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The react ion of c i s -  and t r ans -4 -acy lamino-3-hydroxy th iophans  with thionyl chloride was 
studied, tt was found that chlorosulf i tes  are  initially formed with retention of the conf igura-  
tion of the s tar t ing compound. 2-Substituted 3a,4,6,6a-tetrahydrothieno[3,4-d]oxazol ine is 
formed from t rans -4-acy lamino-3-ch lorosu l f i to th iophans  by thermal  react ion o r  in the p r e s -  
ence of pyridine, whereas  t r ans -4 -acy lamino-3-ch lo ro th iophans  are  obtained f rom c i s - 4 - a c y l -  
amino-3-chlorosulf i to thiophans;  both react ions  proceed with inversion of config~aration. 

It is well known that alkyl halides may be formed by the action of thionyl chloride on alcohols with r e -  
tention or  inversion of the configuration. We studied the react ion of thionyl chloride with three c i s -  and 
t rans  i somer ic  pa i rs  of 4 - a c y l a m i n o - 3 - h y d r o x y t h i o p h a n s -  4 -u re ido -  (Ia, b), 4 -benzamido-  (IIa, b), and 4-  
ace tamido-3-hydroxythiophans  ~IIa, b), which we previously obtained in [1, 2]. 

The react ion of hydroxythiophans I - I I I  with thionyl chloride was ca r r i ed  out at - 2 0  ~ during which the 
PMR spect ra  of these compounds changed in a charac te r i s t i c  manner  - the broad signal at 4-5 ppm, which 
is affiliated with two methylidyne protons (3-H and 4-H) with close chemical  shifts [3], is separated into 
two signals. Moreover ,  the signal of one of the protons remains  pract ica l ly  in the same place, whereas  the 
signal of the other proton is shifted sharply to weak field; this a t tes ts  to a change in the substitutent attached 
to this carbon center .  At low tempera tu res  (0 ~ and - 2 0  ~ the signal of the proton attached to the nitrogen 
atom is doublet as  a resul t  of s p i n - s p i n  coupling with the proton attached to C a (Table 1); this makes  it pos-  
sible to ascer ta in  that the signal of the proton attached to C 3 is shifted to weak field during the react ion of 
I -HI with thionyl chloride and that this is associa ted with a change in the substituent at tached to this carbon 
atom. 
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Compound IVawas  isolated prac t ica l ly  in quantitative yield in the form of an amorphous substance 
f rom the react ion mixture of Ia with thionyl chloride.  The mass  spec t rum of this compound contained ion 
peaks with m / e  84, 102, 118, and 144, which, according to their  e lementa ry  composition, can be assigned 
to the mlalogous ions of standard compound Ia with a free hydroxyl group (Table 2). At the same time, 
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T A B L E  1. 
Thionyl  Ch lo r ide  and of  XI in D e u t e r o p y r i d i n e *  
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P a r a m e t e r s  of  the PMR S p e c t r a  of  IVa,  b -V ia ,  b in 
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*The  c h e m i c a l  sh i f t s  of  the p r o t o n s  a t t ached  to C 3 and C 4 w e r e  
found a s  the c e n t e r s  of  the c o r r e s p o n d i n g  mul t i p l e t s .  The  c o r r e -  
sponding AB s y s t e m s  w e r e  i so l a t ed  and c a l c u l a t e d  in o r d e r  to d e -  
t e r m i n e  the c h e m i c a l  sh i f t s  of  the g e m i n a l  p r o t o n s  a t t a ched  to C 2 
and C s. The  s p i n - s p i n  coupl ing  c o n s t a n t s  w e r e  d e t e r m i n e d  within  
the z e r o - o r d e r  a p p r o x i m a t i o n .  

T A B L E  2. R e l a t i v e  I n t e n s i t i e s  (I, %) and E l e m e n t a r y  C o m p o s i t i o n s  
(C) of  the C h a r a c t e r i s t i c  Ions  in the M a s s  S p e c t r a  of  Ia ,  Via ,  I Ib,  
XI,  and XII 
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*The  e l e m e n t a r y  compos i t i on  of the  ions w a s  d e t e r m i n e d  f r o m  
the h i g h - r e s o l u t i o n  m a s s  s p e c t r a  f r o m  the i so top ic  c o m p o s i t i o n .  

the p r e s e n c e  of ions  wi th  m / e  36 {HC1) and m / e  64 (OSO) c o n s t i t u t e s  ev idence  fo r  subs t i tu t ion  of the h y -  
d roxy l  g r o u p  in the 3 pos i t ion  by an OSOC1 group .  On the b a s i s  of  the r e s u l t s  o f  e l e m e n t a r y  a n a l y s i s  and 
low and h i g h - r e s o l u t i o n  m a s s  s p e c t r o m e t r y ,  the 4 - u r e i d o - 3 - c h l o r o s u l f i t o t h i o p h a n  s t r u c t u r e  w a s  a s s i n g e d  
to IVa.  Uns tab le  c o m p o u n d s  Va and Via  have  a s t r u c t u r e  s i m i l a r  to that  of  subs t i t u t ed  3 - c h l o r o s u l f i t o t h i o -  
phan.  
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The cis  and t rans  configurat ions of IVa, b-Via, b were establ ished on the bas i s  of the cha rac te r i s t i c  
features  of their  Pl~iR spectra ,  which retain the fea tures  of the spec t ra  of s tar t ing Ia, b-Il ia,  b [4]: the dif-  
ference in the chemical  shifts of the geminal  protons  attached to C a for IVa-VIa is less ,  whereas  the range 
of vicinal s p i n - s p i n  coupling constants  is b roader  than for IVb-VIb; these differences  are  s imi la r  to the 
d i f ferences  in the spec t ra  of the cis  (Ia-IIIa) and t rans  i somers  (Ib-IIIb) (Table 1). The vicinal J3H, 4H con-  
stants in the spec t ra  of the cis  and t rans  i somers  of mos t  of the investigated compounds are  close to one 
another (Table 1) and therefore  cannot be used for the analysis  of the configurations.  Consequently, the 
configuration of the substi tuents attached to C 3 and C 4 does not change during the formation of chlorosulf i tes  
IV-VI. 

We studied the t r ans format ions  of chlorosulf i tes  IV-VI that occur  in a solution of thionyl chloride when 
the mixture is heated o r  when pyridine is added. 

According to the PMR spectra ,  c i s -2 -subs t i tu ted  3a,4 ,6 ,6a- te t rahydrothieno[3,4-d]oxazol ines  (VII, 
VIII, and IX) are  formed f rom t rans -4-acy lamino-3-ch lorosu l f i to th iophans  ~Vb, VIb) at 0 to - 1 0  ~ o r  at 60 ~ 
in the case of Vb in the absence of pyridine o r  when pyridine is added. The formation of 2-substi tuted 
3a ,4 ,6 ,6a- te t rahydrothieno[3 ,4-dl -oxazol ines  (VII, VIII, and IX) in the react ion mixtures  was fixed in the 
PMR spect ra  f rom the cha rac te r i s t i c  (for these compounds) signals of protons  attached to C3a and C6a [52]. 
The signals at 5 5.13-5.38 (H3a) and 5.85-6.11 ppm (H~a) in thionyl chloride are  affiliated with these p ro -  
tons. The vicinal s p i n - s p i n  coupling constants  of these protons co r respond  to cis  fusion of the oxazoline 
and thiophan r ings  and to the conformation previously found for such two-r ing compounds [5] (J3aH,6aH 7.0- 
7.4 Hz; ZJ3a, 4 5.8-6.1 Hz; ZJ6,6a 5.2-5.4 Hz). 

In the case of t rans  i somer s  IVb, Vb, and VIb, these t ransformat ions  are  accompanied by inversion 
to the cis  configuration. 

t r ans -4 -Acy lamino-3-ch lo ro th iophans  (X, XI) were obtained f rom c is i somers  IVa and Va, and in this 
case the react ion also proceeds  with inversion of eonfiguration. T h e t r a n s f o r m a t i o n o f e i s - 4 - a e e t a m i d o - 3 - e h l o -  
rosulfitothiophan VI was not studied because of its instability. 

When cis i somer  Va is heated to the boiling point in thionyl chloride,  4-benzamido-3-chloroth iophan 
(XI) is formed; XI was isolated in crys ta l l ine  form in 77 % yield. Its s t ruc ture  was proved by its IR and 
mass  spectra .  

The charac te r i s t i c  absorption band of a hydroxyl group is absent in the IR spec t rum of XI, but a band 
of C - C 1  s t re tching vibrat ions appears  at 720 cm - l .  Low-intensi ty  (~ 0.1 ~ of the maximum peak) molecu-  
lar  ions are observed in the m a s s  spect ra  of IIb and XI. On the bas is  of the m a s s  spectra  of standard c o m -  
pound IIb and the high-resolut ion m a s s  spectra ,  the position and cha rac te r  of the substituents was es tab-  
lished for XI (Table 2). F ragment s  with m/e  205 (detachment of a substituent f rom C3) and also with m/e  
77, 105, and 122 indicate the presence  of an NHCOC6H 5 group attached to C a. The fragment with m / e  102 
in IIb co r responds  to the oxygen-containing group attached to C 3. The absence of an ion with m / e  102 and 
the appearance of an ion with m / e  120 (CaH~SC1) + in the m a s s  spectrum of XI shows that the substituent 
attached to C 3 is a chlorine atom. 

It is known [6, 7] that oxazolines are  formed only f rom c i s - l - amino - subs t i t u t ed  2-chloro derivat ives .  
An oxazoline was not fo rmed f rom XI when it was heated in pyridine, and a t rans  configuration can con-  
sequently be assigned to XL Compound XI and t rans--4-ureido-3-chlorothiophan (X) were  obtained f rom 
Via and Va, respect ively ,  when pyridine was added to a solution of these compounds in thionyl chloride.  

The p a r a m e t e r s  of the PhIR spec t rum of XI in deuteropyridine are  presented in Table 1. It should be 
noted that the spect rum of this compound differs  f rom the spectra  of the t rans  i somer s  of 3,4-subst i tuted 
thiophans [4], and it therefore  does act seem possible to draw a conclusion regarding  the t rans  conf igura-  
tion of the substitutents in XI on the bas is  of  the charac te r i s t i c  features  of the PMR spectrum.  

It is noteworthy that c is-3,3-(sulf inyldioxy)bis-(4-benzamidothiophan) (XII) was obtained from the r e -  
action of equimolecular  amounts of c i s -4-benzamido-3-chlorosul f i to th iophan (Va) and c i s - 4 - b e n z a m i d o - 3 -  
hydroxythiophan {IIa) in dry chloroform.  This react ion makes it possible to assume that chlorosulfi te Va 
is a sufficiently react ive reagent  for hydroxyl groups.  The s t ructure  of XH was establ ished on the basis 
of its e lementa ry  composit ion and its IR and mass  spec t ra  (Table 2). The fragment with m / e  490 is prob-  
ably due to the toss  of two hydrogen a toms from the molecular  ion with m/e  492. The absorption band c h a r -  
ac ter i s t ic  for  the OH group is absent in its IR spectrum. 
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E X P E R I M E N T A L  

The PMiR s p e c t r a  were  r e c o r d e d  with a Hitachi  R-20A s p e c t r o m e t e r .  T e t r a m e t h y l s i l a n e  was used  as  
the in te rna l  s tandard .  The accu racy  in the de t e rmina t ion  of the chemica l  shif ts  was 0.01 ppm, and the a c -  
cu racy  in the de te rmina t ion  of the s p i n - s p i n  coupling cons tan t s  was  0.1 Hz. The LR s p e c t r a  were  r e c o r d e d  
with a UR-10 s p e c t r o m e t e r .  The m a s s  spec t r a  were  r e c o r d e d  with a J m s - 0 1 s g - 2  m a s s  s p e c t r o m e t e r  with 
d i r e c t  in t roduct ion of the sample  into the ion source  at ionizing vol tages  of 75 eV and an e m i s s i o n  cu r r en t  
of 1 #A. The t e m p e r a t u r e  of the ion source  was  main ta ined  at 100 ~ and the t e m p e r a t u r e  of the admis s ion  
s y s t e m  was main ta ined  at 80 ~ , depending on the vola t i l i ty  of the inves t iga ted  compounds.  

c i s - 4 - U r e i d o - 3 - c h l o r o s u l f i t o t h i o p h a n  (Via). A 1-g (6.2 mmole)  sample  of Ia was added to 4 ml of 
thionyl ch lor ide  at  0 ~ and the mix ture  was s t i r r e d  for  30 min with g radua l  r a i s ing  of the t e m p e r a t u r e  to 
20-22 ~ The thionyl ch lor ide  was  then removed  in vacuo, d ry  benzene was  added to the r e s idue ,  and the 
benzene was removed  by d i s t i l l a t ion .  The r e s idue  was  main ta ined  in vacuo for 1 h to give 1.45 g (96.7%) of 
a frothy product .  Found: C 24.9; H 4.0; C1 14.4; N 11.3%. CsHgCIN203S 2. Calculated:  C 24.5; H 3.7; 
C1 14.5; 11o4%. 

t r ans -4~Benzamido -3 -ch lo ro th iophan  (XI). A) A solut ion of 0.8 g (3.6 mmole)  of IIa in 3 ml of thionyl 
ch lor ide  was re f luxed  for  1 h, a f t e r  which the thionyl ch lor ide  was r e m ove d  in vacuo, and the res idue  was 
d i s so lved  in ch lo ro fo rm.  The ch lo ro fo rm solution was  washed with w a t e r  and d r i ed  with sodium sulfate.  
The ch lo ro fo rm was removed ,  alcohol was added to the r e s idue ,  and the alcohol  mix ture  was mainta ined  at 
0 ~ for 18 h. The resu l t ing  p rec ip i t a t e  was r emoved  by f i l t ra t ion  to give 0.45 g (51%) of c o l o r l e s s  need les  
with mp 158-159 ~ (from alcohol) .  Found: C 54.8; H 5.0; C1 14.7; N 5.7; S 12.9~c. CIIHI2C1NOS. Calculated:  
C 54.7; H 5.0; C1 14.7; N 5.8; S 13.3 %. 

B) A 1.6-g (7.2 mmole)  sample  of IIa was added to 6 ml of thionyl  ch lo r ide  at  0 ~ and the mix ture  was 
s t i r r e d  for 30 min,  a f t e r  which it was cooled to - 1 0  ~ and 1.6 ml (20 mmole)  of pyr id ine  was  added. The 
mix ture  was then s t i r r e d  at  - 1 0  to 0 ~ for  30 rain and at  18-20 ~ for 2 h. It was then concent ra ted ,  and the 
r e s idue  was e x t r a a t e d  with e the r .  The e the r  was  r emoved ,  alcohol was  added to the r e s idue ,  and the mix -  
ture  was held at 0 ~ for 18 h. The r e s u l t i n g  p rec ip i t a t e  was s epa ra t ed  to give 1.2 g (69.8 %) of XI. 

t r a n s - 4 - U r e i d o - 3 - c h l o r o t h i o p h a n  (X). A 2-g  (12.4 mmole)  sample  of Ia was added to 7.5 ml of thionyl 
ch lor ide  at 0 ~ and the mix ture  was s t i r r e d  for  30 min. A 2.67 ml (33.2 mmole)  sample  of pyr id ine  was  
added, and the mix tu re  was s t i r r e d  at 18-20 ~ for 2.5 h. I t  was then concen t ra ted ,  and 150 ml of ch lo ro fo rm 
was added to the r e s idue .  The ch lo ro fo rm solution was  washed with 20 ml of wa te r  and d r i ed  with sodium 
sulfate.  The ch lo ro fo rm was  then removed ,  acetone was  added to the r e s idue ,  and the mix ture  was worked 
up to give 0.7 g (30%) of c o l o r l e s s  p r i s m s  with mp 136-137 ~ (from acetone) .  Found: 36.4; H 6.0; C1 17.97c. 
Csi,IgC1NOS x (CH3)2CO. Calculated:  C 37.2; H 5.8; C117.0%. R e c r y s t a l l l z a t i o n  f rom alcohol  gave c o l o r l e s s  
p r i s m s  with mp 135-136 ~ Found: C 35.9; H 5.3; C1 17.8 %. CsHsC1NOS'C2HsOH. Calculated:  C 35.4; 
H 5.9; CI 17.4%. 

c i s -3 ,3 - (Su l f iny ld ioxy)b i s - (4 -benzamido th iophan)  (XII). A 0 .16-ml  (2.3 mmole)  sample  of thionyl ch lo -  
r ide  was added at  0 ~ to a solut ion of 0.5 g (2.3 mmole)  of IIa in 5 ml of ch lo ro fo rm,  and the mix tu re  was  
s t i r r e d  for 30 min (100 % format ion  of ch lorosu l f i t e  Va was de t e rmined  by PMR spec t roscopy) ,  a f te r  which 
another  0.5 g (2.3 mmole)  of IIa was  added, and the mix tu re  was s t i r r e d  at  20 ~ for 1 h. The resu l t ing  p r e -  
c ip i ta te  was  s epa ra t ed  to give 0.8 g (72.6 %) of c o l o r l e s s  need les  with mp 207 ~ (dee., f rom d imethy l  su l -  
foxide). Found: C 53.6; H 4.8; N 5.5; S 19.3~c. C22H24N2OsS3. Calculated:  C 53.6; H4 .9 ;  N 5.7; 9.5%. 
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