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1 The use of 13c n.m.r. and H - 13c decoupling t o  a s s i gn  t h e  

chemical s h i f t s  t o  protons geminal t o  s u b s t i t u e n t s  a t  t he  3,4 

and 5 p o s i t i o n s  of a p a i r  of s t e r e o i s c n e r i c  i soxazo l i d ine s  

a l lows  determinat ion of t h e  r i n g  s e e r e o c h w i s t r i e s .  C a t a l y t i c  

hydrogenation of N-phenylisoxazolidines with a 5-methoxycarhonyl 

group l e ads  r e a d i l y  t o  azolidin-2-ones, bu t  C-N hydrogenolysis  

i s  n o t  achieved i f  t h e r e  i s  a dimethoxyphenyl s u b s t i t u e n t  a t  

t h e  3 p o s i t i o n  of t h e  isoxazol idine.  

I n  o rde r  t o  i n v e s t i g a t e  t h e  u se  of s u b s t i t u t e d  i soxazo l i d ine s  a s  pos s ib l e  

i n t e rmed ia t e s  i n  syntkeses  of t h e  A r i n g  of t e t r a cyc lox ide s  eg. daunanycinone 

(1) we have prepared the  model canpounds (2) and (10) and s t ud i ed  t h e i r  

hydrogenolysas. The 1,3-dipolar  addition"2 of C- (2' ,Sf  -dimethoxyphenyl) -?i- 

phenylni t rone (15) t o  dimethyl fumarate (19) gave a 94:6 mixture of the  

bauazo l i d ine s  (2) and (3) which were separa ted  by f r a c t i a n a l  c r y s t a l l i z a t i o n .  

That t he  produc ts  were s te reo iso l sa r ic  i soxazo l i d ine s  followed f r m  canbus t ion .  

a n a l y s i s ,  and i.r., u.v., 'H and l3c n.m.r. and mass spec t ra .  E luc ida t ion  of 

t he  r e l a t i v e  s tereochemistry of t h e  s u b s t i t u e n t s  on t he  i soxazo l i d ine  r i n g s  

L 1 by u t i l i z i n g  t he  H -  H coupl ing cons t an t s  .J3 , r equ i r ed  t h a t  t h e  s i g n a l s  due 
94 

t o  t he  pro tons  a t  C-3 and C-5 be ess igned  unambiguously. This  was achieved 

on t he  b a s i s  of 13c n.m.r+ and he te ronuc lear  decoupling experiments-  



Since no 13c chemical s h i f t  da ta  was a v a i l a b l e  t he  re fe rence  compounds 

(4)3 and (5) were prepared by add i t i on  of the  n i t r o n e s  (16) and (15) 

r e spec t i ve ly  t o  methyl methacrylate  (20). The i soxazol id ine  ( 5 )  gave t he  

expected combustion a n a l y s i s  and spec t ra .  For compounds (4) and ( 5 )  the  

13c s i g n a l s  of t h e  i soxazol id ine  carbons may be r e a d i l y  iden t iE ied  and 

1 13C ass tgned  on t he  b a s i s  of s i g n a l  m u l t i p l i c i t i e s  r e s u l t i n g  fran H -  

couplings. These assignments and t he  consequent ia l  assignments f o r  t he  

i soxazo l i d ine  (2) a r e  s u m a r i z e d  i n  Table 1. 

Table I 

1 
S p e c i f i c  'H-'~C decoupl ings then l e ad  t o  t h e  c o r r e l a t i o n s  between H and 

1 1  13c s i g n a l s  which a r e  shown. F i n a l l y  H- H decoupl ings allowed d e t e r m i n a t h n  

2 
of t he  coupl ing  cons t an t s  .13 (Table 1) from which it  fo l lows  t h a t  t he  

94 

pro tons  and hence t h e  s u b s t i t u e n t s  a t  C-3 and C-4 a r e  i n  (3) and ttans 

i n  (2) .  which, i f  t he  s tereochemistry of t he  o l e f i n  i s  r e t a i n e d  i n  both 

* Signa l  m u l t i p l i c i t i e s .  $ I n s u f f i c i e n t  of (3) was ob ta ined  f o r  a  

spectrum. 
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products ,  l e ads  t o  t h e  r e l a t i v e  s te reochemis t r ies  shown f o r  (2) and (3). 

The s tereochemical  r e l a t i o n s h i p  between t he  C-3 and C-4 s u b s t i t u e n t s  i s  

confirmed from a cons idera t ion  of t he  pos i t i ons  i n  t he  'H n.m.r. spectrum 

of t he  s i g n a l s  due t o  t he  protons oE t he  methoxycarbonyl groups. For (2) 

these  appear  a t  6 3.72 and 6 3.77 and f o r  (3) a t  6 3.77 and 6 3.36. The 

u p f i e l d  s h i f t  of t h i s  last s i gna l  i n d i c a t e s  t h a t  one methoxycarbonyl group 

i s  s t rongly  sh i e lded  r e l a t i v e  t o  the  o t h e r s  a s  would be expected f o r  (3) 

where t he  dimethoxypbenyl and t he  4-methoxycarbonyl groups a r e  &. 
That t h e  s tereochemical  r e l a t i o n s h i p  of the  o l e f i n  s u b s t i t u e n t s  i s  

r e t a ined  i n  both i soxazo l i d ine s  from such d i p o l a r  a d d i t i o n s  was confirmed 

when d i e t h y l  malea te  was no t  i suue r i s ed  t o  t h e  more s t a b l e  fumarate under 

t he  r e ac t i on  cond i t i ons ,  and when t he  n i t r o n e  (16) r e ac t ed  with dimethyl 

fumarate t o  g i v e  only ( 6 )  and (7) and with dimethyl maleate  t o  g ive  only 

(8) and (9); These r e s u l t s  support t he  view t h a t  such add i t i on  r e a c t i o n s  

a r e  concerted. 

Addition of C-  (2' ,3' -dimethoxypheny 1) -N-pheny l n i  t r one  < 17) t o  dimethy 1 

fumarate (19) gave a 92:8 mixture  of t he  i soxazo l i d ine s  (10) and (11) f r m  

which only t h e  former was i s o l a t e d  pure. 

I n t e r e s t i n g l y  wi th  both (15) and (17), which conta in  a methoxyl crtho 

t o  t he  n i t r o n e  s u b s t i t u e n t  t he r e  i s  an i nc r ea se  i n  the  s t e r e o s e l e c t i v i t y  of 

r e a c t i o n  i n  favour  of t he  i soxazo l i d ine  i n  which the  methoxyphenyl and t h e  

4-methoxycarbonyl groups a r e  trans. This  observa t ion  ag ree s  wi th  t he  f i nd -  

4 
i n g s  of Masui & t h a t  t he  favoured o r i e n t a t i o n  f o r  a d d i t i o n  t o  a 

symmetrical o l e f i n  i s  t h a t  i n  which s t e r i c  i n t e r a c t i o n s  between t he  o l e f i n  

2 3 After  t h e  c m p l e t i o n  of t h i s  phase of our  work Joucla  fi s. r epo r t ed  

having reached s i m i l a r  conclusions f o r  t h e  i soxazo l i d ine s  (0) (7) (8) and 

1 
(9 ) ,  a f t e r  comparing t he  H n.m.r. spec t r a  with those of analoges 



and s u b s t i t u e n t s  on t he  carbon of the  n i t r o n e  group a r e  minimized, and 

suggested t h a t  t he  r e a c t i o n s  might be made s t e r e o s p e c i f i c  by increas ing  

th's s t e r i c  i n t e r a c t i o n .  This  proposal was confirmed when d i e t h y l  maleate  

(22) r e ac t ed  wi th  t he  n i t r o n e  (17) t o  g ive  q u a n t i t a t i v e l y  only one product 

( 1 2 ) ,  and wi th  t he  n i t r o n e  (16) ,  i n  which t he  C-phenyl r i n g  i s  unsubs t i t u t -  

e d ,  t o  g ive  (13) and (14) i n  a 4:1  r a t i o  s i m i l a r  t o  t h a t  obtained us ing  t he  

dimethyl e s t a r  (2%).  

The s t e r eochemis t r i e s  of t he  i soxazo l i d ine s  (4) and (5) a r e  proposed 

on t he  b a s i s  of s im i l a r  arguments. I t  i s  known t h a t  a l don i t r ones  e x i s t  i n  

6 
t h e  more s t a b l e  trans form and two t r a n s i t i o n  s t a t e s  I and I1 may be 

envisaged where i n t e r a c t i o n  between t he  d ipo l a roph i l e  s u b s t i t u e n t s  and t h e  

4 
C-aryl s u b s t i t u e n t  of t h e  n i t r o n e  i s  minimized d u r i n ~  r eac t i on  . I f  one 

assumes t h a t  t he  more abundant product w i l l  r e s u l t  f r a n  the  t r a n s i t i o n  s t a t e  

where t he  i n t e r a c t i o n  between the  N-phenyl group and t he  o l e f i n  s u b s t i t u e n t s  

i s  l e a s t ,  then,because t he  methyl group i s  t h e  m a l l e r ,  r e ac t i on  t r a n s -  

i t i o n  s t a t e  I w i l l  be favoured leading t o  t he  s t r u c t u r e s  proposed f o r  ( 4 )  

and ( 5 ) .  

5 
The n i t r o n e s  ( I S ) ,  (16) , and (17) were prepared by condensation of 

( 112) 
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N-phenylhydroxyiamine7 with t he  appropr ia te  n r y l  aldehyde i n  e thanol .  

I n i t i a l l y  r e a c t i o n s  were c a r r i e d  out  a t  ambient temperatures,vhen r e a c t i o n  

t imes  of 48 h were r equ i r ed ,  and y i e l d s  of 9% resu l ted .  However, i t  was 

found t h a t  s a t i s f a c t o r y  y i e l d s  (85%) could be obtained i n  2 h i n  r e f  lux ing  

e thanol .  S i m i l a r l y  a  75% y i e l d  of the  n i t r one  (18) was ob ta ined  i n  5 h ,  in 

c o n t r a s t  t o  a  y i e l d  of 839, a f t e r  2 4  h a t  room temperature. 8 

I soxazo l i d ine s  were chosen a s  p o t e n t i a l  in te rmedia tes  f o r  t h e  syn thes i s  

of t h e  A r i n g  of t e t r a cyc lox ide s  on t he  b a s i s  of the  observat ion3 t h a t  

c a t a l y t i c  hydrogenolysis  of t he  i soxazo l i d ine  (&) gave t h e  benzy l i c  secondary 

an ine  (23 ) .  which hydrogenolysed f u r t h e r  t o  the  s u b s t i t u t e d  methyl  bu tanoa te  

(28). Nowever, on c a t a l y t i c  hydrogenation n e i t h e r  (2) nor  (10) gave t h e  

d e s i r e d  bu tanoa tes  (29) and (30) r e spec t i ve ly ,  because cleavage of t h e  carbon-  

n i t r ogen  bond d i d  n o t  occur. 

A t  a t xosphe r i c  p ressure  over a  10: palladium-charcoal c a t a l y s t  i n  

a b s o l u t e  e t hano l  (2) took up 1.08 equiva len ts  of hydrogen i n  3 h t o  g i v e  t h e  

aa ino  s u b s t i t u t e d  methyl bufanoate (24) a s  a  c o l o u r l e s s  o i l .  Although i t  was 

n o t  ~ o s s i b l e  t o  o b t a i n  a n  accep tab le  microana lys i s  because (24) was conver ted  

t o  (31) on s t and ine ,  the  s t r u c t u r e  was supported by a high r e s o l u t i o n  mass 

spectrum, which inc luded  an i o n  a t  m_/e 403.1621 corresponding t o  a  molecu la r  

1 
i o n  of composition C21H25?107, and by FI n.m.r. and i.r. spec t ra .  On s tand ing ,  

o r  on s i l i c a  g e l  chromatography, o r  on t rea tment  with a c i d ,  (24) was conver ted  

t o  t he  azol idin-2-one ( 3 l ) ,  the  s t r u c t u r e  of which Eollwred Erm a cmbus:ion 

1 1 
ana ly s i s .  and i.r.., H n,m.r. and high r e s o l u t i o n  mass spectra .  I n  t h e  t! 

n.m.r. s p e c t r m  t h e  4 4  s i gna l  appeared a s  a  doublet  O E  doub l e t s  c e n t r e d  on 

f i  3.58 ( J ~ , ~  9.0 Hz, J4,5 1.8 Hz), and the  3-H and 5-H doub l e t s  a t  8 4.72 and 

b 5-60 respectively. Frm measurements made on Dre id ins  models of t he  

lzol idinone (31) t he  Karplus equa t ion  p r e d i c t s ,  f o r  v i c f n a l  protons on t h e  



r i n g ,  3.0 Hz and J - trans 
1.0 t o  3.5 Hz, whence it f o l l o r ~ s  t h a t  t he  - 

4-methoxycarhonyl i s  df t o  t he  3-hydroxyl and trans t o  t h e  5-ary l  s u b s t i t -  

uent. The l a t t e r  r e l a t ionsh i$  i s  supported by t h e  observat ion t h a t  t h e  

protons of t he  methoxycarbonyl group a r e  no: shielded by t h e  a r y l  ring. 

I n  an endeavour t o  achieve the  dss i red  carbon-nitrogen hydrogenolysis 

and remove the N-phenyl group, t he  more ac t ive  Raney n i cke l  (W-6) 10911 and 

p l a t i n a  dioxide c a t a l y s t s  were t r i ed .  Under a va r i e ty  of cond i t ions  

summarized i n  Table 2 (see experimental) t he  l i s t e d  products  r e s u l t e d  E r a  

hydrogenolysis of a 94:6 mixture of t he  i soxazol id ines  (2) and (3) i n  

abso lu t e  e thanol  a t  room temperature. 

AEter 72 h over Raney n i cke l  t he  major product was t h e  t e r t i a r y  a a i n a  

1 (25) r e s u l t i n g  from N-ethylation oE (24). The H n.m.r, spectrum oE (25) was 

very  s imi l a r  t o  t h a t  of (241, d i f f e r i n g  i n  having only one exchangeable 

pro ton ,  and i n  conta in ing  a t h ree  proton t r i p l e t  cent red  a t  8 1.15, and a two 

proton q u a r t e t  cent red  a t  8 3.80. Similar  Pi-ethylations over  Raney n i c k e l  

under both hydrogenating and non-hydrogenating condi t ions  have been reported. 
9 

Over platinum dioxide a f t e r  25 h a t  60 p s i  a new major product  appeared. 

The $I n.m.r. s p e c t r a  included a broad eleven proton s i g n a l  f r a n  8 0 to 1.5. 

and t h e  mass spectrum supported a molecular weight of 377. i n d i c a t i n g  t h a t  

hydrogenation of t he  N-phenyl r i n g  had occurred g iv ing  (32). The methyl 

aminobutanoate (24) i s  much more s t a b l e  i n  the presence of platinum dioxide  

than i n  t h e  presence of pa l lad im-charcoal  o r  Raney nickel .  Thus i ts  convers- 

i o n  t o  (31) was 507. complete e f t e r  n ine  days over p l a t i n m  dioxide ,  and f u l l y  

canple ted  a f t e r  four  days ovar t he  o ther  two ca t a lys t s .  It  thereEore appeared 

t h a t  t he  azol id inone  (32) was Eormed by c y c l i s a t i o n  of t h e  hydrogenated 

benzylamine (26) r a t h e r  than by hydrogenation oE the  azol id inone  (31). 1ndeed 

hydrogenation the azolidinone (31) using condi t ions  which convert=d the  
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Ar 

2,5-di rrethoxyphenyl 

2,5-&lrethowphenyl 

phew'l 

2, Fdimthoxyphenyl 

phznyl 

p'neny1 

phenyl 

phegyl 

2, f dirrethoxyphenyl 

2 ,  fdinethoxyphenyl 

2 ,;direthoxyphmyl 

phenyl. 

phenyl 

7.3-direthoxyphenyl 

n-p ropy1 



? 
HO'I ' - 7  

c001.e' 

A r  % R2 R3 2 4 

( 2 3 )  ?hmyl, lk, H, H ?hm.yl 

(2a) 2,  Fdioethoxyphenyl, 11, C30Xe. H phenyl 

Ar X 

(31 ) 2 , F d i  mtho'xyphenyl pbenyl 

(32) 2, F d i  re tbxyphenyl  cycloh+xyl 

(33) 2,'J-direthoxyphenyl phecyl 

(3n) 2,3-di r;.ethoxyphe:2yl cyclohexyl 
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i sozazo l i d ine  (2) completely t o  (32) produced only 10% of (32).  907 oE the  

(31) being recovered unchanged. 

S i m i l a r l y ,  c o n t r o l l e d  hydrogenation of (10) f o r  2 h a t  15 p s i  over 

palladium-charcoal a f fo rded  t h e  methyl aminobutanoate (27). which on s tanding 

converted t o  t he  azolidin-2-one (33); while  hydrogenation f o r  2 4  h a t  15 p s i  

r e s u l t e d  i n  t h e  Eormation oE some (34) a s  we l l  a s  (33). 

On t h e  b a s i s  of mechanisns proposed f o r  hydrogenolysis  of benzyl ic  amines 12 

i t  i s  n o t  obvious why t he  C-N bonds i n  (24) and (27) f a i l e d  t o  c leave.  Although 

i t  i s  known f o r  hydrogenolysis  of dibenzylamines t h a t  t he  presence of a methoxyl 

s u b s t i t u e n t  a t  any pos i t i on  i n  one a r y l  r i n g  r e s u l t s  i n  p r e f e r e n t i a l  removal of 

t he  o the r  ring,13 when t he r e  a r e  s u b s t i t u e n t s  on both r i n g s ,  o r  indeed when 

t he r e  i s  only one r i n g  and it i s  s u b s t i t u t e d ,  hydrogenolysis  h a s  been found t o  

be i nh ib i eed  but  n o t  prevented. 
11,13 

Although these r e s u l t s  suggest  t h a t  subs t i t u t ed  i s o x a z o l i d i n e s  w i l l  n o t  

prove t o  he u s e f u l  i n t e rmed ia t e s  i n  syntheses  of t e t r a cyc lox fdes  l i k e  (1) they 

c l e a r l y  have p o t e n t i a l  f o r  syntheses  o f ana loguescon t a in ing  amino groups i n  

t he  A r i ng ,  o r  of t e t r a cyc l i ne s .  

EXPERIMENTAL 

Melt ing p o i n t s  were determined on a Re icher t  Kof le r  block and a r e  

uncorrected.  1.r. spec t r a  were measured f o r  chloroform s o l u t i o n s  on a Perkin- 

Elmer In f r aco rd  237 o r  337. U.V. s pec t r a  were measured f o r  e t hano l  s o l u t i o n s  

1 
on a Unicam S.P. BOOA. H n.m.r. spec t r a  were measured f o r  CDC13 s o l u t i o n s  on 

a Varian T60, o r  a J e o l  PFT-FX60. 13c n.m.t. were measured f o r  C D C l  s o l u t i o n s  3 

on a J e o l  PFT-FX60. Low r e s o t t i o n  mass spec t ra  were determined on a Varian- 

x s ~  CH7 and high r e s o l u t i o n  spec t r a  on a n  AEI-MS9 in te rEaced  w i t h  a DS30 da t a  

system, and a l l  spec t ra  a r e  recorded with nominal e l e c t r o n  energy of 70eV 



un l e s s  otherwise s ta ted .  Microanalyses were c a r r i e d  ou t  by Dr. A.D. Campbell 

and a s s o c i a t e s .  Univers i ty  of Otago. Hydrogenolyses were performed i n  a Pa r r  

hydrogenator. 

I soxazol id ine  Syntheses: 

I soxazo l i d ine s  (2) and (3). A so lu t i on  oE t he  n i t r o n e  (15) (1.28 g ,  5 x 

moll and dimethyl fumarate (0.72 g ,  5 x lo-' mol) i n  chloroform (100 ml) was 

heated under r e f l u x  f o r  40 h. Removal oE t he  so lven t  and c r y s t a l l i z a t i o n  £ r an  

e thanol  gave 4-trans.5-cis-bisnetho~ycarbon~l-3-(2*j* -dimethoxgphenyl)-2- - - 
phenyl isoxazol idine (2)* (1.46 g) a s  whi te  g r a i n s  m.p. 98'. (Found: ~ " 4 0 1  

(mass spectrum); C ,  62.6; H ,  5.45; N, 3.5. c 8 NO r e q u i r e s  mol. wt.401; 
21 23  7 

C162.8; H.5.7; N,3.59.); Xmax, 249 ( E ,  7 850). 289 (&, 5 175).  429 m 

( S T  7-32>; vnax. 3 040, 1 740 ( C S ) ,  1 490, 1 270 (N-). 1 040 an-'; $1 n.m.r. 

h 3.72 ( s ,  3,4-COOS). 3.77 ( s ,  9,2' -0P&, 5' -0Ps,5-COOS) 9 3.78 (2d. J4?3 6.6 

Hz J 5.0 Hz, 1 , 4 - ~ ) ,  5.01 (d,  J 5.0 Hz, 1,s-H) r 5.34 (d. J3,4 6.6 Hz, L3-H) 9 ' -495 - 3 4  

b.75-7.40 (m, 8 ,  A ~ H ) ;  13C n.rn.r. h 52.1, 55.71, 55.92, 56.62 (4q, 4, 2 x 

co0Gfi3, 2 x 0 G 3 ) ,  59.87 (d t  1, C4), 67.66 (d, 1, C3), 78-57 (d, 1, C5)v 110- 

150 (m, 8, CZ,C3.C4,C5 and C6 of N-phenyl, and C3'&4' and C6' of 6-phenyl),  

151.32, 155.04, 160.22 (3s. 4, C 1  of Pi-phenyl and rena inder  of C-phenyl ca rbons) ,  

173.62. 174.37 (2s. 2 ,  c30CH3), m_/g 401, 371 @+:H2C=@), 343 w'~H~c=c=o), 325 

~.!.!+'-c H ) , 282 (~~%,M"-co -NP~)  , 226 (1007,)- 
6 4 

4-*,5---bi~rnethoxycarbon~l-3-(2' ,5* -dimetboxyphenyl) -2-phenyl isoxazol idine 

( 3 ) ,  was c r y s t a l l i z e d  f r m  t h e  concent ra ted  n o t h e r  l i q u o r s  by seeding w i t h  

c r y s t a l s  which had been manually separa ted ,  and r e c r y s t a l l i z e d  from e thanol  a s  

whi te  need les  (0.05 g) m.p. 122'. The i.r. and u.v. spec t r a  of (3) were 

1 
i d e n t i c a l  wi th  those  of (2) ;  H n.m.r. S 3.36 ( s ,  3 ,  4-COOS). 3.77 ( s r  9, 2 ' -  

* i soxazo l i d ine  s te reochemis t ry  i s  r e l a t i v e  t o  t he  a r y l  group a t  C-3. 
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C?&, 5' -(?bkle,  5-COOtk) 3.83 (2d J 8.4 Hz. I 7.8 t te ,  1, 4-H) , 5.17 ' -4,3 -4,5 

(d,  J5,& 7.8 Hz, 1, 5-H)r 5.50 (d,  J 8.4 Hz, 1, 3-K),  6.75-7.40 (rn, 8 ,  -3,4 

ZrH). 

I s o x a z o l i d i n e  ( 5 ) .  5-cis-1nethoxycarbonyl-5-trans-methy1-3-(2~ ,5' -dimethoxy- - - 
phenyl)-2-?henylisoxazolidine was p repared  u s i n g  a procedure  s i m i l a r  t o  t h e  

above w i t h  methyl  me thac ry la te  a s  t h e  d i p ~ l a r o ~ h i l e .  C r y s t a l l i z a t i o n  gave 

0 l u s t r o u s  w h i t e  p l a t e s  (87:'. y i e l d )  m.p. 96 . (Found: b1+~357 (mass spectrum); 

C ,  67.2; 11, 0.35; N ,  3.7. C H NO r e q u i r e s  mol. w t .  357; C ,  67.2; H ,  6.5; 
20 23  5 

N .  3.x) ;  Amax, 250 (E, 8 2501, 293 (E, 5 025).  429 nm (E, 220) ; vmax, 3 030,  

1 745 ( C d ) ,  1 490, 1 275 ( N j - O ) ,  1 050, 950 cm-I; n.m.r. 6 1.55 ( s ,>3 ,  Me), 

1.96-2.30 (2d, JqV3 7.7 Hz, J4,4 12.8 Hz, 1, 4-H), 3.23 (2d, .Iqe3 8.8 Hz, J4,4 

12.8 Hz. 1, 4-11), 3.42, 3.65, 3.75 (3s ,  9,  O E ) ,  5.15 (2d J 7.7 Hz, L3 ' -3.4 94 
1 3  

8 .8Hz.  1, 3-H), 6.75-7.50 (m, 8 ,ArH) ;  Cn.m.r. 6 2 1 . 9 2  (q, 1 , s H 3 ) ,  50.95 

(q ,  1, C00CH3), 47.85, 55.83 (29, 2 ,  0 s ~ ~ )  1 55.84 (t, 1, C4) 63.89 (d, 1, C3),  

83.38 (s, 1, C5),  132.14 ( s t  1, C l'oE C-phenyl), 110-130 (m, 8 ,  a r y l  c a r b o n s ) ,  

150.98, 152.03, 154.53 (39, 3 ,  C 1 of N-pheqyl and C2', C5' of C-phenyl),  

173.17 (s, 1, gOC113); ~ 1 %  357 (1009., x+$, 298 (7%. ~I+:cGOM~), 225 (35%), 1 8 9  

(75%). 

Esoxazo l id ine  (4) . 13".m.r. 6 22.42 (q,  1, GI3), 50.00 ( t ,  1. C4), 53.28 

(q ,  1, COOEI ), 69.74 (d ,  1, C3). 141.54 s 1 C 1 of C-phenyl) ,  151.16 
3 

(s ,  I ,  C 1 of N-phenyl), 110-145 (m. 1 0 ,  a r y l  ca rbons ) ,  173.83 ( s ,  1, ~ O C H ~ ) .  

-2 
I s o x a z o l i d i n e  (10). Dimethyl Fumarate (1.80 g ,  1.24 x 1 0  mol) was added t o  

a s o l u t i o n  of t h e  n i t r o n e  (17) (3.21 g ,  1.24 x lo-' mo1) and t h e  r e s u l t i n g  

s o l u t i o n  was l e E t  a t  room temperature  For 1 6  days. Removal of t h e  s o l v e n t  

a f f o r d e d  a brown o i l  (4.95 g)  which was shown t o  c o n t a i n  two canpounds O F  

1 
n e a r l y  i d e n t i c a l  R f .  The H n.m.r. spectrum i n d i c a t e d  t h a t  t h e  mixtune 

0 
c o n t a i n e d  (10) and (11) i n  a r a t i o  of 92:8. C r y s t a l l i z a t i o n  from warm (45 ) 

e t h a n o l  gave 4-trans.5-cis-bismethoxycatbonyl-3-(2' .3'-dimethoxypheny1)-2- - - 



0 
phenvl isoxazol idine a s  pa l e  green p l a t e s  m.p. 64-5 . (Pound: C ,  62.53; 

H ,  5.75; N. 3.5. C H G N r equ i r e s  C. 62.8; H ,  5.8; N .  3.5%); vmax. 21 23 7 2 950 

1 725, 1 585, 1 475, 1 43q, 1 260, 1 070, 995 cm-'; n.m.r. S 3.67, 3.73, 

3.79, 3.65 (45, 12 ,  G e  and C02*), 3.97 (2d. 1, J 6.5 Hz, - J 5.5 Hz), 5.10 

(d*  1, J 5.5 LIZ, 3-H o r  5-3)s 5.23 (d, 1, 6.5 Hz, 5-H o r  3-H), 6.75-7.40 

(m, 8 ,  ArH). 

I sox rzo l i d ine  (12). A s o l u t i o n  of n i t r o n e  (17) (0.77 g. 3 x 1 0 ' ~  mol) and 

d i e t h y l  maleate  (0.516 g, 3 x mol) i n  chloroform and benzene (20 m l :  

15  mi) was r e f l uxed  f o r  4.5 days. Removal of the  so lven t s  gave 4--,5- 

trans-bismethoxycarbonyl-3- (2' ,3' -d imethoxypheny-2-phenl i soxazol id ine  a s  - 
a golden brown o i l  which was homogeneous on t.1.c. v 

max. 
1 740, 1 595. 1 480. 

-1. 1 
1 370, 1 260, 1 180,  970, 895 un g H n.m.r. S 1.13 (t, 3 ,  J 7.4 Hz, -GCU2CE3), 

1.19 ( t ,  3 ,  J 7.4 tiz, -OCHZCc3), 3.91, 3.94 (Zs, b, OP&), 4.1:, 4 (2q, 4, 

-OCY CH ), 4-8 s i g n a l  m u l t i p l i c i t y  i s  obscured by t h e se  resonances,  5.03 (d, 1, 
-2 3 

J 7.8 112, 3-H o r  5-E1.5.27 (d, 1, J 6.4 Hz. 5-il o r  3-H), 6.80-7.37 (m, 8. ArH). - 
I soxazo l i d ine s  (33) and (14). Hodi f ica t ion  of the  preceding procedure by us ing  

n i t r o n e  (16) gave a golden o i l  which contained two produc ts  of nea r l y  i d e n t i c a l  

R ~ .  
Dry-column chromatography ( s i l i c a g e l  S deac t i va t ed  by tumbling f o r  3 h wi th  

15% ( W f d )  wate r ,  CfiCl e l u a n t )  a f forded  a pure sample of t h e  major  product  & 
3 

trans15-trans-bisethoxycarbony1-2,3-diphenylisoxazo1idine (13). (Found: C ,  68.25, --  
H, 6.5; N, 3.9. C H 0 N r e q u i r e s  C ,  68.3; H ,  6.3; N ,  3.8%)>>maxe 21 23 5 2 995, 

1 735, 1 595, 1 485, 1 370, 1 340, 1 295,l 220, 1 195, 1 020 an-'; 'H n.m.r. 

8 1.13 ( t ,  3 ,  2 7.2 Hz. -OCH2CE3), 1.17 ( t ,  3. J 7.2 Hzr -OCH2CH3), 3.82 

(3 l i n e s ,  1. J4,3 8.0 Hz. J4,5 8.0 Hz, 4-H), 4.08 ( q r  2 1 J 7.2 Hz, -OC&2CH3). 

4.10 (q,  2 ,  7.2 Hz, -OCti2CH3), 5.03 (d, 2 ,  J 8.0 Hz, 3-H and 5-H, having 

i d e n t i c a l  dand i d e n t i c a l  coupl ing wi th  4-H) , 6.90-7.65 (m, 10. A r H ) .  The 

minor product  was shown t o  be i s a n e r i c  from a combustion anaLysfs of t he  
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r e ac t i on  mixture ,  and was ass igned  t he  s t r u c t u r e  4-&.5-cis-bisethouy- 

carbony 1-2,3-diphenyli soxazol idine (14) on the  b a s i s  of spectra .  1.r. 

1 
spectrum i d e n t i c a l  wi th  t h a t  of (13). li n.m.r. 8 0.83 ( t ,  3, j 7.2 H Z ,  

4-OCH2C&3) 9 1-30 ( t  r 3 9  ,! 7.2 Hz, 5 -0~ t !~CH_~) ,  3.61 and 3.63 (Zq, 2 ,  J 7.2 

Hz, ~ - O C & ~ C H ~ ) +  4.12 (Zd, 1, J 9.2 Hz. 7.2 H Z .  4-H), 4.26 (q. 2 ,  J 7.2 Hz, 

~ - o c & ~ c H ~ ) ,  4.86 (d, 1% J 7.2 Hz, 3-H o r  5 4 ) .  5.18 (d, 1, J 9.2 Hz,  5-H o r  

3-H) 6.90-7.70 (m, 10, ArH). 

Nitrone $yntheses: 

Ni t rone  (17). F r e sh ly  prepared phenylhydroxylamine (2.0 g ,  1.83 x mol) 

was added t o  2,3-dimethoxybenzaldehgde (3.0 g ,  1.81 x lo-' mol) i n  ab so lu t e  

e t hano l  (20 m l ) .  4 f t e r  s tanding a t  room temperature f o r  48 h C-(2* ,3'- 

dimethoxypheny1)-N-phenylnitrone c r y s t a l l i z e d  ou t  (4.4 g ,  909,) m.p. 133-4O. 

(Found: C ,  69.9; H ,  6.0; N ,  5.35. C15H1503N r equ i r e s  C ,  70.0; H ,  5.9; N ,  5.49,); 

V max. 
2 985, 1 595 (C=N), 955 an-'; 'H n.m.r. S 3.90 ( 8 ,  6. OMe), 7.07-8.00 

I 
(m, 7 ,N-phenyl ,  C4-H a n d C  5'-H ArH), 8.36 ( s ,  1 ,  ArC&=N) 9.03 (2d, 1, J, t 

a' $5 
7.0 Hz. ;161,4t2.b H z ,  6'-H). 

Nitrone (151. Fresh ly  prepared phenylhydroxylamine (7.8 g ,  6.5 x mol) 

and 2,s-dimethoxybenzaldehyde (2 g, 1.20 r lo-' mol )vere  r e f l uxed  i n  ab so lu t e  

e t hano l  (20 m l )  f o r  2 h. On cool ing  t he  n i t r o n e  c r y s t a l l i z e d  out.  Xec rys t a l l i z -  

a t i o n  from aqueous e thanol  gave C-(2' .5'-dimethoxyphenyl)-N-phenylnitrone (2.7 g. 

8 5 u  m.p. 88O. (Found: ~f 257 (mass spectrum); C ,  70.0; H ,  5.8; N, 5.45. 

C 'H 0 tr' r e q u i r e s  mol. wt.257; C,  70.0; H ,  5.9; N ,  5.4%); Xmax, 15  15 3 225 ( E  , 10  900). 

288 (&, 8 480). 334 nm ( 6 ,  9 640); v 3 030, 1 580 (C=N), 1 190, 1 175, em 
-1 

max. 

(N*); 'H n.m.r. S 3.81, 3.82 (2s. 6 ,  ONe), 6.80-8.00 (m, 7 ,  ArH)  , 8.30 ( s ,  1, 

A ~ C L ~ ) ,  9.10 (d, 1, J, 4 Hz, 6'-H); m3s9 spectrum (12 e ~ ) ;  ~ 1 %  257, 241 @I+-o), 

226 (M"-Neo*), 166 (ti+% 0 .H 5 N) , 149 (XikbH6N0.) 

C,N-Oiphenylnitrone (16) was obtained i n  90% y i e l d  a f t e r  48 h a t  room temperature, 



05 
and i n  82% ~ i e l d  us ing  r e f l ux ing  ethanol  f o r  2 h m.p. 112' (lit. 112-113 1; 

) 

V max. 
3 100, 3 020, 1 595 (~d) an-'; 'H n.m.r. d 7.30-7.63 ( m ,  6,  ArH), 

7.65-7.93 (m, 2 ,  2-H and 6-H of N-phenyl), 7.97 ( 5 ,  1. A r C W ) ,  8.33-8.57 

(m, 2 ,  2'-H and 6' -H of C-phenyl). 

Hydrogenolyses: The i soxazo l i d ine  (0.4 g, 1 x mol) was d i s so lved  i n  

e thanol  (20 m l ) ,  c a t a l y s t  (0.20 g )  was added and hydrogenation was c a r r i e d  

o%t  f o r  t he  t imes  and a t  t h e  pressures  l i s t e d  i n  Table 2. The cou r se s  of 

aL1 r e a c t i o n s  irere followed by a n a l y t i c a l  t.1.c. F i l t r a t i o n  followed by 

removal of t h e  so lven t  gave t h e  products  a s  co lou r l e s s  o i l s .  

c a t a l y s t  Pa l lad im-Charcoa l  Raney Nickel Platinum Dioxide 
107. 

Pressure  p s i  15 60 15 60 1 5  60 

Table 2 

phenylaminobutanoare (24). (Found: ~"403.1621 (mass s p e c t r m ) .  c ~ ~ H ~ ~ N ~ ~  

r e q u i r e s  mol. wt. 403.1621); v 3 450 (N-H), 3 500-2 850 (0-H), 1 725 
max. 

(C=O), 1 425 ,  1 040 cm-I; 'H n.m.r. 6 3.62, 3.68 (Zs, 6 ,  COO&), 3.74 (2d, 

L3.4 
8.0Hz,L3  3 3 . H z , 1 , 3 - H ) , 3 . 9 0 , 4 . 0 5 ( 2 s , 6 , 0 ~ ~ ) , ~ 3 . 9 0 ( b . 2 ,  

9 2  
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OK and hx). 4.68 (d, J2,3 3.0 Hz, 1, 243). 5.15 (d, J4,3 8.0 Hz, 1, 4 4 ) .  

6.80-7.25 (m, 8 ,  .ArH); mass spectrum, 403.1621, 242.1180 (lop/., 

C ti .NO ), no o the r  peaks of ' g rea te r  than 15% r e l a t i v e  abundance. 15 l o  2 

Hethy1 2-hydroxy-3-methoxycarbonyl-4- (2' ,5' -dimethoxyphenyl)-4-(N- 

ethyl-N-phenylaminobutanoate (25) was p u r i f i e d  by p.1.c.; v 
max. 3 500- 

2 850 (0-H), 1 725 ( C d ) ,  1 420, 1 045 cm-I; 'a n.m.r. 6 1.15 (t, 3,  -Nm2 

Cg3), 3 .68and3 .73  (2s,6,COO@),3.75 (2d.J3,2 3.1Hz,.13 8.OHz. 1, 
94 

3 4 ) .  3.80 (q. 2 ,  -NCg2CH3), 3.95 (b, 1. OH_), 3.92, 4.05 (2s,  6. '2%). 

4.70 (d, JZs3 3.1 Hz, 1, 2-H), 5.15 (d, JqV3 8.0 Hz, 1, 4 4 ) .  6.80-7.25 

(m, 8. .4rH). 

azo l id in-2  -one (32). (Found: M+*377 (mass spectrum). C20H27N06 r e q u i r e s  

mol. ut. 377); vmax, 3 450-2 900 (0-H), 2 950 ( a l i p h a t i c  C-H). 1 742 

(azolidin-2-one C=O), 1 703 (methoxycarbonyl C=0),l 435, 1 055, 1 000, 

910 cn-I;  'ti n.m.r. & 0-1.5 (b, 11 cyclohexyl protons) .  3.22 (2d, J 1.6 -4,3 

Hz, J4,5 8.4 Hz, 1, 4-H), 3.76, 3.77 and 3.81 (35, 9, COOM2 and OM&), 3.80 

(b, 1, OH_), 4.72 (d, L5,4 8 .4Hzl  1, 5 4 0 ,  5.12 (d, 3 1.6 I b ,  1, 3 - H ) ,  
-3,4 

6.50-7.50 (n. 3,  ArH); mass spectrum, m_/= 377 .  350 M + ~ H o - ) .  2 4 8  (PI:C-C~H~O~->. 

Methy 1 2-hydroxy -3-nathoxycarbonyl-4- (2' ,3' -dlmethoxyphenyl) -4-pheny 1- 

aminobutanoate (27). (Found: ~ ' ~ 4 0 3  (mass spectrum). C21H2507N r equ i r e s  

mol. w t .  403); vmax, 3 460 (N-H), 3 550-2 930 (0-H), 1 725 (C.0). 1 595, 

1 4 7 0 ,  1 4 2 0 ,  1 2 6 0 .  1 2 1 0 ,  1 1 1 0 ,  1 0 6 0 .  990cm-I; 'tin.m.r. 8 3.59and 

3.03 (2s ,  6 ,  COO&), 3.85 (2d, J3,4 8.0 Hz, J2 3.0 H Z &  1.3-H), 3.80, 4.01 
$3 

(2s. 6 ,  O S ) ,  4.25 (b, 2 ,  0% and Ng), 4.70 (d, J2,3 3.0 Hz, 1, 2-H), 5.40 

(d.  L4,3 8.0 Hz, 4-H), 6.50-7.25 (m, 8, A ~ H ) .  

Azolidinone (31). The butanoate  (24) (0.2 g, 5 x mol) d i sso lved  i n  

methanol (10 ml) con ta in ing  10% aqueous hydrochlor ic  a c i d  (2 drops) was 



hea ted  (steam bath) f o r  4  h. Removal of t he  so lven t  gave a  c o l o u r l e s s  o i l  

which c r y s t a l l i z e d  on standing. R e c r y s t a l l i z a t i o n  from d i a t h y l  ether-hexane 

gave 3-hydroxy-4-methoxycarbonyl-5-(2' ,5'-dimethoxyphrnyL)-I-phenylazolidin- 

2-one a s  c o l o u r l e s s  need les  m.p. 43'. (Found: Ni'371.13b8 (mass spectrum); 

C ,  68.45; H ,  5.9; 2 ,  3,7. C20H21N06 r e q u i r e s  mol. w t .  371.1358; C, 68.7; 

H ,  5.7; N, 3.8%); vmax. 3  500 - 2 800 (0-H), 1 740 ( azo l i d ine  C=O), 1 700 

-1 1 
(methoxycarbonyl C*). 1 430, 1 055, 910 cm ; H n.m.t. 5 3.58 (2d. L4,3 

9.0 Hz, 1.8 Hz, 1, 4-H), 3.80 (b, 1. OK), 3.82 (s, COOb&), 3-90 and 

3.98 (29, 6 ,  O X l ) ,  4.72 (d, L3,4 9.0 Hz, 1, 3-H) r 5.60 (d, ;r5,4 1.8 Hz, 1, 

5-H) , 6.50-7.80 (m, 8 ,  A ~ H ) ;  mass spectrum m_/= 371.1368, 242.1l8O (1009,, 

Cl5HI6NO2). 

Azolidinone (33). Was obtained (25%) by s i l i c age l / ch lo ro fonn  p.1.c. of t he  

butanoate  (27). (Found: t?*371 (mass spectrum). C H NO r e q u i r e s  mol. 20 21 0 

wt. 3711; vmax. 3 550, 3  6 0 0 - 3  100, 2 940 (0-H), 1 738 (azo l id inone  C=3; 

-1 1 
1 705 (methoxycarbonyl C=O), 910 cm ; H n.m.r. 6 3.52 (2d. L4,3 8.2 Hz, 

J 2 .0 ; i z . 1 , 4 -H) ,3 .80  ( b , i , O g ) , 3 . 8 0  ( s , 3 , S 0 0 ~ & ) , 3 . 9 0 , 3 . 9 5  ( 2 s , 6 r  
-4.5 

O > ) ,  4.83 (d, L3,& 8.2 Hz, 1, 3-H), 5.75 (d,  2.0 Rz, 1, 5-H) ,  4.60-7.05 

(m, 8, A r H ) .  
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