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Condensation of 4 -e thoxycarbonylamino-3-oxoth iophan  with methyl y - f o r m y l b u t y r a t e  gives 
4 - e t h o x y c a r b o n y l a m i n o - 3 - o x o - 2 -  (8 -methoxycarbonlybutyl) th iophan,  its ox ime,  and r - 4 - e t h -  
o x y c a r b o n y l a m i n o - t - 3 - h y d r o x y - c - 2 -  (8 - methoxyc axbonylb utyl)thiophan. 

In a continuation of our r e s e a r c h  [1, 2] on the condensat ion of 4 -aminosubs t i tu ted  3-oxothiophaas with 
aldehydes and ketones,  we have inves t igated the reac t ion  of 4 -e thoxycarbonylamino-3-oxoth iophan  [2] with 
methyl T - fo r  mylbutyra te .  

Condensation of 4 -e thoxycarbonylamino-3-oxoth iophan  (I) with methyl  y - f o r m y l b u t y r a t e  in the p r e s -  
ence of p iper id ine  and pyr idine ace ta te  was unsuccessful ,  and s ta r t ing  I was r ecove red .  We were  able to 
effect  the condensat ion in the p r e s e n c e  of piperidine.  This r eac t ion  was moni tored  by PlVIR spec t roscopy .  
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If 4 -e thoxycarbony lamino-3-oxo-2- (5 -methoxycarbony lbu ty l idene) th iophan  (II) is f o rmed  in the r e -  
action,  the signal of a vinyl proton should appear  in the PMR spec t rum.  In fact ,  a t r ip le t  at 5 6.57 ppm, 
which is c h a r a c t e r i s t i c  for a proton at tached to a double bond, is detected in the PMR s p e c t r u m  of the mix-  
ture  r eco rded  1 h a f te r  the s t a r t  of the reac t ion .  However ,  we w e r e  unable to isolate  II in pure  fo rm,  inas-  
much as it is an oi ly subs tance  that r ead i ly  decomposes  during h igh-vacuum disti l lation. 

Compound II was subjected to reduct ion with NaBH 4 (without isolat ion f r o m  the reac t ion  mixture) .  Ac-  
cording to the PMR s p e c t r u m  of the reac t ion  product  the signal  of the proton at tached to the exocycl ic  
double bond is shif ted to s t ronge r  field (5 5.62 ppm),  which a t tes ts  to the fo rmat ion  of III  [in the s p e c t r u m  
of 4 -benzamido-3 -hydroxy-2 - (5 -me thoxyca rbony lbu ty l idene ) th iophan  the proton at tached to the double bond 
appea r s  at 5 5.92 p p m  [3] ]. 
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TABLE 1. P a r a m e t e r s  of the PMR Spect ra  of Solutions of V and VI 
in Deuteropyr idine 

] 

V ] 0.4 4,57 3.35 
VI t 0,5 3,10--3,50 3,23 

8, ppm ~, Hz 

5H" 3/] 4H CH3 (CH2)4 5H'. 5 5Ht~', 4H, 
5H" NH 

2,81 - - [  5,15 4361 132 1,40--2,55--10.5[ 6.6 9,9 8,] 
2,84 3,90--4,60 4,10 I 1,19 1,40--2,45[--t0,7 i 7.1 ! 8,5 -- 

When the r eac t ion  product  containing HI is al lowed to r e a c t  with methanol sa tu ra ted  with hydrogen 
chlor ide it undergoes pro to t rop ic  i somer iza t ion  [4] - the signal of the pro ton  a t tached to the double bond 
vanishes  in the PMR s p e c t r u m  - and p r i m a r i l y  (~ 75-80%) one s t e r e o i s o m e r  of 4 -e thoxyca rbony lamino-3 -  
oxo-2- (6 -methoxycarbonylbu ty l ) th iophan  (IV) is fo rmed.  Compound IV is an oi ly subs tance  that r ead i ly  
f o r m s  c rys ta l l ine  oxime V in 42% yield. 

4 -E thoxyca rbony lamino-3 -hydroxy-2 - (5 -me thoxyca rbony lbu ty l ) th iophan  (VI) was isolated in 78% yield 
on subsequent  reduct ion of IV with NaBH 4 in methanol  at 0~ 

The s t ruc tu r e s  of V and VI and the configurat ion of VI were  es tab l i shed  by PMR spec t roscopy .  The 
s p e c t r u m  of VI, l ike the s p e c t r u m  of V, contains a group of s ignals ,  the chemical  shif ts  of which a re  cha r -  
a c t e r i s t i c  for protons  at tached to tile a - c a r b o n  a toms of the thiophan r ing ,  two complex s ignals  at 1.40-2.55 
ppm,  which a r e  aff i l iated with the protons of the methyleue groups of the subst i tuent  a t tached to C 2 [3], and 
s ignals  that  c h a r a c t e r i z e  the port ions of subst i tuents  a t tached to C 3 (in VI) and C 4 (see Table 1) [3]. The 
s ignals  of the protons  at tached to C 2 and C 4 of V (52H 4.57, 64H 5,15 ppm) a re  shifted to weak field as com-  
pa red  with the cor responding  s ignals  of VI (5 2H 3.10-3.50, 5 4H 3.90-4.60 ppm),  which is apparen t ly  ex-  
plained by the deshielding effect  of the hydroxylamino group. The signal of the proton at tached to C 3 in the 
PMR s p e c t r u m  of VI is found in one group of s ignals  with the proton at tached to C 4 and the protons of the 
methylene group of the e thoxycarbonyl  subst i tuent  a t tached to the amino group (6 3.90-4.60 ppm). 

In an e a r l i e r  s tudy of the PMR s p e c t r a  of i s o m e r s  of 4 - b e n z a m i d o - 3 - h y d r o x y - 2 - m e t h o x y c a r b o n y l -  
thiophan [5] and 4 -benzamido-3 -hydroxy-2 - (5 -me thoxyca rbony lbu ty l ) th iophan  [3] it was shown that  {he 
r - 4 - t - 3 - t - 2  eonf igura t ionof  the subst i tuents  is c h a r a c t e r i z e d b y a  r e l a t ive ly  smal l  value of the s u m  of the 
vicinal  s p i n - s p i n  coupling constants  with r e s p e c t  to the C4-C  5 bond (E J4-5 = 8.9-12.4 Hz), while a subs tan-  
t ia l ly  l a r g e r  value of this s u m  (E J4_5=16.4-18.5 Hz) is c h a r a c t e r i s t i c  for  the other  three  i s o m e r s  
( r - 4 - t - 3 - c - 2 ,  r - 4 - c - 3 - t - 2 ,  and r - 4 - c - 3 - c - 2 ) .  Compound VI is c h a r a c t e r i z e d  by a l a rge  value of the sum 
of JtH,sH'  and JtH,sH" (15.6 Hz, Table 1) and, consequently,  cannot be the r - 4 - t - 3 - t - 2  i somer .  The chem-  
ical shifts  of the geminal  protons at tached to C5 p rac t i ca l l y  coincide (AS 5H',5H" 0-0.08 ppm) in the s p e c t r a  
of r - 4 - c - 3 - t - 2 - i n v e s t i g a t e d  compounds,  jus t  as in the s p e c t r a  of a number  of i s o m e r s  of 3 ,4-subs t i tu ted  
th iophans , tha t  differ with r e s p e c t  to the subst i tuent  a t tached to the n i t rogen in the 4-pos i t ion  [5]. For  VI, 
A5 ~H,,sH,, is 0.39 p p m  (Table 1), which makes  it poss ib le  to r e g a r d  the r - 4 - c - 3 - t - 2  configurat ion for  it as 
improbable .  The vtcinal constant  between the protons  a t tached to C~ and C 4 is smal l  (J3H,4H 3.2 Hz) [3] 
in the s p e c t r u m  of the comple te  c i s -2 ,3 ,4 - subs t i tu ted  thiophan. Inasmuch  as the l e a s t  distance between the 
two individually obse rved  e x t r e m e  compounds of the signal  of the proton at tached to C 4 for VI is 7.1 Hz, 
J3H,tI-I cannot be l e s s  than 7.1 Hz, i .e. ,  the s p e c t r u m  of the invest igated compound is not in ag reemen t  with 
a cis configurat ion of all  of the subst i tuents .  The large~ value of the s u m  of J tH,sH' ,  J4H,sH" (15.6 Hz), and 
J3H,tH (>7.1 Hz), as well  as the obse rved  difference in the chemical  shifts  of the geminal  protons  at tached 
to C 5 (AS 5H',sH" 0.39 ppm) for VI, a r e  in complete  a g r e e m e n t  with the r - 4 - t - 3 - c - 2  configurat ion of the 
subst i tuents  (E J4, 5 16.4, J3H,tH 8.1-9.0 Hz, A5 5H',~H" 0.37 ppm [3]). Thus,  VI is r - 4 - e t h o x y c a r b o n y l -  
amino - t -3  -hyd roxy-  c -2 - (6 - methoxycarbonylbut  yl) thiophan. 

EXPERIMENTAL 

The PMR s p e c t r a  were  r e c o r d e d  with a Hitachi P - 2 0  A s p e c t r o m e t e r .  Te t r ame thy l s i l ane  was used 
as  the internal  s tandard.  The a c c u r a c y  in the de te rmina t ion  of the chemica l  shif ts  was 0.01 ppm,  while the 
a c c u r a c y  in the de te rmina t ion  of the s p i n - s p i n  coupling constants  was 0.1 Hz. The a s s ignment  of the s ig -  
nals to definite protons  of the invest igated compounds was conf i rmed  by the r a t io  of the in tegral  intensi t ies  
of the s ignals  and double - resonance  expe r imen t s .  

4 -E thoxycarbony lamino-3-oxo-2- (5 -methoxycaxbony lbu ty l ) th iophan  (IV). A 2 .5-ml  (22 mmole)  s a m -  
ple of methyl y - f o r m y l b u t y r a t e  and 0.4 ml of piper idine  were  added to a cooled (to 0 deg) solution of 4 g 
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(21 mmole)  of 4 -e thoxycarbonylamino-3-oxoth iophan  (I) in 26 ml of methanol ,  and the mixture  was s t i r r e d  
at 0 deg for 2 h. A 0.52-g (14 mmole)  sample  of sod ium borohydr ide  was then added in the course  of 30 
min, and the mixture  was s t i r r e d  at 0 deg for  1 h. A 10-ml sample  of methanol s a tu ra t ed  with hydrogen 
chlor ide (up to 30%) was added, and the mixture  was s t i r r e d  for 30 min. Water  (20 re_l) was added, and the 
mixture  was ex t rac ted  with ch loroform.  The ch lo ro fo rm ex t rac t s  were  washed with sa tu ra t ed  sodium c a r -  
bonate solution and dr ied  with sodium sulfate.  The ch lo ro fo rm was r e m o v e d  in vacuo, and the sy rupy  r e s -  
idue was dried at 50-60 ~ (0.5 mm) for 3 h to give 1.5 g (31.2%) of product .  Fotmd: C 51.8; H 6.6; N 4.8%. 
Ci3H21NOsS. Calculated:  C 51.5; H 7.0; N 4.6%. 

4 -Ethoxycarbonylamino-3-ox imino-2- (5 -methoxycarbonylb t t ty l ) th iophan  (V). A 0.25-g (4 mmole)  
sample  of hydroxylamine hydrochlor[de  was added to a solution of 1 g (3 mmole)  of IV in 5 ml of pyridine,  
and the mixture  was s t i r r e d  at 18-20 ~ for 12 h. Ch lo ro fo rm (25 re_l) and c rushed  ice were  added, a f te r  which 
2.5 N hydrochlor ic  acid was added ia port ions with shaking until the aqueous l aye r  had pH 1. The chloro-  
f o r m  l aye r  was washed with sodium bicarbonate  solution and wate r  and dr ied with sodium sulfate.  The 
ch lo ro fo rm was r e m o v e d  ia vacuo,  2 ml of alcohol was added to the res idue ,  and the mixture  was allowed 
to stand at 0 deg for 18-20 h. The resu l t ing  p rec ip i t a te  was sepa ra t ed  to give 0.44 g (42~) of a product  with 
mp 130-130.5 deg ( f roma lcoho l ) .  Found: C 49.4; H 6.8; N 9.1%. ClaH22N2OsS. Calculated:  C 49.0; H 7.0; N 
8.8%. 

r - 4 - E t h o x y c a r b o n y l a m i n o - t - 3 - h y d r o x y - c - 2 - ( 6 - m e t h o x y c a r b o n y l b u t y l ) t h i o p h a n  (VI). A 0.13-g (3 
mmole)  sample  of sodium borohydr ide  was added at 0 deg in the course  of 30 min to a solution of 1 g (3 
mmole)  of IV in 8 ml of methanol,  and the mixture  was s t i r r e d  at 0 deg for  2 h. Water  (10 ml) was added, 
and the mixture  was acidif ied to pH 1-2 with hydrochlor ic  acid and ex t rac ted  with ch loroform.  The solvent 
was r e m o v e d ,  e ther  and alcohol in a ra t io  of 20 : 1 were  added to the res idue ,  and the mixture  was held at 
0 deg for  24 h. The resu l t ing  prec ip i ta te  was s epa ra t ed  to give 0.75 g (78%) of a product  w i thmp  83-84deg 
( f rom e t h e r - m e t h a n o l ) .  Found: C 51.1; H 7.7; N 4.6%. CI3H23NOsS. Calculated:  C 51.1; H 7.6; N 4.6%. 
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