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The PMR and proton magnet ic  double resonance  (PMDR) spec t r a  were  obtained for  five cis  
and t r ans  i s o m e r  pa i r s  of subst i tuted 4 -amino-3-hydroxy th iophanes .  A c o m p a r i s o n  of the 
PMR p a r a m e t e r s  of the c is  and t rans  i s o m e r s  made it poss ib le  to fo rmula te  the c h a r a c t e r -  
is t ic  d i f fe rences  in the i r  spec t r a .  On the bas i s  of the data obtained, the t r ans  configurat ion 
is p roposed  for  the e thoxycarbonylamino and hydroxy groups  in 4 -e thoxyca rbony lamino-3 -  
hydroxy-3-cyanoth iophane ,  the configurat ion of which has not been prev ious ly  de te rmined .  

A c o m p a r a t i v e l y  sma l l  number  of pape r s  devoted to the PMR study of the conformat ions  and conf igura-  
t ions of f i v e - m e m b e r e d  he t e rocyc le s  have been published [1-4]. 

In this pape r  we have studied the poss ib i l i ty  of es tabl ishing the cis  and t rans  configurat ions of d e r i v a -  
t ives  of 4 -amino-3 -hydroxy th iophanes  using PMR. Five cis and t rans  i s o m e r  pa i r s  of subst i tuted 4 - a m i n o -  
3-hydroxythiophanes  (I-V), the s t r u c t u r e s  of which have not p rev ious ly  been accura te ly  es tab l i shed  [5], were  
used  for  the study. 
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I R '=  II, R"=cOOC~lis; 
II R '=  GoCHa, R"=COOC2H5; 

l [ l  R ' =  coCH 3, R"=COC6Hs; 
IV R ' =  COCaH S, R" =COC6H5; 

V R '=  COCH3, R"=GONHCOCH3 
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Fig.  1. PMR s p e c t r a  (in deu te roch lo ro form,  c 0.5 M): A) t r ans  
i s o m e r  of II; B) the s ame  during i r rad ia t ion  of the 3H nucleus;  C) 
the s ame  during i r r ad ia t ion  of the 4H nucleus.  
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On the bas i s  of the chemica l  shifts ,  the in tegra l  intensity ra t ios ,  and the fine s t ruc tu re  of the sp ec t r a  
the m a j o r  g roups  of s ignals  in the s p e c t r a  of the c is  and t rans  i s o m e r s  of I -V can c l e a r l y  be ass igned to 
definite protons  of the thiophane r ing (Fig. 1A). The four  protons at tached to the ca rbon  a toms in the 2- 
and 5-posi t ions  of the thiophane ring f o r m  a complex  group of s ignals  at 2.50-3.50 ppm. The C a proton for  
all of the compounds and the C 4 proton in the i s o m e r s  of I are  c h a r a c t e r i z e d  by a mul t ip le t  with a chemica l  
shift  of 3.80-4.93 ppm.  The signal  of the C 4 proton for  the cis and t rans  i s o m e r s  of I I -V l ies  at weaker  
field, at 5.25-6.10 ppm.  In addition, the s p e c t r a  contain s ignals  c h a r a c t e r i s t i c  for  subst i tuents  at tached to 
the amino group (R") and hydroxyl  group  (R'). F o r  the i s o m e r s  of  I I I -V the signal of the proton at tached 
to the ni t rogen a tom is  a doublet (JNH-4H = 7.1-8.8 Hz). 

A m o r e  deta i led in te rp re ta t ion  of the 1~ spec t r a  of all of the inves t igated i s o m e r s  of I -V was c a r -  
r i ed  out by means  of pro ton  magnet ic  double r e sonance  (lOMDR, with a total  double resonance  7H2/2~  >> J).  
F o r  example ,  i r r ad ia t ion  of the C 3 proton (5 = 5.275 ppm) in the t r ans  i s o m e r  of II (Fig. 1B) s impl i f ies  the 
complex  signal  of the four  geminal  protons  at C 2 and C 5 at 2.48-3.33 ppm and makes  it poss ib le  to indi-  
vidual ly i so la te  the s ignals  of the C 2 and C 5 geminal  p ro tons .  

Visual  ana lys is  of the s pec t r a  immed ia t e ly  shows that all of the in terac t ing  protons have different  
chemica l  shif ts .  Thus,  the sp in-sp in  in te rac t ion  constants  and chemica l  shif ts  of the C 3 and C4 protons can 
be de te rmined  to the f i r s t  o r d e r  of magnitude d i rec t ly  f r o m  the spec t r a .  Two AB s y s t e m s  of the C 2 and C 5 
pro tons  [6] were  i so la ted  and calcula ted  f r o m  the mul t ip le t  of the geminal  protons  (5 = 2.50-3.50 ppm) 
(Tables 1 and 2). It  is  well  known that  for  compounds with c lose  IolV[R spec t r a l  p a r a m e t e r s  an analys is  of 
the sp in - sp in  constants  to the f i r s t  o rde r  of magnitude can give compa ra t i ve ly  smal l  e r r o r s  in the d e t e r -  
minat ion of t he i r  values  (up to 1 Hz) [7, 8]. A comple te  compute r  analysis  of them is n e c e s s a r y  to obtain 
m o r e  accura te  values  of the s pec t r a l  p a r a m e t e r s .  

A c o m p a r i s o n  of the PMR p a r a m e t e r s  of the 3 ,4-subst i tu ted thiophanes (I-V) makes  it poss ib le  to 
fo rmula te  the c h a r a c t e r i s t i c  d i f fe rences  in the s p e c t r a  of the i s o m e r s  of these  compounds with c is  and 
t r ans  or ienta t ion of the amino and hydroxy groups .  

The chemica l  shift  between the C 5 gemina l  protons  in the spec t r a  of the cis i s o m e r s  (AS cis  = 
5H'-5H" 

0.236-0.364 ppm) is  subs tant ia l ly  l e s s  than the chemica l  shift  between the C 5 geminal  protons  in the t r ans  

isomers (AS t r ans  5H'-5H" = 0.420-0.630 ppm) (Table 1). F o r  example ,  A6 cis  5H'-SH" = 0.336 ppm for  the i s o m e r s  

of III, while A5 t r ans  5H'-5H" = 0.522 ppm.  

A broad  range  of vicinal  sp in - sp in  in te rac t ion  constants  f rom J5H'  (H")-4H = 8.7-9.3 Hz to 

J3H-4H;2H'  (H")-3H = 2.7-4.3 Hz (Table 2) is c h a r a c t e r i s t i c  for  the cis  i s o m e r s  of the compounds under  in-  

ves t iga t ion  h e r e .  The vicinal  sp in - sp in  in te rac t ion  constants  in the t r ans  i s o m e r s  a re  re la t ive ly  c lose  (J = 
3.3-5.7 Hz, Table  2). 

The r e su l t s  obtained he re  enabled us  to a s sume  the th ree -d imens iona l  s t ruc tu re  of 4 -e thoxycarbonyl -  
amino-3 -hydroxy-3 -cyano th iophane  [9], the configurat ion of which has not been de te rmined  prev ious ly .  A 
study of the PMR s p e c t r u m  of this compound yielded the p a r a m e t e r s  A55H ,_5H,, = 0.522 ppm, J5H'  (H")-4H = 

5.9 Hz, and J5H"(H ' ) -4H = 4.5 Hz (Tables 1 and 2), and this made it poss ib le  to ass ign this compound to the 

t r ans  s e r i e s .  

The d i f fe rences  in the s p e c t r a  of the c is  and t r ans  i s o m e r s  of 4 -amino-3-hydroxyth iophane  de r iva t ives  
a re  obviously conformat ional  in na ture .  No high ene rgy  b a r r i e r s  exis t  for  f i v e - m e m b e r e d  r ings  [10, 11], 
and the i r  PMR s p e c t r a  a re  the re fo re  the r e su l t  of averaging  of the s p e c t r a  of the individual c o n f o r m e r s  
with allowance for  the probabi l i ty  that  the molecule  ex i s t s  in one or another  conformat ion .  

It is well  known that  the magni tudes of vicinal  sp in - sp in  in te rac t ion  constants  a re  assoc ia ted  with the 
dihedral  angle between the planes of the c a r b o n - c a r b o n - h y d r o g e n  bonds [12]. This co r r e l a t i on  is widely 
used  in the invest igat ion of the conformat ions  of different  compounds.  The qualitative examinat ion of the 
magni tudes  of vicinal  sp in - sp in  constants  of the cis  i s o m e r s  of the compounds under  invest igat ion he re  p r e -  
supposes  that one p r e f e r r e d  conformat ion  ex is t s  in solution for  these  compounds.  If s e v e r a l  cis  i s o m e r  
conformat ions  had equal probabi l i ty  weight,  the vicinal  sp in - sp in  in te rac t ion  constants  should have been 
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averaged  with r e s p e c t  to these  conformat ions ,  and one would not obse rve  such a wide d ive r s i ty  in the spin-  
spin constants  (Table 2). It is not poss ib le  to draw any conclusions re la t ive  to the conformat ional  s tate  of 
the t r ans  i s o m e r s  of the compounds on the bas i s  of a quali tat ive examinat ion  of the magni tudes  of the v ic i -  
nal sp in - sp in  in te rac t ioncons tan t s  since the constants  for  these  i s o m e r s  a re  c lose  in magnitude (Table 2). 

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

The spec t r a  were  obtained with Var ian  DA-60, P e r k i n - E l m e r  R-12,  and H i t a c h i - P e r k i n - E l m e r  
R-20 s p e c t r o m e t e r s  with deu t e roch lo ro fo rm as the solvent .  The chemica l  shifts  (5 scale) were  m e a s u r e d  
with an accu racy  of • 0.005. The accu racy  in the m e a s u r e m e n t  of the sp in - sp in  constants  was :~ 0.1 Hz. 
Hexamethyld is i loxane  (5 = 0.05 ppm) was used  as the in terna l  s tandard .  
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