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Prev ious ly  it was shown that the complexing  of 2-acyl th iophenes  [2, 3] and 2-a lkylsul fonyl th iophenes  
[4] with A1C13 or  a s t rong prot ic  acid makes  it  poss ible  to o v e r c o m e  to some deg ree  the a - o r i e n t i n g  effect  
of the he te roa tom and d i r ec t  the e lec t rophi l i c  subst i tut ion e i the r  p redominant ly  or  a lmos t  comple te ly  in 
the 4 posit ion of the thiophene r ing.  In the furan s e r i e s  a s imi l a r  ef fect  can be achieved only for  2 - fu r a l -  
dehyde [5], while in the complex  of 2 -ace ty l fu ran  with A1CI~ the act ivi ty of the 4 posi t ion only slightly ex-  
ceeds  the act ivi ty  of the 5 posi t ion [6]. In a s ea r ch  for  subst i tuents  with a s t r o n g e r  m e t a - o r i e n t i n g  effect  
than that of the RCO- AICI 3 or  RCO.  H~oC16 groupings (see [7]) we under took a study of the r eac t i ons  of the 
n i t r i l e s  of the thiophene and furan s e r i e s  that  were  complexed with e i the r  a pro t ic  acid or  A1C13. 

P r i m a r i l y  we a t tempted to quant i ta t ively  es t ima te  the m e t a - o r i e n t i n g  abili ty of the subst i tuents  CN 
. A1C13 and CN" HSbC16 by studying the NMR spec t ra  of benzon i t r i l e  and its complexes  with A1C13 and HSbC16, 
s imi l a r  to what we had done with r e s p e c t  to the subst i tuents  R C O . A  (R = H, CH 3 or  OCH3, and A = A1CI 3 
or  HSbC16) [7]. Unfortunately,  the diff iculty of ass igning the s ignals  in the NMR spec t ra  of benzon i t r i l e  and 
its complexes  with A1CI 3 and HSbC16 did not p e r m i t  us to c h a r a c t e r i z e  the modified n i t r i l e  group by the 
or  a + va lues  (cf. [7]). Neve r the l e s s ,  the va lues  of the d i f fe rences  in the chemica l  shifts  q~6) of the nuc lea r  
pro tons  in the NMR spec t ra  of 2-cyanothiophene,  2 -cyanofuran ,  and the i r  complexes  with AICI 3 (Table 1) 
show that in i ts  e l e c t r o n - a c c e p t o r  capaci ty  the C~N .A1CI 3 group is  c lose  to the CH3OCO" A1CI 3 group (cf. [7]). 

TABLE 1. NMR Spectra of 2-Cyanothio-  
phene,  2-Cyanofuran ,  and The i r  Com-  
plexes  with A1C13 and HSbC16 in Dich loro-  
ethane 

Compound 

CaHaSCN 
Cd-hSC N. A1Cla 

CaHaSCN.HSbCI~ 

C~HaOCN 
C~H3OCN �9 A1Ch 

Chemical shifts, 6 ppm 

H S H" ] Ht 
I 

7,62 7,i0 I 7,62 
t 

8,24 7,37 ] 8,24 

A6--0,62 --0,27 I --0,62 I 

8,t6 

A8--0,54 

7,08 
7,96 

A8--0,88 

7,35 I 8,i6 

--0,25 I --0,54 

6,52 I 7,58 6,84 7,96 

--0,32] --0,38 

Approximate ly  the same effect  is mainfes ted  by the CN 
�9 H~C16 grouping,  which can be seen f rom the NMR spec -  
t rum of the complex  of 2-cyanothiophene with HSbCI~. The 
complexed methoxycarbonyl  group,  which in i ts  e l e c t ron -  
accep to r  capaci ty  is c lose  to that of the analogously modified 
n i t r i l e  group,  i s ,  as was shown in [7], the weakes t  me t a -  
o r i ea tan t  of the RCO.  A type.  Since in the furan s e r i e s  the 
d i r ec t ing  of e lec t rophi l ie  subst i tut ion predominant ly  in the 
4 posi t ion can be effected only in the complex  of 2 - fu ra lde -  
hyde with A1C13, it was imposs ib le  to expect  the f o r m a -  
tion of 2 ,4 -d i subs t i tu ted  furan de r iva t ives  us ing  the 2- 
cyanofuran  complexes ,  and consequent ly  we l imited ou r -  
se lves  to a study of the r e ac t i o n s  of the 2-cyanothiophene 
complexes ,  and spec i f ica l ly ,  to n i t ra t ion  and b romina t iom 
In both ca se s  ce r t a in  pecu l i a r i t i e s ,  which a re  caused by 
the na ture  of the n i t r i l e  group,  a re  obse rved  when c o m p a r i -  
son is made with the co r r e spond ing  t r a n s f o r m a t i o n s  of the 
ca rbonyl  compounds.  The n i t ra t ion  was run in H2SO 4 by 

*See [i] for  Communicat ion 18. 
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TABLE 2. 
Cyanothiophene in CC14 

NMR Spectra of B r o m o  Der iva t ives  of 2- 

Compound 
Chemical shifts, 5 ppm 

H, H~ H~ 

7,32 7,02 
7,43' - -  7~-43 
7,33 

5 - Bmmo-2 - cyanothiophene 
4 - Bromo -2 = cyanothiophene 
4, 5-Dibromo-2 -cyanothiophene 

J~,, H z  

4,0 

t r e a t m e n t  with dry  KNO 3. Hydro iys i s  of the n i t r i le  group to the ca rboxy l  group was obse rved  dur ing  reac t ion  
and subsequent  workup,  in which connection this  p r o c e s s  goes only slightly in 60% H2SO 4 solution, but a l ready  
in 70% HaSO4 solution the s t a r t ing  n i t r i le  i s  conver ted  a lmos t  comple te ly  to 2- th iophenecarboxyl ic  acid.  
The ni t ra t ion p rac t i ca l ly  does not go under  these  condit ions.  In 92% H2SO 4 solution,  the s a m e  as in the case  
of the ca rbony l  compounds (cf. [8]), 2-cyanothiophene gives  the n i t ro  de r iva t ives  in good yield.  T r e a t m e n t  
of the n i t r a t ion  products  with methanol  gave the methyl  e s t e r s  of  the 4-  and the 5 -n i t r o -2 - t h iophenec a rb o x y -  
lic acid in a 60 :40  ra t io  (GLC). Unfor tunate ly ,  by i t se l f  this  r a t io  cannot s e rve  as a m e a s u r e  of the o r i en t -  
ing abil i ty of the protonated n i t r i l e  group,  s ince an equi l ibr ium probably  ex i s t s  under  the r eac t ion  conditions 
between the protonated fo rm (or co r respond ing ly ,  the complex  of the n i t r i le  with the acid) and the imino-  
sulfate ,  so that  it is  not known which of the f o r m s  (A, B) e i ther  p redominant ly  or  exc lus ive ly  en t e r s  into 
the reac t ion .  

NH 
/ /  

R--C-----N. I-I~S04 ~_ R--C 
\ 

-OS08H 
(A) (B) 

The above ment ioned diff icul t ies  do not a r i s e  when the complex  of 2-cyanothiophene with A1CI 3 is 
b romina ted .  Under these  condit ions,  as  was  shown prev ious ly  on the example  of benzoni t r i l e  [9], the r e -  
action products  a r e  the co r r e spond ing  b r o m o n i t r i l e s .  A pecul ia r i ty  of the p r o c e s s ,  caused  by the low 
act ivi ty  of the thiophene r ing  in 2-cyanothiophene and the s tabi l i ty  of i t s  complex  with A1C13, is  d isplayed in 
the imposs ib i l i ty  of accompl i sh ing  the b romina t ion  in the absence  of A1C13 or  with a ca ta ly t ic  amount of it. 
P rac t i ca l l y  the s ame  r e s u l t s  a r e  obtained in the p r e s e n c e  of e i ther  1.5 or  2.5 moles  of A1C13 per  mole of 
n i t r i le  in ch lo ro fo rm (cf. [4]): based  on the GLC data ,  the mix tu re  of b romina t ion  products  contains  ~ 70% 
of 4 -b romo-2 -cyano th iophene ,  which can be i so la ted  by dis t i l la t ion and c rys ta l l i za t ionI  in addition, ~ 2% 
of 5 -b romo-2-cyano th iophene  and 10% of 4, 5 -d ib romo-2-cyano th iophene  a r e  fo rmed .  Samples  of the 5- 
b r o m o -  and 4, 5 -d ib romo-2-cyano th iophenes  were  obtained by us f r o m  the co r r e spond ing  b romoa ldeh y d es  
via the i r  oximes ;  the 4 -b romo-2 -cyano th iophene  that  was  isola ted f rom the b romina t ion  products  of 2- 
cyanothiophene (see above) had mp 45~ (cf. [10]). The b r o m o n i t r i l e s  we re  a lso  c h a r a c t e r i z e d  by the NMR 

spec t r a ,  which con f i rm  the i r  s t ruc tu re  (Table 21. 

E X P E R I M E N T A L  M E T H O D  

The NMR spec t r a  we re  taken on a Var ian  D A - 6 0 - I L  r a d i o s p e c t r o m e t e r  (60 MHz), with HMDS as the 
in te rna l  s tandard  or  (in the ease  of the complexes)  without the HMDS, and were  m e a s u r e d  re la t ive  to the 
s ignal  of the so lven t  (cf. [7]). The chemica l  shif ts  a r e  given re la t ive  to TMS. 

The GLC was  run on an LCM-8 M ch roma tog raph ,  us ing a f l ame- ion iza t ion  de tec to r ,  n i t rogen as the 
c a r r i e r  gas ,  a flow r a t e  of 20 m l / m i n ,  a 1.5 x 1500 m m  s ta in less  s t ee l  column packed with 15% poly(ethylene 
glycol  adipate) deposi ted on C h r o m o s o r b  P, and a t e m p e r a t u r e  of 155 ~ when analyzing the b r o m i d e s ,  and 
180-190 ~ when analyzing the n i t ro  de r iva t ives .  

The s t a r t ing  2-cyanothiophene was  obtained by heat ing the oxime of 2- th iophenecarboxaldehyde  in 
Ac20 as desc r ibed  in [11]. 2 -Cyanofuran  [12] and 5 -b romo-2-cyano th iophene  [10] we re  obtained in a s i m i -  
l a r  manner .  4, 5 -Dibromo-2-cyano th iophene  was  obtained in 90% yield ,  mp 117-117.3 ~ (from heptane).  
Found: C 22.551 H 0.371 Br  59.641 N 5.101 S 11.97%. CsHBr2NS. Calculated:  C 22.49; H 0.381 Br  59.87; 

N 5.25; S 12.01%. 

Ni t ra t ion  of 2-Cyanothiophene.  To a s t i r r ed  solution of 1.7 g of 2-cyanothiophene in 15 ml  of 92% 
H2SO 4 solution was added 1.97 g of KNO~ in sma l l  por t ions ,  the mix tu re  was allowed to stand st  20 ~ for  
20 h, 40 ml  of CH3OH was added under  ice cooling,  the m i x t u r e w a s  ref luxed for  5 h, poured into wa t e r ,  
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ex t rac ted  with ch lo ro fo rm,  and the ex t r ac t  was washed in success ion  with wate r ,  sodium carbonate  solu- 
t ion, and again with water .  After  r e m o v a l  of the solvent w e  obtained 2.6 g (89%) of the mixed methyl  e s t e r s  
of the 4-  and 5 -n i t ro -2- th iophenecarboxyl ic  acids in a 60 : 40 ra t io .  See [7] for  the p repa ra t ion  of authentic 
samples  of the mentioned e s t e r s  for  the GLC. In addition, the methyl  e s t e r  of 4 -n i t ro -2 - th iophenecarboxy l i c  
acid was obtained f rom the 4 -n i t ro -2 -cyano th iophene ,  isolated f rom the n i t ra t ion  produc ts  of 2-cyanothio-  
phene in Ac20 as desc r ibed  in [13], by re f lux ing  with methanol  in the p r e sen ce  of H2SO 4. 

Brominat ion  of 2-Cyanothiophene.  To 15.5 g of anhydrous A1C13 in 10 ml of CHCI~ was added 5 g of 
cyanothiophene in 10 ml of CHC1 S, and then 8 g of b romine  (A1C13--nitrile--Br2 m o l e  ra t io  = 2.5 : 1 : 1). The 
mix ture  was s t i r r ed  at 20 ~ for  6 h, let  stand 20 h, and poured on ice .  After  the usual workup and r emova l  
of the ch lo ro fo rm we obtained 9 g of an oil ,  which r e p r e s e n t e d  (based on the GLC data) a mixture  of the 
s ta r t ing  n i t r i le  and the 4 - b r o m o - ,  5 -b romo- ,  and 4, 5 -d ib romo-2-cyanoth iophenes  in a 16 : 70 : 2 : 12 rat io .  
By dis t i l la t ion we isolated 5 g of a f rac t ion  with bp 115-130 ~ (15 ram),  and 1.9 g of a f rac t ion with bp 130- 
140 ~ (15 mm).  The f i r s t  f rac t ion was 4 -b romo-2-cyano th iophene  that was contaminated slightly with the 
5 - i som e r  and had mp 38-43 ~ while the second f rac t ion was a mixture  of the 4 - b r o m o -  and 4, 5=-dibromo-2- 
cyanothiophenes.  Recrys ta l l i za t ion  of the la t te r  f rom heptane gave 1.2 g of the mono-  and 0.4 g of the d ibro-  
mide.  The total  yield of 4 -b romo-2-eyano th iophene  was 6.2 g (71%). Additional r e c ry s t a l l i z a t i o n  f rom 
heptane enabled us to isola te  a 4 -b romo-2-cyano th iophene  sample with mp 45 ~ (el. [10]) and a 4, 5 -d ibromo-  
2-cyanothiophene sample with mp 117 ~ 

When the bromina t ion  was run in the p re sence  of 1.5 moles  of A1CI 3 pe r  mole of the n i t r i le  the ra t io  
of the products  d i f fered  but slightly f rom that given above,  and was 18 : 72 : 2 : 8. In the p r e sen ce  of 1.1 
moles  of A1C1S ~ 80% of the s ta r t ing  2-cyanothiophene is r e c o v e r e d  unchanged, and the main product  is  4- 
b romo-2-cyano th iophene ,  containing t r a c e s  of the 5 - i somer ;  the d ibromide  was not detected.  The b r o m i n a -  
tion does not go in the presence of a catalytic amount of AICI S. 

C O N C L U S I O N S  

A study was made of the bromina t ion  of the complex of 2-cyanothiophene with A1C13, which leads p r e -  
dominantly to the 4 -b romo  der iva t ive .  In the n i t ra t ion  of 2-eyanothiophene in H2SO 4 and subsequent  work-  
up the n i t r i le  group is eonx;erted to the ca rboxyl  group,  and consequent ly  the reac t ion  products  a re  the 4- 
and 5-ni t ro  de r iva t ives  of 2- th iophenecarboxyl ic  acid.  
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