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INTRODUCTION

In the paast, Dr. Huston and some of his co-
workers have worked in this laboratory in the fileld
of Alumimum Chloride condensations. So far, the
work with sliphetic alecohols has been completed
through the econdensation of some of the tertilery
dimethyl amyl cerbinols with phenol, and with bengene,
in the presence of aluminum chloride(l).

The writer has hed as his object the preparation
of sufficient quantities of some tertlary dimethyl
amyl carbinols to meke possible the further study of
their condensation with phenol, and with bengens, in
the presence of aluminum chloride.



REVIEW OF THE LITERATURE

2.METHYL, S.ETHYL PENTANOL.p

In prepering this Carbinol in 1908, Clark (2)
used Conrad'!s method for the preparation of ethyl
dlethylacetoacetate which, upon hydrolysis with 10%
KOH, geve the ketone 3.ethyl pentsnone.g in a 60%
yield (bep. 138° C, at 760 mme)s This ketone was
converted to the cardinol dy the use of the methyl
iodide Grignard resgent in an anproximate 15% yleld.
2,3,3. TRIMETHYL PXNTANOL.o

Whitmore and Lsughlin (3) prepared this carbinol
in 1932. Methyl, tertiary amyl ketone (b.p. 129%=
131° C.) was prepared from ascetyl chloride and tertiary
amyl mgnesim chlorlde. This ketone was changed to
the carbinol by a Grignard reaction with methyl
magnesium chloride in a 65% yleld.

The above suthors (4) also renorted this cardbinol
in 1933. Ethyl dimethyl ethylacetate (b.p. 140%-
140.8° Co at 730 mm,) was prepared in a 37% yleld
fromr tertisry smyl megnesium chloride and ethyl chloro-
carbonate. Thils ester was converted to the carbdinol
by means of e Grignard reaction with methyl megnesium
chloride. The reported yleld waa 78%.

In 1936 Buston and Sculatl produced this carbinol
from tertiary amyl chloride and acetone by the
Grignsrd reaction. A yleld of about 5X was reported.



This carbinol was prepared in 1936, also, by
Horton and Hass. It was obtained through the action
of dlethyl magnesium upon 2,3.dimethyl 2,3.epoxybutane
which forms an eddition product that upon hydrolysis
gives the carbinole The reported yield was 34.6%.
2,3,4.TRIKETHYL, PENTANOL.o

The preparation of this carbinol was reported
in 1939 by Huston and Guile (7). The ketone 3,4.
dimethyl pentanone (bape 1356°-140° C. at 744 mm.)
was prepered in a 9.3% yleld from acetyl chloride
snd 2.bromo, 3.methyl butanes The uarbinol was
obtained in e 658.1% yileld through the usual methyl
iodide Grignard reasction.
2,4,4.TRIMETH 'L PENTANOL.o

Butlerow (17) reported the preparation of this
carbinocl in 1877. Dilsobutylene was prepared from
tortiary butyl alechol and sulphuric acid. This,
in turn, was converted to the halide 2_1cdo, 2,4,4.
trimeth;1 pentane by the addition of dry hydrogen
1odide. Trestment of the halide with silver hydroxide
(moist silver oxide) yields the carbinol.



EXPERIMENTAL DATA

MATERIALS .

Tertiary butyl alcohol was Easatman's "practical®,
M.P, 239-25°C,, and was used without further purification
to prepare dilsobutylene.

The bromides of dlethyl carbdbinol, tertiary amyl,
and 1sopropyl were prepared from the corresponding
slcohols; Eastmant!s"technical®™ without further pur-
ificatlon.

Acetone was the C.P. grade dried over sodium
sulfate and twice distilled before using.

Ether used for Grignaerds wes anhydrous dried
over metallic sodiume.

Acetyl chloride was Baker's C.Pes; used without
further purification.

Ma gnesium turnings prepared for Grignard reactions
were dried over calclum chloride in a desloccator
before usinge.

Acetaldehyde wes Egstman's "practical,” distilled
cnce through a column and used immediately.



PRELIMINARY PREPARATIONS
S_BROMO PENTANE

Diethyl cerbinol was added to an excess of 48%
hydrobromic ecid and a bromination reaction was carried
out by refluxing for 8-10 homrs. The reaction mixture
was then distilled and the bromlde layer was separated,
end washed twice with water; then dried over CaClse The
dried bromide was then distilled, collecting o fraction
over a four degree renge, 114-118° c,

Iso-prOpyl bromide (8) was prepared in a similar
manney with the cne exception that sulfurlie acid
was also used in tho bromination. A fraction from
58.5%-60°C. was collected for this hallde.

Tertlery amyl bromide was prepared in a similer
manner to S.bromo pentane, collecting a fraction boiling
at 105-108° C. |

Tertiary amyl chloride (9) was prepared by slow-
ly adding an excess of C.P. concentrated hydrochloric
acld to terﬁiary amyl alcohole After shaking, the
layers were allowed to separate and the upper layer
was drewn off, and washed first with a dilute sodium
carbonate solution, then twice with water. The halide
was drled with calcium chloride and then distilled,
connecting the fraction bolling at 54.5-56° C.

Methyl 1so-propyl cardbinol (10) was prepared
from the Grignard reagent of 1so-propyl bromide and



acetaldehyde, the reection bdeing carried out at «~5°C.
The fractlon boiling from 110-1120C. wes collested
as the products

The preparstion of tho bromide of methyl 1so-
propyl carbinol was carried ocut as follewas To
veth; 1l isoe-propyl cerbinol, at @ «10°C. was added,
vhile stirring, e calculoted amount of phoasphorous
tribromide necessary for a mwlecular equivelent Droe
ninetion, After the eddition was comnleted, the
peaction mixture was ellcwed to wernm up to 25°%C. end
remcin et that tempernture over nighte The next day
the top leyer wes so arated end washed with water
end a dilute sodium carbonate solutions After drying
with celcium chloride, the halide was fracticnsted
with the main fraction distilling at 105-108°C, This
bolling point d1d not correspond to that recorded
in the literstire (11) (114-116° C.)4 but rather, to
tho boiling roint of tertlierr aryl bromides. In oxder
to sey more definitely vhat compovnd was formed by
this bfomtmt.tcn, a porticn of the product weos treatsd
with moist silver oxide in crdcr to econvert the halide
back to an alconols The product obtained hed a definite
boiling point of 100=1020 C., the hizhest terperature
reached dbeing 104°C. This initicated that the bromide
formed was that of tertisry emyl end not the expected
2.bromo, Sumethyl butane,

Hethyl bromide Grignard reagent. A modification



of the methyl chloride preperation (12) was used.
A methyl bromide generator (five-liter, round bottem
flask) waes charged with a cooled solution of 67 mle
of weter, 400 ml. of concentreted sulfuric acid, 587
mle of methyl alcohol, end 1410 grams of sodium bromide
(a theoretical 15 moles)s The generator flask was
fitted with a reflux condenser, on the top of whieh
wus placed a dellvery tube. CGenerstion of the gas
was started by warming e send bath under the flask,
The methyl bromide was passed through a nine bottle
washing train consisting of three saféty flasks (1,5,9),
three bottles of reagent sodium hydroxide solution
(2,3, & 4) to remove any free acid formed, end three
bottles (6,7 & 8) of sulfurie ecid for drying. After
drying, the gas was passed into the Grignard réaction
flask containing msgnesium turnings end ether. It is
edviseble to initielly start the reaction with a
emall quentity of some renctive halide, such as ethyl
bromices It was necessary to sdd snhydrous ether
to the flask throughout tho reaction to keep the
temperature down., Addltion of methyl bromide was
stopped when most of the magnesium disspneared.
Phosphorous tribromide (13) was prepared by add-
ing bromine to a stirred suspension of red phoaphorous
in carbon tetrachloride. After nll the bromine was
added, the carbon tetrachloride was removed by
distilletion and the phosphorous tribromide was



frectionated, collecting the portiom boiling
169-173°C,



ALCOHICLS PREPARED
I c.methyl, 3.ethyl pentanol.o
IT 2,3,3.trimethyl pentcnol.g
IIT 2,3,4.trimethyl pentanol.g #
IV 2,4,4.trinsthyl pentanol.g

I 2.mothyl, 3.ethyl pentonol.s

CHz
CHy~CHo=CH~-C~0H
5 U

b

This octanol wes prepared by two methods: (1) the
treatment of the Grignard reagent of 3J.brome pentane
with acetone, forming the octanol directlys (<) the
treatment of ecetyl chloride with the Grignerd reagent
of 3.bromo pentane glving the ketone, 3.ethyl pentanone.o,
and then the reactlion of this ketone with a methyl
bromide Grignard to give the octanol.

(1) In the first preparstion a modification of both
the following methods was used: the Whitmore (14)
procedure for preparing the Grignard reagent, and the
Edgar (15) procedure for the reactlon of the reagent

# Preparstion reection completed, but the slcohol was
not obtained becsuse of a rearrangement that took plaece

in the prepsration of the bromide, 2_.bromo, 3.methyl butane.



with a ketone and subsequent hydrolysis of the result-
ing comround., Because of these modificationa, the
procedure used w111b21ven in detall.

A dry% two-liter, three-neck, round bottom flask
was fitted with a reflux condenser (with drying tube),
an efficlent glycerine seal stirrer, and a 500 mle
dropping funnel (with drying tube)e A small erystal
of 1odine was placed in the flesky the flask was
then heated until the 1odine begen to vaporize. Vhen
the vepor had condensed, 48.5 grams (2 moles) of
fresh, dry megnesium turnings were placed in the
flaske 60 mle. of anhydrous sther, sufficlent to
contact all the magnesium turnings present, were added.
300 mle of anhydrous ether were added to 332 grems
(2.2 moles) of 3.bromo pentane. (.2 mole excess was
used to 1n§ure complete reaction with all the magnesium
turnings present.) 15 ml. of this solution were
edded directly to the megnesium turnings and the stirrer
was started as soon as there was definite evidence of
reaction; {extornal cooling was epplied when necessary).
The remeinder nf the hallde-ether soclution wes plsced
in the dropping funnel and eddedi st such & rate (drop-
wise) thet the reflux did not exceed one drop per

second. After approximately one-helf the hallide-ether

# It 1s essential that &ll gpraretus end chemicals
used be dry, and that the reaction be protected from
moisture throughout,



solution wes edded en addltional 50 mls of anhydrous
ether were placed in the sepurstory funnel, After
the helide-ether eddition was completed, the reaction
mixture was stirred st leest five hours btefore continuinge
At this point the CGrignerd reagent was bleck In colors

To complete the resctlion a mixture of 116 graems
(E}moles) of purifled acetone and 100 mle of anhydrous
ether wecs cdded, drop-wise, to the Grignard resgent,
et such a rate thet the reflux did not exceed cne
drop prer seconde The Grignerd complex was stirred a
few hours and let stand overnlight before decomposinge.
The Grignard complex et this point should be white
in color, end mostly In the precipitated form.

The next day the decomposition was carried out
by slowly pouring the complex om ice end water while
stirring. The ether leyer was decented off into a
separetory funnel and the remsining precipitated magneslium
compounds were dissolved by slowly edding, whille stirring,
concentrated hydrochloric acid (kept cool with sufficient
ice during the addition)e. The ether layer was separated
end edded to tre first ether portions The water leyer
was twice extracted with 60 mle of ethere The combined
ether portion wes washed with a snall volume of dilute
sodliun cerbonate sclutlon, followed by a washing with
a small volume of distllled water. The ether solution
was then dried over anhydrous scdium sulfates. The

ether was removed by distillation at atmospheric pressure



untll the temperature reached 45°C. The renainder

cf the fractlionation was cerrie: out at a reduced
pressure. Three, tuo mcle mns under these conditions
geve an overage yield of 13.5% carbinol bepe 46-47.5° C.
at & om.

The other froctions were:

28 groma beDpe 35 « 530 Ce ot 13 noue

5 grins bepe 43 = 52,5° Ce at 6 rmu.

Vilen the swuie quentitles were usz2d in a similaer
preperation with incrcased rate of addition of the
halide-ether solution rnd of the acotone-ether solutlon,
to malntein a zentle reflux thircurzhout, the yleld was
decveased to 10% carbinole ¥With the Increased temperature
there was an increase in the amount c¢f low boiling fraetion.

{2) In the second vreparation of the octenol,
through the ketone synthesis, a modification of the
method of Whitmore and Badertscher (14) was useds
Because this mothod for preparing the carbinols wes
found to be the most satisfactory, it will be given here
in detaill.

Preparction of 3-ethyl pentanone.gs Using the same
epparatus end procedure just described, & 3 mole
Grimmerd resgent was prepared froms 73 grams (3 moles)
of megnesium turnings, 100 mle of enhydrous ether (edded
to the turnings), a solution or B0 groms (3.3 moles) of
3-bromo pentene and 500 ml. of snhydrous ether, plus

en edditional 100 ml. of anhydrous ether as the reaction
progressed, The yleld of Grignard as determined by the



Gilmen method (16) was found to be spproximctely 50%.

An er:arctus similar to thab Juzt descridbed for
he preparation of the Grignard recgent, was next
used; the two~liter flssk being replaced by a three-
1iter, three-neck flaske Into this three-liter flask
wag placed 157 grams (1.5 moles) cf acetyl chloride
and 200 ml. of enhydrous ether, The stirrer was
started end the Grignard roagent was sdded through the
separetory fvnnel et such a rete that a reflux of
two to three drcpec 8 seccnd wss malntasinels ¥hen all
tut sprroximstely 2C0 mle of the resgent solution was
edded, an additicnalles mle cf acotyl chloride was
slcwly added to the roaction flusk through the condenser,
to insure an excesse. During the reaction a white
precipiltate was formned which turmned l1ckht orange on
commletion, The reesction nixbture weos cllowed to stir
et lepst five heourc bhefcre decompcsinge The decomposing
was cerrled ovt In the ssre nanner gs that of the previous
method excert thet en addltlcon of hydrochlorie ecid
wes unnecessery Lecnuse of the ecetlec sold formed when
the exccss acetyl chloride wes hydrolyzede Tne ether
solution in this case cen e dried with eilther anhydrous
potassium carbonete or sodlum sulfate dbefore distilling
at atmespherle pressure. After the other was remwved,
the residuve wos rlaced 2In a one-liter dilstilling flask

with 300 mle of water end a smell guentity of sodium



or potassium carbonete, end distilled. In this way

the kotone wes steam distilled eway from the higher
hoiling 3mpuritiea, It wes fourd unnecesssry to

821t out the ketcnee Therefore, it was senarated
from the water and driel with snhydrous sodium sulfates.
After drylng, the ketone was vecuum dilstilled, collecting
a onell fiprst end last frecticn which were discardeds
Next, the mlddle fructlon was distilled, at atmospherie
pressure, three times until s nain fraction was collected.
A 308 yield of koione was obialned with s boiling range
of 135~140°C at 742 mm.

Preperation of Z2-mothyl, 3~ethyl rentonole An
8 mole quentity of methyl bromide Gri:nerd (preliminary
proparations) was prepcred end the lietone in & 131l.6
dilution with ether (enhydrous) was edded to it not
faster than onc drop ecvery tvo sccondss The Grignard
reectlicn mixture wes stirred at least five hours before
decon»osing In the vsuel monnere In thilas case, the

precipitated wrgnesiun comuounds were dissolved with
dilute hydrechleric ecid ratiicr thin the concentrated,
hen the carbinol wna fractlonete!? at reduvced preasure
704 yleld of product bepe 46 = 47460 Ce at 6 me was
obtained from the ketones

Thls sccond prepoarcticn of the coerblinol was by

far the better of the tvo nethodse The final product
was quite pure, as shown by its cesy scparction

during the distillatlione



11 2,3,3-trimethyl pentanol.g

Cly iﬂs
CHa-CHz-;?-'F =-0H

CHz CHg

Several sttempts were mode to prepere this octanol
following the methods glven by ®¥hitnore snd Leughlin
(3 & 4), but the preparstions met with very little
sucecesse Trouble was encountered, in the preparation
of the Grignard rcagent, by the preclsitotion of
rmognesium chleride which hindered the formatlion of the
megnesium Grignsrrd complexes Varyiv; the conditions
of the resctlion gave no aprearaince of Lisprovenents
Seven atiempts to prepere the CGrignerd reagent were
nades OFf these, 0ll but one =solidlfled Tefore the
celculsted emount of lwelide could Te added and thils
ccatulne! mich preciplicice The rcactlon mlxture was
divided iInto two portlonz, one wes vscd TO prepare
te octanol direcily by the rcoctlon withh acetone,
thc other used to propere thc licicre 3,3=dimethyl
pentanonese by the mothods slready describede Upom
frecticnation no trace of vroduct could be found;
only lower boiling products were recovered, indilcating
that no Gri:nerd recgent hed veen foim.ed in the original
preporetion,

The writer carried out a tricl (.:5 mole) Grignard

on tho bromide of tertlary emyl instcad of the

Chloride as described by Whitmore snd Badertscher (14).



This yielded a black Grignerd reagent that was without
the presence of a precipitate. The Grignard reaction
was completed using acetone to prepare the carbinol
directly. Upon fractionation a small amount (4 grems),
of product was collected in the boiling range of the
carbinol.

A 2 mole Grignard was carried out using 332 grams
(2.2 moles) of halide and 87 grams (1.5 moles)of acetone
which yielded‘ upon fractionation e 12 percent yleld
of the carbinol, bolling st 45° = 47° ¢, ot 6 mm.

A similar Grignard resgent (2 moles) was elsc
made and was used to prepasre the ketone 3,3-dimethyl
pentanone.2, This gave a 30 percent yleld of the
ketone, bolling at 46-49° g, st 30 mme.

This 6 mole of ketone was edded to a one mole
methyl bromide Grignard which, in turng gave a 850
percent yield of the carbinol bolling at 45,5-47° C.
at 6 mm.

A 8ix mole run carried ocut under similar conditions
gave a 38% yield of the kotone from tertiery emyl
bromide, which, in turn, gave s &9 percent yleld
of the carbinol from the ketone.



III 2,3,4.trimethyl pentanol.o

CHz
CHz=CH « CH -\c - OH
(,335 ¢'3H3 ('2H3

In thils preparation the bromide prepared from
methyl 1s0 propyl carbinol end phosphorous tribromide
d1ld not heve the correct boiling voint for Z2«bromo,
S-methyl butane as stated in the prelimineary
preparations. '

A ketone~aloohol synthesis was carried out starting
with this bromide and followlng the above cutlined
procedure, The yleld of ketone obtained was 324. From
this an 81% yleld of the elcohol (beliqvod to be
2,3,3=trimethyl pentanol_s) was obtained, boiling et
45 « 46.5° C. at 6 mm.



IV 2,4,4_trimethyl pentanocl.s

Y,
CHz- /c - Clg- G-oH

CHz CHg

The method originally described by Butlerow (17)
was used with some modifications for the preparation
of this cerbinols The procedure consisted essentielly
of forming the lodide, 2_Iodo, 2,4,4_trimethyl pentane
from diisobutylene and then changing the 1odide to
the alcohol by means of silver hydroxide (moist
silver oxide).

The best method for prepering diisobutylene
which 1s a8 modification of the procedure by Fenake
and co-workers (18) was deseribed by Whitmore(l8).

In a one=-liter round bottom flask a cooled mixture

of 500 mls oOf Cepe sulfuric acid and 500 ml. of
water was slowly added to 700 ml, of tertisry butyl
alcohol while stirringe This solution was heated

on the steam dath for three hours, then allowed to
cool, VWhen cool, the two layers werse separated and
the top layer washed with & dllute sclution of sodium
‘carbonate until neutral, then it was very slowly and
carefully separated and placed in a distilling flask
with 8 very small quantity of metallic sodium. Suction
was then apvlied to remove a considerable guantity

of dlssolved isobutylenees The rest of the solution

was vacuum distilled, keeping the temperature near



60°C,, the first small fraction and the lest high
fraction being discarded. A second fractionation
was carried out at ordinary pressure which gave
a 34.5 percent yleld of dilsobutylene collected, at
100-108° Ce.

The iodide, 2-10d0,2,4,4-trimethyl pentane,
was prepared by passing dry gaseous hydrogen 1odide
(preliminary preparations) into the diisobutylene
until it was completely saturated. In order to
have the addition of HI start, an initial temperature
of 10°C was used. As soon as thare was evidence
of adsorption, the temperature was decreased %o
below 0°C, by meens of an 1ce salt bath. This crude
iodide (at 09°C.) was then washed with 200 ml. of
distilled water (at 20C.), which contained one crystsl
of sodium thiosulfate, ¢to remove any dissolved
hydrogen iodide or eny free 1lodine -resent. (This
10d1de 1s quite unsteble at room'temperature; there-
fore 1t 1s advisable to keep it at least below 5°C.)
After a careful separstion, the top layer was drawm
off and dried over calcium chloride in the refrigerator.
To the dried fodide was added (at 0°C.) the moist
silver oxide in small quantities, while vigorously
stirring. (Sufficient silver oxlde has been sdded
when the black silver oxide no longer changes to the
yellow 1odide upon addition)e. The resulting mixture

was then asllowed to come to room temperature and all



the liquid was removed from the precipiteted silver
iodide by filtering with vecuume The filtrate

was separeted end dried while the water from the
filtrate was extracted twice with ether, dried and
distillei. The preciplitate was placed in a flask and
the adsorbed carbinol was removed by vacuum distillstion.
The distillate consisted of two lsyers which were
separateil end trested in a manner similsr to the
filltrutes Upon the final distilletion 12 percent

of the diisobutylene was recovered, while a 44 percent
Yield of the cerbinol was obtalned.
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IIX 2,3,4.TRINETHYL PENTANOL.o
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2,4,4.TRINETHYL PENTANOLao



D1oCUSSIUN

In the study of the preparation of taese tertiary
dimethyl anyl carbinols, the best synthesis was through
the initisl preparation of the corresponding heptanone,
This ketone, wnen alioveu to rezct with & metnyl bromide
Grignard reagent, gave a goud ylelu in cvery instance,

The methyl bromide Grigfiord reagent sas found more
sultzble tnan the metiyl iodia. reugent, bicause an ex-
cess of tine bromide reagent ccuid be uced without the
loss of procuct by aehydruativn, @s would bte the case if
an excecss of tue icdadce vere used,

-methyl butencli__:, the prelimincry compound in the
preparation of x,0,4-trimetnyl pentancl_g,did not yield
<-bromo,s-methyl batane, as expsct<d, when bromhnated
wits phosphorous tr.bromide. a rearrangement, which gav e

tertiary awyl brosmice, teos place curing tne bromination.



SULMAL

The three tertiary cimethyl amyi carbinovls:
£-metayl,o-ethyl pentancl_g;<,5,0-tramethyl pentanoi_z;
and 2,4,4-trimethyl pentancol_2 weee prepared. These
proaucts will be used, in this laboratory, for the study
of their condensation with benzene in the presence of
aluminim chloraide,

Preliminary work on the preparation of 2,0,4-tri-
methyl pentanol_g imdicated that & wethod for bromin-
ating S-methyl butanol_p must be found before the ketone

synthesis can be used to obtain this carbincl,
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