
C__~. To a solution of (IV) (R = CH3) (2.86 g, 0.01 mole) in ethanol (50 ml) were added o-carboxyaniline 
(1.37 g, 0.01 mole) and triethylamine (2.02 g, 0.02 mole). The mixture was heated for 10 h and then treated 
by the method of [9]. The yield was 1.51 g (40%). 

The three samples of (Ib) prepared by the different methods did not depress the melting point of their 
admixture s. 

1. 

2. 

3. 

5. 

6. 

7. 

8. 
9. 

LITERATURE CITED 

V. P. Chernykh, V. I. Makurina, V. I. Gridasov, et al., Reakts. Sposobn. Org. Soedin., 1974, No. 1, 7. 
V. P. Chernykh, V. I. Makurina, and P. A. Petyunin, Reakts. Sposobn. Org. Soedin., 1974, No. 1, 13. 
V. P. Chernykh, V. I. Makurina, andP.  A. Petyunin, Zh. Org. Khim., ~ 556 (1975). 
V. P. Chernykh, Ukr. Khim. Zh., 1976, No. 5, 512. 
K. Nakanishi, Infrared Absorption Spectroscopy, Holden-Day, San Francisco (1964). 
V. V. Gatsura, Methods for the Initial Pharmacological Examination of Biologically Active Substances 
[in Russian], Moscow (1974). 
A. Raicis and O. N. Ustinova, Lab. Delo, 1965, No. I, 33. 
io. A. Petyunin and V. P. Chernykh, Zh. Org. Khiln., ~ 285 (1966). 
P. A. Petyunin and V. P. Chernykh, Zh. Org. Khim., 3_, 130 (1967). 

SYNTHESIS AND BIOLOGICAL ACTIVITY OF 

3-ARYLBENZOFURAN DERIVATIVES 

A. N. G r i n e v ,  S. A. Z o t o v a ,  
I .  N. M i k h a i l o v a ,  A. A. S t o l y a r c h u k ,  
G. I .  S t e p a n y u k ,  V. V. M a t s a k ,  
T.  N. S i z o v a ,  and  G. N. P e r s h i n  

UDC 615.281:547.722 

Continuing the search for compounds with biological activity we have synthesized and examined the phar- 
macological and antimicrobial properties of various functional derivatives of 3-arylbenzofuran. 

2-Methylbenzofurans with an acetoxy group on the benzene ring are brominated exclusively at the methyl 
group by N-bromosuccinimide [1]. After bromination of 2-methyl-3-phenyl-5-aeetoxybenzofuran [2] with bro- 
mine in refluxing carbon tetrachloride we were able to isolate not only 2-bromomethyl-3-phenyl-5-aeetoxyben- 
zofuran but also the dibromo derivative, 2-bromomethyl-3-phenyl-5-acetoxy-6-bromobenzofuran (I), in 37.8% 
yield. 

Unlike the 5-acetoxy compound, 2-methyl-3-phenyl-6-acetoxybenzofuran (II), prepared by acylation of 
the 6-hydroxy compound [3], formed only 2-bromomethyl-3-phenyl-6-acetoxybenzofuran (III) in 66.8% yield on 
bromination with bromine in refluxing carbon tetrachloride. 

Bromination of 2-methyl-3-phenyl-5-hydroxybenzofuran with bromine or  N-bromosuccinimide gave only 
2-methyl-3-phenyl-4,6-dibromo-5-hydroxybenzofuran (IV), characterized by the 5-acetoxy derivative (V) syn- 
thesized from it. 

Condensation of 2-bromomethyl-3-phenyl-5-acetoxybenzofuran with potassium thiophenolate gave 2-phen- 
ylthiomethyl-3-phenyl-5-acetoxybenzofuran (VI). Hydrolysis of compound (VI) formed the 5-hydroxy derivative 
(VII). 

Reaction of 2-bromomethyl-3-phenyl-5-chlorobenzofuran [4] with methyl thioglycollate also gave methyl 
[3-phenyl-5-chlorobenzofuran-2-ylmethyl) thio] acetate (viii): 

S. Ordzhonikidze A ll-Union Scientific-Re search Pharmaceutical C he mistry Institute, Mo scow. N. I. P i ro-  
gov Vinnitsa Medical Institute. Translated from Khimiko-Farmatsevticheskii Zhurnal, Vol. 13, No. 8, pp. 39- 
45, August, 1979. Original article submitted February 20, 1979. 
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TABLE 1. Toxicity on Single (Intragastr ic)  Adminis t ra t ion and 
A n t ia r rhy thmic  Activity of Benzofuran Der iva t ives  

Compound 

XX 
XXI 

XXVIII 
XXIX 
Novocainamide 

Index of toxicity, 
mg/kg 

DMT LD~o [LDioo 
I 

700 910 [ 1100 
1500 

700 842,5 1000 
700 870 1100 

Symptoms of 
poisoning a 

Respiratory depressio~ 
No symptoms ap- 

parent 
Respirafory depression I 

Antiarrhythmie 
activity" 

*Number of t e s t s  (a) showing and (b) not showing an t ia r rhy thmic  
effect.  

]t  T ~ _  {36! :} _ _  (3} t21 ~t" 

1 

) ~  C112S C! 12COOCIt $ 
O 

::2T 

~"--~.~0.5 a- CJ 12CI1S 

_G,z 
G: I~=C1 ; Z: B.=BP 

We ca r r i ed  out the thiocyanation of 2 -b romomethy l -3 -pheny lbenzofu rans  with a chlorine o r  bromine  a tom 
in position 5 [2] under  mild conditions with po tass ium thiocyanate.  2 -Th iocyana teme thy l -3 -pheny l -5 -ch lo ro -  
(IX) and 2 - th iocyana tomethy l -3 -pheny l -5 -b romobenzofu ran  (X) were  formed in 20 and 61% yield respect ive ly .  

Because  of its high react iv i ty ,  the bromine  in the 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 s  can also be subs t i -  
tuted by o ther  functional groups.  T r e a t m e n t  of 2 -b romome thy l -3 -pheny l -5 - ace toxy -6 -b romobenzo fu ran  (I) with 
diethylamine fo rmed  2 -d i e thy laminomethy l -3 -pheny l -5 -ace toxy-6 -b romobenzofu ran  (XI), isolated as  the hydro-  
chlo ride. 

On heating with methyl alcohol the bromine  of the 2 -b romomethy l  group was substituted by the methoxy 
group. We prepared  3-phenyl -  (XII), 3 - (ch lo ropheny l ) -  (XIII), and 3 - (p -me thoxypheny l ) -2 -me thoxymethy l -5 -  
chlorobenzofuran  (XIV) in high yield. When refluxed in aqueous dioxane the 2 -b romomethy l  compounds formed 
the 2-hydroxymethyl  der iva t ives  of 3 - p h e n y l - 5 - c h l o r o -  (XV), 3 - p h e n y l - 5 - b r o m o -  (XVI), 3 -pheny l -5 -me thy l -  
(XVII), 3 - (p -ch lo ropheny l ) -5 -ch lo ro -  (XVIII), and 3- (p-methoxyphenyl ) -5-ch lorobenzofuran  (XIX). 

We prepared  the phenylca rbamates  (XX) and (XXI) f r o m  compounds XV and XVI. 

We a t tempted to acylate  2 -hydroxy-3-pheny l -5 -ch lo robenzofuran  (XV) at  the hydroxyl group with ch lo ro -  
acety l  chloride.  However,  instead of the expected 2-ch loroace toxymethy l  der iva t ives  we isolated 2 -ch lo rome th -  
y l -3 -pheny l -5 -ch lo robenzofu ran  (XXII), i.e., substitution of the hydroxyl group by chlorine occurred .  

We found that oxidation of the 2-hydroxymethyl  compound (XV), (XVI), and (XVIII) with the p y r i d i n e - c h r o -  
mic anhydride complex formed the 2 - fo rmy l  der iva t ives ,  namely  2 - fo rmyl -3 -pheny l -5 -ch lo ro - (XXII I ) ,  2 - f o r m y l -  
3 -pheny l -5 -b ro  mo-  ( XXIV), and 2 - f o r m y l - 3 - ( p - c h l o r o  phenyl) -5-chlo robenzofuran (XXV). 

We cha rac t e r i zed  aldehydes (XXIII) and (XXIV) as  the th iosemicarbazones  (XXVI) and (XXVII) and i so-  
nicot inoylhydrazones (XXVIII) and (XXIX) (see scheme  on following page). 

E X P E R I M E N T A  L B I O L O G Y  

We evaluated the toxicity in white mice of both sexes  weighing 18-28 g. Compounds were adminis te red  
as  suspensions in 2% s ta rch  s lur ry .  Five an imals  received the compound at  each dose level;  LDs0 was ca lcu -  
lated a f t e r  G. N. Pe r sh in  [5]. 

We a s sayed  the an t ia r rhy thmic  act ivi ty in white r a t s  against  aconit ine-induced disruption of the cardiac 
rhy thm [6]. Aconitine was admin i s t e red  intravenously in a dose of 30/~g/kg. The tes t  compounds were  admin-  
i s te red  in t ragas t r i ca l ly  in doses  of 10% LDs0 30-40 min before aconitine.  The novocainamide used for c o m -  
pa r i son  was admin i s t e red  intravenously in a dose of 50 mg/kg  to counterac t  the a r rhy thmia .  
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TABLE 2. A n t i m i c r o b i a l  Ac t iv i t y  of  the Be nz o fu ra n  D e r i v a t i v e s  

Staphy-  Micro- Tricho- Act ino-  I 
S t rep tococcus  Achor ion  I Cand ida  

C o m p o u n d  lococcus  sporum p h y t o n  myces  1 

m i n i m u m  inh ib i to ry  concen t ra t ion ,  #g/rot  

Ix 

x 

XXI! 
XXIV 

inactive 

62,5 

inact ive  
1% 

i 

inact ive 

62,5 

inact ive  
125 

J 

inact ive 
HO 

>> 
>> 

inac t ive .  

HO 

)} 

250 

inact ive  
HO 
5O0 

inactive 
HO 

250 

inact ive  
Ho 
50O 

inact ive  
HO 

500 

inactive 
H0 
500 

HO 

.,~'-z~ ~ -  ~2--.zsr 

- q S . o  v -o- - o,  ooo oo., 

Z~ Z~  -2Z7 fZ, 227 

/ >. 

S 
2m~, ~2x 22t7, xE~ r 

XII:R r H; XIII,R' =CI; XIV:R':  CHaO; XV:R- CI, R' H; 
XVI:R:==Br, R'-=H; XVII:R=-CHa, R': :H; XVIII:R R' =C1; 

XIX:R: :C1; R' :CHaO; XX:R :CI; XXI:R:~Br; 
XXIII:R--C1, R'-=H; XXlV.-R=Br, R ' = H ;  XXV:R=R'=:C1;  

XXVI : R -: Cl; XXVII : R = Br; XXVIII : R -- C1; XXIX : R -- Br. 

The t ox i c i t y  ( LD~0 ) of  c o m p o u n d s  XX, XXVIII,  and  XXIX is  842.5-910 m g / k g .  Compound  XXI p r o d u c e d  no 
s y m p t o m s  of  po i son ing  in a dose  of  1500 m g / k g .  

A d m i n i s t r a t i o n  of  acon i t i ne  (0.03 mg/kg)  to r a t s  induced a f t e r  4 -8  min  p r o l o n g e d  (up to 1.5 h and more)  
d i s r u p t i o n  of  the c a r d i a c  rhy thm.  The a n t i a r r h y t h m i c  e f f ec t  o f  c o m p o u n d s  XX, XXI, and XXVIII w a s  a p p a r e n t  
only  in s o m e  o f  the t e s t s  and  was  typ i f i ed  by the p o s t p o n e m e n t  of  the o n s e t  of a r r h y t h m i a  a f t e r  a d m i n i s t r a t i o n  
o f  acon i t i ne  f r o m  4-8  rain to 10-11 min.  The o t h e r  t e s t  c o m p o u n d s  d i s p l a y e d  no a n t i a r r h y t h m i c  a c t i v i t y  
(Table  1). 

We a s s a y e d  the a n t i m i c r o b i a l  a c t i v i t y  of  c o m p o u n d s  IX, X, XIII,  XIV, XVIII-XXIV,  XXVIII,  and  XXIX in 
v i t r o  by s e r i a l  d i lu t ion  in n u t r i e n t  b r o t h  [7] t o w a r d  nine s p e c i e s  of G r a m - n e g a t i v e  and G r a m - p o s i t i v e b a c t e r i a  
and  f ive s p e c i e s  of  pa thogen ic  fungi.  We found tha t  only  c o m p o u n d s  IX, X, XXII, and XXIV have any m a r k e d  
a n t i m i c r o b i a l  a c t i v i t y  (Table  2). 

The 2 - t h i o c y a n a t o m e t h y l - 3 - p h e n y l b e n z o f u r a n  wi th  a 5 - c h l o r o  s u b s t i t u e n t  (IX) has  fung i s t a t i c  ac t iv i t y .  
R e p l a c e m e n t  of  c h l o r i n e  by b r o m i n e ,  compound  X, r e s u l t s  in the a p p e a r a n c e  o f  b a c t e r i o s t a t i c  a c t i v i t y .  The 
s a m e  a p p l i e s  to c o m p o u n d s  XXII and XXIV. 

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

The PMR s p e c t r a  w e r e  r e c o r d e d  on a J e o l  J N M - 4 H - 1 0 0  (Japan) wi th  t e t r a m e t h y l s i l a n e  a s  i n t e r n a l  s ta r t -  
d a r d .  

2 - B r o m o m e t h y l - 3 - p h e n y l - 5 - a c e t o x y - 6 - b r o m o b e n z o f u r a n  (I). To a r e f lux ing  so lu t ion  o f  2 - m e t h y l - 3 - p h e n y l -  
5 - a c e t o x y b e n z o f u r a n  (1.3 g, 0.005 mole) in c a r b o n  t e t r a c h l o r i d e  ( 10 ml) was  a d d e d  d r o p w i s e  wi th  v i g o r o u s  
s t i r r i n g  a so lu t i on  of  b r o m i n e  (0.51 ml ,  0.01 mole) in c a r b o n  t e t r a c h l o r i d e  (5 ml) .  The m i x t u r e  w a s  then s t i r r e d  
and  hea ted  fo r  3 h. The so lven t  was  s t r i p p e d  off. The r e s i d u e  w a s  c h r o m a t o g r a p h e d  on a s i l i c a  g e l  c o l u m n ;  
the r e a c t i o n  p r o d u c t s  w e r e  e lu t ed  wi th  benzene .  The y i e l d  of  I was  0.8 g, (37.8%), mp 149-150~ ( f r o m  i s o p r o -  
py l  a l coho l ) .  PMR s p e c t r u m  (DMSO), 5, ppm:  2 .31s  (CH3), 4 .82s  (CH 2) 7.52s (7H), 8 .08s  (4H), 7.55 (C8H5)~ 
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Found, %: C 48.47; H 2.75; Br  37.30. C17H12Br203. Calculated,  %: C 48.15; H 2.85; Br  37.69. The yield of 
2 -b romomethy l -3 -pheny l -5 -ace toxybenzofu ran  was 0.3 g (17.4%). 

2 -Methy l -3 -pheny l -6 -ace toxybenzofuran  (II). A solution of 2 -methy l -3 -pheny l -6 -hydroxybenzofuran  
(3 g) in acet ic  anhydride (18 re_l) and t r ie thylamine (0.1 ml) was reflu_xed for  1 h. The bulk of the acet ic  anhy- 
dride was s tr ipped off under  vacuum. Water  was added to the residue and the precipi ta te  was separa ted .  The 
yield was 87%, mp 78-79~ ( f rom methanol). Found, %: C 77.00; H 5.40. C17H1403. Calculated,  %: C 76.68; 
H 5.30. 

2 -Bromomethy l -3 -pheny l -6 -ace toxybenzofu ran  (III) was p repared  in the same way as  compound (I). 
Yield 66.8%, mp 96-98~ ( f rom isopropyl  alcohol). Foumd, %: Br  23.76. C17H13 BrO~. Calculated,  %: Br23.15.  

2 -Methy l -3 -pheny l -4 ,6 -d ib romo-5-hydroxybenzofu ran  (IV). To a suspension of 2 - m e t h y l - 3 - p h e n y l - 5 -  
hydroxybenzofuran (3,3 g, 0.015 mole) in carbon te t rachlor ide  (40 rnl) was  added dropwise with s t i r r ing  at  
22r a solution of bromine (2.4 ml, 0.015 mole) in carbon te t rachlor ide  (10 ml). The mixture  was then s t i r r ed  
for  1.5 h. The solvent was s tr ipped off under  vacuum and the residue was rec rys ta l l i zed  f r o m  methanol. The 
yield was 2.7 g (60%), mp 102-103~C. Found, %: C 46.67; tI 2.69. C15ttilBr202. Calculated, %: C 47.10; 
H 2.64. 

2 -Methy l -3 -pheny l -4 ,6 -d ib romo-5-ace toxybenzofu ran  (V) was p repared  in the same way as  compound II. 
The yield was 33%, mp 99-100~ ( f rom isopropyl  alcohol). PMR spec t rum (DMSO), 5, ppm: 2.29 and 2.35s 
(CH3) , 7.64d (7H), 7.34 (C6H5). Found, %: C 48.11; H 3.23; Br  38.02. C17HI2Br203. Calculated,  %: C 48.14; H 
2.85; Br  37.70. 

2 -I)henylthio methyl-3 -phenyl -5-ace toxybenzofuran  (VI)_. To 2-bro  mo methyl-3 -pheny l -5 -ace toxybenzo-  
furan, p repa red  f r o m  2 -me thy l -3 -pheny l -5 -ace t exybenzofu ran  (0.005 mole), was added a solution of po tass ium 
hydroxide (0.28 g, 0.005 mole) and thiophenol (0.51 ml, 0.005 mole) in absolute alcohol (7 nil). The react ion  
mixture  was allowed to stand a t  room t empera tu r e  for  3 h and then poured into water .  The precipi ta te  was 
r ec rys t a l l i zed  f r o m  alcohol. The yield was 0.9 g (48%), mp 92-93~C. Found, %: C 73.46; H 4.81; S 8.41. 
C23H1803S. Calculated,  %: C 73.86; H 4.85; S 8.57. 

2 -Pheny l th iomethy l -3 -pheny l -5 -hydroxybenzofuran  (VII). A solution of VI (0.6 g, 0.0016 mole) in ethanol 
(60 ml) was refluxed for  1 h with po tass ium hydroxide (0.09 g, 0.0016 mole). The bulk of the alcohol was 
s t r ipped off. The res idue was poured into wa te r  and acidified with hydrochlor ic  acid. The precipi ta te  was 
separa ted .  The yield was 0.52 g (97%), mp 112-113~ (f rom carbon te t rachlor ide) .  Found, %: S 9.09. C21H16SO 2. 
Calculated,  %: S 9.64. 

Methyl [ (3-Phenyl -5-chlorobenzofuran-2-y lmethyl )  thto]acetate (VIII). A solution of 2 - b r o m o m e t h y l - 3 -  
phenyl -5-ch lorobenzofuran  (9.63 g, 0.03 mole) in e the r  (170 ml) was s t i r r ed  with the sodium sal t  of  methyl 
thioglycollate (3.84 g, 0.03 mole) at 22~ for  6 h. The precipi ta te  was f i l tered off, e the r  was s tr ipped off, and 
the residue was dist i l led.  The yield was 7.4 g (71.5%), bp 238-240~C (1 mm). Found, %: C 62.40; H 4.42; C1 
s S 9 .72.  C/sHtsC1SO 3. Calculated, %: C 62.33; H 4.36; C1 10.22; S 9.24. 

2 -Thiocyana tomethy l -3-phenyl -5-ch lorobenzo2uran  (IX). A refluxing solution of 2 - b r o m o m e t h y l - 3 -  
phenyl -5-ch lorobenzofuran  (1.6 g, 0.005 mole) in glacial  acet ic  acid (10 ml) was t rea ted  with po tass ium thio-  
cyanate  (0.8 g, 0.0085 mole) and kept overnight  a t  22~ The reac t ion  mixture  was diluted with water  and the 
prec ip i ta te  was r ec rys t a l l i zed  f r o m  methanol.  The yield was 0.3 g (20%), mp 69-71~ Found, %: C 64.12; 
H 3.28; CI 11.89; S 10.65. C16H10C1NOS. Calculated,  %: C 64.10; H 3.36; C1 11.83; S 10.70. 

2 -Th iocyana tomethy l -3 -pheny l -5 -b romobenzofu ran  (X) was p repared  in the same way as  eompotmd IX. 
The yield was 61%, mp 88 .5 -89~  ( f r o m  methanol).  Found, %: C 56.13; H 2.90; Br  23.50; S 9.19. C16H10BrNOS. 
Calculated,  %: C 55.82; H 2.93; Br  23.21; S 9.31. 

2 -Die thy laminomethy l -3 -pheny l -5 -ace toxy-6 -b romobenzof i l r an  Hydro chloride (XI)_ To a solution of I 
(0.01 mole) in benzene (30 ml) was added diethylamine (0.02 mole). The reac t ion  mixture  was left  at  room 
t e m p e r a t u r e  fo r  12 h. The precipi ta ted diethylamine hydrobromide  was f i l tered off and the benzene was 
s t r ipped ofs The res idue  was dissolved in e the r  and t rea ted  with e therea l  hydrogen chlor ide.  The yield was  
57.5%, mp 214-215~  ( f rom m e t h a n o l - a c e t o n e - e t h e r ) .  Found, %: C 55.32; H 5.14; Br  17.42; C1 7.71. 
C21H22BrNO3.HCl. Calculated,  %: C 55.71; H 5.12; B r  17.65; C1 7.84. 

2 -Methgxymethy l -3 -pheny l -5 -ch lo robenzofuran  (XII). A solution of 2 - b r o m o m e t h y l - 3 - p h e n y l - 5 - c h l o r o -  
benzofuran (1 g, 0.0031 mole) in methanol (5 ml) was  refluxed for  3 h. Af te r  cooling the precipi ta te  was sepa-  
rated.  The yield was 0.7 g (84%), mp 96-97~ ( f rom methanol).  PMR s p e c t r u m  (DMSO + d-acetone),  5, ppm: 

817 



3~ (OCE3), 4.55s (CH2), 7.35d (6H), 7,45-7.68 (4H, 7H, C6H5). Found, %: C 70.37; H 4.72; C1 13,07. 
C16H13C10~. Calculated, %: C 70.46; H 4.80; C1 13.00. 

The same method as for compound XII was used to prepare: a) 2-methoxymethyl-3-(p-chlorophenyl)-5- 
c_hlorobenzofuran (XIII), yield 65.2%, mp 123-124~ (from methanol). Found, %: C 62.63; H 4.03; C1 22.79. 
C16H12C1202. Calculated, %: C 62.60;H3o93;C1 23.09. b)2-methoxymethyl-3-(p-methoxymethyl)-5-chloro- 
benzofuran (XIV), yield 96%, mp 81-83~ (from isopropylalcohol). Found, %: C 67.30; H 4.90; C1 12.08. 
C17HI~C103. Calculated, %: C 67.61; H 5~ C1 11.74. 

2-Hydroxymethyl-3--phenyl-5-chlorobenzofuran (XV). 2-Bromomethyl-3-phenyI-5-chlorobenzofuran 
( 1 g, 0.0031 mole) was refluxed for 3 h in a mixture of dioxane (7 ml) and water (5 ml). The reaction mixture 
was diluted with water and the precipitate was recrystall tzed from aqueous acetic acid. The yield was 0.7 g 
(87%), mp 140-141~C. PMR spectrum (CDC13) , 6, ppm: 4.73s (CH2), 7.19-7.44 (C6H~), 10.14s (OH). Found, %: 
C69.24;H 4.38; C1 13.76. C15HllCIO 2. Calculated, %: C 69.64; H 4.28; C1 13.71. 

Like compound XV the following were prepared: a) 2-hydroxymethyl-3-phenyI-5-bromobenzofuran (XV1), 
yield 97%, mp 132-134~ (from aqueous acetic acid). Found, %: Br 26.59. C15tIllBrO 2. Calculated, %: Br26.36 
b) 2-hydroxymethyl-3-phenyl-5-methylbenzofuran (XVII), yield 42%, mp 100-102~ Found, %: C 80.87; H 5.64. 
C16HI402. Calculated, %: C 80.65; H 5.92; c) 2-hydroxymethyl-3-(p-chlorophenyl)-5-chlorobenzqfuran (XVIH), 
yield 69.5~, mp 124-125~ (from methanol-DMF). Found, %: C 61.60; tt 3.43; C1 24.30. C15H10C1202. Calcu- 
lated, %: C 61046; LI 3.44; C1 24.19; d) 2-hydroxymethyl-3-(p-methoxyphenyl)-5-chlorobenzofuran (XLY), yield 
79.8%, mp 121-123~C (from acetic acid). Found, %: C 66.93; H 4.34; C1 12.51. C16H13C103. Calculated, %: 
C 66.56; I~ 4.53; C1 12.28. 

2-Hydroxymethyl-3-phenyl-5-chlorobenzofuran Phenylcarbamate (XX). Compound XV (2.59 g, 0.01 mole) 
and phenyl isocyanate (1.08 ml, 0.01 mole) in benzene (30 ml) were kept at 22~ for 2 days. The solvent was 
stripped off and the residue was recrystall ized from methanol. The yield was 3.1 g (82.3%), mp 161-162~ 
Found, %: C 69.94; H 4.00; C1 9.25. C22H16C1NO 3. Calculated,.%: C 69.94; H 4.27; C1 9.38. 

2-Hydroxymethyl-3-phenyl-5-bromobenzofuran Phenylcarbamate (XXI) was prepared in the same way as 
compound XX. The yield was 69%, mp 233-235~ ( f rom methanol). Found, %: C 62.63; H 3.75; Br 18.52. 
C22H16BrNO3. Calculated, %: C 62.57; H 3.82; Br  18.92. 

2-Chloromethyl-3-phenyl-5-chlorobenzofuran (XXH). Compound XV (3 g, 0.0116 mole) and ehloroacetyl 
chloride (4 ml, 0.053 mole) in dioxane (6 ml) were refluxed for 6 h in the presence of a catalyticamount of 
p-toluenesulfonie acid. The solvent was stripped off. The residue was chromatographed on a silica gel column; 
the reaction products were eluted with carbon tetrachloride. The eluate was evaporated. The yield of XXII was 
2.55 g (79.4%), mp 121-122~ (from ethyl acetate). Found, %: C 65.10; H 3.70; CI 25.12. C15HIoC120. Calcu- 
lated, %: C 65.01; H 3.64; CI 25.58. 

2-Formyl-3-Phen~l-5-chlorobenzofuran (XXIII). To a mixture of chromic anhydride (0.78 g) and pyridine 
(8 re.l) was added compound XV (1 g, 0.004 mole). The mixture was shaken and kept at 22~ overnight. Next 
day the reaction mixture was diluted with 19% hydrochloric acid and extracted with chloroform. The chloro- 
form was stripped off. The residue was chromatographed on a silica gel column; the reaction products were 
eluted with chloroform. The yield was 0.35 g (35.4%), mp 133-135~C (from aqueous acetic acid). IR spectrum: 

1680 cm-1. Found, %: C 70.41; tt 3.62; C1 13.79o C15HgC102. Calculated, %: C 70.19; H 3.53; CI 13.81. VC ~ O  
The same method as for compound XXIII was used to prepare: a) 2-formyl-3-phenyl-5-bromobenzofuran 

(XXIV), yield 56.3%, mp 135-137~ ( f rom aqueous acetic acid). Found, %: C 59.82; H 3.01; Br 26.80. C15Hs]3rO 2. 
Calculated, %: C 59.82; H 3.01; Br 26.54; b) 2-formyl-3-(p-chlorophenyl)-5-chlorobenzofuran (XXV), yield 
44.6%, mp 201-203~ (from isopropyl alcohol-DMF). Found, %: C 61.66; H 2.83; C1 24.56. C15148C1202. 
Calculated, %: C 61.91; H 2~ C1 24.36~ 

2-Formyl-3-phenyl-5-chlorobenzofuran Thiosemicarbazone (XXVI). A suspension of compound XXIII 
(1 g, 0~ mole) and thiosemicarbazide hydrochloride (0,51 g, 0.004 mole) in ethanol (10 ml) and dioxane (10ml) 
was heated until boiling and then left overnight. The precipitate was separated and recrystall ized from 
dioxane-methanol.  The yield was 1 g (78%), mp 300~ Found, %: C 58.69; H 3.65, N 2.75, S 9.60. CI6HI2CIN3. 
OS. Calculated, %: C 58.27; H 3.67; N 12.74; S 9.72. 

2-Formyl-3-phenyl-5-brom_obenzofuran Thiosemicarbazone (XX~VI1) was prepared in the same way as 
compound XXVI. The yield was 18.7%, mp 267-269~ Found, %: C 51.09; H 3.37; N 10.93. CisI-]i2]3rN3OS. 
Caleulatedj %: C 51.35; H 3.23; N 11.23. 
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2-Formyl -3 -pheny l -5 -ch lo robenzofu ran  Isonicotinoylhydrazone (XXII1). A solution of compound XXIII 
(4.5 g, 0.0175 mole) and isonicotinic acid hydrazide (2.4 g, 0.0175 mole) in a mixture of ethanol (20 ml) and 
dioxane (10 ml) was refluxed for  3.5 h. After  cooling the precipi tate  was f i l tered off. The yield was 3.7 g 
(54%), mp 150~ (from methanol). Found, %: C 64.21; H 4.09; C1 9.00; N 10.67. C21H14C1N302. Calculated, %: 
C 64.04; H 4.09; CI 9.00; N 10.67. 

2 -Formyl -3 -pheny l -5 -b romobenzofu ran  Nicotinoylhydrazone (XXIX) was prepared  in the same way as  
compound XXVIII. The yield was 69%, mp 233-235~ Found, %: C 57.93; H 3.64; B r  18.34; N 9.51. C21I-]14. 
BrN302.H20. Calculated, %: C 57.55; H 3.68; Br  18.23; N 9.59. 
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E a r l i e r  work has shown that 2-methylene-3-oxoquinucl idine (I), which is a bicyclic a, ~-unsaturated 
ketone, readily adds nucleophiles - malonate es te r s ,  water,  alcohols, amines,  and phenols [1-6] - f o r m i n g  2-  
substituted 3-oxoquinuclidines.  We have at tempted to move f rom the unsaturated kei~ne (1) to condensed he te ro -  
cycl ic  der ivat ives  of quinuclidine and to study the i r  biological p roper t i es  by examining the react ions  of I with 
some bifunctional nucleophiles,  notably o-phenylenediamine and its C-methyl  derivatives.  

o-Phenylenediamines  reac t  with I a t  both functional groups to fo rm l l ,  l la-dihydro-1OH-quinuclidino [2, 
3 -c ] - l ,5 -benzodiazepine  (ID and its 7,8-dimethyl derivat ive (II1). We c a r r i e d  out the react ion at  room t e m p e r -  
a ture  in protic alcohols) and aprotic (dioxane) solvents. The yield of compound II was substantially lower in 
the lat ter .  

We examined the proper t ies  of the synthetic polycyclic der ivat ives  of quinuclidine. Compound II is un-  
stable toward acidic reagents ;  e therea l  or  alcoholic hydrogen chloride c leaves  II to fo rm 2-[(2-aminophenyl) �9 
amino]methyl-3-oxoquinuclidine dihydrochloride (IV), which regenera tes  the te t racycl ic  compound II on t r ea t -  
ment with aqueous sodium bicarbonate.  Compound II is stable toward weaker  acids forming a ta r t ra te  with 
t a r t a r i c  acid, and is also stable when heated with water.  ( see scheme on following page). 

Sodium borohydride reduction of II and III genera tes  the 4a,5,11,11a-tetrahydro-10H-quinucl idino[2,3-c]-  
1,5-benzodiazepines (V) and (V1). The benzodiazepine compound (V) forms  the 10-acetyl  (VII) o r  5,10-diacetyl  
(VIII) derivat ive,  depending on the react ion conditions. Conversely  heating with two equivalents of benzoyl 

S. Ordzhonikidze All-Union Scient i f ic -Research  Pharmaceut ica l  Chemis t ry  Institute, Moscow. Trans la ted  
f rom Khimiko-Farmatsevt ichesk i i  Zhurnal, Vol. 13, No. 8, pp. 45-51, August, 1979. Original ar t ic le  submitted 
January 16, 1979. 
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