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[I ,2-c]OXAZOLIDIN-3-ONES THROUGH N-OXAACYLIMINIUM ION CYCLIZATION 
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A b s t r a c t  - A s t e r e o s e l e c t i v e  syn thes is  of I -phenyl -  (5) and 5-methyl-1-phenyl- 

thieno[3',2':3,4]piperidino[l ,2-c loxazol id in-3-ones (8a,b) was achieved by reduc- 

t i o n  o f  the  corresponding N - s u b s t i t u t e d  5-phenyloxazolidine-2.4-diones (4, 7a,b) 
w i t h  d i i sobu ty la luminum hydr ide,  f o l l o w e d  by t reatment  o f  t h e  r e d u c t i o n  p roduc ts  

w i t h  f o r m i c  a c i d .  Reduct ion o f  8a,b w i t h  LiA1H4 a f f o r d e d  t h e  corresponding 4-(a-  

hydroxybenry1)-6-rnethylthieno[3,2-clpyridines (IOa,b), r e s p e c t i v e l y .  

n - C y c l i z a t i o n  o f  N-acyl imin ium i o n s  has been documented as p o t e n t  t o o l  i n  a syn thes is  o f  va r ious  

1 
k inds  o f  h e t e r o c y c l i c  systems . Recent ly ,  th ieno[3,2-c lpyr id ines fused w i t h  o x a ~ o l i d i n e ~ ' ~  and 

4 py raz ine  r i n g  were r e p o r t e d  by t h i s  method. Thienopyr id ines a r e  o f  i n t e r e s t  f rom the  po in t  of 

5 6 view o f  pharmacological  e v a l u a t i o n  and some o f  them are r i c h  source o f  u s e f u l  drugs . We pre -  

2 
v i o u s l y  r e p o r t e d  a s t e r e o s e l e c t i v e  syn thes is  o f  the  5-methyl- (1) and 1-rnethylthieno[3',2':3,4]- 

3 piperidino[l,2-cloxazolldin-3-ones (2) through N-oxaacyliminium i o n  c y c l i z a t i o n  (see Scheme 1 ) .  

A l though a number of s tereochemical  f e a t u r e  o f  these react ions have been del ineated1,  the  e f f e c t  

o f  two asymmetric centeres, N - ( a ) - p o s i t i o n  and a - p o s i t i o n  o f  imin ium carbon, on t h e i r  s te reo-  

chemical course have rece ived  l i t t l e  a t t e n t i o n 1 " .  We examined a c y c l i z a t i o n  o f  N-oxaacyl iminium 

i o n s  possessing s u b s t i t u e n t s  a t  N - ( a ) - p o s i t i o n  and a -pos i t i on  o f  imin ium carbon l e a d i n g  t o  t h e  

t i t l e  compounds i n  connect ion w i t h  a s t e r e o s e l e c t i v e  synthesis of 4-(a-hydroxybenzy1)-6-methyl- 

th ieno [3 ,2 -c lpy r id ines .  The r e s u l t s  o f  our  s tud ies  a r e  described i n  t h i s  paper. 

Scheme 1 



At  the f i r s t  stage, a stereoselect ive synthesis of I-phenylthieno[3',2':3,4]piperidino[l,2-c]. 

oxazolidin-3-one 111 was examined. Condensation of the alcohol (3) wi th  5-phenyloxazolidine-Z,4- 

d1one7 according t o  Mitsunobu's methods y ie lded the N-subst i tuted product (4 ) .  Reduction o f  4 w i th  

diisobutylaluminum hydr ide (DIEAH) i n  toluene a t  -78 "C, fol lowed by treatment o f  the reduct ion 

9 
product w i t h  formic ac id  gave I as a s ing le  product . Thenylation smoothly proceeded from the 

opposite s i de  o f  phenyl group and the r e l a t i v e  conf igura t ion  a t  I -H and 9b-H could be assigned t o  

be 

This method was app l ied  t o  a synthesis o f  1,5-disubst i tuted thien0[3',2':3,4]piperidino[l,Z-c]- 

oxazolidin-3-ones. The alcohol (61 was coupled w i th  5-phenyloxazolidine-2.4-dione t o  y i e l d  as a 

mixture of diastereoisomers. Separation of two isomers (&and El was completed by column chro- 

matography on s i l i c a  ge l .  One isomer (E) was obtained as a c r ys ta l  and the another one ( 3 )  was 

as an o i l .  Treatment o f  the reduct ion product o f  2 (5, DIBAH, -78 "C) w i t h  formic ac id  gave 5- 

methyl-I-phenylthieno[3',21:3,4]piperidino[l ,2-c]oxazolidin-3-one (3) ~n 80 % y i e l d  as a s ing le  

product. The same react ion  s t a r t i n g  w i t h  afforded & i n  on ly  8 Z y i e l d  wi thout formation of &. 

I n  the formation o f  & and &, theny la t ion  proceeded from the opposite s ide o f  methyl group. Low 

y ie ld  o f  @ should be a t t r i b u t e d  t o  the s t e r i c  hindrance o f  phenyl group, slnce theny la t ion  

occurred from the same side as phenyl group. The stereochemical assignment f o r  &and  g was based 

1 on the comparison o f  the H NMR (CDCI3) spectrum o f  & w i t h  t h a t  o f  &and t h e i r  Dreiding stereo- 

model study. The signal  due t o  9-H o f  & was observed a t  considerably higher f i e l d  (6  5.80, d, J=5 

Hz1 r e l a t i v e  t o  t h a t  o f  & (6  6.78, d, J=5 Hz). This hlgher f i e l d  s h i f t  should be apparently 

caused by the sh ie ld ing e f f e c t  o f  phenyl group a t  I - pos i t i on .  The signal  due t o  I -H o f  & appeared 

a t  higher reg ion (6  5.14, d, J=8 Hz] than t h a t  o f  & (6  5.87, d, J=8 Hz] owing t o  the sh ie ld ing 

effect of thiophene r i n g .  I n  the N-acyliminium ion cyc l iza t ion ,  i t  was found tha t  the e f f e c t  o f  

A " ' ~ )  strain1'  on the stereochemical course could be responsible fo r  the stereoselect ive synthe- 

s i s  of 5 and &. The e f f ec t  o f  A ( ' ' ~ '  s t r a i n  was found t o  p lay  a more important r o l e  than the 

s ter ic  hindrance o f  phenyl group on the s tereose lec t ive  N-acyliminium ion cyc l i za t i on .  These 

resul ts i nd i ca te  t h a t  the r e l a t i v e  conf igurat ion o f  methyl and phenyl groups remains unchanged 

during N-acyliminium ion  cyc l i za t i on .  These a l so  demonstrate t h a t  iminium ion  (3) i s  not  e q u i l i -  

brium i n  t h e  another isomer (g) and the c y c l i z a t i o n  r a t e  i s  considerably f a s t .  
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Scheme 3 

7b - 8b - lob - 
i )  Separation, ii) DIBAH, lii) HCOOH, i v )  LiA1H4 

Reduction o f  @ a n d  b w i t h  LiA1H4 gave the corresponding 4-(a-hydroxybenzy1)-6-methylthieno[3,2- 

c l py r i d i nes  ( 1 %  and lE), respec t ive ly .  the hydroxyl group o f  which formed a hydrogen bond w i t h  

eq.-or iented lone p a i r  o f  e lec t rons  on N. I n  these compounds, methyl group a t  N takes ax.-or iented 

1 con f igura t ion .  I n  the  H NMR (CDC13) spectrum of 3, 3-H resonated a t  the much h igher  reg ion  ( 6  

5.20, d, 5=6 Hz) r e l a t i v e  t o  3-H o f  & (6 b.20, d, J=6 Hz) and 9-N o f  5 ( 6  6.78, d, J-5 Hz) 

because of the  sh i e l d i ng  e f f e c t  of benzene r i n g .  The s ignal  due t o  3-H of m a p p e a r e d  a t  down 

f i e l d  r e l a t i v e  t o  9-H o f  & b y  r e l eas i ng  the sh i e l d i ng  e f fec t  of benzene r i n g .  

The r e s u l t s  presented here might  be app l i cab le  t o  a s te reose lec t i ve  synthesis o f  some po ly -subs t i -  

t u t ed  n i t r ogen  heterocycles.  

EXPERIMENTAL 

Mel t ing  po in t s  a re  uncorrected. ' H  NMR spectra were recorded on a Var ian EM-390 instrument.  Mass 

spectra were taken a t  an i o n i z i n g  vo l tage  o f  70 eV on a H ~ t a c h i  RMU-7L instrument.  THF was d i s t i l -  

l e d  from LiA1H4 be fore  use. Toluene was d r i e d  over CaH2 under r e f l u x  and d i s t i l l e d  before use. 

Synthesis of 4, 7a and 7b To a s t i r r e d  mix tu re  of alcohol (3 ) (2 .84  g, 20 m o l ) ,  t r i p h e n y l -  

phosphine (5.76 g, 22 mnol), 5-phenyloxazolidine-2.4-dione 13.89 g, 22 mnol) and THF (30 ml )  was 

added a s o l u t i o n  of d i i sop ropy l  azodicarboxylate (4.48 g, 22 mnol ) i n  THF (10 ml ) under i ce-coo l -  

ing.  I n  the p repa ra t i on  of  I ,  6 (2.84 g, 20 mnol) was used instead of 3. A f t e r  the  s t i r r i n g  had 

been cont inued f o r  14 h a t  room temperature, the  so lven t  was evaporated. The remaining res idue was 

chromatographed on s i l i c a  gel  (30 g) .  For Q, e l u t i o n  w i t h  benzene-hexane (1  :I) gave 4.7 g (78 %). 



For p repara t ion  o f  2 and E, e t h y l  acetate-hexane (1:4) was used as an eluent .  Evaporation of 

the i n i t i a l  f r a c t i o n  (about 50 m l )  y i e l ded  2. Successive f r ac t i on  (about 45 ml )  a f fo rded a mix-  

ture of 2 and 2. F i n a l l y ,  E w a s  obtained as a pure s t a t e  as an o i l .  Y ie lds  and physical  data 

are sunmarired i n  the  Tables and d. 

General Procedure o f  Synthesis o f  5, 8a and 8b To a s t i r r e d  s o l u t i o n  of 4 ( o r  1) (1.5 g, 5 

mnol) i n  to luene (30 ml )  was added DlBAH (1.28 g, 9 mnol, 6.1 ml o f  25 % to luene s o l u t i o n )  a t  

-78 "C.  A f t e r  the s t i r r i n g  had been cont inued f o r  1 h a t  the  same temperature, the  ,mixture was 

decomposed w i t h  5 % H2S04 (40 m l )  and ex t rac ted  w i t h  CHC13. The e x t r a c t  was washed w i t h  water, 

d r ied  (Na2S04) and evaporated. The remaining res idue was t r ea ted  w i t h  fo rmic  a c i d  (15 ml )  under 

s t l r r i n g  f o r  14 h a t  room temperature. The m ix tu re  was made bas ic  w i t h  28 % NH40H and ex t rac ted  

w i th  CHC13. The e x t r a c t  was washed w i t h  water, d r i e d  (Na2S04) and evaporated. The remaining res idue 

was chromatographed on s i l i c a  gel  (20 g) .  E l u t i o n  w i t h  benzene gave 5 l o r  8a,b). Yie lds  and 

physical data a re  sunmarized i n  the Tables and 2. 
The 4-(a-Hydroxybenzyl)-6-methylthieno[3,2-c]pyridine (10a and l o b )  To a s t i r r e d  s o l u t i o n  o f  

LiA1H4 (185 rng, 5 m o l l  i n  THF (30 ml )  was added a s o l u t i o n  of & ( o r  (285 mg, 1 mnol) i n  THF 

(10 ml )  under i ce-coo l ing .  A f t e r  the  s t i r r i n g  had been cont inued f o r  14 h a t  room temperature, the  

mixture was decomposed w i t h  10 % NaOH. A f t e r  removal o f  t h e  inorgan ic  substance by f i l t r a t i o n ,  the  

solvent was evaporated t o  y i e l d  9 ( o r  GI. Yie lds  and phys ica l  data are l i s t e d  i n  the  

and 2. 

I Table I. Yields,  Mps and H NMR Spectral Data o f  4, 5, 7, 8 and 10 

Compound Y ie l d  mp ' H  WR lCDCl31 6 
(%)  ("C) 

4 - 78 74-75 2.40 (3H, s ) ,  2.91-3.33 (pH, m ) ,  3.83-3.93 (2H, m), 5.67 (lH, s) ,  6.58- 
6.69 (2H, ml, 7.34-7.53 (5H, m) 

5 - 80 119-120 2.37 (3H, s) ,  4.07-4.42 (3H, m), 4.78-4.87 ( lH ,  m), 4.82 (lH, d, 5-8 Hz), 
5.13 ( IH,  d, J=8 Hz), b.37 ( lH ,  s), 7.51 l5H, s) 

7a - 25 74-75 1.53 (3H, d, J=7 Hz), 3.03-3.27 ( lH,  m), 3.49-3.77 (IH, m), 4.36-4.61 
( lH,  m l ,  5.53 ( IH,  s ) ,  6.78-7.49 (8H, m) 

7b - 20 o i l  1.53 (3H, d, 5-7 Hz), 3.03-3.27 (lH, m), 3.53-3.82 (lH, m), 4.36-4.61 
( lH,  mi, 5.57 ( IH,  s ) ,  6.78-1.49 (8H, m) 

8a - 80 132-133 1.23 (3H, d, J=7 Hz), 2.62-2.80 ( lH,  m i ,  2.91-3.23 ( lH ,  m), 4.49-4.80 
( lH,  m), 4.93 (lH, d, J=8 Hz), 5.14 (lH, d, J=8 Hz), 6.78 I lH ,  d, J= 
5 Hz), 7.24 OH, d, J-5 Hz), 7.50-7.63 (5H, m) 

8b - 8 185-186 1.24 (3H, d, 5-7 Hz), 2.53-2.71 (IH, m ) ,  3.13-3.39 ( lH ,  m), 4.48-4.79 
(lH, m), 5.18 (1H, d, J=8 Hz), 5.80 ( lH,  d, J=5 Hz), 5.87 ( I n ,  d, J=8 
Hz), 6.82 ( lH ,  d, J=5 Hz), 7.12-7.38 (5H, m) 

10a - 93 151-152 1.34 (3H, d, 5-7 Hz), 2.39 (3H, s ) ,  2.64-2.73 (2H, m), 3.37-3.78 ( lH ,  m), 
3.60 ( lH ,  d, J=lO Hz), 4.50 ( lH,  d, J=10 Hz), 5.20 ( lH ,  d, 5.6 Hz), 6.83 
( lH ,  d, 5-6 Hz), 7.39 (5H, broad s )  

lob 92 o i l  0.99 (3H, d, J=7 Hz), 2.44 (3H, s ) ,  2.56-2.64 (2H, m), 2.94-3.18 ( IH,  m), 
3.88 (lH, d, J=5 Hz), 5.09 ( lH ,  d, J-5 Hz), 6.26 (IH, d, J=6 Hz), 6.96 
( lH,  d, 5.6 Hz), 7.41 (5H, s )  
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Table 2. Mass S p e c t r a l  (M') and A n a l y t i c a l  Data o f  4, 5, 7, 8 and 10  

Compound Formula MS m/e Microanalyses (Calcd.)  

4 ClsHlrOINS 301 - 63.55 (63.77)  4.90 (5.02) 4.60 (6.65)  

5 ClsHl~02NS 285 - 67.24 (67.341 5.23 (5.3U) 4.85 (4.91) 

7a LL6Hl5O3NS 301 - 63.53 (63.771 4.93 (5.02) 4.60 (4.65) 

7b Cl6HlrO9NS 301% - 
8a CIIHI~UZNS 285 - b7.20 (67.34)  5.22 (5.30) 4.83 (4.911 

8b C I ~ H > ~ O ~ N S  285 - 67.35 (67.34)  5.16 (5.30) 4.75 (4.91) 

10a C,.H190NS 273 - 70.23 (70.29) 7.02 (7.01) 5.10 (5.12) 

b l o b  CI~HI~ONS - 

a High r e s o l u t i o n  MS, m/e 301.0763 (M'); Calcd f o r  CISHI~OINS: 3U1.0771. - 
b E l e c t r o n  impact  MS d i d  n o t  g i v e  M', b u t  C I  MS gave ~ ' t l  a t  m/z 274. - 
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