
washed succes s ive ly  with wate r ,  2 0% HC1, and w a t e r  and dr ied  succes s ive ly  with K2CO 3 and sodium meta l .  The 
e the r  was  r e m o v e d  by dist i l lat ion,  and the produc t  was vacuum dist i l led.  In the p repa ra t ion  of low-boil ing 2-  
fu ry lcyc lopropane  de r iva t ives  the l a t t e r  we re  r emoved  toge ther  with the wa te r  and excess  hydraz ine hydrate  by 
dis t i l la t ion and were  then ex t rac ted  f r o m  the dis t i l la te  by means  of e the r  and obtained f r o m  the ex t r ac t s  as in 
the method desc r ibed  above. 

2 - F u r y l c y c l o p r o p a n e  (IV). A 42-g (0.2 mole) sample  of 1 - { 2 - f u r y l ) - 3 - d i m e t h y l a m i n o - l - p r o p a n o n e  was 
added with shaking to a mix tu re  of 150 ml  of diethylene glycol ,  11.2 g (0.2 mole) of KOH, and 33 ml  (0.6 mole) 
of hydrazine  hydrate ,  a f t e r  which per iod ic  shaking was continued fo r  ano ther  30-40 rain. The mix tu re  was then 
heated on an oil bath  at  140 ~ for  4 h, a f t e r  which it was  al lowed to stand fo r  1 h without heating. Another  11.2 g 
of KOH was added, and the mix tu re  was heated to 230 ~ (bath t empera tu re )  a f t e r  the condenser  was  adjusted fo r  
dist i l lat ion,  during which ni t rogen was evolved, and the 2 - fu ry lcyc lopropane  dis t i l led f r o m  the mix tu re  along 
with the w a t e r  and excess  hydrazine  hydra te .  The organic  l aye r  was s epa ra t ed  f r o m  the aqueous l ayer  and 
washed  succes s ive ly  with water ,  rapidly  with 2.5% HC1 and 20% KOH, and water ,  a f t e r  which it was  dr ied  suc-  
c e s s i v e l y  with KzCO 3 and sodium metal .  Dist i l lat ion o v e r  Na in a s t r e a m  of ni t rogen gave 11.2 g (50%) of 2-  
fu ry lcyc lopropane .  
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S Y N T H E S I S  O F  2 - P H E N Y L - 4 - H Y D R O X Y B E N Z O F U R A N  

D E R I V A T I V E S  

A.  N. G r i n e v ,  V.  M. L y u b c h a n s k a y a ,  
G .  Y a .  U r e t s k a y a ,  a n d  T .  F .  V l a s o v a  

UDC 547.728.1.07 : 543.422.25 

2- Pheny l -4 -  hydroxybenz ofuran was obtained by dehydrogenat ion of 2 -pheny l -4 -oxo-  4, 5,6,7- 
t e t rahydrobenzofuran  under  the influence of sulfur .  The t r ans fo rma t ions  of 2 - p h e n y l - 4 - h y -  
droxybenzofuran  and its de r iva t ives  w e r e  studied.  

In con t ra s t  to 5- and 6-hydroxybenzofuran  der iva t ives ,  4 -hydroxybenzofuran  der iva t ives  a r e  re la t ive ly  
inaccess ib le  and have not been  studied in detail .  However,  they a r e  of p a r t i c u l a r  in te res t  as  he teroanalogs  of 
biological ly act ive  4-hydroxyindole  de r iva t ives  [1]. 

The p r e s e n t  r e s e a r c h  is a continuation of ou r  s tudies of 4-hydroxybenzofuran  de r iva t ives  [2]. We found 
that 2 -pheny l -4 -hydroxybenzofu ran  (Ia) is f o r m e d  in high y ie ld  in the dehydrogenat ion of 2 -pheny l -4 -oxo-  
4 ,5 ,6 ,7 - te t rahydrobenzofuran  [3] with sulfur .  Compound Ia was p rev ious ly  isolated in ve ry  low yie ld  in the r e -  
act ion of r e so rc ino l  and w-diazoacetophenone [4]. 
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The PMR s p e c t r u m  of Ia contains two mult iplets  - a t h r ee -p ro ton  mult ip le t  cen te red  at 7.41 ppm and a 
two-proton mult iplet  cen te red  a t  7.87 p p m -  which, with r e s p e c t  to the c h a r a c t e r  of the i r  split t ing, r ema in  
p rac t i ca l l y  unchanged a lso  in the s p e c t r a  of der iva t ives  lb,c ,g-j  (see below). Both of these mul t ip le ts  we re  
the re fo re  ass igned  to the pro tons  of a phenyl subst i tuent .  In addition, the s p e c t r u m  of Ia contains a s inglet  at  
7.30 ppm, which in this s y s t e m  can belong only to the 3 -H quar te t ,  a quar te t  at 6.66 ppm with J1 = 8.5 Hz and 
J2 = 1.5 Pz, which, according to the spli t t ing and the chemica l  shift,  was ass igned to the 5-H proton,  and s ignals  
of two protons  at  7.05 ppm.  The l a t t e r  s ignals  a re  re la ted  to the protons  in the 6 and 7 posi t ions .  The a s s ign-  
men t  of the signal at 6.66 ppm to the 5-H proton r a t h e r  than to the 7:H pro ton  was made on the ba s i s  of thei r  
chemica l  shifts .  Although both protons  a r e  in the ortho posi t ion re la t ive  to the oxygen-containing substi tuent ,  
the donor effect  of the furan  oxygen a tom is cons iderably  weakened due to inclusion of its unshared  p a i r  of 
e lec t rons  in the s y s t e m  of a roma t i c  conjugation. Owing to t h i s  and to the effect  of the ring cu r r en t s  of the 
furan  ring, the s ignal  of the 7-H proton should be found at weake r  field as compa red  with 5-H. 

The bromina t ion  of Ia with 1 mole of b romine  p roceeds  ambiguously,  and only 2 - p h e n y l - 4 - h y d r o x y - 7 -  
b romobenzofuran  (ib) was isolated f r o m  the mix tu re  of subs tances .  The s t ruc tu re  of the l a t t e r  is conf i rmed  
by the PMR s p e c t r u m  in which, in addition to the s ignals  of a phenyl group (7.40 and 7.84 ppm), a s inglet  at  
7.32 ppm {3-H) and two doublets with J = 8.5 Hz a re  observed .  The doublet at 6.53 ppm was ass igned to the 
5-H proton on the bas i s  of its chemica l  shift; the o ther  doublet  (7.14 ppm) is the 6-H signal.  The b romine  in 
lb is consequently in the 7 posi t ion.  Bromina t ion  of benzofuran  Ia with excess  b romine  leads exclus ively  to 2-  
pheny l , 3 , 5 , 7 - t r i b rom o-4 -hyd roxybenzo fu ran  (Ic). The PMR s p e c t r u m  of the l a t t e r  contains a signal at 7.52 
ppm, which, consider ing or ient ing effect  of the hydroxyl  group in the phenyl ring, can be confidently ass igned 

"to the 6-H proton.  

As in the case  of o ther  4- ,  5-,  and 6-ace toxybenzofurans  [2, 5], the bromina t ion  and ni t ra t ion of 2 -phenyl -  
4 -ace toxybenzofuran  (Id) lead only to the 3 - b r o m o  (Ie) and 3 -n i t ro  (If) de r iva t ives .  2 - P h e n y l - 3 - b r o m o -  (Ig) and 
2 -pheny l -3 -n i t r o -4 -hyd roxybenzo fu ran  (Ih), r espec t ive ly ,  we re  obtained by hydrolys is  of Ie and If. 

The p r e s e n c e  of subst i tuents  in the3 posi t ion in Ig and Ih is conf i rmed  by the PMR spec t r a .  The PMR 
s p e c t r u m  of Ig is ve ry  c lose  with r e s p e c t  to the posi t ion and mult ipl ic i ty  of the s ignals  to the s p e c t r u m  of s t a r t -  
ing Ia and differs  f r o m  it with r e s pec t  to the absence  of the s inglet  ass igned to the 3-H proton in the sp ec t ru m 
of Ia. Compound Ig is consequently 2 -pheny l -3 -b romo-4 -hyd roxybenzo fu ran .  The pronounced over lapping of 
the s ignals  in the PMR s p e c t r u m  of Ih ( three-  and f ive -pro ton  mult ip le ts  at 7.46 and 7.92 ppm, respect ive ly)  
hinders  the de te rmina t ion  of the posi t ion of the ni t ro group. However,  consider ing the effect  of the ni t ro group 
on the chemica l  shifts  and the mult ipl ic i ty  of the protons  in var ious  posi t ions  of the molecule ,  as well  as the 
absence  of a s inglet  that would be unambiguously identified on the background of marked ly  spl i t  mul t ip le ts ,  it 
can be concluded that the subst i tuent  is in the 3 posi t ion.  

The ni t ra t ion of benzofuran Ia p roceeded  ambiguously,  and only 2 -pheny l -4 -hydroxy-5 ,7 -d in i t robenzo-  
furan (Ii) was  isolated f r o m  the mix ture  of r eac t ion  products .  Two singlets  (7.80 and 8.75 ppm) a re  obse rved  
dis t inct ly in addition to the mul t ip le ts  of the phenyl ring in the PMR s p e c t r u m  of Ii; this indicates incorpora t ion  
of both nitro groups  in the benzene ring of the molecule .  Moreover ,  according to the additive effect  of subst i tu-  
ents [6], the weak- f ie ld  value of 8.75 ppm is poss ib le  only fo r  the 6-H proton,  which is under  the influence of 
two o-n i t ro  groupS. The second signal  (7.8 ppm) consequently belongs to the 3-H proton.  

OR ~ 0 

R 2 ~ R  ' ~ B r  

R 3 Br 
l a - /  II 

i a 4 l ~ ~ 3 I a 4 1 ~ Z 4 I a R = R 2 = R  = R  = H .  b R = R  = R  = H  R = B r '  C R =R'~=R = B r  R =H"  d R = R  = R  = H ,  R -  
=COCHa'  e R~=Br I~'2=Ra=t-I R'--CQCi-a" f I~=NO2 R~=Ra=H ' R '=COCHa;  g R~=Br, R2=R a= 

4 a 4 4 2 a 1 4 2 a = R  = H ; ' h  R = N O ~  ' R2=R =f f  = H ;  1 R " R  =H~ R = R ' = N O 2 ;  j I~'=R =~I,  R =NO2, R = B r ;  k R =  
= B r ,  R2=RS=NO2, R4=H; l R = R a = B r ,  R 2=OH,  R = H .  

It  is known that quinones a re  fo rmed  in the reac t ion  of halogen der iva t ives  of hydroxybenzofuran with 
ni t r ic  acid [2, 7]. In connection with the in te res t  in quinones of the benzofuran s e r i e s ,  we studied the reac t ion  
of b romo der iva t ives  113 and Ic, obtained in the p r e s e n t  r e s e a r c h ,  with ni t r ic  acid. However,  a quinone is not 
f o r m e d  in the reac t ion  of ni t r ic  acid with ib, and the reac t ion  gives  two subs tances  - 2 - p h e n y l - 4 - h y d r o x y - 5 -  
n i t r o - 7 - b r o m o b e n z o f u r a n  (Ij) and 5 ,7-dini t ro  der iva t ive  Ii. The l a t t e r  is f o rmed  by r ep l acemen t  of the b romine  
in the 7 posi t ion by a ni t ro  group. Rep lacement  of b romine  by a ni t ro group in the benzofuran  s e r i e s  has been 
p rev ious ly  obse rved  [7]. The PMR s pec t rum  of Ij is s i m i l a r  with r e spec t  to its mult ipl ic i ty  to the PMR spec -  
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T A B L E  1. C h a r a c t e r i s t i c s  of the C o m p o u n d s  Ob ta ined  

C o m -  
~und 

Ia  
lb 
]c 
Id 
l,e 
If 

Ii 

l l  
II 

rap, ~ 

161_1629,b 
124--125~ 
202--203~ 
64--65.5 ~ 
97--99 r _ 

168--169~ 
144--145~ 
183--185 ~ 
223--224~ 
182--183 .n 
21t--213g 
155L5 , 
180--182g. u 

�9 Found,% Empirical 
formula 

Calculated' % 

C [ rI [ Br [ N 

80,0 5,2 --  - -  
58,3 3,1 27,6 
37.2 1,8 54.0 
76,2 5.0 
58,0 3.4 2~.0 
64,7 3.6 ~-,7 
58,0 3,2 2"~,6 
66,0 3,4 ~-,9 
56.2 2.7 - -  9.3 
50.2 2.5 24,1 3,8 
44,3 2.0 21.! 7,3 
43,8 2,1 
43,7 1,7 41.5 

Ct4HloO2 
CI4HgBrO2 
C14HzBraO2 
C16H1203. 
CIsHuBrO3 
CIBH~INO5 
Cl~HgBrOz 
C.HgNO4 
CI4HsN20~ 
C~4HsBrNO4 
CI4HrBrNO6 
CI4HsB~03 
C14H~Br=O3 

I 
80,0 [ 4,8 --  
58,21 3,1 27,6 
37,6 ! 1,6 53,6 
76,21 4,8 
58,01 3,4 2~,1 
64,7 [ 3,7 
58,21 3,, ~ 6  
65,91 3,5 
56,01 2,7 
50,31 2,4 K 9  
44,3[ 1,9 21,1 
43.81 2,1 
44,01 1,6 4-~,8 

CI"IB'IN 

4,7 

9,3 
4,2 
7,4 

Yield; 
% 

72 
29 
96 
64 
90 
78 
98 
96 
20 
16 
45 

100 
21 

a F r o m  CCI 4. 
b T h e  m e l t i n g  po in t s  and a n a l y t i c a l  d a t a  f o r  Ia a r e  not  p r e s e n t e d  
in [41. 
C F r o m  C HCI3. 
d F r o m  h e x a n e .  
e F r o m  a l coho l .  
f F r o m  b e n z e n e .  
g F r o m  a c e t o n e .  
h w i t h  d e c o m p o s i t i o n .  

T A B L E  2. D a t a  f r o m  the PMR s p e c t r a  (6, ppm) of I a - c , g - j  

' C ' Q m -  
3-H pound 

I a 7,30 
I b 7,32 
Ic 

u 7~o 
lj 7,62 

,.H i o.,, i ,.,, J c,,,, 
6,66 7.05; 7,07 7,44, 7,92 
6,53 7,14 --  7,40, 7,84 
6 - -  7,52 7,44, 8,09 

7,07; 7,11 7,47, 8,10 
7,46; 7,92 

OH 

8,89 
9,82 
9,70 
9,04 

8,75 

t r u m  of Ii .  The 7 p o s i t i o n  in the m o l e c u l e  i s  known to be  occup i ed ,  and of the two o b s e r v e d  s i n g l e t s ,  one (7.62 
ppm) b e l o n g s  to 3 -H,  and the o t h e r  (8.18 ppm) ,  a c c o r d i n g  to the  c h e m i c a l  sh i f t  [6], b e l o n g s  to 6 -H.  

An o - q u i n o n e -  2 - p h e n y l - 3 , 7 - d i b r o m o - 4 , 5 - d i o x o b e n z o f u r a n  (II) - and 2 - p h e n y l - 3 - b r o m e - 4 - h y d r o x y - 5 , 7 -  
d i n i t r o b e n z o f u r a n  (Ik) a r e  f o r m e d  in the r e a c t i o n  of n i t r i c  a c i d  wi th  2 - p h e n y l - 3 , 5 , 7 - t r i b r o m o - 4 - h y d r o x y b e n z o -  
f u r a n  (Ic). The s t r u c t u r e  of Ik is  c o n f i r m e d  by the f a c t  tha t  we o b t a i n e d  i t  by  n i t r a t i o n  of Ig. 

The o - q u i n o i d  s t r u c t u r e  of  II is  p r o p o s e d  on the b a s i s  of a c o m p a r i s o n  of i ts  UV s p e c t r u m  with  the  UV 
s p e c t r a  of o -  and p - b e n z o f u r a n q u i n o n e s ,  which  we have p r e v i o u s l y  o b t a i n e d  [2]. A b a t h o c h r o m i c  sh i f t  of  the 
a b s o r p t i o n  m a x i m u m  to the  v i s i b l e  r e g i o n  of the  s p e c t r u m  (460 rim) is  o b s e r v e d  in the UV s p e c t r a  of o - q u i -  
nones ,  p a r t i c u l a r l y  in the s p e c t r a  of l'I; th is  is  c o n f i r m e d  by the d a t a  o b t a i n e d  dur ing  a s tudy  of the UV s p e c t r a  
of  o -  and p - b e n z o q u i n o n e s  [8]. Quinone II was  r e d u c e d  wi th  s o d i u m  h y d r o s u l f i t e  to 4 , 5 - d i h y d r o x y  d e r i v a t i v e  I I .  
An a b s o r p t i o n  band  a p p e a r s  a t  3400 c m  -1 (OH) in the IR s p e c t r u m  of the l a t t e r ;  th is  band  is a b s e n t  in the s p e c -  
t r u m  of s t a r t i n g  II. 

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

The P M R  s p e c t r a  of d e u t e r o a c e t o n e  s o l u t i o n s  of the c o m p o u n d s  w e r e  r e c o r d e d  wi th  a J N M - 4 H - 1 0 0  s p e c -  
t r o m e t e r  wi th  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 n d a r d .  The IR s p e c t r a  of m i n e r a l  o i l  s u s p e n s i o n s  of the 
c o m p o u n d s  w e r e  r e c o r d e d  wi th  a UR-10  s p e c t r o m e t e r .  

2 - P h e n y l - 4 - h y d r o x y b e n z o f u r a n  (Ia). A m i x t u r e  of 21.2 g (0.1 mole)  of 2 - p h e n y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y -  
d r o b e n z o f u r a n  and 4.8 g (0.15 mole )  of s u l f u r  w a s  h e a t e d  a t  245 ~ f o r  1.5 h, a f t e r  which  i t  was  c o o l e d  to 20 ~ and 
r e c r y s t a l l i z e d  f r o m  c a r b o n  t e t r a c h l o r i d e  to g i v e  15.0 g of Ia.  IR s p 6 c t r u m :  3200-3300 c m  -1 (OH).* 

* The c h a r a c t e r i s t i c s  of the c o m p o u n d s  o b t a i n e d  a r e  p r e s e n t e d  in T a b l e s  1 and 2. 
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2 - P h e n y l - 4 - h y d r o x y - 7 - b r o m o b e n z o f u r a n  (Ib). A solution of 2.9 g (0.018 mole) of b romine  in 10 ml  of 
acet ic  acid was added dropwise  with s t i r r ing  at 20 ~ in the cou r se  of 30 min to a suspension of 3.8 g (0.018 
mole) of Ia in 30 ml  of acet ic  acid, and the resul t ing solution was s t i r r e d  for  1 h. It was then diluted with water ,  
and dried.  Chromatography  with a column fi l led with s i l i ca  gel (elution with benzene) gave  1.5 g of 7 -b ro mo  

d e r i v a t i v e  lb. 

2 - P h e n y l - 3 , 5 , 7 - t r i b r o m o - 4 - h y d r o x y b e n z o f u r a n  {Ic), A solution of 6.4 g (0.04 mole) of b romine  in 3 ml  
of acet ic  acid was added dropwise  with s t i r r i ng  at  20 ~ in the course  of 30 min to a suspens ion of 2.1 g (0.01 
mole) of Ia in 25 ml  of acet ic  acid, and the mix tu re  was then s t i r r e d  fo r  1 h. The resul t ing  p rec ip i t a te  was 
r emoved  by f i l t ra t ion,  washed  with water ,  and dried.  The y ie ld  of t r i b romo  der iva t ive  Ic was 4.3 g. 

2 -Pheny l -4 -ace toxybenzo fu ran  (Id). A mix tu re  of 5.5 g (0.026 mole) of Ia, 2.6 ml  (0.026 mole) of acet ic  
anhydride,  and 2.4 g (0.03 mole) of dry pyr id ine  was heated at 100 ~ fo r  6 h, a f t e r  which it was  poured  into water ,  
and the resul t ing p rec ip i t a t e  was r emoved  by f i l t ra t ion,  washed with water ,  and dried.  The y ie ld  of acetoxy de-  
r iva t ive  Id was 4.2 g. 

2 -Pheny l -3 -~bromo-4-ace toxybenzofuran  fie). A solution of 0.8 g (0.005 mole) of b romine  in 5 ml of 
ch lo ro fo rm was added dropwise  with s t i r r ing  at  20 ~ in the cour se  of 30 min to a solution of 1.26 g (0.005 mole) 
of acetoxy der iva t ive  Id in 25 ml  of ch loroform,  and the mix tu re  was s t i r r e d  for  1 h. The resul t ing solution 
was washed with w a t e r  and dr ied  o v e r  magnes ium sulfate,  and the ch lo ro fo rm was r emoved  by dis t i l la t ion to 
give 1.5 g of Ie. 

2 - P h e n y l - 3 - n i t r o - 4 - a c e t o x y b e n z o f u r a n  (If). A solution of 3.5 g (0.05 mole) of ni t r ic  acid (sp. gr .  1.35) in 
5 ml  of acet ic  acid was added dropwise  with s t i r r ing  at 20 ~ in the cour se  of 30 min  to a solution of 2.52 g (0.01 
mole) of Id in 10 ml  of acet ic  acid, and the mix ture  was s t i r r e d  fo r  4 h. The resul t ing p rec ip i t a t e  was r emoved  
by f i l t ra t ion,  washed  with wate r ,  and dr ied.  The yie ld  of If was  2.3 g. 

2 - P h e n y l - 3 - b r o m o - 4 - h y d r o x y b e n z o f u r a n  (Ig). A 0.83-g (0.0025 mole) s ample  of Ie was  added to a so lu-  
tion of 0.28 g (0.005 mole) of po t a s s ium hydroxide in 28 ml  of alcohol,  and the mix tu re  was ref luxed for  1 h. 
The resul t ing solution was diluted with water ,  and the p rec ip i t a t e  was r emoved  by f i l t ra t ion,  washed with water ,  
and dried to give 0.72 g of Ig. 

2 - P h e n y l - 3 - n i t r o - 4 - h y d r o x y b e n z o f u r a n  (Ih). This compound was obtained by the method used to p r e p a r e  
Ig. The reac t ion  of 0.2 g (0.0007 mole) of If and 0.073 g of po ta s s ium hydroxide in 6 ml  of alcohol gave  0.165 g 
of 3 -n i t ro  der iva t ive  Ih. 

2 -Pheny l -4 -hyd roxy-5 ,7 -d in i t robenzo fu ran  (Ii). A solution of 10.5 ml  of ni t r ic  acid (sp. gr .  1,35) in 10 
ml  of acet ic  acid was added dropwise  with s t i r r ing  in the cour se  of 1 h to a suspens ion  of 6.3 g (0.03 mole) of 
Ia in 50 ml  of acet ic  acid, and the mix ture  was s t i r r e d  fo r  1.5 h. The resul t ing p rec ip i t a t e  was r emoved  by 
f i l t ra t ion,  washed with water ,  and dried.  Chromatography  with a column fil led with s i l ica  gel (elution with ben-  
zene) gave 1.8 g (20%) of Ii. 

2-  Phenyl-  4-  hydroxy-  5 -n i t ro -  7 -b romobenzofu ran  (Ij) and 2-  Pheny l -4 -  hydroxy-5 ,7-  dini t robenzofuran (Ii). 
A solution of 0.25 ml  of ni t r ic  acid (sp. g r .  1,35) in 5 ml  of acet ic  acid was added dropwise  with s t i r r ing  at  20 ~ 
in the course  of 30 min to a solution of 0.35 g (0.0012 mole) of Ib in 5 ml  of acet ic  acid, and the resul t ing p r e -  
cipi tate  was r emoved  by f i l t ra t ion,  washed with wate r ,  and dr ied to give 0.3 g of Ii. No mel t ing-poin t  de- 
p r e s s i o n  was obse rved  fo r  a mix tu re  of a s ample  of this product  with a sample  of the product  obtained in the 
p reced ing  exper iment .  The acet ic  acid m o t he r  l i quorwas  diluted with water ,  and the p rec ip i t a t e  was r emoved  
by f i l t ra t ion,  washed with water ,  and dried.  Chromatography  with a column fi l led with s i l ica  gel  (elution with 
benzene) gave 0.05 g of Ij~ 

2 -Pheny173-b romo-4-hydroxy-5 ,7 -d in i t robenzofu ran  (Ik) and 2 -Pheny l -3 ,7 -d ib romo-4 ,5 -d ioxobenzofu ran  
(ID. A solution of 0.9 ml  of ni t r ic  acid (sp. g r .  1.35) in 5 ml  of acet ic  acid was added dropwise  with s t i r r ing  at 
20 ~ in the cour se  of 30 min to a suspens ion of 2.5 g (0.0056 mole) of t r ib romobenzofuran  Ic in 25 ml of acet ic  
acid, and the mix tu re  was s t i r r e d  for  1 h. The resul t ing p rec ip i t a t e  was r emoved  by f i l t ra t ion,  washed with 
wate r ,  and dr ied to give 0.95 g of Ik. The f i l t r a te  was diluted with water ,  and the p rec ip i t a te  was removed  by 
f i l t ra t ion  and dr ied.  Chromatography  with a column fi l led with s i l i ca  gel (elution with benzene) gave 0.45 g of 
II. UV spec t rum:  )~max 460 nm (log ~ 3.47). 

2 -Pheny l -3 ,7 -d ib romo-4 ,5 -d ihydroxybenzofu ran  (I/). A solution of 0.5 g (0.0012 mole) of quinone II in 
120 m] of ethyl ace ta te  was shaken with a solution of 0.6 g of sodium hydrosulf i te  in 15 ml  of water ,  a f t e r  which 
the ethyl ace ta te  solution was washed with water ,  dr ied with magnes ium sulfate,  and evapora ted  to give 0.5 g 
(quantitative yield) of I I .  IR spec t rum:  3400 cm - i  (OH). 
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R E S E A R C H  ON 2 - A C Y L - 3 - A M I N O B E N Z O F U R A N S  

III.* SCHMIDT REARRANGEMENT IN A SERIES OF 2-  AND 

3-ACYLB ENZOFURAN DERIVATIVES 

F .  A.  T r o f i m o v ,  L .  I .  S h e v c h e n k o ,  
T .  I .  M u k h a n o v a ,  a n d  A. N.  G r i n e v  

UDC 547.728 : 542.952 

It is demons t r a t ed  that, depending on the posi t ion of the acetyl  subst i tuent  in the furan  ring of 
benzofuran,  the Sehmidt r e a r r a n g e m e n t  leads to benzofu ran -2 -ca rboxy l i c  acid methy tamide  o r  
to 3 -aee tamidobenzofu ran  de r iva t ives .  

It is known that 3 -ace ty lbenzofu ran  ox imes  behave , anomalously"  under  the conditions of the Beckmann 
r e a r r a n g e m e n t  and that the fo rmat ion  of the usual  r e a r r a n g e m e n t  p roduc t s  - amides  -- is not obse rved  in this 
case  [2, 3]. We have studied the poss ib i l i ty  of the synthes is  of 3 -ace tamidobenzofu rans  by means  of the Schmidt 
r e a r r a n g e m e n t .  It was  es tab l i shed  that the d i rec t ion  of the r e a r r a n g e m e n t  depends on the posi t ion of the acyl 
subst i tuent  in the benzofuran  sys t em.  Thus 3 -ace tamidobenzofuran  de r iva t ives  (I and II, respect ive ly)  a re  
f o r m e d  in good yie lds  in the reac t ion  of sodium azide in t r i ch lo roace t i c  acid with 3 - a c e t y l - 5 - m e t h o x y b e n z o -  
fu ran  and 2 - m e t h y l - 3 - a c e t y l - 5 - m e t h o x y b e n z o f u r a n .  The s t r u c t u r e s  of I and II we re  p roved  by means  of spec-  
t ra l  methods  and by a l te rna t ive  synthes is  [4]. The fo rmat ion  of smal l  amounts  of the i somer i c  5 -methoxyben-  
z o f u r a n - 3 - c a r b o x y l i c  acid methy lamide  (III) was es tab l i shed  by th in - l aye r  ch roma tog raphy  (TLC). 

A dif ferent  d i rec t ion of Schmidt r e a r r a n g e m e n t  is obse rved  when the reac t ion  is c a r r i e d  out with 2-  
ace ty lbenzofuran  under  the s ame  conditions,  and benzofu ran -2 -ca rboxy l i c  acid methylamide  (V) is f o rmed  in 
80% yield.  

L 

H20 C H 3 0 ~ - - - ~  HCOCH3 + C H 3 0 ~ ~  ONHCHa 

I. I I  III, IV 

"* See [1] fo r  communica t ion  II. 
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