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S-Y 

A 6-gallon quantity of 1,2,3-trimethylberzene was prepared and 
purified in a four-step synthesis involving the condensation of 
1,3-pentadiene with crotonaldehyde. The dimethylcycloliexoncarbox- 
aldohydes formed were hydrogenated to give the corresponding isomerio 
dimethylcycloheyylcarbinols. The dehydration of the carbinols and 
tho subsequent dehydrogenation of the trimethylcyclohexenes yielded 
the 1,2,3-trimetbylbenzene. The over-all yield was 24 percent; the 
R-hysical properties of the material are given. 

INTRODUCTION 

The preparation of pure 1 ,2,3-trimethylbenzene was undertaken 
a% a ljart of the program being conducted at the NACA Cleveland lab- 
oratory on the study of aromatic hydrocarbons as possible components 
of aviation fuel. The methods of synthesis of other aromatic hydro- 
carbons Rrepared at this laboratory are given in references 1 to 3. 
Several methods of preparing 1,2,3-trimethylbenzene that are reported 
in the literature were considered not suitable for gracticable large- 
scale synthesis. 

The hydrocarbon was firstqprepared in 1886 by Jacobson (refer- 
snce 4) by the decarboxylatFon of 3,4,5-trtiethylbenzoic acid. In 
1887 Jacobson and Deike (reference 5) prepared the hydrocarbon by 
the treatment of 1,3-dimethyl-2-bromobenzene with methyl iodide and 
sodium. In 1919 von Auwers (reference 6) synthesized the compound 
by treating 1,2-dimethyl-3-iodobenzene with methyl iodide and sodium. 

The preparation of hemimellitene by the chloromethylation of 
o-->qrlone, us:ng the method of von Braun and Nelles (referance 7), 
produced a m?.xture of 1,2,4- and 1,2,3-trimethylbenzenes. Preliminary 
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.investigations of thie method at the Cleveland laboratory showed an 
over-ali field of 10 percent of the 1,2,3-trimethylbenzene and 
30 percent of the 1,2,.4-isomer, which did not justify large-scale 
synthesis. The reactions are as follows: 

(HCEC), + Xl NaOH 
C2H5C1? 

In a series of Grignard reactions starting with benzyl chloride 
and subsequent reactions based on the Tiffeneau rearrangement Smith 
and Spillane (reference 8), who based thek work partly on the invos- 
tfgations of P. 0. Tawney and C. L. Agpe conducted at the 'Vxivcrsity 
of Minnesota from 1934-1936, were able to increase the over-all field 
of hemimellitene from 11 percent, as obtained by Agre, to 26 percent. 
The method described In reference 8 was fnvestigated rather exten- 
sively but, on account of the considerable amount of t5me involved in 
the large-scale Grignard reactions and the difficulty of the purifi- 
cation of the various intermediates, it did not warrant further 
large-scale runs. The reactions are as follows: 
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Tlze method that proved successful wzs the Diels-Alder condensa- 
tion as reported by Joshel and Butz (reference 9). The adaptation 
of this method to the preparation of aromatic hdyd.rocarbons was 
reported by Tom and Board at a meeting of the American Chemical 
Society at Cleveland, Ohio, in April 1944 (reference 10). 

DISCUSSIOX OF~EZXTEXSIS 

The synthes:s of 1,2,3-trimethyibenxane was carried out in 
2C-percent over-e11 yield by the follotizg procedure: 

F3 
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Plgerylene (1,3-pentadiene) and crotonaldehyde were condensed 
Sn an autoclave at 2CO" C for 4 hours. When 30 to 40 percent (by 
weight) of the crotonaldehyde was used, the yields of the tixture of 
the dimethylcyclohexencarboxalde?zdee were 40 to 55 percent. The 
Fressures developed in the autoclave were 300 to 400 pounds per square 
inch and the pressure droppsd to about 250 pounds per square inch at 
the completfon of the condensation. When 40 to 50 percent (by weight) 
of the crotonaldehydo was used, however, the yields were considerably 
lower (25 to 30 aercont) and unusually high pressures, 500 to 
1670 pounds per square inch (fig. l), developed. No explanation can 
be offered for the occurrence of the unusually high prassures bocauso 
the temperature romained at 2CO" C withinf5O. khen piperylone alone 
was added to the autoclave and heated to 200' C for periods of time 
up to 3 hours no unusual gressurcs developed. 

The reaction mixture was stripped of its low and high boiling 
components. The adduct, boiling from 170' to 190' C at atmospheric 
gressure (approximately 120° C at 50 mm), was a~proxinuztely 55 por- 
cent of the theoretical yield based on the amount of crotonaldchydo 
used. Both the piperylene and crotonaldehyde were used as commer- 
cially obtained without further purification. The commercial piper- 
ylene was 80 percent pure, and according to Craig (reference 11) only 
the trans-isomer reacts in the dlene condensations. 

The adduct, a mixture of dimethylcyclohexencarbc-xaldehydes, was 
hydrogenated to the corresponding dimethylcyclohexylcarbinols in an 
autoclave using a nickel hydrogenation catalyst at a temperature of 
EC0 c. The hydrogenation proceeded readily at 120' C, but the tem- 
neraturo was always raised to 150' C at the end to insure com@ete 
hydrogenation. 

The mixture of the carbinols was taken from the autoclave tithout 
2urLzication and dehydrated by passing the material through a 2-inch 
hjr lo-foot column packed with alumina, which was heated to between 
SW0 and 400° C. The resulting crude trimcthylcyclohexene mixture, 
which was obtained in approximately 92-percent yield, wan carefully 
fractionated through a 2-inch by 12-foot co&mm containing Fenske- 
tJTe packing and yielded 63 percent of ths charge aa pure trimethyl- 
cyclohexenes. Careful fractionation (ILOO-theoretical plate col~um, 
5C:l reflax ratio) was nec988ar y to remove the giperylane dFmer 
because the dimer boiled at approximately the same temperature as the 
final hydrocarbon. 

The purified trimethylcyclohexenes were dehydrogenated by passing 
the material through a X-inch by lo-foot column containing chromia- 
alumina catalyst heated to a temperature between 450' and 470' C. 
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The 1,2,3-trimethylbenzene, which was obtained in 79-percent 
yield frcm the dehydrogenation of the gurified trimethylcyclohexenes, 
was purified by fractional distillation in a 100-plate column. The 

final product had a yellow color after fractionation and it was nec- 
easary to reflux the material over sodium to obtain a colorless 
material. The over-all yield of 1,2,3-trimethylbenzene in the syn- 
thesis was approximately 24 percent. 

The physical constants of the "best" sample obtained at this 
laboratory and of the "engine grade" sample material are shown in 
table I along tith values obtained at other laboratories (refer- 
ences 8, 12, and 13) for comparison. Freezing curves of the best 
sample are shown in figure 2(a) and o f the engine grade sam@e in 
figure 2(b). Readings as shown in the curve were taken on a platinum 
resistance thermometer in ohms and converted (by computation) to 
Centigrade degrees. 

A B-gallon quantity of pure 1,2,3-trimethylbenzene was prepared 
according to the foregoWg procedure. wlcal quantities of reaot- 
ants and yields in the various steps are presented as follows. 

Ccndensation of crotonaldehyde and piyerylene. - In on9 run 
5.57 kilograms (81.8 moles) of commercral piperylene and 4.54 kilo- 
grams (64.9 moles) of commercial crotonaldehyde were added to a 
20-Eter roc'ting autoclave equipsed with thermostatically controlled 
electric heaters and a jacket for air cooling. The temperature.was 
held at 200" C and the reaction Ebllo'Gv'Bd to proceed until the pressure 
dropped to a constant value, usually 250 pounds per square Inch,. The 
condensation required about 5 hours. The condensation product after 
stripping yielded 4.83 kilograms (54 percent) of ma&Hal boiling 
from 170° to 190' C. No attempt was made to separate the piperylene 
d1mer from the dimethylcyclohexencarboxaldehydes because the sewration 
could be accomplished sharply and more easily in a later step. 

An attempt to separate the possible isomeric aldehydes by frac- 
tionation in a l-inch by 7-foot glass column, packed with l/4-inch 
sfngle turn glass hellces, tested efficiency 82 plates, proved 
Unsuccessful. 

Eydroqcnation of the dimethylcyclohexencarboxaldehydes. - The 
crude aldehyde mixture,.9.1 kilograms, and nickel hydrogenation 
catalyst (454 grams) were added to the seme autoclave that was used 
for the condensation runs. The autoclave ITas heated to 120' C and 
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the hydrogen w&t3 intermittently charged until the pressure no longer 
dropped, indicating that the hydrogenation was completed. The time 
required for complete hydrogenation was 10 to 12 hours when fresh 
catalyst was ueed. The amount of the reac%fon product recovered was 
9.1 kilograms (97 percent). The came catalyst could be used for 
several runs but the reaction time was extended. 

Distillation of a small portion of the obtained alcohol 
(fig. 3(af) showed that the crude mixture wae about 70 percent of 
the desired alcohols, 20 percent of the piporylene dimer, and 19 per- 
cent low-boiling material. The boiling range of the dimethylcyclo- 
hexylcarbinola was 207' to 21S" C at atmospheric preaure. 

Dehydration of the dimethylcyc~ohexylcarbinols. - In a typical 
dehvdrstion run 8;3 kilograms of the crude-alcohol mixture wa8 taken 
directly from the hydrog&ation reaction without further purification 
and passed through a 2-inch by lo-foot coWnn packed with alumina 
catalyst. The temperature of the column was maintained between 380' 
and 400' C; approximately 10 hours was required to complete the 
dehydration. The recovered reaction product consisted of 6.62 kilo- 
grazs of the hydrocarbons. The trircethylcyclohexenes were then sep- 
aratod frcm the other constituents by fractionation in a 2-inch by 
E-foot column containing Fenske-tEe packing. A typical distillation 
curve of trimethylcyclohsxenee is shown fn figure 3(b). The main part 
of the curve shows the cyclohexene isomers; the end of the curve shone 
the separation of the diner. The yield of the trimethylcyclohexenes 
(63 percent) approxLmated the percentage of the alcohol content of the 
crude material as ohown by figure 3(a). This curve indicated that 
the pure alcohol would Rrobably give nearly quantitative yields upon 
dehydration. 

Dehydrogenation of the trimethylcyclohexenes. - A charge of 
19.2 kilograms of the trimethglcyclohexenes (boiling range 146' to 
156" G) was passed through a 2-inch by lo-foot column packed tith 
chroiiia-alumina catalyst. The dehydrogenation, which was maintained 
at a temperature between 450' and 470° C, required about 65 hours. 

The dehydrogenated material (17.3 kg) t.ras fractionated on a 
lOO-theoretical-@ate column to yield 14.72 kilograms (i9 percent) 
of 1,2,3-trimethylbenzene (fig. 3(c)). It wa5 necesflary to strip 
the product over sodium in order to remove the yellow color. 

Aircraft Engine Rosearch Laboratory, 
Xational Advisory Colmnittee for Aeronautics, 

Cleveland, Ohfo, May 2, 1946, 
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TKBLE I - PHYSICAL CONSTANTS OF 1,2,3-TRIMETHYIEEZE?~ 

I 
* 

I 

iFreezing Boiling iIndex offDensity 
point point atlrefrac- at 29O C 

I 

Source (OC) 76y07 Ition (Grams/ 

?i" 
ml) 

i Reference Reference 8 12 '-25.41 -25.47 --.----..- 176.10 -------.. 1.5130 0.a944 .3951 

I NACA NAG!! Reference engine "best" 13 sample sample -25.97 -25.41 -25,450 176.05 176.15 176.09 1.5139 1.5138 1.5137 .9944 .a950 .8943 
National Advisory Committee 

for Aeronautics 
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Percentage reoovsrsd a# distillate 

(a) Dlmsthylcyclohexyloarbino~n. 
Figure 3. - Variation of boiling point and index of defrsotion with percentages rsoorsrod aa 

distillate. 
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peroentage reoovered BI distillate 

(b) Trlmsthyloyolohex.enas. 
Flgare 3. - Continued. Variation of boiling point and index of defraotion with pbmentsgss 

recovered as distillate. 
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