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I t  has been es tab l i shed  that the p re sence  of a subst i tuent  in the 2 posit ion in t r a n s - 4 - b e n z a -  
mido-3-hydroxythiophan changes the m e c h a n i s m  of the reac t ion  with thionyl chlor ide f r o m  
SN2 to SN1. r - 4  B e n z a m i d o - t - 3 - c h l o r o - c  (or t ) -2 -  (4-methoxycarbonylbutyt) thiophan and 2- 
phenyl-c is  (or t r a n s ) - 6 -  (4 -methoxycarbonylbuty l ) -c i s -3a ,4 ,6 ,6a- te t rahydro th ieno[3 ,4-d]oxa-  
zollne a r e  fo rmed  s imul taneous ly  f r o m  r - 4 - b e n z a m i d o - t - 3 - h y d r o x y - c ( o r  t ) -  2 - ( 4 - m e t h o x y -  
carbonylbutyl)thiophans on reac t ion  with thionyl chloride.  The configurat ions of the products  
we re  es tabl i shed by PiVIR spec t roscopy  by means  of the t e m p e r a t u r e  dependence of the v ic i -  
hal s p i n - s p i n  coupling constants  and the angular  dependence of these  constants .  

Continuing o a r  study of the s t e reospec i f i c i ty  of the reac t ion  of thionyl chloride with subst i tuted 3-hy-  
droxythiophans [1] we c a r r i e d  out this reac t ion  with r - 4 - b e n z a m i d o - t - 3 - h y d r o x y - c -  and r - 4 - b e n z a m i d o - t - 3 -  
hyd roxy- t -2 -  (4-methoxycarbonylbutyl) thiophans (I, V). When thiophans I and V a re  added to thionyl chloride at 
- 2 0  ~ C, the signal of the proton at tached to C 3 in the PMR spec t r a  of the resu l t ing  compounds is shifted to weak 
field as compared  with the s p e c t r a  of the s ta r t ing  compounds,  and this const i tutes  evidence for a change in the 
substi tuent  at tached to C s. The p a r a m e t e r s  of the PMR s p e c t r a  of these  compounds a r e  s imi l a r  to those of the" 
spec t r a  of the spec t r a  of 4 -amino-subs t i tu ted  3-chlorosulf i tothiophans [1]. Thus chlorosulf i tes  H and VI, r e -  
speet ively ,  a r e f o r m e d f r o m  thiophans I and V. 

C6HsCO~.o H 

I,V 

C 6 H 5 C O ~  CI 

II, VI 

C6HsCONH C| 

IV, VIII llI, VII 

R = (CH2)4COOCH3; in I - IV the subst i tuents  in the 2 and 4 posit ions of the thiophan r ing  a r e  in the cis con- 
f igurat ion,  whereas  in V-VIII they a r e  in the t r ans  configuration.  

The sum of the vicinal  constants  (~J4,5 =11.2 Hz) in the PMR s p e c t r u m  of VI is of r e l a t ive ly  sma l l  m a g -  
nitude, whereas  the chemica l  shifts  of the geminal  protons at tached to C 5 do not coincide (Table 1). Proton 
magnet ic  resonance  spec t r a l  pecul ia r i t i es  of this sor t  a r e  cha rac t e r i s t i c  for the r - 4 - t - 3 - t - 2  subst i tuent  
configuration [2]. In the case  of II the s u m  of the vicinal  constants  along the 4 - 5  bond is substant ia l ly  l a rg e r  
(15.6 Hz), and in this case  one obse rves  l a r g e r  J2,3 and 53, 4 values  (7.6 Hz, Table  1); this  is cha r ac t e r i s t i c  for 
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TABLE 2. T o r s i o n  and Dihedra l  Angles  and Ranges  of the T h e o r e t i -  
ca l  Values of the Vicinal  S p i n - S p i n  Coupl ing Cons tan t s  for the 20 
P o s s i b l e  Con fo rma t ions  of VII in the B Conf igura t ion*  

c'%c~ ~ C,~.,~ cooc% 

a=o C! 
B 

6 
Z 

1 
2 
3 
4 
6 

7 
8 
9 

l0 
II 
12 
13 
14 
15 
16 
17 
18 
19 
2O 

~ 

0 

36 

72 

108 

I44 

180 

216 

252 

288 

324 

360 

396 

432 

468 

504 

540 

576 

612 

648 

684 

79 0,3---0,4 
161 9,6--14,5 
90 O 

150 8,1--12,2 
105 0,7--1,1 
135 5,4--8,0 
120 2,7--4,O 

135 5,4--8,0 
105 0,7--1,1 
150 8,1--12,2 
90 0 

161 9,6--14.5 
79 0,3--0,4 

169 0,4--15.6 
71 0,8--1,3 

169 0,4--15,6 
71 0,8--1,3 

169 0,4--15,6 
71 0,8--1,3 

r 

49 

49 

41 

30 

15 

0 

15 

30 

41 

49 

3,3--5,2 [ 

3,3--5,2 [ 

4,5--6,9 

6,0--9,0 

7,4--I 1,21 

8,0-- 12,0 

7,4--11,2 

6,0--9,0 

4,5--6,9 

3,3--52 

~ 

0 

15 

30 

4.5--6,9 

33--5,2 

3,3--5,2 

3,3--5,2 

4,5--6,9 1 

6,0--9,0 { 

7,4-- 11,2 I 

8,0--t2,0 I 

7,4-- 11,2 I 
! 

6,0--9,0 I 

161 
79 

169 
71 

169 
71 

169 
71 

161 
79 

150 
90 

135 
105 
120 

I05 
135 

9.6--14,5 
0,3--0.4 

10,4--15,6 
0,8-- 1,3 

10.4--15,6 
0,8--1,3 

10,4--15,6 
0,8--13 
9.6--14,5 
0,3--0,4 
8,1--12,2 
0 
5,4--8,0 
0.7--I,1 
2,7--4,0 

0,7--1,1 
5,4--8,0 
0 
8.1--12,2 

* "The phase angle  of pseudoro ta t ion  (,%) was varied for the r i n g  of 
pseudorotation from 0 to 720 ~ (through 36 ~ [10, 11]. The maximum 
torsion angle (r was assumed to be 49 ~ (the typical maximum tor -  
sion angle for a five-membered ring [12]). The remaining torsion 
(r and dihedral (~0) angles were brought into conformity with the 
maximum values [13]. 

TABLE 3. Ca lcu la t ed  and E x p e r i m e n t a l  Values of the Vicinal  
S p i n -  Spin Coupl ing Cons t an t s  for  the 1,2 Confo rma t ions  and the 

1~-2 C o n f o r m a t i o n a l  E q u i l i b r i u m  
Conformation 

t I s I m0~)=2(30~) 

~ o 
2 - 3 ,  

I2, s cale , Hz 

�9 f3, 4 talc , Hz 
~4--S, o 

14, scalc , Hz 
~04H_SH, ' o 
]4, ~,. calc 

49 
3,3--5,2 (/ixP =4,0) 

71 l 169 0,8--1,3 10,4--15,6 3,6--5,6 (/exp =4,6) 
3O 

6,0--9,0 (/exp =6,8) 
~176 [ 1 0 8,1--12,2 2,4--3,7 (I exp =3,0) 

an r - 4 - t - 3 - c - 2  o r i e n t a t i o n  of the s u b s t i t u e n t s  [2]. Thus the conf igu ra t ion  of the s u b s t i t u e n t s  is r e t a i n e d  
du r ing  the f o r m a t i o n  of ch lo rosu l f i t e s  II and VI. 

The subsequen t  t r a n s f o r m a t i o n s  o f  c h l o r o s u l f i t e s  II  and  VI in so lu t ion  in th[onyl  ch lo r ide  d u r i n g  

t h e r m a l  r e a c t i o n  w e r e  m o n i t o r e d  by PMR spec t ro scopy .  

Ch lo rosu l f i t e s  II and VI a r e  s t ab l e  in th ionyl  ch lo r ide  at t e m p e r a t u r e s  up to  0~ when the t e m -  

p e r a t u r e  is r a i s e d  to 20 ~ r - 4 - b e n z a m i d o - t - 3 - c h l o r o - c - 2 -  (4 -me thoxyca rbony lbu ty l ) th iophan  (III) and 2 - p h e -  
ny•-cis-6-•4-methoxycarbony•butyl)-cis-3a•4•6'6a-tetrahydr•thieno[3•4-d]oxazo•ine (IV) a r e  f o r m e d  f r o m  
II  in  a r a t i o  of 1 : 2, w h e r e a s  r - 4 - b e n z a m i d o - t - 3 - c h l o r o - t - 2 - ( 4 - 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  (VII) and 
2-pheny•-trans-6-(4-meth•xy•arb•ny•buty••-cis-3a•4•6'6a-tetrahydr•thlen•[3•4-d]•xaz••ine (VIII} a r e  

f o r m e d  f r o m  VI in a r a t i o  of 1 : 3. 

2 8 4  
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Fig. 3. T e m p e r a t u r e  dependences of J3a,6a (1), J3a,4, (2), J3a4, (3), and J6,m (4) 
for a solution of VIII in deuteropyr idine .  

Fig. 4. T e m p e r a t u r e  dependences of J3a,m (1), the sum of J3a,4' and J3a,4,, (2), 
and J6,6a (3) for a solution of IV in deuteroacet tc  acid. 

The configurat ions of III,  IV, VII, and VIII we re  es tabl i shed by PMR spec t roscopy  (Table 1). It has 
prev ious ly  been shown that the t e m p e r a t u r e  dependences of the vicinal  s p i n - s p i n  coupling constants  (SSCC) 
a r e  c h a r a c t e r i s t i c  in the de te rmina t ion  of the configurat ions of sa tu ra ted  subst i tuted f i v e - m e m b e r e d  r ings  
[5]. The t e m p e r a t u r e  dependences of the vicinal  constants (Figs. i and 2) we re  the re fo re  invest igated to 
de te rmine  the mutual  or ientat ion of the subst i tuents  in III  and VII. 

In HI and VII the re  a r e  both cis and t rans  vicinal  SSCC constants  along the 4 - 5  bond. As expected,  
the magnitude of the t r a n s - v i c i n a l  constant  depends on the t e m p e r a t u r e  (J4,5,, Figs.  I and 2, curves  2 and 
3), whe reas  the magnitude of the eis constant  is independent of the t e m p e r a t u r e  (J4,5,, Figs.  1 and 2, curves  
3 and 2). The signal of the proton at tached to C 3 is p rac t i ca l ly  a t r ip le t  in the s p e c t r a  of both compounds 
(Table 1). The t e m p e r a t u r e  dependence of the sum of the vicinal  constants  along the 2 - 3  and 3 - 4  bonds 
(the sum of J2, 3 and 33,4) was t h e r e f o r e  m e a s u r e d  for both compounds.  In the case  of III the change in the 
magnitude of this sum exceeds  the change in the single t r an s -v i c ina l  constant  34,5,, by a factor  of a lmos t  
two (Fig. 1 at 63 to 114 ~ ~ 2  = - 0 . 9 2  Hz, curve  1; ~ 4 , 5 "  = -0 .51  Hz, curve  2). Consequently,  the measu red  
sum of the constants  consis ts  of two t r an s -v i c ina l  constants  (J2,3 t r ans ,  J3,4trans), and HI is r - 4 - b e n z a m i d o -  
t - 3 - chlor o - c-  2-  (4-methoxycarbonylbutyl)  thiophan. 

In the case  of VII the changes with t e m p e r a t u r e  in the magnitude of the sum of J2,3 and J3,4 and of the 
t r a n s - v i c i n a l  constant (J4,5,,) a r e  p rac t i ca l ly  identical  (Fig. 2, at 71.5 to 122.5 ~ A~, =0.41 Hz, curve  1; 
t~.T4, 5. =0.48 Hz, curve  3), i .e . ,  one c i s -and  one t r a n s - v i c i n a I  constant  enter  into the m e a s u r e d  sum. Thus 
the two following configurat ions of subst i tuents  r e m a i n  possible  for VII: 

A B 

In o rder  to choose between these  configurat ions,  for each of them we calculated the r anges  of the v ie-  
inal constants  of all  20 s y m m e t r i c a l  conformat ions  that  make up the network of pseudorotat ion of the f ive-  
m e m b e r e d  r ing  by means  of angular  dependence equations [6, 7]. In the calculat ion of the r anges  of the 
vicinal  constants ,  coefficient  j0 in the angular  dependence equation was va r i ed  f r o m  8 to 12 Hz, and the 
J 18~176 coeff icient  was 1.35 j0; this makes  it poss ib le  to allow for the effect of different subst i tuents  on the 
magnitude of the constant  [7]. The calculated constants  we re  compared  with the exper imenta l  values .  

It  was found that in the ease  of the B configuration (Table 2) none of the conformat ions  can explain 
the vicinal  constants  obse rved  for VII (Table 1). Moreover ,  the calculated vicinal  constants  cannot, with 
any s a t i s f ac to ry  accu racy ,  approach  the exper imenta l  values  by considera t ion of the possible  conforma-  
t ional  equi l ibr ia  with par t ic ipa t ion  of two conformat ions ,  the phase angles of which differ  by 360 o [8] 
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(A(1)-~A(2), Table 2). The contribution to the conformat ional  equi l ibr ium of conformat ions  that  a r e  adja-  
cent,  along the ne twork  of pseudorotat ion,  to each of the conformat ions  under considerat ion (the pseudo-  
l ibrat ion phenomenon [8]) a l so  does not change the pic ture .  

In a s imi l a r  examinat ion of the A configuration we were  able to choose a conformat ional  equi l ibr ium 
that  sa t i s fac to r i ly  explains the obse rved  values of the vicinal  constants  for  VII (Table 3): 

It'N COC6H5 ~ 

CH~ (CH2),CO0 Cr, 3 

Cl 
I 2 

Thus VII is r -4 -benzamido- t -3 -ch lo ro - t -2 - (4 -me thoxyoa rbony lbu ty l ) t h iophan .  

It  should be noted that  the f o r m  of the conformat ional  equi l ibr ium and the p r i m a r y  conformat ion for 
VII a r e  identical  to those prev ious ly  found for r -4 -benzamido - t -3 - ace toxy th iophan  [9], i .e. ,  the in t roduc-  
tion of a 4-methoxycarbonylbutyl  subst i tuent  in the 2 position or iented t r ans  to the subst i tuent  at tached to 
C 4 p rac t ica l ly  does not change the conformat ional  s ta te  of the molecule .  This evidently a lso  explains the 
above-noted  re tent ion of the c h a r a c t e r i s t i c  pecul ia r i t ies  of the s p e c t r a  of the eis  and t r ans  i s o m e r s  of 
disubst i tuted thiophans for the cor responding  i s o m e r s  of the t r i subs t i tu ted  compounds for a t r ans  configu- 
ra t ion  of the subst i tuents  in the 2 and 4 posit ions [2]. 

The p a r a m e t e r s  of the PMR s pec t r a  of solutions of IV in deuteroace t ic  acid and of VIII in deute ro-  
pyridine a r e  presented  in Table 1. The configuration of VIII was prev ious ly  proved by an examinat ion of 
the magnitudes of the vicinal s p i n - s p i n  coupling constants  [2]. A study of the t e m p e r a t u r e  dependences of  
the vicinal  constants conf i rms  the c o r r e c t n e s s  of the choice of configuration.  As seen f r o m  Fig. 3, two of 
the constants  for it [J3a,4, (curve 3) and J6,sa (curve 4)] depend on the t e m p e r a t u r e ,  i .e. ,  they a re  t rans  
constants ,  whereas  two other constants  [J3a 6a (curve 1) and J3aH 4~, (curve 2)] do not depend or, the t e m -  
pe ra tu re ,  i .e . ,  they a re  c i s -v ic ina l  constants  [5]. The J3a,6a constant  Is found among the cis constants ,  and 
this const i tutes  evidence for cis fusion of the oxazoline and thiophan r ings  in VIII; the J6,m constant is 
found among the t rans  constants ,  and this co r responds  to t r ans  or ientat ion of the substi tuent  at tached to C 6 
re la t ive  to the oxazoline r ing.  

In the case  of IV, the J6,6a constant  is re ta ined  as the t e m p e r a t u r e  changes (Fig. 4, curves  1 and 3). 
Consequently,  this constant  is a c i s -v ic ina l  constant  if, of course ,  the energ ies  of the con fo rmer s  pa r t i c i -  
pating in the conformat ional  equi l ibr ium differ.  The chemica l  shifts  of the protons at tached to C 4 a re  close 
or coincide in the s pec t r a  of this compound at var ious  t e m p e r a t u r e s  (Table 1). It t h e r e f o r e  did not s e e m  
poss ib le  to make an individual study of the t e m p e r a t u r e  dependences of the c i s -  and t r an s -v i c ina l  constants  
with r e spec t  t o t h e 3 a - 4  bond. However ,  the sum of these  constants  (2~J3a_ 4) depends on the t e m p e r a t u r e  
(Fig. 4, curve  2), and this provides  evidence for  a di f ference in the energies  of the confo rmers  other than 
ze ro  (otherwise the t r ans -v i c ina l  constant  should a lso  be independent of the t empe ra tu r e ) .  Thus the t e m -  
pe ra tu re  exper iments  provide evidence for a cis or ientat ion of the subst i tuent  at tached to 6~6 with r e s p e c t  
to the oxazoline r ing  in IV. 

An examinat ion of the magnitudes of the vicinal  SSCC constants  by means  of angular  dependence equa-  
tions p e r f o r m e d  as in [2-4] showed that,  as  in the case  of VIII [2], cis fusion of the thiophan and oxazoline 
r ings  and the following conformat ional  equi l ibr ium, in which conformat ion 3 p redomina tes ,  a r e  c h a r a c t e r -  
is t ic  for IV: 

3 4 

We have prev ious ly  es tab l i shed  that,  whereas  the reac t ion  of t r ans -4 -benzamido-3 -hydroxy th iophan  
is r ea l i zed  with thionyl chloride under the influence of heat ,  it p roceeds  with invers ion  of configuration 
(SN2) to give 2-phenyl -c i s - te t rahydro th ieno[3 ,4-d]oxazol ine  [1]. 

In the p re sen t  r e s e a r c h  we have shown that  the introduction of a subst i tuent  in the 2 position in t r a n s -  
4 -benzamido-3-hydroxyth iophan  prevents  r eac t ion  with thionyl chlor ide via an SN2 m e c h a n i s m  and d i rec ts  
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it via  an SN1 m e c h a n i s m  inasmuch as oxazolines IV and VIII (the reac t ion  p roceeds  with invers ion of con- 
fignration) and ehloro de r iva t ives  III and VII (retention of configuration) a r e  fo rmed  s imul taneous ly  f r o m  
II  and VI. 

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

The PMR s p e c t r a  of the compounds w e r e  r e c o r d e d  with a Hitachi-20A s p e c t r o m e t e r  (60MI-Iz) with 
t e t r ame thy l s i l ane  as  the internal  s tandard .  The a s s ignment  of the s ignals  to definite protons in the inves-  
t igated compounds was conf i rmed  by the ra t io  of the in tegra l  intensi t ies  of the s ignals  and doub le - r e so -  
nance exper imen t s .  In the m e a s u r e m e n t  of the t e m p e r a t u r e  dependences the t e m p e r a t u r e  was d e t e r m i n e d  
p r io r  to and a f t e r  r eco rd ing  of the s p e c t r a  f r o m  the t e m p e r a t u r e  dependence of the chemica l  shif ts  of the 
protons of ethylene glycol (with p r io r  ca l ibra t ion  of the ethylene glycol sample) .  T r a c e s  of oxygen were  
r e m o v e d  f r o m  the s am p l e s  by blowing an iner t  gas through them. The vic[nal constants  were  ave raged  over  
12 to 20 m e a s u r e m e n t s  in o rde r  to r a i s e  the a c c u r a c y  of the m e a s u r e m e n t s .  The IR s p e c t r a  of minera l -o i l  
suspens ions  of  the compounds 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 .  

r - 4 - B e n z a m i d o - t - 3 - c h l o r o - c - 2 -  (4-methoxyearbonylbutyl) thiophan (III) and 2- P h e n y l - c i s - 6 -  (4-meth-  
oxycarbonylbu ty l ) -c [ s -3a ,4 ,6 ,6a- te t rahydro th ieno[3 ,4-d]oxazo l ine  Hydrochlor ide  (IV). A 6-g  (17 mmole)  
s amp le  of thiophan I [2] was added at - 3 0  ~ to 18 ml  of thionyl chlor ide,  a f te r  which the mix tu re  was s t i r r e d  
at - 3 0  ~ for 15 m[n and at 20 ~ for 1 h. The thionyl chloride was then r e m o v e d  by vacuum dist i l lat ion,  50 ml 
of methanol  was added to the res idue ,  and the mix tu re  was allowed to stand at 0 ~ for  10-12 h. The resu l t ing  
p rec ip i t a te  was s epa ra t ed  to give 1.4 g (22%) of co lo r l e s s  needles  of HI with mp 126-127 ~ (from methanol).  
Found: C 57.8; H 6.3; C110.0; N 3.7%. C17H22C1NO3S. Calculated:  C 57.4; H 6.2; C110.0; N 4.2%. The 
f i l t r a t e  was concent ra ted  to a volume of 10 ml,  and the concent ra ted  solution was al lowed to stand at 0 ~ for 
24 h. The r e su l t i ng  p rec ip i t a te  was s e p a r a t e d  to give 3.2 g (51%) of co lo r l e s s  p r i s m s  of IV with mp 77-78 ~ 
( f rom methanol) .  Found: C 57.9; H 6.3; C110.2; N 3.8%. C17H21NO3S- HC1. Calculated:  C 57.9; H 613; 
C110.1; N 4.2%. 

r - 4 - B e n z a m i d o - t - 3 - c h l o r o - t - 2 -  (4-methoxyearbonylbutyl) thiophan (VII) and 2 - P h e n y l - t r a n s - 6 -  (4- 
methoxycarbonylbu ty l ) -c i s -3a ,4 ,6 ,6a - te t rahydro th ieno[3 ,4 -d]oxazo l ine  Hydrochlor ide  (VIII). These  com-  
pounds were  obtained f r o m  6 g (17 mmole)  of thiophan V [2] under conditions s i m i l a r  to those desc r ibed  
for  the p repa ra t ion  of III and IV. The yield of VII, which was obtained as co lo r less  needles  with mp 133- 
134 ~ ( f rom methanol) ,  was 1.1 g (18%). Found: C 57.2; H 6.1; C19.7; N 3.8%. C17H22C1NO3S. Calculated:  
C 57.4; H 6.2; C19.9;  N 4.2%. The yield of VIII, which was obtained as co lo r l e s s  p r i s m s  with mp 135-136 ~ 
( f rom methanol) ,  was 3.5 g (57%). No mel t ing-point  depress ion  was obse rved  for  a mix tu re  of this product 
with a genuine sample  [2]. 
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