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Abstract  - 4-Amlnothieno[2,3-clpyrid-7-one de r i va t i ves  are obtained s e l e c t i v e l y  by r i n g  

enlargement o f  4-aminocyclopenta[b]thiophen-&one de r i va t i ves  using Schmidt o r  Beckmann 
1 

rearrangement. Ir and H-Nmr spect ra  are described. 

I n  cont inuat ion  o f  our work on the synthesis and b i o l o g i c a l  eva luat ion  o f  new thiophenic compounds, 

we have recen t l y  described the synthesis o f  4-amino-4,5-dihydrocyclopenta[b]thiophen-6-one 2 
1 s t a r t i n g  from 3-amino-3-(3-thieny1)propionic ac id  1, and i t s  a b i l i t y  t o  g ive  a r i r i d i n o  

2 de r i va t i ves  . The present paper describes a convenient r o u t e  t o  t h e  y e t  unknown 4-amino-4,5,6,7- 

tetrahydrothieno-[2,3-clpyrid-7-one 1 i nvo l v i ng  r i n g  enlargement o f  the  former system by Schmidt o r  

Beckmann rearrangement. 

Treatment of cyclopentanone 2 wi th  sodium azide i n  t r i f l u o r o a c e t i c  ac id  leads t o  a unique pyridone. 
1 I t s  H-nmr spectrum which revea ls  the  presence of a coupl ing constant, between the proton of the 

methylene group and the lactamic NH, which disappears a f te r  deutera t ion  c l e a r l y  establ ishes the 

thienoC2.3-clpyridine s t ruc tu re  5 and excludes the ismeric[2,3-b] s t ruc ture .  

3 This surprising s e l e c t i v i t y  of the Schrn~dt react ion ,  which was no t  observed by Hurd w ~ t h  Z-acetyl- 
thiophene prompts us t o  i nves t i ga te  the  Beckmann rearrangement s t a r t i n g  from the oxime 3. 

The l a t t e r  i s  obtained i n  the usual manner using react ion  o f  hydroxylamine hydrochlor ide w i th  

compound 2. ' ~ - k n r  ana lys is  o f  the  crude product shows the presence of Z and E isomers i n  a r a t i o  

o f  9 : l .  The major product Z can be i so la ted  by c r y s t a l l i z a t i o n .  Comparison o f  the chemical s h i f t s  
1 o f  the alpha thiophenic protons o f  the two isomers on the H-nmr spectrum o f  the mix ture  c l e a r l y  

es tab l ishes the s t r u c t u r e  ; thus minor E oxime presents a shielded HZ alpha thiophenic proton (7.67 

ppm) compared t o  the  major Z oxime (7.80 ppm7. 

Treatment of the oxime 32 w i t h  phosphorus pentachlor ide i n  t e r t - b u t y l  methyl ether leads i n  poor 

y i e l d  as above t o  the [2,3-clpyridone 5. This r e s u l t  i s  i n  agreement w i t h  theory o f  the  Beckmann 
4 rearrangement and w i t h  t h e  r e a c t i v i t y  o f  thiaindanones descr ibed by Aparaj i than . 

When the same reac t i on  i s  run s t a r t i n g  from a mix ture  of 3 E and Z i s m e r s  i t  leads t o  the  pyr idone 

5 w i thout  any amount o f  the  pyridone 14. - 
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Further hydro lys is  o f  the t r i f l u o r o a c e t y l  group o f  5 gives i n  ac id i c  medium ( I N  ; HC1) the ammonium 

ch lo r i de  5 which leads t o  the  f r e e  base L by treatment w i t h  aqueous I N  sodium hydroxide. The 

s t ruc tu re  o f  t h i s  unstable m i n e  i s  confirmed by format ion o f  i t s  benzylidene d e r i v a t i v e  8. I t  must 

be pointed out t h a t  Schmidt and Beckmann rearrangements ca r r i ed  out s t a r t i n g  from aminoketone 2 or 

aminooxime 9 do no t  prov ide the aminopyridone 1. The S t a r t i n g  ma te r i a l s  are recovered. 

Furthermore, i n  order t o  conf i rm the s t ruc tu re  of pyridones 5 and 14 by unambiguous Synthesis, we 

have invest iga ted t h e i r  format ion s t a r t i n g  frm N-TFA ac id  2. However, app l i ca t i on  o f  the  pyr idone 
5 synthesis method of Eloy and Deryckere using N-TFA ac id  azide fi f a i l s  and leads only t o  the 

imidazol id inone 12. 

But on the other hand, synthesis o f  pyridone 14 was successful l .  This sequence needs a t  once a 

se lec t i ve  n i t r a t i o n  o f  the  N protected ac id  10 i n  pos i t i on  2 which i s  r e a l i z e d  a t  O'C w i t h  m t r i c  

ac id  i n  acet ic  anhydride. Then reduct ion  and subsequent c y c l i z a t i o n  are achieved by hydrogenation 

of the n i t r o  group under pressure i n  presence of pal ladium charcoal t o  g ive  14 whose 

t r i f l u o r o a c e t y l  group can not be rmoved without deamination i n  ac id i c  o r  a l ka l i ne  medium. 

Comparison o f  the  two samples 5 and 14 confirms the r e s u l t  described above. 

Fur ther  react ions,  chemical p rope r t i es  and b i o l o g i c a l  evaluat ions o f  t i t l e  and re la ted  compounds 

are under i nves t i ga t i ons .  

EXPERIMENTAL 

O u m e  06 4,5-dihydao-4-~$~~1ua0~1cety~minocyc~openta~b]thiophen-bone (I) (rnrxtune oh Z and E 

inomenn r n  a n a t u  06 9 : l )  

To a so lu t i on  of 4,5-dihydro-4 tr if luornacetylaminocyclopenta [blthiophen-6-one (1 ; 3 g, 0.012 

mol) i n  ethanol (10 ml )  i s  added a s o l u t i o n  of hyd roxy lmon ium ch lo r i de  (3.36 g, 0.048 mol) and 

sodium acetate (4  g, 0.048 mo l l  i n  water (15 ml) .  The r e s u l t i n g  mix ture  i s  heated a t  r e f l u x  

temperature fo r  1 h, and thenethanal  i s  removed under reduced pressure. A f te r  cool ing,  the  p r e c i p i t a t e  

Produced i s  i so la ted  by suct ion,  washed w i t h  water and d r i ed  ; y i e l d  : 3 g (94 %) ; mp 23b°C 

(mixture of E and Z isamers). F i r s t  crop o f  c r y s t a l l i z a t i o n  f r o m  e the r l e thy l  acetate g i v e s  on l y  the 
Z i s m e r ;  y i e l d  : 1.7 g ;  mp : 242-C. 

C9H7F3N2025 (264.23) Calc. C, 40.91 ; H, 2.67 ; N, 10.60 ; 5, 12.14. Found : C, 41.07 ; H ,  2.66 ; 
N, 10.49 ; 5, 12.03. 

Ir ( K B r )  : V max 3260(NH) : 3400-3100 (broad OH) ; 1690(C=0) ; 1635, 1545, 1215, 1180, 1145, 1000, 

945, 745 cm-l. 

' ~ - t im r  (90 MHz, DMSO-d6/TMS) : = 7.80(d,lH,H2) ; 6.95(d,lH.H3) ; 5.38(m,lH,H4) ; 3.52(dd,lH,H5 

t rans)  ; 2.95(dd,lH,H5 c i s )  ; 10.97(s,lH,OH) ; 9.88 ppm(d,lH,NH). 32 = idem except 7.67 ppm 

(d,lH,HZ). 

Oxime 06 4-ummo-4.5-dikydao cyctopenia[b] thio~hen-6-one (4) (Z i n o r n a )  

A suspension of oxime 32 (39, 0.011 mol) i n  2 aqueous so lu t i on  o f  sodium hydroxide (30 ml )  i s  

heated a t  60PC f o r  15 min. A f te r  coo l i ng  sodium ch lo r i de  (10 g) i s  added and the r e s u l t i n g  

saturated s o l u t i o n  i s  ex t rac ted tw ice  w i t h  e t h y l  acetate (100 ml x 2 ) .  The organic layers  a re  d r i e d  

over magnesium s u l f a t e  and evaporated t o  dryness i n  vacuum : y i e l d  : 1.48 g (80 %) ; mp 160°C ( f rom 

ether ) .  



C7H8N20S (168.22) Ca lc .  C, 49.93 ; H, 4.79 ; N, 16.66 ; S, 19.06. Found : C, 50.03 ; H, 4.88 ; N, 

16.47 ; S, 18.99. 

Ir (KBr) : V max : 3300, 3220 and 3140 (NH2) ; 3100-2400 (b road  OH), 1645, 1430, 1385, 1315, 1060, 
1 

925, 705 cm- . 
' ~ - ~ m r  (90  MHz, OMSO-d6/TMS) 7.67(d,lH,H2) ; 7.05(d,lH,H3) ; 4.33(m,lH,H4) ; 3.40(dd,lH,H5 t r a n s )  ; 

2.65(dd,lH,H5 c i s )  ; 10.95(s,lH,OH) ; 3.38 ppm(m,ZH,NHZ). 

a)  Beckmann rearrangement 

To a s o l u t i o n  o f  oxime 2 ( 1  g, 0.0037 mol)  i n  t e r t - b u t y l  methy l  e t h e r  (100 m l )  cooled a t  0°C w i t h  

an i c e  ba th  i s  added by smal l  p o r t i o n s  o f  phosphorus p e n t a c h l o r i d e  (2.08 g, 0.01 m o l ) .  The 

r e s u l t i n g  m i x t u r e  i s  s t i r r e d  a t  room temperature o v e r n i g h t  and then  poured on t o  i c e  (50 91. The 

e t h e r a l  l a y e r  i s  decanted and t h e  aqueous l a y e r  i s  e x t r a c t e d  t w i c e  w i t h  e t h e r  (100 ml x 2 ) .  The 

o rgan ic  l a y e r s  a r e  combined, washed w i t h  water  (100 m l ) ,  d r i e d  over magnesium s u l f a t e  and 

d e c o l o r i z e d  w i t h  charcoa l .  The s o l v e n t  i s  then  removed under reduced p ressure  ; y i e l d  : 0.2 g (20 

%) ; mp 260°C ( f r o m  isopropano l ) .  
C H F N 0 S (264.23) Calc.  C,  40.91 ; H, 2.67 ; N, 10.60 ; 5, 12.14. Found : C, 40.75 ; H, 2.76 ; 

9 7 3 2 2  
N, 9.95 ; S, 12.26. 

Ir (KBr) : 9 max 3280(NH) ; 3210(NH) ; 1715(C=0) ; 1650(C-0) ; 1550, 1480, 1340, 1210, 1180, 1150, 
1 

780, 745 cm- . 
IH -N~~  (199.5 MHz, DMSO-d6/TMS) 7.83(m,ZH.H2,NH6) ; 7.11(d,lH,H3) ; 5.19(ddd,lH,H4) ;3.63(ddd,lH.H5 

c i s )  ; 3.41(ddd,lH,H5 t r a n s )  ; 9.63 ppm(d.lH.NH4). 

b )  Schmidt rearrangement 

A s o l u t i o n  of compound 2 (2.5 g, 0.01 mo l )  and sodium a r i d e  ( 1  g, 0.015 m o l )  i n  t r i f l u o r o a c e t i c  

a c i d  (30  m l )  i s  heated a t  r e f l u x  temperature f o r  4 h. D u r i n g  t h e  course o f  t h e  r e a c t i o n ,  sodium 

azide (0.5 g, 0.0075 mo l )  i s  added each hour .  

The s o l v e n t  i s  evaporated under reduced p ressure  and t h e  r e s i d u e  i s  t r i t u r a t e d  w l t h  water  (100 m l ] .  

The s o l i d  p r e c i p i t a t e  i s  i s o l a t e d  b y  s u c t i o n  and d r i e d  ; y i e l d  : 1.6 g (61 %) .  

7-O~o-4,5,6.7-tetaukydaothienu[2,3-c]-4-py~idinyt mmonrurn c h t u u d e  
A s o l u t i o n  of py r idone  5 (2.65 g, 0.01 mo l )  i n  aqueous h y d r o c h l o r i c  a c i d  ( IN ,  50 m l )  i s  heated a t  

r e f l u x  temperature f o r  2 h and then evaporated t o  dryness under reduced pressure.  The r e s u l t i n g  

s o l i d  i s  r e c r y s t a l l i z e d  ; y i e l d  : 1.2 g (57 %) ; mp 260°C ( f r o m  i s o p r o p a n o l ) .  

C7H9C1,N20S (204.67) Calc.  C, 41.08 ; H, 4.43 ; N, 13.69 ; S, 15.66. Found : C, 41.17 ; H, 4.48 ; 

N, 13.82 ; S, 15.54. 

Ir (KBr) : V max 3280(NH) ; 3 2 4 0 - 2 7 0 0 ( ~ ~ ~ + )  ; 1685(C=0) ; 1490, 1315, 1250, 1115 cm-'. 

' H - N ~  (199.5 MHz. DMSO-d6/TMS) 7.95(d,lH,H2) ; 7.54(d,lH,H3) ; 5.42(m,lH,H4) ; 3.4(m,4H,H5 t r a n s ,  

NH3) ; 2.44(m,lH,H5 c i s )  ; 8.7 ppm (broad, lH,NH). 

4-Amino-4.5.6, 7-tetnahydaoth~eno[2. 31 pynid-7-one ( L )  
To a s o l u t i o n  of aqueous sodium hydrox ide  (1N.50 m l )  i s  added w i t h  s t i r r i n g  ammonium c h l o r i d e  5 
( 2  g ) .  The r e s u l t i n g  m i x t u r e  i s  s a t u r a t e d  w i t h  sodium c h l o r i d e  (10  g) and e x t r a c t e d  w i t h  ch lo ro fo rm 

(100 ml  x 3 ) .  The o r g a n i c  l a y e r  i s  d r i e d  over  c a l c i u m  c h l o r i d e  and evaporated under reduced 
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pressure t o  g ive  an unstable o i l y  residue ; y i e l d  : 0.54 g (32 1 ) .  

1 Ir (KBr mu l l s )  ; V max 3340, 3280, 3070(NH2) ; 1650(C=O) ; 1470, 1430, 1335, 785 cm- . 
'H-Nrnr (90 MHz, OMSO-d6/TMS) 7.70(d,lH,HZ) ; 7.20(d,lH,H3) ; 4,00(dd,lH,H4) ; 3.41(ddd,lH,H5 t rans )  

; 3.20(ddd,lH,H5 c i s )  ; 3.0(m,2H,NH2) ; 7.6 ppm (s,lH,NH). 

4 -Renzy&denm~no-4 ,5 ,6 .7 - t e tnah~dno th i eno [2 ,3 - c ]py~d- l -one  (!I 
A so lu t i on  of amine 1 (0.84 g, 0.005 mol) and benzaldehyde (0.53 g, 0.005 mol) i n  ethanol (30 ml )  

i s  heated a t  r e f l u x  temperature f o r  45 min. Ethanol i s  removed under reduced pressure and the s o l i d  

residue i s  r e c r y s t a l l i z e d  ; y i e l d  : 1 g (76 X )  ; mp 187°C ( f rom isopropanol) .  

Cl4HlZN2OS (256.32) Calc. C, 65.60 ; H, 4.72 ; N, 10.93 ; 5, 12.51. Found : C,  65,70 ; H, 4.68 ; N, 

10.88 ; 5, 12.47. 

-1 Ir (KBr) : 9 max 32OO(NH) ; 1660(C=O) ; 1635, 1470, 1430, 790, 770, 700 cm . 
l ~ - ~ m r  (90 MHz, DMSO-d6/TMS) 8.47(s,lH,CH) ; 7.7(m,4H,H2,NH,ZH arom.) ; 7.4(m,3H,arom.) ; 

7.00(d,lH,H3) ; 4.8(dd,lH,H4) ; 3.60 ppm (m,2H,2H5). 

3 - ( 3 - T h i e n y ! l - 3 - . 0 1 ~ ~ ~ ~ 0 k 0 a ~ e t y ~ a m i n 0 ~ k p i n  azide 1x1 
To an i c e  cooled s o l u t i o n  o f  ac id  10 (4.34 g, 0.02 mol)  i n  acetone (80 ml )  i s  added dropwise w i t h  

s t i r r i n g  t r i e thy lam ine  (2.3 g, 0.022 mol ) .  A f t e r  15 min e thy l  chlorofonnate (2.38 g, 0.022 mol) i s  

added dropwise a t  such a r a t e  t ha t  the temperature i s  kept below 5°C (15 min) ; a f t e r  30 min a 

so lu t i on  o f  sodium azide (1.56 g, 0.024 mo l l  i n  water (5 ml )  i s  added as above and the r e s u l t i n g  

rnixturc i s  s t i r r e d  a t  5'C fo r  1 h. I t  i s  then poured i n t o  i c e  (50 g) and the o i l y  p r e c i p i t a t e  i s  

ex t rac ted tw i ce  w i t h  methylene ch lo r i de  (100 ml x 2).  The organic l aye r  i s  washed w i t h  water, d r i ed  

over calc ium ch lo r i de  and the so lvent  i s  removed under reduced pressure. The unstable o i l y  residue 

i s  used wi thout  f u r t h e r  p u r i f i c a t i o n s  i n  the  subsequent Step : y i e l d  : 3.9 g (66 X). 

Ir (KBr) : \) max : 3270(NH) ; 2140(N3) ; 1750, 1690, 1550, 1405, 1360, 1175, 800 cm-' 

2-0x0-4-(3-fhrenytJ-rmidaro&dim 1211 
A so lu t i on  o f  azide fi (1  g) i n  dichlorornethane (10 ml )  i s  added t o  a s o l u t i o n  o f  t r i bu t y l am ine  (1  

ml )  i n  diphenyl ether (5  ml )  and heated a t  200°C. Heating i s  maintained f o r  30 min and the s o l u t i o n  

i s  cooled t o  room temperature. Ether (50 ml )  i s  added t o  the  r e s u l t i n g  mix ture  and the s o l i d  

p rec ip i t a ted  i s  i so la ted  by suc t i on  and d r i e d  ; y i e l d  : 0.4 g (68 %)  ; mp 154'C ( f rom isopropanol) .  

The same r e s u l t  i s  ahtained when ortho-dichlorobenzene, water o r  ethanol are used instead o f  

diphenyl e ther .  

C7H8N20S (168.15) Calc. : C, 50.00 ; H, 4.80 ; N, 16.66 ; S, 19.03. Found : C, 50.15 ; H, 4.83 ; N, 

16.71 ; 5, 19.06. 

Ir (KBrl : \l max 3200(NH), 1680(C=0) ; 1490, 1455, 1325, 1250, 1110, 865, 800, 775, 700 cm-l. 

'~-Nmr (90 MHz, OMSO-d6/TMS) 7.43(ddd,lH,H5) ; 7.30(ddd,lH,H2) ; 7.01(ddd,lH,H4) ; 4,72(dd,lH,H4') 

; 3.60(dd,lH,H5) ; 3.10(dd,lH.H5) ; 6.72 and 6.12 ppm (2s. 2H. 2NH). 

3 - ( ~ - N i t i u - 3 - t k i e n y ~ ) - 3 - t n * ~ ~ u o . 1 u u c e t y ~ o p i o n i c  acid (11) 
A suspension o f  ac id  10 ( 3  g, 0.011 mol) i n  ace t i c  anhydride (20 ml )  i s  cooled a t  O'C and then 



n i t r i c  a c i d  ( d  = 1.52, 1.8 ml, 0.044 mol) i s  added dropwise. The i c e  ba th  i s  then removed and a f t e r  

15 min the  r e a c t i o n  m i x t u r e  i s  poured on t o  water (300 ml ) .  The r e s u l t i n g  m i x tu re  i s  f i l t e r e d  and 

the f i l t r a t e  i s  concentrated under reduced pressure t o  one t h i r d  o f  t h e  o r i g i n a l  volume and al lowed 

t o  stand a t  5 Y  f o r  1 h. The c r y s t a l l i n e  p r e c i p i t a t e  i s  i s o l a t e d  by suc t i on  and d r i e d  ; y i e l d  : 1.2 

g (35 %) ; mp : 2 1 3 T  ( f rom e the r ) .  

C9H F3N205S (312.22) Calc. : C ,  34.62 ; H, 2.26 ; N, 8.97 ; 5, 10.27. Found : C, 34.77 ; H, 2.31 ; 

N, 4.03 ; 5, 10.23. 

Ir (KBr) : V max 3290(NH) ; 1700(C=O) ; 1325, 1305, 1225, 1195, 1170 cm-l. 

' ~ - ~ m r  (199.5 MHz, DMSO-d6/TMS) 7.99(d,lH,H5) ; 7,20(d,lH,H4) ; 6.0l(m,lH,CH) ; 2.74(m,2H,CH2) ; 

lO.lS(d,lH,NH) ; 2.5 ppm (s,lH,OH). 

4 . 5 ,  b,7-~e~ahyd~o-4-tz~~t~o~aacetyeaminothieo[~,3-b]pyiLid-6-one 

A suspension o f  n i t r o a c i d  13 (1.2 9, 0.0038 m o l l  and pa l lad ium charcoal  ( 2  g) i n  ethanol  (400 ml )  

i s  hydrogenated (50 p s i )  i n  a s t e e l  bomb a t  room temperature f o r  4 h. Pal ladium charcoal  i s  

f i l t e r e d  of f  and t h e  f i l t r a t e  i s  evaporated t o  dryness under reduced pressure.  Residue i s  d isso lved  

i n  e ther  (200 m l )  and t h e  s o l u t i o n  i s  washed w i t h  a sa tu ra ted  s o l u t i o n  o f  sodium hydrogen carbonate 

(100 m l ) ,  d r i e d  over magnesium s u l f a t e  and evaporated i n  vacuum ; y i e l d  : 0.6 g (60 % )  ; mp : 21O0C 

(from isopropano l ) .  

C9H7F3N202S (264.23) Calc. : C,  40.91 ; H, 2.67 ; N, 10.60 ; 5, 12.14. Found : C, 41.07 ; H, 2.71 ; 

N, 10.72 ; 5, 12.08. 

Ir (Ker) : 9 max 3270(NH)) ; 321O(NH) ; 1705(C=0) ; 1660(C=0) ; 1420, 1245, 1285, 1190, 1170, 1150 
-1 

cm . 
l ~ - ~ m r  (199.5 MHz, COC13/TMS) = 6,76(d,lH,H2) ; 6.54(d,lH,H3) ; 5.29(dd,lH,H4) ; 3.03(dd,lH,H5 c i s )  

; 2.67(dd,lH,HS t r a n s )  ; 10.99(s,lH,NH7) ; 9.01 ppm (d,lH,NH4). 
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