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Brominat ion of var ious  5-hydroxyindole der ivat ives  gives 6-bromo-5-hydroxyindole .  B r o -  
ruination in the 4 position is observed when the 6 position is occupied. 

It has been previously  noted that the s te r i c  r equ i rements  of the reagent  in both bromination and ni- 
t ra t ion a re  different ,  a consequence of which may be a change in the orientat ion during introduction of a 
substi tuent [2]. It is known that the ni t ro  group en te r s  p r i m a r i l y  the 6 position (i.e.,  the 4 position for the 
o rd inary  indole molecule) in the ni t rat ion of 7 -benzy loxy-2 ,3-d ihydro-9- formyl - lH-pyr ro lo[1 ,2 -a ] indo le  
[3]. There  are  data that indicate that bromine en ters  the 6 position in the bromination of 2 -methy l -3 -  
carbethoxy-5-hydroxyindole  [4]; however,  if  there  is  no substituent in the benzene ring, bromination p ro -  
ceeds at the 5 posit ion [2]. 

Our exper iments  have shown that the bromine atom in the bromination of 1 ,2-d imethyl -3-carbe thoxy-  
5-hydroxyindole (I) in acet ic  acid is  d i rec ted  to the 6 position to give 1 ,2 -d imethy l -3 -ca rbe thoxy-5-hy-  
droxy-6-bromoindole  (IX). Brominat ion in the 4 position is  observed  only when the 6 position is  occupied 
(XrIr-XV, Table 1). Similar ly,  i f  the re  is  a methyl  group in the 5 position of the indole molecule  r a the r  
than a hydroxyl  group, the bromine en ters  the 6 position: for  example,  the bromination of 1 ,2 ,5- t r imethyI-  
3-carbethoxyindole  (III) gives 1 ,2 ,5 - t r imethy l -3-carbe thoxy-6-bromoindole  (IV). 

I I 
CH,~ CH 3 

I I I  IV 

Brol~ination with clioxane dibromide in the case of 1,2-dimethyl-3-carbethoxy-5-hydroxyindole (I) 
also gives the 6-bromo i somer ,  which, according to the UV and IR spectra ,  is identical to the previously  
obtained bromoindole (ID. In the ]?MR spec t rum of II, the a romat ic  region has two singlets at 7.07 and 
7.38 ppm, which a re  charac te r i s t i c  for  protons  in the 7 and 4 posit ions,  respect ive ly .  The PMR spect rum 
of 1 ,2 -d imethy l -3-carbe thoxy-5-methoxy-6-bromoindole  (V) also contains two singlets (7.07 and 7.45 ppm), 
which cor respond  to the protons in the 4 and 7 positions, respec t ive ly .  The change in the chemical  shift 
of the proton in the 7 position (AS 0.24 ppm) on introduction of bromine into the 6 position is  in agreement  
with the usual shift  of the proton signal under the influence of bromine in the ortho position [5]. The 7-H 
shift (AS 0.06 ppm) on introduction of bromine into the 4 position of s t ruc tu res  XIII-XV is  also in good 
agreement  with the l i t e ra tu re  data. 

1 ,2-Dimethyl -3-carbe thoxy-5-beazoyloxy-6-bromoindole  (VI) was obtained both by bromination of 
1 ,2-dimethyl-3-carbethoxy-5-benzoyloxyindole  (VII) and by benzoylation of 1 ,2-d imethyl -3-carbe thoxy-  
5-hydroxy-6-bromoindole  (II). Similar ly,  1 -phenyI -2-methy l -3 -ca rbe thoxy-5-ace toxy-6-bromoindole  

* See [1] for  communication XXXIII. 
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TABLE I 

C o m -  
p o u n d  R 

II H 
XI CHACO 
V CHa 

VI C6HsCO 
X H 

VIII CHACO 
XII CH~ 

XIII H 

XIV CHACO 
XV CHa 

R' 

Br 
Br 
Br 
Br 
Br 
Br 
Br 
CHa 

CHa 
CHa 

R O . . . . ~ , / C O 0  % H s 

r ' - ' ~ / "  N c ,2  I 
R n 

R" r "  mp,  ~ 

CHa H 
CHa H 
CHa H 
CHa H 
CsH5 H 
C6H5 H 
CsH~ H 
CHa Br 

CHa Br 
CHa Br 

Empirical 
formula 

220--221 /CI,aH,4BrNOa 
172--174 ICIsHI6BrNO4 
l b 4 - - I  fi5 I CI4H~6BrNO~ 
IBu--181 [C2oH~aBrNO4 
1~7-- I s I C~sH~BrNOa  
I; t5--137 IC2oH~BrNO4 
1 4 b - - 1 4 / I  C,gH,sBrNOa 
131--132 I Cx4H~6BrNOa 
(uec.l 

179--180 I CI6HIBBrNO4 
140--141 I C1~HlaBrNOa 

Found,% 

50,1 
50,7 
51,5 
57,9 
57,9 
57,2 
58,8 
51,5 

52,4 
53,3 

4,6 
4,4 
5,0 
4,6 
4,5 
4,3 
4,5 
4,9 

4,9 
5,2 

C o m -  

p o u n d  

II 

XI 

V 

VI 

X 

VIII 

XII 

XIII 

XIV 

XV 

Calc. ,% 

C f H 

50,2 4,5 

50,9 4,5 

I 
51,6 4,9 

57,8 4,4 

57,8 4,3 

57,7 4,4 

58,8 4,7 

51,6 I 4,9 

52,3 4.9 

53,1 5,3 

UV spectrum 
'VC=O" 1 

(VoH),cm- 

1650 

1765,1680 

1700 

1745,1685 

1650, (3250) 

1770,1695 

1670 

1685, 
(3420--3410) 

1760,1695 

5~ ppm , 
(smgiets) 

4-H. 7-H 

',38 

',61 

',0? 

~,7~ 

~',6~ 

T,6( 

~max,Dm IR 8 

218 4,73 
251 4,54 
295 4,20 
304 4,22 
227" 4,57* 
292 4,05 
300 4,03 
218" 1,59" 
242 t,43 
288 ,09 
300 t, ll 
313 L98 
222 4,65 
292 3,94 
216 4,62 
244 4,52 
292 4,20 
224 4,59 
234 4,60 
290 4.20 
297 4,15 
238 4,48 
288 t,06 
298 1,04 
22P 4,36 
308 4,08 

224 4,61 
290 4,10 
298 4,08 

220 4,56 
240 4,33 
288 407 
297 4,06 

1700 

7,07 

7,31 

7,45 

7,38 

7,04 

6,97 

7,57 

7,48 

YieCd, % 

82 

85 

80 

78 

35 

73 

78 

50 

54 

58 

* T h e s e  a r e  t h e  s p e c t r a  of  i s o o c t a n e  s o l u t i o n s ;  f o r  X V  i n  i s o o c t a n e  

Xmax, nm (log ~): 222  (4 .62) ,  240 (4 .42) ,  286 (4 .08) ,  297 (4 .04) .  

(VIID w a s  o b t a i n e d  b y  b r o m i n a t i o n  o f  1 - p h e n y l - 2 - m e t h y l - 3 - c a r b e t h o x y - 5 - a c e t o x y i n d o i e  (IX) a n d  a c e t y l a t i o n  

o f  i - p h e n y l - 2 - m e t h y l - ' a - o a r b e t h o x y - 5 - h y d r o x y - 6 - b r o m o i n d o l e  (X).  

R O ~ C O O C 2 1 1 5  R o ~ / C O O C 2  H5 

V "N / \CH a Br/~'~// ~'N/\CHa 
I I 
R" R" 

II, V,'VI, VIII, X, Xl, XII 

The UV spectrum of 1,2-dhnethyl-3-carbethoxy-5-hydroxy-6-bromoindole (11) differs from that of 
1,2-dimethyl-3-oarbcthoxy-5-hydroxyindole (I) by an increase in the extinction and a small bathoohromio 
shift of the absorption maximum to the long-wave region. The UV spectra of 1,2,5-trimethyl-3-carbethoxy- 
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Fig. 1 Fig. 2 

Fig. 1. UV spectra  in alcohol: 1) 1 ,2,5- tr imethyl-3-  
carbethoxyindole (IID; 2) 1,2,5-tr imethyl-3-carbethoxy- 
6-bromoindole ( IV).  

Fig. 2. UV spectra in isooetane: 1) 1,2-dime~yl-3- 
carbethoxy-5-methoxyindole (XVID; 2) 1,2-dimethyl-3- 
oarbethoxy-5-methoxy-6-bromoindole (V); 3) 1,2,6-tri- 
methyl-3 - car bethoxy-4-bromo-5-methoxyindole (XV). 

TABLE 2 RO,,~COOC21~ 
R,~N-f\CH~ 

i 

Corn-  t 

pound t R R' 

Ie H 
XVld} CHACO I 

XVlle] CHa i I 
Xlff C6HsCO 

IXg] CHACO[ H 
XXt~ CHACO l CHa 

R*" 

I 
CHa 
CHa 
CHa 
CHa 

C+H5 
CHa 

mp, *C a 

2098 I 127--128 3~6 
114--115 u 3,91 
167--168 3,50 

I 7,39 
129--131 t7'lO 128--129 3,43 

PMR spectra 
5, ppm, 

2 
CHa 

2"~2 1,7s 1,07 
2,15 1,03 
2,57 1,30 

2,36 1,30 
2,17 1,37 

)ositions in indole 
II 

4 b 5 6 
CH.~ 

i~30 i '  7,94 7,20 7,34 2~'23 6,49 
7,21 3,05 16,47i 
7,847,408"04]6'87 

4.337,672,23 4:36 694 23312: +i 

7i 
7,6460 
6,84197 
6,72195 
7,1795 

- / 88  
7~I]95 

aCompounds I and IX were reerys ta l l i zed  from acetone, while the 
r e s t  were recrys ta l l i zed  f rom methanol, bFor all of the com- 
pounds, J41=2 Hz, and J67=8-9 Hz. CUV spectrum: kmax, nm (log 
e): 217 (4.5D, 244 (4.30), 288 (4.08). IR spectrum: 1660 (CO); 
3225-3300 (OH) em -1. The PMR spectrum in hexametapol was r e -  
corded with an RS-60 specWometer at 70% dFound: C 66.0; tt 6.2; 
N 5.2%. C~H1yNO 4. Calculated: C 66.1; H 6.2; N 5.1%. UV spec- 
t rum: Xmax, nm (log a): 217 (4.60); 286 (4.15). eUV spectrum: 
hmax, nm (log e): 217 (4.59); 240 (4.34); 283 (4.04). fFound: C 
71.2; H 5.7; N 4.1%. C21I-I19NO 4. Calculated: C 71.3; H 5.7; N4.2%. 
gFound: C 71.1; II 5.8; N 4.0%. C~0HIsNO 4. Calculated: C 71.3; II 
5.7; N 4.2%. hFound: C 66.4; H 6.5; N 4.6%. CI61119NO 4. Calcu- 
lated: C 66,5; H 6,6; N 4.8%. 

indole (lid and 1,2,5- tr imethyl-3-carbethoxy-6-bromoindole (IV) differ substantially. An increase  in ex- 
tinction and the appearance of an additional absorption maximum (Fig. 1) are  observed in the UV spectrum 
of IV at 300 nm. The UV spectrum of 5-methoxy-6-bromoindole (V) in isooctane has the character  of the 
spectrum of 5-methoxyindole (XVII) and has a fine s t ructure  at  250-320 nm. The UV spectra  of the 4- 
bromoindole (XV) mad the 6-bromoindole (V) are pract ical ly  identical (Fig. 2). 
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In the case  of ni t ra t ion of d iphenyl -2-carboxyl ic  acid with ni trogen pentoxide, i t  was shown that the 
carboxyl  group m a y  se rve  as a n i t ron ium- ion  c a r r i e r  by de termining  the ent ry  of the nitro group into the 
orfho posit ion [6]. A s i m i l a r  phenomenon is  also apparent ly  obse rved  in the niWation of 3 -ca rbe thoxy-  
indole der iva t ives ;  i t  de t e rmines  en t ry  of the ni t ro  group into the 4 position. Coordination with the c a r -  
bethoxy group during the action of bromine  probably  does not p lay a substantial  ro le ,  and substitution 
t h e r e f o r e  p roceeds  in the 6 posit ion (in accordance  with the distr ibution of the e lec t ron  densi ty  in such 
s t ruc tu res ) .  

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

The IR spec t r a  of m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with IKS-22 and UR-10 
spee t rophotometerso  The UV s pec t r a  of alcohol solutions were  r eco rded  with a Cary-15  spectrophotorn-  
e te r .  T h e  PMR s pec t r a  of t r i f luoroace t ic  acid solutions were  r eco rded  with a Var ian  S-60T spec t rome te r  
with hexamethyldis i loxane as the ex te rna l  s tandard.  The Rf values  f rom chromatography  of the bromo de-  
r iva t ives  on activi ty-r[  a luminum oxide (Brockmann scale) in two to three  different  s y s t e m s  did not differ  
f rom the Rf values  of the s ta r t ing  compound. The same thing was obse rved  during chromatography  on 
Silufol. 

1 ,2 -Dime thy l -3 -caxbe thoxy-5 -hydroxy-6 -b romoindo le  (IlL A. A 23.3-g (0.1 mole) sample  of 1,2- 
d ime thy l -3 -ca rbe thoxy-5 -hydroxy inde le  (I) was suspended in 200 ml  of glacial  acet ic  acid, and 16 g (0.1 
mole) of b romine  was added dropwise  with v igorous  s t i r r ing  at  r oom tempera ture~  The mix tu re  was then 
s t i r r e d  for  2 h and poured  into wate r .  The resul t ing prec ip i ta te  was r emoved  by f i l t rat ion,  washed with 
water ,  dr ied on the f i l te r ,  washed with a smal l  amount  of e ther ,  and r e c r y s t a l l i z e d  f rom dioxane to give 
25.5 g (82%) of co lo r l e s s  c r y s t a l s  of II with mp 220-221 ~ (dec.). 

B. Compound II [mp 218-219 ~ (dec.,  f r om dioxane)] was obtained in 7670 yield by brominat ion of I 
with dioxane dibromide in dioxane at  r oom t e m p e r a t u r e .  The samples  were  identical  with r e s p e c t  to 
mel t ing  point,  IR and UV s pec t r a  (Table 1). 

1 ,2 ,5 -Tr ime thy l -3 -ca rbe thoxy indo le  (HI). A 2.7-g (0.02 mole) sample  of 1 - m e t h y l - l - ( p - t o l y l ) h y -  
d raz ine  [7] was hea ted  with 5.16 g (0.04 mole) of acetoacet ic  e s t e r  on a boi l ing-water  bath for  1 h. The 
water  and excess  ace toacet ic  e s t e r  were  then r e m o v e d  by disti l lation, 10 ml  of absolute diethyl e ther  was 
added, and d ry  hydrogen chloride was pas sed  through the mix tu re  for  20-30 rain. The alcohol was r e -  
moved  by dist i l lat ion,  and the reac t ion  m a s s  was poured into water .  The resu l t ing  prec ip i ta te  was r e -  
moved  by f i l t ra t ion and r e c r y s t a l l i z e d  f r o m  heptane to give 2.76 g (6070) of co lo r less  c r y s t a l s  with mp 106- 
107 ~ and Rf 0.8 on aittminurn oxide in b e n z e n e - e t h y l  a c e t a t e - h e p t a n e  (4 :1  : 3)~ Found: C 72.4; H 7.3; N 
6.470~ CI4H17NO 2. Calculated: C 72~ H 7.4; N 6.170. IR spec t rum:  1670 cm -1 (CO). UV spec t rum:  hmax,  
r~n (log ~): 218 (4.59), 236 (4.34), 289 (4o13). PMR spec t rum (in CC14): 7.68 (4-H, singlet),  6.8 (6,7-H2, 
singlet ,  2H), 4.27 (CH2, quartet) ,  3.30, 2.45, 2.39 (5-CH3, N-CH3,  2-~CH3, singlets),  1.33 (3-CH3, t r ip le t )ppm.  

1 ,2 ,5 -T r ime t hy l -3 - ca rbe t hoxy -6 -b romoindo l e  (IV). 1 ,2 ,5 -Tr imethy l -3 -ca rbe thoxy indoIe  (lid was 
b romina ted  as in the case  of I in acet ic  acid to give co lo r l e s s  c ry s t a l s  with mp 141-142 ~ in 9770 yield. 
Found: C 54.2; tt 5.0; N 4~ CI~HI~BrNO 2. Calculated:  C 54.2; H 5.2; N 4.570. IR spec t rum:  1670 cm -1 
(CO). UV spec t rum:  •max, nm (log e): 222 (4.66), 292 (4.26), 300 (4.24). PMR spec t rum:  7.51, 6~ (4-H, 
7-H, singlets) ,  4.28 (CH2, quarte t ) ,  3~ 2.37, 2.23 (N-CH3,  5-CH3, 2-CH3, singlets),  L37 (3-CH3, triplet)  
ppm.  

The r ema in ing  bromo der iva t ives  (Table 1) were  s i m i l a r l y  obtained by brominat ion in acet ic  acid. 
Compound VI was r e c r y s t a l l i z e d  f rom d ioxane -me thano l ,  17 was r e c r y s t a l l i z e d  f rom dioxane, and the r e s t  
we re  r e c r y s t a l l i z e d  f r o m  methanol .  

1 -Pheny l -2 -m e t hy l -3 - ca rbe t hoxy -5 -hyd roxy indo l e  (XVI/I). This compound was obtained in 5370 yield 
[8] and had mp 203-204 ~ ( f rom acetone).  

1 -Pheny l -2 -me thy l -3 - ca rbe thoxy -5 -me thoxy indo l e  (XIX). This compound was obtained in 7570 yield 
[9] and had mp 88-90 ~ 

1 ,2 ,6 -Tr ime thy l -3 -ea rbe thoxy-5 -hydroxy indo le  (XX). This  compound was obtained in 2070 yield [10] 
and had mp 222-225 ~ ( f rom ethanol). 

1 ,2 ,6 -Tr ime thy l -3 -ea rbe thoxy-5 -me thoxy indo le  (XXII). This  compound was obtained in 9170 yield 
and had mp 134 ~ ( f rom methanol) .  Found: C 69.2; H 7.2; N 5.270. C15H19NO 3. Calculated: C 69.2; H 7.3; 
N 5.470. 
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The physical constants of the remaining starting compounds are given in Table 2. 
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