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Tu' CONJUNCTION with Methods of synthesis for l-ethyl-3-methylbenzene, of m-xylene the intermediate 
1,2,3-trimethylbeiizene, and m-xylene which are applic- 3,5-dimethyll- 1 -cyclohexanol 

was prepared by  hydrogen- ratory to  study aromatic able to the production of 10-gallon quantities of pure hy- 
hydrocarbons as possible drocarbon are described. The three compounds were pre- ation of commercial 3,5-di- 
components of aviation g a m  pared by the dehydrogenation of suitablecyclohexeneinter- methy 1 - 1 - hydroxybenzene 
line, the development of mediates. Physical constants and freezing or melting (3,5-x~lenol, 3,5-dimethyl- 
methods of synthesis readily curves for the three aromatic hydrocarbons are reported. Phenol). 
adaptable to  the preparation In the large scale prepa- 
of 10-gallon quantities of the ration of these compounds 
pure hydrocarbons was necessary. This paper presents the meth- several runs were made at each stage before the next step was 
ods developed for the large scale syntheses of 1,2,3-trimethyl- begun. For this reason typical quantities of reactants used are 
benzene (6), 1-ethyl-3-methylbenzene (,$?), and mxylene by the given under experimental details for the stepwise synthesis of 
dehydrogenation of the corresponding cyclohexene inter- the hydrocarbons. 
mediates. Physical constants of the 1,2,3-trimethylbenzene, l-ethyl-3- 

1,2,3-Trimethylbenzene was prepared according to  a general methylbenzene, and m-xylene are listed in Table I together with 
method outlined by Tom and Boord (9) in which piperylene selected literature values. The properties were obtained by 
(l,3-pentadiene) and crotonaldehyde were condensed to  the methods previously described (3 ) .  Freezing curves for 1,2,3- 
2,6- and 5,6-dimethyl-3-cyclohexene-l-carboxaldehydes, followed trimethylbenzene and mxylene, and a melting curve for 1- 
by hydrogenation to  the 2,3- and 2,6-dimethylcyclohexylcar- 
binols, dehydration to the 1,2,3-trimethylcyclohexenes, and 

a program at this labo- I 

ethyl-3-met'hylbenzene are presented in Figure I. 

dehydrogenation to  the 1,2,3-trimethglbenzene. 1,2,3-TRIMETHYLBENZENE 

1-Ethyl-3-methylbenzene and m-xylene were synthesized CONDENSATION O F  CROTONALDEHYDE AND PIPERYLENE. 
through the preparation of intermediate cyclohexyl alcohols Commercial piperylene, 5.6 kg. (82.4 moles), and commercial 
which were dehydrated t o  the corresponding cyclohexenee and crotonaldehyde, 4.5 kg. (64.3 moles), were condensed in a 20- then dehydrogenated to  the aromatic hydrocarbons. liter rocking autoclave at 200" C. for 5 hours. Pressures de- 

I n  the synthesis of l-ethyl-3-methylbenzene the intermediate veloped in the autoclave were usually of the order of 400 pounds 
1-ethyl-3-methyl-1-cyclohexanol was prepared by hydrogenation per square inch and dropped to  250 pounds per square inch at the of commercial m-cresol to  3-methyl-I-cyclohexanol, oxidation of end of the I I ~ ~ ~ ~ ~ ~ ,  in some pressures of 
the alcohol to 3-methll-1-cyclohexanone. and condensation of 2000 pounds per square inch developed. N o  explanation of this 
the  ketone with ethylmagnesium bromide. In  the synthesis behavior can be given as the temperature remained at 2ooo 

=t 5 "  C. 
The reaction mixture was stripped at atmospheric pressure and 

the fraction (4.8 kg., 54% of theoretical) boiling between 170 ' 
and 190' C. was taken as crude 2,6- and 5,6-dimethyl-3-cyclo- 

TABLE I. PHYSICAL CONSTASTS hexene-1-carboxaldehydes. No attempt was made to separate 
the piperylene dimer from the crude product a t  this stage of the 

1 Present address, Pooatello, Idaho. 
2 Present address. Farchan Research Laboratories, Cleveland, Ohia. 

B.P., Density, 
760 G./MI. synthesis. 

HYDROGEKATION O F  2,6- AND 5,6-DIMETHYL-3-CYCLOHEXEKE- Aromatic F.P., Mm,,  a t  Literature 
Hydrocarbon O C. c. 200 c. .y Cited 

1,2.3-Trimethyl- -25.41 176.09 0.8944 1.5138 This work ~-CARBOXALDEHYDES. The crude aldehyde mixture, 9.1 kg. 
-25.7.5" . . . . . 0,8944 1.5138 ( 4 )  (66.0 moles), was hydrogenated with 454 grams of nickel-on- 
-25.41 0,8944 1.5130 ( 7) 
-25.450 ii6:ii 0.8950 1.5139 (1 1 kieselguhr in the 20-liter autoclave at 120' C. and a maximum 

pressure of 1800 pounds per square inch in 10 to 12 hours. The - 25.375 b , . . . . . . . . . . . . . . (8) 

benzene -95.55 161.30 0.8846 1.4965 (1) hydrogenated product amounted to  9.1 kg. (97% of the theoreti- 

A small portion of the product was distilled and gave 10% of 
low-boiling material, 20% of hydrogenated piperylene dimer and 
70% of the desired 2,3- and 2,6-dimethylcyclohexylcarbinols 
distilling at 207 O to  215' C. at atmospheric pressure. 

benzene 

1-Ethyl-3-methyl- - 9 5 . 6 2 0  161.25 0.8644 1.4965 Thie work 

(4)  cal) . -95.81a . . . . . 0.8648 1.4965 

-47.872 139.104 0.86412 1.49715 ( 1 )  
m-Xylene -47.91 139.11 0.8642 1.4972 This work 

Celcd. purity. 99.4 rt 0.2 mole %. 
b Freezing point calculated f o r  0.0% impurity. 

d Calcd. purity, 99.2 k 0.3 mole yo. 
e Melting point. 

DEHYDRATION O F  2,3- AND 2,6-DIMETHYLCYCLOHEXYLCAR- 
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BINOLS. The crude alcohol inixt,ure, 8.3 lig. (58.5 moles), was 
passed through a 2-inch by l0:foot column packed with alumina 
catalyst a t  380" to  400" C. over a period of 10 hours. The 
resulting hydrocarbon mixture (6.6 kg.) on distillation through a 
2-inch by 12-foot helix-packed column of forty theoretical platee 
gave 4.2 kg. (58% of theoretical) of trimethylcyclohexene isomers 
boiling at 146" to 156" C. The hydrogenated piperylene dimer 
(boiling point approxiinately 172' C.) was removed by the 
fractionation. 
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Figure 1. Time-Temperature Freeaing or Meltiug 
Curves of Thwe 4i.omatic Hydrocarbons 

DEHYDROGENATIOS O F  TRISIETHYLCYCLOIIEXENE ISOBIERS. 

The trimethylcyclohexene isomers, 19.2 kg. (155.0 moles), were 
passed through a 2-inch by 10-foot column packed with com- 
mercial chrome-alumina catalyat (0.125-inch pellets, approxi- 
mately 11 to 13% chromic oxide) a t  450" t o  470" C. over a period 
of 65 hours. The product obtained (17.3 kg.) was fractionated 
through a 100-theoretical plate column and gave 14.7 kg. (79%, 
of theoretical) of 1,2,3-trimethylbenzene (24v0 over-all yield), 
The material was then stripped over sodium to nxnoTrc t,hr 
slight yellom- color of the productj. 

1-ETHY L-3-BIETH Y LBENZEUE 

HYDROGENATION OF m - C R E S O L .  Ninety-eight pel cent nz- 
cresol, 10.4 kg. (96.3 moles), was completely hydrogenated with 
250 grams of nickel-on-kieselguhr to  3-methyl-1-cyclohexanol 
in the 20-liter autoclave at 160" C. and a maximum pressure o f  
1800 pounds per square inch in 12 hours. 

35 gallons of water, 14.1 liters of concentrated sulfuric acid, and 
31.7 kg. (106.4 moles) of sodium dichromate were mixed with 
stirring in a 100-gallon glass-lined reactor. The mixture was 
heated to  55" to  60" C.. 17.2 kg. ( I  51 moles) of 3-methyl-1-cyclo- 
hexanol were added slon~ly over a period of 3 hours and stirring 
was continued for an additional 15 hours. The mixture mas 
qtearn distilled and gave 10.6 kg. (63% of theoretical) of crud? 
3-methyl-1-cyclohexanone. Analysis of >ample of this crude 
product by the acetylation method of Shaefer ( 6 )  indicated that 
approximately 20% of the material was unconverted 3-methyl- 
1-cyclohexanol. An attempt to  purify the 3-methyl-1-cyclo- 
hexanone by fractional distillation was unsuccessful, so the crude 
ketone, dried over alumina, was used in the condensation with 
the Grignard reagent. 

magnesium bromide was prepared in a 100-gallon glass-lined 
reactor from 10 kg. (412 moles) of magnesium turnings and 46.4 
lrg. (426 moles) of ethyl bromide in 25 gallons of ethyl ether. 
Crude 3-methyl-l-cvcloheuanone, 31.8 kg 1284 moles), in 10 

OXIDATION O F  3-METHYL-l-CYCLOHEXAN01; hpproSlmrttely 

P R E P A R A T I O N  OF 1-ETHYL-3-JIETHYL-l-CYCLOHEX4UOL. Ethyl- 

gallons of ether mas added to the ethylmagnesium bromide O V ~ F  R 
period of 6 hours.' The mixture was stirred overnight and hy- 
drolyzed with dilute hydrochloiic acid. The ether layer was 
n.ashed once with a sodium bicarbonate solution and twice 
with water. The ether was stripped from the mixture and the 
residual oil distilled undw reduced pressure. The material 
(31.8 kg., 79% of theoretical) distilling at 95" to  120" C. a.t SO 
inm. was collected as crude 1 -~thyl-3-methyl-l-cyclohexanol. 

crude alcohol, 31.8 kg. (221 moles), was dehydrated by one pass 
through alumina catalyst, a t  2.50" to 270" C. over a period of 18 
hours in the column previously described and gave 27.5 kg. of 
unsaturated hydrocarbons. The mixture of olefins was frac- 
tionated through the 12-foot column and gave 71y0 (70% of 
theoretical) of isomeric l-et,hyl-3-methylcyclohexrnes and ap- 
proximately 20% of niethylcyclohexenes. T h e  amount of 
niethylcyclohexenes agreed well with the amount of 3-mei.hyl-l- 
cyclohexanol found by analysis in the oxidation product. 

The isomeric l-ethyl-3-methylc~clohexenes, 19.2 kg. (153 moles), 
w r e  dehydrogenated by one pass through chrome-alumina 
catalyst at, 450" to 470" C. over a period of 60 hours. The 
product obtained was fractionated through a 3 00-theoretical 
plate column and the fraction from 160" to IG1 O C. was combined 
and refluxed over sodium to remove the yellow color. Redis- 
t,illation of this material gave 15.3 kg. (82% of tjhcorci,ical) of 
l-eth~l-3-mcthg.lhen~eric (28% over-all yield). 

D E H Y D R A T 1 0 4  O F  l-ETHY1,-3-METHYI,-l-CYCI.OREXdNOL. The  

nI"HTDROGIIXATI0N OF THE 1 - E ; T H Y L - 3 - ~ ~ ~ r l H Y L e Y C L 0 ~ t I ~ X ~ N ~ S ,  

m-XYLENE 

Hyr>RC)Gm.4Tiox OF ~ , ~ - T ) I . ~ I E T H Y I , P I I E ~ ~ L .  Commercial 3,s- 
dimethylphenol (3,5-xylenol) melting point 58" to 62" C., 5.3 kg. 
(43.5 moles), was hydrogeuated with 80 grams of Raney nicliel 
in the 20-liter autoclave at  200' C. and a maximum pressure of 
1800 pounds per square inch over a period of 5 hours. The 
hydrogenated product mas stripped and gave 5.2 lrg. (937, n i  
theoret,ical) of 3,~-dirnet,hyl-l-cyclohexanol boiling a t  180" to 
190" c. 
dimethyl-1-cyclohexanol, 8.7 kg. (68 moles) was dehydritted by 
one pass through alLimiria catalyst a t  350 t o  370 ' C. over a period 
of 10 hours. The product was stripped and gave 6.6 kg. (8895 of 
t,heoretical) of 2,4-dimethpl-l-cyclohexene distillirig a t  120 O to 
127" C .  

2,4-dimethgl-l-cyclohexene, 6.4 kg. (58.2 moles) ~ was dehydrogen- 
ated by two passes over chrome-alumina catalyst at 450" to 
470" C. over a total period of 29 hours. The product. obtained 
was fractionated through a 100-theoretical plate column and gave 
5.4 kg. (88% of theoretical) of m-xylene (72% over-all yield). 

I)EHYDRATION OF 3,5-I)IhIUTNYI2- 1 -CYCI,OIIEX.kNOI,. The 3,s- 

1TIOK O F  2 , 4 - U I X E T H Y L - l  -CYCI,OIiEXI 
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