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The reac t ion  of te t racyanoquinodimethane  (TCQD) with azoles  was studied. It was found that 
p roducts  of 1,6 addition to the quinoid s y s t e m  of TCQD are  fo rmed with py r ro le ,  indole, and 
the i r  methyl  de r iva t ives .  The addition products  spl i t  out HCN under the influence of UVlight 
to give deeply colored products  of r ep l acemen t  of one nt t r i le  group in TCQD by a he terocycl ic  
grouping.  Data on the UV and NMR spec t r a  of the compounds obtained a r e  p resen ted .  

7 ,7 ,8 ,8-Tet racyanoquinodimethane  {TCQD) is a s t rong organic acid, and reac t ions  involving nucleophilic 
addition to the quinoid s y s t e m  a re  c h a r a c t e r i s t i c  for  it. It r eac t s  readi ly  with nucleophiles such as a romat i c  
amines  [1-3] and azulene [4] to give 1,6-addit ion products .  We have observed  that TCQD reac t s  readi ly  with 
N-he te rocyc l ic  compounds containing one ni t rogen a tom in a f i v e - m e m b e r e d  ring to give addition products .  

R f R I 

N C \ C = : d / - ' ~  c/C N + 

N C / ~  \CN 
TCQD 

Rand R'= H~CH 3 

R / \N / \R  't NC / ~ ~'CN R/~N/\RII 
H H 

I 
or a single bond, R"=H or CH 3 

P y r r o l e  and its methyl  der iva t ives  in po la r  solvents  (for example,  alcohol and acetoni t r i le)  reac t  with 
TCQD at 80 ~ a f t e r  a few minutes  to give addition products  (I). It follows f rom the NMR spec t r a  of these  com-  
pounds that the reac t ion  with py r ro l e  and 2 ,4 -d imethy lpyr ro le  takes  place  in the 2 posi t ion of the heteror ing,  
whereas  the reac t ion  takes place  in the 3 posi t ion in the case  of 2 ,5 -d imethy lpyr ro le .  

R' No\ cN R'\ /=~ 
Nc/C ~ CN ,.e 

C\CN RI -N" v NC / ~-"ff (:N R~N / 
H H 

!i 
R and R'= H~CH 3 or asingle bond 

The reac t ion  p roceeds  jus t  as readi ly  with indole and 2-methyl  indole, but, in con t ras t  to pyr ro le ,  as one 
should have expected,  the 3 posi t ion undergoes  a t tack to give IL If the 3 posi t ion of the indole is occupied (for 
example,  skatole),  addition product  II is fo rmed  only under  more  s e v e r e  conditions [in d imethy l fo rmamide  
{DMF) or  dimethyl  sulfoxide (DMSO) at 150~ and the reac t ion  takes  p lace  in the 2 posi t ion of the he te ror ing .  
In the case  of skatole ,  addition product  II was not isolated in pure  fo rm because  of its rapid oxidation, but the 
NMR spec t rum of a sample  c l ea r ly  showed that  the reac t ion  occur red  in the 2 posi t ion of the he te ror ing .  

Tet racyanoquinodimethane  does not fo rm an addition product  with 2,3-dimethylindole;  in this case  the 
reac t ion  stops at the step involving the fo rmat ion  of the mo lecu l a r  complex.  Thus the reac t ion  of TCQD with 
azoles  is s i m i l a r  {with r e spec t  to the d i rec t ion  of the reac t ion  to ce r t a in  s i tes  of the heteror ing)  to mild e lec-  
t rophil ic  subst i tut ion in azoles .  This is explained by the s imi l a r i t y  of the TCQD molecule  and the molecules  
of typical  e lec t rophi l ic  agents :  On one hand, they a re  all s t rong e lec t ron  accep tors ,  and on the other,  the c a r -  
bon a tom in the TCQD molecule  containing two ni t r i le  groups  can be cons idered  to be a s t rong electrophi l ic  
cen ter  that  a t tacks  the donor molecule .  

*Communica t ion  IV f r o m  the s e r i e s  "Chemis t ry  of Quinomethanes ."  See [3] for  communica t ion  III. 
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Two m e c h a n i s m s  for  the reac t ion  of TCQD with azoles  can be assumed .  The f i r s t  m e c h a n i s m  involves 
d i rec t  r ep lacemen t  of the hydrogen in the he te ro r ing  by the attacking e lect rophi l ic  cen te r  of the TCQD mole -  
cule to give a c l a s s i ca l  a t r ans i t ion  complex (path A). The second mechan i sm involves initial  one -e l ec t ron  
oxidation of the donor TCQD molecule  to give an in te rmedia te  ion radical  sal t  with subsequent  nucleophilic 
subst i tut ion in the azole cat ion (path B). It should be noted that the r complex (path A) and the product  of con- 
ve r s ion  of the ion- rad ica l  sal t  (path B) a r e  in point of fact  resonance  s t ruc tu res ,  and the di f ference in the sub- 
sequent  t r a n s f o r m a t i o n s  of these  subs t r a t e s  consis ts  in the fact  that a p ro ton  is spli t  out in the f i r s t  case ,  
whereas  a hydrogen a tom is spli t  out in the second.  We p resen t ly  do not have data that  make  it poss ib le  to 
choose  between these  two m e c h a n i s m s ,  although indirect  proof,  for  example,  the explicit  dec rea se  in the r e -  
act ion ra te  as  the ionization potent ial  of the donor i nc reases ,  const i tu tes  evidence in favor  of the second r e -  
act ion pathway, s ince in this case  the step involving the fo rmat ion  of the ion- rad ica l  sal t  is slowed down. 

Compounds I and II a r e  white c rys ta l l ine  subs tances ;  the i r  physical  constants  a r e  p resen ted  in Table  1. 
The UV s p e c t r a  of I and II in nonpolar  solvents  a r e  a lmos t  the s ame  as the spec t r a  of the cor responding  s t a r t -  
ing he te rocyc les  (Fig. 1, curves  1 and 2). In pro t ic  solvents  these  compounds readi ly  d i ssoc ia te  with split t ing 
out of the malonont t r i l e  pro ton  to give a carbanton,  for  which an intense absorp t ion  band at )tma x 320 am (e = 
3" 104, alcohol),  the posi t ion of which is independent of the he te rocyc le  used for  the reac t ion  (Fig. 1, cu rve  3), 
is c h a r a c t e r i s t i c .  We have p rev ious ly  ass igned this band to carbanton III on the bas is  of a study of the ab so rp -  
tion spec t r a  of p-phenylenedimalonont t r i le  in var ious  solvents  [2]. The dissocia t ion of I and II is r e v e r s i b l e  
and the equi l ibr ium is readi ly  shifted when acids and alkal is  a r e  added. 

NC CN NC CN 

H H 

Ill 

The IR s p e c t r a  of I a n d  II contain bands of v ibra t ions  of a roma t i c  and he te rocyc l ic  r ings .  The band of 
v ibra t ions  of n i t r l le  groups  is absent  o r  appea r s  as a ve ry  weak band at 2260 cm -1, as obse rved  for  the p rod-  
ucts  of the reac t ion  of TCQD with a rom a t i c  amines  [1]. 

TABLE 1. 
I and II 

Compound 

Physical Constants of a-Azolyl-p-phenylenedimalononitriles 

Xmax. l' J 1 atio,(Cry-'tal" fo=, aiCalZmpir" Found. 19~ Calc ated.  oform'm'chi~ 
[ N c s N [alcohol) ~EI ~2 solvent) c H 

116--118 
(80% a l -  

cohol) 
120--121, 
(alcohol] 

68--70 
(alcohol; 

164--165 
(alcohol) 

167--167,, 
(alcohol) 

CI sH~Ns 

C] ~H,sN,, 

C1 sH,sN,, 

C~ )HuNt 

C2 H,sNs 

70~6 3,3 26,1 

72,4 4,5 23,6 

72,1 4,8 23,3 

74,,9 3,9 2 9 

70,~ 3,3 

72,2 4,4 

72,2 4~4 

T4,8 3,5 

~5,2 3,9 

25,8 

23,4 

23,4 

21,8 

20,9 

265,270 
(320) 

266,272 
(320) 

266,272 
(320) " 

270,280 
288(320 

271,279 
88(320) 

a-(2-Py_rrolyl)-p- 
phenyleneai  - 
malononi t r i le  

a - ( 2 , 4 - D i m e t h y l -  
5-pyrrolyl)-p-  
phenylenedi-  
malononi t r i la  

a -( 2 ,5-Dimethyl  - 
3-pyrrolyl)-p-  
phenyleneoi-  
malononitr i le  

a - (3 - Indo ly l ) -p -  
phenyleaedi -  
malononitr i le  
.-(2,-Me~yl-8- 
mooiyi)-p- 
phenylenedi-  

- lononitri le 

k 72 

~, 82 

3 92 

k 93 

k 70 
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Fig .  1 F ig .  2 

F ig .  1. E l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of indo le  in  c h l o r o f o r m  (1) and of ~ -  
( 3 - i n d o l y l ) - p - p h e n y l e n e d i m a l o n o n i t r i l e  in  c h l o r o f o r m  (2) and in a l c oho l  (3). 

F ig .  2. E l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of 7 - ( 2 - c y a n o - 3 - i n d o l y l ) - 7 , 8 , 8 - t r i -  
c y a n o q u i n o d i m e t h a n e  (VI) in  a c e t o n i t r i l e  (1) and in a c e t o n i t r i l e  when a l k a l i  
is  added  (2). 

T A B L E  2. C h e m i c a l  Shif ts  of the  P r o t o n s  in  A z o l e s  and C o r r e s p o n d -  
ing Compounds  I and II (on the  6 s c a l e ,  a c e t o n i t r i l e )  

Compound 

CN~H[ NC--C--CN~ ] Heterocycle 

C--H(~) 

H 

H 
Pyrrole 
a -(2-Pyrrolyl)-p-phenylene- 5,6C 

dimalon0nitrile 
2,4-Dimethylpyrrole 
c~ -(2,4-Dirnethyl-5-pyrrolyl)- 5,61 

p -phenylenedimalononitrfle 
2,5-Dim~thylpyrrole 
a -(2,5-Dimethyl-3-pyrrolyl)- 5,58 

p-phenylene&malononitrfle 
Indole 
a -(3-Indolyl)-p-phenylene- 5,58 

dimalononitrile 
3 -Methylindole 
a -(3-Methyt-2-indolyl)-p- 5,62 

phenylenedimalononitrile 
2-Methylindole 
a -(2-Methyl-3-indolyl)-p- 5,58 

pheny lenedim alononitrile a ~ ~  
b B r o a d  t r i p l e t ,  J = 64 Hz.  

B r o a d  s i n g l e t .  
dDOUblet, J = 2 Hz.  

T r i p l e t ,  J = 4 Hz. 

7,66 

7,72 

7,62 

7,70 c 

7,61 

7,68 

9,03 a 
9,63 D 

8,23, b 
8,68 D 

8,42. b 
9,05 D 

9,17 b 
9,77 

8,85b 
9,57b 
9,00b 
9,84 b 

6,17 
6,29, t 1 =21~ 
5,13, t/=2H~ 
5,74 
5,69 

5,70,d ./= 2 H~ 
5,58 

6,48 

6,11 

6,94--7,65, m 
6,95--7,84, m 

6,38--7,11, m 
7,15--7,80, m 

6,86--7,46, m 
6,83--7,56, m 

Data  f r o m  the  NMR s p e c t r a  of  I and II  a r e  p r e s e n t e d  in  T a b l e  2. The  p o s i t i o n  of t he  s u b s f i t u e n t  e n t e r i n g  
the  h e t e r o c y c l i c  r i n g  was  d e t e r m i n e d  on the  b a s i s  of t h e s e  da t a .  We note  t ha t  t he  c h e m i c a l  sh i f t s  of  t h e m a l o n o -  
n i t r i l e  p r o t o n  in  I and II, w i th in  the  l i m i t s  of t he  e r r o r  in t he  m e a s u r e m e n t s ,  do not change  as  a func t ion  of the  
h e t e r o c y c l i c  g r o u p i n g ,  w h e r e a s  t he  s i gna l  i t s e l f  v a n i s h e s  c o m p l e t e l y  when  D20 is  added  to  the  s o l u t i o n  of the  
compound  in  a c e t o n i t r i l e  due to  h y d r o g e n  exchange  by  d e u t e r i u m .  Thus  in  the  c a s e  of the  p r o d u c t  of r e a c t i o n  
of TCQD with 2 , 5 - d i m e t h y l p y r r o l e  t he  4-H s i g n a l  of p y r r o l e  was  s u p e r i m p o s e d  on the  s i gna l  of the  m a l o n o -  
n i t r i l e  p r o t o n ,  and a s i n g l e t  a t  6 5.58 p p m ,  c o r r e s p o n d i n g  to  two p r o t o n s ,  was  o b s e r v e d  in  t h e  s p e c t r u m .  The  
i n t e n s i t y  of  the  s i g n a l  l s  h a l v e d  when  D20 Is added .  
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R I R I 

H H 
IV V 

R and R ~ = H) CH s Or a single bond where R and R s -- H)CH~ or a single bond 

When they a r e  i r r ad ia ted  with UV light, all  I and II spli t  out hydrogen cyanide to give deeply colored blue 
products  of r ep l acemen t  of one ni t r i le  group in the TCQD molecule  by a he te rocyc l ic  grouping (IV and V, r e -  
spect ively) .  The phys ica l  constants  of IV and V a re  p resen ted  in Table 3. A photochemical  reac t ion  may  also 
occur  when solid I and II  a r e  i r rad ia ted  and when solutions of them in po l a r  and nonpolar  solvents  a r e  i r rad ia ted .  
We note that  dye IV, obtained f rom TCQD and py r ro l e ,  is unstable,  and only ~max is p resen ted  fo r  it. 

When II, obtained f r o m  indole, is i r rad ia ted ,  a second red dye, isolated f r o m  the reac t ion  mix tu re  by 
chromatography ,  is fo rmed  in addition to the cor responding  blue V. E lemen ta ry  analys is  showed the p r e sen ce  
in this dye of ye t  ano ther  nt t r i le  group as compared  with the cor responding  V. The m a s s  spec t rum of this  sub-  
s tance contains a mo lecu l a r  peak  with m / e  319 and peaks  of f r agmen t s  cor responding  to spli t t ing out of CN 
and C(CN) 2 groups .  The IR spec t rum contains the following vibrat ional  bands:  VC= C 1440, 1460, and 1500 
cm-l~ UC= N 2220 cm -1 (nitrUe groups  conjugated with a quinotd sys t em,  vC= N 2210 cm -1 for  V, as compared  
with v C =-N 2260 cm for  II); ~N-H 3350 c m -  . The e lec t ronic  spec t rum of the red  substance contains a broad 
s t r u c t u r e l e s s  band, but, in con t ras t  to the cor responding  V, it is found in the s h o r t e r - w a v e  region of the spec-  
t r u m  [~,max 507 nm (benzene)]. On the bas i s  of these  data and with al lowance for  the fact  that  this product  is 
fo rmed  only in unsubsti tuted indole, it was a s s i g n e d  s t ruc tu re  VI. 

when  VI  is t r ea t ed  with alkali  its co lo r  changes r eve r s ib ly ,  probably  due to faci le  split t ing out of the 
p ro ton  attached to the n i t rogen in the ~ posi t ion re la t ive  to the ni trUe group and the fo rmat ion  of an anion (VII), 
depicted in the fo rm of two resonance  s t ruc tu re s ,  w h e r e a s  the long-wave band of VI is found at ~,max 513 nm 
(aeetonitr i le)  it is shifted to 780 nm when alkali  is added (Fig. 2, cu rves  1 and 2, respec t ive ly) .  

A dye analogous to VI is fo rmed  when I, obtained by reac t ion  of TCQD with py r ro l e ,  is i r rad ia ted ,  but this  
dye was not isolated,  2,4- and 2 ,5 -Dimethy lpyr ro les  do not f o r m  dyes of this type.  Compounds of the VI type 
a r e  p robab ly  fo rmed  through reac t ion  of molecu les  of dye V with ni t r i le  anions o r  r ad ica l s  evolved during the 
photodecomposi t ton of It. 

NC �9 (~N oH-  NC\ - -  ~N 

N H ')" NC / 

V! H 
NC CN 

VII 

The e lec t ronic  s p e c t r a  of all  IV and V contain the absorp t ion  of a broad s t r uc tu r e l e s s  band at 550-650 
rim, which was ass igned to an i n t r am o l ecu l a r  charge  t r a n s f e r  band. The posi t ion of this band depends l inear ly  
on the ionization potent ia l  adopted fo r  the reac t ion  of the azole [5]. 

E X P E R I M E N T A  L 

P y r r o l e  and its methyl  der iva t ives ,  as well as methyl  de r iva t ives  of indole, were  synthes ized by l i t e r a -  
t u r e  methods .  P u r e - g r a d e  TCQD was used.  LSL 5-40 p s i l ica  gel was used for  chromatographic  pur i f ica t ion 
of the compounds.  A PRK-2 UV lamp was used for  the photochemical  reac t ions .  The UV spec t r a  of the com-  
pounds were  r eco rded  with a Hitache MSP-50L spec t ropho tomete r .  The NMR spec t r a  were  r eco rded  with a 
Tes l a  BS-487B s p e c t r o m e t e r  (80 MHz). The IR s p e c t r a  were  recorded  with a UR-20 s p e c t r o m e t e r .  The m a s s  
spec t r a  we re  r eco rded  with an MKh-1303 m a s s  s p e c t r o m e t e r .  

�9 ~ -Azoly l -p -pheny lened imalononi t r i l e s  I and II. A) A mix tu re  of 0.5 mmole  of TCQD and 0.6 re_mole of 
the azole in 30 ml  of ace toni t r i le  was refluxed until the TCQD vanished (verified by TLC) (from 5 to 40 rain). 
The solvent  was then removed  by vacuum dist i l la t ion to a volume of 5 ml,  and the res idual  m ix tu r e  waspoured  
into 100 ml  of ice water .  The solid o r  semil iquid m a s s  was sepa ra t ed  and dried in vacuo at 50 ~ for  ~ 10 h. The 
solid product  was r ec ry s t a l l i z ed  twice  f rom alcohol to give the product  in 70-92% yield.  

B) A mix tu r e  of 0.5 m m o l e  of TCQD and 0.6 m m o l e  of the azole in 30 ml  of ethanol was refluxed until 
the TCQD vanished (15 rain, ver i f ied  by means  of TLC), a f t e r  which the solvent  was removed  by vacuum dis -  
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TABLE 3. Physical  Constants of 7-Azolyl -7 ,8 ,8- t r icyanoquinodimeth-  
anes IV and V 

Compound 

7-(2-Pyrrolyl)- 7,8,8- 
tricyanoquinodi- 
methane 

7-(2,4-Dimethyl-5- 
pyrrolyl)-7,8,8 - 
tric~canoquinodi - 
memane 

7-(2.5-Dimethyl-3- 
pyrrolyl)-7.8,8- 
tricyanoquinodi- 
methane 

7-(3-indolyl)-7,8,8- 
tric](anoquinodi- 
memane 

7 - ( 2 -M ethyl -3 -in - 
dolyl)-7,8,8-tricy- 

uinodirnethane a n . q u i r t .  
7 -(3 -Methyl-2-in- 

dolyl)-7,8,8 -tricy- 
anoquinodimethane 

mp, ~ 
(crystalliza- 
tion solvent) 

216 (dec., 
acetone) 

! 
EmpLt- [ Found, % 
ical I ! 
formula] c H N 

! 

Calc.,% Xmax' I~ 
am. ace- I ~  

c I H N tonitrile ,e~ 
'.benz ene~o ~ 

260 (dec., 
acetone- 
benzene) 

280 (dec., 
benzene) 

266 (dec., 
acetone) 

235 (dec., 
a c e t o n e - -  
benzene) 

Jr 
CIrHI2N4 75,C 4,( .)0,~ 

C,7HI2N4 74~,8 4,4 !0,5 

CIoHtoN4 77,4 3~ 

C2oHI2N, 77,8 4,1 8,2 

C2oHI2N4 78,3 1,5 8,1 

r 
75,0 4,,4 20,6 

75,0 4,4 .)0,6 

77,5 3,4 [9,0 

77,9 3,9 [8,2 

77,9 3,9 [8,2 

552 A 
(564) 

642 A 
(608) 

615 A 
(578) 

584 B 
(560) 

608 A 
(582) 

595 c 
(602) 

25 

19 

37 

47 

26 

t i l lat ion to a volume of 2 ml, and the residual  solution was allowed to stand overnight at - 5 ~ The yield of 
crysta l l ine  product  was 93~0. It was recrys ta l l i zed  in the minimum amount of alcohol. 

7-Azolyl-7 ,8 ,8- t r icyanoquinodimethanes  IV and V. A) A mixture of 0.5 mmole of TCQD and 0.6 mmole 
of the azole was refluxed in 50 ml of acetoni tr i le  until the TCQD vanished, and the result ing solution was i r -  
radiated in a 100~ml beaker  f rom above with the complete light of a UV lamp, which was located at a distance 
of 15 cm f rom the surface of the solution. The dye, which precipi tated as a finely crys ta l l ine  substance, was 
removed periodical ly  by fi l trat ion and recrys ta l l i zed  f rom acetonitri le,  benzene, and ace ton i t r i l e -benzene .  
I r radia t ion was ca r r i ed  out for 16-48 h until the convers ion of I and H was complete;  this was verified bymeans  
of th in - layer  chromatography.  The dyes were  obtained in 19-47% yields.  

B) A solution of 0.5 mmole  of the appropriate  II in 50 ml of acetonitr i le  was i r radiated with UV light as 
described in method A. The dye was obtained in 37~0 yield after  recrys ta l l i za t ion  from benzene. 

C) A mixture  of 0.5 mmole  of TCQD and 0.6 mmole  of the azole in 30 ml of DMSO was s t i r red  at 150 ~ 
until the TCQD vanished, af ter  which the solution was poured into 200 ml of ice water .  The aqueous mixture 
was t reated with 5 g of NaC1, the result ing precipi ta te  was removed by fi l t rat ion and dissolved in 50 ml of 
acetonitr i le,  and the solution was i r radiated as described above. The dye was obtained in 26% yield. 

TCQD-2,3-Dimethyl indole  Molecular  Complex. Boiling solutions of 0.25 mmole of TCQD in 40 ml of 
acetonitr i le  and 0.5 mmole  of 2,3-dimethylindole in 10 ml of acetonitr i le  were mixed, and the result ing solu- 
tion was allowed to cool slowly, af ter  which it was f i l tered to give 0.85 g (62%) of a product  with mp 230" (dec.). 
Found: C 75.6; H 4.4; N 20.2%. C12H4N4-C10HIlN. Calculated: C 75.6; H 4.3; N 20.1%. 

7-(2-Cyano-3- indolyl ) -7 ,8 ,8- t r icyanoquinodimethanes  (VI). A 0.5 mmole sample of ~-(3-indolyl)-p-  
phenylenedimalononitr i le in 50 ml of acetoni tr i le  was i r radia ted as described above for  the prepara t ion  of V. 
The precipi tated 7- (3-indolyl)-7,8,8-tr icyanoquinodimethane [0.17 g (377o)] was separated,  and the mother  l iquor 
was evaporated and chromatographed on si l ica gel [elution with benzene -ace tone  (4 : 1)] to give 0.1 g (20%) of 
a product  with mp 260 ~ (dec.). IR spec t rum:  VC= C 1440, 1460, and 1500 cm-1; VC__-N2220 cm -1. [IV spectrum, 
Xma X 513 rim (acetonitrile). Found: C 75.0; H 3.3; N 21.9%. C20HgN 5. Calculated: C 75.2; H 2.9; N 21.9%. 
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