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FRCM a- AN0 6-AMINO ACIDS. A ROUTE TO AZABICYCLIC KETONES. 
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Abstract - Unsaturated (-tosylaminoketeniminium s a l t s  generated i n  s i t u  from a -  and - 
5-aminoamides r e a d i l y  underwent in t ramolecu lar  [2+2] cyc loadd i t ions  t o  give azab icyc l ic  

ketones i n  good y i e l d s .  

Intramolecular [ZtZ] cycloaddi t ions o f  ketenes and keteniminium s a l t s  have recent ly  been shown 
1 

t o  be valuable react ions  f o r  t h e  s tereocont ro l led  synthesis o f  po l ycyc l i c  molecules . The prepara- 

t i o n  o f  3-azabicyclo[3.Z.O]heptenones from &unsaturated iminoketenes i s  an i l l u s t r a t i o n  of the  
2 po ten t i a l  o f  the  method f o r  t h e  synthesis o f  he terocyc l ic  compounds . Keteniminium s a l t s  represent 
3 

an a t t r a c t i v e  a l t e r n a t i v e  t o  ketenes fo r  cyc loadd i t ion  w i t h  alkenes because they are more e lec-  
4 t r o p h i l i c  and a lso  o f f e r  easy access t o  c h i r a l  cyclobutanones . However noth ing was known about the  

generation and f a t e  o f  keteniminium s a l t s  bear ing protected a-  or 0-amino subst i tuents .  These were 

of i n t e r e s t  t o  us f o r  t h e  synthesis of a-aminocylobutanones as analogs of 6-lactam a n t i b i o t i c s .  We 

have found t ha t  keteniminium s a l t s  der ived from a and 8-N-tosylaminoamides can be generated and 

e f f e c t i v e l y  trapped i ntramolecular ly by double bonds. 

Unsaturated 1-tosylaminoamides 1 were prepared by a l k y l a t i o n  o f  ~ - t o ~ y l a m i n o a m i d e s ~ ' ~  w i t h  an 

appropr iate bromide o r  mesylate 1 i n  the  presence o f  NaH i n  D b F  at  90-100°C (Scheme 11. 

Treatment o f  1 w i t h  t r i f l i c  anhydride7 i n  1,2-dichloroethane fol lowed by slow add i t ion  Of 

c o l l i d i n e  y ie lded  a so lu t i on  of the  iminium s a l t  which was then heated a t  90°C f o r  90 min. Hydro- 

l y s i s  y ie lded keton ic  products which were p u r i f i e d  by chromatography on s i l i c a  gel (AcOEt - c:dclo- 
8 

hexane 1: l  t o  1:3) (Scheme 21. 
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Table 1  sumnarizes our r e s u l t s  t o  date. In a l l  cases the  [2+2] cycloadducts are the  major 

products and are obtained i n  good y ie lds .  I n  one case (en t r y  b l  we i so la ted  a  small amount of a 

monocycl i c  ketone r e s u l t i n g  from Fr iedel-Craf ts acy la t ion .  The pos i t i on  o f  the  n i t rogen atom has 

l i t t l e  e f f e c t  upon the react ion.  E l iminat ion  of - N-alkyltosylamide from 8-aminoamides or the 

corresponding iminium s a l t s  ( e n t r i e s  d  t o  h l  i s  obviously not an important s ide-react ion.  Alkene 

subs t i t u t i on  plays a  s i g n i f i c a n t  r o l e  i n  the  regiochemistry of t h e  reac t i on  as prev ious ly  shown f o r  
1  other in t ramolecu lar  cycloaddi t ions . Substrates w i t h  no subst i tuent  on the double bond (en t r i es  

a,c,d,g,hl or i n  which the i n t e r n a l  alkene carbon bears a  methyl group (en t r i es  b,e) gave the 

adducts r e s u l t i n g  from at tack  o f  the  more nuc leoph i l i c  terminal  carbon atom on t h e  C-1 atom of the  

keteniminium s a l t .  Small amounts o f  t h e  regioisomeric adducts were i so la ted  i n  th ree cases ( e n t r i e s  

c, d  and g). On the other hand, conpound c, i n  which the terminal  o l e f i n i c  carbon atom bears a  

methyl gmup, gave 7-methyl-3-azabicyclo[3.1.1.]heptan-6-one as the major adduct. This compound 

r e s u l t s  from attack of the  i n t e r n a l  alkene carbon on the C-1 atom of the  keteniminium s a l t .  Thus, 

when there  i s  no d i r e c t i n g  e lec t ron i c  effect, a  six-membered t r a n s i t i o n  s ta te  i s  preferred over a  

seven-membered t r a n s i t i o n  s ta te .  a -Subst i tu t ion  does not affect product d i s t r i b u t i o n  but 

s i g n i f i c a n t l y  lowers the  react ion  ra te .  

Compounds 3a,b were submitted t o  standard Bayer -V i l l iger  condi t ions (Scheme 31. i n  s p i t e  o f  

the  presence of t h e  s t rong ly  electron-withdrawing t o s y l  group on the nitrogen, r i n g  expansion took 

place reg iospec i f i ca l l y  w i t h  migra t ion  of the  C-C bond a t o  t h e  n i t rogen atom. 
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Table I : In t ramolecu la r  cyc loadd i t ions  of keteniminium s a l t s  der ived  from a- ard  %-amino amides - 

Amide 1 Product 
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6. The 1-tosylaminoacid (5 )  i n  methanol i s  t rea ted w i t h  t h i ony l  ch lo r i de  and the reac t i on  mix- - 
ture  i s  heated, if necessary, t o  c o w l e t e  the  e s t e r i f i c a t i o n .  The es ter  obtained i s  dissolved 

i n  py r ro l i d i ne  (7  equivalents) and the mix ture  i s  heated t o  r e f l u x  f o r  several hours. The 

N-tosylaminoamide i s  obtained i n  an ove ra l l  y i e l d  o f  80-90%. - 
7. Typical procedure i n  a d r i ed  vessel and under d r i ed  n i t rogen : A so lu t i on  o f  amide & (596 

mg, 1.7 mM) i n  1,2-dichloroethane (17 ml)  i s  added over 20 min t o  a so lu t i on  o f  t r i f l i c  

anhydride (2.55 mM, 719 mg) i n  17 ml of 1.2-dichloroethane. A so lu t i on  o f  c o l l i d i n e  (1.87 mM, 

227 mg) i n  1,2-dichloroethane (17 m l )  i s  then added slowly over 30 min. A f te r  add i t i on  i s  

completed t h e  react ion  mixture i s  heated a t  90°C f o r  2 h. A f t e r  coo l ing  t o  room temperature, 

t h e  react ion  mixture i s  concentrated under vacuum. The residue i s  hydrolyzed i n  a two phases 

system H20-CC14 (20 ml12O ml)  a t  r e f l u x  f o r  2 h. The react ion  mixture i s  decanted and the 

aqueous l aye r  i s  ex t rac ted w i t h  3xZOml o f  CC14 The organic layers  are d r i ed  over magnesium 

su l f a te  and concentrated under vacuum. The residue i s  chromatographied on s i l i c a  gel  (AcOEt : 

cyclohexane, 1 :2 )  t o  give 329 mg (69% y i e l d )  o f  pure I-methyl-3-azabicyclo [3.2.0] heptan-6- 

one. 

8. A l l  new compounds have been f u l l y  character ized by ir, 'H nmr (200 MHz), 13c nmr, mass spec- 

troscopy and elemental analysis.  
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