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The intensive sea rch  for  drugs among der iva t ives  of benzofuran has led to the introduction of cordaron,  
amplivix,  fenkaberan,  and o ther  ca rd ivascu la r  drugs [1-3], and this st imulated our  in te res t  in the synthesis  
and study of  the biological  ac t iv i ty  of aminomethyl  and o ther  deriVatives of 5-hydroxybenzofuran.  For  this 
purpose ,  we have studied the brominat ion with N-bromosuccin imide  of the methyl  gTOUp in 2 -me thy l -3 -e thoxy-  
ca rbony l -4 -ch lo ro -5 -ace toxybenzofu ran  (I), 2 -methy l -3-e thoxycarbonyl -5-hydroxy-6 ,7-d ich lorobenzofuran  (II), 
and 2 -me thy l -3 -e thoxyca rbony l -5 -me thoxy-6 -b romobenzofu ran  (iiI), al l  obtained in the p r e s e n t  invest igat ion,  
and we have synthesized a s e r i e s  of 2 -bromoethyl  der iva t ives  (IV-VI). 

IV:R~CI, RI~-R~=H, R~=CH3CO; V:R~H, RI~R2=CI,. R3~--CHsCO; 
�9 VI:R=R2-----H, Rl=Br, R3=CHs; VII:R=RI=R2=H,] R3-----CH3CO; 

VItI:R=R2----H, Ri~Br, R~=CH3CO. 

In addition to (IV-Vl), also used for  the prepara t ion  of  aminomethyt  der iva t ives  w e re  the  previously p r e -  
pared  2 -bromomethy l  compounds,  2 -bromomethyl ' -3 -e thoxycarbonyl '5 -ace toxybenzofuran  (VII) and 2 -b romo-  
me thy l -3 -e thoxyea rbony l -5 -ace toxy-6 -b romobenzofu ran  (VIII) [4]. When 2 -b romomethy l -3 -e thoxycarbony l -  
3 -e thoxycarbonyl -5-ace toxybenzofuran  w a s  brominated with bromine in carbon te t rach lor ide ,  2 -d ib romomethy l -  
3 -e thoxycarbonyl -5-ace toxybenzofuran  (IX) ~n~s obtained,  which on success ive  t r ea tmen t  with morpholine and 
hydrochlor ic  acid was conver ted  into 2 - fo rmyt -3 -e thoxycarbonyl -5 -hydroxybenzofuran  (X). 

The aminomethyl  der iva t ives  were  obtained by reac t ing  the bromomethyl  compounds with amines .  Re-  
act ion of  (VI) with ani l ine gave N-pheny l -NN-b i s - (2 -me thy lene -3 -e thoxyca rbony l -5 -me thoxy-6 -b romobenzo-  
furanyl)amine (XI). Condensation of the 2 -b romomethy l  compounds (V), (VIE), and (VIII) with secondary  amines 
(dimethylamine o r  aniline) followed by hydro lys i s  of the ace toxy-group gave 2-d imethylaminomethyl -3-e thoxy-  
ca rbonyl -5-hydroxybenzofuran  (XII), 2 -N-methy l -N-phenylaminomethy l -3 -e thoxycarbonyl -5 -hydroxybenzo-  
furan (XIII), 6 - b r omo-  (XIV), and 6 ,7 -d ich lo ro -2 -N-methy l -N-pheny laminomethy l -3 -e thoxycarbony l -5 -hy-  
droxybenzofuran (XV). 

~ o - -  t cooc~u~ 

XII :R -~ CHa, R1 = R~ • H; XIII:R ----- C6Hs, R1 = R2 ----- H; 
XIV:R~C~Hs, RI=Br, R ~ H ;  XV:R=C6H~, RI=R~=CI'. 

Aminomethylat ion of  (XII-XV) with bisdimethylaminomethane afforded the 4-dimethylaminomethyl  der iva t ives  
(XVt-XX). 
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XVI:R~CsHs, R x = R ~ = H ,  n = 2 ;  XVII:R=CsH s, R I : B r ,  R ~ : H ,  n=-O; 
XVIII:R~C6Hs. R ~ R 2 : C I ,  n=O; XIX:I~C6H~, RI==R~:C1, n=2; 

XX:R=CH~. RI=R~=H, n~2 .  

The high reac t iv i ty  of the bromine a~om of  the 2-bromomethyl -3-e thoxycarbonylbenzofurans  enables  it 
to be replaced by o ther  functional groups. Thus,  condensation of (VII) and (IV) with diethyl acetamidomalonate  
in the p resence  of sodium ethoxide gave 2-(fi f i -d ie thoxycarbonyl - f l -ace tamido)e thyl -3-e thoxycarbonyl -5-hy-  
droxybenzofuran CKX[) and 2-(~f i -die thoxycarbonyl-~-acetamido)ethyl-3-ethoxycarbonyl-~4-chtoro-5-acetoxy - 
benzofuran (XXII). Heating (VI) with water  gave 2 -hydroxymethy l -3 -e thoxyca rhony l -5 -me thoxy-6 -b romo-  
benzofuran {XX[II). Condensation of the 2-bromomethyI  compound (VI) with potassium thiophenoxide gave 2- 
phenyl - th iomethy l -3 -e thoxycarbonyl -5 -methoxy-6-bromobenzofuran ,  basic hydrolys is  of  which yielded the 
cor responding  acid (XXIV). 

Compounds (X, XVI, XVII, XIX, XX, and XXIII) were  examined fo r  a var ie ty  of chemotherapeut ic  and 
pharmacological  effects .  High pharmacological  act ivi ty  was only shown by (XVI), (XIX), and (XX). 

E X P E R I M E N T A L  P H A R M A C O L O G I C A L  S E C T I O N  

Toxici t ies  were  de termined  using 140 mice ,  by the in t raper i toneal  route ,  and the LD~0 values were  ca l -  
culated by the method of G. N. Pershin .  

Ant iar rhythmic  act ivi ty  was examined in r a t s ,  using an aeonit ine model  for  dis turbances  of rhythm [5], 
anticonvulsive act ivi ty  in the maximum e lec t roshock  method in mice [6], ant icatalept ie  act ivi ty  in ra ts  in which 
the akineto-r ig id  syndrome had been induced by adminis t ra t ion of haloperidol  (1 mg/kg) o r  t r i f luoperazine  
(1.5 mg/kg).  Effects  on the smooth muscula ture  were  studied on isolated segments  of rabbi t  small  intestine 
by the method of Magnus, and effects  on the c e r e b r a l  blood flow ra te  were  studied in narcot ized ca ts  by mea-  
sur ing the amount  of blood leaving the jugular vein in unit t ime [7]. 

The LDs0 in mice  of (XV[) is 50 kg/kg,  of  (XIX) 425 mg/kg,  and of (XX), 151 mg/kg.  These  compounds 
had a depress ive  effect ,  causing t r e m o r  and convulsions.  

Adminis t ra t ion of aconitine to r a t s  in a dose of 0.03 mg/kg intravenously over  a period of  4-8 min caused 
prolonged ( 1 , S h o r m o r e ) d i s t u r b a n c e o f  the cardiac  rhythm. In doses  of 10% of the LDs0, (>;IX) and (XX) showed 
an t ia r rhy thmic  ef fec ts ,  br ief ly  (for 2-4 min) r e s to r ing  the dis turbed rhythm in 7 out of 10 r a t s  and 6 out  of  10 
r a t s  respec t ive ly .  

Compound (XIX) showed an t ia r rhy thmic  act ivi ty in a dose of 50fir of the LD~0. 

An anticataleptic  act ivi ty was observed  in the tes t  compounds. 

A br ie f  s t tmula tory  effect  on the c e r e b r a l  blood flow ra te  (for 3-7 min) was induced by (>;IX) and (XX). 
Intravenous adminis t ra t ion of these compounds in doses  of 10~ of  the LDs0 increased the c e r e b r a l  blood flow, 
(XX) by 5-13~., and (If IX) by 5-24%. 

All the compounds had a hypotonic effect  on isolated segments  of rabbi t  small  intestine,  (XVI) and (XX), 
like papaver ine,  in concentrat ions of 1 �9 10 -6 g /ml ,  and (NIX) in a concentra t ion of 5" 10 -~ g/ml.  

Thus,  (XVI), {XIX), and (XX) possess ,valuable  pharmacological  p roper t i es  in that they have an t i a r rhy th -  
mic and ant ispasmodic effects ,  re lax the smooth muscula ture ,  and increase  the c e r e b r a l  blood flow. The tes t  
compounds do not, however ,  show any advantages over  the know~ drugs having s imi la r  effects .  

E X P E R I M E N T A L  C H E M I C A L  S E C T I O N  

2-Methyl -3-e thoxycarbonyl -4-chlo  ~ - 5 - a c e t o x y b e n z o f u r a n  (I). A so lution of 15 g of 2 -methy l -3 -e thoxy-  
ca rbony l -4 -ch lo ro-5-hydroxybenzofuran  [8] in 60 ml of acet ic  anhydride and 0.5 ml of t r ie thylamine ~ t s  boiled 
for 3 h, poured into water ,  and the solid f i l tered off. Yield, 15.1 g (86.3~), mp 65-67~ {from methanol). 
Found, ~: C 56.80; H 4.45; CI 11.58. C14H13C10 5. Calculated, ~: C 56,57; H 4.42; CI 11.95. 
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2-Methy l -3 -e thoxyca rbony l -5 -ace toxy-6 ,7 -d i ch to robenzofu ran  (II) was obtained s imi l a r ly .  Yield, 88.1%, 
mp 158-159~ (from methanol) .  Found, ~:  C 50.55; H 3.60. C14H12C1205. Calculated,  %: C 50.78; H 3.65. 

. 2 - M e t h y l - 3 - e t h o x y c a r b o n y l - 5 : m e t h o x y - 6 - b r o m o b e n z o f u r a n  (III). To a solution of 50 g (0,162 mole) of 
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 - b r o m o b e n z o f u r a n  [9] in 400 m l  of ace tone  and 100 ml  of 6.5~ caus t ic  
a lkal i  was added dropwise  with s t i r r i ng  a t  r oom t e m p e r a t u r e  15.9 ml  (0.162 mole)  of d imethyl  sulfate.  On the 
following day,  the reac t ion  mix tu re  was diluted with wa te r ,  and the solid separa ted  and r e c r y s t a l l i z e d  f rom 
ethanol.  Yield, 39.3 g (77.6%), mp 129-130~ Found, ~:  C 49.75; H 4.20. C13I{13BrO 4. Calculated,  ~:  C 49.85; 
H 4.18. 

2 - B r o m o m e t h y l - 3 - e t h o x y c a r b o n y l - 4 - c h l o r o - 5 - a c e t o x y b e n z o f u r a n  (IV). A solution of 15.1 g (0.051 mole) 
of (I) in 150 ml  of ca rbon  t e t r ach lo r ide  was boiled for  5 h with 9.1 g (0.051 mole)  of  N-b romosucc in imid e  with 
i r rad ia t ion  and in the p r e s e n c e  of benzoyt  peroxide.  The prec ip i ta te  of  sucein imide  was f i l te red  off, and the 
ca rbon  t e t r ach lo r ide  dis t i l led off  in vacuo. The res idue  was r ec rys t a l l i z ed  f r o m  ethanol.  Yield, 14 g (73%), 
mp  97-98~ Found, %: C 44.43; H 3.11; Br 21.12; C1 9.49. C14H12BrCIO 5. Calculated,  o/~: C 44.77; H 3.22; 
Br 21.28; C1 9.44. 

2 - B r o m o m e t h y ! - 3 - e t h o x y c a r b o n y l - 5 - a c e t o x y - 6 , 7 - d i c h l o r o b e n z o f u r a n  (V) was obtained s i m i l a r l y  to (IV). 
Yield 84.5%, mp 163-165~ (f rom methanol) .  Found, %: C 40.7; H 2.6~. C14HltBrC120~. Calculated,  ~:  
C 41.00; H 2.70. 

2 - B r o m o m e t h y l - 3 - e t h o x y e a r b o n y l - 5 - m e t h o x y - 6 - b r o m o b e n z o f u r a n  (VI) was obtained by bromina t ing  (Ill) 
with bromine  in boiling ca rbon  te t raeh lor ide .  Yield 84~, mp 133-134~ (from ethanol).  Found, %: C 40.46; 
H 3.08; Br 41.24. Ct3Ht2Br20 4. Calcula ted ,  %: C 39.82; H 3.08; Br 40.77. 

2 -D ib romomethy l -3 - e thoxyca rbony l -5 - ace toxybenzo fu ran  (IX). To a solution of 34 g (0.1 mole) of 2-  
b romomethy l -3 -e thoxyea rbony l -5 -aee toxYbenzofu ran  in 100 ml  of ca rbon  t e t r aeh lo r ide  was added dropwise  a t  
the boil under UV i r rad ia t ion  a solution of 5.2 ml  (0.1 mole) of bromine in 10 ml  of  carbon t e t rach lo r ide  o v e r  
4 h. The solvent  was r em oved ,  and the res idue  r ee ry s t a l l i z ed  f rom alcohol  to give a yield of 72.4g,  mp 127- 
128aC. Found, ~:  C 40.53; H 3.00; Br 37.73. C14H12Br2Oh. Calculated,  %: C 40.03; H 2.88; Br 38.04. 

. 2 -Fo rmy l -3 - e t hoxyca rbony l -5 -hyd roxybe nzo fu ran  (X); To a solution of 17.4 g (0.041 mole)  of  (VII) in 
45 ml  of benzene was added 13 ml  (0.165 mole) of morphol ine ,  and the mix tu re  was kept a t  room t e m p e r a t u r e  
overnight .  The solvent  was r emoved ,  ice added to the res idue ,  and acidif ied with hydrochlor ic  acid.  On the 
following day, the solid was isolated.  Yield, 4.1 g (42.2%), mp 172-174~ (from benzene).  Found, 0/.: C 61.59; 
H 4.63. C12H1003. Calculated,  ~:  C 61.54; H 4.30. 

N•Pheny1-NN-bis-(2-methylene-3-et••xycarb•ny1-5-meth•xy-6-brom•benz•furany1)am!ne (XI). To a 
solution of 3.92 g (0.01 mole)  of (VI) in 40 ml  of  benzene was added 1.8 mt  (0.02 mole) of anil ine.  The reac t ion  
mix tu re  was kept  fo r  one week a t  r oom t e m p e r a t u r e ,  the precipi ta ted  aniline hydrobromine  f i l te red  off ,  and 
the benzene evapora ted .  Ree rys ta l l i za t ion  f rom acetone  gave 1 g (14~), mp 173-175~ M +' 7.13. Found, %: 
C 54.24~ H 4.23. C32H2,qBr2NO 8. Calculated,  %: C 53.72; H 4.08. 

.... 2 -Dime thy laminomethy l -3 -e thoxyca rbony l -5 -hydroxybenzofu ran  hydroeh lor ide  (XII) was obtained f rom 
6.82 g (0.02 mote)  of  (VII) and 3.6 g (0.08 mole) of  d imethylamine  in benzene a t  r oom t e m p e r a t u r e .  Yield, 
4.7 g (78.4%), mp  200-201~ (f rom a c e t o n e - m e t h a n o l ) .  Found, %:'  C1 11.43. C14H18C1NO 4. Calculated,  ~:  
C1 11.83. 

2 -N-Methy l -N-pheny laminomethy l -3 -e thoxyea rbony l -5 -hydroxybenzofu ran  (XIII). To a solution of 6.82 g 
(0.02 mole) of 2 -b romomethy l -3 - e thoxyca rbony l -5 -hyd roxybenzo fu ran  in 70 ml  of  benzene was added 4.3 ml  
(0.08 mole) of N-methylan i l ine .  The reac t ion  mix tu re  was kept  for  2 h a t  room t e m p e r a t u r e ,  then  heated a t  
the boil fo r  18 h. The prec ip i ta ted  N-methylan i l ine  hydrobromide  was f i l te red  off,  and the benzene dist i l led 
off. The r e s idue  was dissolved in 35 ml  of  i sopropanol ,  4 mt  of concent ra ted  hydrochlor ic  acid added, and the 
mix tu re  boiled for  17 h. The solvent  was dist i l led off, the res idue  neutra l ized wlth aqueous ammon ia ,  and the 
solid f i l te red  off. Yield 4.8 g (74%), mp 143-145~ (from benzene). Found, g :  C 70.11; H 6.00; N 4.14. 
Ct.qHI.~NO 4. Calculated,  %: C 70.14; H 5.89; N 4.30. 

2 - N - M e t h y l - N - p h e n y l a m i n o m e t b 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 - b r o m o b e n z o f u r a n  (XIV) was obtained 
as  fo r  (XIII). Yield, 74.1%, mp ]51-152~ (from alcohol) .  Found, %: C 56.16; H 4.61; Br 19.98. CI.~H18BrNO 4. 
Calculated,  %: C 56.45; H 4.49; Br 19.97. 

...... 2-N-Methy•-N-pheny•aminomethy•-3-ethoxycarb•ny•-5-hydr•xy-6•7-dic•••r•benzofuran (XV) was obtained 
as  for  (XIII). Yield, 50.7%, rap 165-167~ (from aqueous methanol) .  Found, %: C 58.04; H 4.50. Cl.qH17C12NO 4. 
Calculated,  %: C 57.88; H 4.35. 
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2-N-Methyl -N -phenylamino metby l -3 -e thox  yca rbony l -4 -d im  ethylam inomethyl -  5-hydroxyben zofuran (XVI). 
A mix tu re  of  4.6 g (0.0141 mote) of (XII) and 5 ml  of b i sd imethy laminomethane  in 45 ml  of dioxane was boiled 
for  3 h. The solvent  and excess  amine  were  r emoved  in vacuo and the res idue  dissolved in e ther  and neu-  
t ra l ized  with e the rea l  hydrogen chlor ide  to give 5.1 g (79%) of (XVI), mp  181-183~ (decomp. ,  f rom a c e t o n e -  
ethanol).  Found, %: C 58.21; B 6.50; C1 1~.01. C22H28C12N20 4. Calculated,  ~:  C 58.02; H 6.20; C1 15.57. 

2-N-MethylFN - p h e n y l a m i n o m e t h y l - 3 - e t h o x y c a r b o n y t - 4 - d i m e t h y l a m i n o m e t h y l - 5 - h y d r o x y - 6 - b r o  mobenzo - 
furan  (XVII) was obtained as for  (XVI). Yield, 29.2~, mp 138-139~ (from methanol).  Found, c/;: C 57.00; 
H 5.50; N 6.21. C22H2[BrN203. Calculated,  Pc: C 57.27; H 5.46; N 6.07. 

2-N-Methyl -N -pheny laminomethy l -3 -e thoxyca rbony l -4 -d ime thy lamin0methy l -5 -hydroxy-6~7-d ieh  loro - 
b e n z o f u r a n  (XVIII) was obtained in the same way as  (XVI). Yield 72%, mp 126-127~ (from ethanol). Found,~ :  
C 58.60; I~ 5.32. C22H2~CI~N20 4. Calculated,  %: C 58.54; H 5.36. 

The hydrochlor ide  of XVIII (XIX) was obtained in the s a m e  way as  (XVI). Yield 91%, mp 185~ (decomp. ,  
f r o m  a c e t o n e - m e t h a n o l - e t h e r ) .  Found, %: C 50.56; H 5.19; C1 27.16. C22H2~C]4N204. Calculated,  %: C 50.40; 
H 5.00; C1 27.05. 

2 ,4 -Bis (d ime thy laminomethy l ) -3 -e thoxycarbony l -5 -hydroxybenzofuran  dihydrochlor ide monohydra te  (XX) 
was obtained in the s ame  way as  (XVI). Yield 66%, mp 223-224~ (decomp.,  f rom a c e t o n e - m e t h a n o l - e t h e r ) .  
Found, %: C 49.55; H 6.84; N 6.73. C17H2sC12N20 5. Calculated,  %: C 49.50; H 6.88; N 6.83. 

2 - (~ -Bi se thoxyea rbony l - f i - aee t amido)e thy l -3 -e thoxyca rbony l -5 -hydroxYbenzofu ran  (XXI). To a solution 
of sodium ethoxtde,  obtained f rom 0.23 g (0.01 mole) of sodium, in 30 ml  of absolute  alcohol  was added 2.2 g 
(0.01 mole) of diethyl ace tamidomalona te ,  followed a f t e r  s t i r r i ng  for  10 min by a solution of 3.41 g (0.01 mole) 
of 2 -b romome thy l - 3 - e t hoxyca rbony l -5 - ace t oxy benzo fu ran  in ~0 ml  of absolute  alcohol.  The reac t ion  mix ture  
was boiled fo r  2 h, the alcohol  dist i l led off,  and the res idue  ch roma tog raphed  on a column with KSK ch lo ro fo rm,  
Yield, 1.3 g (30%), M +' 435. 

2~(~-Biseth~xy~arb~ny~-~-acetam~d~)ethy~3-eth~xycarb~ny~-4-ch~ro-5-a~etoxybenz~furan (xx! I )  was 
obtained in the same  way as  (XXI), but a t  r oom t e m p e r a t u r e .  Yield, 2.9 g (78.3%), M §176 511. 

2 - H y d r o x y m e t h y t - 3 - e t h o x y c a r b o n y l - 5 - m e t h o x y - 6 - b r o m o b e n z o f u r a n  (XKIII). A solution of 5.88 g (0.015 
mole) of (VI) in a mixture  of  20 ml of dioxane and 10ml of water  was boiled fo r  24 h, cooled,  poured into wate r ,  
and the solid s epa ra t ed  and ch romatographed  on a column with KSK ch loroform,  the second f rac t ion  being col lected,  
Yield, 1.7 g (34.4%), rap 130-131 ~ (from aqueous alcohol).  Found, % : C 46.92; H 3.90; H3.90; Br 24,33. Ct3Ht3BrO 5. 
Calculated, % : C 47.44; H 3.98; Br 24.28 

2 - P h e n y l t h i o m e t h y l - 3 - c a r b o x y - 5 - m e t h o x y - 6 - b r o m o b e n z o f u r a n  (XXIV).. To a solution of 1.12 g (0.02 mole) 
of  po tass ium hydroxide in 50 ml  of  absolute  alcohol  was added with s t i r r i ng  2.04 ml  (0.02 mole) of thiophenol, 
followed by a solution of 7.84 g (0.02 mole) of  (VI) in 30 ml  of absolute  alcohol.  Af ter  3 h, a solution of 20 g 
(0.5 mole) of sodium hydroxide in 250 ml  of  a tcohol  was added,  and the mix tu re  boiled for  1 h. The alcohol  ~ s  
then dis t i l led off, the res idue  dissolved in wate r ,  and neut ra l ized  with hydrochlor ic  acid to give 5.2 g (66.5%) of 
(XXVI), mp 227-228~ (from ethyl aceta te) .  Found, ~:  C 51.61; H 3.65. Cl?HI3BrOtS. Calculated,  %: C 51.92; 
H 3.33. 
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