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The bromination and nitration of 2-methyl -3-e thoxycarbonyl -5-hydroxybenzofuran  {I) leads 
to 6-bromo and 6-nitro derivatives,  while azo coupling resul ts  in substitution of the hydro- 
gen in the 4 position. The s t ruc tures  of the compounds obtained were confirmed by IR and 
PMR spectra .  

5-Hydroxybenzofuran derivatives,  which were obtained by one of us and co-workers  [1-4], are  con- 
venient model cgmpounds for the investigation of electrophil ic  substitution reactions in the benzene ring of 
5-hydroxybenzofuran.  

It has been shown that mono or  dibromo derivatives are  formed in the bromination of 2 -methyl -3-  
e thoxycarbonyl-5-hydroxybenzofuran (I) with bromine in ch loroform [5]. In the present  study, we obtained 
2 -methy l -3 -e thoxycarbonyl -5 -hydroxy-6-bromobenzofuran  {II) in 85% yield by bromination of I with diox- 
ane dibromide in dioxane. 2-Methyl -3-e thoxycarbonyl -4 ,6-d ibromo-5-hydroxybenzofuran  (III) was obtained 
by subsequent brominat ion of II with bromine in acetic acid. Bromination of 2 -methy l -3-e thoxyearbonyt -  
5-hydroxy-6,7-diehlorobenzofuran (IV) yielded 2 -me thy l -3 -e thoxyca rbony l -4 -b romo-5-hydroxy-6 ,7 -d i -  
chlorobenzofuran (V), while 2-phenyl -3-e thoxycarbonyl -4 ,6-d ibromo-5-hydroxybenzofuran  (VII) was ob- 
tained by the brominat ion of 2-phenyl-3-e thoxyearbonyl-5-hydroxybenzofuran (VI). 

For  the f i r s t  t ime,  we have ca r r i ed  out the nitrat ion of 5-hydroxybenzofuran derivatives containing 
substituents in the 2 and 3 positions. The nitration of I with nitric acid (sp. gr.  1.42) in chloroform leads 
to 2-methyl -3-e thoxycarbonyl -4 ,6-d in i t ro-5-hydroxybenzofuran  (VIII). The action of ni tr ic  acid (sp. gr.  
1.35) in acetic acid on I gives a mixture of nitration products,  f rom which 2-methyl -3-e thoxycarbonyl -5-  
hydroxy-6-ni t robenzofuran (IX) was isolated by chromatography with a column filled with aluminum oxide. 
Only VIII and IX were detected in the residue af ter  column chromatography by means of th in- layer  ch roma-  
tography.  The corresponding mononitro derivatives - 2 -me thy l -3 -e thoxyca rbony l -4 -n i t ro -5 -hydroxy-6 -  
bromobenzofuran (X) and 2-methy l -3-e thoxycarbonyl -4-n i t ro -5-hydroxy-6 ,7-d ich lorobenzofuran  (XI ) -  were 
obtained by the nitration of II and IV with nitric acid (sp. gr.  1.35) in acetic acid. 

Two singlets at 7.58 and 7.68 ppm for  II and at 7.53 and 8.24 ppm for VIII, which are  affiliated with 
the para  H0) and H(7 ) protons, are  observed in the PMR spect ra  of II and VIII. The disappearance of the 
s t rong-f ie ld  signals of the aromat ic  protons that are  present  in the spect ra  of II and VIII and the shift of 
the H(7 ) signals to favor weaker fields (8.04 and 8.47 ppm) by ~0.3 ppm (which cor responds  to the effect 
of a p-NO 2 group) in the spect ra  of X and IX are evidence for subsequent substitution of hydrogen in the 4 
position of the benzofuran ring. The s t ructure  of VI is confirmed by the presence  of a proton signal with a 
chemical  shift (7.84 ppm) close to the corresponding low-field signal in the spectra  of  II, which is s t ruc-  
turally s imi lar .  
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Thus the reagen ts  p r i m a r i l y  en te r  the 6 posi t ion in the bromina t ion  and n i t ra t ion  of 5-hydroxybenzo-  
furan de r iva t i ve s  with subs t i tuents  in the 2 and 3 pos i t ions ,  and, when the 6 posi t ion is occupied, the reagents  
en te r  the 4 pos i t ion .  
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The azo coupling of I with p -n i t robenzened iazon ium hydrochlor ide  p roceeds  d i f ferent ly .  Even when 
there  a r e  no subs t i tuents  in the 6 posi t ion,  th is  r e a c t i o n  leads  to subst i tut ion of the hydrogen in the 4 pos i -  
tion, i .e . ,  to the fo rmat ion  of 2 - m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - ( p - n i t r o p h e n y l a z o ) - 5 - h y d r o x y b e n z o f u r a n  (XII). 
Two doublets  at 6.87 and 7.47 ppm, which a r e  a f f i l ia ted  with the or tho H-6 and H-7 pro tons ,  a r e  obse rved  
in the PMR s p e c t r u m  of this  compound. The azo coupling of I with p -d iazobenzenesu l fon ic  acid  p roceeds  
s i m i l a r l y .  In this  case ,  we did not i so la te  the azo compound, but reduced  it with sodium hydrosul f i te  to 2- 
m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - a m i n o - 5 - h y d r o x y b e n z o f u r a n ,  which was i so l a t ed  as  the hydroch lor ide  (XIII). 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 , 5 - d i o x o - 6 - b r o m o b e n z o f u r a n  (XIV) is obtained along with the n i t ro  d e r i v a -  
t ive (X) by the act ion of n i t r i c  acid  in ace t ic  ac id  on II. 2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 , 5 - d i o x o - 6 , 7 - d i c h l o r o -  
benzofuran (XV) was i so la ted  f rom the reac t ion  of IV in ch lo ro fo rm with n i t r i c  ac id  (sp. g r .  1.42). The 
s t r u c t u r e s  of XIV and XV were  conf i rmed  by the absence  in the i r  IR s p e c t r a  of an absorp t ion  band at  3200- 
3400 cm -1 (OH) and by the appea rance  of an absorp t ion  band at 1685 cm -1 (C--O). 

EXPERIMENTAL 

The PMR spectra were recorded with a JNM-4H-100 spectrometer with an operating frequency of I00 

MHz with tetramethylsilane as the internal standard. The solvent for XIII was deuterochloroform, while 

aeetone-d 6 was the solvent for all of the remaining compounds. Thin-layer chromatography on a loose layer 

of aluminum oxide in a benzene-methanol system (8 : 2) was used. 

2-Methyl-3-ethoxycarbonyl-5-hydroxy-6-bromobenzofuran (If). A total of 5.0 g (0.02 mole) of dioxane 

dibromide was added in portions with stirring in the course of 1 h at 20-22 ~ to a solution of 4.4 g (0.02 mole) 
of I in 30 ml of dioxane. The reaction mixture was stirred for another 2-3 h, and the resulting precipitate 

was removed by filtration and washed with dioxane. The mother liquor was diluted with three volumes of 

water, and the precipitate was removed by filtration and added to the initial mass to give 5.1 g (857o) of a 

product with mp 193-194 ~ Found: C 48.1; H 3.6; Br 27.1%. CI2HItBrO 4. Calculated: C 48.2; H 3.7; Br 

26.77O. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 , 6 - d i b r o m o - 5 - h y d r o x y b e n z o f u r a n  (III). A solut ion of 0.8 g (0.005 mole) 
of b romine  in 5 ml  of ace t ic  acid was added with s t i r r i n g  in the course  of 40 min at  100 ~ to a solution of 1.5 
g (0.005 mole) of II in 40 ml of ace t ic  ac id .  The reac t ion  solution was heated at 100-120 ~ and s t i r r e d  for  an-  
o ther  16 h, and then cooled to room t e m p e r a t u r e  and f i l t e red .  The ace t i c  acid  f i l t r a t e  was diluted with an 
equal volume of water ,  and the r e su l t ing  p r e c i p i t a t e  was r emoved  by f i l t r a t ion  and washed with wate r  to give 
1.3 g (79%) of a product  with nap 112-114 ~ This product  did not d e p r e s s  the mel t ing  point of a sample  ob- 

ta ined by a known method [5]. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 - b r o m o - 5 - h y d r o x y - 6 , 7 - d i c h l o r o b e n z o f u r a n  (V). A solut ion of 3.5 g (0.022 
mole) of b romine  in 25 ml of ch lo ro fo rm was added dropwise  with s t i r r i n g  in the cour se  of 3 h at  45-50 ~ to 
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a suspens ion  of 5.8 g (0.02 mole) of IV in 175 ml of ch lo ro fo rm.  The solut ion was heated at 45-50 ~ for  5 h, 
cooled to room t e m p e r a t u r e ,  and f i l t e r ed .  The f i l t r a t e  was washed with wate r  and dr ied .  The ch lo roform 
was r emoved  by vacuum d i s t i l l a t ion  to give 5A5 g (66%) of a product  with mp 96.5-98 ~ (from ace t ic  acid).  
Found: C 39.1; H 2.5; Br  21.3; CI 18.9~0. C12HgBrC1204. Calculated:  C 39.2; H 2.5; Br  21.7; C] 19.3~0. 

2 - P h e n y l - 3 - e t h o x y c a r b o n y l - 4 , 6 - d i b r o m o - 5 - h y d r o x y b e n z o f u r a n  (VII). A solution of 8 g (0.025 mole) 
of b romine  in 50 ml of ch lo ro fo rm was added dropwise  with s t i r r i n g  in the course  of 1 h at 20-22 ~ to a so lu-  
tion of 7.1 g (0.025 mole) of VI in 100 ml of ch lo ro fo rm.  The reac t ion  solut ion was s t i r r e d  at  this  t e m p e r a -  
ture  for  4-5 h until  HBr evolution ceased .  The ch lo ro fo rm solut ion was washed with wa te r  and dr ied .  The 
ch lo ro fo rm was r e m o v e d b y  vacuum d is t i l l a t ion  to give 11.0 g (quantitative) of a product  with mp 145.5-146.5 ~ 
(from alcohol) .  Found: C 46.3; H 2.6; Br  36.4%. CI7Ht2Br204. Calculated:  C 46.4; H 2.8; Br  36.3%. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 , 6 - d i n i t r o - 5 - h y d r o x y b e n z o f u r a n  (VIII). A total  of 6.5 ml of n i t r i c  ac id  
(sp. gr .  1.42) was added t o a  solut ion of 1.1 g (0.005 mole) of I in 13 ml of ch lo roform and the mix tu re  was 
shaken at  18-25 ~ for  2 rain and poured  into 50 ml of water .  The ch loroform l a y e r  was sepa ra t ed ,  washed 
with wa te r ,  and d r i ed .  The ch lo ro fo rm was evapora t ed  on a r o t a r y  e va po r a t o r  to give 1.15 g (74.5~0) of a 
product  with mp 104.5-105.5 ~ (from alcohol) and Rf  0.7. Found: C 46.7; H 3.5; N 9.1%. C12H10N208. Cal -  
culated:  C 46.5; H 3.3; N 9.0%. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 5 - h y d r o x y - 6 - n i t r o b e n z o f u r a n  (IX). A solution of 3.4 g (0.06 mole) of n i t r i c  
ac id  (sp. g r .  1.35) in 30 ml of ace t ic  acid  was added dropwise  with s t i r r i n g  in the course  of 25 min at 11-13 ~ 
to a solut ion of 4.4 g (0.02 mole) of I in 130 ml of ace t ic  acid.  The mix ture  was held at  this  t e m p e r a t u r e  for  
2 h and poured  into 400 ml of wa te r .  The mix ture  was then ex t r ac t ed  with 800 ml of e ther  in th ree  por t ions .  
The e the r  solut ion was washed with wate r  and dr ied ,  and the e ther  was removed  by vacuum d is t i l l a t ion  to 
give 4.1 g of a mix tu re  of subs tances  with mp 88-92 ~ Chromatography  with a column f i l led  with a luminum 
oxide with elut ion by benzene y ie lded  1.2 g (23%) of IX with mp 142-143 ~ (from alcohol) and R f  0.9. Found: 
C 54.2; H 4.2; N 5.3%. C12HllNO G. Calculated:  C 54.4; H 4.2; N 5.3%. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y I - 4 - n i t r o - 5 - h y d r o x y - 6 - b r o m o b e n z o f u r a n  (X) and 2-Methy l -3 - e thoxyca rbonyI -  
4 ,5 -d ioxo -6 -b romobenzo fu ran  (XIV). A solution of 1.7 g (0.03 mole) of n i t r ic  acid (sp. g r .  1.35) in 15 ml of 
ace t ic  ac id  was added dropwise  with s t i r r i n g  in the course  of 25 rain at 16-18 ~ to a suspens ion  of 3.2 g (0.011 
mole) of II in 65 ml  of ace t ic  acid.  The mix tu re  was held at  this  t e m p e r a t u r e  for  2 h. The p rec ip i t a t e  was 
r emoved  by f i l t ra t ion ,  washed with ace t ic  ac id  and water ,  and dr ied  to give 1.9 g of X. The ace t ic  acid  
mother  l iquor  was di luted with th ree  volumes of water ,  and the resu l t ing  p r e c i p i t a t e  was removed  by f i l t r a -  
tion, washed with water ,  and d r i ed  to give 1.35 g of a mix tu re  of subs tances ,  the r e c r y s t a l l i z a t i o n  of which 
f rom methanol  y i e lded  an addi t ional  0.75 g of X. The ove ra l l  y ie ld  of X with mp 177.5-178 ~ (dec., f rom 
methanol)  was 2.65 g (72%). Found: C 41.9; H 2.8; Br  23.3; N 3.9~0. C12H10BrNO ~. Calculated:  C 41.9; H 
2.9; Br  23.2; N 4.1~0. The methanol  and ace t i c  ac id  mother  l iquors  y ie lded  0.7 g (21%) of XIV with mp 135- 
137 ~ (dec., f r om alcohol) .  Found: C 46.0; H 2.9; Br  25.5%. C12HgBrO 5. Calculated:  C 46.0; H 2.9; Br25.5%. 

2-Methyl-3-ethoxycarbonyl-4-nitro-5-hydroxy-6,7-dichlorobenzofuran (XI). n solut ion of 0.34 g (0.006 
mole) of n i t r i c  acid  (sp. g r .  1.35) and 3 ml of ace t ic  acid  was added dropwise  with s t i r r i n g  in the cour se  of 
30 rain at 16-18 ~ to a suspens ion  of 0.7 g (0.0022 mole) of IV in 10 ml of ace t ic  ac id .  The reac t ion  mix ture  
was held at  this  t e m p e r a t u r e  for  1 h. The p r ec ip i t a t e  was r emoved  by f i l t ra t ion,  washed with ace t i c  acid  
and water ,  combined with the p r e c i p i t a t e  obtained during dilution of the mother  l iquor  with th ree  volumes 
of wa te r ,  and d r i ed  to give 0.75 g (93%) of a product  with mp 141.5-142.5 ~ (from methanol) .  Found: C 43.3; 
H 2.8; C1 21o0; N 4.4%. C12H19C12NO G. Calcula ted:  C 43.1; H 2.7; C1 21.2; N 4.2%. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 - ( p - n i t r o p h e n y l a z o ) - 5 - h y d r o x y b e n z o f u r a n  {XII). A solution of p - n i t r o -  
benzenediazonium ch lor ide  [p repa red  f rom 1~ g (0.013 mole) of p -n i t roan i l ine ,  3 ml of concent ra ted  HC1, 
19 m_l of water ,  and a s a tu ra t ed  aqueous solut ion of 1 g of sodium ni t r i te]  was added with s t i r r i n g  at  3-5 ~ to 
a solut ion of 2.2 g (0.01 mole) of I in 40 ml of dioxane and 40 ml of 5% NaOH. The reac t ion  m a s s  was s t i r r e d  
at 0 ~ for  3 h. The solut ion was ac id i f i ed  with hydroch lo r i c  acid,  and the resu l t ing  p r e c i p i t a t e  was removed  
by f i l t ra t ion ,  washed with water ,  dr ied,  and r e c r y s t a l l i z e d  f rom ace t i c  ac id .  It was then d i sso lved  in ch lo ro -  
f o rm  and r e p r e c i p i t a t e d  by the addi t ion of pe t ro l eum e the r  to give 2.2 g (60%) of a product  with mp 186-188 ~ 
(dec.). Found: C 58.8; H 4.3; N 11.5%. C18H15N306. Calcula ted:  C 58.5; H 4.1; N 11.4%. 

2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 4 - a m i n o - 5 - h y d r o x y b e n z o f u r a n  Hydrochlor ide  (XIII). A suspens ion  of so-  
dium p-d iazobenzenesu l fona te  [p repa red  f rom 1.05 g (0.005 mole) of sulfani l ic  acid,  0.27 g of anhydrous so -  
dium carbonate ,  5 ml of water ,  a s a tu r a t ed  aqueous solut ion of 0.37 g of sodium n i t r i t e ,  1 ml of concent ra ted  
HC1, and 6 g of ice] was added with s t i r r i n g  at  0-2 ~ to a solution of 1.1 g (0.005 mole) of I in 20 ml of dioxane 
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and 20 ml  of 5~0 NaOH. The reac t ion  m a s s  was s t i r r e d  at  0 ~ for  1-1.5 h, heated to 40-45 ~ and 2.3 g of so-  
dium hydrosulf i te  was added. The mix tu re  was s t i r r e d  at  this t e m p e r a t u r e  for  15 min,  cooled to room t e m -  
pe ra tu re ,  and diluted with 100 ml of water .  The prec ip i ta te  of the base  was r emoved  by f i l t rat ion,  washed 
with water ,  dr ied in a vacuum des icca to r  (0.7 g yield), and conver ted  to the hydrochlor ide (XIII) by the usual  
method.  Compound XIII had mp 222-224 ~ (dec.). Found: C 53.3; H 5.2; C1 13.2; N 5.0~0. Ci2H13NO 4. HClo Cal-  
culated: C 53.0; H 5.2; C1 13.1; N 5.1~o. 

2 -Methy l -3 -e thoxycarbony l -4 ,5 -d ioxo-6 ,7 -d ich lo robenzofuran  (XV). A total  of 3 ml of ni t r ic  acid 
(sp. g r ,  1.42) was added to a solution of 0.6 g (0.0021 mole) of IV in 100 ml  of ch loroform,  and the mix tu re  
was shaken at 18-25 ~ for  2-3 rain and poured into 150 m] of water .  The ch lo ro form l a y e r  was separa ted ,  
washed with water ,  and dried,  The ch lo ro fo rm was evaporated,  and the res idue  was r ec ry s t a l l i z ed  f rom 
alcohol to give 0.2 g (32~) of a product  with mp 108.5-109.5 ~ (from alcohol) .  Found: C 47.6; H 2.9; C1 
23.0~. C12H8C1205. Calculated: C 47.5; H 2.7; C1 23.4~o. 
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