated for Cisﬂggh406, 17.27 percent.)

f~(6)-Hydrogenation of the decenes

The crude 1ower-boiling alkene from the dehydration of 2,2,3,k, k-
pentemethyl-3-pentenocl (fractions 2 to 8) was hydrogenateld and filtered
through silica gel, IDistillatlon in Colvmm 5. gave:

i
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: Boiling range S
| Fraction | (Head temperature). | Volume Refractive index, D
(°c) | (m1)
1l to 2 153.4 to 158.k 100 1.11-296 to 1.1{-3074-
3 to 8 158,k ' . 300 . 1.4306 to 1.4307 .
9 to 1k 158.4 to 159.8 303. 1.4307 to 1.4313
15 to 16 . 159.2 to 161 .7 . 97 1.4320 to-1.k341
Residue | eeecemmeccmaca. bt - 1.4360

An anelys'is of tﬁe distillation curve showed the preeence':'of 735 ml of
2,2,3,4,k-pentamethylpentane and 112 ml of 2,2,3,3 ;h-pentémetbylpentane.

Hydrogenation of the higher-bolling: e.lkene wes oarried out ‘In-&
solvent (2,2,4-trimethylpentane). . Distillation gave, in addition to the
solvent, a sme.ll foretrun. and 247 ml of fractions collected at 163 to :
164° ¢ (nD2° = 1.4358 to 1.4361). The best: samples of both decanes were'
reserved for measurement of physical constants. S St -

The yield of &lkanes :Lsole:bed in the pure state (calculated on '
2,2,4, hetetramethyl-3-pentenone) amounted to 25.5 percent.of 2,2,3,k, h-
pentamﬂhylpentane and 11.k percent of 2,2,3,3 ,h*pen’camethylpen’cane. .
These yilelds could rot be used to form & definite“ ‘oplnion of the reac- '
tion, nor cen much weight be placed.on the ratic of ‘products found,
since a loss experienced in the ais’cilla’cion and. handling of 'bhe higher
'boiling d.ecene is not accounted. for. '

Pentamethzlgen’canes from 22,3, 4, k-pentamethyl-3-pentanol < IT ..-'-'-
The second run of this. seéries of reactfons was made to increase -the: -
stock of Hydrocarbons and to obtalin more information on the ra.tio of

prod.ucts fomed. 'by dehydra.tion of the car'binol.-- SRR

..'\

(1) Prepara.’cion of ‘2 2 h-trimetl*gl 3 penta.none

For this second syn’c’hesis, an easier me'bhod. was devised for m.a.king
2,2 h-trimethyl 3-pentenone. This method was an adaptetion of -thdt de-
ecri'bed by Nef in reference 30 who obtained  this Ketone by the -exhaustive
methylation of acetone, msthylisopropyl ketone, diethyl ketdre, or
pinacolono with methyl iodide eni potassium hydroxide in a sealed tube
at 140° ¢. The method used in the prement work substitiuted.the less ex-
pensive methyl bromide for methyl iodide in the methylation of commercial
2 h dimethyl 3bpentanone. " e o

' ~ . L
. v LR

Se‘veral runs of va.rious sizes ‘wexre' made a.nd the resul'bs are sum-
marized In-the following table: * .~ f w0 b chelh el e ol
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METHYLATION OF e,h-anYL-}IPMANONE
BE Yield of 2,2,4-
Methylating 2,4-Dimethyl- |Potassivm . trimethyl~-3~
agent 3-pentancne |(hydroxide|Temperature [Duration| pentanone?l
(moles) (moles) (moles) (°c) (br) (percent) -
CHGT (1.5) 1.2 3.5 140 to 160| 7.0 55
(CEg) 250,(1.5) 1.2 3.5 | 180 to 160 7.2 0
CHBr (k) 4 12 160 o 170| 6.0 35
CH,Br (k) b i 140 %o 150 9.1 15
CH.Br (4} L 12 190 to 200{ - 11.7 35
CHgBr (k) A 6(ca0)| 190 to 200| 8.0 0
CHgDr (W7.7) 39.6 120 200 to 215 - 8.0 57
CHzBr (47.7) 39.6 120 190.to 2007 10,0 5l
CHgBr (L7.7) 39.6 120 200 to 230 8.0 7
"Based on 2,k4-dimethyl-3-pentancne consimed.

These reactions were carried out in hydrogenation: bombs .

‘The bomb

was chilled by solid carbon dioxide and charged with the, reactants, then-

sealed and heated to the temperature indicated.

‘Since the réaction 1is

exothermlc, 1t was 'found d1fficult to hold a predetermined narvow temper-

ature range.

(The operation could probably be mede. more .efficlent by

pumping the methyl bromide into the reaction vessei as it is consumed by
the réasction in order.to obtain more stable reaction conditions. } When
the reaction was complete the bdmb was cooled and the contents washed

.well with water; dried, and fractionated.
.was made to distlll the residue (27 grams).

In ‘onte experiment an ‘attenmpt
It was found to contain

lachrymatory materials, but little, if any, 2,2,k k-tetramethyl-3-

pentanone,
tion products.

None of this compound was found by Nef in any.of his methyla—

(2) Preparstion of 2,2,hJhetetramethyl-3-pentanone

While tho preperation of 2,2,6L4- triméthyl
a now snd slmpler method for synthesizing 2,2,k
was described by Bartlett and Schneider,

3~-pentencne was in progress,
,4-tetramethyl-3-pentancne
(See reference 23.) This new

procedure eliminsgted entirely the necessity of using socdivm amide in the
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synthesis. The Bartlett and Schneidsr reasction involved interaction be-
tween t-butyl chloride, methyl trimethylacolate, and sodivm sand to give
- & mixture of 2,2,k L-tetramethyl-3- pentanonq an@ 2,2, h h-tetramethyl 3
pentanol as. major products. . .
Several small-scale runs (1.6 to 2.0 moles) of this reaction were
made. There was no appreciable difference in the yields of ditertiery-
butyl, comnounds Prom reactions in which’ technidal isococtens (2,2,k-
trimethylnentane) was used as 2 solvent and thoseé in which 1sopentane
vas used. Since the former solvent 1s considered safer, it was used in
the majority of the trial runs esnd in the large-scale run. Slightly
larger (2 to 5 percent) ylelds were cbtained when sodium sand wes used
rather than sodium wiré. In none of the smell-scale runs did the yleld
of. combined ditertiary-pulyl compounds éxcebd 53 percent. (Bartlett
and Schneider report yields up t0 71 percent.) After the technique for
handling this reoaction had been sufficiently developed 8 large run was
made in the stainless-steel kettle.’ :

(a) Methyl trimethylacetate

To & solution of 53 kilograms (177 moles) of sodim dichromate di-
hydrate (technical) in 98 liters of water in the glass-lined reactor was
added 39.9 litors of concentrated sulfuric acid. The solution was heated
to 82° C and 6.6 kilograms (59 moles) of 2,4,4-trimethyl-2-pentene (97
percent pure) was added over a period of 5 hours. The rate of addition
was regulated so that the temperature of. the mixture did not exceeéd 88° C.
.. Then about 3 liters of methyl alcchol was added to use the excess dichro-
mate, and the mixture was subjected to steam distillation. There were .
obtaincd 5.76 kilograms of organic layer and about 30 liters of agueous’
layer. The agueous layer ylelded, on distillation, en additional 0. 82
kilogram of organic material. The crude product was distilled in Col- °
wmns 4 and 5, and yielded 3.91 kilograms of trimethyl acetic acid (b.p.
160° to 165° C; 65.0 percent yield). fThe methyl ester of trimethylacetic
acid was prepared in the usual manner by refluxing a solution of the
acid in methyl alcohol. Sulfuric acid was used as the catalyst.

(v) 2,%,4,h-Tetramcthyl;3_penﬁanone. i L

Sodiwm sand, from 6.3 kilogrems (300 moles) of sodium was prepared
under toluene (22 liters) In the usual manner. The mixture was cooled
to 15° C and 16 liters of technical iscoctane (2,2, h-trimethylpentens)
and 16 kilograms (173 moles) of t-butyl chloride were added. - After the
reaction was initiated by the sddition of a small quantity of ester, the
remainder (total 7.98 kg, 63.5 moles) was added during 4 hours, whilo
‘the temperature was maintained dt 35° to 40° C. Stirring was continued
for 8 hours, then the mixture was allowed to stand overnight. The prod-
uct was worked up in the manher described by Bartlett end Schneider in
roference 23. Distillation gave 2.57 kilogrems (18.1 moles) of- 2,2,k b-
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tetramethyl-3-pentanone (b.p. 151.5° to 156.0° C), 666 grams of inter-
mediate, and 2.72 kilograms (18.9 moles) of 2,2,4,l-tetramethyl-3-pentancl
(bep. 167° to 173° C).. Including the Intermediate, thie represents a
yield of approximestely 61 percent, bamed on methyl trimethylacotate.

. The carbinol fraction and the intermediate containing carbinol were
combined and oxidized in two batches. In each batch 1.36 kilograms’
(9.45 moles) of carbinol and 333 grams of intermedlate were suspended in
& solution of 1255 grame of sodivm dichromate dihydrate 1n 1170 ml of
water. - While the reaction mixture was held at 45° to 60° €, a solution
of 2300 ml concentrated swlfuric acld in 2170 ml of water was added dur-
ing 2 days, after which the reaction mixture was stirred and heated to
500 ¢ for l day. The organic material was then steam dietilled, dried,
and fractionated. There was obtained 1.35 kilograms (9.52 moles) of
ketone (b.p. 151° to 15h C; T8 percent yileld).

In the seme manner, all the 2,2,hL, k-tetramethyl-3-pentanol obtained
in the several preliminary runs was oxldized to ketone, end all the
ketone from the several sources, was combined. This incluled a small
amount prepared by the Haller-Bauer reaction. (See reforence 2k4.)

(c) Preparation and dehydration of 2,2,3,k, 4-
pentamethyl-3 pentanol

The pentamethylpentanol was prepared in the menner already described.
From 6:96 kilogrems (49.C moles) of 2,2,k ,4-tetramethyl-3-pentsnone there
wag obtained 4.84 kilograms (30.6 moless of 2,2,3,4,4- pentemethyl-3-pentanol
(62.6 percent yield). Dehydration of the carbinol vas caused by refluxing
with lodine. In a trisl run, 332 grams (1.98 moles) of carbinol was
bolled with 3.3 grams cf iodine. During 2 hours, 93 percent of the theo-
reticel quantity of water was eliminated and collected. The organic layer
was washed with sodiuam thiosulfate solution and with water, dried and
distilled in Colwsra 17. 'whe charge was 246 grams. The decens fracticns
(b.p. 145° to 158.9° C) welghed 216.6 grems (1.54 moles; 78 percent).
Analysle of the distlllation curve shewed that these fractlons conslsted
of equal perte of the two isomérs, 3,3,-dimethyl-2-t-butyl-l-butene and
2,3,3,4, k-pentamethyl-1-pentene. Treatment of the main portion cf the
carbinol for the preparation of the pentamethylpentanes followsed the pro-
cedure alreaedy described. .

2 2,5, 5~Tetramsthylhexane and 2,2, 4,5-Tetramethylhexane

The synthesis of 2,2 5 5- and 2,2,4,5-totramethylhexenes wae accom- .
plished by the following reactions: (a) ‘oxidation of 2,4,h-trimethyl-1-
pentene to 4,L4-dimethyl-2-pentanoné (methyl neopentyl ketone) (v) oxida-
tion of this ketone to t-butylacetic acid, (c) conversiqn of the acld to
methyl. t-butylacetate, (d) reaction of the ester with g -butylmegnesivm

B
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chloride to give 2,2,5,5- tetrame’chyl-3-hoxanol (o) dehydra.tion of the
carbinol to a m:lxture of 2,2,5,5-tetramethyl-3-hexons, 2,3,5, 5-tetra-
methyl-2-hexene, and 2,3,5,5-tetramethyl-l-hexene, and (f) h;ydrogena’cion
of the first-named a.lkene 'bo 2,2,5,5- tetramethylhexane and of the last
two alkenes ’co 2,2,4,5- te’crame'bhylhexane.-

Oxid.a’cion of 2,4, b-trimethyl-l-pentense.- The oxidation of 2,k,k-
trimethyl-l-pentene was carried out essentially in the manner disclosed
by Whitmore, Homsyer, and Trent in reference 15. Several runs were made
using olefin of 95-percent or higher purity. (The isolation of this
olefin is described later.) In a typical run, 101 moles of alkene was
oxidized during 10 days with sodium dichromate by the slow addition of
snlfuric acid., There were obtained 1800 grems of acidic material end

. 9360 ml of neutral oil which upon distillation in Column 3, gave 215k
ml of forerun, 4150 grams (3é 4 moles) 4,4-dimethyl-2-pentencne (b.ps-
123° o 126° C), and 2000 ml of residue. This yleld of ketone is equiv-
alent to 36 percen’c of the theorstical amount. The aecidic materisl was
found to be a complex mixture containing only minor quantitles of tri-
methylacetic and t-butylacetic acid, and was not further investlgated.

Oxldation of.methylneopentyl ketone.- The hypohalite oxidation of
the methylneopsntyl ketone to t-butylacetic aoid was accomplished by a
modification of the reaction disclosed in reference 15. There sodium™
hypobromite (prepared from bromine and sodivm hydroxide) was used, while
in the present work the .less expensive, commerciglly available caloium
hypochlorite was used. Several small preliminary runs were made to °
develop femiliarity with the reaction before a large rum wes underteken.
Th:caee la.rge runs: were ma.d.e s one of which is described. ' )

- A solution. of 1h.o kilograms of technical sodium hydroxide in 38
liters of water was prepared. This.solution was cooled to 19° C. and %o
it were added sbout 90 kilograms of cracked ice and 13 kilograms of.com-
mercial calcium hypochlorite 870 .percent chlorine). The temperature
thereby obtained was about -k « The ketone (50 moles) was then added
during 3 hours. The temperature of the reaction mixture remained below

+50 C during this addition. An sdditional 25 killogrems of cracked ice
vas added and the mixture stirred for 10 hours, after which 1t was
heated to 65° to 70° ¢ for 5 hours. -After cooling the mixture to 20° C,
19.7 1iters of sulfuric ecid was added slowly and the products steam
distilled, The erude product was distilled in several batches from a
1-liter Clalson flask.  There was obtained 2070 grams (31.3 moles; 63 -
percent) of acid collected botween 180° and 190° C. No further purifi-
cation of the scid was made, . . : i :

Conversion of t-bu‘bﬂ.ace’cic acid. to methyl t-butylacetate.- The.
methyl ester of t-butylacetlic.acld wae mede in the orthodox menner. - In
a typical run a solution of 4140 grams (35.7 moles) of acid and 300 ml
of concentrated sulfuric a.cid in 10 liters (250 moles). of methanol was
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heated to reflux for two periods of 7 hours éasch. The crude product ob-
tained was distilled in Column 5 and gave 3560 grams (27.4 moles; T6.7
percent) of ester, which was collected at 125° to 1270 C.

Preparation of 2,2,5,5-tetramethyl-3-hexanol .- The preparation of
2,2,5,5-tetramethyl-3- hoxanol was carried out by the use of the reaction
deseribed by Moersch (reference 31) which is en adeptation of that used
by Heyd (reference 32). -

To the -Grignard reagent prepared from 326 gram atoms of magnesium
and 325 moles of t-butyl chloride, there was added 6815 grams (52.k
moles) of methyl t-butylacetate during 8 hours., The reaction mixture
was refluxed 7 hours each day for 3 days and allowed to stend each night.
Decomposition was caused by dilate sulfuric acid (17 kg concentrated
acld and 20 kg water and ice). The product was steem distilled, and the
aqueous layer extracted with ether. The organic layers were cbmbined
and the sther removed in Column 1l. The residue was redistilled in Col-~ "
ums 2+ and 7, yielding 6507 grems of carbinol collected at 166° to
170° C.. This is equivelent to 41.2 moles or 79 percont yield. Moersch
reported 85 percent yield (reference 31).

Dehydration of 2,2,5,5~-tetramethyl-3-hexenol.~ Three preliminary
experiments were mede on the dehydration of this carbinol and on the re-
arrengement of the resiulting olefins. In one run, 117 grems (0.70 mole) .
of carbinol was passed over 256 grams (330 ml) of alumine (Beker Hydralo,
lot 919k2) at 300° to 305° C at the rate of 47 grams per hour. The cat-
elyst tube wvas 2.5 centimeters in diemeter. The water recovered emowmted
to 10.8 m! (0.6 mole; 86 percent). : The product was dried eand fraction-
ated in Colum 17. The yileld of decenes smounted to 70 percent (78 per-
cent on basis of carbinol consumed), and consisted of 34.5 mole percorit
2,2,5,5~-tetramethyl-3-hexene, 35.2 percent 2,3,5,5-tetramethyl-1- hexene,
and 30.2 percent 2,3,5,5-tetremethyl-2-hexene.

. In another experiment 118 grams of carbinol was dehydrated wmder °
the same conditions, except that the rate was 98 grems per hour. In
this case, & yiold of 46 percent olefins (73 percent on basis of carbinol
consumed) was obtained. The mixture of olefins contained 34.8 percent
2,2,5,5-tetramethyl-3-hoxene, 42.0 percent-2,3,5,5-tetramethyl-1l-hexene,
and 23.2 percent 2 s3,5,5- tetramethyl -2 hexene.

To determino the extent of rearrangement 'of the olefins, a mixture
of decenes was passed over the catalyst at 300° to 310° C at the rate of
kY grams per hour. Analysis of the resultant mixture showed that the .
original mixture was isgomerized as follows. 2,2,5,5-tetramethyl~3-hexene;
from 13.5 percont to 16.8 percént; 2,3, 5,5~ tetramethyl l-hexene; from
46,2 percent to 31.2 percent; 2 ,3,5, 5 tetramethyl-2-hexene, from 40.0 ‘ .
percent to 52.0 percent. |
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The Bulk of the carbinel was dehydrated in the mammer used in the
first experiment. The resultant mixture was dried and distilled in Col-
um 5. The carbinol recovered was recycled for dehydration., In this
way, 4999 grems of crude olefin mixture was obteined (86.6 percent yield).
Thig mixture was separated roughly in Column 5 into concentrates boiling
121° o 127° ¢, 139° to 145° ¢, and 152° to 158° C, and intermediate
fractions. A sample (300 ml) of esch hydrocarbon was redistilled in Col~
wm 17 for preperstion of pure compounds. The impure fractions from each
of these distillations were returmed to the sppropriate concentrate.

These olefins have been identified previously. (See references 31 and 32.)

Hydrogenation.- Each of the clefin concentrates wasg hydrogenated
separately, es was the combined intermediate. THe last two olefin con-
centrates gave the same paraffin and were combined for distillation,
Purification of both paraffins was accomplished in Column 18. The 'best
500 ml semples from each distillation were redistilled in Colwm 17, and
vhysical constants were measured on the best samples Prom these dietilla—
tions.

o 2,2,3,3- Tetramethylhexane

This hydrocar‘bon, which was synthesized at Pennsylvania Stete College s
vas purified in these laboratories. When received, the sample (2 gal}
contained ehlorides which were removed by boiling with elcoholic alkali,
The product was washed, dried, and fractionated in Colums 19 and 20. The
best portion from one of 'bhese distillations was refractionasted in Column
17. Physical consta.nts were' cle'bermined on the bYest fractions from thils
di gtillation.

*3,3,k4, 4-Tetramethylhexsne -

The method of preparation of this decane is gimilar to that used in
the preparation of 2,2,3,3-tetramethylpentane, and involved the reaction
between ethylmagnesim chlorid.e end 2,3,3-trimethyl- ?-chloropen‘bane.

Tn the exploratory synthesis ,3-trimethyl-1-pentene (b.p. 108.3h°
to 108.40° ©, np2° = 1.4170 to 1 {l-l72) was converted to the chloride,
2,3,3~ trimethyl-z-chloropentane, by reaction with dry hydrogen chloride
a.t -30° C. The product was fractionated in Column 4. The forerun of un~
changed olefin was used in the preparation of more chloride. The chloride
uged in the coupling reaction was that collected between 81° and 82° ¢ at
57 millimeters of mercury.

To the Grignard solution prepared from 10 gram atoms of magnesivm
end 10 moles of ethyl bromide, there was added, during 7 days, 9.3 moles
(1382 grams) of the chloride. On the twelfth day the mixture was worked
up. The ether was removed from the orgenic layer and the residus refluxed
6 hours with alcoholic alkali (10 percent XOH) to remove chlorides. - The
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washed, driled, chloride-free materisl was dlstilled in Column 17. A
large run of the preparation of this hydrocsrbon 1s Iin progress, From
this run a considerably purer compound is expected.

2,3-Dimethyl-1-Butene and 2,3-Dimethyl-2-Butenes

The preparation and properties of 2,3-dimethyl-2-butene and 2,3~
dimethyl-l-butene have been reported previously in reference 5. While
the 2,3-dimethyl-l-butene reported was relatively pure, the 2,3-dimethyl-
2-butene wes decidedly lmpure. The bolling range of the best sample of
the latter was about 0.4° C, even after repeated fractlionatlon; whereas
other hydrocarbons prepared and reported in the same paper had bolling
renges of less than 0.01° C. The wide boiling range has been attributed
to the presence of peroxlides in the sample. This tendency to form perox-
1des 1a much more pronounced In the 2,3-dimethyl-2-butene than in the
one isomer. Since both alkenes result from the same reactlon, the atudy
of both compounds was repeated., The method of preparing the alkenes was
dehydration of 2,3-dimethyl-2-butancl by means of lodine. The carbinol
was prepared by actlon of methylmagnesivm dbromide on methyl lsobutyrate.

Several batches of methyl isobutyrate were made, in each of which
90 moles of methanol and 30 moles of isobutyric acid were refluxed for
6 to 8 hours with 15 ml of concentrated sulfuric acid. The prodvct was
recovered by adding water, extracting the unchanged acild by sodium car-
bonate solution, and saturating the agueous layer with selt to recover
muged alcohol and dlsasolved ester. The combined, nonacidic organic
layer was distilled in Columns 3, -k, 5, and 6. Only constant-boiling
(t0.1° C) material was reserved for subsequent steps. The yleld amounted
to 71 percent of the theoretical based on origlnal isobutyric acid.

In a typical run of the preparation of 2,3-dimethyl-2-butanol 42
moles of methyl isobutyrate was added to 90 moles of methylmsgnesium bro-
mide in 12 hours. After the reaction mixture had beon allowed to sgtand
for 15 hours, 1t was warmed for 4 hours and then treated with ice and
dilute hydrochloric acid. The orgenlc materisl was dried and digtilled
in Colum 6. After ether and wnchanged ester had been removed, tho car-
binol was distilled at 76.L° to 76.6° C at 152 millimeters of mercury.
The ylold was 3120 grams (73 percent, based on ester),

The dehydration of 2,3-dimethyl-2-butanol was accomplished by heat-
Ing 1t with 1 gram of lodine per liter of carbinol. The olefinic mate-
rial thereby obtained wes roughly scparatcd in Column & and consisted of
approximately three perts of 2,3-dimethyl-2-butene and ons part of 2,3~
dimethyl-2-butone. The residue from this dlstillation consisted of un-
changed cerblnol which had steam distilled during the dehydrati-m step.
This carbilnol was returnmed to the dshydration process as 1t eccumulated.
In this way, a practically quentitative yleld of alkenes was obtained.
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Two charges of crude 2,3-dimethyl-2-butens were fractionated in Col-
v 1. The middle cuts from these distillations, the fractions of which
had a constant refractive index (*0.00005), were combined, and amounted
to 3.6 liters of material. The 2,3-dimethyl-1-butene was fractionated in
like manner, and 3.5 llters of material was obtained. The two hydrocar-
bons were then subjected to distillation in Colusm 5 umder conditions de-
signed to destroy any pveroxides present and to prevent their formation in
the distillate. This was sccomplished by adding hydroguinone to the dis-
tillation charge and by keeping the column, teke-off, and delivery systems
flushed with nitrogen. Tn this way, thirty-three 100-ml fractions of each
tiydrocarbon were obtained.

For measuring the physical properties of these olefins the same appa-
ratus end msthods previously described were used, but care was exercised
to Aisplace air in the apparatus with nitrogen ‘during the determinations.
Refrective indices were measured In the usual msnner. Peroxide numbers
(moles of active oxygen in 1000 liters of solution) were determined by
the method of Yule and Wilson (reference 33).

For 2,3-dimethyl-l-butens, fraction 17 was used for determination of
refractive index and density. Ths peroxide number of this fraction was
0.03. Measurements of boiling points of this olefin were made with frac-
tions 16 and 19, The distillate from these determinations contained an
mmnmeagurably smell amount of peroxide., The freezing point of 2,3-
dimethyl-2-butene was mede on fraction 17 (0.07 peroxide numbers
Refractive-index and dernsity measurements were made on fraction 21 (0.03
peroxide number), and boiling-point measurements on fractions 18, 19, and
20 (0.0l to 0.06 peroxide number). The measured valuss of the properties
are given in table 2. ' '

Considerable difference of opinion exists regarding the freezing
point of 2(3-dimethyl-l-butene. Schurman and Boord (referencs 3l4) report
a "melting" point of -120° to -123° C cn meterial having & boiling range
of 0.4° C. Brooks, Howard, and Crafton (reference 5) report a freezing
point of -1&0.19 C on a sample of high purity which, however, wndoubtedly
contained some peroxide. Xistiskowsky and coworkers (reference 35),
uvsing & eample having a boiling range of 0.01° C Por use in determining
the heat of hydrogenation, reported that the materisl congealed to a glass
at low temperatures. Two attompts were made in this work to Preeze sam-
Ples which were peroxide-free, but both were unsuccessful. An attempt to
Preeze samples recovered from the boiling-point distillates, which had
been exposed to alr for 2 weeks also falled., Attempts wers made to Pfreeze
samples containing small amownts of 2,2,4k-trimethylpentane; those samples
containing 0.58 and 2.4 mole percent of this lmpurity failled to freeze.
One semple containing 1.43 mole percent 2,2,:-trimsthylpentane gave sn
indefinite freezing point at -145.4° ¢, This value seems to substantiate
the previous value of -140,1° ¢ (reference 5) and. would indicate a very
low heat of fusion, which may be a controlling Ffactor in the determination
of the freezing point.
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The presence of peroxldes caumed a marked change in the bolling

ranges of these olefins. When semples of pure 2,3-Cimethyl-l-butene
wers distilled in the bolling-polnt aepparatus, the observed temperature
chenges (from 20 to 80 percent distilled) were less than 0.004° C. The
same materlal, after exposure to alr for 2 months showed a dlstillation
renge (20 to 80 percent) of 0,11° C. Still more pronounced 1s the effect
of peroxldes on 2,3-dimethyl-2-butene. Samples containing & smsll quan-
tity of peroxide - (peroxide number 0.04) distllled over a rango of

0.007° C or less, but after this material had accumulated peroxides for
10 days the distillation range was found to e 1.03° C.

In order %o determine the.rate of peroxide formation vmder normal
laboratory conditions, samples of purified alkenes were allowed to stand
at room temperature in contact with alr. Perilodically, portions were
withdrawn . and snalyzedl for peroxides. The results of these enalyses are
given in figures 3 and 4. The great difference in rates of peroxide for=
mation in the two com@ounds may be seen in . the comparleon given in fig-
ure 3.

3-Methyl-2-Pentene (éis and trans)

The two geometrlc 1lsmmers of 3-methyl-2-pentene were Prepared by
dehydration of 3-methyl-3-pentenol, which was formed by action of ethyl-
magnesium chloride on 2-butanone.

To 53.8 moles of ethylmagneeium chloride wag added 55.8 mnles of 2-
butanone in 5 liters of ether. The yleld of carbinol (b.p. 75° to 80° ¢
at 142 mm Hg) was 40 percent of the theoretical. The carbinol was dehy-
drated with B-naphthalene sulfonlc acld to yleld a mixture of olefins. A
charge of 2240 ml of the washed, drlied olefin mixture was fractionated in
Colwum 2, which gave 240 ml of the lower-boiling (cis?) and 960 mi of the
higher-boiling (trans ?) isomers. Physical .constante were measured on the
best samples of each lscmer. Anelysis of the distillation curve showed
that the original mixture contalned 26 percent (by volume) of tho lowor-
boiling and T4 percent of the higher-bolling forms.

The 1dentification of these two olefins as cls and trans 3-methyl-
2-pentene, rather than the 1somers 3-methyl-2-pentene and 2-ethyl-1-
butene, 1s based primerily on mass spectrometer studies. The two pat-
terns formed by analysls of the compounds obvalned ars very nearly lden-
tical. No third component was isolated from the distlllation, although
it 1s probable that one was present in small quantity.

Investigation of Diilsobutylene

It was necessary to isolate large quentities of the two diisobutyl-
enos, 2,4,k4-trimethyl-l-penteno and 2,4,4-trimethyl-2-pentene, in order
to provide samples for engine. studies and for the syntheses of 4,L-
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dimethyl-2-psntanone and trimethylacetic acid by oxidation, For this
purpose, & considerable quentity (450 liters) of the commercial mixture -
was systematically fracitlonated.

The original material was separabed into five "cuts" or concentrates
by fractionation in Colum 1ll. Because of the limited pot cepacity, it
was necessary to perform this operation in batches. Corresponding cuts
from each batch were combined. The date on these distillatlons are sum-
marized in table k. :

. cut A (forermi) conprised an azeotrope containing a small quantity
of 2,h-h-trimethyl-l-pentens with butyl alcohol, slong with other polar
compounds. This cut was not extensively investigated.

cut ¢ (58 1iters), the intermediate between cu'bs B and D, was re-
frectionated in Column 11 to yield 34 liters of 2,k k- trime'bhyl 1-pentene
vhich wes combined with cut B, 1k liters of intermedia:be which was not
further investigated, and 9 1iters cf residue which was added to cut D.
The augmented cu'bs B and D were then designated as B-1l, end D-1, respec-
tivelyc

Cut B-1 (298 liters) was found to be about 96.7 percent pure 2,4, L-
trimethyl-l-pentene; its freezing point was -96.5° C. A 170-liter por-
tion from the middle of this cut was refractionated in three runs and 72
liters of purified 2,4, h-trimethyl-l-pentene was obtained, comprising
fractions with freezing points in the range -93.59° C to -93 550 C.
Physicel constants were measured on one of the fractions of -93.55° C
materiel. These constants agres with those reported by Tongberg,
Pickens, Fenske, and Whitmore (reference 36). This compound has been
identified by ozonolysis by Whitmore and Church (reference 26).

Cut D-1 (95 liters), a concentrate of 2,4,hL- 'brime'bhyl 2-pentene,
was refractionated in two rums. From these dis‘billa:bions, there was ob-
tained 49.3 liters of high purity 2,4,L-trimethyl-2-pentene, composed of
fractions with freezing points from -106.62° to -106 .58° C. A portion
wag refractionated in Colum 1 for isolation of & semple for physical-
constants measurements. This compound was also characterlzed by Tongberg
and otlgrs (reference 36), and identified by Whitmore and Church (refer-
ence 20).

The residuo from distillation of cut D-1 was -fractionated in Col-
umn l. From this distillaetion there were o'b'ba.ined two concentrates,
designated as D-2 and D-3. : o

Cut D-2 (745 ml, b.p. 106.8° ¢, np®° = 1.4149 to 1.4152,

= 0.7265) was pro'bably an impure semple of 2,3,k4- 'brime'bhyl 1l-pentene.
Kuykend.all (reference 37) obtained ths. following progerties for this
compound: D.p. 106.7° to 107.7° C, np=° = 1.41k6, 4=° = 0.726.

20
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Cut D-3 (€ob ml, b.p. 178.0° C, np2° = 1.4162 to 1.4171, 4%° = 0.733)
was g complex mixture in which 2,3,3-trimethyl-l-pentene was the probable
major componont. This paitigl ldentification 1s mede by a comparison. of
the physlcal propertles of cut D-3 wilth those of the 2,3,3-trimethyl-1-
pentene 1lsalated from Shell Hot-Acld Polymer. (See next section.) Since
only smell gquantities of these cute {D-2 and D-3) were avallable, no ex-
tensive investigation was made on them. -

Cut B was coxblned with tha resldue from the preliminsry fractiona-
tions. The combined material (27 liters) was fractlonated in Colum 11,
and ylelded 3.8 liters of 3,k4,l-trimethyl-2-psntene (cls and trans) (b.p.
112,6° to 112.6° C, np2° = 1.k235, 42° = 0.739) and 4.5 liters of 2,3,k-
trimethyl-2-pentene (b.p. 116.1° to 116.20 ¢, ny®° = 1.h275, 47° = 0.7428).
These two compouhds were identlfied by comparlson of their physical prop-
erties with those of pure 3,k4,k-trimethyl-2-pentenc and 2,3,4-trimethyl-
2-pentene. The pure compounds were obtalned by the distillatioa analysis
of Shell Hot-Acid Polymer end by dimethyl-zinc synthesls. Part of this
gemple of 3,4,k-trimethyl-2-pentene was oxidized to pinacolone. The cn-
tire sample of 2,3,k-trimethyl-2-pentene was h%drogenated to 2,3,h-
trimethylpentane (b.p. 113.41° 0, nyP° = 1.4038 to 1.40L0). -

An approximete emalysis of ths original dllsobutylene (gas-free
basis) was made by examination of the digtillatlion ctrves. This mixture
was found to comtain: ' : '

2,4  k-trimethyl-1l-pentene 70.0 percent (by volume)
2,4, b-trimethyl -2-pentene 18.7 '

3,4, b-trimethyl -2-pentene k6

2,3, 4-trimethyl-2-pentense © 3.7

2,3, k-trimethyl-1-pentene}

2,3,3-trimethyl-l-pentene 1.0

Other octene(s) o .

Polar compourds o 2.0

 Investigation of Hot-Acid Polymer (Shall 01l Company)
' (Unfinished project)

The investlgation of Hot-Acid Polymer was underteken to isolate and
purify some of the major constltuents. The gensral method of operatlon
wag the sems as that used In the Investlgation of dlisobutylenes, but for
this work more efficlent, higher-capacity stills (12, 13, 1, and 16)
were avallable. : :

A total of 1041 liters of crude polymer wasg subjected to preliminary
fractionation in five batches. Corresponding cuts from the several
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batches were comblned. In this wey, the polymer was divided into five
portions. The data on these fractionations are given in table 5,

Cut A, which contalned bubtenol-2 was not further Investigated. Like-
wise, the residue has not besn studied.

By refractlionation of cut B, there were 1solated the following mate-
rials:

Cut B-1 = 103 liters, 2,h, k- trimethyl l-pentene, b.p. 101.1° to
101.3° ¢/755 m Hg, np2° = 1.408% to 1.4086

Cut B-2 - 9.5 liters, a mixture of close-boiling olefins, b.p.
107.0° %o 107,10 c/756 mm Hg, np=C = 1.41h4 to 1.41b6

Cut B-3 - 8.0 liters, 2 ,»3,3-trimethyl- l-pentene, «D. 108.0° to
108.1° ¢/753 m Eg, np=0 = 1.4173 to 1.H175

A considersble amount of material between B-l and B-2 has not yet
been lnvestigated. This Intermediate contalns 2 k h-trimethyl-2- -pentens,
'assgciaued with at least two other compounds with boiling points nesr
105° Cc.

Cut B-2 was refractlonated. .The presence of several compounds is
indicated by the distillation data. A sample of B-2 was hydrogenated.
Mnalyeils of the product showed the presence of about 30 percent 2 2,3~
and 70 percent 2,3, b- trimsthylpentanes. '

Cut B-3 wag refractionated for isolation of a sample sultable for
physical-constants measurements. A sample of this material was oxldized
to methyl t-amyl ketone (b.p. 130.8° %o 131.2° C, np>” = 1.4201), of
which the 2,4-dinitrephenylhydrozone melted at 1110 to 112° ¢. Hydroge-
nation of a sample ylelded 2,3,3-trimethylpentene (b.p. 114.5° ¢, -
n32° = 1.k073).

Purification by refractionation of cubt C gave 100 liters of purified
3 h h-trimethyl-2-pentene (b.p. 111.7° to 111, 9°C/75l mn Hg; np=° = 1.4231
1.4233). The best sample from this fraction was used to determine
the physicel constants., The presence of cls and trans lsomers, which
were only partially separated by the fractionation, causes the wide boil-
Ing range. It is thought that the sample reserved for physical-congtants
measurements contained more of the higher-boiling (trans?) isomer than of
the lower-boiling compound. (Oxidation of thia compound by sodiuwm dichro-
mate produced pinacolone in 30 percent yield )
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Redistillation of 120 li'bers of cut D pave hs liters of 2,3,4-
trimethyl-2-pentene (b.p. 116.0° C /75h mm Hg, np2° = .L2"{l o 1, Lot2).

National Bureau of Standards,
Washington, D. C., July 15, 1946
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TABLE 1.~ DISTILLATION COLUMNS

52

Size Pot capacity
sti1l Type Packing
(om) (m1)
1 Total reflux, 600 by k.0 3/16-inch pyrex helices 5000
intermittent
take-olf
2 | eeeemee d0eeceennn (eee toxt) 5000
3 Total reflux, . 150 by 2.0 3/16-inch glags helicee 200 to 5000
variable take-off )
L | eeeemee 1ovewmmnman 150 by 2.0 3/32-inch stainless-steel hel- Do.
1oee from 0.010-inch wire
5 | eeeem-- doeemmmmn=- 150 by 2.2 --do Do.
6 | eeeee-- docemcomen 150 bty 2.2 3/16-inch glass helices Do.
T | emee--- dov--omeen 125 by 2.2 do Do.
- doemmmennn T0 by 1.1 1/16-inch nichroms helices from Do.
0.010-1inch wire Do.
9 | mmewe-- do-mmeran= Lo by 1.0 3/6k-1inch gtainlees-eteel hel- 250
1ces from 0.0065-inch wire
10 | ceme-e- do-=ememu= 243 by 5.1 Sagh ohein 40,000
11 ] eeee-- ~dommenen=n 8§00 by 5.1 90 centimster 1/2-inch carbon 75,000
raschig rings, then 510 oenti-
moter 3/32-inch stainless-
_ steel helicee from 0.010-inch
wire
12 %13 | ---ee-- do-==cceue 1600 by 10.2 3/8-1nch porcelain raschig ringe 227,000
1 ] eeeee-s dowmmmcnee 1600 by 5.1 %50 oentimeter 3/8-inch porcelain 227,000
raschig rings, followed dy 1550
oentimster 3/32-inch etainless-
steel helicee from 0.010 inoh
vire
1 | eeee--- L 1600 by 2.7 do 113,000
17 Podblelniak 127 by 0.8 Heli-grid 250 to %000
Hypercal
18 | ecevee- do-m=mmm=n 127 by 2.5 do 250 to %000
19& 20 | -eeenmes do--====== 250 by 2.5 do 250 to 5000
21 Dephlegmator 120 By 3.5 3/16-1nch glass helicee 22,000
controlled take-
oft
22 to0 25 Totel reflux, 183 by 2.5 3/32-inch stainless-steel hel- 500 to 5000
varigble teke-off 1oces from 0.010-inch wire
26 46 27 |  —--e-e- A0-mmmenan 183 by 2.5 3/16-inot glaas helices 500 to 5000
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TASLE 2 .~ PHYSICAL PROPERTIES OF OOMPOUND PREPARED

NACA TN No. 1247

[Valuee are belisved to bLe precise to Within & few unite in the lest place giveny

Fressing | Boiling aynfep ars | Density | 4D/at [Befractive index, dn/at Date
point point at 760 cm Eg | 20-80% [a% 20°0 | at 2590 | 20-25°C [ at 20°0 | ot 25°0 |20-25°C | firet
Compound, in alr |at 760 mm Hg preparation
(oc) (°0) (oo/_ 38) (oo) (dnl) (g/ll) (g/ml/‘d) (np[‘O) complated
Pent -123, 6,075 0,0388 0.006 | 0.62619 | 0.62133 | ~0.00097 | 1,35746 | 1.35480 |-0,00053 | Jamary 1GHL
Zai‘éx&i‘:um. -1§§.é: 327.55:5 do.gzzss , | ©0.006|0.62963 | 0,61155 | ~0.00002| 1.35357 | 1.35067 |-0.00058 | Decesber 1339
2, 2-Dimethylpropanc -16, 9.% 0,0361 0,017 j====== | ====o= b acaooa ] Dlllil | cmmeon | ameees April 19%2
b-Methylpentane =153, 73 60,2 0,08 0,002 | 0.65285 | 0,6usk8 | —0,00088| 1.371M1 | 1.36856 |-0,00055| Jamary 1944
3-Hethylpentene & af 634265 0.0426 0,005 | 0,66438 | 0465972 | ~0.00093| 1.376 1.37376 | ~0.00054 ] Novembar 1940
2, 2-Dimethylbutans b 100,06 45,733 b 0,007 0,008 [ 0,64923 | O, 2 | ~0.00100| 1.36673 | 1.36585 -o.oooag Hay 15
2,3-Dimethylpertane nf 89,787 0,0450 0,002 0.29510 0,69090 | ~0,00084| 1,391 1.3859%0 | ~0.000 August 19
2, -Dimethylpontane ~119,86 Zos 0.0431 o.ooi 0.67315 | 0466879 | -0.00087 1.331 51 1.37903 [ ~0.000! Kay 1941
2-Hathyl~-3-etkyipeatone =~105,94(WF) 115, ? 0. 0477 0. 0.71931 | 0.71523 | ~0.00082| 1. 3 1 1.U0L73 [ -0.000 Jazuary 1gllu
2,2,3-Irinethylpentare ¢.112,32 [ 108,847 0,0L48T 0,002 | 0.72608 | 0.T1201 | ~0,00061| 1,k0280 o052 | -0,000U6 | anguet 19
2,3,3-2rinothylpontace ~101,6 124,767 0.0491, 0.00% | 0,72621 | 0.72229 | -0.00079| 1,40757 [ 1.40521 | ~0.00647| Ooctober 1940
2,2, i~Frimethylhaxane =123, 1P) 126,54 0,0503 0,011 | 0.72555 | O.71178 | -0,00076| 1.40328 1.hoo9ﬁ ~0,00047 | Oatober 2942
2,2,5-Trimethylhoxace ~105,89(MP) 124,092 0,0485 0,005 | 0.70721 | 0.70313 | —0.000€0;{ 1,39956 1.ig;2 -0,00047 | July 15W
2,3,5~-Frinethylhaxans -127. 131,37 o0,0kg2 0,021 | 0,72191 | 0.71792 | ~0.00080 1.\340601 Lo ~0,00047 | Juno 19WL
2, 3-Dinetryl-3-athylpentane -99.10 133.83 0,0506 0.002 [ 0.T3478 | 0.73100 | ~0,00076| 21,1227 | 11,4014 | ~0,00043 ¢ Septembar 13:)&
2, 4-Dimethyl-3-ethylpentane - -122, 1%(6).71 0,0504 0,009 0.73?3 0,735 | ~0.00076 1.lu3£1 W14 | -0,000! November 19
2,2,3,3-Tctransthylpentane -10,04 140, 26! 0,0%12 0,009 | 0. 75676 | 0.75300 | ~0,000T! °1.h2§65 € 1. 42246 | ~0.000 June 1992
2,2,3, -Tetromcthylpenteane ~122,2 133,010 Q,0501 0,007 | 0473915 | 0.T3537 | ~0.0007 1,0862 | L.hi2ke | ~0.00044( July 19
2,3,3, -Tetromethylpintans -102,14% 111, 544 0,054 0,002 | 0.7 0.75012 | ~0.00075| 1.ke222| 1. —0,00043 | Novester 19
2,2,3,3}-Tetrcmothylhexane 54,03 160,320 0.0538 0,005 | 0,7 hﬁg 0,72080 | ~0.0007H| 1.kes12] 1,B2 ~0.00041 | November 19US5
2,2,14,5-Tetramcthylhe xane af 147.875 0,052 0.011 | 0.735 0,73165 | ~0.00075 1.%1321 | 141093 | ~0.000U6| October 1
2,Z.E,E:!etronsthylhcznne ~12,64 137. o.gﬁgo 0.004 | 0.71875 | 0.71480 | -0,00079] 1. 1,40315 | -0.00047{ Augaet 19
3,344, i-Totranethylhexane ol 170.0 0. 0.57 | 0,782 0.7789 | ~0.0007 1,5368 | 1,13 ~0,0004 | lugnet 1?5“5
2, 4-Dinathyl-3~1isopropylpentans ~B1.75 157,042 0,054% 0,012 | 0,75826 | 0475460 | ~0.00073] 1,42L65| 1,L42246 | —0.000UE| HKarch 19!
2,2,3,£,N—Plntmethy1pmtme -36]»9 166,05 0,0552 0,039 | 0,78009 | 0.77675 | ~0.00067] 1,43606| 1.,43M12 | ~0.00039| Tebruary 19k2
2,2,3, 4, -Pentamethylpentare 38,81 159.29 0.0537 0,052} 0.76702 | 0.76362 | 0. 1.43069 | 1.42868 | ~0,000 Octobor 19
3-Methyl-2-pentena {I.3.1,) =135.4 67.8 0,039 0,16 | 0.6342 | 0.6898 | -0,00088] 1,4016 1."5339 —0,00054| &eptember 19%2
3-dethyl-2-pentene (E,H.I.) =138.5 70.5 0,037 0.17 | 0,6986 0.29 ~0,00088] 1,40 1.4018 | -0,000 Septonber 1942
2,3~Dixsthyl-1-tutere nf 554641 o.oiza 0,002] 0.67792 | 0.67312 | —0.00096] 1,390 1.385785 | ~0.00080| Tebruary 19
2,3-Dimethyl-2-butene ~7%30 730206 0. QU2 0,006 0,70795 | 0470336 | ~0.00092] 12.M1222 | 1.b09Uk | -0, Qotober 1313
a:i. fricethyl-l-psntans nf 10844 0. 035 0.27 | 0.7352 | 0.7308 | -0.000B8] 1.MaTh | 1.5 -o.ooog April 19k§
2,1t h-Prinethyl-1-pentene 93,56 101,437 0,0l59 0,003 | 0,71500 | 0,71076 | —0,000 110856 | 1.U0601 -o.% June 1943
a,g.h-mrsnethy1—a~pantona =113,38 116,2 0,093 0,082| 0.74342 | 0.7391% | —0,0008| 1, 1,142500 | -0. July 149%2
2,8, U-Trinsthyl-2~pentene =106, 51 104,914 0,0170 0,007 | 0,72124 | 0.71700 | -0.00085{ 1.M1 1.413% | ~0,00050] July 1943
34y li-Prinethyl~2-pentens (OT) nt 12, 0405 0,42 | 0,7392 | 0.7350 | —0.00083} 1L.uz35 | 1,%220 | ~0,00050| July lgh2
2.345-Princtlyl-2-hezeme = | <e---- g (go ng) ..... JRNIES RGN e I L4899 | oo | ooo-i- Qetober 19%0
am,
ﬁ.ﬁ.}.k—ﬁatrsncﬁw‘l—l-‘pmme ------- 133.2 o.gg% 0.30 0.7231 0.75%9 | -0.,00076] 1.4306 | 1.4es3 | ~0,00048] November 19N
ethyl~3~1eapropyl-2~pent cno of 1;2.%2(” \ 0, 0,88 | 047627 ] 0.7591 | —0.00072] 11,4353 | 1.8328 | ~0,00049| Auguet 1940
m
2,4-Dinethyl-l-ethyl-2-pentens ~83 5 12. zm .J) 0,0k59 0.073 | 0.74392 | 0.73997 | ~0,00079] 1,U2346| 1,422012 | ~0.00047| Aoguet 1940
4, h-Dimethyl-3-ethyl-a-pent {c) of 1381):.?150 | 0.0466 0,060 0,7561 | 0.,7521 | ~0.,00079] 1.%309 | 21,4285 | -0.,00019| August 19l
nn
3,3-Dinethyl-2-~1asapropyl~1l-vutenc -78.2 122,21 0,0502 0.037] 0.73614 | 0.73228 | ~0,00077] 1,46l 141131 | ~0.00048| October 1912
2:3.5; f~Tetrenethyl-l-hexene nf 1k2.8 o.m o.?ss 0,7 0,7407 | =0.00082 1.1&2229 1.kzclg ~0,00046 .m.; ;; 3
+243 454 5~Letrenathyl-2-hexens nf 156,2 0,049 034 | 0.7659 007622 | -0.,0007H 21,4374 | 21,4350 | ~0,00048) July 1945
a.a.s.g:mnnn-mym-z-heuna (or) -h.gz 125.013 Q,0450 0,010| 0.T2673 | 0.71223 | ~0.00090( 1,411 140890 | -0,00052| July 1945
2,343 Iy I-Pantamathyl-1-pentene +38, 155.{5 0,054 o.oig Septecbor 1944
2, i-Direthyl-3-iecpropyl-2~pontend =553 152, 0,051 0., 0,7680 | 0.7637 | ~0.000£W 1,377 | 1.1353 | ~0.00057| February 19%5
3 o3=-Hnethyledmtmbutyl~l-~butane ~62,9 150,3 0,052 0,22 | 0.7710 0,7671 | =0,00077] 1.43%3 1,4339 | —0,00040] aprid 19
2,3-Dinethyl-1,3~butadiens | -=--=- 68,5-T1e5 | =-ee- el 0a7267 | mmmmm | amaee- L4388 | aamem § omee-ea May 2540
3-¥othyl-3-pentancl -23.6 ¢ ) 0,039 0,30 | 0.8286 | 0.8243 | ~0.,00086] 1.M186 | 1.,4163 | ~0.000U6| Auguet 19%1
80 (150 mm
2,3~Dinethyl-2-Intarcl -10.1 ng.iz S 0,037 0,042| 048236 | 0,8193 | =0.00086] 11,8170 | 21.4aug | -0.000U%| October 19U3
76 (150
345, 5-Irinsthyl-3-hexanol -—-- 71 (5 m)  ---- === 048350 | camm-m ] amaaea 1352 | ameee [ oaees JFuly 195
2, I-Dimethyl-3-ethyi-3-pentancl «26.0 17'2.? | 0.D88 0,70 | 0,8588 | 0.8543 | -0,00089] 1.W439 | 1.4M6 | -0.00045| Juiy 19%
96 (50 om
2,2-Dinethyl-3~sthyl-3-pentancl ~19.0 1;1): (50 ) 0.05 1,55 | 0.8572 | 0.8526 | ~0,00091) 1,bk2g | 1,4M05 |-0.000%7 | Jwdy 191
e
2,2,3, 4-Tetranethyl-3-pentancl +12,8 15.?50 Y 0,047 0,83 | 0.,8565 | 0.8525 | ~0.00085] 1,04h05 | 1,428 [-0.000%7 | July 1941
- )
2, -Dicethyl-3-1ieopropyl-3-pentanol ~14,7 194, - 0,051 0.77 |0.2632 | 0.851° | —0,00053[ 1,480 | 1,1458 |-0,00043 | December 1ghlk
b1 om)
2,2,34 4 I-Pentanathyl-3-pentanol +h2.1 1944 0,059 0.38 Potruary 1944
2, 2,4-Trinethyl-3~pertanonoe ~25,02 136,190 0,0kg5 0,007 | 0.80654 | 0,80229 | -0,00085| 140596 | 140389 |-0,00042 | June 9WL
2,2, b, -Tetranethyl-3-pentonone ~25.24 153,521 0,0521 0,010 | 0.82409 | 0.82027 | ~0,00076| 1,41927 | 1.41712 |[~0.00043 | Jamuary 1ghk
Ethyl frinethylacetate -B9.55 118,35 0,0453 0,061 | 0,85467 | 0.84952 | -0,00103 | 1,39061 | 1,38821 |[-~0,000U8 | June 29%1
J~Chlaro-2, 2,3~Trinethylpentane ~17. 87 (62 mn)|  ~---- ====10,9066 | ======] =------ .y | mm-==m | ommmee- July 1942
a-chloro-ad-g:'ﬂr!-mhvlp-ntm +10. 82 ‘(g/ o 0.9105 | 0.9065 | ~0.00080( 21,4457 | 1,l436 |-0.00042 [ June 15U5
2-Ohloro-2,3, *Trinsthylpentans -—-- 82,85 (60 m) ~---- - | 0,288 | —-=-T- ] ---—- 1LMB | —--mem | mmmaes Sugaet 13%2
3~Onlore-2,3,4-Trinathylpentane .
1-0hlore—2, Pinothyl-a-tutena -—-- 32 {5 m) ~---- ST (U [ S [Ty NI, [, Koy 1940

& gymbolet nf, material became very viecous or glasey wWithout freezing

ailine eolid;: nd, material oconeidered too i

1:13 cinty WP, melting pointj L.B.I., lower-boiling
lgner-bolling geometric leomer; OT, mixture

to a oryet

determination of freez
secmetrio ipomery H.B.I.,

ot geometrlo lmomere.
b gee reference 5.

© Bee reference 4.

4 galoulated frox data given in reference 13.

€ The rofractive indlcoe of 2,2,3,3-tetrametoylpentane were determined

re to warrant

bv Ur. Leroy Tilton on the Optioal Inetrumente Seotion of thie Buresu.
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—
iﬁﬁt Refractive Volumes v“m:f@tiﬁlmﬂ
TEEER | ol Te | mtex, ™ RN Dutene
{ Isopentane 7.9 1.3531 to 1.3533 T28 0.97
2,3-Dimethylbutane 57 <9 1.3749 to 1.37321 2,213 2.97
2-Methylpentans 60.2 1.371h to 1.3T26 20l «30
3-Methylpentans 63.2 1.3761 to 1.3763 ool .30
2,4-Dimethylpentane 8.5 1.3815 to 1.3820f 2,610 34
2,3-Dimethylpentane 89.9 1.3922 to 1.3920} 1,03h4 1.37
2,2,4~Trimothylpentene 99.3 1.3922 to 1.3915| 11,727 15.48

Phe data in this colwm represent the emount isolated having the properties

shown..

It does not constitute an exact anslysis of ths cruds.
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TARLE L.~ DIVISION OF DITSOBUFYLENE BY PRELIMINARY FRACTIONATION

cut | Volume [Tolmne per- | Boiling rangs! | Refractiys inder, Mator constltuents
{11ters) jcent of total (*¢) D -

A 1L 3.1 Below 101.5 1.392 to 1.5082 | 2,4, k-Primethyl-1-pentens,
butyl aleohol, other polar
compounds

B 264 57.8 101.5 to 102 1.5084 to 1.4088 | 2,h,4-Primethyl-1-pentene

c 58 12.6 102 to 10k 1.809h to0 1.4127 | Intermediate, mixture of
2,4, k-trimethyl-1- and 2-
pentenss

D 8 18.7 104 to 107 1.4150 to 1.4160 | 2,h ,4-Trimethyl-2-pentens,
end mmall quantities of 2,3,h-
and 2,3,3-trimsthyl-l-
pentenes, and cther octenes

R 27 6.0 107 to 117 1.4207 to 1.h238 2,3,h-‘1‘rimthyl- and 3,4,k

(includes : trimethyl-2-pentenes
residue) | {includes
residue)
Gas and 1.8
loss
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TABLE 5.~ DIVISION OF HOT ACID POLYMER BY PRELIMINARY FRACTIONATION

Volumes | Volume per- |Boiling range! { Refractive index
Cut | (11ters) | cent of total 11(:§c) np,2° ’ Remarks
A 38 3.7 ' < 101 < 1.408 Forerun
B 200 2h 9 101.0 to 101.T| 1.408 to 1.420 2,h,h-‘1‘rima‘hhyl-
1-pentense
?,3,&:Trimthyl-
E,g‘;;-v;rmi.mthyl-
1-pentene
C. 246 23.6 110.1 to 112,0 | 1.h21 to 1.k23 3,4, 4-Erimethyl-
2-pesntens
D 169. 16-2 113.0 to 116.0 1-"-25 to 1.b26 2,3,’1-—1‘1'11\9171\71-
) 2-pemtene
E 208 20 .0 > 116 cemmmmonan e Residus
Gas and
loss® 11.6

Yottrell boiling-point measurements on first and last fractioas.
2) preliminary distillation of 2 liters indicated over 10 percent gas.
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NACOA TN No., 1847 Fig. ©
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8,83,5,6-Tetramsthylhexane P = 760,90 mm hg
136,51
[«
L ) o 3 ° [ o
135,50 —— S B S
o
o
135,.4
8.485 20 40 80 80 100
. Recovery, perocent
125.83
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126,81 *
o
125.80 = : :
o ° q o °
° o
o
o 185,78
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125,00
]
o L o
124.90 - ° ¥
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101,54
2,4,4-trimethyl-l-pentene P = 761.81 mm hg
101,53
d o [~
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o -
1ol.515 20 40 80 80 100

. Recovery, percent
Figure 2.- Bolling point of four repressentative hydrocarbons.
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Figurs 3.- Rates of peroxide formetion in 8, 8~dimgthyl-2~butene

and 3,3-dimethyl-l-butsene.

Figure 4.- Rate of peroxids formmtion in 2,8-dimethyl-l-butene.
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