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Synthesis of tetrachloroisophthalic and -terephthalic aldehydes and 
stable bis(nitrile oxides) based on them 
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A new route for the synthesis of 2,4.5,6-tetrachloroisophtha)ic 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 1,4-bis(dichloromethyl)-2,3,5.6-tetrachlorobenzene. 
Stable 2,4.5,6-tetrachlorobenzene-l,3-dicarbonitrile oxide and 2,3.5.6-tetrachlorobenzene- 
1,4-dicarbonitrile oxide were obtained for the fir'st time from the above aldehydes via the 
corresponding oximes. The products w-re characterized by IR and t3C NMR spectra, and 
were converted into substituted 1,3- and 1,4-phenylenebis(isoxazolines) using 1.3-dipolar 
cycloaddition with styrene. 

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

Nitrile oxides are active 1,3-dipoles that react readily 
with compounds containing multiple bonds and various 
functional groups, t - 4  This feature provides the possibility 
of using bis(nitrfle oxides) as effective low-temperature 
curing agents for unsatura ted rubbers. The use of  
bis(nitrile oxides) of  the general formula O N C - - X - - C N O  
(X is phenylene, biphenylene, naphthylene, or phenan- 
thrylene) as curing agents for unsaturated polymers, for 
example, polybutadiene, has been patented, s Previously, a 
method of  synthesis o f  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. 6 

Aldehydes act as the most important key com- 
pounds in the synthesis  o f  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 d ia ldehydes ,  which are precursors of 
bis(nitrile oxides), is an especially complicated task. In 
particular, in t roduct ion of the first aldehyde group 
deactivates the a romat ic  ring and hampers further 
formylation: therefore the development of multistage 
p rocedures  is r equ i red .  One of  the solut ions of  
this problem, which allows one to prepare sterically 
shielded aromat ic  d ia ldehydes  7 and to bypass the 
deactivating effect o f  the formyl group, is transforma- 
tion of the latter into a diehloromethyl group: after 
that, the second a ldehyde  group can easily be intro- 

duced. The subsequent hydro lys i s  leads to the  desired 
dialdehyde. 

The purpose of this w o r k  is to synthesize stable 
bis(nitrile oxides), the C N O  groups in the molecules  of 
which are shielded by CI a toms,  viz., 2,4 ,5 ,6- te t ra -  
chloroisophthalobis(nitrile ox ide )  (1) and 2 ,3 ,5 ,6- te t ra-  
chtoroterephthalobis(nitri te oxide) (2). Note that  the 
complete replacement of the  hydrogen a toms in the 
benzene ring by chlorine a t o m s  ensures the unusual ly 
high stability of  a related compound,  pen tach lo ro -  
benzonitri le ox ide )  The s e q u e n c e  of t ransformations,  
which was planned and accompl i shed ,  is presented  in 
Scheme I. 

At first glance, it wou ld  seem that 2 ,4 ,5 ,6- te t ra -  
chloroisophthalic (3) and 2 ,3 ,5 ,6- te t rachloroterephthal ic  
(4) dialdehydes,  needed as t he  starting compounds ,  can 
be obtained most easily via the long-known ch lo r ina -  
tion of  m- and p-xyienes g iv ing  I ,3-bis(diehloromethyl)-  
2,4,5,6-tetrachIorobenzene (5) and 1,4-bis(dichloro- 
methyl)-2 ,3 ,5 ,6- te t rachlorobenzene (6) followed by ily- 
drolysis. However, the m e t h o d s  reported for the  chlori-  
nation of xylenes 9-11 afford  mixtures containing prod- 
ucts of more extensive ch lo r ina t i on  together wi th  com-  
pounds chlorinated to a l e s se r  degrce than is needed. 
Consequently, the target oc tachlor ides  5 and 6 are 
obtained in a yield of no m o r e  than 45%. Fur the rmore ,  
the melting points r e p o r t e d  for pairs of  i someric  
octachlorides and those for the dialdehydes synthes ized 
from them are fair!y close t o  one another and,  accord-  
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S c h e m e  I 

H--X--H CHCla~ CI2CH~X--CHCI 2 AICI:3 
5 , 6  

OCH--X--CHO NH:tOH 
3 , 4  

HON-~-CH--X--CH..~.NOH 
7, B 

ONC--X--CNO PIK::H'--CH z~ 
1,2 

X 

9, 10 

HzSO,t ) 

NaOCl 

1, 3, 5, 7, 9: X = 2.3,4,6-CI4C 6 

2, 4, 6, 8, 10: X = 2,3,5,6-CI4C 6 

ing to some sources, they even coincide. In the absence 
of  any other  characteris t ics  o f  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 individual i ty  of the products. There-  
fore, to prepare dia ldehydes 3 and 4, we have chosen 
the method  12,t3 involv ing  d ich lo romethy la t ion  o f  
tetrachlorobenzenes with ch lo ro fo rm in the presence of  
anhydrous A1CI 3 and subsequent  hydrolysis of the 
dichloromethyl  group to g ive  an aldehyde group. This 
procedure makes it possible to introduce two dichloro-  
methyl groups, since, as n o t e d  above, the first intro- 
duced group deactivates the  ring only weakly and virtu- 
ally does not hamper  fu r the r  electrophilic substitution. 

Note that the yield and  characteristics of  products 
synthesized previously Iz,13 are well reproducible, but 
the melting point of oc tach lor ide  5 differs markedly 
from the value reported fo r  the product obtained by 
chlorination of m-xylene;  the octachloride was iso- 
lated tz upon d ich loromethyia t ion  of 1,2,3,5-tetrachloro- 
benzene, m.p. 108--110 ~  previously, tt it was de- 
scribed with a melting po in t  of  94--96 ~ The melting 
points of samples of oc tach lor ide  6, synthesized by 
various methods,  are a l m o s t  identical (126--128 It and 
127--129 ~ 13 respect ively) .  The IH NMR spectra of 
octachlorides 5 and 6, r e c o r d e d  at room temperature,  
exhibit two broadened s igna l s  each. which is due to 
hindered rotation of  the C H C I  2 groups. Without dwell- 
ing on a detai led in te rp re ta t ion  of the spectra, we note 
that the IH N M R s p e c t r u m  o f o c t a c h l o r i d e 5 o b t a i n e d  
at -41 :C in d e u t e r o t o l u e n e  has been reported, t( and 
the signals corresponding t o  three rotation isomers have 
been assigned. The energe t ica l ly  favorable rotamer A 
containing nonequivalent  CHC12 groups is responsible 
for two singlets, while "symmetr ica l"  rotamers B and C 
account for one singlet e a c h  (for the sake of clarity, we 

showed only the C - - H  bonds, w h i c h  are coplanar to 
the benzene ring, and did not show the  C--C1 bonds o f  
the CHCI  2 groups, one of which is located above the  
plane of  the benzene ring, while the  o the r  is below th is  
plane).  As the temperature inc reases ,  the signals a re  
broadened and then coalesce, s o  tha t  at 70 ~ the  
spectrum exhibits only two broad signals.  14 

C 12C.,,A.. t H \  

C I . ~ C I  C l ~ C l  

CI CCI 2 CI ' -  ~ "CCI~ -- ,. 

A 8 

C I N ~ - , . ~ C I  

C 

The unique abili ty of the a b o v e - m e n t i o n e d  t e t r a -  
chlorobenzenes to undergo d ich lo romethy la t ion  is p r o b -  
ably due to the presence of weak e lec t ron-wi thdrawing  
substituents in the aromatic ring a n d  to the steric e f fec t  
created by the two CI atoms in t h e  ortho-positions a n d  
by the C1 atoms in the other p o s i t i o n s  "buttressing" 
them (cf Ref. 8). The e lec t ron-wi thdrawing  subst i tu-  
ents prevent the dichloromethyl de r iva t ives  from f o r m -  
ing benzyl-type cations, which c o u l d  act as electrophiles 
toward molecules of  unreacted in i t i a l  compound and  
thus lead to undesirable "c ross - l ink ing ,"  giving d i a ry l -  
chloromethane and triarylmethane derivatives. The s ter ic  
shielding plays a similar role, i.e., it also prevents  
"cross-linking". The low stabil i ty o f  the benzyl ca t ions  
under  consideration is also c o n f i r m e d  by the data on 
hydrolysis of  the dichloromethyl g r o u p .  In fact, to ca r ry  
out the hydrolysis of  b i s -d i ch lo romethy l  derivatives of  
te t rachlorobenzenes 5 and 6, t h e s e  compounds  must  be 
kept in concentrated H2SO 4 a t  130--150 ~ for 5 - -  
6 h. 9,ts However, hydrolysis of a dichloromethyl  g roup  
in an activated aromatic ring o c c u r s  under milder c o n -  
ditions. For example, d ichlorornethyl -subs t i tu ted  d i - ,  
tr i- ,  and te t ramethylbenzaldehydes  are hydrolyzed upon  
boil ing in a mixture of ethanol a n d  butanol wi~h c o n -  
centrated HCI tbr 1 h. 7 It is s ign  i f icant  that the mel t ing  
points  of both octachlorides 5 a n d  6 (see above) and 
the products of their hydrolysis t ha t  we obtained ditTcr 
noticeably from those reported 19 reviously;  2,4,5,6-tetra-  
chloroisophthalic aldehyde (3) has  a melting po in t  of 
177--178 ~ (see Ref. 10: m.p .  197 ~ and  
2,3,5,6-tetrachloroterephthalic a l d e h y d e  (4) has a me l t -  
ing point of 182--t83.5 ~ ( s e e  Ref. 9: m.p. 195 ~ 
Moreover,  after recrystal l izat ion of  a crude product ,  its 
melting point decreases. 
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The  t r a n s f o r m a t i o n  o f  d ia ldehydes  3 and 4 into the  
c o r r e s p o n d i n g  d i a l d o x i m e s  7 and 8 presented no prob-  
lems. The  d i a l d o x i m e s  t h a t  we ob ta ined  are h i g h - m e l t -  
ing crys ta l l ine  s u b s t a n c e s ,  poor ly  soluble in most  or-  
gan ic  solvents .  

Ni t r i le  oxides  1 a n d  2 were synthes ized  by the  
ox ida t ion  o f  a l d o x i m e s  7 and  8 with a so lu t ion  of  
sod ium h y p o c h l o r i t e .  Pur i f i ca t ion  of  stable ni tr i le  ox- 
ides p resen t s  a s e p a r a t e  p r o b l e m .  The i r  recrysta l l iza t ion 
is inef f ic ien t ,  s ince  at  ~100  ~ these  ni t r i le  oxides 
i somer ize  to  i socyana t e s .  There fo re ,  researchers  usually 
restr ic t  t h e m s e l v e s  to  r ep rec ip i t a t i on .  The  ni t r i le  oxides 
I and  2 o b t a i n e d  by  us have  not  been  descr ibed in the  
l i te ra ture  and  can  be  o f  in teres t  as reagents for  cross- 
l inking (cu r ing)  or m o d i f i c a t i o n  of  rubbers,  in par t icu-  
lar, due to t h e i r  g o o d  so lub i l i ty  in many  organic  sol- 
vents.  T h e  abil i ty o f  b i s (n i t r i l e  oxides) 1 and  2 to 
undergo  1 ,3 -d ipo l a r  c y c l o a d d i t i o n  was proved by con -  
ve t t ing  t h e m  in to  c y c l o a d d u c t s  with s tyrene 9 and 10. 
The  reac t ion  p r o c e e d s  w h e n  a mixture  of  ni t r i le  oxide 
with s ty rene  is kept  in  a so lvent  at room t em pe r a t u r e  
for 24 h. l s o x a z o l i n e s  f o r m e d  in virtually quant i t a t ive  
yields are h i g h - m e l t i n g  c rys ta l l ine  substances.  

Experimental 

IH and 13C NMR spectra were recorded on a Bruker 
AC-200 radiospectrometer,  and iR spectra were obtained 
on a Perkin-Elmer 577 ins t rument  (for suspensions in Vase- 
line oil). 

1,3- Bis(dichloromethyl)-2,4,5,6-tetraehlorobenzene (5) 
was prepared according to a known procedure, 12 by refluxing 
a mixture of 1,2,3,5-tetrachlorobenzene 16 (9.77 g, 0.045 tool) 
and anhydrous AICI] ( I3  g, 0.098 tool) in 200 mL of dry 
CHCI 3 for 14 h. Yield 14.1 g (82%), m.p. 109--110 *C (from 
hexane), tH NMR (CDCI  3) & 7.61 and 7.72 in a ratio of 
-3 : I (br.s, 2 H, CHCI2).  

1,4- Bis(dlchloromet hyl) - 2,3,5,6- tetrachlorobenzene (6) 13 
was prepared in a s imi lar  way from 1,2,4,5-tetrachloro- 
benzene t7 (15.8 g, 0.073 tool) and anhydrous AICI 3 (21 g, 
0.158 tool) in 200 mL of  dry CHCI 3. Yield24.3 g(87%), m.p. 
125--127 ~ (hexane). IH N M R  (CDCI3), a: 7.6[ and 7.63 
in a ratio o f ~ l  : I (br.s, 2 H, CHCI2). 

2,4,5,6-Tetrachloroisophthalic aldehyde (3) was prepared 
by a previously described procedure 9 from [,3-bis(dichloro- 
methyl)-2,4,5,6-tetrachlorobenzene 5 (13.3 g, 0.035 tool) and 
FeSO 4 (1 g, 0.0066 tool) in 100 mL of concentrated H2SOa 
(150 ~C, 5 h). Then the mixture was cooled and poured on 
ice, and the resulting precipi tate  was filtered off, thoroughly 
washed with water on the  filter, and recrystallized from 50% 
MeCOOH. Yield 6.45 g (68%), m.p. 177--178 ~ Itt NMR 
(CDCI3), 6 :10 .36  (s, 2 H, CHO). I3C NMR (CDCI3), fi: 
t87.0 (CHO): 138.3, 134.2, 132.3, and 129.2 (C arom./. 
Found (%): C, 35.36; H, 0.79; CI, 52.24. C~H2CI40 2. Cal- 
culated (%): C. 35.34; H. 0.74: CI, 52.15. 

2 ,3 ,5 ,6-Tetrachloroterephthal ic  aldehyde (4) l~ was pre- 
pared in a similar way from 1,4-bis(dichloromethyl)-  
2,3,5.6-tetrachlorobenzene 6 (21 g, 0.055 tool) and FeSO 4 
(I g, 0.0066 too l ) in  110 mL of concentrated H2SO 4. Crys- 
tallization from M e C O O H  gave 9.0 g (60%j of the aldehyde. 
m.p. 182--183.5 ~ ~1-~I NMR (CDCI3), 6,. 10.34 (s. 2 H, 
CHO). 13C N M R ( C D C 1 3 ) , &  186.9(CH0);  I36.2and 133.5 

(C arom.). Found (%): C. 35,53; H, 0.84; CI, 51.87. 
C8H2CI402. Calculated (%): C, 35.34; H. 0.74; CI, 52.15. 

2,4,5,6-Tetraehloroisophthlalic aldoxime (7). A solution 
of hydroxylamine hydrochloride (2.92 g, 0.042 tool) and so- 
dium acetate (3.44 g, 0.042 tool)  in 15 mL of  water was 
added to a boiling solution o f  a ldehyde  3 (3.9 g, 0.014 tool) 
in 50 mL of EtOH. The resu l t ing  mixture was refluxed for 
2 h. The precipitate of oxime 9' that formed af te r  cooling 
(3.18 g, m.p. 211--212 *C) was filtered off. The addit ion of 
water to the filtrate gave 0.78 g of a precipitate, whose 
crystallization from aqueous E tOH gave an additional 0.6 g 
of oxime 7, re.p. 2 [2 .0 - -212 .5  ~ Overall y ie ld  89%. 
~H NMR (DMSO-d6), 5 : 8 . 2 0  (s, 2 H, CH); 11.90 (s, I H, 
Ott) ;  (CD3OD), 8: 8.35 (s, 2 H, CH).  13C NMR (CDsOD),  
6 :146 .0  (CH); t36.3, 135,3, 133.7, and 133.0 (C  arom). 
Found (%): C, 32.14; H ,  1.20; CI, 46.91; N, 9.09. 
C~H4CI4N202. Calculated (%) :  C,  31.82; H, 1.34; CI, 46.97; 
N, 9.28. 

2,3,5,6-Tetrachloroterephthalie aidoxime (8), A solution 
of hydroxylamine hydrochloride (6.05 g, 0.087 tool) and so- 
dium acetate (7.15 g, 0.087 tool) in 30 mL of water was 
added to a suspension of a l d e h y d e  4 (7.9 g, 0.029 tool) in 
t00 mL of EtOH. The he te rogeneous  mixture thus  formed 
was refluxed for 2 h. After  cooling,  the precipitate was 
filtered o f fand  crystallized f r o m  EtOH to give 8.4 g (95%) of 
oxime 8, m.p. 269--270 ~ IH N M R  (DMSO-d6) , 6 :8 .25 
(s, 2 H , C | t ) ;  11.95(s, 2 H, N O H ) .  t3C N M R ( D M S O - d 6 ) ,  
5:144.2 (CHNOH);  132.0 a n d  131.9 (C aronO. F o u n d  (%): 
C, 32.16; H, 1.36; CI, 47.20; N, 9.46. C~H4CI4N20 2. Cal- 
culated (%): C, 31.82; H, 1.34;  CI. 46.97; N, 9.28. 

2,4,5,6-Tetrachiorobeazene-l,3-diearbonitrile oxide (1). A 
13% solution of sodium hypochlor i te  (27.5 mL, 0.048 tool) 
(prepared by passing chlorine through an aqueous solution of 
NaOH; the concentration was  determined by t i tration) was 
added dropwise with intense s t i r r ing  to a suspension o f  oxime 7 
(3.6 g, 0.012 moo in 100 ml_, of  CH2CI 2. The resulting mix- 
ture was stirred for 1.5 h, a n d  during this period, the oximc 
entirely dissolved. Then the o r g a n i c  layer was separated, the 
aqueous solution was extracted with CH2C12 (3x20 mL), and 
the combined organic extracts were washed with water and 
dried with MgSO4. The solvent was evaporated, and the  residue 
was crystallized from a ch loroform--e thanol  mixture (3 : 2, 
v/v) to give 3.3 g (93%) of n i t r i l e  oxide 1, m.p. 280--281 ~ 
13C NMR (CDC13), <5:142.0, 139.4, and 133.7(C--CI);  115.6 
(_C,_--CNO); 29.6 (CNO). IR, v / e r a - I :  2300 (CN). Found  (%): 
C, 32.49; CI, 48. II; N, 9.48. C8CI4N202. Calculated (%): 
C, 32.25; CI, 47.60: N, 9.40. 

2,3,5,6-Tetrachlorobenzene-l,4-dicarbonitrile oxide (2) 
was prepared in a similar way from oxime 8 (3 g, 0.01 tool) 
and 13% solution of sodium hypochlor i t e  (23 mL, 0.04 too}) 
and recrystallized from a ch lo ro fo rm- -e thano l  mi• (3 : l. 
v/vL Yield 2.38 g (80%). m . p .  285--286 ~C. IR, v/crn-i :  
2300 (CN). Found (%): C ,  32.40; CI. 47.75: N. 9.5c). 
C~CI4N202. Calculated ~%): C ,  32.25: CI, 47 60; N.  9.40. 

Tetrachloro-m-phenyleu ebis( 5-phenyl-4,5-dihydro- 
isoxazole) (9). A solution of n i t r i l e  oxide I (0.3 g ,O.00!  tool) 
and styrene (0.23 mL, 0.002 rnol) in l0 mL of chloroform 
was allowed to stand at ~20 ~  for 24 ft. Then the  solvent 
was evaporated, and the r enamning  oil was crystallized by 
adding a small amount of h e x a n e  to give 0.48 g (94%) of 
adduct 9, m.p. 153--154 ~ t H NMR (CDCI3), ~: 7.35 (m, 
10 H. Ph): 5.85 (dd. 2 H. C.I-~_--Ph, d = 11 and 8 Hz); 3.70 
(dO, 2 H, CH 2. J = ]7 and I I  Hz); 3.25 (dd, 2 }t,  CH-,, 
J = 17and II Hz) F o u n d ( % ) :  C, 56.71; H. 3.43; CI, 28.36; 
N, 5.59. C24HI~CI4N;O 2. C a l c u l a t e d  (%): C, 56.94; H. 3.19; 
CI, 28.01; N, 6.32. 
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Tetrachloro-p-phenyleuebis( 5-phenyl-4,5-dihydro- 
isoxazole) (10) was prepared in a similar way from nitrile 
oxide 2 (0.2 g, 0.67 retool) and styrene (0.16 mL, 1.34 tool) 
in 5 m L o f C H C I 3 ,  Yield 0.31 g (91%), re.p, 160--166 *C. 
tH NMR (CDCI3), 6:7.50 (m, 10 H. Ph); 5.90 (dd, 2 
H, CH--Ph,  J = I 1 and 8 Ha); 3.75 (dd, 2 H, CH 2, J = 17 
and II Hz); 3.25 (dd, 2 H, CH2, J = 17 and I1 Ha). 
13C NMR (CDCI3), 6:153.0 ( C = N ) ;  140.0 (C(Ph)#no); 132.8 
and 132.4 (C6CI4); 128.9 (C(Ph),,,); 128.5 (C(Ph)p); 126.1 
(C(Ph)o); 83.5 (~H--Ph) :  44.8 (CH2). Found (%): C, 56.27; 
hi, 3.48; CI, 27.67; N, 5.50. C24H 16C14N202 . Calculated (%): 
C, 56.94; H, 3.19; CI, 28.01; N,  6.32. 

This  work was carried o u t  with the financial suppor t  
of  the Russian Founda t ion  fo r  Basic Research (Project  
No,95-03-09748) .  
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