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The corresponding 2 -b romomethy l  der ivat ives  of benzofuran and indole were  obtained by, 
brominat ion of 2 -methy l -3-carbe thoxy-5-methoxybenzofuran  and 1 ,2 -d imethy l -3 -oarb-  
e thoxy-5-methoxyindole with N-bromosuccin imide .  A number of alkyl(aryl}thiomethyl and 
dialkylalninomethyl der ivat ives  were  obtained by react ion of the 2-bromomethyl  der ivat ives  
with nucleophilic reagents .  

We have previous ly  obtained biologically active 2-alkyl(aryl) th iomethyl-5-hydroxyindole  der ivat ives  
in low yield via the Nenitzescu react ion s ta r t ing  f rom enamines of ~/-alkyl(aryl)mercaptoacetoacet ic  e s t e r  
and p-benzoquinones [1]. 

We have studied the brominat ion of 5-methoxybenzofuran and 5-methoxyindole der ivat ives  with N- 
bromosuccin imide  in nonaqueous solvents via the method in [2-4]. We obtained 2 -b ro m o m eth y l -3 - ca rb -  
e thoxy-5-methoxybenzofuran (]I) by bromination of 2 -methyl -3-carbe thoxy-5-methoxybenzofuran  (i5 with 
N-bromosuccinimide  in the p re sence  of benzoyl peroxide and illumination. Only 1 ,2-d imethyl -3-carbe thoxy-  
5-methoxy-6-bromoindole  (IV) is fo rmed  under  s imi la r  conditions in the reac t ion  of N-bromosuccin imide  
with 1 ,2-d imethyl -3-carbe thoxy-5-methoxyindole  (liD. 

The a romat ic  6-H and 7-H protons in the PMR spect rum of II give two doublets (6 6.80 and 7.0 ppm) 
and a singlet (7.42 ppm), and the singlet has an additional splitting. The signal of the protons of a 2-CH 3 
group is absent at 2.6 ppm, but the re  is a signal of protons of a CH2Br group at 4.92 ppm (singlet). Struc-  
tu re  IV is conf i rmed by the p re sence  of signals at 7.26 ppm in the fo rm of a split singlet and at 2.60 ppm, 
which a re  affiliated, respec t ive ly ,  with the a romat ic  4-H and 7-H protons and the protons of the 2-CH, 
group. This resul t  is also in agreement  with the data obtained in the brominat ion of a 5-hydroxyindole 
der ivat ive with bromine  in acet ic  acid [5]. 
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TABLE 1. 5 -Me thoxybe nz o f u r a n  D e r i va t i ve s  

c H ~ o ,r~'---.~.._.~ c o o c ,~. 
J , �9 J 

Corn- mp, ~C a Found, % Empirical I Calc,, % 
pound ~ formula i c  9- (1 N Yield. % el"IN 

VII 49--50 0,80 66,7 , - -  C19H1804S 66,6 5,3 -- 94 
VIII 66--67 0,71 67,2 53 C2oH2oO4S 67,41 5,6 97 

IX 61--62 0,58 62,6 5,1 4,0 CjsHtTNO4S 62,9 5,0 4~'1 94 
X 92--93 0,70 59,9[ 4,3 3,4 C2oH~TNO~S2 60,t 4,3 3,~ 57 

XI 125114~6 --  154,21 4,5 12,3 CIsHIsN304S 54,01 4,5 12,4 90 
XII 0,52 ~ 56,7 7,1 .3,2 C191-I28CINO4S 56,71 7,0 3,~ Quantita- 

L tire 
XIV 91--92 1. 0,14 163,8 6,8 4,1 ClTI-t2jNOs 63,9 6,6 4,4 78 
XV 198--200 ~ 0,30 [ 61,0 6,8 3,8 C~st-I~4CINO4 61.1 6,8 3,. r 79 

aCompound  VII was r e c r y s t a l l i z e d  f r o m  p e t r o l e u m  e ther ;  VIII, X, 
XI, and XIV were  r e c r y s t a l l i z e d  f r o m  aleohol ;  and IX was r e c r y s -  
t a l l i z e d  f r o m  h e p t a n e - a b s o i u t e  a lcohol .  
bTh i s  is the m e l t i n g  point  of the hyd roeh lo r ide .  
eIn c h l o r o f o r m .  

TABLE 5, 

Com- 
pound rap, ~ a 

5-Methoxyindo le  D e r i va t i ve s  
C H30 \/r..~">~___/'CO 0 C 2115 

I 
CH 3 

Empirical 
formula 

XIX 
XX 

XXII 
XXIII 

. Found, % 
R! C- --H I N  

I 618 
0,61 56,1 4,9 3,0 
0,62 ]56,1 5,1 3 1 
0,21 J52,6 5,7 
0,6l 55,7 6,2 7,0 

113--114 
144--145 
142--143 
124--125 

I Calc., % 

c iii C~IHz2BrNO~S 56,2 3,1 

CIgH25BrN203 

Yield, % 

89 
90 
93 
83 

aCompound  XIX was r e e r y s t a l l i z e d  f r o m  absolu te  a lcohol ,  XX was 
r e c r y s t a l l i z e d  f r o m  abso lu t e  a l c o h o l - b e n z e n e ,  XXII was r e c r y s -  
t a l l i z e d  f r o m  alcohol ,  and XXIII was r e e r y s t a l l i z e d  f rom hep tane .  

We ob ta ined  1 - m e t h y l - 2 - b r o m o m e t h y l - 3 - c a r b e t h o x y - 5 - m e t h o x y - 6 - b r o m o i n d o l c  (V) by b r o m i n a t i o n  
of IV with N - b r o m o s u c e i n i m i d e  in the  p r e s e n c e  of benzoyl  pe rox ide  with i l l u m i n a t i o n .  Two s ing le t  s igna l s  
at 6.73 and 6.82 ppm,  which a r e  a f f i l i a ted  with the p a r a  4-H and 7-H p ro tons ,  a r e  o b s e r v e d  in the PMR s p e c -  
t r u m  of V. The d i s a p p e a r a n c e  of the s igna l  of p ro tons  of a 2 -CH 3 group at 2.6 ppm and the  a p p e a r a n c e  of a 
s igna l  of p r o t o n s  of a CH2Br group at 5.04 ppm (singlet)  a r e  ev idence  for  b r o m i n a t i o n  in  the  s ide  cha in .  

The  p r o d u c t s  of b r o m i n a t i o n  of II and V r e a d i l y  r e a c t  with nuc leoph i l i c  r e a g e n t s  - m e r c a p t a n s ,  t h io -  
phenols ,  and s e c o n d a r y  a m i n e s  - t o  give 2 - a l k y l ( a r y l ) t h i o m e t h y l  and 2 - d i a l k y l a m i n o m e t h y l  d e r i v a t i v e s  of 
b e n z o f u r a n  (VI-XVID and indole  (XVIII-XXIII) in  70-90% y ie lds .  T h i n - l a y e r  c h r o m a t o g r a p h y  was u sed  to 
eva lua t e  the i nd iv idua l i t i e s  of the compounds  obta ined .  

EXPERIMENTAL 

The PMR spectra of deuterochloroform solutions of the compounds were recorded with aJNM-4H-100 
spectrometer with an operating frequency of I00 MHz with tetramethylsilane as the internal standard. Thin- 

layer chromatography was carried out on a loose layer of activity-II aluminum oxide in benzene. 

2-Bromomethyl-3-carbethoxy-5-methoxybenzofuran (II). A mixture of 6.5 g (27 mmole) of I, 5.7 g 

(32 mmole) of N-bromosuccinimide,* and 0.27 g of benzoyl peroxide in I00 ml of dry CCI 4 was refluxed 
for 6 h with illumination with a 300-W lamp at a distance of I0 cm from the reaction flask. The precipi- 

tated succinimide was removed by filtration and washed with CClt. The filtrate was evaporated in vaeuo to 

*The  N - b r o m o s u c c i n i m i d e  was r e e r y s t a l l i z e d  f r o m  w a t e r  and d r i e d  in vacuo (1-2 ram) over  phosphorus  
pentoxide  for  4 h. 
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give 6.25 g (71~ of a product  with mp 80-81 ~ ( f rom alcohol) and Rf 0.83. Found: C 49.8; H 4.3; Br  25.0%. 
C13H13BrO 4. Calculated:  C 49.9; H 4.2; Br  25.5%. 

1 ,2 -Dime thy l -3 - ca rbe thoxy -5 -me thoxy-6 -b romoindo le  (IV}. A mix tu re  of 6.2 g (25 mmole)  of III, 4 .4g  
(25 mmole)  of  N-b romosuec in imide ,  0.25 g of benzoyl peroxide ,  and 80 ml  of d ry  CC14 was t r e a t e d  under  
the s a m e  conditions as in the synthes is  of II to give 6.4 g (80%) of a product  with mp 164-165 ~ ( f rom CC14} 
and Rf 0.5. Found: C 51.5; H 4.8; Br  24.6; N 4.4%. CI4H16BrNO 3. Calculated: C 51.6; H 5.0; Br 24.5; N 
4.4%. 

. 1 - M e t h y l - 2 - b r o m o m e t h y I - 3 - c a r b e t h o x y - 5 - m e t h o x y - 6 - b r o m o i n d o l e  (V}. A 1.6-g (9 mmole)  sample  of 
N-bromosucc in imide  was addedin the course  of 1 h with i l lumination with a 300-W lamp to a ref luxing solu-  
t ion of 3.26 g (10 mmole)  of IV and 0.01 g of benzoyl peroxide  in 40 ml  of dry  CC14. The mixture  was r e -  
fluxed for  another  5 h, a f te r  which the succinimide was r emoved  by f i l t ra t ion and washed with CC14. The 
f i l t ra te  was cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion to give 3.35 g (90%) of a product  
with mp 141-142 ~ ( f rom CCI 4) and Rf 0.63. Found: C 40.9; H 3.9; Br  39.8; N 3.4%. C14H15Br2NO 4. Cal-  
culated: C 41.5; H 3.7; Br 39.4; N 3.5%. 

2 - (p -To ly l th io )me thy l -3 -ca rbe thoxy-5 -me thoxybenzofu ran  (V1). A 0.37-g (3 mmole)  sample  of p -  
t h ioc re so l  and  a solution of 0.94 g (3 mmole)  of II in 10 ml  of absolute  alcohol were  added succes s ive ly  with 
s t i r r i ng  to a solution of 0.17 g (3 mmole)  of KOH in 10 ml  of absolute  alcohol.  After  3 h, the reac t ion  solu-  
t ion was diluted with water ,  and the p rec ip i ta te  was r emoved  by f i l t ra t ion and dried to give 1 g (93.5%) of a 
compound with mp 51 ~ ( f rom alcohol} and Rf 0.72. Found: C 66.9; H 5.6; S 9.1%. C20H2004S. Calculated: 
C 67.4; H 5.6; S 9.0%. 

Compounds VII-XII were  s i m i l a r l y  obtained (Table 17. 

2 -Die thy laminomethy l -3 -ca rbe thoxy-5 -me thoxybenzofu ran  (XIID Hydrochlor ide .  A 1.5-g (20 mmole)  
sample  of diethylamine was added to a solution of 3.1 g (10 mmole)  of H in 30 ml  of benzene.  The next day, 
the p rec ip i t a ted  die thylamine hydrobromide  was r emoved  by f i l t rat ion,  and a solution of d ry  hydrogen chlo- 
r ide  in absolute alcohol was added to the f i l t ra te  to give 2.9 g (85.3%} of a product  with mp 137-138 ~ ( f rom 
a c e t o n e - e t h e r )  and Rf 0.34. Found: C 59.9; H 7.3; N 4.1%. CITH23NO 4-HC1. Calculated: C 59.7; H 7.1; 
N 4.1%. 

Compounds XIV-XV (Table 1) were  s i m i l a r l y  obtained. 

2 - (4 ' -Pheny lp ipe raz inome thy l ) -3 -ca rbe thoxy-5 -me thoxybenzo fu ran  (XVI). A solution of 3.1 g (10 
mmole)  of II in 20 ml  of benzene was  added to a mix tu re  of 1.6 g (10 mmole)  of N-phenylp iperaz ine  and 3 g 
of t r i e thy lamine  in 10 ml  of benzene.  The next, day, the prec ip i ta ted  t r i e thy lamine  hydrobromide  was r e -  
moved  by f i l t ra t ion,  and the f i l t ra te  was v a c u u m - e v a p o r a t e d  to d ryness .  The res idue  was washed wi thwate r  
and alcohol and dr ied to give 2.6 g (66%) of a product  with mp 117 ~ ( f rom alcohol) and Rf 0.30. Found: C 
69.9; H 6.6; N 6.8%. C23H26N20 4. Calculated: C 70.0; H 6.7; N 7.1%. 

2- (4 ' -Methylp iperaz inomethylS-3-carbe thoxy-5- -methoxybenzofuran  (XVII) Hydrochlor ide .  S imi lar ly ,  
2.8 g (70%) of the dihydrochlor ide  with mp 226-.227 ~ ( f rom m e t h a n o l - e t h e r )  and Rf 0.11 was obtained f rom 
1 g (10 mmole)  of N-methy lp iperaz ine ,  3.1 g (10 mmole)  of II and 3 g of t r i e thy lamine .  Found: C 53.3; H 
6.5; N 6.9%. C18H24N20 r Calculated: C 53.1; tt 6.5; N 6.9%. 

1 -Me thy l -2 -pheny l th iome thy l -3 -ea rbe thoxy-5 -me thoxy-6 -b romoindo le  (XVIIB. A 0.55-g (5 mmole)  
s ample  of thiophenol and a solution of 2 g (5 mmole} of V in 25 ml  of benzene were  added success ive ly  with 
s t i r r ing  to a solution of 0.28 g (0.005 mole) of KOH in 5 ml  of alcohol.  The next day, the po tass ium bromide  
was r emoved  by f i l t ra t ion,  the f i l t r a te  was vacuurn-evaporated,  and the res idue  was washed with water  and 
alcohol  to give 1.9 g (87.5%5 of a product  with mp 129-130 ~ ( f rom absolute alcohol) and Rf 0.6. Found: C 
54.9; H 4.7; N 3.3%. C20H20BrNO3S. Calculated: C 55.3; tt 4.6; N 3.2%. 

Compounds XIX and XX (Table 2) were  s i m i l a r l y  obtained. 

1 - M e t h y l - 2 - d i m e t h y l a m i n o m e t h y l - 3 - c a r b e t h o x y - 5 - m e t h o x y - 6 - b r o m o i n d o l e  (XXI). A solut ionof0.45 g 
(10 mrnole) of d imethylamine  in absolute alcohol was added to a solution of 2 g (5 mmole)  of V in 25 ml  
of benzene.  The next day, the p rec ip i t a ted  d imethylamine  hydrobromide  was r emoved  by f i l t ra t ion,  the 
f i l t r a t e  was vacuum-evapora ted  to d ryness ,  and the res idue  was washed with alcohol to give 1.5 g (81%5 of 
a product  with mp 116-117 ~ ( f rom absolute alcohol) and Rf 0.37. PMR spec t rum (CC14, hexamethyld i s i lox-  
ane in terna l  s tandard) ,  ppm: 7.31; 7.50 (singlet,  4-E,  7-Ht; 2.8 [N(CH3)2]. Found: C 52.3; H 5.5; N 7.7%. 
C16tt21BrN203. Calculated: C 52.0; H 5.7; N 7.6%. 
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Compounds XXII and XXIII were similarly obtained. 
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