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Invers ion  during the acid hydro lys i s  of t r ans -4 -benzamido-3 -hydroxy th iophane  is a c c o m -  
pl ished through the in te rmedia te  format ion  of c i s -2-phenyl te t rahydro th ieno[3 ,4-d]oxazol ine .  
The la t t e r  has c is  r ing fusion, and the oxazoline r ing is p lanar .  Opening of the oxazoline 
ring is not accompanied  by invers ion and leads to c i s -3 ,4 - subs t i t u t ed  thiophanes.  M i g r a -  
tion of the acyl  group f r o m  the ni t rogen to the oxygen a tom was detected in subst i tuted 
thiophanes.  

In [1] it was shown that  the acid hydro lys i s  of t r ans -4 -benzamido-3 -hydroxy th iophane  (Ia) is a c c o m -  
panied by invers ion  with the format ion  of c i s -4 -amino-3 -hydroxy th iophane  (1t9); it was assumed  that the in- 
ve r s ion  p roceeds  through the in te rmedia te  format ion  of 2-hydi :oxy-2-phenyl te t rahydroth ieno[3 ,4-d]oxazol -  
inc. In this paper  we p resen t  the r e su l t s  of an invest igat ion of the isolat ion,  identification, and e s t ab l i sh -  
men t  of the configurat ion of 2-phenyl te t rahydrothieno[3,4-d]oxazol ine  (H), which is fo rmed  as the f i r s t  
product  of the reac t ion .  

2-Phenyl te t rahydroth ieno[3 ,4-d]oxazol ine  aD is fo rmed  by the action on t r a n s - 4 - b e n z a m i d o - 3 -  
hydroxythiophane (Ia) of boiling hydrogen b r o m i d e - s a t u r a t e d  acet ic  acid, sulfur ic  acid in acetoni t r i le ,  or  
thionyl chlor ide  in the p r e s e n c e  of pyridine;  in the f i r s t  case  it is i so la ted  as the hydrobromide .  Compound 
II  r ead i ly  gives  a hydrobromide  or  hydrochlor ide  in the p r e sence  of the cor responding  ac ids .  Compound II 
(base or  hydrobromide)  is hydrolyt ica l ly  c leaved  by ref luxing in wa te r  to c i s - 4 - b e n z a m i d o - 3 - h y d r o x y t h i o -  
phane (Ib). 

I a II lb  / ",.. 
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III IV 

The same  2~-phenyltetrahydrothieno[3,4-d]oxazoline (II) that is fo rmed  f r o m  t rans  compound Ia is ob- 
tained f r o m  cis compound 17o by ref luxing with hydrogen b r o m i d e - s a t u r a t e d  acet ic  acid.  These  r e su l t s  d i f -  
f e r  f r o m  those in [2], according to which the format ion  of the oxazoline ring occurs  only f r o m  the cyclic  
t r ans  amino a lcohols .  

In the convers ion  of Ia to II, one thus obse rve s  t r a n s - c i s  invers ion  of the subst i tuents ,  while the cis  
configurat ion is re ta ined  in the convers ion  of Ib to II, and invers ion is not obse rved .  
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It  should be noted that c leavage  of the oxazoline r ing of II was not a c -  
companied  by  invers ion and led to a e i s -3 ,4 - subs t i t u t ed  thiophane, C ore-  
pound II was hydrolyzed by boiling wa te r  to c i s - Ib ,  as indicated by the m e l t -  
ing point of the react ion  product  [1]. 

The s t ruc tu re  of II  was  conf i rmed  by the PiVIR s p e c t r a  (Fig. 1). The 
complex  groups  of s ignals  at 2.70-3.30 ppm (spect rum a) and at 3.00-3.80 
ppm (spect rum b) a r e  affi l iated with the four protons at tached to C 4 and C 6. 
The s ignals  at 4.80-5.40 ppm (spectrum a) and the s ignals  at 5.50-5.80 and 
6.15-6.40 ppm (spectrum b) a re  fo rmed  by the protons attached to C3a and 
C6a [3-6]. The ass ignment  of the s ignals  to the C 4 and C 6 protons ,  r e s p e c -  
t ively,  was made by means  of double proton magnet ic  r e sonance  (DPIVIR) 
spec t roscopy .  A signal c h a r a c t e r i s t i c  for  an acid proton (NH, 5 12.8 ppm 
a t - 3 0  ~ 5 13.7 at -60  ~ Table  1) can be obse rved  in the spec t r a  of solutions 
of the hydrohal ides  of II in deu te roch lo ro fo rm at  low t e m p e r a t u r e s .  The 
appearance  of a posi t ive cha rge  in the oxazoline ring s imul taneous ly  leads 
to a shift  in the Cza and C6a protons to weaker  field as c o m p a r e d  with their  
position in the spec t rum of the cor responding  bases  ( rable  1). The a s s ig n -  
ment  of these  s ignals  to the C3a and C~a protons ,  r e spec t ive ly ,  was made  
on the bas i s  of the l i t e r a tu re  data for  s i m i l a r  compounds [4,5]. The s p e c t r a  
of solutions of the hydrohal ides  of II in deuteropyr id ine  p rac t ica l ly  coincide 
with the s p e c t r u m  of the f r ee  base  in this solvent .  

Since 2-phenyl te t rahydrothieno[3,4-d]oxazol ine  (II) was obtained f rom 
two ep imer i c  amino alcohols  (ia and Ib), while both cis  and t rans  coupling 
of the r ings  a r e  known [7] for  the two fused f i v e - m e m b e r e d  r ings  that  i n -  
elude he te roa toms ,  the type of fusion in II cannot be se lec ted  a p r io r i .  The 
select ion of the type of fusion was c a r r i e d  out using the angular  dependence 
of the vicinal  s p i n - s p i n  coupling constants  [8, 9]. All poss ible  types of cis  
and t rans  fusion of the thiophane and oxazoline r ings  in II we re  cons idered .  

The m a x i m u m  tors ion  angle in both f i v e - m e m b e r e d  r ings  is about 
60 ~ for t r ans  fusion. The ranges  of the vicinal  s p i n - s p i n  coupling con-  
s tants  for the 6 - 6 a ,  6 a - 3 a ,  and 3 a - 4  bonds were  calcula ted using the 
angular  dependence (with al lowance for  the effects  of subst i tuents  over  
wide ranges)  [8-10]. Close  values  of the constants  we re  obtained for  both 
the C 2 and C s c~aformat ions  that  the thiophane r ing can a s sume :  J3a,6a = 
9.5-15o0 Hz, J6,6a = 3.0-7.0 Hz, J6',6a = 7.0-13.5 Hz, J4,~a = 1.5-4.5 Hz, 
J4,,3a = 9.0-15.0 Hz. It is apparent  f rom a compar i son  of these  data with 
the exper imenta l  r e su l t s  ( t ab le  1) that  the la t te r  do not co r r e spond  to 
t r ans  fusion of the r ings .  

The re  a re  cons ide rab ly  m o r e  var ian t s  of cis fusion of the r ings  than 
of t r ans  fusion. The double bond in the oxazoline ring causes  an envelope 
(Cs) (the m a x i m u m  tors ion  angle i s  r [11] or  p lanar  conformat ion  of 
this r i n g .  Two types of cis  r ing fusion Can b e  isola ted for  the envelope 
conformat ion  of oxazoline:  

The mos t  probable  conformat ions  of the thiophane ring for  both the 
IIA type of fusion and the IIB type of fusion will be two envelope c o n f o r m a -  
t ions (Cs) with m a x i m u m  tors ion  angles 1) r and ~3a4, 2) ~3asa and Sssa, 
and three  s emieha i r  conformat ions  (C 2) with m a x i m u m  tors ion  angles 1) 
r 2) r and 3) r The values of the s p i n - s p i n  coupling constants  
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Fig.  1. PMR spec t rum;  a) 0.35 M solution 
of II  in deuterochloroform;  b) 0.30 M solu-  
tion of the hydrochlor ide of II in deutero-  
Chloroform. 

for the conformat ions  within each type of IIA and IIB fusion 
differ only slightly. A g rea te r  sum of the constants for the 
6 - 6 a  bond (J6,6a + J6',sa = 10.5-19.0 ttz) and a substantially 
smal le r  sum of the constants for the 3 a - 4  bond (J4,3a + 
J4',3a = 4.5-12.4 Hz) are  charac te r i s t i c  for the conforma-  
tions of fusion IIA.* On the other hand, a g rea te r  sum of 
the constants for the 3 a - 4  bond (Jc3a + J4',3a = ! 0.5-19.0 
Hz) and a smal le r  sum of the constants for the 6 -  6a bond 
(J6,6a + J~',6a = 4.5-12.0 Hz) are charac te r i s t i c  for fusion 
of the IIB type. (Actually, in concrete  cases  the ranges of 
the sums of the constants for the 6 -  6a and 3 a -  4 bonds do 
not overlap; the smal le r  sum of the constants for the 3 a - 4  
bond cor responds  to the smal le r  sum of the constants for 
the 6 - 6 a  bond, since the substituents attached to C3a and 
C~a have comparable  electronegativi t ies.)  These resul ts  

were obtained for the maximum torsion angle of the oxazoline ring ($ 66a = 300) �9 Varying the angles of de-  
flection of the ring in the interval  • 10 ~ does not substantially affect the resu l t s .  A compar ison of the 
theoret ical ly  calculated sums of the constants with the experimental  sums (Table 17 demonst ra tes  that not 
one of the examined cis-fusion conformations of the IIA or  IIB type explains the experimental  spec t ra .  

The conformations within each type of cis fusion (IIA and IIB) can in terconver t  as a resul t  of v ib ra -  
tion of the sulfur atom relat ive to the other atoms of the thiophane ring, the positions of which are  de te r -  
mined by the conformations of the oxazoline ring. However, this sor t  of mixture of conformations should 
not lead to constants that differ substantially f rom the constants of each of the conformations,  since the 
constants for the conformations within each type of fusion a re  c lose .  Transi t ion between the conformations 
of the two types of fusions is possible (bicyclic inversion).  In this case ,  the constants will have values in- 
te rmedia te  between the constants of the conformations of the type IIA and IIB fusions. Moreover ,  the sums 
of the s p i n - s p i n  coupling constants should substantially exceed the experimental  sums.  In addition, the 
t empera tu re  dependence of the sums of the constants for the 6 -  6a and 3 a -  4 bonds will have opposite sign. 
The experimental  t empera tu re  dependence was studied for II in deuteropyridine f r o m - 1 5  to -125 ~ . Both 
sums of constants for the 6 - 6 a  and 3 a - 4  bonds increase  as the t empera tu re  is ra ised,  respect ively ,  f rom 
4.64 to 5.94 Hz (J6,6a + J6',6a) and f rom 6.32 to 7.61 Hz (J4,3a + J4',3a). Thus not one of the types of fusions 
(cis or t rans)  in which the oxazoline ring is folded, sat isf ies the experimental  data. 

Only cis fusion is possible for a planar oxazoline ring, and the thiophane ring can be only an envelope 
with a sulfur atom in the valve [7]. 

0 H' O H 

H H' 

i ~ S  5 

H II C IID 

The constants  for the 6 - 6 a  and 3 a - 4  bonds for this type of conformation should be the same with an 
accuracy  up to that of the substituent effect;  this is experimental ly  observed (Table 17. The tors ion angle 
for the 6 - 6 a  bond (~ 6,6a) was varied f rom 20-40 ~ in o rder  to calculate the theoret ical  constants .  The t o r -  
sion angles for the 6 - 6 a  bond, the corresponding ranges of the vicinal s p i n - s p i n  coupling constants for the 
6 - 6 a  (3a-47 bond, and their  sum for the two envelope conformations of thiophane (IIC and IID) are given in 
Table 2. 

* Here and subsequently, it is convenient to use the sum of the s p i n - s p i n  coupling constants for the 6 - 6 a  
and 3 a - 4  bonds, since in the compounds under investigation the chemical  shift between the geminal C 4 and 
C 6 protons is e i ther  absent or comparable  in magnitude to the geminal  s p i n - s p i n  coupling constants,  and 
the determination of the t rue values of the vicinal constants requires  the calculation of the spec t ra  by 
means of a computer .  
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TABLE 2. Calculated Vicinal Spin-Spin Coupling Constants for 
Conformers  IIC and IID 

Conforma- ~6,6a J6,6a, Hz Y6',6a, Hz J6,6a Jr 
tion J6',6a, Hz 

IIC 

IID 

20 
30 
40 
20 
30 
40 

6,5--t0,5 
6,0--9,5 
4,5--7,0 
6,5--30,5 
6,0--9,5 
4,5--7,0 

0--0,5 
0 
0 

6,0--9,0 
7,0--iLO 
8,5--i3,0 

6,5--11,0 
6,0--9,5 
4,5--7,0 

i2,5--~9,6 
i3,0--20,5 
i3,0--20,0 

F r o m  a compar i son  of Tables 1 and 2, it is apparent that the experimental  resul ts  sat isfy the IIC 
IID conformational  equil ibrium in which the equilibrium is markedly  shifted to favor conformation IIC 
(Js,6a + Js',6a = 4.8-5.9 Hz, J4,3a + J4',3a = 5.4-6.8 Hz, Table 1). It is apparent  that an increase  in t empera -  

tu re  should resu l t  in an inc rease  in the probability of finding a molecule in the IID conformation and in a 
corresponding inc rease  in the sums of the constants;  this is also observed experimental ly (see above). 

The cleavage of the oxazoline ring in II by refluxing it with 10% hydrochlor ic  acid is accompanied by 
removal  of the benzoyl group to form the hydrochlor ide of c i s -4-amino-3-hydroxyth iophane  (IV) [1]. 

We detected the migrat ion of an acyl substituent f rom the ni trogen atom of Ia through II to the oxygen 
atom in III. Thus the hydrochlor ide of 4-amino-3-benzoyloxythiophane (III) is formed in the solvolysis  of II 
in 5% solution of hydrogen chloride in alcohol. To establish the s t ruc ture  of III, it was subjected to alkaline 
hydrolys is  to the known cis hydrochlor ide of IV [1]. Although this sor t  of migrat ion f rom N to O is often 
used to prove the configuration of compounds [12-14], in our case (the inversion of Ia to Ib), this cannot be 
used, since intermediate  II  is formed f rom both compounds.  

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

cis-2-Phenyl te t rahydrothleno[3,4-d]oxazol ine  (II). 1) Sulfuric acid (3 ml) was added dropwise to a 
solution of 2.0 g (0.009 mole) of t rans-4-benzamido-3-hydroxyth iophane  {Ia) in 3 ml of acetonitr i le (the t em-  
pera ture  rose  to 100~ and the mixture was s t i r red  for 1 h and poured into ice water .  The mixture was ex- 
t rac ted  with ch loroform.  The extracts  were washed with sodium bicarbonate  solution and water .  The sol -  
vent was removed,  and alcohol was added to the res idue to give 0.96 g (52%) of a product with mp 88-89 ~ 
(from ether) .  Found: C 64.2; H 5.4; N 6.5; S 15.9%. CIIHllNOS. Calculated: C 64.4; H 5.4; N 6.8; S 15.6%. 

2) Thionyl chloride (5 ml) was added to a solution of 10 g (0.045 mole) of Ia in 50 ml of ch loroform 
and 3.95 ml of pyridine at 0 ~ and the mixture was s t i r red  at 18-20 ~ for 1.5 h and concentrated to dryness  
in vacuo. A solution of sodium bicarbonate  was added to the residue,  and the mixture was extracted with 
e ther .  The ether  ext rac ts  were  washed with water ,  and the ether  was removed to give 8.3 g 01%) of a prod-  
uct with mp 88-89 ~ (from ether) .  This product did not depress  the melting point of the compound obtained 

by method 1. 

3) 2-Phenyltetrahydrothieno[3,4-d]oxazoline hydrobromide:  A) A solution of 10 g (0.045 mole) of Ia 
or Ib in 100 ml  of acetic acid sa turated with hydrogen bromide was refluxed for 5 h and concentrated to d ry -  
ness .  Alcohol (50 ml) was added to the residue,  and the mixture was held at 0 ~ for 12-16 h. The precipitate 
was removed  by fi l tration to give 9.64 g (75%, 68% f rom Ib) of a product with mp 175-176 ~ (from alcohol). 
Found: C 45.5; H 4.2; Br  28.0%. CI1HilNOS " HBr. Calculated: C 46.2; H 4.2; Br 28.0%. 

B) Hydrogen b romide-sa tu ra ted  alcohol (10 ml) was added to 5 g (0.024 mole) of H, and the mixture 
was held at 0 ~ for 30 min and concentrated to dryness  to give 5.8 g (83%) of product.  

4) 2-Phenyltetrahydrothieno[3,4-d]oxazoline hydrochlor ide:  Under conditions s imi la r  to those in 
method 3A, 5.0 g (0.024 mole) of II and 10 ml of hydrogen ch lor ide-sa tura ted  alcohol gave 4.77 g (81~) of a 
hydrochlor ide with mp 160-161 ~ (from acetone). Found: C 54.6; H 5.0; C1 15.1%. CIIHIiNOS " HC1. Cal-  
culated: C 54.6; H 5.0; C1 14.7%. 

5) Aqueous sodium bicarbonate  (15 ml) was added to 2 g of the hydrochlor ide or hydrobromide of 2- 
phenyltetrahydrothieno[3,4-d]oxazoliue,  and the mixture was s t i r red  for 15 rain and extracted with ch loro-  
form.  The ext rac t  was washed with water  and dried with sodium sulfate. Alcohol (3 ml) was added to the 
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residue,  and the mixture  was held at 0 ~ for 8-10 h. The result ing precipi tate  was removed by fil tration to 
give 1.29 g (90%) of a product with mp 88-89 ~ The product did not depress  the melting point of the com-  
pound obtained by method 1. 

c i s -4-Benzamido-3-hydroxyth iophane  (Ib). A s o l u t i ~  of 2 g (0.01 mole) of II in 20 ml of water  was 
refluxed for 5 h and held at 0 ~ for 10-12 h. The precipitate was removed by fil tration to give 1.7 g (78%) of 
a product with mp 154-155 ~ {from alcohol) [1]. 

c is -4-Amino-3-benzoylhyoxythiophane Hydrochloride (II1). A solution of 2 g (0.01 mole) of II in l00  ml 
of 5% hydrogen chloride in alcohol was s t i r r ed  at 30-35 ~ for 10 h and concentrated to dryness  to give 1.56 g 
(62%) of a product  with rap 165-166 ~ (from alcohol). Found: C 50.7; H 5.6; C114.0;  S 12.4%. C11HI3NOS �9 
HC1. Calculated: C 50.9; H 5.4; C113.7;  S 12.3%. 

Hydrochlor ide of c is -4-Amino-3-hydroxythiophane  (IV). 1) A total of 4 ml of 2.5 N sodium hydroxide 
was added to a solution of 1 g (0.004 mole) of III in 10 ml of alcohol, and the mixture was refluxed for 30 
rain and acidified to pH 2 with 2 N hydrochlor ic  acid. The mixture was extracted with benzene, the aqueous 
layer  was evaporated to dryness ,  3 ml of alcohol was added, and the solid was removed by fi l tration to give 
0.52 g (89%) of a product  with mp 167-168 ~ (from alcohol ) [1]. 

2) A solution of 1 g (0.005 mole) of II in 12 ml of 10% hydrochlor ic  acid was refluxed for 5 h. The 
benzoic acid was extracted with benzene, and the aqueous layer  was concentrated to d ryness .  The residue 
was c rys ta l l i zed  f rom alcohol to give 1.06 g (83%) of a product with mp 167-168 ~ (from alcohol). 

The PMR and DPMR spect ra  were recorded  with a Hitachi R-20A spec t romete r .  The chemical  shifts 
were measured  on the 5 scale .  Tet ramethyls i lane  was used as the internal s tandard.  The accuracy  in the 
measu remen t  of the chemical  shifts was ~- 0.005 ppm, while the accuracy  in the measuremen t  of the s p i n -  
spin coupling constants was �9 0.1 Hz. 
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