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1-Methylindoles are  smoothly mercu ra t ed  with substitution of the hydrogen atoms in the 3 
position of the pyr ro le  ring. If, however,  the la t ter  is occupied, they are  substituted in the 
2 position. The result ing 2- or  3 -ch loromercur i indoles  are  readily converted to s y m m e t r i -  
cal d i indolylmercury compounds, and the ch lo romercu r i  group is replaced by iodine and acyl 
groups;  in the presence  of palladium salts,  they reac t  with acryl ic  acid es te rs  to form indol- 
y lacry l ic  acid es te rs .  

Of the electrophil ic substitution react ions in the indole ser ies ,  mercura t ion  has received very  little 
study. This is apparently explained by the unsuccessful  at tempts of a number  of invest igators ,  who obtained 
infusible and insoluble polymercura t ion  products by the action of m e r c u r y  salts on indole [2-4]. However, 
1 -methy l -3 - iodo-2-eh lo romereur i indo le ,  synthes izedby an indirect route - decarboxylation of the m e r c u r y  
salt  of 1 -methyl -3- iodoindole-2-carboxyl ic  acid - has a sharp melt ing point and proper t ies  that are  typical  
for a r y l m e r c u r y  chlorides [5]. 

It is known that mercura t ion  of the benzene ring proceeds  with relative difficulty, often under p r e s -  
sure,  while pyrro le ,  furan, and thiophene readily undergo mercura t ion  at room tempera tu re  [6]. It was 
there fore  difficult to assume that the products of the polymercura t ion  of indole are  formed through subst i -  
tution of the hydrogen atoms of the benzene ring. In fact, it has been repor ted  [7] that the mercura t ion  of 
indole by m e r c u r y  acetate in alcohol gives a d imercu ry  compound in which both ace toxymercur i  groups are  
situated in the he terocycl ic  portion of the molecule;  the s t ruc ture  of the compound was not more  accura te ly  
established, however.  

We have pe r fo rmed  a number  of experiments  on the mercura t ion  of indole and its homologs and have 
found that indoles with a free NH group actually form hard - to -pur i fy  products of di- and polymercurat ion,  
the IR spec t ra  of which do not contain the absorption band charac te r i s t i c  for the NH group. (We did not 
investigate them in g rea te r  detail.) 

If, however,  1-methylindoles are  introduced into the reaction,  the pyrro le  portion of the indole ring 
is me rcu ra t ed  to give easi ly identifiable compounds. Thus the action of m e r c u r y  acetate in methanol o r  of 
m e r c u r i c  chloride in the presence  of sodium acetate on 1,2-dimethylindole gives a quantiative yield of ] ,2 -  
dim e thyl -3-m ercuri indole  (I). 

C H  s I CH 3 

X = O C O C H  a, C! 

* See [1] for communication XXV. 
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TABLE 1. Mercurated Compounds of the Indole Series 

Compound 
mp, ~ 
(solvent) Rf Empirical 

formula 
Found,% Calc.,~ ~o 

1,2-Dimethyt- 3-chloro- 
mercutiindole 

1,3-Dimethvl-2-chloro- 
mercuriindole 

1-Methyl -3-chloro- 
mercurilndole 

1-Acetyl-3-chloro- 
mereuriindole 

1 -Methyl -2 -acetyl - 3 - 
chloromercuriindole 

1-Methyl-3-acew1-2- 
,chloromercuriindole 

1,2 -Dimethy1-5 -nitro- 
3-chloromercuriindole 

1-Methyl-2,3-di= 
(chlorom ercuri)indole 

194--196 0,3l* 
(ethyl acetate.' 

2~8--250 0,75"~ 
(toluene) 

170--173 0,321" 
(benzene) 

236--238 0,37"t 
(alcohoI) 

196--199 0,52"[" 
(toluene) 

293--296 0,21 1' 
(toluene) 

290--293 0,57 * 
(ethyl acetate 

300 
(dec..aoetone] 

* B e n z e n e - e t h y l  a c e t a t e  (2: 1). 
~ B e n z e n e - e t h y l  a c e t a t e  (6: 1). 

CIoHmCIHgN 

CmHmC1HgN 

CgH8CIHgN 

CIoHaCIHgNO 

CHHmCIHgNO 

CuHmCIHgNO 

31,6 ( 3,0 
31,G I 2,9 
3121 2,9 
31,41 2,8 
29,8! 2,3 
29,7 i 2,3 
30,9t 2,1 
30,7 2,1 
32,5 2,7 
32,6 2,9 
32,71 2,6 

CmH~CIHgN202 

CgH7C12Hg2 

31,6] 2,61 98 

31,61 2,61 83 

29,51 2,2[ 80 

30,51 2,0187 

32,4] 2,5[ 90 

32,41 2,51 20 
32,5 2 5 
28,4 213 !28,21 2,1] 92 
28,2 2,0 
7,5 1,3 18,01 1,21 12 

17,7! 1,2 

T A B L E  2. Diindolylmercury Derivatives 

up, ~  
(solvent) 

Empirical 
formula cl.lclH Compound 

Bis(1,2-dimethyl-3-indolyl)- 
mercury 

Bis(1,3-dimethyl-2-indoiyl)- 
mercury 

Bis(1 -methyl- 3-indolyl) - 
mercury 

Bis(1-acetyl-3-indolyl)- 
mercury 

Bis(1-methyl-2-acetyl-a- 
indolyl)mercuzy 

Bis(1-methyl- 3-aeetyl-2- 
indolyl)mercury 

208-- 209 
(ethyl acetate) 

257 
(toluene) 

123--124 
(toluene) 
246--247 

(ethyl acetate: 
250 

(toluene) 
279--281 

C2oH~oHgN2 

C2oH2oHgN2 

C~sH~6HgNe 

C2oHI6HgN~Oe 

C22H2~HgN202 

C~2H2oHgNzO2 

49,0 
49,2 
49,0 
48,7 
46,7 
46,9 
46,7 
46,9 
48,7 
48,c~ 
48,,~ 
48,7! 

4,548,94,595 

4,34,44,348,94,598 

3,846,913,5:90 

3,53'53'646,53,199 

3,7485 37192 
3,5 
3,6!3'8 48,5 3,7 90 

S i m i l a r l y ,  1 , 3 - d i m e t h y l i n d o l e  i s  r e a d i l y  m e r c u r a t e d  in the  ~ p o s i t i o n  to f o r m  II: 

/E l la  

CH 3 II Clt 3 

The  r e a c t i o n  p r o c e e d s  in a s o m e w h a t  m o r e  c o m p l e x  f a sh ion  fo r  1 - m e t h y l i n d o l e ,  in which 1 - m e t h y l - 2 , 3 -  
d i a c e t o x y m e r o u r i i n d o l e  (IV) is  f o r m e d  a long  with the  c o r r e s p o n d i n g  1 - m e t h y l - 3 - a c e t o x y m e r c u r i i n d o l e  (III): 

CH 3 I l l  CH 3 I V  CH 3 

The  PMR s p e c t r u m  of  III does  not  con ta in  a s i g n a l  fo r  the  fi p ro ton  of  the  indole  r i n g  at  6.5 ppm,  and th i s  
c o n f i r m s  i t s  s t r u c t u r e .  

The  i n t r o d u c t i o n  of  e l e c t r o n - a c c e p t e r  g roups  into the  p y r r o l e  o r  b e n z e n e  r i n g s  does  not  s u b s t a n t i a l l y  
r e s t r i c t  the  m e r c u r a t i o n .  Thus  1 - m e t h y l - 2 - a c e t y l i n d o l e  and 1 , 2 - d i m e t h y l - 5 - n i t r o i n d o l e  a r e  m e r c u r a t e d  
wi thout  c o m p l i c a t i o n s  in the  3 p o s i t i o n  to  f o r m  V and VI, whi le  1 - m e t h y l - 3 - a c e t y l i n d o l e  is  m e r c u r a t e d  in 
the  2 p o s i t i o n  to  g ive  VII.  H o w e v e r ,  the  l a t t e r  r e a c t i o n  p r o c e e d s  u n d e r  m o r e  s e v e r e  cond i t ions  ( re f lux ing  
fo r  24 h in a lcohol )  and g i v e s  l o w e r  y i e l d s  (20%), which  is p r o b a b l y  a s s o c i a t e d  not only  with the  r e d u c e d  
e l e c t r o n  d e n s i t y  in the  2 p o s i t i o n  but  a l s o  wi th  s t e r i c  h i n d r a n c e .  

o.~N\. ~ /Hgx ~ / H g X  ~__/coc .~  

V CH 3 VI CH 3 VII CH 3 
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The m e r c u r a t i o n  of 1-acetyl indole  yielded 1 - a c e t y l - 3 - c h l o r o m e r c u r i i n d o l e  (VIII), the PM1R spec t rum 
of which does not contain a signal for  the/3 proton at 6.5 pprn. A m o r e  accura te  ass ignment  of the m e r -  
cury  compounds to the a or  /3 s e r i e s  was also made on the bas i s  of a compara t ive  study of the i r  abil i ty 
to undergo e l ec t rochemica l  reduction,  which has a l ready  been r epor t ed  [81. 

All of the compounds that  we obtained (Table 1) a r e  readi ly  conver ted  to s y m m e t r i c a l  d i indoly lmer-  
cu ry  de r iva t ives  (Table 2) by the action of sodium iodide in acetone.  Ch lo romercur i indo les  I - I I I ,  V, and 
VIII a r e  conver ted  in good yields  to the cor responding  iodoindoles by the action of an aqueous solution of 
iodine and sodium iodide. 

Ha { 

Cn~ cn  3 I CU a j2  

The chloro or  a c e t o x y m e r c u r y  group is rep laced  by an acyl  group by the reac t ion  of I and II with 
acety l  chlor ide or  benzoyl  chlor ide in absolute benzene.  However ,  the yields of 1 ,2-di rne thyl -3-acety l - (X)  
and 1 ,3 -d imethy l -2-ace ty l indo le  (IX) [9] were  insignificant at both room t e m p e r a t u r e  and on refluxing. 
1 ,2 -Dimethy l -  and 1 ,3-dimethyl indoles  were  detected in the reac t ion  m a s s  by chromatography .  Af ter  
s e v e r a l  hours  at room t e m p e r a t u r e  without a solvent ,  both acetyl  chlor ide and benzoyl chlor ide give 70- 
90% yields  of a - a e y l a t i o n  products  with 1 ,3 -d ime thy l -2 -ch lo romercu r i indo le :  

\,, H gCl 

CU 3 IX CH 3 

The yie lds  of aeyla t ion products  a r e  low (10-15%) for  1 ,2 -d imethy l -3 -ch lo ro rnercur i indo le  eve r  under  
these conditions: 

~ - ~ / n g c ~  c.~coc~ ~ / c ~  (c.~)~so, ~ 7 ~ / c ~  

\ C H a  \ C H a  x~- -~- -.CH a 

CH a . CH~ 

In a study of the kinet ics  of the p ro todemereu ra t i on  of I, II, V, and VII in alcohol and aqueous dioxane 
solutions of hydrogen chlor ide and pe rch l e r i e  acid, it was found that a C - H g  bond in the/3 position of the 
indole r ing ( r ega rd le s s  of the subst[tuent) is m o r e  r eac t ive  than in the ~ posit ion [10]. A detai led study of 
the kinet ics  of the p ro to lys i s  of m e r c u r a t e d  indoles will be  the subject  of a s epa ra t e  study. 

Compounds I and II r e ac t  with rn ethyl ac ry l a t e  in the p r e s e n c e  of pal ladium sa l t s  (just as descr ibed  
for  a n u m b e r  of other  a r y l m e r c u r y  chlor ides  [11]). Methyl indolylacryla te  (XI) was obtained f rom 1,3- 
d ime thy l -2 - ch lo romercu r i i ndo l e .  Methyl f i - (1 ,2 -d imethy l -3 - indo ly l )ac ry la te  was obtained in 10-15% yield 
f rom the fi i s o m e r .  

A p r e l i m i n a r y  communicat ion regard ing  the m e r c u r a t i o n  of indole was published in [12]. 

EXPFRIMENTAL 

The purity of the indoles was monitored by chromatography in a loose, thin layer of activity II alumi- 
num oxide with benzene as the solvent. The purity of the ehloromercuriindoles was monitored by chroma- 
tography on Silufol (UV-254). The PMI~ spectra of dimethyl sulfoxide solutions were recorded with an 1~S- 
60 spectrometer. 

1,3-Dimethyl-2-chlorornercuriindole (If). A solution of 2.72 g (0.01 mole) of mercuric chloride and 
4.48 g (0.04 mole) of sodium acetate in I00 rnl of aqueous methanol was added to a solution of 1.45 g (0.01 
mole) of 1,3-dimethylindole in 20 ml of methanol, and the mixture was stirred for several hours at room 
temperature. The precipitate was removed by filtration, and the filtrate was poured into water. The re- 
sulting precipitate was combined with the first precipitate and washed with water, air-dried, and washed 
with ether to give 3.3 g (83%) of II with rnp 248-250 ~ (from alcohol). Found: C 31.3; 31.4; H 2.9; 2.8%. 
CIoHIoCIHgN. Calculated: C 31.6; H 2.6%. 

The compounds listed in Table I were similarly obtained. 
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Bis ( ] ,2 -d imethy l -3 - indo ly l )mercury  (XIII). A tenfold excess of sodium iodide was added to a solution 
of 1.6 g (0.005 mole) of 1 ,2-d imethyl -3-ch loromercur i indole  (I) in 20 ml of acetone. After severa l  minutes, 
the reaction mixture  was t rea ted  with water,  and the precipitate was removed by filtration, washed with 
water,  dried, and washed with ether to give 0.9 g (88%) of XIII with mp 208-209 ~ (from benzene). Found: 
C 49.0; 49.2; H 4.4; 4.5%. C20H20HgN2. Calculated: C 48.9; H 4.5%. 

The compounds listed in Table 2 were s imi lar ly  obtained. 

1,2-Dimethyl-3-iodoindole (XIV). A 3.8-g (0.01 mole) sample of chloromercur i indole  I was added to 
a solution of 2.45 g (0.01 mole) of iodine in an aqueous solution of sodium iodide, and the mixture was 
s t i r r ed  at room tempera tu re  for 2 h and fil tered. The precipitate was washed with aqueous sodium iodide 
and water,  dried, and dissolved in ether.  The ether  solution was passed through aluminum oxide with elu- 
tion by benzene. The solvent was removed by distillation in vacuo, and the residue was recrys ta l l ized  from 
light petroleum ether  to give 1.5 g (56%) of XIV with mp 80-83 ~ (dec.) and l~f 0.87. Found: C 44.0; 44.0; 
H 3.7; 3.8%. Ci0Hi0IN. Calculated: C 44.3; H 3.7%. 

1,3-Dimethyl-2-iodoindole.  This compound (42%) was s imi lar ly  obtained and had mp 64-66 ~ and l~f 
0.87. Found: C 43.8; 44.0; H 3.7; 3.8%. C10Hl0IN. Calculated: C 44.3; H 3.7%. 

1-Methyl-2-acetyl -3- iodoindole .  This compound (98%) was s imi lar ly  obtained and had mp 113 ~ and 
Rf 0.80. Found: C 44.1; 44,1; H 3.4; 3.3%. CllH10INO. Calculated: C 44.1; H 3.3%. 

1-Acetyl-3- iodoindole .  This compound (78%) was s imi la r ly  obtained and had mp 104 ~ and Rf 0.78. 
Found: C 41.9; 42.0; H 2.8; 2.9%. C10HsINO. Calculated: C 42.1; H 2.8%. 

1 ,3-Dimethyl-2-acetyl indole  (IX). A total of 30 ml of f reshly distilled (over dimethylaniline in a 
s t ream of nitrogen) acetyl chloride was added to 3.8 g (0.01 mole) of 1 ,3-d imethyl -2-chloromercur i indole  
(II). After  severa l  minutes,  the solid began to dissolve with heat evolution. When the solid had dissolved 
completely,  the aeetyl chloride was removed by vacuum distillation. The residue was washed with aqueous 
sodium bicarbonate,  filtered, washed with water,  and recrys ta l l i zed  from petroleum ether to give 1.3 g 
(72%) of IX with mp 78-79 ~ (from petroleum ether) and Rf 0.63. Found: C 77.0; 77.2; H 7.0; 7.2%. C12Ht3NO. 
Calculated: C 77.0; H 7.0%. 

1,3-Dimethyl-2-benzoylindole (XV). A total of 30 ml  of f reshly distilled (over chalk) benzoyl chlo- 
ride was added to 6 g (0.015 mole) of 1 ,3-dimethyl -2-aeetoxymercur i indole ,  and the mixture was heated at 
40 ~ for severa l  minutes,  during which the solid dissolved rapidly. The reaction mixture was allowed to 
stand at room tempera ture  for severa l  hours .  It was then poured into water  and t reated with ammonium 
hydroxide. The precipi tate  was washed with hot water  and crys ta l l ized  from petroleum ether to give a 
product with mp 68-69 ~ and Rf 0.76. Found: C 82.4; 82.3; H 6.2; 6.2%. C17HI~NO. Calculated: C 82.0; 

6.0%. 

Methyl fl-(J,3-Dimethyl-2-indolyl)aerylate (XI). Lithium chloride [0.58 g (0.014 mole)] and 1.21 g 
(0.007 mole) of palladium chloride were added to 50 ml of absolute methanol, and the mixture was stirred 
for 24 h at room temperature. 1,3-Dimethyl-2-chloromereuriindole [2 g (0.005 mole)] was added, and 8 g 
(0.093 mole) of methyl acrylate was added dropwise with stirring to the mixture. The mixture was then 
stirred for 48 h at room temperature, and the precipitate was removed by filtration. The methanol was 
removed by vacuum distillation, and the residue was recrystallized from petroleum ether to give 0.52 g 
(43%) of XI with mp 105-106 ~ and Rf 0.76. Found: C 73.6; 73.4; H 6.7; 6.7%. C~4HisNO 2. Calculated: C 
73.4; H 6.6%. 

Methyl f i - (1 ,2-dimethyl-3- indolyl )acryla te  with mp 162 ~ and Rf 0.17 was s imi la r ly  obtained. Found: 
C 73.7; 73.5; tt 6.7; 6.5%. CttH15NO 2. Calculated: C 73.4; H 6.6%. 
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