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PREPARATION OF 1, 2, 3~TRIMETE

by

4 thesis presented to the Department of Chewistxy of
Union College in partial fulfillwent of the requirements for
the degree of Bachelox of Sclence with a Major in Chemistryy,

Dated: May l2th, 1961,
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The purpose of this project is the muh«u 1, &, 3
trmmylbamm or mmutm &s an intermediate for
further reseaxrch, The synthesis was carried out using two
different approaches,

One problem which came up in the first step of the
synthesis turned out to be & swall research project itself,
The literature showed that tert.-butvl alcohol alkylated
m-xylene to yield 1, 3~dimethyl-4=tert.-butylbenzene;
vhereas we found evidence for the reaction giving a product
with properties similar to the product obtained by reacting
text.~butyl chloride with wxylene. This latter product is
probably 1, 3-dimethyl=S-gert.-butylbenzene, Infared
spectroscopy, vapor phase fractometry, refractive indices,
nitrations, cooling curves amd oxidations proved these
products to be identical emcept for purity. A comparison of
these methods showed that tert,.~butyl chloride gave higher
yields and a higher decree of purity.



Plaomed Synthesis of 1, 2, 3=trimethylbenzene
Method #1 » Peeling
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Planned Synthesis 1,2, 3~trimethylbenzene
Method #2 - Nigriny
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i m- Yylene O
c(cH 3)3 '
1,2,3*trimethyl~ 1,2 ,3~trimethylbenzene
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HISTORICAL

Baur (1) in 1891 did the imitial work on this reaction
with the synthesis of 1,3~dimethyl«5-gert.~butylbenzene. He
was able to synthesize the 1,3,5 isomer in two ways. The
first way involved the boiling of w*xylene with isobutyl~
bromide in the presence of aluminum chloride, After repeated
factional distillations he obtained a colorless liquid which
boiled at 200~202% (747 m.mw,). Using the same procedure
except for substituting text. =butyl chloride for isobutyl-
brmd.do, he abugmd the same liquid boiling at the same
mmuuuu. Thé two methods are shown as follows:

§~
TRy "

! cH
Seoean Y
CHy Bﬂ/c/ e O CHy
LR 3
vy

.2 | C.(cH
cu5~z“sc1 e c..\,@ru";);%{ e
C.H.s

He was able to prove the structure of this 1,3,5 isomer
by oxidizing with chromic acid and by nitrating with fuming
nitric acid, In oxidizing he found two acids formed. In
one case he formed 3,5-dimethylbenzoic acid C.H, (CHy)g COOH
which melted at 166°c and in another case he formed trimesic
acid CgHa (COOH)3, He deducted that both acids have the
symmetrical structure 1,3,5 and therefore the butylxylene
is symmetrical,



Hitrating with fuwing nitric acid and sulfuric seid
in a waterbath, he formed the trinitro~derivative which
after recrystallization from alechol yielded yellow-white
needle crystals melting at 110%. The nitrogroups take the
2,6,6 positions on the ring, Nitreting in & glacial
acetic acid solution with fuming nitric acid forms the
wonowityo derivative which after recrystallization from
sleohol yielded white crystals meliing at 835%.,

In 1932, Smith and Cass (4) worked with the tvimethyl-
benzenes, They found that trimethylbenzenes could be made
easily by just veflmwing w-xylene with aluminm chloride.
However, methylation using methyl chloride and aluminus
chloride, yielded no 1,2,3-trimethylbensena,

Wizth (13) in 1936 was able to make 1,3,~dimethyl~
S=gext.~butylbenzene using fext.-butyl chlovide with
w~xylene, He reacted aruyleme with fext.-butyl chloride im
the presence of aluminum chloride in less than 2% of the
smount of fert.-butyl chloride, while keeping the temperature
below 50% during the entive reaction, This method was used'
by Nigriny., |

In 1939, Nightingale and Swith (8) carried out the
synthesis of 1,3-dimethyl=4~iext.-butylbsnzene using w-xyleve
and tert.~butyl aleohol in the presence of conmed., sulfuric
acid, Aluminum chloride was used to convert the 1,3.4
fsomex to the 1,3,5 fsomer, This wethod was used and is



and is described in the experimental section of this
thesis,

Maurice J. Schlater (11) carried out the synthesis
of 1,3~dimethyl-5-gert.-butylbenzene using m~xylene and
tert.*butyl chloride in the presence of aluminum chloride,
Next, he chloromethylated using formaldehyde and hydrochloric
acid giving 1.3~dmm1~2~chlwmthy1*s~m.~bueyl.bonzm.
The next step was to reduce the chlormthyfim product
with zine dust and sodium hydroxide giving 1,2,3-urluthy1~
benzena. The final and crucial step was the removal of the
tert.~butyl group. This was done using liquid anhydrous
hydroflouric acid and m*xylene for equilibratiom.



JHECRY -‘
Introduction of the et -butyl group in the first step
is the basis for the whole synthesis because it blocks not
only the position it ceccuples, but the two adjacent positions
as well, The tert.~butyl group is easily introduced and ve~
moved from aremstic muclei without disturbing other alkyl
substituents (11). It alss sctivates the nuclew towards
further substitution except in those positions adjacent to
ie,

According to the proceduve outlined by Kirrman and
Graves (6) the 1,3~dimethyl~4-aslkylbenzenes can be prepaved
from m~zylene and an alechol in the presence of 70-85%
sulfuric acid, This wethod is appliceble only when diyl
group is secondary or tertiary. 1,3~dimethyl-4~gert.~
butylbenzene treated with aluminum chloride isomerizes to
1,3~dimethyl=S5-Lert, ~butylbenzene, |

In the chlorowethylation thexe is only one position
open and that is position two, The chloromethyl derivative
is easily reduced leaving only the removal of the fert.*
butyl group before the hemimellitene is obtained,



tylbenzene (8)

and text.-butyl aleohol
(110 ecc) were mixed and the flask placed in an ice bath,

A mixture of 1030 cc concentrated sulfuric scid and 220 ce
of water was added during a two hour period while the
solution was stirred mechsnically., The stirring was
continued for eighteen hours at room tempersture. The
Kylene layer, was separated, washed repeatedly with watex
énd dilute slkalai, dried and distilled using & columm with
an ordinary water condemser. There was no exothermic re~
action noted or detected durimg the whole reaction., The
first batch was distilled and gave the following vesults:

L ING RANGES , ®¢

138~142

L

2 142-180
3 180-210
& 210~222
S 222232

Since separation was not achieved with an mut‘ '
flask, a sponge packed and asbestos wrapped fractionating
coluen (1% % SM“‘) was wsed, A heater was aleso wrapped
about the column m,wm«lmummmm‘



of m vapors distilling over, This columm gave the follow~
ing results after refractionating the firxst set of fractioms:

1A=1 139 1184
Lae2 139142 8.6
14=3 142200 198.2
1A=4 200-210 e L
14=5 210~240 13.4

The second batch was prepared the same way as the firet
bateh and stripped of excess xylene with the sponge packed
column, The fraction lA=4 of the firet batch was added to
the second batch and both distilled inm a 4' x 1/2% colusm
packed with 1/32" stainless steel helices. The following
fractions were taken:

2B~1 197=200

282 200~203 1.4920

283 203+206 5.5 1.4928

284 206~208 22.6 1.4933

285 208-209 23.7 1.4930

286 209-240 14.2 1.4938
Residue 2640~ 16,7

Variac settings for all fractionsj pot~66 volts columm 86 volts.
Since fractions no, 2B~4 and 2B~5 had vefractive indices
close to the 1,3,5 isomer 10 grams of each were weighed
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out and distilled in a concentric tube column (75 theoretical
plates) for further separation. The following results were
obtained: See next page

The fractionation was carried out over a three day
peridd, The column was put on total vefiux when unattended.
~Although the column was on total rveflux, some vapors did
get over as shown in fraction Ne. &.

The following notification will be used for identifying
samples throughout this thesis.

'1,2,3 etc.~batch No.

A=1' = 3/64* gponge packed column

B*4' x 1/2v 1/32" gtainless steel helices packed column

¢~ concentric tube column ( 75 theoretical plates)
‘BESULTS AND DISCUSSION -

The following methods were used to prove the structufe
of the 1,3,4 isomer. This is where devistions from the
physical contents of the 1,3,4 isomer occurvxed, It also
showed the similarity of my product with the exception of
purity, to Nigriny's supposedly pure 1,3,5 isomer.

1. cooling mn |

cooling curves were made for my sample 2C*3 and
Nigriny's sample 5 from the concentric tube columm, The
samples vere used and mixed fivst in a 1l ratio and then in
a 311 ratio.
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GRAPH #1 GRAPH #2 GRAPH #3
Sawple 2C-3 ' 1:1 b 13 3
Timq ’Ecmp-. 'rm T‘_ s Time '£omp.
o .l 9.8 0 ~19.0
15 ~19.0 15 -3,0 15 =20.5
30 -21.0 30 -7.0 30 -22,5
45 =22,0 45 413.0 65 -21,2
@ ~23.6 s -0 B e em s
75 230 75 -19.8 [ R IEETR
% <230 % -17.5 . %0 -23,0
105 23,0 105 ~17.8 S0 1es ear.0
120 =235 120 -18.0 © 4 1m0 29,3
13 e240 133 e 0 sk ens
96 -3 150 %0 4% e
8 ~200 | 18 -ta8  ass e
e -26.8 | L 180 «29.3
i 195 =270
210 24,7
225 23,2
260 =22,7
255 21.5
270 =21,2
285 -21,2
300 =19.5
Sample 2C~3 shows a melting point of =23.0% from the
graph(See Graph #1,) This is quite far from the reported
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melting point of the 1,3,4 isomer which melts at =31.0%
(8). The 1,3,5 isomer melts at -21,5° (8) which shows that
the sample 2C~3 is primarily 1,3,5 with a small amount of
impurity which lowered the melting point. Graph #2 shows
my sample 2C~3 with Nigriny's in a 1:1 ratio. Nigriny's
pure 1,3,5 melted at ~17.0°, The 1:1 ratio melted at
=17.8° which shows that my product is essentially the same
as Nigriny's but a little less pure, However, as th e amount
of my sample increases, the amount of impurity increases,
and thie accounts for the lower melting point (~21,2°) im
Graph #3, This is still above the literature wmelting point
of the 1,3,5 isomer,

INFARED SPECTRUM
The same spectrum was obtained for both my sample

and Nigriny's.

Oxidations were tried by Nigriny using both dichromate
and permanganate as oxidizing agents, Several trials were
run on both my samples and Nigriny's with hopes of obtaining
any of the following acids:

Y @—CWH ' “ooc_[jf—”"l “"OCO,C.OD“
C(CHy), E(CKy) CooH

S~tert,-butyl-3-methyl- »buxyi trimesic
l-benzoic acid 1; ilic acid acid
Although many trials were run, none of the above

acids could be isolated,
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The nitration was run on sample 2C~3 using a
method similar to the nitration of mesityleme, The reaction
wag carried out on the wmicro scale using a 50 cc three
necked flask equipped with a mechanical stirrer, a thermometer
and a dropping fumnel. Exactly 2,68 gx@ of the sample
was placed in the flask along with three grams of acetic
anhydride, The reaction mixture was cooled bdow 10% in an
ice bath, A solution of 1,575 grams of fuming nitric acid
in 1 gram of glacial acetic acid and 1 gram of acetic
anhydride was added, with stirring, over a period of forty
minutes while the temperature was kept between 13° and 20°c,

After the addition of the nitric acid solution was
complete, the reaction mixturewas allowed to sit overnight
at room temperature, The flask was warmed with stirring in
a water bath to 50° and uinmiﬁad at this temperature for
ten minutes. The cooled reactions were then poured slowly
into 30 ec of ice water and stirred. About 15 grams of
sodium chloride was added and the aqueous layer was
decanted and extracted with 200 cc of ether, The ether
layer was added to the momomitro residue and this etheral
solution was washed with 30 cc portions of 10% sodium
hydroxide until the water extract was distinctly alkaline,
The ether was evaporated off using a steam bath, The residue
was steam distilled and the product collected, The crystals
were recrystallized from methanol. The crystals melted
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79° » 81%, The yleld was 25%.

¥1. UEER MCLES
2,17 g 0.0217
2.00 0.0123
Nitxde Acid (fuming) 1.17 0.0186
Acetic Acid 2.00 0.0123
Acetic Anhydride 0.73 0.0072

Yield o.ae 0.50/2 x 100 ® 251
MoP. T99-3i%

Helbex, & chemistyy ii student, ¢id the mononitration
using the sawe procedure but different amounts of resctants,
He also obtained & yleld of 25%. He carried sut three
crystallisations with the final erystallization giving &
M.P, of 63%79%.

Semple 2C~3

1,3,3 Lscmex 2.68 g 0.0166
Agetic snhydride 3.00 8

Nitrie Aeld (fuming) 1.575 0.025
Agetic Acid 1.000 g

Acetic Anhydride 1.000 g

Yield~ 0.83 g 0.83/2,68 = 100 ® 257
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lst cryst, ~ 0,97 g &47%=70°
2nd exvet, - 0.89 g §30-77¢
3xd cryst., - 0.83 g 83°=79°

The Journal of Orgenic Chemistxy (3) describes
mononitration as a way of proving the structure of the
1,3,5 isomer, The nitration in this article was camled
out using the same instructions I used, They got a yield
of 66% and a product which melted at 849-85°,

Since my yileld: of mononitration product is low
the most that I can say is that there is 1,3,5 isomer
present, The question of the purity of the sample will
have to be shown by other methods of amalysis such as
vapox m W‘W

m literature values of the refractive indices were
taken as a possible means of identification. The refractive
index at 25°% for the 1,3,4 isomer is 1.4909, The refractive .
index at 252 for the 1,3,5 isomer is 1.4935, The fraction
28-1, np25 = 1,4010 was thought to be the 1,3,4 isomer but
results from the vapor phase proved that it was the 1,3,5
isomer with some mexylene (n," - 1,4951,) The wrxylene
does mot account for the low refractive index of sample
28<1, There might possibly be some fert,~butyl alcohol
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(n325~1.3858). This is probably very umlikely. Those
fractions above the refractive index of the 1,3,5 isower
had small amounts of high boiling impurities which showed
up on vapor phase also. i

Chromatographic methods have been used since 1951, The
theory of separation is based on the fact that the ma terial
to be separated distribues itself between two phases, one
of which is mobile, The stationary phase ir either a
1iquid or a solid and the moving phase is a liquid or a gas.
Gas Chromatography is o named because the mobile phase
is a gas (10).

Gas Chromatography separates mixtures by retarding
various compomﬁtu of the mixture in the stationary phase,
These various components are retarded in the column by
their interaction with the stationary phase, Each component
remains in the columm for a certain period of time, called
retention, before it passes through the rest of the column
and reaches the detector, The difference in partitionm
coefficients is the basis for gas-liquid chromatography
and the difference in abgorbtion coefficients is the basis
for gas-solid chromatography.

The carrier gas (mobile phase) used should be almost
completely inert to the statiomary Shua. It should also
be different from the vapors of u@i« being separated,

A gas of low density and high thermal conductivity gives
the best sensitivity, Carrier gases used are hydrogen,

helium and nitrogen, Both hydrogen and helium are the
' best, because they meet the above standards, Helium is



>

wost commonly used because of the explosive nature of
hydrogen.

There are many choices which could be used for the
stationaxy phase, Cemerally, the fixed phase which is
involatile at operating \. temperature is best, Although
high molecular weight substances should be appropriate heve,
Low-molecular wieght substances have low viscosites which
increase colum efficiency. Thevefore, & compromise humca
both factors (high moleculax weight and low viscosity) must
be effected,

After the vapors have passed through the colusm, they
reach the detector which anallyzes them and records the
results on paper. The detector shoull have (1) as high
sensitivity as possible (2) quick response so as to
detect all changes in vapor concentration and (3) lineer
vesponse, It should mot destroy o¥ absord any vapors in
mmqmmhumdmdmwntummm
detector.

Qualitative vesults are obtained by compsring the
retention time of an unknown substance with litexature
retention times of known substances run &t the same flow,
Wm.mﬁtmatmlm. The flow should be
kept constant since it effects the retention time, The
mmismmmumal'Wtumcm
will cause & change in retention Cime in the ovder of 5%,

The Perkin = Elmer vepor fractometer (model 134+D)
was used to analyze the vesults. Columm R {Ucon polyglycol
LB=550~%) was used. This column is & moderately polax
general purpose coluam for medium temperature ranges
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{ TION of 1,3-dimethyl=3-tert.-butylbenzene
Two wethods were used for the chloromethylations,
the firet carried out by Cavpenter (12) and the secand
by Nauta and Dienske (7). |
One mole (162g) of the 1,3,5 lsomer, 75 g of
40% formalin, and 200g of comed, hydrochloric acid were
mixed and warmed to 50%°. Then with constant stirring,
400g of coned, sulfuric acid wes added. After 5 3/4 hrs,
the reaction wixture was mw. The layers were sepsrated,
the acid layer being discarded and the oily layer was
mum until free of acid and distilled in vacuo,

1 1

2 94-95 1 34,3
3 95-100 1 E e
o 100-112 1 ST
5 115123 1 1.5
. 123260 1 10.7

MP (fxaction #6) ~28° yield =10.7g
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In the second method of the mole (162g) of the 1,3,5
isomer was mixed with 583 g of coned, hydrochloriec acid and
75g of 407% formalin, The reaction mixture was stirred for
twelve hours during which time a steady stream of anhydrous
hydrogen chloride gas was passed through it, The mixture
was kept at 35° throughout the whole reaction. After
twelve hours the reaction mixture was cooled, separated and
the oily distilled in vacuo. Two vacuum distillations were
carried out since the first column did not give the desired
fractionation, The second column consisted of 1! x 3/4v

packed with 1/32" stainless stell helices,

WL, USED g. HOLES
1,3,5 isomer 162 1.0
HC1 583 19.6
40% formalin 73 1.0
t D T
FRACT, NO, IEMP. ¢ FRESS,
1 85~100 3mm
2 100~112 K
3 112-120 3mm
4 120-144 3mm
2nd DISTILLATION

All the above fractions were redistilled in the second

vacuum set up which was described above.
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- 120 40 we 29.4
120-150 38 mm 19.1

150-180 o  19.0

The remaining residue (fraction #4) was vemoved and
distilled at atmospheric pressure,

FRACT, NO, TEMP, % Wr.
4~1 180~218 8.6
4=2 218-242 3.5

4=3 242~ 3.3

There was no yield out of a possible yleld of about
116 g. reported by (3). £%

. In the first method fractions 1,2, 3 were almost puve
1,3,~dimethyl 5-gert.- butylbenszeme. Samples 4 and 5
were in the intermediate vange. The product was collected
in the last fraction (fractiom #6). This soon erystallized
to form white needle~like crystls. The sctual melting peint
is 27° (12) and its boiling vange is 120~121 at ms (12),

In the second method all fractioms in the firvst
distillation were contaminated with the 1,3,5 isomer which
was the reason for switching over to the second column,
Fractions 1=3 of the second distillation were primedly
the 1,3,5 isomer. No crystals were fxwed in any fraction,
The crystals obtained were from the liquid being distilled,
These were formed in the flask overnight, and taken
out before the liquid wes heated, The residue which boiled
in a vange of about 300-400°¢ was & viscous oil which formed
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erystds on standing. Since this was a condensation reaction,
formaldehyde helped to join two rings: |

CH-s

o {f}w

¢ Hy

These methods of preparation were followed exactly
and therefore the yields should be much better than they
were, I can think of no reason why they did not produce.
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SUMMARY;

This experiment has shown (1) that there is a
digerepancy in the literature as far as isomers obtained
and (2) that the Friedel Crafts reaction using aluminum
chloride gave the highest ylelds and the highest degree
of purity, Proof of structure would have been more
conclusive if we had some 1,3,4 lsomer. There is no
explanation why the chloromethylations did not give better
yields, si.nec the proof of structure took a long period
of time the cud product, 1,2, 3~ criuﬁhylbmm was not

obtained,
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