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The reac t ion  of N-a renesu l fony l - l , 4 -benzoqu inon imines  with 1 -morpho l ino (p ipe r id ino ) - l -  
cyclohexene gives 2 ,3 -d ihydro-2 -morpho l ino  (p ipe r id ino ) -2 ,3 - t e t r ame thy lene -5 -a r ene -  
su l fonamidobenzofurans .  Refluxing of the la t te r  in dilute hydrochlor ic  acid gave 2,3- 
t e t r ame thy lene -5 -a renesu l fonamidobenzofu rans ,  the s t ruc tu re  of which was proved  by 
hydro lys i s  to 2 ,3 - t c t r ame thy lene -5 -aminobenzofu ran  and convers ion  of it to the p r e v i o u s -  
ly desc r ibed  2 ,3 - t e t r ame thy lene -5 -hydroxybenzofu ran .  

In a continuation of our  r e s e a r c h  on the synthes is  and study of the reac t ions  of N - a r e n e s u l f o n y l - l , 4 -  
benzoquinc~imines [1-4], we have accompl i shed  the reac t ion  of these  compounds with 1 -morpho l ino(p ipe r i -  
d ino) - l - cyc lohexene .  The r e s u l t s  ~ of I a - c  with IIa  (X = O) yielded 2 , 3 - d i h y d r o - 2 - m o r p h o l i n o - 2 , 3 - t e t r a -  
me thy lene -5 -a renesu l fonamidobenzofu rans  (IIIa-c),  the cycl ic  s t r u c t u r e  of which was conf i rmed  by the 
negat ive  r e su l t s  obtained when the indophenol reac t ion  was c a r r i e d  out [1,2] and by the absence  in the IR 
s p e c t r a  of the absorpt ion at  3400 cm -1 that is c h a r a c t e r i s t i c  for  the OH group of N - a r e n e s u l f o n y l - l , 4 -  
aminophenols  (see Fig.  1) and of absorpt ion bands of C = O  and C = N  bonds at 1565-1655 cm -1. 
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Refluxing of III in 10% hydrochlor ic  acid is accompanied  by spli t t ing off of amine and the format ion of 
2 ,3 - t e t r ame thy lene -5 -a re~esu l fonamidobenzofu rans  (IV), the s t r u c t u r e  of which as benzofuran de r iva t ives  
[5,6] was conf i rmed  by the p r e s ence  of absorpt ion bands at 1170 and 885 Cm -i  in the IR s p e c t r a .  The p rod-  
ucts of the reac t ion  of Ia with Ilb (X = CH2) and of Id with Ha a re  da rk -b rown  oils that  a re  difficult to 
c rys t a l l i ze ,  and they were  t he re fo re  conver ted  to IVa,d without isolat ion in pure  fo rm.  

Unambiguous expe r imen ta l  proof  of the s t ruc tu re  of the synthes ized  compounds was obtained by r e -  
p lacement  of the a renesu l fonamido  group in them by a hydroxyl  group to give subs tances  with genuinely 
known and p rev ious ly  p roved  s t r u c t u r e s .  For  this ,  IVa,b were  subjected to acid hydro lys i s  to 2 , 3 - t e t r a -  
me thy lene -5 -aminobenzofu ran  (V) with subsequent  diazot izat ion of it and r e p l a c e m e n t  of the diazo group by 
a hydroxyl  group.  As expected,  the product  synthes ized  by this route proved  to be  identical  to the p r e v i o u s -  
ly desc r ibed  2 ,3 - t e t r ame thy lene -5 -hydroxybenzofu ran  {VI) [7]. 
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Fig. 1. IR spec t ra :  1) 2 ,3 -d ihydro-  
2 - m o r p h o l i n o - 2 , 3 - t e t r a m e t h y l e n e - 5 -  
benzenesulfonamidobenzofuran (IIIa); 
2) 2 ,3 - t e t r ame thy lene -5 -benzene  su l -  
fonamidobenzofuran (IVa); 3) N - b e n -  
zenesulfonyl-4-aminophenol ;  4) N-  
benzenesulfonyl-1 ,4-benzoquinonimine.  

A conf i rmat ion  of the fact  that  hydrolyt ic  c leavage of the 
arenesul fonyl  group is not accompanied  by any other  change in the 
in the s t ruc tu re  of IV is the reproduct ion  of the s ame  compounds 
by acylat ion of the hydro lys i s  products  with a renesul fonyl  chlo-  
r i des .  

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

2 ,3-Dihydro-2  - morpholino -2,3 - t e t r a  methylene -5 -benzene -  
sulfonamidobenzofurans (IIIa). A solution of 2 g (0.012 mole) of 
1 -morpho l ino - l - cyc lohexene  (IIa) in 40 ml  of ch lo ro form was added 
with s t i r r ing  at r oom t e m p e r a t u r e  to a solution of 2.48 g (0.01 
mole) of N-benzenesu l fonyl - l ,4 -benzoquinonimine  (Ia) in 40 ml of 
ch loroform.  A deep r ed -v io l e t  colora t ion appeared  immedia te ly  
when the reagen ts  were  mixed, and cons iderable  warming  of the 
reac t ion  mass  was observed .  The intensity of the colora t ion de-  
c r e a sed  rapidly ,  and the solution became  g reen i sh -b rown  af te r  
5 rain. The reac t ion  solution no longer gave the indophenol r e a c -  
tion with phenol and ammonium hydroxide [1, 2]; i .e . ,  the s ta r t ing  
quinonimine had r eac ted  p rac t i ca l ly  complete ly .  The ch lo ro form 

was evapora ted  in a s t r e a m  of a i r ,  and 20-30 ml of diethyl e ther  was added to the res idua l  oiI.  Af ter  10- 
15 min, the mixture  yielded a white c rys ta l l ine  product ,  which was r emoved  by f i l t rat ion,  washed with e tha-  
nol, and a i r - d r i e d *  to give 3 g (72%) of co lo r l e s s  c ry s t a l s  with mp 168-170 ~ ( f rom methanol) that  we re  in-  
soluble in wa te r ,  sl ightly soluble in carbon t e t r ach lo r ide ,  more  soluble in alcohol and benzene,  and quite 
soluble in ch lo ro form and acetone.  Found: N 6.7; S 7.7%. C22H26N204S. Calculated %: N 6.8; S 7.7~0. 

2 , 3 -D ihyd ro -2 -m orpho l i no -2 ,3 - t e t r am e thy l ene -5 -  (p-toluenesulfonamido)benzofuran (IIIb). This  c o m -  
pound [3.2 g (75%)] was s i m i l a r l y  obtained f r o m  2.61 g (0.01 mole) of N-(p- to luenesul fonyl ) -1 ,4-benzoquin-  
onimine (Ib) and 2 g (0.012 mole) of IIa and had mp 120-120.5 ~ (from ethanol).  Found: C 64.9; H 6.6; N 6.6; 
S 7.5%. C23H28N204S. Calculated: C 64.5; H 6.6; N 6.5; S 7.5%. 

. .2 ,3-Dihydro-2-morpholino-  2 ,3- te t r  amethy lene-  5-  (p-chlor obenzenesulfonamido)benz ofuran (IIIc). 
This compound [4 g (95%)] was s i m i l a r l y  obtained f rom 2.81 g (0.01 mole) of N-(p-ch lorobenzenesu l fonyl ) -  
1,4-benzoquinonimine (Ic) and 2 g (0.012 mole) of IIa  and had mp 121.5-122 ~ (dec., f r om ethanol).  Found: 
N 6.1; C1 8.1%. C22H25C1N204S. Calculated:  N 6.2; C1 7.9%. 

2 ,3 -Te t ramethy lene-5-benzenesu l fonamidobenzofuran  (IVa). A__~ A 1-g (2.4 mmole)  sample  of IIIa 
was ref iuxed for  30 rain in 50 m l  of 10% hydrochlor ic  acid.  The mix tu re  was cooled, and the product  was 
r emoved  by f i l t ra t ion,  washed c~ the f i l te r  with water ,  and a i r - d r i e d  to give 0.62 g (78%) of co lo r l e s s  c r y s -  
ta ls  with mp 191.5-192.5 ~ (from aqueous acet ic  acid) that were  insoluble in water ,  sl ightly soluble in c a r -  
bon t e t r ach lo r ide  and pe t ro leum ether., more  soluble in alcohol,  and quite soluble in acetone.  Found: N 4.3; 
S 9.8%. C18H17NO3S. Calculated:  N 4.3; S 9.8%. 

B____. The reac t ion  of 2.48 g (0.01 mole) of Ia with 2 g (0.012 mole) of IIb via the method used to synthe-  
s ize IIIa  gave (after evapora t ion  of the solvent) a dark-brown,  d i f f i cu l t - to -c rys ta l l i ze  oil, which was con-  
ve r t ed  to 1.96 g (60%) of co lo r l e s s  c r y s t a l s  of IVa with mp  190.5-191.5 ~ by refluxing with 10% hydrochlor ic  
acid.  This product  did not dep re s s  the melt ing point of a sample  of IVa obtained by method A, and the i r  IR 
s p e c t r a  were  ident ical .  

2 , 3 - T e t r a m e t h y l e n e - 5 -  (p-toluenesulfonamido)benzofuran (iVb). This  compound [0.56 g (70%)], with 
mp 129-130.5 ~ (from aqueous acet ic  acid), was obtained f rom 1 g (23.4 mmole)  of IIIb under  the conditions 
used to synthes ize  IVa. Found. N 4.1; S 9.4%. CIgHIgNO3S. Calculated:  N 4.1; S 9.4%. 

2 ,3 -Te t ramethy lene-5- (p -ch lo robenzenesu l fonamido)benzofuran  (IVc). This compound [0.7 g (83~)] 
was s i m i l a r l y  obtained f rom 1 g (2.4 mmole)  of IIIc as c o l o r l e s s  pla tes  with mp 157.5-158.5 ~ Found: N 
3.9; C1 9.77c. C18Hi~C1NO3S. Calculated:  N 3.8; C1 9.8%. 

2~3-Te t ramethy lene-7-ch lo ro-5-benzenesu l fonamidobenzofuran  (IVd). This  compound [2.26 g (60~ 
was obtained via method B desc r ibed  for  IVa f rom 2.81 g (0.01 mole) of N - b e n z e n e s u l f o n y l - 2 - c h l o r o - l , 4 -  

*The IR s p e c t r a  of this product  and the m a t e r i a l  obtained af ter  r ec rys t a l l i za t ion  were  identical;  i .e . ,  r ing 
fo rmat ion  occu r r ed  during the reac t ion .  
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benzoquinonimine (Id) and 2 g (0,012 mole) of IIa and had mp 214-215 ~ (from glac ia l  acet ic  acid). Found: 
N 3.8; C19.6%. C18H16C1NO3S. Calculated:  N 3.9; C19.8%. 

2 ,3 -Te t r am e t hy l ene -5 - am i nobenzo fu ran  (V). A. A 9-g  (27.5 mmole) sample  of IVa was heated in a sealed 
tube with 50 ml  of concent ra ted  hydrochlor ic  acid at  140 ~ for  4 h until it had d isso lved  comple te ly ,  and the 
solution was cooled to r o o m  t e m p e r a t u r e .  The prec ip i ta te  was r emoved  by f i l t ra t ion and dissolved with 
sl ight  heating in 150 ml  of wa te r .  A 0.1 N sodium hydroxide solution was added dropwise  with s t i r r i ng  at 
room t e m p e r a t u r e  until the mix tu re  gave a dis t inct ly  alkaline reac t ion ,  and it was then allowed to stand.  
The p rec ip i t a te  was r em oved  by f i l t ra t ion,  washed with water ,  and dr ied at room t e m p e r a t u r e  to give 3.7 g 
(72%) of long, co lo r l e s s  need les  with mp 74 ~ (from aqueous ethanol) that  were  sl ightly soluble in wa te r  and 
quite soluble in organic  so lvents .  The product  gave a negat ive quali tat ive react ion  for  sulfur  but dis t inct  
quali tat ive reac t ions  for  a p r i m a r y  amino group [8]. Found: C 76.7; H 7.1; N 7.6%. C12HI3NO. Calculated:  
C 77.0; H 7.0; N 7.5%. 

B. Compound V [0.66 g (70%)] with mp 73.5 ~ was obtained f r o m  1.7 g (5 mmole)  of IVb and 10 ml  of 
hydrochlor ic  acid as in method A. The product  did not dep re s s  the mel t ing point of a sample  of V obtained 
via  method A. 

The acylat ion of V with benzenesulfonyl  chlor ide via the method p rev ious ly  developed in [1] gave a 
white, c rys ta l l ine  product  with mp 169 ~ . The product  did not dep re s s  the mel t ing  point of IVa. 

2 ,3 -Te t r ame thy lene -5 -hydroxybenzofu ran  (VI). This  compound was obtained by a known method [9] 
by diazot izat ion of V with sodium n i t r i t e  in sulfur ic  acid with subsequent  heating of the diazonium sulfate 
in sul fur ic  acid solution.  The c rys ta l l ine  p rec ip i ta te  was r emoved  by f i l t ra t ion,  dried,  and subl imed under  
ni t rogen to give c o l o r l e s s  needles  with mp 107 ~ . The product  did not dep re s s  the mel t ing point of 2,3- 
t e t r ame thy lene -5 -hydroxybenzo fu ran  synthes ized  by a known method [7]. 
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