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Indoles and dimethylaniline were subjected to direct  hetarylat ion with pyridine,  quinoline, and 
isoquinoline in the presence  of arenesulfonyl chlorides.  The arenesulfonamide heterocycl ic  
derivat ives of indoles and dimethylaniline were obtained and character ized.  

The he terary la t ion  of organic CH acids is accomplished by the simultaneous action on them of N-he te ro-  
a romat ic  compounds and acylating agents; carboxylic acid chlorides are usuatly employed as the acylating 
agents [1]. It was recently found that it is also possible to c a r r y  out this react ion in the p resence  of the 
chlorides of t r i -  and pentavalent phosphorous acids [2]. It was natural to assume that the same sort  of r eac -  
tion may also occur  in the p resence  of sulfonyI chlorides with the intermediate  formation of N-heteroaromat ic  
sulfonyl salts of the I type as hetarylat ing agents.  In fact,  the formation of salts of this type in the reaction of 
N-he te rocyc les  with sulfonyl chlorides has been observed by many invest igators  [3]. It has also been shown 
that isoquinoline salts of this type readily react  with KCN at the instant of their  formation [4], whereas quinol- 
ine hetaryla tes  indole in the p resence  of p-toluenesulfonyl chloride [5]. In the present  research  in the case of 
dimethylaniline and indole we were able to show that hetarylat ion of sufficiently nucleophilic aromat ic  and 
he te roaromat ic  compounds is possible in the case of the simultaneous action on them of pyridine,  quinoline, or  
isoquinoline and various arenesulfonyl chlorides:  
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1I a R=H. R'= 3-indolyl;III a R=H, R'-3-indolvl; b R=p-CH3, R'= 3~indolvl; c R= 
=o-CH3, R'=.3-indolyl; d R=p-Br, R'= 3-indolyl; e R=H, R'~2- mcthvl-3-iadolyl; f R ~ 
=p-CH3, R'=2-methvl-37indolyl; g R---p-Br, R'=2- methyl-3-fndolyl; hR=p-Br, R'= l- 
methyl-3-indolyl; i R=H, R'= 1- methyl-3-indolyl; j R=o-NO2, R'~ 3-indolvl: k R:-p-CI, 

R'-3-indolyl; l R=p-CH3CONH, R'=8-indolyl; m R=H, R'=p-(CH3)=NC6H4-; n R= 
=p-Br, R'=p-(CH3)=NC6H,-; o R=p-('Ha, R'=P-(CH3)2NCsHv; 1V a I~.=H_, R_'_=3-ind0- 
lyl; b , R=P "CH~. R'=2 methyl-3-indolyl; cR=p-Br, R'= 3-indolyl; d R=p-Br, R'= 
=2-methyl=3-indolyl; e R=p-Br, R'= 1-.methyl-3-indolu f R=H, R =2"methylJ'SLind~ 1 

g R=H, R'=p-(CH3)~NC6H4- 
The most  active salts in this react ion were found to be N-arylsulfonylisoquinolinium salts, which at 

room tempera tu re  hetarylate  indoles and dimethylaniline to give compounds of the III type in high yields. 
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T A B L E  i .  C h a r a c t e r i s t i c s  of the Compounds Obtained 

Com o mp, 
pound *C 

Ila 
Il la 
IIIb 
IIIe 
IIld 
I I l e  
IIlf 

IIIi 
l l l j  
IIlk 
III1 
Illm 
IIIn 
IIlo 
IVa 
[Vb 
I've 
IVd 
IVe 
IVf 
IVg: 

Found, % 
11 N S Empirical formula I" c [ u N 

C~gH~N2SO2 
C23HIaN2SO2 
C24H2oN2SO2 
C24H~oN~SO2 
C23HITBrN2SO2 a 
C24H2oN~SO2 
C~zH22N2SO~ 
C24HIgBrN2SO2 b 
C24HIgBrN2SO2 e 
Cg,H2oN2SO2 
C~HtTN~SO4 d 
C23HITC~N2SO2 
C2~H2IN,SOa 
C2~Hz, N~SO~ 
C~H~IBrN~SO~ 
Cz4H~4N~SO~ 
C~oH~N~SO~ 
C~H~N~SO~ 
C~H~BrN~SOe e 
C~HIgBrN2SO2 ~ 
C~Ht,BrN~SOeg 
C~4H~N~SO~ 
C2~H~N~SO~ 

67,8 
71,91 
71,9 I 

�9 7L91 
60,01 
71.9 I 
72,41 
6o,1 I 
6o,1l 
71,91 
64,0 I 
65,6 I 
67,7 I 
7o,1 I 
5 8 , 8  I 
71,3] 
71,51 
72,4 J 
60,0 [ 
6o,1 I 
60,1 I 
71,0 
70,1 

Galc., % Yield, 
s % 

9,5 15. 
8,0 93 
8,0 90 
8,0 23 
6,8 68: 
8,0 58: 
7,7 87 
6,7 53 
6,7 55, 
8,0 80" 
7,4 73: 
7,6 6(~ 

72 
6,8 52: 
7,9 66 
8,3 48 
7,7 50: 
6,8 31 
6,7 15- 
6,7 70' 
8,0 38 
8,0 31 

aFound:  Br  17.1%. Calcula ted:  Br  17.2%. bFound:  Br  16.7~ 
Calcula ted:  Br  16.6%. CFound: Br  16.6%. Calcula ted:  16.6%. 
dFound:  C1 8.2%. Calcula ted:  C1 8.4%. eFound:  Br  17.1%. Ca l -  
cu la ted:  Br  17.2%. fFound:  Br  16.5%. Calcula ted:  Br  16.6%. 
gFound:  16.7%. Ca l c u l a t ed :  Br  16.6~c. 

Quinoline and,  p a r t i c u l a r l y ,  py r id ine  w e r e  found to be l e s s  act ive .  We w e r e  unable to r e a l i z e  r eac t i on  with 
these  h e t e r o c y c l e s  with al l  of the a r enesu l fony l  ch lo r ides  (Table 1). An i n c r e a s e  in the t e m p e r a t u r e  
in these  c a s e s  does not lead to the de s i r e d  ef fec t ,  s ince  oxidat ive side p r o c e s s e s  develop at 50-80 ~ , and p r o d -  
uc t s  of  the  oxidat ion of indole and d imethylani l ine  a r e  f o r m e d  along with the he t a ry l a t i on  p roduc t s .  As  in the 
case  of  he t a ry l a t i on  of d imethylani l ine  with py r id ine  and benzoy l  ch lor ide  in the p r e s e n c e  of cupr ic  ch lor ide  
[6] o r  by the ac t ion of py r id ine  N-oxide  on d imethylaniHne [7], we i so la t ed  a c ry s t a l l i ne  viole t  dye in the r e a c -  
t ion with d imethylani l ine  at  e leva ted  t e m p e r a t u r e s  in all  c a s e s .  

As a r e su l t  of the ac id  h y d r o l y s i s  of I I - IV the i r  mo lecu l e s  undergo  comple te  f r agmen ta t ion  to give the 
s t a r t i ng  h e t e r o c y c l e s ,  indole o r  d imethy lan i l ine ,  and a r enesu l fon i c  ac ids .  

The  IR s p e c t r a  of I I - IV contain  c h a r a c t e r i s t i c  bands  of s t r e t ch ing  v ib ra t ions  of  indole VN_H(3445-3465), 
Vas SO 2 (1348), v s SO 2 (1170), and v C = C (1610-1625 c m  -1) g roups  (III and IV). 

Ion peaks  c o r r e s p o n d i n g  to each  f r a g m e n t  of the mo lecu l e  a r e  o b s e r v e d  in the m a s s  s p e c t r a  of syn th e -  
s i z e d l I - I V ;  this  eomple t e ly  c o n f i r m s  the i r  s t r u c t u r e s .  We will  examine  the m e c h a n i s m  of f r agmen ta t i on  of 
m o l e c u l e s  of  this  type  under  the  inf luence of e l ec t ron  impac t  in the  c a s e  of I I Ia  and Him.  

The m o l e c u l a r  ions of  IIIa and I I Im undergo  f r a g m e n t a t i o n  via  two pa thways :  1) e l imina t ion  of a C6H5SO 2 
pa r t i c l e ;  2) de t achmen t  of  h e t a r y l  r e s i d u e s  - indole o r  N-d ime thy lan i l ine ,  r e spec t ive ly .  The f i r s t  pa thway is 
the p r e d o m i n a n t  rou t e  (by a f a c t o r  of  ~ 10). The r e su l t  of  this  p r o c e s s  is the  s table  I - subs t i t u t ed  i soquinol -  
in ium ca t ion ,  which,  b e c a u s e  of de s t ruc t i on  of  the in t e ra rmula r  bond, f o r m s  the c o r r e s p o n d i n g  h e t a r y l  o r  a r y l  
f r a g m e n t  ions o r  e l s e  unde rgoes  dehydrogena t ion .  The l a t t e r  g ives  r i s e  to the  f o r m a t i o n  of  a mu l t i r i ng  sys t em;  
the i n t e rp r e t a t i on  of the f r a g m e n t a t i o n  of s i m i l a r  mode l s  [8-10] does not  p r e s e n t  any di f f icul t ies .  The  s cheme  
p r e s e n t e d  below i l l u s t r a t e s  the above (in the c a s e  of IIIa).* 

* The n u m b e r s  under  the f o r m u l a s  des igna te  the m a s s  n u m b e r s  of  the ions ,  the n u m b e r s  in p a r e n t h e s e s  denote 
the in tens i t i e s  e x p r e s s e d  in p e r c e n t  of the to ta l  ion c u r r e n t ,  and the a s t e r i s k s  indicate  the p r e s e n c e  of  the c o r -  
r e spond ing  m e t a s t a b l e  t r ans i t i on .  
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S cheme 1 

I ~ N  7+ "  _SO2.. C6 H 5 --C17H13 N2 ~- C6HsEO 2 

H~ ~ rn/9 141 (O~8) 

M+?rn/e 286 (1~r 

SO2C6H5 

,,~z, 27o co,7) v ~  v - . ~ . ~  

--C6H 5 0. 2 ,~/ ~_H2 H 
! / C , ~ /  a,m/e 245(6T7) -~ x rn/e 244 (2T5) 

/ 129 (1~1) m/e 117 (1,1) ~ I--HCN \ N ~  

c ? ~  218(15~31 

mite 217(4~1) @ --HI H 7 + 
b ~l'n/e 218(15 ,3 )  [ / ~ ~ ~ /  

role 217(4;1 ) 

Elimination of an HCN par t ic le  (together with the p roces se s  indicated above) is charac te r i s t i c  for  the 
f ragment  ion with s t ruc ture  a. In this case  two al ternative pathways in the formation of an ion with m / e  218 
are  p o s s i b l e -  f rom the isoquinoline or  indole f ragment  of the system (structures  b and e). 

In the case of IIIm dehydrogenation takes place to a g rea te r  extent (up to six H atoms are  lost) in the 
formation of the ion with s t ruc ture  a. [M +- -C6H~SO2 ( M -  C6H5SO2)+.]. A methyl  group is also detached from 
the (a-H) + ion (m/e 248) with subsequent ejection of an HCN part ic le .  Both fragmentat ion pathways are  
charac te r i s t i c  for N-dimethyl-subst i tuted anilines [11]o Thus the mass  spect ra  of the synthesized IIIa and 
IIIm completely confirm their  s t ruc tures .  

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

The mass  spec t ra  were obtained with a Varian Math-311 spec t rometer .  The samples were introduced 
direct ly  into the ion source  at an ionizing voltage of 70 eV, a cathode emission current  of 1 mA, a source  
t empera tu re  of 110 ~ and an accelera t ing voltage of 3 kV (the intensities of the peaks in the mass  spect ra  were 
5% of the maximum peak in the spectra) .  The IR spec t ra  of KBr pellets of the compounds were recorded with 
a UR-20 spec t romete r .  Th in- layer  chromatography was ca r r i ed  out on activity II aluminum oxide with elution 
with b e n z e n e -  hexane -  chloroform (6:1:30) and development by iodine vapors .  

2 -Phenylsu l fonyl - l - (3 ' - indoly l ) - l ,2 -d ihydro isoquinol ine .  A 1.45-g (12.5 mmole) sample of indole was 
added to a mixture  of 3.2 g (25 mmole) of anhydrous isoquinoline and 2.2 g (12.5 mmole) of f reshly  distilled 
benzenesulfonyl chloride in 15 ml of absolute benzene, and the mixture was s t i r r ed  vigorously at 18-20 ~ for  
1-2 h. It was then dissolved in 50 ml of ch loroform,  and the chloroform solution was washed with water,  
dilute HC1 (1:1), and water  and dried over  potass ium carbonate.  The chloroform was evaporated,  and the 
residual  res in  was crys ta l l ized  f rom isopropyl  alcohol to give 4.5 g (93%) with Rf 0.34 and mp 160-161% IR 
spec t rum (KBr pellet): VNH3465, VC= C 1625, Vas SO 2 1338, and v s SO 2 1172 cm -1. Mass spectrum (m/e):  

44 (5.2); 51 (11.8); 77 (29.7); 78 (10.4); 89 (8.0); 101 (5.8); 103 (5.9); 116 (17.9); 117 (6.9); 128 (19.4); 129 (7.3); 
130 (5~ 141 (5~ 216 (11.5); 217 (26.8); 218 (100.0); 219 (18.7); 242 (11.5); 243 (36.1); 244 (16.4); 245 (43.7); 
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246 (7.8); 270 (5.2); 386 (12.6). Found: C 71.4; H 4.6; N 7.2; S 8.3%. C23H18N2SO2 . Calculated: C 71.5; H 4.8; 
N 7.1; S 8.3%. 

All of the remaining III were s imi la r ly  obtained (Table 1). The react ion t imes  for  the prepara t ion  of II 
and IV were 12-25 h (monitoring by TLC). The products  were isolated as descr ibed above. The physical  con- 
stants a re  p resen ted  in Table 1. 

Mass spec t rum of IIIi (m/e):  44 (6.8); (16.6); 55 (11.6). 57 (52.6); 77 (58.2); 78 (18.9); 85 (17.5); 89 (8.8); 
91 (6.7); 102 (9.0); 103 (8.3); 116 (16.1); 121 (8.3); 128 (23~ 129 (9.9); 141 (11.6); 204 (14.9); 205 (16.2); 216 
(13.0); 217 (24.5); 218 (100.0); 219 (17.7); 233 (23.9); 234 (5.8); 243 (32.8); 244 (15.8); 245 (15.8); 246 (9.9); 247 
(15.5); 248 (14.3); 249 (57.4); 250 (12.5); 270 (9.4) 390 (12.0). 
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R E S E A R C H  ON H E T E R O C Y C L I C  Q U I N O N E S .  

XXVIII.* CATALYTIC ACTIVITY OF METAL IONS IN THE AMINATION 

OF QUINOXALINE-5,8-QUINONE S 

Y u .  S. T s i z i n ,  S. A .  C h e r n y a k ,  
a n d  B .  V.  L o p a t i n  

UDC 547.863.16:542.958.3 

The catalytic activity of meta l  ions in the amination of quinoxaline-5-8-quinones was studied. 
It is shown that it changes in conformity  with the I rv ing-Wi l l i ams  order .  P roo f  in favor  of 
the par t ic ipat ion of complexeswi th  mixed ligands in the amination is p resen ted .  It was ob- 
se rved  that two competi t ive react ions - amination and hydroxylat ion in the 2 position - a re  
observed  in the p re sence  of Cd 2+ o r  Zn 2+. 

In a previous  communication [I] we showed that copper  ions catalyze the amination of quinoxaline-5,8- 
quinones at 2-C. This was explained by the format ion of a copper  chelate complex of the s tar t ing quinone. 
Reactions of quinoline-5,8-quinones that a re  catalyzed by copper [2] o r  cer ium [3] ions a re  known. The authors 
of these  papers  postulate  the format ion of chela tes ,  which leads to a dec rease  in the e lec t ron  density at 6-C. 
However,  complexing should also increase  the sensi t ivi ty of the he te ror ing  to nueleophilie attack; in the case  
of quinoxalinequinones this leads to amination at 2-C. One should have expected that this react ion would not 
only be catalyzed by copper  ions .  The aim of the p resen t  r e s e a r c h  was to ver i fy  this assumption.  

E. I. Martsinovskii  Insti tute of Medicinal Paras i to logy and Tropica l  Medicine, Moscow 119830. T r a n s -  
lated f rom Khimiya Geterots ikl icheskikh Soedinenii, No. 4, pp. 495-499, Apri l ,  1977. Original a r t ic le  submit-  
ted Feb rua ry  23, 1976; revis ion submitted July 13, 1976. 
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