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INTRODUCTION
In the past, tertiary butyl, tertiary amyl, the tertiary

hexyl, the tertiary heptyl, and some of the tertiary octyl phene

ols were prepared in this laboratory. 14243

To further complete
this investigation the follewing four butyl, methyl, ethyl
earbinols; 3-methyl, heptanocl-3; 3,4 dimethyl, hexanol~4; 2,4
diaethyl hexanol~-4; 2,2,3 trimethyl pentanol-3 were prepared and
condensed with phenol in the presence of AlCla. Yields ranged
from 21,17 to 81,57 of the para-tert. octyl phenol. The benzoyl
esters, alpha napthyl urethanes and phenylurethanes were pre-
pared and analyzed, Three p~-tert, octyl benzenes were prepared.
The physical constants were obtained and the molecular volumes

and parachors were experimentally determined.

HISTORICAL

In the year 1897 Nef (4) mentioned the condensation of
bengyl alcohol and benzene in the presence of aluminum chloride,
to form diphenylmethane. In 1916 Huston and Friedeman (5) ocone-
densed benzyl aleohol and bsnzene in the presence of aluminum
chloride, with a 324 yield of diphenylmethane. They further
reported that aromatiec secondary aloohols such as benzhydrol,
phenyl methyl and phenyl ethyl carbinols also reacted with
bengene in the presence of aluminum chloride to give the cor-
responding hydrocarbons with good yields. Triphenylcarbinol
reacts with btenzene in the presence of aluminum chloride to
give triphenylmethane and not tetraphenylumethane (6). In 1924
Huston (7) showed that anisole and phenetole acted like benzene
in that they condense with bengyl alcohol to give the para sub-

stitutd benzyl anisole and phenetole.






Huston and Sager (8) condensed allyl alcohol with benzene
in the presence of aluminum chloride. The principal product
was allyl benzene.

0583 CH - GH'OH =~ CgHg ALCLy CHg 8 CH*CHg*CgHg

Huston and Wilsey (9) found 1,1 diphenyl-l-propene was
the principal product from the reaction of 1,1 diphenyl ethyl
carbdbinol with benzene, which was a dshydration reaction instead
of a condensation,

Huston and Gootemott (10) showed that in condensation re-
actions with benzene in the presence of aluminum chloride the
eycloalkyl carbinols show a progressive increase in activity as
the number of carbon attoms of the ring is reduced from six to o
four, or as the strain on the carbonyl carbon is increased.

Likewise, Huston and Hradel (11) and Huston and Macomber
(12) found that neither diaryl-alkyl carbinols nor dialkyle-
aryl carbinols condensed with aluminum chloride., Instead, de-
hydration ocecurred,

Dimethyl-N-butyl carbdinol, dimethyl iso-butyl cardinol,
and dimethyl sec-butyl carbinol were successfully condensed with
benzene to odtain the ocorresponding alkyl benzonos. but no yield
was obtained by condensing dimethyl tert. butyl carbinol with

bengene (13),

Huston and Hsieh (14) condensed aliphatic alcohols with
phenol. The primary alcohols were found not to react at all;

the secondary alcohols reacted with difficulty; and the tert,
aloohols reacted very readily to form the corresponding alkyl

benzenes.



Huston and Sculati (15) condensed dimethyl, amyl carbdbinols
with benzene in the presence of aluminum chloride to the corres-
ponding tert. octyl benzenes.

Huston and Fox (16) condensed tert. butyl and tert. anyl

aleohols with bdenzene in the presence of aluminum chloride.

Summary

l, Unsaturated aliphatic primary alcohols, with the double
bond adjacent to the hydroxyl carbon, condense with bensene.

2. Primary and secondary aromatic alcohols condense with
bengene in the ;resence of aluminum chloride to form the oorro£3’
ponding benzene derivatives,

3¢ Dehydration of carbinols occurs to form the correspond=
ing unsaturated hydrocarbon when aliphatic~aromatic alcohols
react with denzene.

4., The primary aliphatic aleohols do not condense with
benzene, The secondary aliphatic alcohols condense with dife
ficulty, The tert, aliphatic alcohols react very readily to

form corresponding alkyl tenzenes.



CONDENSATION OF ALCOHOLS WITH PHENOL
In 1920 Huston (17) discovered that Benzyl Alcohol re-

acted with Phenol in the presence of Aluminum Chloride to give
a good yleld of p-Bensyl Fhenol. Later Huston, Lewis and Gro-
temut (18) condensed methyl phenyl carbinol with phenol, (yield
33,0¢) ethyl phenyl carbinol with Phenol, (yield £7.07) and
benzhydrol with Fhenol, (yield 40.C7).

Huston, Swarthout and Wardell (19) benzylated o-oresol by
condensing benzyl alcohol with o-cresol in the presence of Alum-
inum Chloride. The main product was 2-methyl 4-~benzyl-phenol.

Huston and Lewis (20) condensed p-cresol and benzyl aleohol
with Aluminum Chloride. A 35.07 yileld of 2-benzyl, 4-methyl
phenol and a 36,07 ylield of 4- methyl 2,6, dibenzyl phenol wers
obtained,

Huston and Strickler (21) condensed phenyl propyl carbinel
and a-chloro~butyl benzene with phenol to yield 4 (a-phenyl=-
butyl) Phenole.

Huston and Newmann (22) reported the condensation of allyl
alcohol with Phenol.

Huston and Hsieh (23) found that ethyl alcohol, primary
propyl and butyl aleohols did not condense with phenol in the
presence of aluminum chlofide. Iso-propyl alecohol reacted with
Phenol, but the product was not identified, Sec, butyl alcohol
did not react with phenol. The tert, aliphatic alcohols wers
found to condense readily with Phenol to give the para tert,

alkyl phenols.



Huston and Jackson R.I. (24) condensed tert. butyl and tert.
amyl alcohols with pecresocls in the presence of aluminum chlore
ide.

Huston and Hedrick (25) condensed some tert, heptyl alco=-
hols with Phenol, using a mixture of Zino and Aluminum Chloride
as & condensing agent. A amall amount of o-tert. butyl phenol

was found, and the principal product being the p-isomer.






DISCUSSION

Of the four tertiery octanols prepared, the secondary
butyl meinyl ethyl carbinol was not recordcd in literature,
but was prepared by H. F. Hunter (27). Physical constants of
the n-butyl, methyl ethyl cartinol, iso-butyl methyl ethyl care
binol, and tert. butyl methyl ethyl carbinol checked with those
recorded in literature,

Physical constants for sec. tutyl methyl ethyl carbinol
did not check wall with ¥, F, Hunter's therefore the tertiary
octanol was prepared in another manner, The first method wasa
by adding methyl ethyl ketone to sec. butyl magnesium bdbromide,
and hydrolyzing. The second method was ty adding sec. butyl
methyl ketone to ethyl magnesium bromide, and hydrolyzing.

The constants of each tert, carbinol were determined with good
checks, and the analysis for carbon and hydrogen also agreed,
indicating the preseace of the ectennl.

The four tertiary octanols gave good ylelds when condensed
with Phenol in the presencs of aluminum chloride, (21.07-81.37%
yields, The 3 methyl, 3-pehydroxyphenylheptane, and 2,2,3 trie
methyl 3-p~hydroxyphenylpentane were prepared by J.E. Anderson
(28) 1936,

These two p-tert. alkyl phenols were repeated, and 2,4 di-
methyl 4-p-hydroxyphenylhexane, and 3,4 ,dimethyled=-p-hydrox-
phenylhexane were also prepared, Of these four the 2,2,3 trie.
methyl-3-p-hydroxyphenylrentane crystalized and was placed on
a porus plate, and the melting point taken, X.P.® 61° which

corresponded with the melting point given bty J. E. Anderson,



M.P. 3 857-58°, This product was further recrystallized eight
times from pet. ether and the K.P, bacame constant on the
electrioc plate at 1120, Later a portion of the phenol pre-
pared in 1936 was recrystallized from pet ether, at first dife
ficult to recrystalize and finally when more of the oil disap-
peared, the phenol recrystallized fairly well and the M.P. was
inoreased to 108°-110° on en eleotric plate. The phenylureth-
ane was prepared and reorystallized and a constant melting
point obtainéd. The alpha naphthyl urethane could not be pre-
pared as there was no alpha naphthyl iso cyanate on hand,

In the fractionation of the phenol-tertiary octanocl con-
densations a 1ittle tert. octanol was received, then the tem-
perature rose rapidly to the condensation product, and the
last portion could not be identified. It wes a hard polmer-
iged product. In the case of the n~dbutyl methyl ethyl car-
binol and phenol there was little polymerized product., The
120, and sec, butyl methyl ethyl carbinol with phenol gave
vetween 8-~6 gms. of the polymerized product, The tert. bdutyl
methyl ethyl carbincl with phenol did not give any, but a
high boiling fraction and more of the tert., octanol was rec-
elved than the other three condensations. The alpha naphthal
urethanes, phenyl urethanes, and the denzoyl esters were pre-
pared for 2-methyl 3-p-hydroxphenylheptene; 2,4 dimethylei~-p=-
hydroxyphenylhexane, 3,4, dimethyle-4-n-hyiroxyrheaylhexane.
The phenyl urethane was prepared from 2,2,3 trimethyl 3-p=-
hydroxyphenylpentane, The p-tert. oétyl phenols and toenzoyl

esters were analyzed for carton and hydrogsn. The phenyl






urethane and alpha naphthyl urethanes were analyzed for
nitrogen, The 2,2,3 trimethyl 3-p-hydroxphenylpentane was
not prepared untill late and sufficient time was not avail-
able to analyze this compound for carbon and hydrogen.

The para positions of ths four tert. octyl groups vere
determined through syntheses. The tert., tutyl methyl ethyl
p-hydroxypenylmethane, and the n-tutyl methyl ethyl p-hydroxy
phenylmethane had been prepared (28), and their structure
proven. In this work the four tert. octyl phenols were pre-
pared, and the structure of n-butyl methyl ethyl-p-hydroxyphe=
enylmethane, iso-butyl methyl ethyl-p-hydroxyphenyl methane,

- and sec, butyl methyl ethyl para-bydroxyphenyl methane were
proven by synthesis, First the three p-tert. octyl benzenes
"were prepared and then nitrated according to Malherbe's method
(29) to get the p-nitro tert. octylbenzenes: The para posite
ion of the nitro group was determined by oxidation of the tert.
octyl group with dilute nitric mcid (1.20), Zn a sealed tube
heated to 120° for several hours in a carius combustion furnace,
to p-nitro bdenzoic acld, M.,P. % 2509, The p-nitro tert., octyl-
benzenes wores reduced to the p-amino compounds by means of tin
and hydrochloric acid. The three p-tert, octyl phenols thus
synthesized were proven to be identical with the phenylurethanes
of the phonols from the direct condensations.

A small portion of the threo para tart, octyl bonzenes were
taken, and the physicel conatants woero determined. Density, ree
fractive indices, surface tansion, parashar, and moleocular vole

ume. The parachors and molecular volumss of these threo para






tert. octyl benzoenues checked well with the calculatud parachar
and molecalar voluames.
Aualysis of the fractions froa the benzene-octanol con=-

densaticn showed in all cases first a low bul not constant

raction, which when heated with KCH then acidifled, and treate
ed with Agloy, showed a large percipltate of slilver halide,

the protatle compound would be the chloride of the original oce
tanol, Thila fraction was found Jjust below the bosling point of)/;
the corresponding tert. octanol, and in each case from $-10 CC
of the original octanol was ruecoverede In one condensation of
benzenao and séce bulyl wothyl evhyl carvianol, the temperature
wzs held et 159C and the ricovered torte octanol was over 307, ,

Whea the benzene condencallons were carried out at ihe higher
temperctures 25° - 32%, a bettor yield of condensation product
wag ottalned and the percentago of unreacted octanol was de-
creased but more hich bolling material came over which was not
identified., The high boilding fraction wzs not a constant
Yoiling 1iquid, Vvhon the temperature was kept low there was
1iitle high btoiling meteriel and more of the original octanol
recovered and uore of thie unidentified helide. This probably
wags the chloride of the corresponding octanol, due to the lower
boiling point, and halogen content.

The four tert. tutyl methyl ethyl cartinols condensed with
phenol to give the para-tert. octyl phenols. The n-butyl methyl

ethyl p-hydroxy-phonylmethane was the highest yield. (81.57)
The iso-butyl methyl ethyl-p-hydroxyphenyl methane was the next
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highest y1ald (62.07). The s2c, butyl methyl ethyl-p-hydroxy-
phenyl methane was the third highast yield (42.07 and the tert.
batyl nethyl ethyl-p-hydroxylphonyl msthane was the lowest,
(21.17 rield).

Tha ylalds of the four p-tart. ostyl phensls corraesponded
wits the anount of Yranchinz in the side chains. The n-butyl
methyl ethyl earbinol reacted very well with phenol. The iso0-
batyl methyl ethyl carbinol gave a somewhat lower yisld of the
petert. octrl rhenol, The sec. butyl ethyl msthyl carbvinol
gave a lower yield than the iso-tutyl athyl methyl carbinol
with phenol. The tert. butyl maethyrl ethyl carbinol with the
most tranching gave tha lowest yield when condansed with

phenol,






EXPERIMENTAL
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Normal dutyl dromide, iso butyl bromide, and sec. butyl
bromide were prepared by treating the corresponding alcghols
with HBr (487) and concentrated sulfuric acid.

Methyl ethyl ketone was a C.P. grade, and dried complete-
ly before using.

Magnesium €turnings) prepared for Grignard reactions was
used.

The phenol was distilled before using,

The btenzene was C.P. thiophene=free.

The aluminum chloride was of excellent commercial grade.

Acetone was distilled and dried bdefore using.

The reggent wsed for esters, alpha naphthyl isocyanate,
phenyl isocyanote, and benzoyl chloride were of the Eastman
Kodak variety.
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REPARATION OF THE FOUR TERTIARY OCTANOLS

Of the four possible butyl, methyl, ethyl, carbinols
three are recorded in literature with their physical con-
stants, The secondary butyl, methyl, ethyl cardbinol is not
recorded, dut has been prepared by X, F. Hunter (27) "Senior
Thesis", Physical constants given by Hunter did not check
well with the ones prepared in this thesis, so the sec, butyl,
methyl, ethyl carbdinol was prepared by two different methods,
and the result of these two preparations check well., The two
methods are as follows:

liethyl, ethyl sec, butyl carbinol was prepared by whit-
more's modification of the grignard reaction. (30) In a five
liter, three necked, round-bottom flask, fitted with an effte-
ient stirrer, reflex condenser and dropping funnel, and placed
first a few small orystals of Iodine and then 98 grams (4 moles)
of fresh, dry kagnesium turnings. The bottom of the flask is
heated with a small flame until the Iodine commences to vapor-
ize, and is then allowed to cool while the sec. butyl bromide
is being weighted out, 30 c.c. of a 507 mixture of the sec.
butyl tromide and di-ethyl ether is added to the dry magnesium
turnings. If the reaction does not start, the bottom of the
flask is heated with warm water, and the reaction then starts
rapidly, After the reaction had progressed for a minute, 200
C«.Ce Of dry di-ethyl ether (dried over sodium) ie added direct-
ly to the reaction mixture. The remaining portion of the 4
moles of halide, and $00 ¢.c. of ether is placed into a drop-
ping funnel, and added with stirring, one drop per second. The
mixture is then allowed to reflux during the halide-ether add-



ition, with no external heating being applied, and occasion-
ally cooled with cold water, The stirring is continued for
four hours after the addition of the @éher-halide solution, and
let stand over night,

To the sec. butyl magnesium bromide is added a solution of
four moles of pure, dry methyl ethyl ketone in an equal volume
of anhydrous ether, The remaining procedure is similar to that
stated above for the preparation of the grignard reagent.

The magnesium complex is decomposed in a four liter erlen-
meyer flask with ice and hydrochloric acid, by the addition of
small portions of the magnesium complex to the ice in the erlen-
meyer flask, and finally neutralized with hydrochloric acid.
The hydrolyzed product is extracted three times with ether,

The ether extract ies then further neutralized with a sodium
carbonate esolution and then dried over anhydrous sodium sulfate.
The alcohol 1s obtained by fractional distillation at reduced
pressure after the ether has been boiled off on the steam dath,
The yield was (4007) and the constants are B.P. ® 153°/741.0mm;
60-61/14mn, D25 - ,8348; NQ‘D 8 1.4338; 40-41/%am,

Hunter (1) gave the following physical constants for sec.
butyl methyl ethyl carbinol:

p%4 . (a3 n24 . 1,3820 B.P. 42-44 / § om,

p?4 . a1 N%4 - 1.3800

Dot . Lea30 NB4 . 1,3880

13
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The second metho# of preparing the sec. butyl methyl
ethyl cardinol 1s: a two liter, three neck flask was fitted
with an efficient stirrer, €ropping funnell, and reflux con-
denser, One mole of magnesium turnings were placed into the
flask, and three crystals of Iodine vaporized and let cool,
The sec, butyl bromide was mixed with an equal quantity of
anhydrous di-ethyl ether, atout 25 c.0., 0f the halide ether
solution was let drop into the magnesium Burnings and the re-
action started as in the other preparation. When the halide-
ether solution was all added drop by drop the grignard re-
agent was let stand over nigth The next day acetyl chloride
was not added to the grignard as in the usual procedure but
the aec; butyl magnesium grignard was added to the (1 mole)
of acetyl chloride; After the sec. butyl magneaium bromide
wag added drop by drop the reaction was again let stand,
hydrolyzed, acidified, and washed thoroughly with sodium
carbonate aolution; Dried with anhydrous sodium sulfate,
the sec, butyl methyl ketone was distilled at 118 C;

In the meantine ethyl magnesium bromide was prepared as
was the sec. butyl megnesium bromide, the eoc; butyl methyl
ketone was added to the ethyl magnesium bromide and let stand
and the product hydrolyzed as before. The tertiary octanol
was dietilled under a reduced pressure, and the yleld from

the ketone was 614, The physical constante for this aec; butyl |

- ,8345 Caloulated: C - 73.84%; H - 13.84¢
ANALYSIS ;=
d‘- 1.4332 Found: C = 73.727; H = 13.677



The physical constants for the sec. butyl methyl ethyl
carbinol ochecked well with the physical constants obtained
when the sec. butyl methyl ethyl carbinol was prepared from
the ethyl methyl ketone and sec. butyl magnesium dbromide, but
disagreed with Hunter's to some extent,

The normal butyl methyl ethyl carbinol, iso-dbutyl methyl
ethyl carbinol, and sec. butyl methyl ethyl cerbinol were all
made by the same procedure (30)s, The tertiary butyl ethyl , _ -
methyl carbinol was prepared by first making Pinacol Hydrate
(31), rearrangement of Pinacol Hydrate of Pinacolone, and the
addition of an ethyl magnesium bromide grignard to the Pina-
colone, the procedure is discribed below,

In a 5 liter round bottom flask fitted with a stopper hold-
ing a separatory funnel and a reflux condenser with a wide bore
(.51n) closed at the top with a calecium chloride tube, are
placed 80 gms, of magnesium turnings and 800 ¢.c, of dry benzene.
Through the dropping funnel is added a solution of 90 gms. of
mercuric chloride in 400 gms of acetone (dry) carefully at first,
then faster as the reaction starts, Sometimes the reaction docs
not start until after a quantity of acetone has been added, in
this case it proceeds very rapidly and the flask must be cooled.
When all the 507 solution of acetone and benzene are added the
reaction slowe down and the flask 1s heated on a water bath
till no further reaction is evident. During this time the

magnesium pinacolate awells until it fills the flask about

three-quarters full, The flask is removed from the condenser

13



and shaken until the reaction mass is well bfokan up. Through
the separatory funnel 1s then added 230 c.cs of water and the
reaction mixture is heated another hour, with occasional shake
ing of the flask. The reaction mixture is ¢cooled to about
50° and filtered. The solid is returned to tne flask and heat-
ed with a fresh 500'0.0. portion of benzene to diesolve ary re-
maining pinacol, The original filtrate, and the second portion
of benzene, after it is filtered from the magnesium hydroxide,
are mixed and distilled to one-half the original volume in
order to remove the acetone, the remaining benzene solution is
treated with 300 c.c. of water and cooled to 10-15°, The pin-
acol hydrate separaies and after about 30 minutes it is collect-~
ed on a suction filter and washed with benzene, the pinacol
hydrate is air-dried at room temperature (475 yield) M.I. =
46 = 47°,
Rearrangement: FPinacol hydrete to plnacolone in a two liter
round bottom flask, fitted with a stopper carrylng a dropping
funnel and a conncection to a condenser set for distillation
are placed 750 gms. of 6 N sulfuric acid and 250 gms pinacol
hydrate, The mixture is then distilled until the upper lager
of distillate ceases to increase in volume ( 15-20 minutes).
The pinacolone layer in the distillate is separated from the
water and the water is returned to the reaction flask, First
60 c.ces of concentrated H,ySO, 18 added to the water and then
a second 257 gms portion of pinacol hydrate 1s used.

The contined pinacolone frattion 1s dried over calciunm
chloride, filtered and fractionally distilled. The pinacolone

comes over at 10321079,



The pinacolone ie then added with an equal portion of dry
dl-eﬂhyl ether to ethyl magnesium bromide in a 3 liter 3 neck
flask fitted with a stirrer, reflux condenser and dropping
funnel, This is added a drop per sec. ond let stand over

night, hydrolyzed, reutralized and fractionated under a re-

4
7

duced nressure. B.Fe = 52/ 13 mn, yleld - 53~, v

17
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RQUATIONS:

1.
cna-caz-c'n-an * Mg - CHg- Cip- CIlighr
cy cy
3 3 CH_ CH
(3,3
CHy=CH,=CHgBr ¥ cua-cnz--czo-cus-ecus-caz--cu-c':-cazocu3
cn, OugBr
OugBr | oH
| l
CH_=CH_~CH=C<CH «CH_ + MOH =5 LBOHBr ¢ CH_oCH ~CH«C=CH «CH .
5~CHlp=CH~C-CH -, K40 3g ) 8 s
CH CH CH CH
3 3 303
CH,
II, ]
CH_-CH_~CH-Br + g =4 CH_«CH_-CH-KgBr
3 3R
cH
3
Ciy
\ CL_OLgBr
CH ~CH -CH-LgBr + CH =COCL = CH SC-CH=CH_ -CH
3 2 3 3 \ 2 3
CH
3
CL OigBr
\ /
CH «C=CH=CH =CH_ + HOH =+ CH ~CO~CH-CH -CH_ + LgBrCL
3, g 3 3 P Wi €
CH CH
3 3

CH_~CO~CH=CH «CH 4 CH «CH =igBr + HOH ===
3 8 3 3 g
CH
3 OH
/
cns-crxg-su-?-cng-cn3

cnscna
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PHYSICAL CONSTANTS OF TERTIARY OCTANOLS

Physical Gonstants Recorded in Literature
Phys.

Const. N-butyl methyl Iso-butyl methyl Sec, dutyl methyl Tert. dutyl methyl
ethyl Carbdbinol ethyl earbdbinol ethyl carbinol ethyl carbinol

& Yield OU.ON

B.P. 158°/745 na. 151-153%/750 wma. 149° - 152°/760 mm.
D um - 0.8446 p*® - . 8300

19 19
N N - 1.42735 N[ - 1.4286 —

Physical Constants Used

B.P. 158°/748.0 mn. 150°/743.5 ma.  150-152°/740.0nm. 148°-149°/742.7 nnm.
B.P. 69° -70°/19 mm. 60°-62°/16 mn. . %9°-61°/14 ma. 58°-59°/18 mm,

D p®* - .e2z0 v 6. ,aeos p?6 . Lams v v

Ny NG - 1.4270  NZ9 - 1.4280 n%8 - 14338 v

¢ Yield 69.37 53.07 39.07 59,17

ﬂ.wmo 1



CONDEMSATION CF TZTTILRY OCTANCLS WITH PHINOL:

The N-butyl methyl ethyl carbinol, iso-butyl methyl
ethyl carbinol, sec. butyl methyl ethyl carbinol, and tert,
butyl methyl ethyl carbinol were prepared and condensed with
phenol in the presence of Aluminum Chloride. A typical run
is discribed here.

Thirty-two and one-half grama (.25i) of sec, butyl methyl
ethyl cartinol and 23,5 grams. (+2553) of phenol were treated
with 80 C.Ce of petroleum ether in a 500 C.C. three necked
flask, fitted with a stirrer and reflux condensor which car-
ried a thermometer reaching to the aleohol phenol mixture,
and a tent tube for the outlet of the HC1l gas evolved: Then
17 gms. (.125%) of A1c13 was edded to the mimture at such a
rate so that the temperature was kept at about 30° centigrade.
The flask was cooled with ice water when nececsary. After the
addition of AlCls. the ice water was removed and the‘stirring
continued for four (4) hours: After the flask wae allowed to
stand overnight its contents assumed a dark reddish color and
was treated with 1ce and hydrochloric acids The hydrolyzed
product was then extracted four (4) timos with ether and dried.
The ether was removed by distillation, and the residue fraction-
ated,  The first fraction collected wes phenol, B;Pa_t 72°/7 wm.
Then the temperature rose rapidly to 143°-144%/6 om; which was
the p-tert: octyl phenols (27.4 gms or 4%50% yield)e 2. =, ,

The results of the remaining condensatisna are dlisted on -
table 2 with the percentage yields. The physical constants

and analysis are tabulated on table %,
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CONDENSATIONS OF TERTIARY OCTANOLS WITH PHENOL

Tert. Oct.

N-butyl methyl
ethyl carbtinol

N-butyl methyl
ethyl Carbinol

Iso-butyl
methyl ethyl
carbinol

Iso=-butyl
methyl ethyl
Carbinol

Sec. butyl
uethyl ethyl
carbinol

Sec. butyl .
methyl ethyl
cartinol

Tert. butyl
methyl ethyl
carbinol

32.5

32.5

32.5

32,5

325

32.5

22.4

Grams Phenol

47.0g.

bﬂoom

47.0g

47 «0g

47,0g

’Q.om

47,0¢g

Pet.
80.

80,

80,

80.

80.

80.

80,

ether >wo~u
(- 17. 8
CCe 17. 8
oC. 17. g
cC. 17. 8
CCe 17. g
cc. 17. g
CCe. 17. 8

Fig. 2

Product

a..soosu.w.. 3-p-hydroxy=-
phenylheptane

S-methyl, 3=-p-hydroxy-
phenylheptane

2,4-dimethyl, 4-p-hy-
droxyphenylhexane

2,4-dinethyl, 4-p-hy~
droxyphenylhexane

2¢é4~dimethyl, 4-p-hy-
droxyphenylhexane

u.ﬁﬂﬁﬁsﬂﬁaﬂO ﬁ‘ﬁ-gl
droxyphenylhexane

2,2, 3-trimethyl,

3-p=hydroxyphenyl-
pentane

Grams

41,5

38.5

29.0

31.0

19.0

20.7

7.50

Yield
81.57

78.09

6N.37.

62.07

39.57

40.27

21.1¢



PHYSICAL CONSTANTS OF PSTERT, OCTYL PHENOLS:

240 240
Tert. Octanol Phenol D zu BePe Analyais
3-methyl, u%ngawoxwu o 9503 w 5148 wnmoowuoo\u mm. Calou.: C = 81.55%7; H - 10.687
phenylheptane L eai v f e 146 °/7 nm. _ Found ; C - 81.387; H « 10.787
‘ ) 4 P&J h Ol\s\ QW

2,4-d1methyl, d-p-hy- 0.9538 1.5140 Hamu-uaa /7 mm. Calou.: C = 81.55¢; H - 10.687
droxyphenylhexane B e L KTLZ 126°/3 mame Found : C = 81.477; H « 10.73§

M\f.. ..w - - A\ a*” \\\., PR}
3,4-d1methyl, 4-p-hy- 0.9714 1.5230 142 ..:uo\m ume Calcue.: C « 81.8557; H - 10.657
droxyphenylhexane ey ) maT < Found ; C = 8l.417; H - 10,874
2,2,3-trimethyl 3-p- iePe = 112° Calcu.: C = 81.55%; H - 10.68¢
:waﬂoxw.ﬁaobwwvwsnmbo Found ; C =~ ; H =

m-#ﬂo 3



PREPARATION OF DERIVATIVES

Esters:

The Bensoyl esters were preparsd by the Pyridine method
(32), A typical run is described here,

OCne and one half c¢c. of benzoyl chloride is added to a
mixture of 1,6 gms., of sec. butyl methyl ethyl-p-hydroxyphen-
ylmethane dissolved in 8 6o, pyridine in a 225 cc. flask care
rying a reflux eondensor. The flask was heated with a free
flame until the mixture boiled. After heating for two hours
in the hood, the flask was cooled and then filled with water.
The ester was separated from the acqueous layer, and extracted
with ether twice:, The ether extract was washed successively w
with dilute sulfuriec acid, water, dilute sodium biecarbonate,
and agdn with water. The ether was then btoiled off on the
ateam bath. The remaining ester was then placed into a 25 oo,
distilling flask. Distilled under reduced pressure. Vhen the
low bolling materials were distilled off, and the temperature
rose above 1600/6 mme the distillation was stopped; and the
remaining ester that waes in the flask upon cooling immediately
orystallised, and was recrystallized from FPetroleum ether or
ethyl alcohol. The results are given in Fig. ().

YRETHANES

The Alpha naphthyl and phenyl urethanes were prepared
(33), About 1 gm. of Alpha naphthyl isocyanate was added to
1 gm. of the p~tert., octyl phenol in a 50 cc. erlenmeyer flask.
Then four or five crystals of anhydrous potassium carbonate

were added to the mixture and a calcium chloride tube was
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immediately inserted. The flask was heated on the steanm
bath with shaking for ten minutes. After cooling, the solid
fimpure urethane was dissolved in boiling ligroin. In case
the di-naphthyl urea was formed, it would be insoluble in
ligroin. The hot ligroin was filtered through a warm suction
filter and crystallized, The corystals then were reorystale-
liged from alcohol until the melting point did not increase.
The alpha-naphthyl urethanes of the three p-tertiary octyl
phenols were easily erystallized, and the rusults are given
in Fig. (4).

The pheunyl urethanes were prepared from the four p-tert.
octyl phenols in the same manner, using phenyl isocyanateé
in place of alpha naphthyl isocyanate. CAUTION: The phenyl

isocyenate 18 very poisonous and should be handles carefully.

The phenyl urethanes orystallized well, and the results are
found in Pig. (4).
NALYSIS:

The Benzoyl esters were analysed for Carbdbon and Hydrogen
by Fisher's Modification of the Liebig C ombustion method
(34)., The results are tabulated in Fig. (4).

The Alpha naphthylurethanes, and the phenyl urethanes
were analyzed for Nitrogen content, Allen's kicro Kjeldahl
apparatus and modification of the Pregyl method were used,

(35) and (36). The results are listed in Fig. (4).
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BENZOYL ESTERS OF P®TERT, OCTYL PHENOLS

Octyl phenol Ana :
3 methyl, 3-p-hydroxy- U.P.-122° Cale.; C-81.29%; H-8.39%
phenylheptane ~ Found.; C~81.137; H-8.,83%
8,4-dimethyl, 4-p-hy- K.P.-123° Calc.; C-81.897; H=8.397
dorxyphenylhexane Found,; C~-81.187; H=8.31¥¢

3,4-dimethyl, 4-p=-hy- K.P.-1259 Cale.: C-81.297; H-8,39¢
droxyphenylhexane Found.: C=-81.237; H=8,297

ALPHA NAPHTHYL URETHANES

3ymethyl, 3-p-hydroxy-
phenylheptane HePs = 94° Calculated: N - 3,72¢
Found : N

2,4-dimethyl, 4-p-hy- o
droxyphenylhexane UeFe = 90" Caleculated: N = 3,727
Found : N = 3.67¢

3.4-d1methy1 ® 4"p"hy-

droxyphenylhexane LiePo = 129° Calculated: K = 3.727
Found : N « 3,817

PHENYL URETHAES
3-methyl, 3-p-hydroxy- M.P. -~ 104° Calculated: N - 4.327

phenylheptane Found: N - 4,287
2,4-dimethyl, 4-p-hy- MN.P. = 94° Calculated: N - 4.32%
dorxyphenylhexane : Found: N = 4.21¥
3,4-dimethyl, 4-p-hy- 1i.,FP. = 119° Caloulated: N = 4,327
droxyphenylhexane Found: N - 4.187
2,2,3-trimethyl, 3-p~- i.P, = 134° Caloulated: N - 4.327
hydroxyphenylpentane Found: N =« ; -~

Figo 4
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TROOF OF STRUCTURE

The structure of methyl ethyl R-butyl p~hydroxyphenyl-
methane was proven by preparing the p-tertiary oojyl bensene,
then nitrating the tert. octyl bensene. The postion of the
Ootyl group was proven by the Carius oxidation of the nitro
tert. octylbenzene to p-nitrobenzoic acid. The p-nitro tert,
octyl benzene was then reduced to the p-amino tert, octyl
benzone, and the p-amino tert. Octyl benzene was diazatized
and hydrolyzed to the p-tert. Octyl phenol. This p-tert.Octyl
phenol was then treated with FPhenyl Isocyanate and the result-
ing urethanes showed a similar melting point. Analysis and
mixed melting point showed it to be the same urethane as deri-
ved directly from the methyl ethyl N-butyl Carbinol and phenol
in the presence of Aluminum Chloride.

PREPARATION OF THE TERT, OTTYL EINZENES

The tert, octyl benzene were prepared by the Huston Al-
uninum Chloride Condensation fethod (37). A typical run is
described here.

A 500 ml, three-necked flesk was fiited with an efficient
stirrer, a dropping funnel and a ocondenser, A thermometer was
introduced into the flask from the condenser and was suspended
from the latter with a copper wire. A dryiug tudbe was placed
at the top of the condenser. The bensene was introduced into
the flask, and the stirrer started. The (.25 mole) of AlCl3
was added to the benzene. The carbinol was then added drop by

drop 8o as to keep the temperature below 30°., The stirring was
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continued for four (4) hours after the addition of the Carbdbinol.
The mixture was then allowed to stand from forty-eight to ninety
six hours; then decomposed with ice and hydrochloric acid. The
benzene layer was separated and the acqueous portion extracted
several times with ether, A little HCl was added in extracting
with ether, to break up the water-ether emulsiun that formed.
The combined ether and bengene extracts were washed with dilute
sodium cardbonate solution to remove any remaining HCl. The
mimture was dried and the ether distilled off, and the remain-
der was fractionally distilled.

RITRATION OF THE PSTERT OCTYL BENZEZNZS

The nitration of the Octyl benzene was carried out dy an
adoptation of lMalherbe's procedure (29). An equal weight of
the hydrocarbon was added slowly to fuming nitric acid (Sp.Gr-
«1.51) 1in a 250 cc. flask, After the first violent reaction
is completed the mixture was shaken vigorously and allowed to
remain in a water bath at 90° for one hour, being shaken from
tize to time. Water was poured into the flask, the product
was separated, washed with sodium cartonate solution, dried
with anhydrous caleium chloride and distilled under reduced

pressure. The product foamed during distillation and in the
case of the Sec. butyl methyl ethyl phenylmethane the nitro
compound decomposed very easily upon heating. In the case of
the Iso-butyl methyl ethyl penitro phenyl methane was not so
easily decomposed as the Seoc. butyl methyl ethyl p-nitro



phenylmethane. The N-butyl methyl ethyl p-nitro phenylmethane
did not show decompostion upon distillation. The results and
analysis are tabulated on Fijj. (7).

REDUCTION OF P-NITRO TZRT, OCTYL BZINZENE

Reduction was carried out by means of tin and concentrated
HCl. A typical run is as follows. (38)

Thirty grams of tin are put into a 530 co. round bottom
flask fitted with an air condenser, and a mechanical stirrer.
100 cc. of conceantrated HC1l is added and then 20 grama of
pe-nitro tert. octyl benzene. The mixture is warmed under the
hood, After two hours it is allowed to cool, treated with a
large amount of water and made elkaline with NaOh. Then steam
distilled from a 2 liter flask, The amino compounda coming
over with the steam ias salted out, separated, dried with orus-
ed, solid KOH and distilled under pressure.

OXIDATION OF P-NITRD TERT, OCTYL BLNZENE
The oxidation was adapted from lalherbe's method (29).

One graa of the Octyl altro compound and 20 6c. of dilute
nitric acid ( 1.20 or 6 N.) were sealed in a carius tute,

and heated at 130° in the carrius combustion furnace. After

3 days yellow-white orystals appeared in the tube. The tubs
was cold when openede The contents were poured into a 400 cec.
beaker of Heo. The crystals were suction flltered and freed
frow eome unchanged nitro compound by washing with a little
cooled ether. Then were further recrystallized X.P. 235° to
£38°, Mixed M.f. with B-nitro bengolo acid shw no depression

in the melting point,

28
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PHINOL FROX P-ALINO TERT, OCTYL BINZIIE

A typical diazation is as follows (39).

18 grams of p-amino tert. octyl benzene are treated
with 10 ce. of contentrated sto‘ in 60 cce of water. The
solid salt formed is suspended in 300 cc. of water., After
cooling in an ice bath at O°. 7.6 grans of sodium nitrite
in 32 cce. of water is added drop by drop to the stirred sus-
pension from a dropping funnel with a capillary tube attach-
ed to the stem, Starch Iodine paper is used to determine

"when enough sodiam nitrite has been added. The diazotization
mixture i3 acild throughout the reaction.

The diazotized solution is vwarmed on the steam tath and
then steam distilled. The p-tert, octyl phenol was a liquid
as the original one. The Alpha napthylurethane was prepared,
as this was the most convenient to prepare. A mixed melting
point of this urethane ehowed no depression with the original
phenol from the tert. vctanol with phenol in the presence of

AlClze The compound was colorless, M.P. = 949,



CONDZIISATION OF TiRT, OTTANOLS WITH BENZENE

Tert, Octanol

Ne-butyl methyl
ethyl carbinol

Nebutyl methyl
ethyl carbinol

N-butyl methyl
ethyl carbinol

Iso-butyl
methyl athyl
cartinol

Iso-butyl
methyl ethyl
carbinol

Iso-butyl
methyl ethyl
carbinol

Iso-butyl
methyl ethyl
sarbinol

Sec. butyl
methyl ethyl
cgrbinol

Sece. tutyl
methyl ethyl
carbinol

Secs butyl
methyl ethyl
carbinol

Sec. butyl
methyl ethyl
cartinol

97.0

8740

97,0

87.0

97.0

97.0

97.0

87,0

97.0

97.0

97.0

8o

Eeo

e

Bengene A;C;a Product

17.0

17,0

17.0

17.0

17.0

17.0

17,0

17.0

17.0

17.0

Fig. §

Gms, Yield
3-methyl, 3= 29,0 6l1.4%
phenylheptane
3-methy1' Bow 26.0 57.6ﬂ
phenylheptane
3-methyl, 3- £8.2 60,37
phenylheptane
2.4-dimethyl 14.5 3100%
4-phenylhex-
ane
2,4-dimethyl 12,0 28.47
4-phenylhexane
2,4-dimethyl 11.2 25,77
4-phenylhex
ane
2,4-dimethyl 12.6 29.87
4-phenylhex
ane
3,4-dimethyl 6.5 15.,4¢
4-phenylhex
ane
3,4-dimethyl Te85 17.2¢
4-phenylhex-
ane
3,4-dimethyl 8.4 18,97
4-phenylhexane
3,4-dimethyl 8,0 18,37
4-phenylhexane
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PHYSICAL CONSTANTS OF PARA TERT. OCTYL EZNZINEDS

Para Tert.

31

4-phenylhexane

Figo 6

200 20° Surface
Cctyl Benzene P, P, N D Tension
3-methyl, 3- 120°-121°/17 ma., 1.4932 0.8738 31.95 S
phenylhreptane '

‘{ baie 7
2,4-dimethyl  114°-116°/10 mm. 1.4398 0.8750 31.27 34
4-phenylhex
ane
o o % | ¢

3,4-dimethyl 1117 -1147/10 mm. 1.4919 0.8757 31.0%
‘4-phenylhex-
ane
PARACHORS, SURFACE TINSION AND JCLIDCULAR VOLULID
Para tert. Surface Kolecular Volume Parachors
Qotyl Eenzene Tonsion Calec, Found  Cale. Found
3-methyl, 3~ 31.95 230,76 218.53 516,43 516.84
phenylhepteane
2,4-dimethyl 31.27 220,76 218,23 513.43 513.42
4-phenylhexane
3,4-dlmethyl  31.05 220,76 218,12 512.4% 510,31



PARA NITRO TERT, OCTYL BENZINIS

BoP o~1452-147%/30m,

3-methyl, 3-p-nitro o

phenylheptane 171

2,4-dimethyl, 4-p-nitro B.P.-167°-163°/%am,
phenylhexane

3,4-dimethyl, 4-p-nitro B.F.-159°-60°/9am,
phenylhexane

PATA AMINO TERT, OCTYL PEMZINES

S-nethyl, 3-p-amino B.P.=~122%-1223°/32n,

phenylheptane

2,4 dimethyl,3-p-amino B.P.=-130°-1319/3mn,
phenylhexane

3,4 dinethyl, 3-p-amino B.0'.-134°-136°/3unm,
phenylhexane

'y

1=
-2

o

-173°/11om.

Calcu:
Found:

Calou:
Found::

Calcu:
Found:

Calecu:
Found:

Caleu:
Found:

Calou:
Found:

N

N

N

"

8,897
5727

5807
5.817

8.89¢

6.827
6,747

6.827
6.677

6827
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SUMMARY

(1) Sec, butyl methyl ethyl carbinol was not reported in
literature and was preparsd ty two methods, the physical con-
stants determined and analysis for carbon and hydrogen deter-
mined.

(2) The four butyl methyl ethyl carbinols were condensed
with phenol in the presence of alumi.um chloride to give good
ylelds of 3-methyl, 3=p~hydroxyphenylheptane, 2,4 dimethyl,
4-p-hydroxypheny1hexane. 3,4~dimethyl, 4-p-hydroxyphenylhexane,
and 2,2,3-trimethyl, 3-p-hydroxyphenylpentane.,

The structures of 3-methyl, 3-p~hydroxyphenylheptane; 2,4
dimethyl, 4-p-hydroxyphenylhexane and 3,4 dimethyl, 4-p-hydroxy-
phenylhexane were proven by syntheses.

(3) The bensoyl esters, alpha naphthyl urethanes and phenyl
ursthanes vere prepared from 3-methyl S-p-hydroﬁyphenylhoptanl;
2,4 dimethyl, 4-p-hydroxyphenyl hexane, and 3,4 dimethyl, 4-p-
hydroxyphenylhexane, and 3,4 dimethyl, 4-p-hydroxyphenylhexane
and all derivati®es were solids,

(4) The benzoyl esters were analysed for carbon and hydro-
gen. The alpha naphthyl urethanes and phenyl urethanes were
analyzed for nitrozen.

(5) K-butyl methyl ethyl carbinol, iso-batyl meihyl ethyl
carbinols and sec, tutyl methyl ethyl cartinols were condensed
with Benzene in the presence of Aluminum Chloride to give the

corresponding tert. octyl benzenes.



(6) Only tho phenyl urethane waes prepared from the
2, 3’ 3 trimethyl- B-p-hydroxyphenylpontano.

(?) The physical constants of the tiree p-tert, octyl
benzenes wero determined. The calculated parachors and
calculated molecular wolume checked with that determined
experimentally,

(8) The p-nitro tert. octyl tenzenes, and p-amino tert,

ooctyl benzenes were analyzed for -carbon-and-hydrogen, wl-’.w/ 1
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(4)
(s)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(18)
(16)
(17)
(18)
(19)
(20)
- (21)
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