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Synthesis of tetrachloroisophthalic and -terephthalic aldehydes and

stable bis(nitrile oxides) based on them

L. 1. Belenkii,* G. P. Gromova, B. V. Lichitskii, and M. M. Krayushkin

N. D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences,
47 Leninsky prosp., 117913 Moscow, Russian Federation.
Fax: 007 (095) 135 5328. E-mail: 1030@suearn?.bitne:

A new route for the synthesis of 2,4,5.6-tetrachloroisophthalic and 2.3.5.6-tetrachloro-
terephthalic aldehydes from the corresponding tetrachlorobenzenes was developed. The
method involves dichloromethylation of the initial compounds with chloroform in the
presence of aluminum chloride and subsequent hydrolysis of the resulting 1.3-bis(dichloro-
methyl)-2,4,5,6-tetrachlorobenzene and !,4-bis(dichloromethyl)-2,3,35 6-tetrachlorobenzene.
Stable 2.4.5.6-tetrachlorobenzene-1,3-dicarbonitrile oxide and 2,3.5.6-tetrachlorobenzene-
I.4-dicarbonitrile oxide were obtained for the first time from the above aldehydes vig the
corresponding oximes. The products w-re characterized by IR aad '3C NMR spectra, and
were converted into substituted {,3- and |.4-phenylenebis(isoxazoiines) using 1.3-dipolar
cycloaddition with styrene.

KXey words: 2,4,5,6-tetrachloroisophthalic aldehyde. 2,3,5,6-tetrachloroterephthalic alde-
hyde; electrophilic dichloromethylation of tetrachlorobenzenes; !,3-bis(dichloromethyl)-
2,4,5,6-tetrachlorobenzene, !,4-bis(dichloromethyl)-2,3,5,6~tetrachlorobenzene; stable
2,4,5,6-tetrachlorobenzene-1,3-dicarbonitrile oxide and 2,3,5,6-tetrachlorobenzene-
1,4-dicarbonitrile oxide, synthesis; 1,3-dipolar cycloaddition.

Nitrile oxides are active 1,3-dipoles that react readily
with compounds containing muitiple bonds and various
functional groups.1—* This feature provides the possibility
of using bis(nitrile oxides) as effective low-temperature
curing agents for unsaturated rubbers. The use of
bis(nitrile oxides) of the general formula ONC—X—CNOC
(X is phenylene, biphenylene, naphthylene, or phenan-
thrylene) as curing agents for unsaturated polymers, for
example, polybutadiene, has been patented.5 Previously, a
method of synthesis of stable aromatic bis(nitrile oxides),
in which the nitrile oxide functions are shielded by two
methyl or ethyl groups located in the ortho-positions, was
developed in our laboratory.®

Aldehydes act as the most important key com-
pounds in the synthesis of nitrile oxides, including
aromatic nitrile oxides, because synthetic schemes in-
clude most frequently oximation of an aldehyde and
transformation of the aldoxime into a nitrile oxide.
Preparation of dialdehydes, which are precursors of
bis(nitrile oxides), is an especially complicated task. In
particular, introduction of the first aldchyde group
deactivates the aromatic ring and hampers further
formylation: therefore the development of multistage
procedurcs is required. Onec of the solutions of
this problem, which allows one to prepare sterically
shielded aromatic dialdehydes’ and to bypass the
deactivating cffect of the formyl group, is transforma-
tion of the latter into a dichloromethyl group: after
that, the second aldehvde group can easily be intro-

duced. The subsequent hydrolysis leads to the desired
dialdehyde.

The purpose of this work is to synthesize stable
bis(nitrile oxides), the CNQ groups in the molecules of
which are shielded by Cl1 atoms, viz., 2,4,5,6-tetra-
chloroisophthalobis(nitrile oxide) (1) and 2,3,5,6-tetra-
chloroterephthalobis(nitrile oxide) (2). Note that the
complete replacement of the hydrogen atoms in the
benzene ring by chlorine atoms ensures the unusually
high stability of a related compound, pentachloro-
benzonitrile oxide.3 The sequence of transformations,
which was planned and accomplished, is presented in
Scheme 1.

At first glance, it would seem that 2,4,5, 6-tetra-
chloroisophthalic (3) and 2,3,5,6-tetrachloroterephthalic
(4) dialdehydes, needed as the starting compounds, can
be obtained most easily via the long-known chlorina-
tion of m- and p-xylenes giving |, 3-bis(dichloromethyl)-
2,4,5,6-tetrachlorobenzene  (5) and 1 .4-bis(dichloro-
methyl)-2.3.5,6-tctrachlorobenzene (6) followed by hy-
drolysis. However, the methods reported for the chlori-
nation of xylenes®=!! afford mixtures containing prod-
ucts of more extensive chlorination together with com-
pounds chlorinated to a l¢sser degree than is needed.
Consequently, the target octachlorides 5 and 6 arc
obtained in a yield of no more than 45%. Furthermore,
the melting points reported for pairs of isomeric
octachlorides and those for the dialdehvdes synthesized
from them are fairly close to one another and, accord-
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ing to some sources, they even coincide. In the absence
of any other characteristics of the compounds and in
view of the fact that the difference between the boiling
points of the initial m- and p-xylenes is minor, doubts
are cast upon the individuality of the products. There-
fore, to prepare dialdehydes 3 and 4, we have chosen
the method!?!3 involving dichloromethylation of
tetrachiorobenzenes with chloroform in the presence of
anhydrous AICIl; and subsequent hydrolysis of the
dichloromethyl group to give an aldehyde group. This
procedure makes it possible to introduce two dichloro-
methy! groups, since, as noted above, the first intro-
duced group deactivates the ring only weakly and virtu-
ally does not hamper further electrophilic substitution.

Note that the yield and characteristics of products
synthesized previously!?!3 are well reproducible, but
the melting point of octachlonde 5 differs markedly
from the value reported for the product obtained by
chlorination of m-xylene; the octachloride was iso-
tated!? upon dichloromethylation of 1,2,3,5-tetrachloro-
benzene, m.p. 108—110 °C; previously,!! it was de-
scribed with a melting point of 94—96 °C. The melting
points of samples of octachloride 6, synthesized by
various methods, are almost identical (126—128" and
127—129 °C,'3 respectively). The 'H NMR spectra of
octachlorides § and 6, recorded at room temperature,
exhibit two broadened signals each. which is due to
hindered rotation of the CHCI, groups. Without dwell-
ing on a detailed interpretation of the spectra, we note
that the 'H NMR spectrum of octachloride 5 obtained
at —41 °C in deuterotoluene has been reported,!4 and
the signals corresponding to three rotation isomers have
been assigned. Thc energetically favorable rotamer A
containing nonequivalent CHC!, groups is responsible
for two singlets, while "symmetrical” rotamers B and C
account for one singlet each (for the sake of clarity, we

showed only the C—H bonds, which arec coplanar to
the benzene ring. and did not show the C—Ci bonds of
the CHCl, groups, one of which is located above the
plane of the benzene ring, while the other is below this
plane). As the temperature increases, the signals are
broadened and then coalesce, so that at 70 °C, the
spectrum exhibits only two broad signals. 14
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The unique ability of the above-mentioned tetra-
chlorobenzenes to undergo dichloromethylation is prob-
ably due to the presence of weak electron-withdrawing
substituents in the aromatic ring and to the steric effect
created by the two Cl atoms in the orthe-positions and
by the Cl atoms in the other positions "buttressing”
them (cf. Ref. 8). The electron-withdrawing substitu-
ents prevent the dichloromethyl derivatives from form-
ing benzyl-type cations, which could act as electrophiles
toward molecules of unreacted initial compound and
thus lead to undesirable "cross-linking,” giving diary!-
chloromethane and triarylmethane derivatives. The steric
shielding plays a similar role, i.e., it also prevents
"cross-linking”. The low stability of the benzy! cations
under consideration is also confirmed by the data on
hydrolysis of the dichloromethyl group. In fact, to carry
out the hydrolysis of bis-dichloromethy!l derivatives of
tetrachlorobenzenes 5 and 6, these compounds must be
kept in concentrated H,504 at 130—150 °C for 5—
6 h.9:15 However, hydrolysis of a dichloromethy! group
in an activated aromatic ring occurs under milder con-
ditions. For example, dichlorormethyl-substituted di-,
tri-, and tetramethylbenzaldehyd €s are hydrolyzed upon
boiling in a mixture of ethano! and butanol with con-
centrated HCI for t h.7 Itis significant that the melting
points of both octachlorides 5 aand 6 (sec above) and
the products of their hydrolysis that we obtained differ
noticeably from those reported p reviously; 2,4,5,6-tetra-
chloroisophthalic aldehyde (3) has a melting point of
177—178 °C  {(see Ref. 10: m.p. 197 °C). and
2,3.5.6-tetrachloroterephthalic aldehyde (4) has a melt-
ing point of 182—183.5 °C (see Ref. 9: m.p. 195 °C).
Moreover, after recrystallizatiory of a crude product, its
melting point decreases.
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The transformation of dialdehydes 3 and 4 into the
corresponding dialdoximes 7 and 8 presented no prob-
lems. The dialdoximes that we obtained are high-melt-
ing crystalline substances, poorly soluble in most or-
ganic solvents.

Nitrile oxides 1 and 2 were synthesized by the
oxidation of aldoximes 7 and 8 with a solution of
sodium hypochlorite. Purification of stable nitrile ox-
ides presents a separate problem. Their recrystallization
is inefficient, since at ~100 °C, these nitrile oxides
isomerize to isocyanates. Therefore, researchers usually
restrict themselves to reprecipitation. The nitrile oxides
1 and 2 obtained by us have not been described in the
literature and can be of interest as reagents for cross-
linking (curing) or modification of rubbers, in particu-
lar, due to their good solubility in many organic sol-
vents. The ability of bis(nitrile oxides) 1 and 2 to
undergo 1,3-dipolar cycloaddition was proved by con-
verting them into cycloadducts with styrene 9 and 10.
The reaction procceds when a mixture of nitrile oxide
with styrene is kept in a solvent at room temperature
for 24 h. Isoxazolines formed in virtually quantitative
yields are high-melting crystalline substances.

Experimental

'H and !3C NMR spectra were recorded on a Bruker
AC-200 radiospectrometer, and 1R spectra were obtained
on a Perkin-Elmer 577 instrument (for suspensions in Vase-
line oil).

1,3-Bis(dichloromethyl)-2,4,5,6-tetrachlorobenzene (5)
was prepared according to a known procedure, 2 by refluxing
a mixture of 1,2,3,5-tetrachlorobenzenel® (9.77 g, 0.045 mol)
and anhydrous AICly (13 g, 0.098 mol) in 200 mL of dry
CHCI; for 14 h. Yield 14.1 g (82%), m.p. 109~110 °C (from
hexane). 'H NMR (CDCly) 8: 7.61 and 7.72 in a ratio of
~3 : 1 (brs, 2 H, CHCIy).

1,4-Bis(dichloromethyl)-2,3,5,6-tetrachlorobenzene (6)13
was prepared in a similar way from 1,2,4,5-tetrachloro-
benzene!? (158 g, 0.073 mol) and anhydrous AICly (21 g,
0.158 mol) in 200 mL of dry CHCl;. Yicld 24.3 g (87%), m.p.
125—127 °C (hexane). 'H NMR (CDCly), 8: 7.61 and 7.63
in a ratio of ~1 : I (br.s, 2 H, CHCl,).

2,4,5,6-Tetrachloroisaphthalic zldehyde (3) was prepared
by a previously described procedure? from [.3-bis(dichioro-
methy!)-2,4.5,6-tetrachlorobenzene 5 (13.3 g, 0.035 mol) and
FeSO, (1 g, 0.0066 mol) in 100 mL of concentrated H,50,
{150 >C. 5 h). Then the mixture was cooled and poured on
ice, and the resulting precipitate was filtered off, thoroughly
washed with water on the filter, and recrystallized from 50%
MeCOOH. Yield 6.45 g (68%), m.p. [77—178 °C. 'H{ NMR
(CDCly), 8: 1036 (s, 2 H. CHO). C NMR (CDCly), &
187.0 (CHO): 138.3, 134.2, 1323, and 129.2 (C arom.}).
Found (%): C. 35.36; H. 0.79; Cl, 52.24. C3H,Ci4O,. Cal-
culated (%): C. 35.34; H. 0.74; Cl. 52.15.

2,3.5,6-Tetrachloraterephthalic aldehyde (4)!° was pre-
pared in a similar way from |.4-bis(dichloromethyl)-
2.3.5.6-tetrachlorobenzene 6 (21 g, 0.055 mol) and FeSO;
(1 g. 0.0066 mol) in 110 ml of concentrated H,SOy4. Crys-
tallization from MeCOOH gave 9.0 g (60%) of the aldchyde.
m.p. 182—183.5 °C. 'H NMR (CDCl,). 4. 10.34 (s. 2 H.
CHO). 3C NMR (CDCl,), 8: 186.9 (CHO); 136.2 and 133.5

(C arom.). Found (%); C. 35.53; H, 084: CI, 51.87.
CgH,Cl,0;. Calculated (%): C. 35.34; H, 0.74; Cl, 52.15.
2,4,5,6-Tetrachloroisophthlalic aldoxime (7). A solution
of hydroxylamine hydrochloride (2.92 g, 0.042 mol) and so-
dium acectate (3.44 g 0.042 mol) in 15 mL of water was
added to a boiling solution of aldehyde 3 (3.9 g, 0.014 mol)
in 50 mL of EtOH. The resulting mixture was refluxed for
2 h. The precipitate of oxime 7 that formed after cooling
(3.18 g, m.p. 211--212 °C) was filtered off. The addition of
water to the filtrate gave 0.78 g of a precipitate, whose
crystallization from aquecus EtOH gave an additional 0.6 g
of oxime 7, m.p. 212.0—212.5 °C. Overail yield 89%.
‘H NMR (DMSO-dg). §: 8.20 (s, 2 H, CH): 11.90 (s, 1 H,
OH); (CD;0D), 5:8.35 (s, 2 H, CH). BC NMR (CD,0D),
§: 146.0 (CH); {36.3, 135.3, 133.7, and 133.0 (C arom).
Found (%): C, 32.14; H, 1.20; CI, 4691; N, 9.09.
CgH4CIgN,05. Calculated (%): C, 31.82: H, 1.34; Cl, 46.97,
N, 9.28.
2,3,5,6-Tetrachloroterephthalic aldoxime (8). A solution
of hydroxylamine hydrochloride (6.05 g, 0.087 mol) and so-
dium acetate (7.15 g, 0.087 mol) in 30 mL of water was
added to a suspension of aidehyde 4 (7.9 g, 0.029 mol) in
t00 mL of EtOH. The heterogeneous mixture thus formed
was refluxed for 2 h. After cooling, the precipitate was
filtered off and crystallized from EtOH to give 8.4 g (95%) of
oxime 8, m.p. 269~270 °C. 'H NMR (DMSO-dg¢), &: 8.25
(s, 2 H, CH); 11.95 (s, 2 H, NOH). 13C NMR (DMSO0-dg).
5: 1442 (CHNOH); 132.0 and 131.9 (C arom). Found (%):
C, 32.16; H, 1.36; Ci, 47.20; N, 9.46. CgH,ClyN,0,. Cal-
culated (%): C, 31.82; H. 1.34; CI, 46.97; N, 9.28.
2,4,5,6-Tetrachlorobenzene-1,3-dicarbonitrile oxide (1). A
13% solution of sodium hypochlorite (27.5 mL, 0.048 mol)
(prepared by passing chlorine through an aqueous solution of
NaOH; the concentration was determined by titration) was
added dropwise with intensc stirring to a suspension of oxime 7
(3.6 g, 0.012 mol) in 160 mL of CH,Cl,. The resulting mix-
ture was stirred for 1.5 h, and during this period, the oxime
entirely dissolved. Then the organic layer was separated, the
aqueous solution was extracted with CH,Cl, (3x20 mL), and
the combined organic extracts were washed with water and
dried with MgSO,. The solvent was evaporated, and the residue
was crystallized from a chloroform—ethanol mixture (3 : 2,
v/v) to give 3.3 g (93%) of nitrile oxide I, m.p. 280—281 °C.
13C NMR (CDCly), 5: 142.0, 139.4, and 133.7 (C—~Cl); 115.6
(C—CNOY); 29.6 (CNO). IR, v/cm™: 2300 (CN). Found (%):
C, 32.49; CI, 48.11; N, 9.48. CyCI4N;0,. Calculated (%):
C. 32.25; CI, 47.60: N, 9.40.
2,3,5,6-Tetrachlorobenzene-1,4-dicarbonitrile oxide (2)
was prepared in a similar way from oxime 8 (3 g, 0.0! mol)
and 13% solution of sodium hypochlorite (23 mL, 0.04 mol)
and recrystallized from a chloroform—ethanol mixture (3 : 1.
v/v). Yield 2.38 g (80%). m.p. 285—286 °C. IR, v/em U
2300 (CN). Found (%) C, 3240, Cl 4773: N. 9.59.
C4ClI4N,0,. Calculated (%): C. 32.25: Cl, 47 60: N, $.40.
Tetrachloro-m-phenylenebis(5-phenyl-4,5-dihydro-
isoxazote) (9). A solution of nitrile oxide 1 (0.3 g, 0.001 mol)
and styrene (0.23 mL, 0.002 mol) in 10 mL of chloroform
was allowed to stand at ~20 2 C for 24 h. Then the solvent
was evaporated. and the remaining oil was crystaltized by
adding a small amount of hexune to give 048 g (94%) of
adduct 9, m.p. 133—154 °C. 'H NMR (CDCly). &: 7.35 (m,
10 H. Ph): 585 (dd. 2 H. CH—Ph. J =1l and 8§ Hz); 3.70
(dd. 2 H, CH,. v = 17 and 11 Hz); 3.25 (dd, 2 H, CH,.
J =17and Il Hz) Found (%6): C, 36.71; H. 3.43: Cl, 2§.36;
N. 5.59. C4H4ClyN;0;. Calculated (%): C. 56.94; H, 3.19.
Cl, 28.01; N, 6.32.
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Tetrachloro-p-phenylenehis(5-phenyl-4,5-dihydro-
isoxazole) (10) was prepared in a similar way from nitrile
oxide 2 (0.2 g, 0.67 mmol) and styrene (0.16 mL, 1.34 mol)
in 5 mL of CHCl;. Yield 0.31 g (931%), m.p. 160—166 °C.
'H NMR (CDCl3), 8: 7.50 (m, 10 H, Ph); 5.90 (dd, 2
H, CH—Ph, J =1 and 8 Hz); 3.75(dd, 2 H, CH,, J = 1|7
and 11 Hz); 3.25 (dd, 2 H, CH;,, /= |7 and |l Hz).
13C NMR (CDCly), 6: 153.0 (C= N), 140.0 (C(Ph);0); 132.8
and 1324 (C4Cly); 1289 (C(Ph),,): 128.5 (C(PH) . 1261
(C(Ph),); 83.5 (CH~—Ph),; 44.8 (CH,). Found (%): é 56.27.
H, 3.48; Cl. 27.67, N, 5.50. Cy4H 4C14N;0;. Caiculated (%):
C, 56.94; H, 3.19; Cl, 28.01; N, 6.32.
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