
LITERATURE CITED 

1. Yu. P. Kitaev and B. I. Buzykin, Hydrazones [in Russian], Moscow (1974), pp. 151-218. 
2. S .D.  Folz, U. S. Patent No. 3721740; Ref. Zh. Khim., No. 3, N266 (1974). 
3. Zh. V. Molodykh, A. N. Lisenkova, B. I. Buzykin, et al., Khim.-Farm.  Zh., No. 1, 81 (1977). 
4. J . E .  Moore, U. S. Patent No. 3867449; Ref. Zh. Khim., 240512 (1975). 
5. G. Kaugars and E. G. H. Gemrich, U. S. Patent No. 3879543; Ref. Zh. Khim., 50396 (1976). 
6. T. Noguchi, T. Hosotsuji, H. Ishikawa, et al., Japanese Patent No. 43111; Ref. Zh. Khim., 18N497 (1972). 
7. M.O.  Lozinskii, M. N. Rotmistrov, S. N. Kukota, et al., in: Physiologically Active Substances [in Rus- 

sian], Vol. 2, Kiev (1969), pp. 195-198. 
8. A. I .  Dychenko, E. F. Granin, L. P. Charuiskaya, et al., in: Physiologically Active Substances [in Rus- 

sian], Vol. 9, Kiev (1977), pp. 54-56. 
9. A . E .  Smith, G. E. O'Brien, and A. Bermnann, U. S. Patent No. 2758051; Chem. Abstr., 5_.1_1, 1524b (1957). 

10. Y. Usui and Ch. Matsumura, Yakugaku Zassh[, 8._77, 38 (1967); Chem. Abstr., 6_77, 11452 {1967). 
11. Y. Usui and Ch. Matsumura, Yakugaku Zassh[, 8_%7, 43 (1967); Chem. Abstr., 6_%7, 32382a (1967). 
12. P . E .  Frohberger ,  E. Urbschat, D. Mayer, et al., German Patent No. 2223936; Chem. Abstr., 80, 70557 

(1974). 
13. T. Taniguchi, Y. Yasuda, A. Nakada, et al., Japanese Patent No. 4911061; Ref. Zh. Khim., 23N628 (1974). 
14. Dutch Patent No. 145435; Ref. Zh. Khim., 90354 (1976). 
15. S .N.  Milovanova and Z. G. Stepanishcheva, in: G.N. Pershin (editor), Methods of Experimental Chemo- 

therapy [in Russian], Moscow (1971), 2nd edn.,,pp. 318-320. 
16. S .N.  Milovanova, in: G.N. Pershin (editor), Methods of Experimental Chemotherapy [in Russian], Mos- 

cow (1971), 2nd edn., pp. 104-106. 
17. M . L .  Belen'kii, Elements of the Quantitative Evaluation of Pharmacological Effect [in Russ [an], Lenin- 

grad (1963), 2nd edn. 
18.* 
19. Yu. P. Kitaev, B. I. Buzykin, and L. P. Sysoeva, Zh. Org. Khim., 8, 515 (1972). 

*Reference 18 omitted in Russian o r i g i n a l -  Publisher. 

SYNTHESIS AND STUDY OF THE PHARMACOLOGICAL PROPERTIES 

OF 2-AMINOMETHYL AND 2,4-, 2,5-, AND 2,6-DIAMINOMETHYL 

DERIVATIVES OF 3-ARYLBENZOFURANS 

A. N. Grinev, S. A. Zotova, UDC 615.22.547.728.1].012.1 
I. N. Mikhailova, A. A. Stolyarchuk, G. I. Stepanyuk, 
and V. V. Matsak 

Continuing a search for cardiovascular agents ia the benzofuran series ,  we have car r ied  out the synthesis 
and have studied the pharmacological propert ies of 2-aminomethyl and 2,4-, 2,5-, and 2,6-diamiaomethyl der-  
ivatives of 3-arylbenzofurans.  

Using a published method, from ~-pheaoxypropiophenones (I-VI) we obtained 2-methyl-3-arylbenzofur-  
arts with substituents in position 5 (VII-X) or position 6 (XI-XIII) [1]. 2-Methyl-5-nitro-3-phenylbenzofuran 
(XIV) was obtained by nitrating the known 2-methyl-3-phenylbenzofnraa [2]. 

As reported previously, 2-methylbenzofuran derivatives are  brominated by N-bromosucciaimide in the 
methyl group [2]. In the present work we obtained a ser ies  of 2-bromomethyl derivatives of benzofuran which, 
without isolation, were converted into the 2-amiaomethyl derivatives (XV-XXXII) under the action of secondary 
a m i n e s -  diethylamine, piperidine, morpholine, and N-phenylpiperazine. 
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The bromtnatton of 3-(p-chlorophenyl)-2,5-dtmethylbenzofuran (VIII), 3-(p-methoxyphenyl)-2,5-dimethyl- 
furan (IX), and 3-(p-chlorophenyl)-2,6-dimethylfuran (XIII) with 2 moles of N-bromosucetnimide gave 2,5- 
and 2,6-di0aromomethyl)-3-arylbeazofurans which, again without isolation, were converted by the action of 
N-phenylpiperazine into 3-(p-ohlorophenyl)-2,5-di(N-phenylptperazinomethyl)-benzofuran (XXXIID, 3-(p- 
methoxyphenyl) -2,5-di (N-phenylpiperaz inomethyl) -benzofuran (XXXIV), and 3- (p-chlorophenyl) -2,6-di (N- 
phenylptperaz inomethyl)benzofuran (XXXV). 

The bromination of 5-acetoxy-2-methyl-3-phenylbenzofuran (XXXVI), obtainedby the acetylation of the 
corresponding 5-hydroxy derivative [3], gave the 2-bromomethyl derivative. The latter was converted under 
the action of N-phenylpiperaz ine into 5-acetoxy-3-phenyl-2-(N-phenylpiperazinomethyl)-benzofuran (XXXVII). 
The hydrolysis of compound (XXXVII) gave 5-hydroxy-3-phew1-2-(N-phenylpiperazinomefhyl)beazofuran 
(XXXVIII). The amtnomethylation of (XXXVIII) with various derivatives of bisdtmethylamiaomethane led to: 
4-dimethylaminomethyl (XXXIX), 4-(N-phenylpiperazinomethyl) (X-L), and 4-piperidinomethyl (XLD der-  
ivatives of 5-hydroxy-3-phenyl-2-(N-phenylptperazinomethyl)benzofaran. 
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XVR= 5-NO2, R'=H, R"=--N(C2Hs).a 

XVI R=5-NO2, R'=H, R"--N~N--C6H5 

XVII R= 5-NO2,R'=: Cl, R"=--N(C2Hs)2 

XVIII R=5-OCHa, R'=CI, R " = - - N ~ O  

XIX R=5-CI, R'=C1, R " = - - N x ~ /  

XX R=5-CI, R'--CI, R"=--N(G=Hs)2 

XXI R=5-CH3, R'=CI, R"=- -N~N- -C6H~ 

XXtI R =  5-CI, R' =OCHa, R" =--N (C2H5)~ 

XXIII R=5-CI, R'=OCHs, R " = - - N ~  

XXI'V R =5-CHa. R'=OCH3, R"=--NN~__jN--C6H5 

XXV R=e-OCHa, R'=H, R" =--N (C2Hs)= 

XXVI R=6-OCH a, R'=H, R"=--N~_~jN--C~H5 

XXVII R=6-OCHa, R'=C1, R" =--N (C=Hs)2 

XXVIII R = 6-OCHa, R' = Cl, R" =--N(~_~/ 

XXlX R=6-OCHa, R'=OCHa, R " = - - N ~ j O  

XXX R= 6;OH a, R'=H, R"=--NN~j~N--C6H5 

XXXI R=6-CHa, R'=C1, R"=- -N~N- -C6H~ 

XXXII R=6-CH3, R'=OCHa, R'=--N~xv~/N--C~H~ 
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T A B L E  1. T o x i c i t y  at  a S ing le  I n j e c t i o n  and  A n t i - a r r h y m i c  A c t i v i t y  

of B e n z o f u r a n  D e r i v a t i v e s  

Compound 

Method o fad- T oxie_iity_i2dtce 2 

ministration MTD | LD~o LD10o 

Toxic symptoms 

Number of 
anti- arrhymic 

[eff.___eets __ 

"m ~A3 

XV 

XVI 

XXV 

XXVI 

XXVIII 
XXX 

XXXII 
XXXV 

XXXIX 

XL 
XLI 

Novoeainamid 

Intrag astrically 

Intraperitoneal. 
ly c, Intrao as trically 

Intraperitoneal 
ly 

300 

100 

900 
1000 
800 

250 
5O0 
250 

460 
1000 

150 

1000 

1195 
1570 
I170 
1000 

307,5 
710 
345 

600 

300 

1300 
2000 
1300 

45O 
1000 
45O 

Convulsions 
Causes no toxic 

symptoms 

Co nvulsions 

Causes no toxic 
symptoms 

Depression 
M 

Causes no toxic 
symptoms 

Convu!sions 
Depression 

* M i n i m u m  d o s e  c a u s i n g  a t ox i c  e f fec t .  

T A B L E  2. L o c a l  A n e s t h e t i c  A c t i v i t y  of  B e n z o f u r a n  D e r i v a t i v e s  and 
of  D i c a i n  and of  Novoca in  (M * m) 

. Supe___zrficial anesthesia . _ Infiltration anesthesia 
Compoand concentra- concentra- 

tion of the anesthetic index tion of the anesthetic index 
/solution, % Isolution, ~/o 

XXV 
XXXIX 

XLI 
Dicain 
Novocaine 

0,5 
0,5 
0,5 
0,5 

418,2• 
734-+49,98 

680,1 +78,88 
826,6++_28,24 

0,25 
0,25 
0,25 

j5 

51,8• 
71,2• 

67_+3,27 

26,3-~-+3,57 

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  P A R T  

T o x i c i t y  was  d e t e r m i n e d  on whi te  m i c e  of both  s e x e s  we igh ing  18-28  g.  W a t e r - s o l u b l e  c o m p o u n d s  w e r e  
a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  and  i n s o l u b l e  c o m p o u n d s  in the  f o r m  of  s u s p e n s i o n s  in 2% s t a r c h  p a s t e .  E a c h  
d o s e  w a s  a d m i n i s t e r e d  to  f ive  a n i m a l s .  The  LDs0 v a l u e s  w e r e  c a l c u l a t e d  b y  the  m e t h o d  of  G. N. P e r s h i n  [4]. 

A n t i - a r r y t h m i c  a c t i v i t y  was  i n v e s t i g a t e d  on whi te  r a t s  u s i n g  the  a c o n i t i n e  m o d e l  of  r h y t h m  d i s t u r b a n c e  
[51. A c o n i t i n e  was  a d m i n i s t e r e d  i n t r a v e n o u s l y  in a d o s e  of  30 # g / k g .  The  c o m p o u n d s  i n v e s t i g a t e d  w e r e  in -  
j e c t e d  i n t r a v e n o u s l y  ( w a t e r - s o l u b l e  compounds )  in d o s e s  of 10% of t h e  LD50 v a l u e  i m m e d i a t e l y  a f t e r  t h e  a p -  
p e a r a n c e  of  a r r h y t h m i a  and i n t r a g a s t r i c a l l y  ( w a t e r - i n s o l u b l e  c o m p o u n d s )  30-40 r a in  a f t e r  the  a d m i n i s t r a t i o n  
of  t he  a e o n i t i n e .  Compounds  (XVI), (XXVI), and  (XXXII) w e r e  a d m i n i s t e r e d  in a d o s e  of  150 m g / k g .  In  t h i s  
w a y  we  d e t e r m i n e d  the  a r r h y t h m i a - a r r e s t i n g  and a r r h y t h m i a - p r e v e n t i n g  a c t i on .  The  n o v o e a i n a m i d  u s e d  fo r  
c o m p a r i s o n  was  i n j e c t e d  in a d o s e  of  50 m g / k g  in o r d e r  to a r r e s t  t he  a r r h y t h m i a .  

T h e  l o c a l  a n e s t h e t i c  a c t i o n  was  d e t e r m i n e d  b y  the  t e r m i n a l  m e t h o d  of  a n e s t h e s i a  on r a b b i t s  a c c o r d i n g  
to R e n t e r  (each p r e p a r a t i o n  on e igh t  eyes )  and  by  t h e  i n f i l t r a t i o n  m e t h o d  o f  a n e s t h e s i a  u s i n g  the  B u l b r i n g - W a d e  
p r o c e d u r e  on g u i n e a - p i g s  (each p r e p a r a t i o n  on t w e l v e  a r e a s ,  o b s e r v a t i o n  d u r i n g  1 h) .  The  r e s u l t s  o b t a i n e d  
w e r e  c o m p a r e d  wi th  t he  e f fec t  of d t c a i n  ( t e r m i n a l  a n e s t h e s i a ) a n d  novoca ine  ( i n f i l t r a t i o n  a n e s t h e s i a )  t a k i n g  in 
the  s a m e  c o n c e n t r a t i o n  [6]. S t i m u l a t i n g  a c t i o n  was  i n v e s t i g a t e d  by  V e i s ' s  m e t h o d  [7]. 

The  in f luence  on the  t onus  of  an  i s o l a t e d  s e c t i o n  of r a b b i t  s m a l l  i n t e s t i n e  was  i n v e s t i g a t e d  by  the  u s u a l  
Magnus  m e t h o d .  
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The toxic i t ies  of the compounds invest igated,  accord ing  to the LDs0 index, covered  a wide range  of doses .  
Thus,  of the soluble compounds,  on in t raper i tonea l  injection the m o s t  toxic proved to be compound (XXV) (LDs0 
150 mg/kg) .  Compounds (XXXIX) and CXLI) had s i m i l a r  toxic i t ies  (LDs0 307.5 and 345 mg/kg) .  Compound (XI) 
was less  toxic  (LDs0 710 mg/kg) .  On injection into the s tomach indoses  of 1000 m g / k g ,  compounds (XVI), 
(XXVI), and (XXXV) caused  no toxic s ym p t oms  wha tever .  The LDs0 values  of compounds (Y~XVIII), (XXX), and 
(XXXII) w e r e  between 1170 and 1570 m g / k g .  Compound (XV) was m o r e  toxic  (LD50 460 mg/kg ) .  

The admin i s t r a t ion  to r a t s  of aeonit ine (0.03 m g / k g  intravenously) caused  a f t e r  4-8 rain a prolonged 
(up to l l /2  h and more )  d i s turbance  of the rhy thm of the ca rd iac  cont rac t ions .  In some  of the exper imen t s ,  
compound (XXV) and novocainamid exer ted  an a r r e s t i n g  effect.  However,  this  effect  was obse rved  in the f i r s t  
2-6 rain a f t e r  admin i s t r a t ion  and in then the a r r h y t h m i a  began again. An act ion of compound (XXVI) in p r e -  
venting a r r h y t h m i a  appeared  only in some  exper imen t s  and was c h a r a c t e r i z e d  by the fact  that a f t e r  the admin-  
i s t ra t ion  of aconit ine the a r r h y t h m i a  began a f t e r  4-8 rain and l a te r  at the 1 0 t h - l l t h  minute .  Compounds (XXXV), 
(XXXIX), and (XLI) gave a weak a n t i - a r r h y t h m i c  effect .  The other  compound invest igated exhibited no an t i -  
a r r h y t h m i c  act ivi ty  (Table 1). 

With r e s p e c t  to local anes thet ic  act iv i ty  (Table 2) in the t e r m i n a l  method of aaes thes i s  the compounds 
invest igated were  i l l fer ior  to dicain but they were  supe r io r  to novocaine in infi l t rat ion anes thes ia .  

At the s ame  t ime,  these  compounds {XXXIX and XL1) exhibited a s t imulat ing act ion - weak for  a concen-  
t r a t ion  of 0.25% and m o d e r a t e  for  a concent ra t ion  of 0.5%. Compound (XL) (soluble in water)  exhibited no local  
anes thet ic  action. 

The wa te r - so lub le  compounds in concentra t ions  of 1 �9 10 -6 to 1 �9 10 -5 g / m l  lowered the tonus of an isolated 
sect ion of rabbi t  sma l l  intest ine.  The m i n i m u m concentra t ion causing this effect  was 1 �9 10 -c g / m l  for  c o m -  
pound (XXIV), 2 "10 -5 g / m l  for  compounds (XXXIX) and (XLI), and 1" 10 -5 g / m l  for  (XL). 

Thus,  some  of the compounds invest igated exhibit pharmaco log ica l  activity:  an t i - a r rhy thmio ,  local  an-  
es thet ic  and s m o o t h - m u s c u l a t u r e - r e l a x i n g .  However ,  the compounds studied have no advantages  wha tever  
ove r  known drugs  with a s i m i l a r  act ion.  

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

Genera l  Method of Obtaining the ~-Phenoxypropiophenones  ( I -VI) .  (Table 3). With s t i r r ing ,  0.13 mole  
of po tass ium carbonate  and then 0.122 mole  o f~ -b romoprop iophenone  was added to a solution of 0.12 mole  of 
a phenol in 120 m l  of acetone.  The reac t ion  mix tu re  was boiled with s t i r r i ng  for  5 h and it was then f i l t e red  
and the solvent was dis t i l led off. The r e s idue  was r e e r y s t a l l i z e d  f rom ethanol.  

Genera l  Method of Obtaining the 2 - M e t h y l - 3 - a r y l - b e n z o f u r a n s  (VII-XIII) (see Table  3). The polyphos-  
phoric  acid obtained f r o m  294 g of phosphorus  pentoxide and 140 ml  of or thophosphor ic  acid,  heated to 60~ 
was added 0.115 mole  of  an a-phenoxypropiophenone  in one port ion.  The mix tu re  was kept at 60~ with s t i r -  
r i n g f o r  31/2 h, and then it was cooled and poured into water .  The product  that  s epa ra t ed  out was purif ied by r e -  
c rys t a l l i za t ion  f r o m  ethanol or  by red is t i l la t ion .  

2 -Methy l -5 -n i t ro -3 -pheny lbenzo fu ran  (XIV). With s t i r r i ng  at 10-15~ 1 ml  (0.0162 mole) of n i t r ic  acid 
(d 1.42) was added dropwise  to a solution of 2.25 g (0.0108 mole)  of 2 -me thy l -3 -pheny lbenzofu ran  in 4 ml  of 
g lac ia l  ace t ic  acid.  The mix tu re  was s t i r r e d  at the s a m e  t e m p e r a t u r e  for  2 h. The prec ip i ta te  that  deposi ted 
was s epa ra t ed  off and r e c r y s t a l l i z e d  f rom ethanol to give 0.3 g (11%) of the compound (XIV) with mp 124.5- 
125.5~ Found, %: C 70.98; H 4.38; N 5.53. CIsHllNO 3. Calculated,  %: C 71.14; H 4.38; N 5.53. 

Genera l  Method of Obtaining the 2 -Am i nome thy l -3 - a ry lbenzo fu rans  (XV-XXXII) (Table 4). To a solution 
of 0.01 mole  of a 2 - b r o m o m e t h y l - 3 - a r y l b e n z o f u r a n  in 30 m l  of benzene was added 0.02 mole  of a secondary  
amine,  and the reac t ion  m i x t u r e  was left to stand at r o o m  t e m p e r a t u r e  for  12 h. The prec ip i ta te  of amine  hy- 
d robromide  that  had deposi ted was f i l te red  off, and the solvent  was dis t i l led off. The 2 -aminomethy l  d e r i v a -  
t ive  of benzofuran  was pur i f ied  in the f o r m  of the b a s e  or  in the f o r m  of a sal t .  

The 2 ,5-  and 2 ,6 -d i (N-pheny lp ipe raz inomethy l ) -3 -a ry lbenzofu raas  (XXXIII-XXXV) were  obtained s imi la r ly ,  
but by the act ion of 0.04 mole  of N-phenylp iperaz ine  on 0.01 mole  of a 2,5-  or  2 , 6 - d i ( b r o m o m e t h y l ) - 3 - a r y l -  
benzofuran. 

~5-Acetoxy-2-methyl-3-phenylbenzofuran (XbCKVI). A solution of 3 g of 5-hydroxy-2-methyl-3-phenyl- 
benzofuran in 18 ml of acetic anhydride at 0.1 ml of triethylamine was boiled for 1 h; the bulk of the acetic 
anhydride was distilled of[ in vacuum. Water was added to the residue and the precipitate was separated off. 
Yield 3 g (84%), mp 95-96~ (from methanol). Found, %: C 77.02; H 5.26. CITHi403. Calculated, %: C 76.76; 
H 5.30. 
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5-Acetoxy-3-phenyl-2- (N-phenylpiperaz inomethyl)benz ofuran (XXXVID was obtained similarly to com- 
pounds (XV-XXXII); yield 35.2%, mp 163-164~ (from methanol). Found, %: C 76.19; H 6.01; N 6.50. C27H2gN202. 
Calculated, %. C 76.13; H 6.14; N 6.56. 

5-Hydroxy-3-phenyl-2-(N-phenylpiperazinomethyl)benzofuran (XXXVIII). A mixture of 1.05 g (0.0025 
merle) of (XXXVII) and 0.28 g (0.005 mole) of caustic potash in 10 ml of methanol was boiled for 1.5 h, and then 
the solvent was distilled off and the residue was dissolved, separated, and reerystal l ized from methanol. 
Yield 0.6 g (62.5%) mp 170-172~ Found, %: C 78.19; H 6.20; N 7.19. C25H24N202. Calculated, %: C 78.19; 
H 6.30; N 7.29. 

5 rHydroxy-4-dimethylaminomethyl-3-phenyl-2- (N-phenylp iperaz inomethyl)beazofuran (XXXIX). A m ix- 
ture of 3.84 g (0.01 mole) of (XXXVIID and 2.75 ml (0.02 mole) of bisdimethylaminomethane in 40 ml of diox- 
ane was boiled for 3 h. The solvent and the excess of amine were distilled off in vacuum and the residue was 
recrysta l t ized fromisopropanol.  Yield 61.3%, rap 153-155~ Found, %: C 73.55; H 6.95; N 9.20. C28H31N302. 
Calculated, %: C 73.26; tt 7.24; N 9.16. 

5qIydroxyl3-phenyl-2,4-di(N-phenylpiperazinomethyl)benzofuran (XL). A solution of 0.6 g (0.00156 mole) 
of (XX:XVII'I) in 10 ml of dioxane was heated with 0.32 ml (0.004 mole) of 34% formalin solution and 0.6 ml 
(0.004 mole) of N-phenylpiperazine for 4.5 h, and then the solvent was distilled off and the residue was chro-  
matographed on a column of silica gel, the product being eluted with ether.  The eluate was evaporated. Yield 
0.2 g (23%), mp 164-165~ (from ethanol). Found, %: C 77.29; H 6.89; N 9.84. C36H38N402. Calculated, %: 
C 77.39; H 6.85; N 10.02. 

5 -IIydroxy-3 -phenyl-2 -(N-phenylp iperaz inomethyl) -4-p iper idiuomethylbenzofuran (X LI) was obtained 
similarly to compound (XXXIX) with a yield of 93.5%, mp 108-109~ (from isopropanol) Found, %: C 76.10; 
H 7.36; N 7.95. C31H35N302. 1/2 H20. Calculated, %: C 75.98; H 7.40; N 8.57. 

The hydroehloride of compound (XLI) was obtained in the usual way with a yield of 93%; mp 204-207~ 
(decomp.). Found, %: C 62.94; H 6.67; N 6.96. C31H35N302 "3HC1. Calculated, %: C 63.00; H 6.43; N 7.11. 
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