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The condensat ion of 1,4-benzoquinone a ry l su l fonyl imines  with e s t e r s  and a ry l amides  of 
3 -a lky l -  and 3-cyc loa lky laminocro ton ic  acids has been  studied and the conditions for  the 
cycl iza t ion of the resul t ing  products  into benzofuran  der iva t ives  are  d iscussed .  

With the a im of a fu r the r  study of the t r a n s f o r m a t i o n s  of the subst i tuted 3 -aminoc ro tona te s  that we 
synthes ized p rev ious ly  [1, 2], in the p re sen t  work we have invest igated the reac t ion  of 1,4-benzoquinone 
a ry l su l fonyl imines  (I) with de r iva t ives  of 3 -a lky l -  and 3-cycloa lkylaminocroton[c  acids {II) and have con- 
s idered  methods  of cycl iz ing the resul t ing  e s t e r s  and a ry l amides  of 3 -a lky lamino-  and 3-cyc loa lky lamino-  
2 - (2 -hydroxyarene-5-su l fonamidopheny l )c ro ton ic  acids (III). The synthes is  of benzofuran  de r iva t ives  was 
p e r f o r m e d  by the following route:  
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The produc t io r /o f  (III) was conf i rmed  by the p re sence  in the IR s p e c t r a  not only of absorp t ion  bands 
at (cm -l)  3400 (vOH), 3330-3250 (VNH), and 1390 and 1180 (vso2) but a lso  of a band at 1650 (vc=o),  which 
shows the conjugation of the carbonyl  group with the vinylamine residue [3]. In the PMR s p e c t r a  of (IIIb, 
g,j) spli t t ing of the signal of the protons  of the C H 3 - N  group (in the 2.2-ppm region; J =  5 Hz) under  the 
act ion of the NH proton is observed,  and there  is also a singlet  signal with a chemica l  shift  of 1.3 ppm c o r -  
responding to the resonance  of the pro tons  of a CH 3 group on a double bond. 

The t r e a t m e n t  of compounds {IIIa-e and i-q) with 70% sulfur ic  acid in the cold fo rmed  the 3 - (1 -a lky t -  
[or cyc loa lky l ] aminoe thy l idene ) -5 -a renesu l fonamido-2 -oxocoumarans  (IVa-i), the s t ruc tu re  of which was 
conf i rmed  by a study of the i r  IR, PMR, and m a s s  spec t ra ,  and a lso  by the p repa ra t ion  of (1-Vg) f r o m  (HIj, 
r) and (IVh) f r o m  (III/, q)~ The IR s p e c t r a  of (IV) lack the bands of a hydroxy group but they have a band 
at 1710 c m  -~ (VC=O) that is c h a r a c t e r i s t i c  for  de r iva t ives  of 3 - (1 -aminoe thy l idene ) -2 -oxocoumaran  [4]. 
Signals of the protons  of an ethyl group are  lacking in the PMR spec t r a  of OVb, g), and the singlet  (1.82 
ppm) of the protons  of a CH 3 group on a C =C bond and a lso  the spl i t t ing of the signal of  the protons  of an-  
other  methyl  group (2.51 ppm, J =  Hz), conf i rming  the p r e sence  of the CH3-NH f ragment ,  a re  obse rved .  

In the m a s s  s pec t rum  of (IVg) in the region of high values of m / e  there  is a s t rong  (52.8% of the m a x -  
imum) peak of ions with m / e  344 cor responding  to the mo lecu l a r  weight of the p roposed  s t ruc tu re .  The 
re la t ive ly  high intensi ty of the peak  of the 0YI + 2) + ions (4.2% of the m o l e c u l a r  ion) shows the p r e sence  of a 
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su l fu r  a t o m  in the m o l e c u l e  and i s  due to i t s  i so tope  34S. The m a l ~  p r o c e s s  of the  d e c o m p o s i t i o n  of the m o -  

l e c u l a r  ions  (M +) i s  the s u c c e s s i v e  e l i m i n a t i o n  of a "SO2C6H 5 r a d i c a l  and a HCN m o l e c u l e  wi th  the  f o r m a -  
t ion  of ions  with m / e  203 (r m a x i m u m  peak)  and 176. The o c c u r r e n c e  of both  p r o c e s s e s  i s  c o n f i r m e d  by 
the c o r r e s p o n d i n g  m e t a s t a b l e  t r a n s i t i o n s .  The ~l i ons  then  e l i m i n a t e  a f r a g m e n t  wi th  m a s s  32, a p p a r e n t l y  
a H 2 N - C H  3 m o l e c u l e ,  with the  f o r m a t i o n  of  the r ions  wi th  m / e  172 which  then  s p l i t  out  a m o l e c u l e  CO with  
the  f o r m a t i o n  of the  ~3 ions  wi th  m / e  144. Thus ,  the f r a g m e n t a t i o n  of  compound  (IVg) c a n  be r e p r e s e n t e d  
by  the fo l lowing  s c h e m e :  

M + m/e 344 ~ role 203 
(~.~%) ~ /  000%) 

�9 / C H ~  

m/e 176 r m/e 172 (4,20/0) 
(4.7%) (5,1%) 

The p r e s e n c e  in the m a s s  s p e c t r u m  of  an in t ense  (32.7~0 of the m a x i m u m )  p e a k  of  ions  with m / e  56 
shows the e x i s t e n c e  of M + in two t a u t o m e r i c  f o r m s  and the o c c u r r e n c e  of the  fo l lowing  p r o c e s s :  

tl H CH H H 
CoHsSO~N ~ C/+ 3 ~L,,~.,~o~O % N-- C H~ C 6 H s S O 2 N ' ~ "  + + CH:~--C~N- Ell, 

~O 
m/e 56 

T h e  d i r e c t i o n  of the t r a n s f o r m a t i o n s  of  (III) depends  on the n a t u r e  of Y and the e x p e r i m e n t a l  c o n d i -  
t i ons .  I f  Y=C1,  bo i l ing  (III) in e t h y l e n e  g l y c o l  o r  aqueous  a c e t i c  a c i d  l e a d s  to 5 - b e n z e n e s u l f o n a m i d o - 7 -  
c h l o r o - 3 - e t h o x y c a r b o n y l - 2 - m e t h y l b e n z o f u r a n  {Vc, X = H, Y = C1), whi le  when Y = H he a t i ng  the compound  in 
e thy lene  g lyco l  f o r m s  a m i x t u r e  of (IV) and (V), and in a c e t i c  a c i d  compounds  (III) a r e  c o n v e r t e d  into (V) 
and a r e  p a r t i a l l y  h y d r o l y z e d  to  e thy l  2 - ( 5 - a r e n e s u l f o n a m i d o - 2 - h y d r o x y p h e n y l ) a c e t o a c e t a t e s  (VI). 

EXPERIMENTAL 

T he PMR s p e c t r a  w e r e  t aken  in p y r i d i n e  on an RS-60  i n s t r u m e n t  wi th  h e x a m e t h y l d i s i l o x a n e  a s  i n t e r -  
na l  s t a n d a r d ,  and the IR s p e c t r a  w e r e  t a k e n  on a UR-20  s p e c t r o p h o t o m e t e r  u s ing  KBr ,  NaC1, and L i F p r i s m s  
with  the  s a m p l e s  in  K B r  t a b l e t s .  To e v a l u a t e  the  i nd iv idua l i t y  of the s u b s t a n c e s  ob ta ined ,  t h i n - l a y e r  c h r o -  
m a t o g r a p h y  on LS250 5 /40  ( c h l o r o f o r m ;  s p o t s  r e v e a l e d  with  iodine  vapor )  was  u s e d .  The m a s s  s p e c t r u m  
was  ob ta ined  on an MKh-1303  i n s t r u m e n t  wi th  an ion iz ing  vo l tage  of 50 eV, an e m i s s i o n  c u r r e n t  of 150 mA, 
and a t e m p e r a t u r e  of 170~ The i n i t i a l  quinone a r y l s u l f o n y l i m i n e s  and 3 - a l k y l a m i n o -  and 3 - c y c l o a l k y l -  
a m i n o c r o t o n a t e s  w e r e  o b t a i n e d  by known m e t h o d s  [5, 6]. 
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T A B L E  1. E thy l  3 - A l k y l a m i n o -  and 3 - C y c l o a l k y l a m i n o - 2 - ( 2 - h y d r o x y -  
5 - a r e n e s u l f e n a m i d o p h e n y l )  c r o t o n a t e s  

: i I~ ~ ~ ~- -~ ,r~ea l  Fou,d, ~,~ C a l c . ,  % I - 
E = ' x Y I r "it, ' ~ '~ ! formula 

Ilia C1 H !H 1,60--16 CIsHmC'IN2OsSI53,414,7 8,4 6,7 52,6 4,7 B,6 6,8 71,3 
~ I i , I J J I IIIb C1 H CH3 lfrS--17OiSame CIgHmCIN2OsS 545 54 83 63537 50 B3 66705 

i (dec)  I ' [ I I ' 
IIIc I CI H ]C~H5 /l,~--147Benzene CmH2aCIN2OsS 54,715,5 8,t I 6,4,54,7 5,3 8,116,41 �9 
IIld C1 H n-c4Hg[ 1'535 Diethyl [CmH27CIN2OsS57,4j6,7 7,6158j56,6j5,8 7,6160174,9 

�9 I ether - 
: !~ �9 i I benzenel I I I t I 1 I 

llIe! ci H ~ycto- 166 ]Diethvl tC'e,H~oCI,N2OsS 58,9 6,2 7,1 5;5 58,5 5,9 7,2 i 5,7177,1 
I lnexy' I | ether J I ] i ] ] I I ] 

lllf H C1 H f 79--81|Methauo1,CsHgCIN2OsS52,6 47 8,716852,6 47 86168649 
lllg H C1 CHa i 1665 |Same !CgHzC1N2OsS5a5 45 83 6653,7 50 83 6,6645 

' ,  I l(dec. ')/  1 I I / I I 
IIIhiH C1 C2H5 i151--15~ tC2oH2aC'IN2OsSI54,415,417,9 / [54,7[5,3 8,1,6,4156 

�9 Solvents  fo r  c r y s t a l l i z a t i o n :  f o r  (Ilia and d) - a m i x t u r e  of benzene  
and me thano l ;  fo r  (IIIb, e, f, andg)  - me thano l ;  fo r  f lue)  - d i c h l o r o -  
e thane ;  fo r  ( I I I h ) -  b e n z e n e .  



T A B L E  2. N - A r y l - 3 - a l k y l a m i n o - 2 - ( 2 - h y d r o x y - 5 - a r e n e s u l f o n a m i d o -  

phenyl)crotonamides 

, Com- 
pound mp, *C* 

Empirical 
formula 

Found, Calc., ! ~. 
!9o 9o .! 

N I S N 

IIIi H H NHC'sHs 
lllJ CH~ H NHC~H~ 
Illk C~Hs NHC'6H~ 
IIil CH~C6Hs H H NHC}Hs 
llIm CH~ INHC~H~ 
IIIn CH~ 'i CHslNHC~Hs 
IIIo C~H~ CHa [NHC'6H~ 

NHC'~Hs lllp CH~C6H~ CHa 
IIIq CH~C6H~_ !o-C1C6H~NH 

193--194 
178--179 
175--175,5 
168--168,5 
208--209 
188--189 
188--189 
1'65--166,5 
181--182 

'C2~H21N304S 9,9 
C'23H2~NaO48 9,8, 
C24H25NaO4S 9,3 
C29H2zN~O4S 8,1 
C23H23N~O4S 9,6 
C24H2sN304S 9,6 
C~H~zNsO~S 9,0 
C~oH~N~O~S 8,3 
C~H~C1N~O4S 7,8 

781 9,9 
7'3 9,6 
7:01 9,3 

9,6 
6,9 I 9,3 
6,9 9,0 

7,7 

, 0 

4 

7,6 1 75,6 
7,3 66,3 
7,1 90 
6,2 [ 65 
73173 
7,1 59 
6,9 65 
6,2 55,5 
6,4 

*Solvents for crystal l ization: for (Ilii, j, l ,  n, and q) ethanol; for 
(IIIk, o, and p) methanol; for (iItm) a mixture of ethanol and acetone. 

T A B L E  3. 3 - ( 1 - A l k y l [ o r  eyc loa lky l ]aminoe thy l idene ) -5 -arenesu l fon-  
amido-  2 - o x o c o u m a r a n s  
Corn- ! 
pound i R 

IVa H 
IVb CH3 
IV c C2Hs 
IXr d p-C4H9 
IV e: Cyclo- 

i hexyI 
IVf H 

ivg  CH3 
IVh; CH2C6Hs 
lVi i H 

Empirical 
x rap, ~ * formula 

CI 242--243 C,6Ht3C1N20~S 
CI 265--266 ' CIvHIsC1N204S 
C1 220--221 ' C~sHIvCIN204S 
CI '  197--198,5 C2oH2,CIN204S 
CI . 201,5--202,5 C22H23C1N~O4S 

H 203--203,5 ' C16HI4N204S : 
H 247--248,5 CI7HI6N204S 
H 192,5--193 C23H~oN20,~S 

CH3 230--231 ' CITHI6N204S 

Found, 9 

CI N 

9,5 7,6 
9,2 7,3 
8,9 6,8 
8,2 6,6 
7,6 6,4 

8,3 
8,1 
6,8 
8,0 

Calc.,% Yield, 
9o Cl N 

9,7 7,7 
9,4 7,4 
9,1 7,1 
8,5 6,7 
7,9 6,3 

8,5 
8,1 
6,7 
8,1 

89 
65 
58,3 
58,5 
99 

85 
66,7 
83 
78 

*Solvents for crystal l ization: for (IVa and b) dioxane; f o r  (IVc) a 
mixture of methanol and dioxane; for (IVd) methanol; for (We- i )  
ethanol. 

3-Methylamino-2-(2-hydroxy-5-benzenesulfonamidophenyl)crotonanil ide (IIIj). At room temperature 
with mechanical  st irring 2.1 g (0.001 mole) of 3-methylaminocrotonanil ide in 10 ml of acetone was added 
to a suspension of 2.48 g (0.01 mole) of 1,4-benzoquinone phenylsulfonylimine {Ia). A sample of the reac-  
tion taken after 5 rain no longer showed the indophenol reaction with phenol and aqueous ammonia that is 
characterist ic  for the initial quinone imine [6]. The acetone was evaporated in a current of air, and the 
oily residue was left to crysta l l i ze .  In the case  of the isolation of (IV) the oily residue was treated with 
ethanol or other organic solvents .  Compounds (Ilia-q), information on which is given in Tables 1 and 2, 
were synthesized s imi lar ly .  

5 -Benzenesul fonamido-3- (1-methylaminoethyl idene) -2-oxocoumaran (IVb). At room temperature 
with stirring, 2 g of finely ground (ilib) was added to 100 ml of 70% sulfuric acid. The mixture was st irred 
for 5 h and was poured onto finely crushed ice.  The white precipitate that separated out was filtered off, 
washed with water, and dried in the air. Information on the compounds ffVa-i) obtained is given inTable 3. 
Compounds (IV) are resistant to being heated in 15% hydrochloric acid for an hour, but boiling in a mixture 
of hydrochloric and acetic acids is accompanied by the formation of primary amine, detected by the color  
reaction with p-dimethylaminobenzaldehyde [7]. A solution of 2.5 g (0.0064 m o l e ) o f  (IItr) {X=H, Y =H, 
R=CH3, Z =OC2H5) [2] in 20 ml of propylene glycol ,  ethylene glycol,  or diethyleneglycol was heated to the 
boil (an intense odor of methylamine was detected), cooled to room temperature, and diluted with an equal 
volume of methanol. From the solution 0.6 g (26%) of (IVg) identical with that obtained in sulfuric acid 
from (TIIj, r) crysta l l i zed  out. After dilution of the filtrate with water, 1.5 g (65%) of 5-benzenesulfon-  
amido-3-ethoxycarbonyl-2-methylbenzofuran (Va), identical with that described in the literature [8], sep- 
arated out. Similarly,  (IIIs) (X =H, Y = H, Z = OC2H 5, R =n-C4Hg) and (IIIt) (X = CH3, Y = H, Z = OC2H5, R = CH~), 
which have been  descr ibed  prev ious ly  [1], gave (IVj) ( X = H ,  Y = H ,  R = n - C 4 H g )  and  (IVk) (X=CH3,  Y = H ,  R =  

CH3), identical  with substances  descr ibed  prev ious ly  [2], and a l so  (Va) and 3 - e t h o x y c a r b o n y l - 2 - m e t h y l - 5 -  
(p- to luenesul fonamido)benzofuran (Vb). Yield 0.3 g (32%). m p  132-133~ (from aqueous acet ic  acid).  Found: 
N 3.8;  S 8.4%. C19H19NO5S. C a l c u l a t e d :  N 3.7;  S 8.6%. 
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When compounds {IIIg and h) were heated in ethylene glycol or  aqueous acetic acid (1 : 1), only (Vc) 
was obtained, while (IIIr) gave a mixture of (Va) and {Via). The use of a mixture of acetic acid and water  
(1 : 5) led to the formation of (Via) as the sole product.  On being heated in ethylene glycol and aqueous acetic 
acid, and also when an alkylamine was added to these solvents, no cyclizat ion of (Via) into (Va) was observed.  
The closure of the ring was effected by the method of Adams and Whitaker [8]. 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 
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