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The s t ruc tu re  of s t e r e o i s o m e r i c  4 - b e n z a m i d o - 3 - h y d r o x y - 2 - c a r b o m e t h o x y t h i o p h a n s w a s  es t ab -  
l ished by means  of PMR and IR spec t roscopy .  The invers ion  of the t r a n s , t r a n s - i s o m e r  to the  
c i s , t r a n s - i s o m e r  was  detec ted  and studied. The invers ion  dur ingthe  act ion ofthionyl  chlor ide 
in pyridine p roceeds  through the in te rmedia te  fo rmat ion  of te t rahydrothieno[3,4-d]oxazol ine.  
The subst i tuent  in the 2 posi t ion does not undergo inversion.  Tet rahydrothienooxazol ine  is not 
f o rmed  f r o m  4-benzamido-2 -ca rbomethoxy-4 ,5 -d ihydro th iophene .  

We have previously demonstrated [i] that the acid hydrolysis of trans-4-benzamido-3-hydroxythiophan 
is accompanied by inversion with the formation of cis-4-amino-3-hyd'roxythiophan. It seemed of interest to 
investigate the possibility of inversion for 3,4-hydr0xyaminothiophans that also contain a substituent in the 
2 position, For this, we used 4-benzamido-3-hydroxy-2-carbomethoxythiophan (II), which was obtained from 
4-benzamido-3-oxo-2-carbomethoxythiophan (I) by reduction with sodium borohydride in methanol. It might 
have been assumed that the amino alcohol (II) formed has a trans orientation of the amino and hydroxyl groups 
as in the stereospecific reduction of 4-amino-substituted 3-oxothiophan with sodium borohydride, which pro- 
ceeds with the formation of the trans amino alcohol [i]. 
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The action of thionyl chloride in the presence of pyridine in chloroform (water was added during worbap) 
on 4-benzamido-3-hydroxy-2-carbomethoxythiophan (H) (rap 159-160~ brings about inversion to give 4-benz- 
amido-3-hydroxy-2-carboxythiophan (III), which, as a result of esterification with methanol, is converted to 
stereoisomeric (to ester If) IV (rap 154-154.5~ We established the three-dimensional structures of II and 
IV by PMR and IR spectroscopy. 

The possibility of the formation of an intramolecular hydrogen bond between the hydroxyl and carbo- 
methoxy groups was used to establish the spatial orientation of the substituent in the 2 position in II and IV 
with respect to the substituent in the 3 position. A preliminary investigation of the IR spectra of cis- and 
trans-4-benzamido-3-hydroxythiophans was made, and it was established that an intramolecular hydrogen 
bond is not formed between the substituents in the 3 and 4 positions. 
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Fig. i. IR spectra of r-4-benzamido-c-3-hydroxy-t-2-carbomethoxythio- 
phan in mineral oil (la), in ehloroform-earbontetraehloride (c 2.5.10-3M, 
d 20 ram) (Ib), and in chloroform (c 5-10-2M, d i ram) (Ic) and of r-4-benz- 
amido-t-3-hydroxy-t-2-earbomethoxythiophan in mineral oil (2a), in chloro- 
form-carbon tetraehloride (c 2 �9 10 -3 M, d 20 ram) (2b), and in chloroform 
(c 2- 10 -3 M, d 5 ram) (2e). 

Fig.  2. PMR spec t r a :  a) 0.7 l solut ion of r - 4 - b e n z a m i d o - t - 3 - h y d r o x y - t -  
2- c a rbome thoxy th iophan  (I1) in deu te ropyr id ine ;  b) 0.7 M solut ion of r - 4 - b e n z -  
a m i d o - c - 3 - h y d r o x y - t - 2 - c a r b o m e t h o x y t h i o p h a n  (IV) in deu te ropyr id ine .  

TABLE 2. 
ride Va)* 

Corn- 
pound 

V 
Va 

Parameters of the PMR Spectra of V and Its Hydrochlo- 

Concrl, ,  
Solvent mole/ 

liter 

CsDsN ] 0,4 
CsHsN 0,5 

Spin - spin coupling con 
stants, J, Hz 

g 3 ~ g 
4 2 z : 

0,6 7,3 5,7 0 ,9  12,3 
0,5 7,2 6,2 0,7 I2,3 

Chemical shifts. 6, ppm 

6-H 6a-l-I {3a-H i 4-H 4-H' NH 

4,34 5,58 5,28 3,48 3,20 
4,26 5,54 5,26 3,40 3,11i15,0l 

J4, 6aZ J3a, G~ J4, ,6~ 0.5 Hz. 
* The  s p e c t r a l  p a r a m e t e r s  of V w e r e  ca lcu la ted  f r o m  an i t e ra t ion  
p r o g r a m  [7] with a Minsk -1  compu te r .  

TABLE 3. Calculated Vicinal Spin-Spin Coupling Constants for the 
6-6a Bond for Conformers A-D 

Param- Conformation 
etets A B 

~f6,6a 
]6,6a,Hz 

I i c i D 

20 ~ 30  ~ 4,0 ~ 20 ~ 3 0  ~ 4,9 ~ 20 ~ 
6,5-- 6~0,5 4,5-- 65-- 6,07 4,5--0--0,5 
10,5 7,0 , 10,5 9,0 I 70 

0ol 0c 2L 
80-- 9,0-- 

9,0 _, 14,0 

A comparison of the IR spectra of isomers II and IV in the solid state and in solutions in chloroform 
and in chloroform-carbon tetrachloride mixtures of various concentrations demonstrates the distinct differ- 
ence between them (Fig. I). The band of an associated hydroxyl group at 3520 em -i is retained in the IR 
spectrum of isomer II on pronounced dilution, along with the absorption of a free OH group at 3630 cm -i, on 
the basis of which the cis configuration of the substituents in the 2 and 3 positions was assigned to this com- 
pound. Absorption of only a free OH group at 3630 em -i is observed in the spectra of IV, and this compound 
consequently has the trans configuration of the substituents. The formation of an intramoleeular hydrogen 
bond is realized through the ester carbonyl group, since uC=O of the ester group in the spectrum of II is re- 
duced by 15 cm -i as compared with the corresponding absorption of IV. The frequencies of the vibrations 
of the amide carbonyl group are identical for II and IV; i.e., this grouping does not participate in the forma- 
tion of hydrogen bonds in solutions. The small shift in VOH as a result of the formation of an intramolecular 

O,R 
hydrogen bond OH...O=C, / is in agreement with the literature data and does not exceed I00 cm -i for this 

\ 

s o r t  of s i x - m e m b e r e d  r ing  [2-4]. 
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A p r e l i m i n a r y  examinat ion of the PMR spec t r a  of solutions of the cis  and t rans  i s o m e r s  of  3 ,4 - sub-  
stituted th iphans  VIIa-d in pyr idine (Table 1) was made to study the re la t ive  configurat ion of the 4 -benz -  
amido and 3-hydroxy groups in II and IV. It was found that a substant ia l ly  l a r g e r  (than for the cis  i somer )  
chemica l  shift between the geminal  5-H protons  and a lower  sum of  the vicinal  s p i n -  spin coupling constants  
for the 4 - 5  bond (Table 1) a re  typical  for  the t rans  i s o m e r s .  

The 2-H proton in the s p e c t r a  of II and IV in pyridine is cha rac t e r i zed  by a doublet with 5 4.60 and 
4.36 ppm (Fig. 2 and Table i ) .  The complex group of s ignals  at  5.10-5.80 ppm is affi l iated with the 3-  and 
4 -H  protons .  The protons of the methylene group in the 5 posit ion f o r m  a group of s ignals  at 3.00-4.10 
ppm in the s p e c t r u m  of II, while these  protons  a re  cha rac t e r i zed  by a doublet at  3.83 ppm in the spec t rum 
of IV (Fig. 2, Table  1), 

One ' s  at tention is drawn to the s imi l a r i t y  in the spec t r a l  p a r a m e t e r s  of  II and IV and those of the t r ans  
and cis  i s o m e r s  of 3 ,4-subst i tu ted  thiophans, r e spec t ive ly  (compare A55_H,5_ H, and J4,5+J4,5,, Table 1). I t  
may  be a s sumed  that the  subst i tuent  in the 2 posi t ion in this configurat ion does not have a substant ia l  effect  
on the conformat ional  s tate  of these  molecu les  and, consequently,  on the p a r a m e t e r s  of the PMR spec t ra .  
This  makes  it  poss ib le  to ass ign  the t r ans  configurat ion to the subst i tuents  in the 3 and 4 posi t ions in II and 
the cis  configurat ion to these  subst i tuents  in IV. The assumpt ion  of the smal l  effect  of the subst i tuent  in the 
2 posi t ion on the PMR spec t r a  of II and IV will be r igorous ly  proved  below. 

Thus, on the bas i s  of the r e su l t s  obtained, it can be concluded that II  has the r - 4 - b e n z a m i d o - t - 3 - h y ,  
d roxy- t -2 -ca rbomethoxy th iophan  s t ruc ture ,  while IV has the r - 4 - b e n z a m i d o - c - 3 - h y d r o x y - t - 2 - c a r b o m e t h o x y -  
thiophan s t ruc ture .  

If the reac t ion  of II with thionyl chlor ide is c a r r i e d  out in the absence  of water ,  2 - p h e n y l - 6 - c a r b o m e t h -  
oxy-3a ,4 ,6 ,6a- te t rahydrothieno[3 ,4-d]oxazol ine  hydrochlor ide  (Va), which is conver ted  ~o base  V on t r e a t -  
ment  with sodium bicarbonate  solution, is isolated. Compound V was a l s o  obtained f r o m  II by the act ion of 
sulfur ic  acid in acetoni t r i le .  When an aqueous solution of V (or Va) is refluxed, the oxazoline ring opens 
with s imul taneous  hydrolys is  of the e s t e r  group to give HI, which is e s t e r i f i ed  to IV. Thus we have shown 
that the invers ion  of II is  accompanied  by the initial fo rmat ion  of two-r ing  compound V. This  s ame  two-r ing  
compound (V) is a lso  fo rm ed  f r o m  IV under  conditions s im i l a r  to those in the invers ion  of II. 

We es tabl i shed the t h r ee -d imens iona l  s t ruc tu re  of V (Va) by PMR spect roscopy.  As should have been 
expeDted, the PM_R s pec t r a  of solutions of V and Va in pyridine a r e  s i m i l a r  to one another  [6] (Table 2). The 
ass ignment  of the s ignals  in the s p e c t r a  of these  compounds was  made by means  of PMDR and by c o m p a r i -  
son of the i r  spec t r a  with the spec t r a  of s i m i l a r  compounds [6]. 

It  has been  demons t ra ted  [6] that cis  fusion of the thiophan and oxazoline r ings  occurs  for  2-phenyl-  
te t rahydrothieno[3,4-d]oxazol ine and i ts  hydrohal ides,  and the oxazoline ring is p lanar  or  near ly  p lanar .  The 
spec t r a l  p a r a m e t e r s  of V and Va co r respond  comple te ly  to the same re la t ive  or ienta t ion of the r ings.  F o r  
this s t ruc tu re  of the two-r ing  compound,  the thiophan ring can be found only in the envelope (Cs) con fo rma-  
tion with the sulfur  a tom in the flap of the envelope. Then, depending on the configurat ion of the 6 - c a r b o -  
methoxy group with r e s pec t  to the oxazoline ring, two types of conformat ional  equi l ibr ia  can exist: 

cis trans 
C6H= C~H 5 

! ~  N N OCII a 
. . . ,  ~ . - ~ s  . /  x c o o c , .  , .  , 

A B C D 

The vic inal  sp in- -spin  coupling constants  for  the 6 - 6 a  bond for  the four  c o n f o r m e r s  (A, B, C, and D) 
of V (Va), which were  calculated f r o m  the angular  dependence [8-10] with al lowance fo r  the poss ib le  subs t i t -  
uent effect,  ~re  p resen ted  in Table 3. The tors ion angles fo r  the 6 -  6a bond (~I,6, m) were  va r i ed  f r o m  20 
to 40 ~ . 

It  follows f r o m  a compar i son  of the theore t ica l  values  of the constants  (Table 3) with the exper imenta l  
va lues  (J6, 6a = 0.6 Hz, Table 2) that  the 6 -ca rbomethoxy  group has the t r ans  configuration with r e spec t  to the 
oxazoline ring, and the p r e f e r r e d  conformat ion  is  the C conformat ion.  

Since it is known that opening of the oxazoline r ing is not accompanied  by invers ion  in the 6a posit ion 
[6], the c is  configuration of the subst i tuents  in the 4 and 3 posi t ions  is re ta ined  in IV, while these subs t i t -  
uents consequently have the t r ans  configurat ion in II. Thus through a r igorous  proof  we have a r r i v e d  at the 
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same  conclusion that  we obtained by examining the s imi l a r i t y  between the spec t r a  of II and IV and the spec-  
t r a  of the cis  and t r ans  i s o m e r s  of 3 ,4-subst i tu ted  thiophans (see above). Consequently,  the substi tuent in 
the 2 posi t ion in the t r ans  configurat ion with 1"espect to the 4 -benzamido  group does not substant ia l ly  affect  
the spec t r a l  p a r a m e t e r s  of 2 ,3 ,4-subst i tu ted thiophans. This can apparen t ly  be used  in the future  as an ana-  
ly t ical  cha r ac t e r i s t i c .  

Although there  a r e  indications that invers ion  of the two a s y m m e t r i c a l  a t oms  is poss ib le  in the f o r m a -  
tion of the oxazoline ring [11, 12], under  the given conditions invers ion  occurs  only in the 3 position, and the 
configurat ion of the subst i tuent  in the 2 posit ion is re ta ined in II, IV, and V. 

Under  py ro lys i s  conditions, 4 -benzamido-2 -ca rbomethoxy-4 ,5 -d ihydro th iopheno  (VI) w a s  obtained 
f r o m  II and IV. The posi t ion of the double bond in VI was es tab l i shed  by means  of PMR spec t roscopy .  A 
signal at 6.51 ppm, which is  c h a r a c t e r i s t i c  fo r  vinyl  protons ,  a p p e a r s  in the PMR s p e c t r u m  of VI. F r o m  a 
compar i son  of the s pec t r a  of II, IV, and VI (Table 1), it is easy  to see that the signal at 4.40-4.60 ppm, which 
is c h a r a c t e r i s t i c  for  the 2-H pro ton  in tI  and IV, is absent  in the s p e c t r u m  of VI, while the s ignals  of the p ro -  
tons of the 5 - C H 2 - 4 - C H  f ragmen t  a r e  retained.  

The fac t  that  2 -pheny l -6 -ca rbomethoxy-3a ,4 ,6 ,6a - te t rahydro th ieno[3 ,4 -d]oxazo l ine  is not f o rmed  f r o m  
VI again  conf i rms  the imposs ib i l i ty  of the fo rmat ion  of the f o r m e r  through the unsa tura ted  amide.  

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

r - 4 - B e n z a m i d o - t - 3 - h y d r o x y - t - 2 - c a r b o m e t h o x y t h i o p h a n  (II). A 1.35-g (0.04 mole) sample  of sodium 
borohydr ide  was added in the course  of 15 rain with s t i r r ing  to a cooled (0 ~ solution of 10 g (0.04 mole) of 
4 -benzamido -3 -oxo -2 -ca rbome thoxy th iophan  {I) [13] in 30 m l  of methanol ,  and the mix tu re  was s t i r r ed  at  
18-20 ~ fo r  1 h. Water  (20 ml) was added, and the mLxture was acidif ied to pH 2 with hydrochlor ic  ac id  and 
ex t rac ted  with ch loroform.  The solvent  was r emoved  to give 6.0 g (60%) of a product  with mp 159-160 ~ (from 
alcohol).  Found: C 55.8; H 5.7; N 4.6%. C13H15NO4S. Calculated: C 55.6; H 5.4; N 5.0%. 

r - 4 - B e n z a m i d o - c - 3 - h y d r o x y - t - 2 - c a r b o x y t h i o p h a n  (III). A.  A 0 .8-ml  (0.014 mole) sample  of thionyl 
chlor ide  was  added to a cooled (0 ~ solution of 2 g (0.007 mole) of II  in 10 m l  of ch lo ro fo rm and 0 .58ml  (0.007 
mole) of pyridine,  and the mix tu re  was s t i r r e d  at  18-20 ~ for  1.5 h. Water  (20 ml) was added, and the aque-  
ous l aye r  was separa ted ,  concent ra ted  up to 5 rrrl, and held at 3 ~ fo r  8-12 h. The prec ip i ta te  was sepa ra t ed  
to give 0.97 g (51%) of a compound with mp 208-209 ~ (from alcohol). Found: C 54.0; H4.8; N5.0%. C12H13NO4S. 
Calculated: C 53.9; H 4.9; N 5.2%. 

B_.= Water  (20 ml) was added to 1.6 g (0.006 mole) of 2 -pheny l -6 - ca rbome thoxy -3a , 4 , 6 , 6a - t e t r ah y d ro -  
thieno[3,4-d]oxazoline hydrochlor ide  (Va), and the mix tu re  was refluxed fo r  3 h and then held at  0 ~ for  10- 
12 h. The prec ip i ta te  was  s epa ra t ed  to give 1.25 g (77%) of a product  with mp 208-209 ~ (from alcohol).  This  
product  did not dep re s s  the mel t ing point of the compound obtained by method A. 

r . . -4 -Benzamido-c -3 -hydroxy- t -2 -ea rbomethoxy th iophan  (IV). A solution of 0.56 g (0.002 mole) of IK 
in 5 ml  of methanol  and 0.2 rrrl of sulfur ic  acid was rei luxed for  4 h. The mix tu re  was cooled, 5 ml  of wa te r  
was added, the the aqueous mix ture  was ex t rac ted  with ch lo roform.  The ch lo ro fo rm ex t rac t  was washed 
with sodium bicarbonate ,  and the c h l o r o f o r m  was r emoved  to give 0.41 g (70%) of a product  with mp 154- 
154.5 ~ (from methanol) .  Found: C 55.4; H 5.3; N 5.0%. CigHtsNO4S. Calculated: C 55.5; H 5.4; N 5.0%. 
This  product  d e p r e s s e d  the mel t ing  point of II. 

c i s -2 -Pheny l ' 6 - ca rbome thoxy-3a ,4 ,6 ,6a - t e t r ahyd ro th i eno [3 ,4 -d ]oxazo l ine  (V). A. Sulfuric acid (3m l) 
was  added dropwise  to a solution of 2.0 g (0.007 mole) of II in 3 m l  of ace toni t r i le  ( t h~ -empe ra tu r e  rose  to 
100~ and the mix tu re  was s t i r r e d  f o r  i h and poured into ice water .  The aqueous mix tu re  was neut ra l ized  
with sodium bicarbonate  solution and ex t rac ted  with ch loroform.  The solvent  was r emoved  to give 0.85. g 
(45%) of a product with mp 95-96 ~ (from ether). Found: C 59.1; H 4.9%. CI3HI3NO3S. Calculated: C 59.3; 
H 5.0%. 

B_.z. Aqueous sodium b icarbona te  solution (15 ml) was added to 3.0 g (0.01 mole) of the hydrochlor ide  
of V (Va), and the mix tu re  was s t i r r e d  fo r  5-10 rain and ex t rac ted  with ether .  The e the r  ex t rac t  was washed 
with water ,  and the e ther  was removed .  Alcohol (4 ml) was added to the res idue,  and the mix tu re  was held 
at  0 ~ fo r  8-10 h. The prec ip i ta te  was sepa ra t ed  to give 2.4 g (91%) of a product  with mp 95-96 ~ (from ether) .  
This  product  did not dep re s s  the mel t ing  point of the compound obtained by method A. 
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. c i s -2-Phenyl-6-earbomethoxy-3a ,4 ,  6, 6a-tetrahydrothieno[3,4-d]oxazoline Hydrochlor ide  (Va). A__: A 
0.8-ml (0.014 mole) sample of thionyl chloride was added to a cooled (0 ~ solution of 2.0 g (0.007 mole) of II 
in 10 ml  of chloroform,  and the mixture  was s t i r r ed  at 18-20 ~ for  1 h and concentrated to dryness  in vacuo 
to give 1.86 g (87%) of a product  with mp 160-161 ~ (from alcohol). Found: C 52.2; H 4.6; C111.4; N 4.5%. 
CI3HI3NO3S-HCI. Calculated: C 52.1; H 4.7; C111.8; N4.7%. 

B. A 5-g sample of V was added ~to 15 ml of alcohol saturated with hydrogen chloride at 0 ~ and the 
mixtur--e was stirred for 30 rain and concentrated to dryness to give 5.2 g (91%) of product. 

4-Benzamido-2-earbomethoxy-4,5-dihydrothiophene (VI). A solution of 2 g of II in 40 ml of dioxane 
was heated at i00 ~ for 1 h and at 150 ~ for 1 h. The solvent was removed, 2 ml of alcohol was added to the 
residue, and the mixture was held at 0 ~ for 8-10 h to give 1.4 g (79%) of a product with mp 128-129 ~ Found: 
C 59.4; H 5.1; N 5.1~0. CI3HI3NO3S. CalcuLated: C 59.4; H 5.0; N 5.3%. 

Compound VI was similarly obtained from IV in 72% yield. 

The PMI~ and PIVIDR spectra were recorded with a Hitachi R-20A spectrometer. The chemical shifts 
were measured on the 5 scale. Tetramethylsilane was used as the internal standard. The accuracy in the 
measurement of the chemical shifts was ~ 0.005 ppm, while the accuracy in the measurement of the spiff- 
spin coupling constants was • 0.I Hz. 

The LR spectra of the solids (in mineral oil) and of solutions in chloroform and chloroform-carbon 
tetrachloride mixtures (i0-I-i0 -'~ M) were recorded with a UR-10 spectrophotometer. 

LITERATURE CITED 

1. S. DI Mikhno, N. S. Kulachkina, T. N. Polyanskaya,  L. B. Stepina, and V. M. Berezovski i ,  Khim. Getero-  
tsikl.  Soedin., 1609 (1970). 

2 .  N. Mori,  S. Omura, E.  Kobayashi, and J. Tsuzuki, Bull. Chem. Soe. Japan, 3_.88, 2149 (1965). 
3. L. J o r i s  and P. R. Schleger,  J .  Am. Chem. Soc., 90, 4599 (1968). 
4. M. Tichy, in: Advances in Organic Chemist ry ,  Vol. 5, R. A. Raphael et al. (editors), Wiley (1965). 
5. T . M .  Filippova, S. D. Mikhno, N. S. Kulachkina, I. M. Kustanovieh, and V. M. Berezovsk i i ,  Khim. 

Geterotsild. Soedin., 316 (1971). 
6. S.D. Mikhno, T. M. Filippova, N. S. Kulachkina, T, N. Polyanskaya, I. M. Kustanovich, and V. M. 

Berezovskii, Khim. Geterotsikl. Soedin., 1339 (1971). 
7. I.K. Shmyrev, L. Braier, P. V. Petrovskii, and ]~. I. Fedin, Zh. Strukt. Khim., 6, 625 (1965). 
8. S. Stern_hell, Quart. Rev., 2__33, 236 (1969). 
9. M. Karplus, J. Am, Chem. Soc., ~ 2870 (1963). 

I0. R.J. Abraham and K. H. Lauchlan, Mol. Phys., 5~ 513 (1962). 
ii. R.H. Wiley and L. L. Bennett, Chem. Rev., 4_.~4, 447 (1949). 
12. I~. M. Bamdass, E. I. Vinogradova, D. P. Vitkovskii, A. S. Khokhlov, Yu. B. Shvetsov, and L. A. Shchuk- 

ina, Dokl. Akad. Nauk SSSR, 799, 601 (1951). 
13. S.A. Harris, D. E. Wolf, R. Mozingo, R. C. Anderson, G. E. Arth, N. R. Easton, D. Heyl, A. N. Wilson, 

and K. Folkers, J. Am. Chem. Soc., 66, 1757 (1944). 

692 


