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It was established that substituents p r imar i ly  are incorporated in the benzene r ing in the 
bromination and nitrat ion of 2(3)-phenyl-5(6)-hydroxybenzofurans.  The acetoxy der iva-  
t ives of the same benzofurans are  brominated and ni t ra ted only in the free position of the 
furan ring. 

In a previous study of electrophil ic substitution reactions it was noted that the shielding effect of the 
carbethoxy group in 2 -methy l -3-carbe thoxy-5-hydroxybenzofuran  hinders incorporat ion of a substituent in the 
4 position during bromination and nitration. At the same time, in the case  of 2 -ca rbomethoxy-5-hydroxy-  
benzofuran the substituents in all electrophil ic substitution reactions enter p r imar i ly  the 4 position [1, 2]. In 
the present  r e s e a r c h  we studied the electrophil ic  substitution react ions  of 5- and 6-hydroxybenzofurans con- 
raining a phenyl substituent in the furan r ing [3, 4]. 

The bromination of 2 -phenyl -5-hydroxy- ( I ) ,  3-phenyl-5-hydroxy-(I1) ,and 3-phenyl-6-hydroxybenzofuran 
(HI) has been studied under various conditions. 2 -pheny l -4 -b romo-5-hydroxybenzofuran  (IV} was obtained in 
83% yield in the react ion of an equimolar amount of bromine with I. Products  IV and 2-phenyl -3 ,4 ,6 - t r ib romo-  
5-hydroxybenzofuran (V} a re  formed in approximately equal amounts when I is t reated with 2 moles of bromine,  
according to analysis by th in- layer  chromatography (TLC). Brominatton of II and III with an equimolar amount 
of bromine gives a mixture  of s ta r t ingI Iwi th  2 ,4-d ibromo-3-phenyl -5-hydroxybenzofuran  (V1) and a 
mixture of I I Iwi th2 ,5-d ibromo-3-phenyl -6-hydroxybenzofuran  (VII), respectively,  in a ratio of "1 : 1. Only di- 
b romo derivat ives VI and VII in 71 and 57% yields, respectively,  were obtained in the bromination of II and III 
with 2 moles of bromine.  

Thus, a phenyl group in the 3 position does not hinder incorporat ion of bromine in the 4 position. 

Compound I is also ni t ra ted in the 4 position by nitric acid (sp. gr.  1.35) in acetic acid to give 2-phenyl-  
4-n i t ro-5-hydroxybenzofuran  (VIII) in 65% yield. A mixture of nitration products VIII and 2-phenyl-3 ,4 ,6- t r i -  
n i t ro-5-hydroxybenzofuran  (IX) is formed in the react ion of the same compound with more concentrated acid 
(sp. gr .  1.42) in chloroform.  The nitrat ion of II and III proceeds in a different manner .  In the case of the re -  
action of nitric acid (sp. gr .  1.35) with II, two nitration products in approximately equal amounts - 6-ni t ro-  
(X) and 4 ,6-d in i t ro-3-phenyl-5-hydroxybenzofuran  (XI) - are detected in the react ion mixture by means of TLC. 
3 -Phenyl -4 ,6 ,7 - t r in i t ro -5-hydroxybenzofuran  (XII) was isolated from the markedly resinified react ion mixture 
in the nitrat ion of II under more  severe  conditions. A mixture of nitration products,  f rom which 2,7-dini t ro-  
3-phenyl-6-hydroxybenzofuran (XIII) was isolated by chromatography,  is formed in the react ion of III with ni- 
t r ic  acid (sp. gr.  1.35) in acetic acid. 

Consequently, in the bromination and nitration of hydroxybenzofurans the bromo and nitro groups are  
incorporated p r imar i ly  in the benzene ring - in the 4 position of I, in the 2,4 positions during bromination and 
in the 6 and 4,6 positions dur ingni t ra t ion of II, and in the the 2,5 positions during bromination and the 2,7 positions 
during nitration of III. In contras t  to hydroxybenzofuran derivatives I-III,  the corresponding acetoxybenzo-  
furan derivatives (XIV-XVI) are  brominated and ni trated only in the free positions of the furan ring. 2-Phenyl-  
3 - b r o m o - 5 - a c e t o x y -  (XVII), 2 -b romo-3-pheny l -5 -ace toxy-  (XVIII)~ and 2 -b romo-3-pheny l -6 -ace toxybenzo-  
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furan (XIX) are  obtained in quantitative yields in the bromination of XIV-XVI with an equivalent amount of 
bromine.  The nitration of XV and XVI with ni tr ic  acid (sp. gr.  1.35) in acetic acid is accompanied by pro-  
nounced resinif icat ion of the react ion mixture,  f rom which 2 -n i t ro -3 -pheny l -5 -ace toxy-  (XX) and 2-n i t ro -  
3-phenyl-6-acetoxybenzofuran (XXI) were  isolated by chromatography.  

The s t ruc tures  of the compounds were confirmed by PMR spectroscopy.  The presence in the PMR 
spect ra  of IV and VIII of two doublets with J=9 .0  Hz, which corresponds  to coupling of ortho p ro tons ,p roves  
that substitution takes place in the 4 position. The singlet at 6 7.85 ppm in the spect rum of V is related 
to the 7H proton. On the basis of a compar ison with the spectrum of s tar t ing III, the two singlets at 5 7.67 
and 7.17 ppm in the spectrum of VII were assigned to the 4H and 7H signals, respect ively .  The singlet of 
a proton with 6 8.87 ppm in the spect rum of product IX corresponds  to the 7H proton, inasmuch as this 
shift is in good agreement  with the shift due to the contribution of the p- and o-NO 2 groups (8 .68calc-  

8.87ex p) [5]. 

The presence  in the spec t rum of product X of three singlets at 7.50, 8.33, and 8.38 ppm is possible 
only when the nitro group is in the 6 position of the ring. When a second nitro group is introduced in XI, 
the 4H signal at 7.50 ppm vanishes, and the singlet at 8.38 ppm does not change, whereas the 7H signal 
(6 8.68 ppm) is shifted to weak field by 0.3 ppm as compared  with the spec t rum of X. The latter shift co r -  
responds to the shift of the para  proton due to the nitro group [5]. On the basis of a comparison of the spec-  
t r a  of XII, X, and XI, the singlet at 6 8.38 ppm was assigned to 2H. Two doublets with an ortho s p i n -  
spin coupling constant (SSCC) of 9 Hz are  observed in the spec t rum of XIII at weak field, and this c o r r e -  
sponds to substitution of the 2 and 7 positions. A quartet  with J1 =9.0 Hz and J2 =2.5 Hz, which was as -  
signed to the 5H proton for XIX and XXI and to the 6H proton for  XVII, XVIII, and XX, is observed in the 
PMR spect ra  of acetyl derivat ives XVII-XXI at 7.0-7.3 ppm. Thus acetoxybenzofurans are  brominated and 
ni trated in the furan ring of the molecules .  

TABLE 1. Charac ter i s t ics  of IV-VIII and XVII-XIX 

Com- 
pound 

IV 
V 

VI 
VII 

XVII 
XVIII 

XIX 

mp, *C* 

138--140 
162--164 

190--192 (2mm)T 
147--149 
117--118 
60--61 

102--103 

Empirical 
formula 

C~4HgBrO2 
C14H7BrsO2 
C14HsB~O2 
CI4HsB~O2 
Ci6HnBrOz 
CI~HnBrO~ 
C16HllBrOz 

Found.% 

C H 

58,2 3,1 
38,0 1,7 
45,7 2,2 
45,6 2,3 
58, l 3,5 
58,0 3,3 
58,0 3,3 

Calc., % 
C H 

58.2 3,1 
37,6 1,6 
45,7 2,2 
45,7 2,2 
58,0 3,3 
58,0 3,3 
58,0 3,3 

~o ield, 

83 
45 
71 
57 

I00 
100 
100 

*Crystal l izat ion solvents: benzene -pe t ro l eum ether (1: 1) 
for IV, and methanol for  V, VII, and XVII-XIX. 

Boiling point. 
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TABLE 2. C h a r a c t e r i s t i c s  ofVIII-XIII ,  XX, and XXI 

Com - 
pound 

VIII 
IX 
X 

XI 
XII 

XIII 
XX 

XXl 

rap, ~ 

130--133 
253--254 
138--140 
178---179 
280--281 
194--195 
125--126 
131--132 

Empirical 
formula 

C,4HgNO4 
Ct4H7NaOa 
C,4HoN04 
C,4HsN206 
C14HTN308 
C,4HsN20~ 
C,sH,,NOs 
ClsHliNOs 

Found.% 

c H 

65,6 3,5 
48,9 2,7 
65,9 3,4 
562 2,7 
48,7 2,2 
55,9 2,7 
64,6 3,9 
64,5 3,8 

Calc., % 

N C H 

5,4 65,9 3.5 
12,0 48,7 2,1 
- -  65,9 3,5 

56,0 2,7 
48,7 2,0 

9,3 56,0 2,7 
4,3 64,6 3,7 
4,6 64,6 3,7 

Yield, % 
N 

5,5 65 
12,2 33,7 
- -  35 

33.4 
~,3 41 

22,4 
4,7 30,3 
4,7 18,5 

* C r y s t a l l i z a t i o n  so lven t s :  50% ace t ic  acid for  VIII and X, ace t i c  
ac id  for  IX and XII, me thano l  for  XI, XX, and XXI, and ethyl  
ace ta t e  for  XIII.  

TABLE 3. PMR Spec t ra l  Data (6,  ppm) fo r  I -Xl I I  and XVII-XXI 

Com - 
pound 2H 3H 4H 5H 6H 7H Cell5 CH3CO 

I 

II 
Ill 
IV 
V 

VI 
Vl! 

VIII 
IX 
X 

XI 
XII 

XIII 
XVII 

XVIII 
XIX 
XX 

XXI 

7,93 
7,88 

8,38 
8,38 
8,38 

7,12 

7,18 

7,45 

7,10 
7,30 
7,66 

7,67 

7,50 

7,90 
7,45 

7,30--7,62 
7,63 
7,36 
7,72 

6,92 

7,33 

7,07 

7,30 

6,88 
6,92 

7,00 

7,02 

7,10 

7 , 1 8  

7,10 

7,58 

7,39 
7,40 
7,03 
7,43 
7.85 
7,37 
7,17 
7,95 
8,87 
8,33 
8,68 

7,60 
7,30--7,62 

7,39 
7,87 
7,45 

7.30--8.19 
7,24--7,68 
7.28--7.60 
7,33--7,95 
8,02---8,55 
7.40--7.70 
7,42--7,57 
7,25--8,27 

7,65 
7,38--7,75 

7,37 
7,40 
7,60 

7,23--8,25 
7,30--7,62 
7,40--7,68 
7,40--7,60 
7,40--7,68 

2,28 
2,23 
2,25 
2,25 
2,25 

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

The PMR s p e c t r a  of d e u t e r o a c e t o n e  so lu t ions  of the compounds  w e r e  r e c o r d e d  with a JNM-4H-100  
JEOL s p e c t r o m e t e r  with t e t r a m e t h y l s i l a n e  as the i n t e r n a l  s t a nda r d .  

2 - P h e n y l - 5 - h y d r o x y b e n z o f u r a n  (13, 3 - P h e n y l - 5 - h y d r o x y b e n z o f u r a n  (IB, and 3 - P h e n y l - 6 - h y d r o x y -  
b e n z o f u r a n  (II13. These  compounds  were  ob ta ined  in quan t i t a t ive  y ie lds  f r o m  the methoxy  d e r i v a t i v e s  [6, 7] 
by the method  d e s c r i b e d  for  o the r  example s  in [2]. 

2 - P h e n y l - 5 - a c e t o x y b e n z o f u r a n  (XIV}. A so lu t ion  of 5 g of I in 30 ml  of ace t ic  anhydr ide  and 0.3 ml  
of t r i e t h y l a m i n e  was  re f luxed  for  1 h, a f t e r  which the bulk of the ace t ic  anhydr ide  was r e m o v e d  by vacuum 
d i s t i l l a t i on .  The r e s i d u a l  m i x t u r e  was  poured  into wa te r ,  and the r e s u l t i n g  p rec ip i t a t e  was  s e p a r a t e d  to 
give XIV, with mp 154-155 ~ ( f rom alcohol) ,  in  quan t i t a t ive  y ie ld .  Found: C 76.3; H 4.8%. C16H130 3. Ca l -  
cula ted:  C 76.2; H 4.8%. 

3 - P h e n y l - 5 - a c e t o x y -  (XV} and 3 - P h e n y l - 6 - a c e t o x y b e n z o f u r a n  (XVI). T h e s e  compounds  were  s i m i -  
l a r l y  ob ta ined .  Compound XV, with mp 55-56 ~ ( f rom methanol ) ,  was ob ta ined  in quan t i t a t ive  y ie ld .  Found: 
C 76.0; H 4.8%. Cl~HI30 3. Calcu la ted :  C 76.2; H 4.8%. Compound XVI, with mp 77-78 ~ ( f rom aqueous 
methanol} ,  was a l so  ob ta ined  in quan t i t a t ive  y ie ld .  Found: C 76.3; H 4.8%. C16H130 3. Calcula ted:  C 76.2; 
H 4.8%. 

G e n e r a l  Method for  the  P r e p a r a t i o n  of IV-VII  (Table  1). A so lu t ion  of b r o m i n e  in 8 m l  of g lac ia l  
ace t i c  ac id  was  added g radua l ly  at 20 ~ to a s u s p e n s i o n  of 0.01 mole  of b e n z o f u r a n  in 20 ml  of g lac ia l  ace t i c  
acid,  a f t e r  which the m i x t u r e  was s t i r r e d  for  2 h. It was  then poured  into wate r ,  and the r e s u l t i n g  p r e -  
c ip i ta te  was  s e p a r a t e d  and c h r o m a t o g r a p h e d  on a co lumn f i l led  with s i l i c a  gel  with e lu t inn  by c h l o r o f o r m .  
The e lua te  was  evapora ted ,  and the r e s i d u e  was r e c r y s t a l l i z e d .  Compound IV was ob ta ined  by the ac t ion  
of 1 mo le  of b r o m i n e  pe r  mo le  of s t a r t i n g  compound,  w he r e a s  V-VII w e r e  ob ta ined  by the ac t ion  of 2 mo le s  
of b r o m i n e  pe r  mole  of s t a r t i n g  compound.  
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Genera l  Method for  the P r e p a r a t i o n  of the XVII-XIX (Table 1). A solution of 0.01 mole  of b romine  
in 3 ml of carbon t e t rach lo r ide  was added gradual ly  a t  20 ~ to a solution of 0.01 mole  of benzofuran in 7 
ml  of carbon te t rach lor ide ,  a f t e r  which the mix tu re  was s t i r r e d  fo r  2 h. The solvent was then r emoved  
by vacuum disti l lation, and the res idue  was r ec ry s t a l l i z ed .  

Genera l  Method for  the P repa ra t i on  of VIII, X, XI, XIII, XX, and XXI (Table 2). A solution of 0.03 
mole  of ni t r ic  acid (sp.  gr .  1.35) in 15 ml  of acet ic  acid was added dropwise with s t i r r i ng  at 15 ~ to a su s -  
pension of 0.01 mole  of benzofuran in 65 ml  of glacia l  ace t ic  acid,  a f te r  which the mix ture  was  allowed to 
stand at this  t e m p e r a t u r e  for  1 h. It was then poured into water ,  and the resu l t ing  prec ip i ta te  was sepa -  
ra ted  and chromatographed  on a column fi l led with s i l ica  gel (elution with ch loroform) .  The eluate was 
evaporated,  and the res idue  was  r e c r y s t a l l i z e d .  

Genera l  Method fo r  the P repa ra t i on  of IX and XII (Table 2). A 6 .5 -ml  sample  of ni t r ic  acid (sp. gr .  
1.42) was added to a solution of 5 mmole  of the  benzofuran in 34 ml  of ch loroform,  a f t e r  which the mix tu re  
was shaken at r o o m  t e m p e r a t u r e  fo r  5 rain and poured into 50 ml of wate r .  The ch lo ro form layer  was 
separa ted ,  washed with water ,  and ch romatographed  on a column fil led with s i l ica  gel (elution of the r e -  
action product with ch loroform) .  The eluate was evaporated,  and the  res idue  was r ee ry s t a l l i z ed .  
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A number  of 3 ,4 -d iaminocoumar ins  was' obtained by hydrogenat ion of 3 - n i t r o - 4 - a m i n o -  
coumar ins .  It was  es tabl i shed that these compounds exist  in the coumar in  form,  and 
monoacetyla t ion of the 3-NI-I 2 group does not shift the t au tomer ic  equi l ibr ium.  

Substances having var ious  kinds of biological  act ivi ty a r e  found among 3-  and 4 -aminocoumar in  de r iv -  
a t ives  [2-4]. The t a u t o m e r i s m  and s t e r e o c h e m i s t r y  of these  compounds have also been  studied [5-7]. flow- 
ever ,  3 ,4 -d iaminocoumar ins ,  f r o m  which one might expect the manifes ta t ion  of p rope r t i e s  of both 3- and 
4 -aminocoumar ins ,  as well  as a novel  combination of  these  p roper t i e s ,  have not yet been invest igated in 
th is  r e spec t .  

We have synthesized a number  of 3 ,4 -d iaminocoumar ins  (Ia-]) by hydrogenat ion of the c o r r e s p o n d -  
ing 3 - n i t r o - a m i n o c o u m a r i n  (Ha- j ) ,  the synthes is  of which we prev ious ly  descr ibed  in [7], over  Pd /BaSO  4. 

*See [1] for  a previous  communicat ion.  
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