
1792 Russian Chemical Bulletin, Vol. 46, No. I0, October, 1997 

CPh ;rl CPh 
C ~!1 
! ,~Ph C 

c ph 
CPh 

A B 

At the  e q u i m o l a r  ra t io  of  2 and  CuCI ,  c o m p o u n d  A 
is p robab ly  formed.  On  heat ing ,  it is d e c o m p o s e d  fol- 
lowing the  pa t t e rn  o f  reduct ive  e l i m i na t i on  of  a - - a -  
subs t i tuen t s  to give d i pheny l d i ace t y l ene  3, as was sug- 
ges ted  earl ier .  5 W h e n  C u C I  is def ic ient ,  t he  fo rmat ion  of  
c o m p o u n d  B p r e d o m i n a t e s .  Owing to coupl ing  of  sub-  
s t i tuen t s  f rom a - - e  pos i t ions  (probably,  because of  the 
s t r eng th  of  the  M - - F  b o n d ) ,  it gives m a i n l y  to lan 4. 

Exper imenta l  

The reaction mixtures were analyzed on a Chrom-5 chro- 
matograph fitted with a flame-ionization detector and a col- 
umn (3.5 m) with OV-I. Diphenyldiacetylene 3, used as the 
standard and for calibration, was synthesized by the literature 
procedure. 8 difluorides la  and lb were obtained using the 
procedures reported earlier. 9,t~ Commercial samples of tolan 4 
and biphenyl (5) were used. Bi- and Sb-containing products 
were not isolated nor analyzed. 

Reaction of phenylacetylene with Ph3MF z. General proce- 
dure. Triethylamine (9.3- 10 -4 tool) was added to a suspen- 
sion of CuC1 (6.2- 10 -4 tool) in 5 mL of a solvent (benzene, 

toluene) under argon; the resulting mixture was stirred for 
I0 rain, and phenylacetylene ( 6 . 2 - 1 0  -4 moo and ei ther  
difluoride la  or difluoride lb (3.1 - 10 -4) were added in suc- 
cession. The mLxture was refluxed for 5 to 6 h under argon and 
analyzed by GLC. The reactions wi th  other 2 : CuCI ratios 
were carried out similarly. 

This  work was f inancia l ly  s u p p o r t e d  by the  Russ i an  
F o u n d a t i o n  for  Bas ic  R e s e a r c h  ( P r o j e c t  N o .  
95-03-09073) .  
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It is known  tha t  pe r ch l o r o i s o t h i azo l e  c a n  be used as 
a c h e m i c a l  m e a n s  for p l a n t  p ro tec t ion  I and  as an  in ter -  
m e d i a t e  for the  syn thes i s  of  bacter ic ides ,  fungicides,  and  

dyes. 1-3 P repa ra t i on  of  b a c t e r i c i d e s  based o n  p e r b r o m o -  
isothiazole  z is m e n t i o n e d  in the  p a t e n t  l i t e r a tu re ;  how-  
ever, we were not  able to find a n  e x p e r i m e n t a l  p roce -  
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dure  for the  syn thes i s  of  th i s  c o m p o u n d .  To the  best of 
our  knowledge,  po ten t ia l ly  biological ly  active perhaloiso-  
th iazoles  c o n t a i n i n g  iodine  a toms  are not  descr ibed.  

We have deve loped  a m e t h o d  for the  synthesis  of  
b r o m i n e -  and  i o d i n e - c o n t a i n i n g  perha lo i so th iazo les  on 
the  basis o f  read i ly  avai lable  3-hydroxyiso th iazole .  4's 
T h e  lat ter  was t r a n s f o r m e d  in to  3 -b romoi so th i azo l e  (1) 
in 81% yield by t h e  reac t ion  with P O B r  3. T he  reac t ion  
of  c o m p o u n d  1 wi th  N - b r o m o s u c c i n i m i d e  ( N B S )  in 
c o n c e n t r a t e d  H2SO 4 or wi th  an I 2 - - H I O  4 system af- 
forded 3 , 4 - d i b r o m o -  (2) or  3 - b r o m o - 4 - i o d o t h i a z o l e s  (3) 
in 79 and  70% yield,  respectively.  C o m p o u n d  2 was also 
ob ta ined  in one  s tep by t r e a t m e n t  o f  3-hydroxyisothiazole  
wi th  PBr 5. In add i t i on  to d i b r o m i d e  2 (yield 66%), the  
l a t t e r  r e a c t i o n  a f fo rded  a sma l l  a m o u n t  (~4%) of  
3 - b r o m o i s o t h i a z o l e  1. 
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It is k n o w n  t h a t  i so th iazole  derivat ives do not  usually 
en t e r  into  r eac t i ons  wi th  e lec t roph i l i c  agents  at  the  C(5)  
a t o m  of  the  i so th iazo le  cycle.  7,s For  example ,  3 ,4-di -  
b r o m o i s o t h i a z o l e  2 is no t  t r a n s f o r m e d  in to  p e r b r o m o -  
i so th iazole  (4) u n d e r  the  ac t ion  of  different  b r o m i n a t i n g  
agents  (Br  2, d i b r o m o a m i n e s )  in H2SO 4 at t em pe r a t u r e s  
up to 100 ~ If  t he  p rocess  is car r ied  out  in c o n c e n -  
t ra ted  o l eum,  th is  al lows one  to in tens i fy  in some  eases 
the  b r o m i n a t i o n  o f  he te rocyc les .  9 In fact, the reac t ion  of  
c o m p o u n d  2 wi th  b r o m i n e  in 40% o leum at 40 ~ 
yielded 85% of  3 , 4 , 5 - t r i b r o m o i s o t h i a z o l e  4. 

We syn thes i zed  i o d i n e - c o n t a i n i n g  perha lo i so th iazo les  
5 and  6 in 23 mad 61% yields, respect ively,  by the  
reac t ion  of  c o m p o u n d s  2 or  3 wi th  an  I 2 - - H I O  4 iodina t -  
ing mix ture  in c o n c e n t r a t e d  H2SO 4. As m i g h t  be ex- 
pected ,  the  a b o v e - m e n t i o n e d  i o d i n a t i o n  reac t ions  re- 
qui re  h igher  t e m p e r a t u r e s  ( 7 0 - - 9 0  ~C) t h a n  t he  t rans-  
f o r m a t i o n  o f  3 - b r o m o i s o t h i a z o l e  1 i n t o  3 - b r o m o -  
4 - iodo i so th i azo l e  3 (30 ~ T he  b r o m i n e -  and  iod ine-  
con ta in ing  pe rha lo i so th i azo l e s  4 - - 6  synthes ized  are crys- 
ta l l ine  c o m p o u n d s .  Di iod ide  6 is, probably ,  r a the r  un-  
s table s ince  its m e l t i n g  po in t  gradual ly  decreases  on  
storage at r o o m  t e m p e r a t u r e  for several  days. T he  s t ruc-  
tures  of  p r o d u c t s  1 - - 6  are proved by the  ISC N M R  
spectra;  the  pur i ty  of  pe rha lo i so th i azo l e s  4 - - 6  is con-  
f i rmed by e l e m e n t a l  analysis .  

Ex p e r i me n ta l  

13C NMR spectra were obtained on a Bruker AM-300 
spectrometer at 75.5 MHz (13C) in DMSO-d 6 and CDCI 3. 
Chemical shifts of the 13C signals were measured relative to 
DMSO-d 6 (~ 39.5) and CDCI 3 (3 76.9). TLC was carried out 
on a Silpearl UV-250 silica gel with CCI 4 as the eluent. 

3-Bromoisothiazole (1). POBr 3 was obtained in siru by 
modification of a known procedure, l~ Bromine (0.36 mL. 
1.12 g, 6.98 mmol) was added dropwise at - 7 0  ~ to PBr 3 
(1.88 g, 6.95 retool). The hardened mixture was heated to 
20 ~ and kept at 50 ~ for 30 min. To the PBr 5 that  formed, 
100% HCOOH (0.26 mL, 0.32 g, 6.88 mmol) was added 
dropwise at --70 ~ (frothing was observed), and the reaction 
mixture was gradually heated to 50 ~ and kept at this tem- 
perature until the evolution of gas ceased (~I h). 3-Hydroxy- 
isothiazole (0.70 g, 6.93 mmol) s was added to the POBr 3 that 
formed (liquid that solidifies at -20 ~ to form yellow crys- 
tals), and the reaction mkxture was heated at 100 ~ for I h. 
cooled to 20 ~ and diluted with an ice-water mixture. The 
dark mixture formed was neutralized wkh NaHCO 3 and ex- 
tracted with CH2CI 2 (Sx[0  mL) and the extract was dried 
with MgSO 4. Distillation afforded 0.92 g (81%) of bromide 1 
as yellow liquid, b.p. 70--73 ~ (20 Torr). Rf 0.24, nD 15 
1.5938. ~3C NMR (CDC13), & 128.2 (C(3)); 126.6 (C(4)); 
150.4 (c(5)) .  

3,4-Dibromoisothi~uzole (2). A. NBS (5.44 g, 30.56 mmol) 
was added to a solution of 3-bromoisothiazole 1 (2.95 g, 
18 mmol) in concentrated H2NO 4 (200 mL). The reaction 
mixture was stirred at 20 ~ for I h, and the solution that 
formed was kept at 50 ~ for 30 h, poured onto ice (~300 g), 
and extracted with CHCI 3 (3 • mL). The combined extracts 
were washed with water (2x30 mL) and dried with MgSO 4. 
The solvent was removed, and the residue was distilled at 
reduced pressure to give 3.48 g (79%) of dibromide 2 as a 
yellow liquid, b.p. 80--82 ~ (20 Tort), Rf 0.38, nD t5 1.6502. 
~3C NMR (CDCI3), 6 : 1 4 0 . 9  (C(3)); I12.0 (C(4)); [47.7 
(C(5)). 

g. 3-Hydroxyisothiazole (0.10 g, 0.99 mmol) was added 
to PBr 5 prepared as described above from PBr 3 (0.20 mL. 
0.57 g, 2.11 mmol) and bromine (0.12 mL, 0.37 g, 2.33 mmot) 
and the mixture was heated at 100 ~ for I h. The dark 
reaction mixture was diluted with an ice-water mixture (-20 g), 
neutralized with NaHCO 3, extracted with CHCI? (3• mL). 
and dried with MgSO 4. The solvent was removed, and the 
residue was chromatographed to give 0.16 g (66%) of dibromide 
2 and 0.01 g (4%) of bromide 1, which were identical with the 
products obtained by other methods. 

3-Bromo-4-iodothiazole (3). Iodine (0.20 g, 0.79 retool) 
was added to a solution of 3-bromoisothiazole I (0.20 g, 
1.22 mmol) in concentrated H2SO 4 (10 mL) at 20 ~ with 
stirring and after 30 rain NaIO 4 (0.12, 0.56 mmol) was added 
in small portions to the reaction mixture. The dark-vioiet 
solution that  formed was stirred at 20 ~ for 2 h and at 30 ~ 
for 10 h. The reaction mixture was poured onto ice (-100 g), 
decolorized with Na2SO 3, and extracted with CHCI 3 
(3x 10 mE). The combined organic extracts were washed with 
water (2x10 mL) and dried with MgSO 4. The solvent, was 
removed and the residue was crystallized from hexane to give 
0.25 g (70%) of compound 3, m.p. 64.0--65.5 ~ Rf 0.38. 
~3C NMR (CDCI3), & 145.5 (C(3)); 82.6 (C(4)); I53.8 (C(5)). 

3,4,5-Tribromoisothiazole (4). A mixture of 3,4-dibromo- 
isothiazole 2 (0.16 g, 0.66 retool), 40% oleum (20 mL), and 
bromine (0.04 mL, 0.12 g, 0.77 retool) was heated at 80 ~ 
for 6 h. The reaction mixture was cooled to 20 ~ and poured 
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onto ice (-100 g). The precipitate that formed was filtered off. 
washed with a small amount of water, dried in air, and 
crystallized from hexane to give 0.18 g (85%) of tribromide 
4, m.p. 81--83 ~ Rf 0.64. 13C NMR (CDCI3) , 6:140.7 
(C(3)); 116.6 (C(4)); 136.4 (C(5)). Found (%): C, 11.96; 
Br, 74.60; N, 4.32; S, 9.83. C3Br3NS. Calculated (%): 
C, 11.19; Br. 74.51; N, 4.35; S, 9.95. 

3 ,4-Dibromo-5-iodoisothiazole  (5). Iodine (0.20 g, 
0.79 mmol) was added to a solution of  3,4-dibromoisothiazole 
2 (0.28 g, 1.15 mmol) in concentrated H2S Q (10 mL) at 
20 ~ with stirring and after 30 rain NalO4 (0.12, 0.56 retool) 
was added in small portions to the reaction mixture. The 
reaction mixture was stirred at 30 ~ for 4 h and at 80--90 ~ 
for 4 h, cooled to 20 ~ and poured onto ice (-100 g). The 
mixture was decolorized with Na2SO 3 and extracted with 
CHC13 (3• 10 mL). The combined organic extracts were washed 
with water (2• 10 mL) and dried with MgSO4. The solvent was 
removed and the residue was crystallized three times from 
hexane to obtain 0. I0 g (23%) of  compound 5, m.p. 
154--157 ~ Rr0.56. l 'C  NMR (CDCI3), & 139.7 (C(3)); 
122.3 (C(4)); 104.0 (C(5)). Found (%): C, 10.3l; Br, 43.29; 
I, 34.36: N. 3.7l; S, 8.67. C3Br2[NS. Calculated (%): C, 9.76; 
Br. 43.34; I, 34.42; N. 3.80: S, 8.68. 

3-Bromo-4,5-di iodoisothiazo |e  (6). Iodine (0.63 g, 
2.36 retool) was added to a solution of 3-bromo-4-iodo- 
isothiazole 3 (1.67 g, 6.76 retool) in concentrated H?SO 4 
(50 mL) at 20 ~ with stirring and after 30 min NalO4 (0.39, 
1.64 retool) was added in small portions to the reaction mix- 
ture. The dark solution that formed was stirred at 20 ~ for 
2 h and kept at 70 ~ for 24 h. The reaction mixture was 

poured onto ice (-100 g) and decolorized with Na2SO 3. The 
residue was filtered, washed with water (-100 mL), dried in 
air, and crystallized three times from CHC13 to obtain 1.47 g 
(61%) of compound 6, m.p. 168--169 ~ Rf 0.56. 13C NMR 
(DMSO-d6) , ~5:144.7 (C(3)); 117.2 (C(4)); I01.0 (C(5)). 
Found (%): C, 8.82: Br, t9.48; I, 6t.74; S, 7.80. C3BrI2NS. 
Calculated (%): C, 8.66; Br, 19.22: I, 61.05; S, 7.70. 

References 

1. Ger. Pat. 2,231,098, I974; Chem. Abstrs., 1974, 80, 82951z. 
2. J. A. Virgflio, M. Manowitz, and E. Heilweil, US Pat. 

4,281,136, 1981. 
3. S. Nakagawa, J. Okumura, F. Sakai, H. Hoshi, and 

T. Naito, Tetrahedron Lett., 1970, 3719. 
4. G. A. Miller, E. 13. Weiler. and M. Housman, J. HeterocvcL 

Chem., 1971, 8. 581. 
5. W. D. Crow and N. J. Leonard, Z Org. Chem., 1965, 30, 

2660. 
6. D. L. Matter,n, Z Org. Chem., 1984, 49, 3061. 
7. K. R. H. Wooldridge, Adv. lleterocycl. Chem., I972, 14, I. 
8. P. L. Pain, B. J. Pearl, and K. R. H. Wooldridge, in 

Comprehensive Heterocyclic Chemist~, Eds. A. R. Katritzky 
and C. W. Rees, 1984, 6, 131. 

9. H. J. Den Her'tog, L. Van Der Does, and C. A. Landheer, 
Rec. Tray. Chim., 1962, 81, 864. 

10. C. Grundmann, Chem. Ber., 1948, 81, 7. 

Received March 21. 1997 

Improved synthesis of bis [p- (phenylethynyl) phenyl] hetarylenes 

.'14. L. Keshtov, A. L. Rusanov, N. M. Belomoina~* and A. K. Mikitaev 

A. N. Nesmeyanov Institute of  Organoelement Compounds, Russian Academy of  Sciences, 
28 uL Vavilova, 117813 Moscow, Russian Federation. 

Fax: 007 (095) 135 5085 

Bis[p-(phenylethynyl)phenyl]hetarylenes were synthesized in high yields by an improved 
method using cross-coupling between phenylacetylene and 4,4"-dibromobenzit tbllowed by 
condensation of the 4,4"-di(phenylethynyl)benzii obtained with either o-phenylenediamine 
and 3,4-diaminobenzoic acid or with benzaldehyde and p-nitrobenzaldehyde in the presence 
of ammonium acetate. 

Key words: phenylacetylene, cross-coupling reaction, dibromobenzil; bis[p-(phenyl- 
ethynyl)phenyllhetarylenes. 

Earlier,  we deve loped  a m e t h o d  for the synthesis of  
b isLo-phenyle thynyl)phenyl]hetarylenes  1 using Pd-ca ta -  
lyzed cross-coupl ing z o f  he te rocyc l ic  dibromides  pre- 
pared from 4 ,4"-d ibromobenzi l  (1) 3 with a twofold molar  
excess of  phenylace ty lene  ( S c h e m e  1, pathway A). 

The  major  disadvantage o f  this  m e t h o d  is the low 
activity o f  he teroaromat ic  d ibromides  2 a - - d  in the cross- 
coupling reactions; this results in small yields o f  bis[p- 
(phenyle thynyl)phenyl]hetary lenes  4a--d (Table 1). The  
low activity of  he te roaromat ic  d ibromides  is associated 
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