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The major products of the oyidation of a,"-dichloro-p-xylene (DCX) with dilute nitric acid a t  atmospheric pressure, arc 
terephthalaldehyde and terephthalaldehydic arid; only small amounts of terephthalic acid are produced. An attempt to 
oxidize DCX with an alkaline three per cent hydrogen peroxide solution resulted in hydrolysis to the glycol, a,a'-dihydroxy- 
p-xylene. The characterization of DCX and terephthalaldehyde is described in detail. 

This paper deals with some reactions of oc,cu'-di- 
chloro-p-xylene, p-C1CH2CeH4CH2C1. For conven- 
ience, the work is divided into the two categories of 
oxidation and characterization. 

DISCUSSION 

The o.ridation of DCX. The oxidation of p-xylene 
to terepthahlic acid can be accomplished by the use 
of dilute nitric acid a t  both high temperatures and 
pressures. The hydrocarbon, however, is resistant 
to oxidative attack by the same reagent a t  the 
milder experimental conditions of reflux tempera- 
ture and atmospheric pressure. The conversion of 
the two methyl groups of the p-xylene into methyl- 
ene groups, e.g., by a substitution reaction, yields a 
compound with a bisbenzyl structure; the latter 
should then be more susceptible to  oxidation at the 
moderate experimental conditions. I n  addition, if 
the substitution is by chlorine atoms as in DCX, 
then the oxidation will be further facilitated be- 
cause the alcohols derived by hydrolysis should be 
oxidized with ease. 

This is found t o  be the case. At atmospheric pres- 
sure and a t  the reflux temperature, DCX (I) is oxi- 
dized by dilute nitric acid to  a mixture of terephthal- 
ddehyde (11) , terephthalaldehydic acid (111) , and 
tercphthalic acid (IT) . 2  
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(1) (a) E. B. Bengtsson, Acta Chem. Scand., 7, 774 
(1953); (0) E. B. Bengtsson, Iva., 25, 121 (1954); (c) I. X. 
Nazarov, N. V. Kuznetsov, and A. V. Semenovskii, Doklady 

(2) E. Grirnauu, Compt. rend., 83, 825 (1876) obscrvd 
1 hat terephthalaldehl de is produced by refluying DC'X 
with a lead nitrate solution. No qualitative data concerning 
the isolation of other products, or quantitative data with 
regard to the aldehyde, are mentioned. No further oxidative 
work with DCX is cited until 1954 when M. Kulka and 
R. H. F. Manske were issued U. S. Patent 2,666,786, 
19 January 1954, for its oxidation with conrentrated nitric 
arid at ~~iI,rr-wtnio.i,hr,ri(. pi ("trefi. For a revirw and study 
of the ouidation of thv dibromo analog, DBrX, one should 

<llzad. ,'i'c.uk, 99, 1003 (1954). 

consult the paper by R. Wegscheider and H. Suida, Monatsh., 
33, 1006 (1912). 

The absence of the glycol, p-HOCH2CsH4CH20H, 
as a reaction product indicates that  a hydroxy- 
methyl group is more readily oxidized by nitric 
acid than is a corresponding aldehydic group. This 
substantiates the previous report that  the oxidation 
of alar'-dihydroxy-p-xylene with concentrated ni- 
tric acid gives an 80 per cent yield of terephthalalde- 
hyde. 

The results of the dilute nitric acid oxidation of 
DCX are summarized in Table I. They are consist- 
ent with the expectation that the product repre- 
senting the lowest state of oxidation, terephthalal- 
dehyde, is produed in greatest amount a t  the lower 
aoricentrations of oxidizing agent. The inverse is 
t'rue for the product of the highest state of oxida- 
tion, terephthalic acid.4 

It can be seen from Table I that although the 
short, time oxidation of DCX n1it.h dilute nitric acid 
can lead to  satisfactory yields of t'erephthalalde- 
hyde, this single-stage oxidation process produces 
terephthalic acid in poor yield. 

The  characterization and reactions of DCX. The 
DCX used in the instant study was prepared by the 
interact,ion of sulfuryl chloride with p-xylene, in the 
presence of benzoyl p e r ~ x i d e . ~  The dihalide was 
characterized by the preparation of derivatives 
which are analogous to  those obtained from benzyl 
chloride. As compared to the latt,er compound, 

(3) B. Helferich, R. Streeck, nnd E. Crurither, J .  prczkt. 
Chem., 151, 251 (1938). 

(4) After this work was completed, several recently puh- 
lished data concerning the nitric acid oxidation of DCX 
were discovered. J. Manka, J. Tomaszewski, and 31. 
Wajnryb, Zeszyty Naukowe Politechniki Lodzkiej, No. 9, 31 
(1955) concluded that the oxidation, in the presence of 
mercuric chloride as a catalyst, yielded a mixture of tere- 
phthalic acid and other oxidation products; the latter were 
not identified. The yields of terephthalic acid in this single- 
stage oxidation were poor and they finally evolved the 
following three-stage process for t,he oxidation of DCX to 
moderately good yields of terephth:rlic acid: ( i)  the hydrol- 
ysis of  DCX t.o the glycol and other products, (ii) the 
osidation of the hydrolysate n-it,h nitric. :icid, (iii) further 
oxidation of the product. of (ii) with a fresh portion of nitric 
acid. 

Independently' of this paper, and the work of Manka, 
et al., two patents were issued to Vereinigte-Glanzstoff- 
Fabriken (British Patent 724,921, 23 February 1955 and 
I'. 6. Patent 2,740,811, 3 April 1056) whirhslso show thai 
the single-stage oxidation of DCX with dilute nitric acid 
does not represent a feasible synthesis of terephthalic acid. 

_. 

(5) 31. Ilulka, Can. J .  Research, 23B, 106 (1945). 
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TABLE I 
OXIDATION OF DCX WITH DILUTE NITRIC ACID 

Ntr ic  Acid 
Conc., co TemD. 

Time, 
Hr. 

.- ._.____~ Percentage Yield of 
P-OHCC~H~CHO p-HOOCCe.H,CHO D-HOOCC~HLCOOH .~ 

10 106 7 56 23 15 
15a 106 7 36 35 16 
19 104 6 70b 23 5 
40 107 4 . 2  3 63 29 
50 106 8 2 43 49 

.- - 

a Used five mole per cent V,O, as a catalyst. The higher vield of terephthalaldehyde as compared to the 10 or 15 pcr 
cent nitric acid reaction is due to the shorter reaction time. 

however, DCX exhibited a decreased reactivity 
towards displacement reactions. The use of more 
drastic experimental conditions (diethylene glycol 
monobutyl ether as solvent, and potassium iodide 
to effect halogen exchange) was necessary to pre- 
pare certain derivatives. 

The reaction of sodium nitrite with DCX in 
methanolic solution was conducted in an attempt 
to prepare a,d-dinitro-p-xylene. There is no re- 
corded synthesis in the literature for this dinitro 
compound. It is of interest for it would lead to  a 
novel synthesis of terephthalic acid. 

H +  
p-OL?;CIlzCsH,C'H*~~~~ + 2HAO --+ 

p-HOOCCsHaCOOH + 2SHzOH 

The infrared spectrum indicates that the small 
amount of reaction product isolated by distillation 
from a Hickmann micro still is p-chloromethylben- 
zyl alcohol with some p-chloromethylbenzaldehyde 
as an impurity. The fact that only one chloromethyl 
group of DCX was attacked indicates the slow reac- 
tion of DCX with sodium nitrite in methanol. 
Bornblum, et al.,  has since reported that nitro 
compounds may be prepared from sodium nitrite 
and alkyl bromides or iodides, in dimethyl forma- 
mide as a In corroboiation of the experi- 
ment described above they also state that chlorides 
react too slowly to bc satisfactorily employed in 
this reaction. 

The treatment of 13CX with sodiuiri iiitrate iii 
aqueous solution yields p-hydroxymethylbeiizalde- 
hyde ab a major reaction product. The DCX is ap- 
parently first hydrolyzed to the diol; one hydroxy- 
methyl group is then oxidized by the nitrate salt to 
that of an aldehyde. 

EXPERIMESTAL 

General. All reagents aw commcrcial cliomicals which were 
used without fuither purification, unless otheriviso noted. 
The 2,.i-dinitrophenJIh?.dl.:izone derivlttives ~ v o i ~ e  prcparcd 
h y  n variation of Brady's ~nrthod;' the reageiit is preparcd 
by dissolving 5 g. 2,4-dinitrophenylhydrazine in a solution 
of 37.5 ml. H2S04 in 375 ml. methanol. The filtered reagent, 
when stored in a brovn bottle, is stable for years. The 
dcrivative usually precipitates when t'he carbonyl compound 

(Sj N .  Iiornhlrini, H .  0. I,arson, I ) .  D. RloohPrry, R. I<. 
Blackwooti, E, P. Oliveto a i d  G. E. Grahmi, C'hc/n. & 
Ind .  (London),  443 (1955). 

( 7 )  0. L. Brady, J .  Chem. Soc.. 756 (1931). 

is added a t  room temperature; slight warming is sometimes 
necessarv. The preparation of other derivatives in the 
characterization of DCX and its oxidation products were 
carried out in standard manners.8 -411 melting points are 
corrected unless otherwise noted. 

Preparatzon of DCX. The dichloride was prepared by 
Kulka's method of the interaction of p-xylene and sulfu~yl  
chloride in the presence of benzoyl peroxide;5 this avoids 
impurities introduced by either multiple substitution (direct 
chlorination process) or the production of isomers (chloro- 
methylation procedure). Kulka ran the reaction in sunlight 
for four hours using a molar ratio of xy1ene:chloride:per- 
oxide of 1:2.5:0.006, and obtained a 58% yield of DCX. In 
diffuse room light for two hours and a respective molar 
ratio of 1:2.0:0.011, the instant experiment gave a 28% 
vield of DCX (white platelets from ethanol, m.p. 99- 
b9.5") and a 67% yield of p-methylbenzyl chloride (sweet- 
smelling liquid, b.p. 95-97'/20; lit. b.p. 92-94"/209). Both 
materials are highly lachrymatory and should be manipu- 
lated in a hood. 

Ozidation of DCX.  All oxidations with dilute nitric acid 
were conducted in the following manner: 

A suspension of DCX (3.5 g., 0.02 mole), in the appropri- 
ate concentration of nitric acid (molar ratio of H1\'03/DCX 
= 10) is refluxed for several hours a t  106-108". The solid 
IICX forms oily globules, a t  the reflux temperature, which 
gradually disappear as the hydrolysis and oxidation re- 
actions pioceed. Copious fumes of S O ,  are evolved and 
within two to three hours of reflux, a solid appears. On cool- 
ing to loom temperature the reaction mixture deposits a mass 
of colorless crystals. The following scheme to separate the 
pioducts (Fig. 1) was evolved after numerous tedious and 
iinsiiccessful sepai ations were attempted by f i  actional 
crystallizations and sublimations, and by chromatographic 
techniques. 

Solict (a) 
LKX + H N O ~  --f Jtcaction hIixture7 

\Fil tratr 

-+ Residue ( H )  
E r a p  

arl Evap. 
(A)  (Uj -+ Solution + 
combined NaHCOs 

Ether ,J3thereal solution (Terephthalaldehyde) 
Residue -+ 

\Residue (C) 
HC1 

(C) + Rlist,iue of 
*Acids 

i4;tiLFr 711tht~~~c~d cBst.ritct ( T c ~ r p l i t l i a l x l ~ l c ~ t i ~ d i c  Acid) 

soxhlet \Residue (Terephthalic acid) 
___) 

FIG. 1. SCHEME EMPLOYED TO SEPARATE DCX-HNO, 

(8) R. L. Shriner, R. C. Fuson, D. Y. Curt,in. T h e  Sw- 
tc.vintic Identijkation qf Organic C'ornpoitnds. 4th Ed.. John 
IViley & Sons, Inc., New York (l!f56). 

(9) H. Stephen, W. F. Short, G. Gladding, J .  Chela. SOC., 
117, 520 (1920). 

REACTION .pRODUC'TS. 
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After this separation scheme was adopted, a somewhat 
similar plan was found to have been used by L o J v ; ~ ~  he had 
used chloroform instead of ether in the Soxhlet extractor. 
The latter was found to be a more selective solvent in this 
step. The terephthalaldehyde and teiephthalaldehydic acid 
were then further purified by microsublimation a t  reduced 
pressure Because of the aqueous insolubility of the acids 
produced, neutralization equivalents were found to be valid 
only if the acids were first dissolved in warm, standard 
alkali. 

A detailed composite of the results of the isolation and 
identification of the DCX-HNO? reaction products is pre- 
sented in Table 11. 

Characterization and reactions of DC'X. Table I11 sum- 
marizes the various reactions which were investigated with 
DCX. The most satisfactory derivative is a,a'-diphenoxy- 
p-xylene, ~ - C ~ H ~ O C H Z C ~ H ~ C H Z O C ~ H ~ ;  it is easily prepared 
and purified, and has a convenient melting point range, 
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(10) \br. Low, .4nn., 231, 361 (1885). SCHEXECTADY, N Y 
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The synthesis of 3-phenoxymesitol (V) and the products of its alkaline ferricyanide oxidation are described. 

The mold metabolite, usnic acid (1)'12 as well as 
the p-cresol oxidation product known as Pum- 
merer's ketone (11)2 are formed in one-electron 

I COCHs I1 

oxidation of methylphloracetophenone or p-cresol, 
respectively, by the pairing of radicals (A) or the 
substitution of one radical into a neutral phenol 
molecule followed by further oxidation (B). 

CH3 \ 
dH3 

I11 the free radical oxidation of 2,G-dialkyl-4- 
methylphenols the nature of the products suggests 
the transient existence of radicals I I Ia  and IVa.3 
If in Ihe one-electron oxidation of 3-phenoxy- 
mesitol (T') there occurred an internal condensation 

(1) D. H. R. Barton, A. 51. Deflorin, and 0. E. Edwards, 

(2)  V. Brkley, F. M. Dean, A. Robertson, and P. Sidisun- 

(3) For discussion and general references see H. E. Hey 

J .  Chem. Soc., 530 (1956). 

thorn, J .  Chem. Soc., 2322 (1956). 

and W. A. Waters, J .  Chem. SOC., 2754 (1955). 

CH** H3C & 
CH3 
I11 IV v 

a, It = R = alkyl; X = H 
b, R = R = CHa; X = -0CaH5 

of the radicals I I Ib  and IVb as in reaction B there 
would be formed analogs of I (ie., VI) or the 
dibenzopyran VII. 

VI 

The purpose of this study has beeii to ascertain 
whether the monomolecular ring closure of IIIb 
uiid or IVb could compete with the bimolecular 
dimerization and hydroxylation reactions which 
generally follow the formation of IIIa and IVa. 

The synthesis of V mas accomplished in the 
following manner. Bromonitromesitylene (IX), 
obtained by nitration of br~momesitylene,~ was 
converted to nitrophenoxymesitylene by refluxing 
with sodium phenoxide and copper bronze in 

(4) L. I. Smith, Ory. Syntheses, Coll. Vol. I1 95 (1943). 


