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SUMMARY



Summary

W hereas th e  asym m etric  s y n th e s i s  of a-amino ac id s  h a s  re c e iv e d

c o n s id e ra b le  a t te n t io n ^  o v e r  th e  p a s t  two d e c a d e s ,  th e r e  h av e  b een

re la t iv e ly  few p u b l ish e d  in v e s t ig a t io n s  which deal w ith  th e  asym m etric
22-27s y n th e s i s  of 3-amino a c id s .

I t  w as th e  aim of th e  w ork d e s c r ib e d  in th i s  th e s i s  to  dev ise  

an  im proved  asym m etric  s y n th e s i s  of 3-amino: ac id s  invo lv ing  th e  c o n s t ru c 

tion of h e te ro cy c lic  in te rm ed ia te s  in a d ia s te re o se le c t iv e  m an n er ,  

p a r t i c u la r ly  b y  th e  1 ,3 - d ipo la r  cyc loadd it ion  r e a c t io n s  of ch ira l  n i t ro n e s  

with su i ta b ly  s u b s t i tu t e d  a lk e n e s .

The  In t ro d u c t io n  rev ie w s  th e  n a tu ra l  o c c u r re n c e  of th e  more 

im p o rtan t  3-amino a c id s ,  p re v io u s  asym m etric  s y n th e s e s ,  a n d  th e  1 ,3- 

d ipo la r  cyc loadd it ion  ch em is try  of n i t r o n e s ,  inc lud ing  en an t io -  a n d  

d ia s te re o se le c t iv e  p r o c e s s e s .

C h a p te r  1 d e s c r ib e s  th e  s y n th e s i s  of a s e r ie s  of ch ira l  a n d  

ach ira l  n i t r o n e s  a n d  the  f i r s t  sy stem atic  in v e s t ig a t io n  of th e  s te r e o 

ch em is try  of a l iphatic  a ld o n itro n e s ,  invo lv ing  an a ly s is  of N -b en zy l  

n i t r o n e s  (6 -8)  b y  N uclea r  O v e rh a u s e r  D iffe rence  S p e c tro sc o p y  (NOEDS). 

The  r e s u l t s  of th i s  in v e s t ig a t io n  d em o n s tra te  th a t  (6 -8) a re  form ed 

ex c lu s iv e ly  in th e  Z c o n f ig u ra t io n .

(6 )R -M e

(8 )r =<-bu
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C o n v ers io n  of n i t  ro n e  (6) in to  th e  isoxazo lid ines  (29) a n d  (30) 

p ro v id e s  th e  f i r s t  ev idence  fo r  th e  form ation of d ia s te reom eric  d im ers 

from a n i t ro n e .

M eu  M e.

OH

Ph.

OH

(29) (30)

T he  asym m etric  s y n th e s e s  of 3 'p h e n y l -  g -a lan ine  (5 7 ) ,

3 - leuc ine  (71) a n d  3 - ty ro s in e  m ethyl e th e r  (80) a re  d e s c r ib e d  in C h a p te r  

2. T h e y  d e p e n d  upon  th e  reac tio n  of ch ira l  n i t ro n e s  with v iny l a ce ta te  

to  y ie ld  isoxazo lid ines  in which s u b s t i tu e n t s  h ave  b een  p laced  in a re g io -  

a n d  s te re o se le c t iv e  m anner on th e  p e r ip h e r y  of th e  f ive-m em bered  r i n g , 

[Schem e I ] . S u b s e q u e n t  h y d ro ly s is  of th e  a ce ta te  moiety a f fo rd s  a 

lactol which can b e  ox id ised  to  th e  isoxazo lid in -5 -one  sy s tem .

C ata ly tic  h y d ro g e n o ly s is  of th e se  isoxazolid in  ones  b y  N - 0  fiss ion  a n d  

d ep ro te c t io n  of^4he n i t ro g e n  fu n c tio n  le ad s  to th e  f re e  3~amino a c id s .

C h a p te r  3 d e s c r ib e s  an  in v e s t ig a t io n  of th e  1 ,3 - d ipo la r

cyc loadd it ions  of n i t ro n e s  with a lky l k e te n e  ace ta ls  a s  a p o te n tia l ly  new

ro u te  to 3-amino a c id s .  T he  ch ira l  ind u c tio n  o b s e rv e d  in th e  form ation

of isoxazo lid ines  s u c h  as (101) from th e  ch ira l  p h e n y l  n i t ro n e  (21) a n d



Ill

x s >M e ^  T ti M e '

(201(211(22) (531.(67),(76)

(54I58),(77) (56).(70).(79) (57).(71).(80)

(20).(67).(68),(70).(71)R=i-Pr

(21).(53),(5̂ ).(56).(57)R=Ph

(22).(76).(77).(79).(80)R=pMeOPh

Scheme I



IV

[ o - x y ly l ]k e te n e  ace ta l  (85) is f a r  s u p e r io r  to  th a t  o b s e rv e d  with v iny l 

a c e ta te ,  [Schem e I I ] .

H v ^ P h

H.
> O oMer Ph

(21) (85) (101)

Scheme II

An a l te rn a t iv e  s y n th e s i s  of th e  ch ira l  iso x azo lid in -5 -o n es  (5 6 ) ,  

(70) a n d  (7 9 ) ,  is d e s c r ib e d  in C h a p te r  4, en ta il ing  a o n e -p o t  reac tion  

of h yd roxy lam ine  (15) an d  u n s a tu r a t e d  e s te r s  ( 123-125), [Scheme I I I ] .

y J H O H  

R M e r \ > h

m i m m  ds)

(56),(125)R=Ph,R̂ =Et 
(70l(123)R'=i -Pr R̂=Me 
(79),(124)R'=pMeOPh,R̂ =Me

(561(701(79)

K

Scheme III



INTRODUCTION



INTRODUCTION

1. B a c k g ro u n d

In th e  p a s t  decade  many asym m etric  s y n th e s e s ,  u se fu l  in th e

co n s tru c t io n  of op tically  p u r e  n a tu ra l  p r o d u c t s ,  h ave  b een  d isc o v e re d .  ^

T he  a-amino a c id s ,  as  th e  bu ild in g  b locks  of p ro te in s ,  h ave  been  a t  th e

c e n t r e  of many su ch  in v e s t ig a t io n s .   ̂ H ow ever,  to d a te ,  th e  s y n th e s is

of g-amino ac id s  as  s ing le  enan tiom ers  h a s  r e c e iv e d  li t t le  a t te n t io n .

3-Amino ac id s  a re  of g re a t  c u r r e n t  i n t e r e s t  b eca u se  of th e i r  n a tu ra l

o c c u r re n c e  as  com ponents  of biologically  ac tive  an t ib io t ic s  a n d  also th e ir

3s t r u c t u r a l  re la t io n sh ip  to th e  3 - lac tam , one of th e  most biologically 

im p o r tan t  func tiona l  g ro u p s .  In  ad d i t io n ,  / ? - amino acids are 

know n to ta k e  p a r t  in s e v e ra l  im p o r tan t  metabolic p a th w a y s .

2. T he  N a tu ra l  O c c u rre n c e  of 3-amino A cids

3 -L ys ine  ( 1) is th e  most s tu d ie d  of th e  n a tu ra l ly -o c c u r r in g  

3-amino a c id s ,  a n d  was f i r s t  iso la ted  from s e v e ra l  S trep to m y ces  a n t i -
4

b io tics  in th e  ea r ly  1950's. In  1952, H askell iso la ted  a bas ic  amino 

acid  from th e  acid  h y d ro s y la te  of viomycin ( 2 ) ,  a tu b e rc u lo s ta t ic  a n t i 

biotic  , from S trep to m y ces  f lo r id a e . T he  new amino acid  was shown to 

be  isomeric w iùi ly s in e ,  an d  was id en tica l to  an  acid  p re v io u s ly  iso la ted  

from s t r e p to th r ic in  ( 3 ) ,^  a u b iq u i to u s  family of b ro a d  sp ec tru m  an t ib io 

tic s  p ro d u c e d  by  S trep to m y ces  sp ec ie s .



H,N OOH

H

(1)

CHgOH

( 2 )

R = -NHCONH2 
R = HgNfCHgjgCHCHfOCHNH 

fsIH^

H 2O C O N H NH
H

HN

NH

(3 )

n r  1,2,3,4,5,6 and 7 for 
strep to th ricins F,E,D,C,B, 
A and X respectively.

H

n



T he "iso lysine"  s t r u c t u r e  was confirm ed  as  g - ly s in e  in 1953 by  

Van T am elen ,^  who s y n th e s i s e d  ( S ) - ^ - ly s in e  (1) b y  A r n d t - E i s t e r t  

homologation of L -o rn i th in e  (4 ) ,  [Scheme 1].

J ^ P h th

NPhth

,-NPhth 
OCHNj

OOH

NPhth

,>N H
COON

(1 )

R e a g e n ts :  1. P h tha lic  a n h y d r id e ,  2. (C O C l)^ , 3. CH^N^ ,

4. Ag"  ̂ "O^CC^H , 5. NH^NH^,

Scheme 1

7
Y onehara  an d  O take  have  s ince show n, by  ORD, th e  ( S ) - c o n 

f ig u ra t io n  to be  th e  n a tu ra l  form of g - ly s in e .

T he  b io s y n th e s is  of g - ly s in e  h a s  re c e iv e d  a t te n t io n  a n d ,  in 

p a r t i c u la r ,  i t s  in c o rp o ra tio n  in to  th e  s t r e p to th r ic in  family of an t ib io t ic s ,
o

sometimes r e f e r r e d  to as  th e  racem om ycins . In  1971, Taniyam a iso la ted  

a n d  c h a ra c te r i s e d  s t r e p to th r ic in s  F , E, D a n d  C from a m u tan t  s t r a in  of 

S trep to m y ces  ra c e m o c h ro g e n u s , which w ere  shown to con ta in  one, two.



g
th r e e  a n d  fo u r  g - ly s in e  r e s id u e s  re s p e c t iv e ly .  I t  h a s  b een  claimed th a t  

th e  biological a c t iv i t ie s  of th e  s t r e p to th r i c in s  su ch  as  an tim icrob ia l ,  

an t iv i ra l  an d  ac u te  tox ic ity  become more p ro n o u n c e d  as th e  n u m b e r  of 

3“ly s ine  r e s id u e s  in c re a s e s .

T he  b io sy n th e s is  of s t r e p to th r ic in  F ( 3a) h a s  b een  e x ten s iv e ly
9

in v e s t ig a te d  by  Gould, who h a s  o b ta in e d  specific  in c o rp o ra t io n  of 

13[1 ,2 -  C^] a ce ta te  in to  th e  3 - ly s in e  p o r t io n  of (3a) in S trep to m y ces

L - 1689-23.

H P C O N H 2 
N

(3a)
T his  f in d in g  is c o n s is te n t  w ith 3 - ly s in e  be ing  d e r iv e d  from

a - ly s in e  (5) which is form ed via th e  diaminopimelic acid  (DAP) p a thw ay

[Scheme 2] . In  th is  p a th w ay  (2S , 6S) DAP (7) d e r iv e d  from p y ru v ic

acid  (9) an d  a s p a r t ic  acid  ( 8 ) ,  is ep im erised  to me so-DAP (6) a n d  th e n

d e c a rb o x y la te d .  A sp a r t ic  acid  is o b ta in e d  b y  t ran sam in a t io n  of

oxaloacetic  ac id  ( 10), t h u s  rev ea lin g  th e  specific  b u t  in d i re c t  labelling

of th e  3 - ly s in e  moiety of s t r e p to th r ic in  F b y  a c e ta te .

T he  mechanism a n d  s te re o c h e m is t ry  of th e  co n v e rs io n  of

a - ly s in e  to 3 - ly s in e  h as  been  in v e s t ig a te d  in spec ie s  of th e  g e n e ra

S t r e p t o m y c e s ^ ^ ' [ a s  p a r t  of the  s t r e p to th r ic in  F molecule] a n d  

12 13C los tr id ium . ' T he  t ra n s fo rm a t io n ,  c a ta ly se d  by  th e  enzym e lysine-



13 13
H ,Cm — C O O H

C itric  
Acid Cycle

HOOC

HO

1
C ^^^C O O H

(10)1
H O O C ^

t + ^
H j N

(9) (8)

-  n  — rv

H,N
r \  -

V N c O j H
NH,

(5)

I
'  fiH, Kin

(6

y s / ' " '  ^

(1)

Scheme 2



2,3-am inom utase  c o n s t i tu te s  th e  f i r s t  s te p  of a major metabolic p a th w ay

of ly s ine  in C lo s tr id ia  a n d  o th e r  b a c te r ia .
12 13A b e r h a r t  ’ h a s  e lu c id a ted  th e  s te re o c h e m is t ry  of th e  ly s in e -

2, 3-aminomuta se reac tio n  in C lostr id ium  su b te rm in ae  s t r a i n ,  SB 4.
2

D euterium  labelling  a n d  H nm r w ere u s e d  to  show th a t  th e  tran s fo rm a tio n  

of ( 2 S ) -a - ly s in e  (6) to ( 3S)- ^ - ly s in e  (1) as  shown in Scheme 3, p ro c e e d s  

with  t r a n s f e r  of th e  3-H^^ p ro to n  of a - ly s in e  to th e  2-H^^ position  of 

3 - ly s in e .  T he  3-H^^ h y d ro g e n  of a - ly s in e  is r e ta in e d  a t  C -3  of 3”ly s in e .  

T he H-2 of a - ly s in e  is  r e ta in e d  a t  th e  2-H^^ position  of 3 - ly s in e . T h u s  

th e  reac tio n  p ro c e e d s  with in v e rs io n  of co n f ig u ra tio n  of b o th  C -2  a n d  C -3 .

Ha* Hre#
HOOC

HOOC H

(1)
Scheme 3

12 13Gould an d  A b e r h a r t  ' h av e  d e m o n s t ra te d  th a t  in C . SB 4, 

amino g ro u p  t r a n s f e r  o c c u rs  com pletely in t ra m o le c u la r ly , a n d  th a t  

m igration  of h y d ro g e n  is s u b s ta n t ia l ly  o r  com pletely in t e r  m olecular. I t  

h a s  also been  e s ta b l is h e d  b y  th e  same a u th o r s  th a t  th e  s te re o c h e m is t ry  

of th e  S trep to m y ces  a - ly s in e - 2, 3-aminomutase rea c t io n ,  is  id en tica l to 

th a t  of th e  C lostrid ium  tra n s fo rm a tio n ,  [ c . f .  Scheme 3 ] .^ ^



Of th e  n a tu ra l ly  o c c u r r in g  g-amino a c id s ,  g - ty ro s in e  (11) an d

3~leucine (15) h ave  b een  shown to be  d e r iv e d  from th e  c o r re s p o n d in g

a-amino acid  as  a r e s u l t  of a m u ta s e -c a ta ly s e d  re a c t io n .

143 -T y ro s in e  h as  b een  fo u n d  as  a c o n s t i tu e n t  of the  p ep t id e  

an t ib io t ic s  ede ine  A (12) a n d  edeine  B (1 3 ) ,  iso la ted  from c u l tu r e s  of 

Bacillus b r e v is  Vm4.

RNH

OH COOH

T he  enzyme ty r o s in e -a ,  3 -m u ta se ,  c a ta ly se s  th e  isom érisa tion  of 

L - a - ty ro s in e  (14) to 3 - ty ro s in e  [Scheme 4].

OOH

H

(U)

} i
OOH

(11)

Scheme 4



14P a r r y  a n d  K u ry lo -B o ro w sk a  h av e  d e m o n s t ra te d  th a t  th e  

in t e r  con v e rs io n  p ro c e e d s  w ith  e x ch a n g e  of th e  3-H^^ h y d ro g e n  of 

L -a - ty ro s in e  a n d  b o th  C -2  h y d ro g e n s  of g - ty ro s in e ,  a s  well a s  of th e  

amino g ro u p ,  w ith h y d ro g e n  a n d  ammonium ions r e s p e c t iv e ly ,  of th e  

m edium .

T he  n a tu ra l  o c c u r re n c e  of g - leuc ine  ( 15) was f i r s t  d e m o n s t ra te d  

16by  P oston  in 1976. E v idence  h a s  b een  p r e s e n te d  th a t  in C lostrid ium  

s p o ro g e n e s , the  in itia l s tep  in th e  fe rm en ta t ion  of leuc ine  ( 16) to ace ta te  

(1 8 ) ,  i s o b u ty ra te  (19) a n d  ammonia, invo lves  a B ^2 co e n z y m e -d e p e n d e n t  

co n v ers io n  to 6 - leuc ine  [Schem e 5], T he  amino g ro u p  m igration  is 

c a ta ly s e d  b y  th e  enzym e le u c in e - 2, 3-amino m u tase ,  a n d  is  r e v e r s ib le .

The 6-amino acid  is th e n  t ra n sa m in a te d  to 6~ ke to isocaproa te  ( 17) b e fo re  

b reak d o w n  to ac e ta te  a n d  i s o b u ty r a te .

OOH

(15)

C H 3C 0 0 H

(18)

(19)

OOH

(15) I

(17)

H

Scheme 5



L e u c in e -2 , 3-aminomutase ac t iv i ty  h a s  b e e n  d is c o v e re d  in a

v a r ie ty  of s o u rc e s ,  inc lud ing  se v e ra l  spec ie s  of C lo s tr id ia ,  th e  l iv e r s  of

se v e ra l  mammals, human le u k o c y te s ,  a s  well a s  in p la n t  t i s s u e  s u c h  as

po ta to  t u b e r s  an d  r y e g r a s s .  In  each  of th e se  ca se s  it  is claimed th a t

the  enzym e a c t iv i ty  i s  co -en zym e  B 

17O v er to n  h as  how ever r e p o r te d  th a t  l e u c in e -2, 3-aminomutase 

a c t iv i ty  in t i s s u e  c u l tu r e s  of A n d ro g ra p h is  p an icu la ta  does  n o t  show a 

co-enzym e d e p e n d e n c e ,  in c o n t r a s t  to th e  r e s u l t s  of P o s to n ,  a n d  h as  

e s ta b l is h e d  th a t  the  metabolically ac tive  s u b s ta n c e s  a re  (2S) a-leucine 

(1 6 .a) a n d  (3R) g-leucine (1 5 .a ) ,  [Scheme 6].

COOH

(16a) (15a)

Scheme 6

T he  mechanism by  which 3 -a rg in in e  (20) is form ed h a s  n o t ,  as

y e t ,  b een  e s ta b l i s h e d ,  b u t  it h as  b een  iso la ted  from b la s t ic id in  S (2 1 ) ,

an an t ib io t ic ,  e ffec tive  a g a in s t  r ice  b la s t  d is e a s e ,  from S trep to m y ces

18g r is e o c h ro m o g e n e s . T he b io s y n th e s i s  of (21) is c u r r e n t ly  u n d e r

19in v e s t ig a t io n  b y  Gould .
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HOOC T
NH, NH

(20)

; ^ N ^ ^ 0 ' ^ C 0 0 H  NHz

( 21)



11

(R) g - p h e n y l - g -a lan ine  (22) h a s  b een  iso la ted  from th e  cyclic 

p e p t id e  roccan in  (23) from th e  lichen  Rocella can a r ien  se s , a n d  from 

s e v e ra l  toxic m etabolites  of Pénicillium is land icum , th e  mold of is land ia  

yellow r ic e ,  

s tu d ie d .

21 T he b io s y n th e s is  of $ -p h e n y l -  ^ -a lan ine  h a s  no t been

i
Ph

(23)
T he o c c u r re n c e  of g -a lan ine  an d  o th e r  3~amino ac id s  h a s  b een

rev iew ed  by  D re y .
45

3. A sym m etric S y n th e s is  of 3-Amino A cids

T h e re  a re  re la t iv e ly  few r e p o r te d  in v e s t ig a t io n s  on th e  asym 

metric s y n th e s i s  of 3-amino ac id s  in com parison  to  th o se  co n ce rn in g  

a-amino a c id s .

22In 1964, T e r t e n te v  r e p o r t e d  th e  f i r s t  en an t io se lec tiv e

s y n th e s e s  of 3-amino a c id s ,  b y  th e  add ition  of ch ira l  amines to c ro ton ic

ac id ,  in po o r  chemical a n d  optical y ie ld s .  I t  was no t un ti l  1977, th a t  

23F u ru k a w a  et al, p e rfo rm e d  an asym m etric  s y n th e s is  of s e v e ra l  3-amino
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ac id s ,  b y  add it io n  of ch ira l  benzy lic  amines to 1 -cy an o p ro p en e s  a n d  a , 3" 

u n s a tu r a t e d  e s t e r s ,  [Scheme 7]. H ydro ly s is  an d  h y d ro g e n o ly s is  of 

the  a d d u c t s  form ed gave  amino ac id s  in enantiom eric  e x c e ss e s  of 2-19%, 

an d  chemical y ie ld s  of 10-47%.

». R^HCHR'CH.FpZ^if-».C H R ^=C H F r+  R ^ H
2 P d /(/H ,

R^=H,Me,Ph
R^= ON, COOMe.l-carboxymettthyl 
Fp= (R)or(S)-PhCHMe

Scheme 7

24F u ru k aw a  h a s  also r e p o r te d  a va r ia t ion  of th e  R efo rm atsk i 

reac tion  in which a ch ira l  Schiff  b a se  on t re a tm e n t  w ith an  ot-bromo e s te r  

p ro v id e s  3~amino ac ids  in 2-28% enantiom eric  e x c e ss ,  [Scheme 8].

CHR"=:;Nff + BrCH^COOR^ (R/S)

pfzMe.Ph 
Ff=(R)or(S)-PhCHMe 

R^rEt, l~menthyl

Scheme 8

rV  ^  vOH
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C ata ly tic  h y d ro g e n a t io n  o r  h y d r id e  red u c t io n  of 3(R o r  S 

a -m e thy lbenzy l)am ino  a c ry la te s  a f fo rd s  g-amino ac id s  in enantiom eric  

e x c e ss e s  of 3-28%, [Schem e 9 ] .

CH,COOEtf N H ;  +Rrfc(

" X T "
(25)

A Pd /fe /H 2 or

FCl̂ kTXoOEt ® NaBHjCN

(24)

R’ = (R)or(S)-PhCHMe 
FT= Ph,Me

Scheme 9

In th is  case  th e  c o n f ig u ra tio n  of th e  amino acid p ro d u c e d  

d e p e n d s  on th e  m ethod of re d u c t io n  em ployed. C a ta ly tic  h y d ro g e n a t io n  

of th e  enamine (24) in the  Z c o n f ig u ra t io n ,  is assum ed  to p ro c e e d  via a 

s ix -m em bered  che la te  r in g  in which a h y d ro g e n  atom a p p ro a c h e s  p r e f e r 

en tia lly  from th e  le ss  h in d e re d  r e  face to  give th e  (S )-am in o  acid  (25S), 

[ Scheme 10],

Mè

H

(25sJ

.COOH

Scheme 10
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On the  o th e r  h a n d ,  c y a n o b o ro h y d r id e  re d u c t io n  of th e  enamine 

(24) is  in i t ia te d  b y  p ro to n a t io n  to th e  imminium cation (2 6 ) ,  w hich is  th e n  

r e d u c e d  to th e  (R )-am ino  acid (25R ), [Scheme 11], b y  h y d r id e  a t ta c k  of 

th e  s i f a c e .

OOEt

(26)

y
H jN ' CH fO O H

(25r)
Scheme 11

Achiwa h as  em ployed hom ogeneous ch ira l  c a ta ly s ts  to e f fec t 

s te re o se le c t iv e  h y d ro g e n a t io n  of methyl ( Z ) - 3 -ace ty lam in o p ro p -2 -en o a te s  

to give ch ira l  amino e s t e r s  in enantiom eric  e x c e sse s  of 3-55%, [Scheme 12] 

T he  ch ira l  rhod ium  b is p h o sp h in e  complex (27) may be  p r e p a r e d  in s i t u .

" K "  -
CHXOtW COOMe

H-

(27) CHfONH

Me

h 2 V
C.HsCON Rh(S)CI

.PPk

Scheme 12 (27)
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27R ecen tly  Baldwin h a s  r e p o r te d  an enan t io se lec tiv e  a p p ro ac h  

to w a rd s  a- an d  ^ - s u b s t i t u t e d  ^-amino ac id s  via ch ira l  isoxazo lid inones  

(3 0 ) .  T he  isoxazo lid inones  may be p r e p a r e d  b y  co n ju g a te  add ition  of 

ch ira l  hydroxy lam ine  to an a, 3“ u n s a tu r a t e d  e s te r  (2 8 ) ,  a n d  cyclisa tion  of 

th e  r e s u l t in g  a d d u c t s  (29) is e f fe c te d  with lithium b is ( t r im e th y ls i ly l )a m id e , 

the  only b ase  fo u n d  to give h igh  an d  r e p ro d u c ib le  y ie ld s  of isoxazo lid inones  

C leavage  of th e  N-O B ond in (30) b y  h y d ro g e n o ly s is  is accom panied by  

rem oval of th e  benzy lic  n i t ro g e n  p ro te c t in g  g ro u p  p e rm itt in g  d ire c t  

s y n th e s is  of the  g-amino ac id ,  [Scheme 13] .

rîK h

COglVIe

(28)

2 C O g M e

I I I

R

NH

(30)

i, R'‘n HOH. ii, Li‘'(SiMej)2N~. in P d /C /H j

R2 R"

a Me H H (S)PhCHMe

b H C02Me H (â)PhCHM e

c H H Me (S)PhCHMe

Scheme 13
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E nantiom eric  e x c e sse s  in th e  r a n g e  of 10-28% a re  o b ta in e d .

In  one case se p a ra t io n  of th e  d ias te reom eric  a d d u c ts  (30C) was poss ib le  

a n d  th i s  le d  to s y n th e s i s  of ^ -m e th y l -g -a la n in e  in 88% enantiom eric  e x c e s s .

4. T he S y n th e s is  of N a tu ra l  P ro d u c ts  via 1 ,3 -D ipo lar  C yc loadd it ions  of 

N itro n es

4. 1 B a c k g ro u n d

In r e c e n t  y e a r s  th e  app lica tion  of cycloadd ition  re a c t io n s  to 

con tro l th e  s te re o c h e m is t ry  of acyclic sy s tem s  h a s  b een  a n  a re a  of in te n s e  

a c t iv i ty .  T he  1, 3 -d ipo lar  cyc loadd ition  of a n i t ro n e  (31) w ith s u b s t i tu t e d  

o lefins to give isoxazo lid ines  (3 2 ) ,  [Schem e 14] h as  come to p rom inence  as  

an ex trem ely  p ow erfu l ,  y e t  mild means of p ro d u c in g  c a rb o n -c a rb o n  b o n d s ,

an d  is  p a r t i c u la r ly  well su i te d  to the  c o n s t ru c t io n  of n i t ro g e n -c o n ta in in g
28s u b s t a n c e s .

X X
OR

Y

(31) (32a) (32b)

Scheme 14

M oreover, n i t ro n e  cyc loadd it ions  f r e q u e n t ly  embody a h ig h  

d e g re e  of re g io -  an d  s tereochem ical co n tro l ,  a n d  s ince th e  N-O b o n d  of
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th e  isoxazolid ine c a n ,  in most c a s e s ,  b e  easily  c leav ed ,  a n u m b e r  of

im aginative  s y n th e s i s  h av e  em ployed isoxazolid ine  form ation a n d  r in g

29open ing  as  key  s t e p s .  T he  de ta ils  of an  in v e s t ig a t io n  in to  th e  

app lica tion  of [ 3 + 2] n i t ro n e -o le f in  cycloaddition  re a c t io n s  to  th e  asym

metric s y n th e s e s  of g-amino ac ids  a re  d i s c u s s e d  in C h a p te r s  2 a n d  3 of 

th is  th e s i s .

4. 2 S y n th e s is  a n d  S t r u c t u r e  of N itro n es

Most g en e ra l  p ro c e d u re s  fo r  th e  p re p a ra t io n  of acyclic n i t r o n e s  

have  b een  em ployed d u r in g  th e  c o u rse  of th is  w ork an d  a r e  d e s c r ib e d  in 

C h a p te r  1 of th e  D iscussion  sec tion .  T he  s t r u c t u r e  a n d  s te re o c h e m is t ry  

of n i t r o n e s  a re  also d is c u s s e d  in C h a p te r  1.

4. 3 T he  Mechanism of 1,3 D ipolar C ycloaddition  R eac tions  of N itrones

A lth o u g h  c u r r e n t  t r e n d s  in d ica te  th a t  1,3 d ipo lar  cyc loadd it ions

of n i t ro n e s  h av e  become a v e rs a t i le  element in th e  s y n th e s i s  of n a tu ra l
30 31 22 23

p ro d u c t s  s u c h  a s  a lka lo ids ,  8 -lac tam s a n d  amino s u g a r s ,  * th e

reac tio n  r e c e iv e d  li t t le  a t te n t io n  un ti l  th e  ea r ly  1960's when th e  b r i l l ia n t  

34work of H uisgen  led  to an in te n se  in t e r e s t  in th e  f ie ld  of cycloaddition  

ch em is try  a s  a whole. T he  a s so c ia ted  re g io -  an d  s te reochem ica l con tro l 

of 1, 3 -d ipolar cyc loadd it ions  h a s  led  to  much d iscu ss io n  a n d  c o n t ro v e r sy  

o v e r  th e  p a s t  tw en ty  five y e a r s  in an  a t tem p t to ra t io n a lise  th e s e  v ita l 

f e a tu r e s  of th e  re a c t io n .

4 2T he  reac tio n  may be  t r e a t e d  formally a s  an allowed [ tt S - tt S] 

p r o c e s s ,  ana logous  to th e  re la te d  D ie ls-A lder  cyc loadd it ion .  I t  is now
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g en e ra lly  a c c e p te d  th a t  most 1 , 3-d ipolar cyc lo ad d it io n s ,  inc lud ing  those  

of n i t ro n e s  ( e g .  Scheme 15), a r e  s ing le  s te p ,  fo u r  c e n t r e ,  c o n c e r te d  

r e a c t io n s  in which two new o rb o n d s  a r e  form ed s im u ltaneously ,  th o u g h  

n o t n e c e s s a r i ly  a t  th e  same r a t e ,  in ag reem en t w ith  th e  o r ig ina l p o s tu la te  

of H uisgen  in 1963.

R

H,C N )- • /

Scheme 15

One of th e  main a rg u m e n ts  fo r  a c o n c e r te d  mechanism em ployed 

35by  H uisgen  is th e  s t r i c t  cis s te re o  spec if ic ity  of th e  p ro c e s s ,  in th a t  th e  

s te reochem ica l r e la t io n s h ip s  in c o rp o ra te d  in the  d ipo laroph ile  a re  p r e s e r v e d  

in th e  p r o d u c t  isoxazo lid ine . T he  s te reochem ical a s p e c t s  of th e  reac tion  

a re  c o v e re d  in Section 4 .4  of th is  In t ro d u c t io n .

T he  su g g e s t io n  th a t  d irad ica l  in te rm ed ia te s^ ^  a re  invo lv ed  in

351, 3 -d ip o la r -a d d it io n s  h a s  b een  s e v e re ly  c r i t ic iz e d  b y  H u isg en ,  a rg u in g  

th a t  a d irad ica l mechanism can n o t acc o u n t fo r  th e  o b s e rv e d  e n e rg e t ic s  an d  

s te re o c h e m is t ry  of th e  re a c t io n .

B efo re  th e  a d v e n t  of f r o n t i e r  molecular o rb i ta l  th e o ry ,  th e  

reg io c h em is t ry  of I ,  3 -d ipo la r  c^c lo ad d it io n s  h ad  b een  r e g a r d e d  as  th e

b ig g e s t  u n so lv ed  problem  in th e  f ie ld .  In  th e  h a n d s  of S u s tm an n , 37

38 39H ouk, an d  B a s t id e ,  p e r tu r b a t io n  th e o ry  h a s  b een  su c c e ss fu l ly  app lied

to exp la in  b o th  th e  re a c t iv i ty  an d  reg io c h e m is t ry  of 1, 3 -d ip o la r  cyclo -
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a d d i t io n s .  A cco rd ing  to th e s e  a u t h o r s ,  1 , 3 -d ipo lar  cyc loadd it ions  can  

b e  c la ss if ied  in to  th r e e  ty p e s  d ep en d in g  on th e  re la t iv e  d isposition  of th e

1,3-d ipole a n d  olefin f ro n t ie r  o rb i ta ls ,  [Schem e 16].
Dipole Dipolarophile

LUMOI

Dipolarophile Dipole Dipolarophile Dipole

HOMO

TYPE I  

HOMO con tro lled

TYPE n  

HOMO-LUMO controlled

TYPE m  

LUMO contro lled

Scheme 16

T h ese  a re :  ty p e  I ,  w here  the  in te ra c t io n  of the  HOMO (dipole)

with LUMO (d ipo la roph ile )  is g r e a te r ;  ty p e  I I ,  w here  b o th  f ro n t ie r

o rb ita l  in te ra c t io n s  m ust be  ta k en  in to  acco u n t;  ty p e  I I I ,  w here  th e

LUMO (dipole)-HOMO (d ipo la roph ile )  in te ra c t io n  is g r e a t e r .  T h ese  a re

r e f e r r e d  to more concise ly  a s  HOMO, HOMO-LUMO, a n d  LUMO con tro l led  
37cyc loadd it ions  .\

38Q uali ta tive ly ,  HOMO ty p e  cyc loadd it ions  a re  a c c e le ra te d  b y  

e le c t ro n -d o n a t in g  s u b s t i tu e n t s  on th e  dipole an d  e le c tro n -w ith d ra w in g  

s u b s t i tu e n t s  on th e  d ipo la roph ile ,  a s  a r e s u l t  of d e c re a s in g  th e  d if fe re n ce  

in e n e rg y  be tw een  th e  r e a c t in g  f ro n t ie r  o rb i ta ls .  C o n v e rse ly  e lec tron
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d ona ting  s u b s t i tu e n t s  which r a is e  th e  d ipo laroph ile  HOMO a n d  e lec tron  

w ithd raw ing  s u b s t i tu e n t s  w hich low er th e  dipole LUMO, acc e le ra te  LUMO 

c o n tro l led  re a c t io n s  as  a r e s u l t  of th e  e n h a n c e d  f ro n t i e r  o rb i ta l  in te ra c t io n .  

HOMO-LUMO con tro l led  re a c t io n s  a re  a c c e le ra te d  b y  an in c re a se  of e i th e r  

f ro n t i e r  o rb i ta l  in te ra c t io n .

N itrone  cyc loadd it ions  a re  b e l iev ed  to b e  HOMO-LUMO 

c o n tro l led .  As s u c h ,  b o th  f ro n t ie r  o rb ita l  in te ra c t io n s  may be  s ig n if ican t ,  

a n d  th e  in te ra c t io n  th a t  dom inates in a p a r t i c u la r  case  will d e p e n d  upon  

th e  n a tu r e  of dipole and  d ipo laroph ile .

Houk h a s  em ployed p e r tu r b a t io n  th e o ry  to p ro v id e  an 

exp lana tion  of th e  p e rp le x in g  re g io se le c t iv i ty  phenom ena o b s e rv e d  in 

1,3 d ipo lar  cyc loaddition  r e a c t io n s .  T he re g io se le c t iv i ty  fo r  n i t ro n e  

cyc loadd it ions  on to  m o n o su b s t i tu te d  o lefins  was o rig ina lly  b e l iev ed  to  

p ro c e e d  in a u n id irec tio n a l  fa sh io n ,  g iv ing  5 -s u b s t i tu t e d  a d d u c ts

40r e g a r d l e s s  of th e  a lkene  s u b s t i tu e n t .  H ow ever, it was r e p o r te d  by  Houk 

in 1973 th a t  v e ry  e le c t ro n -d e f ic ie n t  d ipo la roph iles  su ch  a s  n i t ro e th y le n e  

(34) g ive s ig n if ican tly  or even  p redom inan tly  4 -sub  s t i t u te d  isoxazo lid ines  

(36) with N -m ethy l -  C -p h e n y l  n i t ro n e  (3 3 ) ,  [Scheme 17].

.  IL * L
(33) (34) (35)

Scheme 17
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E le c tro n - r ic h  a n d  m odera te ly  e le c tro n -p o o r  m o n o su b s t i tu te d  

olefins ( e . g .  m ethyl v iny l e th e r  (36 ))  g ive  exc lu s ive ly  5 -su b  s t i t u te d  

isoxazo lid ines  (3 7 ) ,  [Schem e 18].

Rh\ ------- 1

(33) (36) (37)

Scheme 18

1, 1 D is u b s t i tu te d  olefins su ch  a s  k e ten e  ace ta ls  also form 5 -sub  s t i t u te d  

o le f in s .

R eg iose lec t iv ity  is de te rm in ed  by  th e  re la t iv e  m a g n itu d es  of 

th e  atomic o rb ita l  coeff ic ien ts  in th e  f ro n t ie r  molecular o rb i ta ls  of b o th  

n i t ro n e  a n d  d ipo la roph ile .  The dom inant s tab iliz ing  in te ra c t io n  in th e  

t r a n s i t io n  s ta t e  invo lves  th e  atomic o rb i ta ls  of th e  in te ra c t in g  atoms with 

th e  l a rg e s t  coeff ic ien ts  ( i . e .  l a rg e s t  "size") allowing maximal FO o v e r la p  

be tw een  o rb i ta ls  which a re  c losest in e n e rg y  a s  shown in Scheme 19.

In  the  case of v iny l m ethyl e th e r  th e  dom inant in te ra c t io n  is 

LUMO (dijK)le) -  HOMO (d ipo la roph ile )  in which th e  la rg e  AO coeffic ien t 

on th e  ca rb o n  of th e  n i t ro n e  LUMO in t e r a c t s  w ith th e  l a r g e r  coeffic ien t 

a sso c ia ted  with C -2  of th e  olefin HOMO, a f fo rd in g  th e  5 -su b  s t i t u te d  

isoxazo lid ine . T h is  is in acc o rd  with experim en ta l  f in d in g s  fo r  e le c t ro n -  

r ic h  a n d  m odera te ly  e le c tro n -p o o r  o le fin s .  For v e ry  e le c t ro n -d e f ic ie n t  

d ipo la roph iles  su ch  as n i t ro e th y le n e ,  th e  dom inant in te ra c t io n  invo lves
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Me Me

Fh

r O o M .  # r ^  Q ^ '

LUMO LUMO

HOMO HOMO

Scheme 19
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HOMO (dipole)-LUMO (d ipo la roph ile )  lead ing  to a 4 -s u b s t i tu t e d  isoxa

zolid ine . As th e  ion isa tion  p o te n tia l  of th e  n i t ro n e  d e c re a s e s  o r  th e  

e lec tro n  a ff in i ty  of th e  d ipo larophile  in c re a s e s ,  a te n d e n c y  to w ard s  

p ro d u c t io n  of 4 -sub  s t i t u te d  isoxazo lid ines  is fo u n d ,  i . e .  a HOMO ( dipole ) -  

co n tro l led  p r o c e s s .  At some po in t  th e r e  m ust be  a sw itch  o v e r  from HOMO 

to LUMO con tro l a s  th e  e lec tro n  re le a s in g  pow er of th e  a lkene  s u b s t i tu e n t  

is  in c re a s e d .  T h a t  po in t  is  a p p a re n t ly  re a c h e d  with d ipo la roph iles  su c h  

as  m ethyl a c ry la te  a n d  ac ry lo n i tr i le  s ince  reg io isom eric  m ix tu re s  of a d d u c t s  

a re  e n c o u n te re d .

As re g io se le c t iv i ty  is th e  r e s u l t  of v e ry  small e n e rg y  d if fe re n c e s  
- 1

(0*. 1-5 kcal mol ) be tw een  two tr a n s i t io n  s t a t e s ,  th e  estim ation of su ch  

small e n e rg y  d if fe re n c e s  d e m o n s tra te s  th e  un ique  pow er of p e r tu r b a t io n  

t h e o r y , in p re d ic t in g  th e  p ro d u c ts  of s u c h  r e a c t io n s .

4. 4 S tereochem ical A sp e c ts  of N itrone  1 ,3-D ipolar C yc loadd it ions

The s te reochem ica l,  a s  well as  reg iochem ical,  a s p e c ts  of n i t ro n e  

cyc loadd it ions  m ust be  c o n s id e re d .  As can  be  seen  in Scheme 20, 1 ,3 -  

cyc loadd it ions  a re  ci^  s te re o s e le c t iv e .  C is - t r a n s  isomerism may be  

o b s e rv e d  in the  p ro d u c t  isoxazo lid ines  (41) a n d  (4 2 ) ,  invo lv ing  th e  r in g  

s u b s t i tu e n t s  a t po s it io n s  3 a n d  5. T h is  isom erism , in add ition  to th e  

formation of d ia s te reo m e rs  in th e  case of p ro c h ira l  o le fins  u se d  as 

d ip o la ro p h ile s ,  is a r e s u l t  of th e  a p p ro a c h  of r e a g e n t s ,  i . e .  n i t ro n e  of 

E or  Z c o n f ig u ra tio n  an d  d ipo la roph ile ,  in an exo- o r  e n d o -m a n n e r ,  

com parable to th e  com peting en do- a n d  e x o -s te re o se le c t iv i t ie s  which 

c h a ra c te r i s e  D ie ls-A lder  re a c t io n s .  T hese  te n d e n c ie s  h av e  b e e n  e v a lu a te d
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by  Joucla^^  a n d  Gree^^ in a s tu d y  of th e  re a c t io n s  of d im ethyl maleate 

(40) w ith C -b e n z o y l -N -p h e n y l  n i t ro n e  (38) a n d  C ,N -d ip h e n y l  n i t ro n e

( 39) . [ Scheme 20].

ENDO.

(38)R=coPh (Z.0)
(39)R=Ph

PhN

M e O ^  C 0 2 M e 

Ph

(41)

x==ccyv\i

\
E X O ^

PhN

IVIeOjC C Q j ^ e  

H*

(A2)
Scheme 20

D eterm ination of th e  s te re o c h e m is t ry  of th e  p ro d u c t  isoxazoli

d in e s  makes it possib le  to ded u ce  th e  o r ien ta t io n  of th e  d ipo laroph ile  in 

the  t r a n s i t i o n ^ t a t e . N itrone  (39) r e a c t s  with dim ethyl maleate to  a f fo rd  

two isoxazo lid ines  (41) a n d  (42) in a 9: 1 r a t io ,  ind ica ting  th a t  th e  endo -  

p ro c e s s  is f a v o u re d ,  w h ereas  C -b e n z o y l -N -p h e n y l  n i t ro n e  (38) g ives

41isoxazolid ine (41) e x c lu s iv e ly ,  a r is in g  from an en d o - t ra n s i t io n  s ta t e .

T he  r e s u l t s  may be  in t e r p r e te d  on the  b as is  of a s tu d y  of 

seco n d a ry  in te ra c t io n s  of th e  f ro n t ie r  o rb i ta ls  of th e  r e a c ta n t s ,  [Schem e 

21J.
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HOMO

X=C(^Me

0 #
LUMOCHjé-Oo

Scheme 21

T he  dom inant in te ra c t io n  will be  of th e  HOMO ( dipole)-LUMO 

(d ipo la roph ile )  ty p e .  An exam ination of the  t r a n s i t io n  s ta te  (43) re v e a ls  

a fav o u rab le  sec o n d a ry  in te ra c t io n  be tw een  th e  N atom of th e  dipole an d  

th e  e lec tro n  a t t r a c t in g  s u b s t i tu e n t  of th e  olefin acco u n tin g  for the  

p red o m in an t e n d o -a p p ro a c h .  S eco n d ary  o rb ita l  in te ra c t io n s  a re  t h e r e 

fo re  of co n s id e ra b le  im portance  in de te rm in ing  th e  s te re o c h e m is t ry  of th e  

p r o d u c t .

N itro n es  b e a r in g  ch ira l  s u b s t i tu e n t s  h av e  b een  s y n th e s iz e d  an d

h ave  b een  shown to u n d e rg o  cycloaddition  r e a c t io n s  invo lv ing  t r a n s f e r  of

ch ira l i ty  to a p p ro p r ia te  d ip o la ro p h ile s .  However as  y e t  th e r e  a re  few

exam ples com pared  w ith  th e  n um ber of r e p o r te d  s y n th e s e s  invo lv ing

43en an t io -  a n d  d ia s te re o s e le c t iv e  D ie ls-A lder  re a c t io n s .
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44In  1979, B elzecki a n d  Panfil r e p o r te d  d ia s te re o se le c t iv e  

1 , 3 -cyc loadd it ions  of ch ira l  n i t ro n e s  w ith  m o n o su b s t i tu te d  o le fin s .

For exam ple , ch ira l  n i t ro n e  (44) r e a c t s  w ith  s ty r e n e  to  g ive a m ix tu re  

of fo u r  non-racem ic  d ia s te reo m e rs  (45 a ,  b ,  c ,  d) in th e  p ro p o r t io n s  

76 :11 :8 :5  re s p e c t iv e ly ,  [Scheme 22].

B elzeck i h a s  made th e  assum ption  tha t,  if d u r in g  th e  cyclo- 

add ition  only the  Z isomer of th e  n i t ro n e  is p r e s e n t ,  the  d ia s te reo m e rs  

a re  form ed as  a r e s u l t  of th e  a p p ro a c h  of r e a g e n t s  in an e x o -  o r  endo -  

m a n n e r ,  in add ition  to  r e  o r  si a t ta c k  a t  th e  p ro c h ira l  o le fin . T he  ra t io  

of th e  sum of cis (45 a+b) isom ers to th e  sum of t r a n s  (45 c+d) can be  

acc e p te d  as  th e  m easure  of th e  s te re o sp e c if ic i ty  of th e  cyc loadd it ion , 

w h ereas  th e  q u a n t i ta t iv e  ra t io  w ithin th e  p a i r s  i . e .  (a : b) a n d  ( c : d )  is  a 

m easure  of th e  d ia s te re o se le c t iv i ty  of th e  re a c t io n .

As th e  com ponents  of th e  d ia s te reom eric  m ix tu re  a re  s e p a ra b le ,  

th e i r  ab so lu te  c o n f ig u ra t io n s  can  be  d e te rm in e d ,  e . g .  isomer (45a) was 

s u b je c te d  to h y d ro g e n o ly s is  to give ( S ) - ( - )  -  1, 3 -d ip h e n y l p r o p a n - l - o l  

(46) in 92% optica l p u r i t y ,  [Schem e 23].

T he r e s u l t s  of th is  in v e s t ig a t io n  ind ica te  th a t  m o n o su b s t i tu te d  

a lk en es  r e a c t  w ith ch ira l  n i t r o n e s  su c h  a s  (44) to give a d is t in c t  e x c e ss  

of th e  cis isoxazolid ine a n d  a c lea r  e x c e ss  of one of th e  d ia s te reo m e rs  in 

each  cis a n d  t r a n s  p a i r .

B elzecki h a s  also in v e s t ig a te d  th e  cycloadd ition  re a c t io n s  of 

n i t ro n e s  b e a r in g  a ch ira l  s u b s t i tu e n t  a t  th e  ca rbon  atom, e . g .  C - ( - )  

c a rb o m e n th o x y -N - te r t - b u ty l  n i t ro n e  (4 7 ) .
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(A7)

H ow ever, n i t ro n e s  of th is  ty p e  ex h ib i t  l i t t le  o r  no s te re o se le c t iv i ty  w ith 

s ty r e n e  an d  r e la te d  d ipo la roph ile s ,  an d  show Z ^  E in te rc o n v e rs io n  a t  

room te m p e ra tu re .

More re c e n t ly  ch ira l  n i t ro n e s  h av e  b een  em ployed in a n um ber

33of to tal s y n th e s i s  of n a tu ra l  p r o d u c t s .  Wovkulich an d  U skokovic h ave  

ach iev ed  an e leg an t s y n th e s is  of th e  amino s u g a r s ,  daunosam ine (48) a n d  

acosamine (49) invo lv ing  a d ia s te reo se lec t iv e  in tram o lecu la r  n i t ro n e -o le f in  

cyclisa tion  as  th e  k ey  s te p .  T he  ch ira l  n i t ro n e  (50) c y d i s e s  to  g ive  two 

isoxazo lid ines  (51) an d  (52) in an 82:18 r a t io .  The isoxazolid ine (51) 

may be  e la b o ra te d  to  (48) an d  (49) in only a few s te p s ,  [Scheme 24].

The b a s is  for the  o b s e rv e d  s te reo se lec tio n  is in t r ig u in g .  T he 

a u th o r s  a rg u e  th a t  assum ing  cycloaddition  p ro c e e d s  v ia  th e  Z n i t ro n e ,  

th e  ro ta m e rs  (53) a n d  (54) ex h ib i t  th e  sm allest in te ra c t io n  be tw een  th e  

incoming, qlefinic double  b o n d  a n d  th e  N -a  m ethyl ben zy l g ro u p ,  [Scheme 

25] a n d  resem ble  th e i r  r e s p e c t iv e  o r ie n ta t io n s  in isoxazo lid ines  (51 ) an d  

(5 2 ) .
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Scheme 24
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Major (51)

(54)

IVIe-'A' f  h 
H

(53)

Minor(52)

Scheme 25
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C ycloadd it ion  via ( 53) is  th e  p r e f e r r e d  ro u te  lead ing  to  major

isomer (5 1 ) .  Rotam er (54) co n ta in s  an u n fa v o u ra b le  i te rac t io n  be tw een

th e  olefinic m ethyl g roup  a n d  th e  p h e n y l  of th e  ot-methyl b e n z y l  g ro u p .

T h is  model is c o n s is te n t  w ith  th e  d ias te reo se lec tio n  o b s e rv e d  for the

analogous  exo and  en do modes of in te rm o lecu la r  cycloadd ition  r e p o r te d  by
44B elzecki a n d  Panfil .

A second  s y n th e s is  of daunosam ine employing a d ia s teeo se lec tiv e

32cycloaddition  of a n i t ro n e  h as  b een  r e p o r te d  by  De Shong , [Schem e 26].

IVje

(55)

HO

(57)

(56)

(Z.8)

Scheme 26

Chii^al n i t ro n e  (55) r e a c t s  w ith e th y l  v iny l e th e r  g iv ing  a s ing le  

isoxazolid ine ( 56) . S u b s e q u e n t  r e d u c t iv e  c leavage  in acid  of th e  N-O 

b o n d  of (56) re le a se s  a g-amino a ld eh y d e  (57) as  an in te rm ed ia te  to (48).

As th e  t r a n s  isoxazolid ine (56) is only one of fo u r  p o ss ib le  

d ia s te reo m e rs  fo rm ed , n i t ro n e  (55) h a s  d isp la y ed  complete d ia s te reo fac ia l
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se lec tiv i ty  a n d  complete s te re o s e le c t iv i ty  fo r  th e  en do t ra n s i t io n  s ta te  ( 58),

[ Scheme 27].

• Trans (5 6)
EtO

(58)
Scheme 27

N itrone (55) d isp lay s  d ia s te reo fac ia l  se lec tiv i ty  in re a c t io n s  with 

o th e r  d ipo la ro p h ile s .  Dipolar cycloaddition  of (55) w ith v iny l ace ta te  

y ie ld s  two a d d u c ts  (59) a n d  (6 0 ) ,  d if fe r in g  only in th e i r  co n f ig u ra tio n  a t  

C -5 ,  in a ra t io  of 1 :4 , [Schem e 28]

(55)
• -R

(60) R -pO A c R2̂ H

Scheme 28

C ycloaddition  via th e  e x o - t r a n s i t io n  s ta te  geom etry  a c c o u n ts  for 

th e  formation of th e  cis isoxazolid ine (60) .  C h a p te r  2 of th is  th e s i s
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d e s c r ib e s  th e  cycloadd ition  of v iny l ace ta te  w ith ch ira l  n i t ro n e s  as p a r t  

of an  asym m etric  s y n th e s is  of g-amino ac id s .



DISCUSSION



CHAPTER 1

P re p a ra t io n  of N itrones  and  

th e  C o n f ig u ra t io n  of A liphatic  N itrones
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1: 1 P re p a ra t io n  of N itrones

A lth o u g h  acyclic n i t r o n e s  a re  va luab le  in te rm ed ia te s  in th e  

c o n s t ru c t io n  of n a tu ra l  p r o d u c t s ,  th e i r  p re p a ra t io n  is limited to a 

re la t iv e ly  few m ethods .  C ondensa t ion  of N -m o n o su b s t i tu te d  h y d ro x y l -  

amines with a ld e h y d e s  is th e  most gen era l  an d  e ff ic ien t  m ethod.

N -b en zy lh y d ro x y la ra in e  (2) was p r e p a r e d  b y  the  m ethod of

47B o rs c h ,  invo lv ing  cy an o b o ro h y d r id e  re d u c t io n  of b e n z a ld e h y d e  oxime 

( 1), [ Scheme 1].

(1) ( 2 )

Scheme 1

T rea tm e n t  of th e  a p p ro p r ia te  a ld e h y d e s  (3 -5) w ith h y d ro x y l 

amine ( 2 ) in d ich lorom ethane  a t  room te m p e ra tu re  gave  C -m ethy l ( 6 ) ,

C - iso p ro p y l  (7) a n d  C - t e r t - b u t y l  ( 8) ,  N -b e n z y l  n i t r o n e s  in good y ie ld ,

[Scheme 2]. T he  i„ r .  s p e c t r a  of n i t ro n e s  ( 6- 8 ) typ ica lly  d isp la y ed  C=N

-1ab so rp t io n  ats:approxim ately  1600 cm
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PhCH,NHOH +

(2) (3)RrMe

( 4 ) R = t - P r

( 5 ) r : < - B u

R

( 6 ) R = M e

(7)R=i-Pr
( 8 ) r = < - b u

Scheme 2

C , N -d ip h en y l n i t ro n e  (11) an d  C -p h e n y l -N -b e n z y l  n i t ro n e

(12) w ere conven ien tly  p r e p a r e d  b y  oxida tion  of N -b en zy l amines (9)

a n d  ( 10) with m -ch lo roperbenzo ic  acid  in re f lu x in g  ace to n e ,  following
48

a m ethod d e sc r ib e d  by  B e c k e t t ,  [Scheme 3].

O -

R H N C H îP h   ► Ph

(9)R=Ph
(10)R=CH,Ph

H

(11)R=Ph
(12)R=CH,Ph

Scheme 3
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44C hira l benzy lic  n i t ro n e s  of th e  ty p e  d e s c r ib e d  b y  B elzeck i,

r e q u i r e d  th e  s y n th e s is  of (R )- (+ ) -a -m e th y lb e n z y lh y d ro x y la ra in e  (1 5 ) ,
49Employing th e  method of Z in n e r , ox ida tion  of th e  op tically  p u r e  amine

(13) w ith benzoy l p e ro x id e ,  gave th e  b e n zoyloxyamine (1 4 ) ,  w hich was

s u b s e q u e n t ly  h y d ro ly s e d  u n d e r  bas ic  cond itions  to  ch ira l  h yd roxy lam ine

( 15) , [Scheme 4] .

T h is  p re p a ra t io n  was r e p e a te d  on s ev e ra l  occasions  on a 80

mmol scale  (amine) b u t  th e  y ie ld  n e v e r  ex ce ed ed  27%. T he  m ethod of

50Polonsky and  Chimiak has  a f fo rd e d  s u p e r io r  y ie ld s  of up  to 50%. 

(E x p e r im en ts  b y  D. K ie rs  an d  R. T om anek).

o
/NHz K  NHOCPh Hv yNHOH

V  ____^  V  ____^  y "

Me Ph M ^  \Ph M ^  \ » h

(13) (U) (15)

Scheme 4

T he ch ira l  n i t ro n e s  (20-24) w ere p r e p a r e d  b y  th e  reac tio n  of 

hydroxy lam ine  (15) w ith th e  a p p ro p r ia te  a ld e h y d e s  (4 , 16-19),

[Scheme 5], .
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H, .NHOHy
M er \ p h

(15)

Scheme 5

(16) R=R=Ph

(17)R=pMeOPh

R

M e

(20)R=i-Pr

(21)R=Ph

(22)R=pMeOPh

(23)R=pCIPh

(24) R= «-indolyl

With the  excep tion  of (21) R=Ph, all th e  above n i t ro n e s  w ere 

o b ta in ed  as c ry s ta l l in e  so lids , an d  th e  i . r .  s p e c t r a  all showed the  

e x p e c te d  C=N a b so rp t io n  be tw een  1580-1605 cm

1: 2 T he  C onfigu ra t ion  of A liphatic  A ldon itrones

T he nmr s p e c t r a  of all th e  n i t ro n e s  p r e p a r e d  in d ica te d  th e  

formation of a s ing le  geom etrical isom er, s u g g e s t in g  ex c lu s iv e  form ation , 

p re su m a b ly ,  of th e  therm odynam ically  more s tab le  ^ - n i t r o n e .

T he  s te re o c h e m is t ry  of acyclic n i t ro n e s  is  a s u b je c t  th a t  has  

rece iv ed  some a t te n t io n ,  b u t  a l th o u g h  th e  s t r u c t u r e  an d  isom érisation  

of aromatic a ld o n i tro n es  have  b een  ex te n s iv e ly  in v e s t ig a te d ,  th e i r
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aliphatic  c o u n te r p a r t s  have  b een  la rg e ly  n e g le c te d .  What follows 

d e s c r ib e s  an  in v e s t ig a t io n  of th e  s te re o c h e m is t ry  of s e v e ra l  a l iphatic  

n i t ro n e s  b y  n u c le a r  O v e rh a u s e r  d if fe re n ce  s p e c tro sc o p y  (NOEDS).

T he NOEDS m ethod h as  p re v io u s ly  b een  em ployed by  B oyd , 

to e s ta b l ish  th e  t r a n s  s te re o c h e m is t ry  of th e  aromatic n i t ro n e  (25) .

51

+ ' ^ M e

52Boyd has  s tu d ie d  th e  phenom enon of ^ ^ E  isom érisa tion  in 

aromatic a ld o n i tro n es  an d  b a r r i e r s  for ro ta t io n  abou t th e  C=N bon d  

have  been  ca lcu la ted  an d  m easu red  for s ev e ra l  exam ples .  N itrone  (26) 

was o b ta in ed  as a m ix tu re  of E an d  ^  isom ers upon MCPBA oxida tion  of 

the  c o r re sp o n d in g  imine.

+ ^ M e

Z-(26) EH26)
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T he  p ro p o r t io n  of E -(26)  d e c re a se d  from 85 to 9% upon  therm al 

equ i l ib ra t ion  in CDC&^. S ep ara t io n  of th e  equ i l ib ra t ion  m ix tu re  

p e rm i t te d  th e  in te rc o n v e rs io n  b a r r i e r s  of E - a n d  ^ - i s o m e rs  to be

de te rm in ed  b y  nm r.  T he  v a lu es  o b ta in ed  (AG^ ^  E = 33.1 kcal
- 1 1 - 1 mol , AG' E ^  = 34.6 kcal mol a t  147°C), in d ica te  th a t  E - ^

a ld o n itro n es  show co n s id e ra b le  con f ig u ra tio n a l  s ta b i l i ty ,  com parable  w ith

th a t  of k e to n i t r o n e s . In  the  p r e s e n c e  of benzoic ac id ,  th e  isom eris -
-  2

ation b a r r i e r s  w ere low ered  b y  approx im ate ly  10 kcal mol 

53Boyd has  also e s ta b l is h e d  th a t  th e  re la t iv e  p ro p o r t io n s  of

th e  E- a n d  ^ -n i t r o n e  isomers a t equ ilib rium  a re  b o th  s u b s t i tu e n t -  a n d

s o lv e n t -d e p e n d e n t .  For example N - t e r t - b u t y l - C - a r y l  n i t ro n e s  h ave

s ign if ican tly  lower b a r r i e r s  to isom érisa tions  th a n  th e  c o r re sp o n d in g

N -m ethy l com pounds.

As p re v io u s ly  s t a t e d ,  th e re  h ave  b een  no p re v io u s  system atic

in v e s t ig a t io n s  of th e  s te re o c h e m is t ry  a n d  ease of isom érisa tion  of

a liphatic  a ld o n itro n e s .  I t  h a s  been  assum ed  th a t  th e y  p o s s e s s  th e  Z

c o n f ig u ra tio n  in analogy w ith th e i r  aromatic c o u n t e r p a r t s .  One problem

h as  been  th e  in s ta b i l i ty  of a l iphatic  n i t r o n e s .  T h u s ,  N -p h e n y l-C -d i

methyl n i t ro n e  read i ly  d im erises  a t  room te m p e ra tu r e  to  a f fo rd  th e

dimer (27) whose co n s t i tu t io n  was a s u b je c t  of c o n t ro v e r s y  un ti l  it  was

54âd e te rm in ed  by  X -ra y  a n a ly s is .  W hereas th e r e  a re  s e v e ra l  exam ples

of th e  r a p id  dim érisa tion  of N -p h e n y l-C -a lk y l  n i t r o n e s ,  ^ E x n e r^ ^ ^  

h as  r e p o r te d  th e  s y n th e s is  of s tab le  N -m e th y l-C -a lk y l  k e to n i t r o n e s .
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.Me
MeOH

P h i

(27)

I t  was c lea r ly  im portan t  to ob ta in  confirm ation  of th e  geom etry  

of th e  a ld o n i tro n es  u sed  in d ipo lar  a d d i t io n s  in th e  co u rse  of th is  th e s i s ,  

s ince in th e  ch ira lly  in d u c ed  cy c lo ad d it io n s ,  th e  d ia s te reo m er  ra t io  will 

d e p e n d ,  in te r  , on th e  n i t ro n e  geom etry .

I t  was fo r tu n a te ,  th e re fo r e ,  th a t  C -a lk y l-N -b e n z y l  n i t r o n e s ,  

un like  th e i r  N -pheny l a n a lo g u es ,  t u r n e d  o u t  to be  s tab le  in solution at 

room te m p e ra tu re  a n d  hence  am enable to s tu d y  by  n m r.  T h u s ,  th e  

C -a lk y l-N -b e n z y l  n i t ro n e s  ( 6- 8 ) w ere chosen  for an a ly s is  by  NOEDS, 

b eca u se  of th e i r  s tab i l i ty  a n d  th e  a d d e d  ease  of m easu ring  NOE's 

be tw een  th e  PhCH^N an d  HC=N p ro to n s .

The nm r sp ec tru m  of C -m e th y l-N -b e n z y l  n i t ro n e  ( 6) ,  see 

F ig . l a ,  showed, a q u a r t e t  a t 6 6 .71 ( I H , J=5.8  Hz, N = C gC H ^), a s in g le t  

a t  6 4 .77  ( 2H, PhCH ^N ) a n d  a d oub le t  of t r i p le t s  a t  6 1 .8 7  (3H, J = l ,  5 .8  

H z) ,  ind ica tin g  th e  ex is te n c e  of a s ing le  isom er, a n d  th is  was confirm ed  

by  the  nmr sp e c tru m ,  [F ig .  IbJ . T he  NOEDS da ta  for ( 6) ,  

con ta in ed  in T ab le  1, show ed th a t  th e  n i t ro n e  double  b o n d  was e x c lu s iv -
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Fig. la H NMR Spectrum of C-Methyl-N-Benzyl- 
Nitrone(6) at 200 MHz.
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Fig. 1b (a) H-Decoupled C NMR Spectrum of Nitrone 
(6). (b)DEPT,0=9O° Offset -75OHz.(c)DEPT.0= 
13S° Offset-1500Hz.
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ely of th e  c o n f ig u ra t io n .  I r ra d ia t io n  of th e  N -b en zy l p ro to n s  

r e s u l t e d  in a s ignal en hancem en t of 6.47% for th e  v inyl p ro to n  H^, 

com pared  to  an  enhancem en t of 0.47% for the  p ro to n s  of th e  methyl 

g ro u p .  T h is  in d ica te s  th e  g r e a t e r  proxim ity  of to th e  ben zy l 

p ro to n s  an d  hence  th e  con figu ra tion  of n i t ro n e  ( 6) .  L ikewise

ir ra d ia t io n  of p ro d u c e d  1.61% enhancem ent a t  w hereas

i r ra d ia t io n  a t  C -CH ^ gave only 0.17% enhancem en t.

T ab le  1. NOE D ifference  S p ec tra l  Data of N itrone ( 6)^

?■

16)

6 Ha " b C -C H 3

Ha - 1.61 1.35 0 .11

" b 6.47 - 0.47 1.52

C-CH 4.07 0.17 - 0.39

H<(,. :
'v:

1.31 2.16 0.79 -

X

a , % in c re a s e  in s ignal in te n s i ty ;  b ,  p ro to n  th a t  was i r r a d ia te d ;  

c ,  r e s u l t  a v e ra g e d  o v e r  all p ro to n s  due  to s ignal o v e r la p ,

= p h e n y l .
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P h . X -A -
OH

(6) (28)

Scheme 6

H

PhCH,N

Me

PhCHzN-

OH 
ENDO T.&

Ph

\
PhCHb .

(29)

•NCH jPh

ÔH

Me

PhCH

Me

OH

EXO T.S.

b
(30) 

/
" N C H f h  

OH
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Fig. 2 NMR Spectrum of Isoxazolidines(29) and(30) 
and Nitrone (6).
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N itrone  ( 6) was h e a ted  to +60°C in CDCit^ con ta in ing  benzoic 

ac id ,  u n d e r  similar cond itions  to those  r e p o r te d  b y  B oyd for  th e  

the rm al e q u i l ib ra t io n  of aromatic a ld o n itro n es .  T he  nmr sp ec tru m  

show ed th a t  th e  n i t ro n e  double  bon d  rem ained  exc lusive ly  in th e  Z 

c o n f ig u ra t io n ,  how ever .

Upon s ta n d in g  in CDC a t room te m p e ra tu re  for approx im ate ly  

48h, a new se t  of s ig n a ls  a p p e a re d  in th e  nmr sp ec tru m  of ( 6) .

T he  same s ig n a ls  a p p e a re d  on h ea t in g  ( 6) a t  te m p e ra tu re s  g r e a t e r  th a n
g

100°C in d - to lu e n e ,  s u g g e s t in g  th a t  d im érisation of ( 6 ) had  o c c u r r e d ,

invo lv ing  [ 3+2j -cyc lo ad d it io n  of th e  n i t ro n e  in i t s  ^  co n f ig u ra tio n  to th e

isomeric enamine (2 8 ) ,  via en do- an d  e x o - t ra n s i t io n  s ta t e s  to g ive a 1:1

m ix tu re  of d ia s te reo m e rs  (29) an d  (30) re s p e c t iv e ly ,  [Schem e 6] ,

A lth o u g h  a similar d im érisation  of aromatic a ldo n itro n es  h a s  b een  

55r e p o r t e d ,  th e  formation of d ias te reom eric  d im ers h as  n o t  b een

p re v io u s ly  d i s c u s s e d  in the  l i t e r a tu r e .

T he  nmr sp ec tru m  a t  200 MHz, [F ig .  2] of th e  m ix tu re

( 6) ,  (29) a n d  (3 0 ) ,  show ed two d o u b le ts  of d o u b le ts  a t  6 4 .85 (J= 3 .5 ,

8 Hz) a n d  6 4.61 (J=4, 8 H z ) ,  for th e  r in g  p ro to n  a t C -5 ,  of equal

in t e n s i ty .  The h ig h  te m p e ra tu re  ^H nmr ex p er im en ts  in d g -to luene

co n ta in in g  benzoic ac id ,  did  no t how ever show any  ev idence  for ^  to E

isom érisa tion  of ( 6 ) .  I t  th e re fo re  seems th a t  a liphatic  a ld o n itro n es

s u c h  as  ( 6 ) show g re a t  co n figu ra tiona l s ta b i l i ty ,  an d  in v e rs io n  b a r r i e r s
—  %

m ust be  well in e x c e ss  of 30 kcal mol

As with n i t ro n e  ( 6 ) ,  C - iso p ro p y l-N -b e n z y l  n i t ro n e  (7) was 

form ed as a s ing le  isom er, on th e  ev idence  of H a n d  C nm r s p e c t r a ,  

[F ig s .  3a a n d  b ] .  T he  r e s u l t s  of th e  NOEDS an a ly s is  of (7 ) ,  confirm ed
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th a t  th e  C=N b o n d  was of th e  ex p e c te d  ^  co n f ig u ra t io n .  I r r a d ia t io n  

of th e  N -b e n z y l  p ro to n s  p ro d u c e d  a s ignal enhancem ent of 3.25% for 

th e  v iny l p ro to n  as  opposed  to  an enhancem ent of 0 .04 % for the

m ethine p ro to n  H^of th e  isop ropy l g ro u p ,  and  0 . 11% for th e  m ethyl 

p r o to n s .  T he full r e s u l t s  of th e  NOEDS ana ly s is  of n i t ro n e  (7) a re  

g iven in T ab le  2.

T ab le  2. NOE D iffe rence  S p ec tra l  Data of N itrone  (7 )^

ÇH

Ph

(7)

7 Ha Hc » b Pr^Me

Ha
- 0.77 1.43 0.35 0. 17

Hc 0.82 - 0.06 0.53 0.13

« b 3.25 0.04 - 0.11 0.58

P r  methyl 3.40 5.69 0.51 - 1.02

%
0.65 0.08 0.76 0.31

a, % in c re a se  in s ignal in te n s i ty ;  b ,  p ro to n  th a t  was i r r a d ia te d ;  

c, r e s u l t  a v e ra g e d  o v e r  all p ro to n s  to s ignal o v e r la p .
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Fig.3a NMR Spectrum of C-Isopropyl-N-Benzyl 
Nitrone(7) at 200 MHz.
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Fig.Sb Decoupled’̂  NMR of Nitrone (7).
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Likew ise , C - te r t -b u ty l -N -b e n z y ln i t ro n e  (8) was also form ed
1 13ex c lu s iv e ly  a s  th e  ^  isom er. T he  H an d  C s p e c t r a  of (8) [F ig s .  4a

a n d  b] , again  show ed only one isomer an d  th e  r e s u l t s  of th e  NOEDS

an a ly s is  confirm ed  th e  t r a n s  s te reo c h em is try  of th e  double b o n d .

I r r a d ia t io n  of th e  N -b en zy l p ro to n s  H , r e s u l t e d  in a 10% enhancem ent
b

for th e  s ignal fo r  th e  v iny l p ro to n  as  shown in Table  3.

N itrone  (8) was h ea ted  fo r  3h in dg -to luene  a t  80°C. As 

with m ethyl n i t ro n e  (6) isom érisation to th e  E n i t ro n e  d id  no t o c c u r ,  

b u t  also d im érisa tion  was no t o b s e rv e d  in th is  c a se ,  p ro b ab ly  as a 

r e s u l t  of s te r ic  crow ding  of th e  cycloaddition  t ra n s i t io n  s ta te  by  the  

t e r t - b u t y l  g ro u p  of (8 ) .

I t  th e re fo re  seems th a t  a liphatic  a ld o n itro n es  s u ch  as those  

d e s c r ib e d  e x h ib i t  con f ig u ra tio n a l  s tab i l i ty  a t  le a s t  as g re a t  as th e i r  

aromatic c o u n t e r p a r t s ,  a n d  th a t  th e  reac tion  of the  s u b s t i tu t e d  h y d ro x y l -  

amine with a l iphatic  a ld e h y d e s  is a completely se lec tive  p ro c e s s  lead ing  

exc lu s iv e ly  to th e  ^ - n i t r o n e .  T hese  conclusions  co n s id e ra b ly  simplify 

an a ly s is  of th e  t r a n s i t io n  s ta te s  th a t  a re  r e le v a n t  for th e  cyc loadd it ions  

d is c u s s e d  in the  following c h a p te r s .



Table 3. NOE D ifference  S pec tra l  Data of N itrone (8)'

(8)

50

8 Ha Bu^Me

Ha - 3. 39 0.68 0.28

" b 10.03 - 0.08 1.53

Bu^Me 8.75 0.70 - 1.21

% 0.30 1.97 0,28 -

X

a ,  % in c re a se  in s ignal in te n s i ty ;  b ,  p ro ton  th a t  was i r r a d ia te d ;  

c ,  r e s u l t  a v e ra g e d  o v e r  all p ro to n s  due to s ignal o v e r la p .
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Fig.Aa H NMR Spectrum of C-t-Butyl-N-Benzyl 
Nitrone (8) at 200MHz.
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Fig.Ab HDecoupled ^̂ CNMR Spectrum of (8).



CHAPTER 2

A sym m etric S y n th e se s  of (3-Amino Acids 

via N itrone C ycloadditions  to 

Vinyl A ceta te
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2:1 B a c k g ro u n d

S u rp r i s in g ly  few exam ples of th e  cycloaddition  re a c t io n s  of 

n i t ro n e s  w ith  e l e c t ro n - r ic h  d ipo larophiles  su ch  as v iny l ace ta te  (32) 

h av e  b e e n  r e c o r d e d .  Cum ^ f i r s t  r e p o r te d  1, 3 -d ipo lar  cycloaddition  of 

n i t ro n e s  to v iny l ace ta te  in 1968, an d  perfo rm ed  a p a r t ia l  s t r u c tu r a l  

an a ly s is  of isoxazo lid ines  (33) and  (34) by  nm r, [Scheme 7].

w A c

(11)R=Ph (32) (33)R=Ph

(3l)R=pNOjPh (34)R=pN0;Ph

Scheme 7

57More r e c e n t ly .  De Shong has  a ss ig n e d  th e  conformation an d  

co n f ig u ra t io n  of isoxazolid ine ( 33) by  ana ly s is  of nmr coupling 

c o n s ta n ts  a n d  by  NOEDS. T he  r e s u l t s  in d ica ted  to ta l re g io se le c t iv i ty  

as  well aâ form ation of a s ing le  d ia s te reom er in which th e  r in g  

s u b s t i tu e n t s  a t  C -3  an d  C -5  w ere syn  to each  o th e r  as  shown in  (3 3 a ) .  

T he  form ation of (33a) as  th e  sole p ro d u c t  in d ica ted  th a t  th e  cyclo- 

add ition  be tw een  n i t ro n e  ( 11) a n d  v iny l ace ta te  o c c u r re d  exc lu s ive ly  via 

an e x o - t r a n s i t io n  s ta te  (3 5 ) ,  [Scheme 8].
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Ph

PhN

OAc
H

(35) (33a)

Scheme 8

32De Shong has  also u ti l ised  s te reo se lec tiv e  n i t ro n e -v in y l  

ace ta te  cyc loadd it ions  in th e  to ta l s y n th e s is  of amino s u g a r s ,  as  d e s c r ib e d  

e a r l ie r  on p 31.



64

D IS C U S S IO N

2:2 In t ro d u c t io n

Iso x azo lid in -5 -o n es  (37) have  been  shown to be  immediate

p r e c u r s o r s  of g-amino acids  (36 ) ,  th ro u g h  re d u c t iv e  c leavage  of th e  
27

N-Q b o n d .  I t  was e n v isag e d  th a t  (37) could be  o b ta ined  from oxidation  

of lactol (3 8 ) ,  which was po ten tia l ly  available from isoxazolid ine (3 9 ) .  

T he  in itia l aim th e n ,  was to sy n th e s iz e  (39) in a d ia s te reo se lec tiv e  

m anner ,  em ploying th e  [3+2] d ipolar cycloaddition of a ch ira l  n i t ro n e

(40) w ith  v iny l a c e ta te ,  [Scheme 9].

R

NHz

(36)

O

(37) (38)

J O 'O A c

,139)

^ O A c

(40)

R= Alkyl, Aryl R-(R)-PhCHMe

Scheme 9

27
Footnote: The results of Baldwin appeared when the work here described 

was well advanced.
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2:3 C ycloadd it ion  of A chiral N itrones  to Vinyl A ceta te

In itia l in v e s t ig a t io n s  w ere c a r r ie d  ou t employing ach ira l

n i t r o n e s .  C ycloaddit ion  of C -p h e n y l -N -b e n z y l  n i t ro n e  (12) w ith  v iny l 

ace ta te^^  gave  a mi

(4 2 ) ,  [Schem e 10].

32
a c e ta te  gave  a m ix tu re  of two d iastereom eric  isoxazolid ines (41) a n d

Ph

^  Ph Ac

(12) (A1) + ^
PhÆ

Scheme 10 (Z,2)

T he  re g io c h em is try  of th is  cycloaddition  was a s s ig n e d  as shown 

in (41) a n d  (4 2 ) ,  on th e  b a s is  of a o n e -p ro to n  m ultiplet a t  6 6 .37, due 

to  th e  ace ta l  p ro to n  a t  C -5  in the  nm r sp ec tru m  of th e  d ias te reom eric  

m ix tu re .  T he  nm r sp ec tru m  also d isp lay ed  two ace toxy  methyl 

s ig n a ls  a t  6 2.11 an d  2.09 in a ra t io  of 3 .5 :1  re s p e c t iv e ly .  T he  i . r .  

sp ec tru m  of m ix tu re  (41 ,42) d isp lay ed  a b ro ad  e s te r  c a rb o n y l  ab so rp t io n  

a t 1735 cm

Isoxazo lid ines  (41) an d  (42) w ere s e p a ra te d  by  p re p a ra t iv e

57t . l . c .  From com parison with th e  r e s u l t s  of De S hong ,  d is c u s s e d  on 

page  52 th e  major isomer (41) was a s s ig n e d  cis s te re o c h e m is t ry  with
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r e g a r d s  to th e  r in g  s u b s t i tu e n ts  a t C -3  and  C -5 , as  th e  nm r sp ec tru m

show ed th e  C -5  ace ta l  p ro to n  as  a double t of doub le ts  a t  6 6 .35 (J=3,

6 .5  H z) .  T he  nm r of c is -a ,N -d ip h en y liso x a zo lid in e  (33a) showed

th e  c o r re s p o n d in g  p ro to n  as a doub le t of doub le ts  a t  6 6.57 (J=2, 6 H z) .

Isom er (42) show ed an u n re so lv e d  multiplet a t  6 6 .37. T h ese  r e s u l t s

in d ica te  th a t  th e  cycloaddition  reac tion  must have  o c c u r re d  p re fe re n t ia l ly

via an e x o - t r a n s i t io n  s ta te  to give isoxazolidine (41) as  th e  major p r o d u c t ,

57in acc o rd an ce  with th e  o b se rv a t io n s  of De S hong , while the  c o r r e s p o n d 

ing e n d o - t . s .  gave r ise  to  (4 2 ) ,  [Scheme 11].

OAc

EXO T.S.

(41)

(42)

Scheme 11 AcO

ENDO T.S.
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Fig. 5a H NMR Spectrum of Isoxazolidine Mixture 
(41)and(42) at 200MHz.
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Fig. 5b NMR Spectrum of çisrIsoxazolidine(41) 
at 200MHz.
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IjUL

Fig. 5c H NMR Spectrum of trgns-Isoxazolidine 
M  at 200MHz.
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Isoxazo lid ine  m ix tu re  (41,42) was h y d ro ly s e d  to  th e  lactol

(4 3 ) ,  w ith  po tass ium  c a rb o n a te  in aqueous  methanol,^® in  good y ie ld ,  

[Scheme 12].

P K  Ph

P h ^

K1.42) (̂ 3) iU)

Scheme 12

T he  nm r sp ec tru m  of (43) showed a one p ro to n  m ultiplet 

a t  6 5 .50 , c o r re s p o n d in g  to th e  hem i-aceta l p ro to n  a t  C -5 ,  an  up fie ld  

s h if t  of ap p rox im ate ly  0 .9  ppm from its  position in th e  ac e ta te  m ix tu re  

(4 1 ,4 2 ) .  T h e  i . r .  sp ec tru m  show ed b o th  free  a n d  b o n d e d  h y d ro x y  lie
- I

a b so rp t io n  a t  3600 an d  3375 cm re s p e c t iv e ly ,  an d  th is  was fo u n d  to  be  

c h a ra c te r i s t ic  of all th e  lac to ls  sy n th e s iz e d  in th is  c h a p te r .

T he  tr im ethy ls ily l  e th e r  ( 44) was o b ta in ed  b y  t re a tm e n t  of ( 43) 

w ith  th e  h ex am e th y ld isü azan e -t r im e th y ls i ly l  ch lo ride  r e a g e n t .  A na lys is  

of (44) b y  g . q . - m . s . ,  showed two p eak s  in a ra t io  of 1 .6 :1 ,  b o th  of which 

p o s s e s s e d  m /e  v a lu es  of 372 c o r re s p o n d in g  to  a molecular formula of 

^ 1 9 ^ 2 5 ^ ^ 2 ^ ^ '  [T ab le  4]. In  com parison with the  3 .5 :1  ra t io  of d ia s t e r 

eomeric isoxazo lid ines  (41) an d  (4 2 ) ,  e s ta b l is h e d  by  nm r [Fig 5a], 

th e  c h a n g e  in th e  d ias tereom eric  ra t io  within TMS e th e r  (44) in d ic a te s  a
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Table 4 . Gas C h ro m a to g rap h y  of Isoxazolid ine T rim ethy ls ily l  E th e r s

( 6' 1% OV-1 Column)

R V > - otms

E n try R^ R etention  
Indice  I q v - i ^

. Temp °C S ta n d a rd s

•44 CH^Ph Ph 2030(62)
2100(38) 155 ^ 1 9 ,2 0 ,2 2

51 Me Ph 1494(74)
1620(26) 115 *"14,15,16

55 (R)PhCHM e Ph

2042(18)
2072(21)
2096(45)
2132(16)

155 ("19,20,22

69 (R)PhCHMe Pr^
1718(17)
1728(13)
1743(70)

140 ^ 1 7 ,1 8 ,1 9

78 (R)PhCHMe pMeOPh 2170(47)
2207(53) 155 *"19,20,22

a . F ig u re s  in  p a r e n th e s e s  r e f e r  to  p e rc e n ta g e  of d ia s te reo m er  within 

th e  isoxazolid ine m ix tu re .
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d if fe re n c e  in th e  r a te  of h y d ro ly s is  of th e  ace ta te  func tiona li ty  be tw een

(41) a n d  (42) a n d / o r  th e  sily lation r a te  of th e  two com ponent alcohols 

in th e  d ia s te reo m e r  m ix tu re  (4 3 ) .  H ow ever, t r im ethy ls ily l  e th e r s  s u ch  

as (44) p r o v e d  va luab le  for e s tab l ish in g  th e  d iaste reom eric  composition 

of th e  isoxazo lid ine  m ix tu re  formed in th e  in itia l cycloaddition  re a c t io n ,  

p a r t i c u la r ly  w hen s u ch  inform ation was n o t  read i ly  available  from th e  

nm r s p e c t r a  of th e  p ro d u c t  ace ta te  m ix tu res  which w ere gene ra lly  no t 

s e p a ra b le  b y  p r e p a r a t iv e  t . l . c .  T he  ace ta te  m ix tu res  w ere found  

u n s u i ta b le  fo r  g . c .  a n a ly s is  du e  to  facile decomposition on th e  g . c .  

co lum n .

O xidation  of (43) to isoxazolid inone (45 ) ,  [Scheme 14] p ro v e d  

a d iff icu lt  t ran s fo rm a tio n  to effec t a n d ,  ind eed ,  rem ains  th e  major 

problem  in th i s  r o u te  to  g-amino acids  since th e  ease an d  c lean n ess  of 

ox ida tion  d e p e n d  cr i t ica l ly  on the  s u b s t i tu e n ts  a t  n i t ro g e n  a n d  C -3 .

In itia l a t te m p ts  w ith mild ox id is ing  a g e n ts  were d is c o u ra g in g .  T h u s  

t r e a tm e n t  of (43) w ith PDC^^ a n d  PCC^^ r e s u l te d  in d eg rad a t io n  of th e  

s t a r t in g  m a te r ia l .  O xidation of th e  tr im ethy ls ily l  e th e r  (44) was 

a t te m p te d ,  em ploying a method d e sc r ib e d  by  J u n g ,^ ^  which invo lves  

h y d r id e  a b s t r a c t io n  with tr ip h en y lca rb en iu m  te t r a f lu o ro b o ra te  to  g e n e ra te  

an  in te rm e d ia te  ca rboca tion  followed b y  de silylation to g e n e ra te  a 

c a rb o n y l  g ro u p ,  [Scheme 13]. However (44) u n d e rw e n t  simple d es i ly l-  

ation to  g ive  p a r e n t  lactol (43) u n d e r  th e se  cond itions .
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R

S 1M03 *4* —
H Ph^C BF4 ,

Scheme 13

+ P h j P H

+ B F 3

+FSiM e,

6?
An a t tem p ted  Sw ern oxidation of (43) a t -78°C with DMSO- 

oxalyl ch lo r id e - tr ie th y la m in e  y ie lded  only s ta r t in g  m ateria l,  as  d id  

t r e a tm e n t  w ith  N -ch lorosuccin im ide-m ethy l su lph ide  u n d e r  th e  cond itions

63r e p o r te d  b y  C o rey .

64However Jones  ox ida tion  of (43) a t  0°C a f fo rd e d  th e  d e s i re d

isoxazolid inone (45) in 36% y ie ld .  T he  i . r .  spec trum  e x h ib i te d  a c h a r a c te r -

-1  27istic  h ig h  f r e q u e n c y  ca rb o n y l b a n d  a t  1780 cm an d  a c c u ra te  mass

m easurem en t confirm ed th e  molecular formula of Jo n es

oxida tion  of (43) a t  -20°C led  to a s ligh tly  c lean e r  re a c t io n ,  b u t  w ithou t 

s ig n if ic a n t  in c re a se  in y ie ld .

Collins r e a g e n t^ ^  was employed to oxidise (43) u n d e r  le ss  

h a r s h ly  acidic cond itions  to give th e  isoxazolidinone in 48% y ie ld .  

C innam aldéhyde  ( 46) was iso la ted  as  th e  major s ide  p ro d u c t  of b o th  Jones  

a n d  Collins ox ida tion  an d  was p resu m ab ly  form ed as th e  r e s u l t  of ac id -  

c a ta ly s e d  r in g  open ing  an d  ^ -e lim ination , [Scheme 15].
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T h e  sp ec tro sco p ic  da ta  for th e  isoxazolidinone (45) w ere found  

to be id e n tica l  w ith  those  of a sample ob ta ined  in d e p en d en tly  by  co n d en 

sation of n i t ro n e  (12) with th e  Reform atsk i r e a g e n t  from e th y l  ot-bromo- 

ace ta te  (4 7 ) ,  [Scheme 16], via the  p ro c e d u re  d e sc r ib e d  by  Stamm.

p j^ N ^ _ B rC H ,C 03ï ( « f

(12)

(Z.5)
Scheme 16

N -M ethy l-C -pheny lisoxazo lid inone  (52) was also s y n th e s iz e d  

em ploying 1, 3 -d ipo lar  cyc loaddition  of the  a p p ro p r ia te  n i t ro n e  to v iny l 

a c e ta te ,  [Scheme 17].
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^ P h
Ph

M e ^ f^ O  ^O A c

(̂ 8) (49)

M e X o -" ^ R

(50)r=hr
'^(51)r=tms

Scheme 17

C ycloadd ition  of C -p h en y l-N -m e th y l  n i t rone  (48) w ith v iny l
32ace ta te  gave  a m ix tu re  of two diastereom eric  isoxazolid ines (49) which 

were no t s e p a r a t e d .  The nmr sp ec tru m  of m ix tu re  (49) showed a 

one p ro to n  m ultip le t a t  6 6.35 fo r  the  acetal p ro to n  at C -5 ,  an d  two 

s in g le ts  a t  6 2.60 an d  2 .78, c o r re sp o n d in g  to the  N -m ethyl g ro u p s  in 

an ap p ro x im ate  ra t io  of 2 :1 .

H y d ro ly s is  of th e  ace ta te^^  m ix tu re  gave lactol (5 0 ) .  A nalys is  

of TMS e th e r  (51) by  gas ch ro m a to g rap h y  showed two d ia s te reo m e rs  in 

a ra t io  of 2 .9 :1 ,  [T ab le  4 ]. O xidation of lactol (50) to isoxazolid inone

(52) was again  e f fec ted  with Collins^^ re a g e n t  a t 0 °C , in 21% y ie ld .

T h e  i . r .  s p e c t r u m  o f  ( 5 2 ) , d isp lay ed  h i g h  f re q u e n c y  ca rb o n y l a b so rp t io n
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- 1
a t  1780 cm . T he  yie ld  was d isappo in ting ly  low com pared  w ith  th a t  

fo r  th e  N -benzy lisoxazo lid inone  (45 ) .  In  th is  an d  su b s e q u e n t  exam ples ,  

it was fo u n d  th a t  th e  r in g  s u b s t i tu e n ts  a t  n i t ro g en  and  C -3  h a d  a 

d ram atic  e f fec t  on th e  ease an d  c leanness  of the  oxidation of lactol to 

iso x azo l id in o n e .

2: 4 C h ira l  S y n th e s is  of g -P h en y l-  g -A lan in e , g -L euc ine , ^ -T y ro s in e  

a n d  8 -T ry p to p h a n

H aving d em o n s tra ted  th a t  i t  is possib le  to s e c u re  th e  isoxa

zolidinone r in g  system  by  manipulation of the  cyc lo ad d u c ts  of n i t ro n e s

32 57with v inyl a c e ta te ,  ’ n i t ro n e s  b e a r in g  a ch ira l  g roup  on n i t ro g e n  w ere

th e n  em ployed in an  a t tem pt to con tro l th e  abso lu te  s te reo c h em is t ry  at

C-3 of th e  isoxazolid ine a c e ta te ,  v iz .  (3 9 ) ,  [Scheme 9], form ed in th e
44cycloadd it ion  p r o c e s s .  N itrones  (20-22, 24) were chosen  as the  

r e q u i r e d  in te rm ed ia te s  fo r  ch ira l  s y n th e s e s  of 3"leucine , 3 'p h e n y l -  

3 -a la n in e ,  3 - ty ro s in e  and  3 ~ t ry p to p h a n „

(20)p=i Pr n (2i)p=ph
(2 2) R= pMeOPh
(24) R =«-indolylM e^ Ph
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T he  N -benzy lic  ch ira l  aux i l ia ry  would s u b se q u e n t ly  be

44rem ovable  b y  h y d ro g e n o ly s i s . Belzecki h as  p rev io u s ly  d em o n s tra ted  

d ia s te re o s e le c t iv i ty  in cyc loadd it ions  of similar n i t ro n e s  with m onosub

s t i tu te d  o le fin s .

2 :4 :1  3~ Phenyl-  3 -a lan ine

A s th e  f i r s t  s tep  in th e  s y n th e s is  of 3 " p h e n y l-3 -a la n in e  (5 7 ) ,  

[Scheme 18], n i t ro n e  (21) was re f lu x e d  in n ea t  v inyl ace ta te  for 72h to 

give isoxazolid ine  (5 3 ) ,  as  a m ix ture  of four d ia s te reo m e rs ,  in 69% yie ld ,

(21) (5 3 )

H 5 4 ) r =h

5̂5)R=TMS

I V Ie ^ ^ h

(5 6 ) (5 7 )

Scheme 18
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T he  H nm r spec trum  a t 200 MHz [F ig , 6a] of m ix tu re  (53)

show ed fo u r  d is t in c t  s igna ls  for th e  acetal p ro ton  a t  C -5 ,  6 6.51 (0 .06H ,

d d ,  J= 1 .5 ,  5 H z ) ,  66 .42  (0 .42H , d d ,  J=2, 6 .3  H z) ,  and  a m ultip let

c o n s is t in g  of two o v e r la p p in g  doub le ts  of doub le ts  of equal in te n s i ty

c e n te r e d  a t  6 6 .27 , th e  re la t iv e  in ten s it ie s  of the  fo u r  s igna ls  be ing

m easu red  as  6 :42 :26 :26  r e s p e c t iv e ly ,  [F ig . 6 b ] . T he  i . r .  sp ec tru m  of
_ 2

(53) show ed e s t e r  c a rb o n y l  a b so rp tio n  at 1735 cm , an d  a c c u ra te  mass 

m easurem en t of [M] ^ a t  m/e = 311.1523 (Calc . 311.1521) confirm ed th e  

molecular form ula of C^^H^^^NO^.

T he  formation of fo u r  d ia s te reom ers  was no t u n e x p e c te d ,  

r e s u l t in g  from th e  a p p ro ac h  of th e  re a g e n ts  in an exo- o r  e n d o -m a n n e r , 

in add ition  to  a p p ro a c h  of th e  n it ro n e  to the  r e -  o r  s i- face  of th e  o lefin , 

[Scheme 19]. U n fo r tu n a te ly  in th is  case ,  the  Rf va lues  of th e  four  

d ia s te re o m e rs  w ere too similar to allow complete s ep a ra t io n  b y  p r e p a ra t iv e  

t . l . c . , hence  a complete s tereochem ical ana lysis  of the  cycloaddition  p ro v e d  

d if f icu l t .  T he  isoxazolid ine m ix tu re  (53) was o b s e rv e d  as  a s ing le  b a n d ,  

even  upon multiple developm ent of the  p la te .  The b a n d  was th u s  d iv ided  

in to  th r e e  r e g io n s  of equal w id th  an d  th e  reg ion  of " h ig h e s t  Rf" was 

found  to con ta in  mostly th e  major d ia s te reom er of m ix ture  ( 53), b y  th e  

^H nm r sp e c tru m  a t  90 MHz, which showed a double t of d o u b le ts  a t  

66 .41  ( IH ,  J=2, 6 .5  Hz, CHOAc), (c f  ^H nmr at 200 MHz, 66 .42  

(0 .42H , d d ,  J=2, 6 .3  H z ) ) .  T he rem ain ing  two reg io n s  co n ta in ed  

m ix tu re s  of all fo u r  isom ers a n d  f u r th e r  s ep a ra t io n  was no t a t tem p ted .

H ow ever, Belzecki"^^ d em o n s tra ted  th a t  in all c a s e s ,  cyclo- 

add ition  r e a c t io n s  of n i t ro n e s  su ch  as  (21) with m o n o su b s t i tu ted  olefins  

p ro c e e d e d  p re fe re n t ia l ly  via an e x o - t r a n s i t io n  s ta te  r e s u l t in g  in th e
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Fig6a H NMR Spectrum of Isoxazolidine (53)
at 200 MHz
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Ph

0 -  OAc

630650PPM

Fig 6b NMR {200MHz) Expansion
of Cc- H, Isoxozoli di ne (53).
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formation of isoxazo lid ines  with s u b s t i tu e n ts  a t C -3  and  C -5  in a syn  

re la t io n s h ip ,  [Scheme 22, In tro d u c t io n ,  p 27 ] .  De Shong h a s  

d e m o n s t ra te d  th a t  th e  cycloaddition of C ,N -d ip h e n y ln i t ro n e  ( I I )  a n d  

v iny l a c e ta te  o c c u r r e d  exc lusive ly  via th e  exo- t ra n s i t io n  s t a t e ,  [Scheme 

8, p 53 ] .  T h e re fo re ,  from the  re la t iv e  in ten s i t ie s  of th e  fo u r  acetal 

p ro to n s  a t  C -5 ,  i . e .  (5 :4 2 :2 6 :2 6 ) ,  assum ing the  cycloaddition is h igh ly  

cis s te re o s e le c t iv e  in accordance  with the  work of B e l z e c k i ^ ^ an d  De Shong^^ 

an d  th e  co n d en sa t io n  of C -p h e n y l-N -b e n z y l  n i t ro n e  (12) w ith v iny l 

a c e ta te  d e s c r ib e d  above ,  th e n  th e se  f ig u re s  must c o r re s p o n d  to a cis 

( e x o ) - t r a n s ( e n d o )  ra t io  of 68( 42+26) : 32( 26+6) for isoxazolidine (5 3 ) .

I t  follows from th i s  th a t  th e  overall induction  a r is in g  from th e  cyclo- 

add ition  is  also 68:32 (v iz .  2:1) fo r  the  (R :S )  or (S :R )  ra t io  a t  C -3 ,  

on th e  assum ption  th a t  n i t ro n e  (21) d isp lays  th e  same p re fe re n c e  fo r  the  

r e  o r  si face of th e  olefin in b o th  the  exo- and  en d o - t r a n s i t io n  s t a t e s ,  

[Scheme 19]. T he  fa c to rs  re sp o n s ib le  fo r  d ia s te reo se lec t iv i ty  in th is  

case  a re  no t c le a r ,  s ince molecular models ind ica te  th a t  any  s te r ic  

re p u ls io n s  a re  small and  of a similar m agnitude in exo (58a) (5 8 b ) -  a n d  

e n d o ( 59a) ( 5 9 b )- t ra n s i t io n  s ta t e s .

As th e  co n figu ra tion  of th e  major d ia s te reom er could  n o t  be 

e s ta b l i s h e d  on th e  b as is  of p ro to n  coupling c o n s ta n ts  a lone, an d  s ince 

complete s e p a ra t io n  of th e  isoxazolidine m ix ture  was no t feas ib le ,  it  was 

en v isa g e d  th a t  LAH red u c t io n  of th e  m ix tu re  ( 53) to give th e  h y d ro x y l -  

amine alcohol (6 0 ) ,  [Scheme 20] would simplify ana ly s is  of th e  d ia s te re o 

se lec t iv i ty  of th e  cyc loadd it ion . With the  removal of th e  ch ira l  c e n t r e  

a t  C -5  b e a r in g  th e  ace toxy l s u b s t i tu e n t ,  the  hydroxy lam ine  alcohol (60) 

c o n s is ts  of a m ix tu re  of two d ias te reom ers  d iffe r ing  only in th e i r
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co n f ig u ra t io n  a t  C -3 ,  an d  it  was hoped  th a t  g . c .  ana ly s is  of th e  

b is t r im e th y ls i ly lo x y  e th e r  (61) would reso lve  th e  two d ia s te reo m ers  and  

hence  e s ta b l is h  th e  d ia s te reo se lec tiv i ty  of th e  cycloadd ition . H ow ever, 

ch ro m a to g ra p h y  of (61) on a 6' 1% OV-1 column showed a s ing le  b ro a d  

b a se d  p e a k  of t ^  = 1.2 min a t  120°C.

Ph>

(53) (60)

P h '

I

Me Ph
MS

( 0 ' l j  Scheme 20

A lthough  th is  r e s u l t  was d isappo in ting  it  was hoped  th a t  a 

m easu re  of th e  d ias te reose lec tion  in th e  cycloaddition  could  be  o b ta in ed  

from reso lu t io n  of la te r  in te rm ed ia te s .

' Lactol (5 4 ) ,  [Scheme 18] was o b ta ined  in 82% c ru d e  y ie ld  upon

h y d ro ly s is  of (5 3 ) .^ ^  T he  i . r .  spec trum  showed free  a n d  b o n d ed
- 1 \  

h y d ro x y l  a b so rp t io n  a t 3600 and  3190 cm re s p e c t iv e ly ,  while th e  H

nmr co n ta in ed  a complex m ultip let betw een 6 5.70 an d  5.30 for the  hemi- 

ace ta l p ro to n  a t  C -5 .
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T h e  d ias te reom eric  composition of the  lactol m ix tu re  was 

o b ta in ed  b y  g . c . - m . s .  an a ly s is  of th e  tr im ethy ls ily l  e th e r  m ix tu re  (5 5 ) .  

C h ro m a to g rap h y  of (55) on a 6' 1% OV-1 column a t 155°C showed fou r  

p eak s  in a ra t io  of 45 :21 :18 :16 , [F ig u re  7 and  Table 4 ], each  of which 

had  m /e = 341 c o r re s p o n d in g  to a molecular formula of C^gH^ySIO^Si.

T h is  confirm ed  th e  p re s e n c e  of fou r  d ia s te reom ers  within th e  ace ta te  

m ix tu re  (53) a n d  from th e se  f ig u re s  the  C-3 (R /S  or S /R ) ra t io  within 

lactol (54) m ust lie be tw een  1 .9 :1  and  1 .6 :1  in good ag reem en t w ith  th e  

s te reo se lec tio n  d ed u ce d  from the  nmr spec trum  of (53).

Isoxazo lid inone ( 56) was ob ta ined  by  Collins oxidation of 

lactol ( 54) a t  0 °C . T he  optimum y ie ld  of th is  reac tion  was d isa p p o in t

ingly  low a t  16%. Among th e  com peting side re a c t io n s ,  was th e  r in g -

o pen ing  a n d  ^-elim ination to give c innam aldéhyde (4 6 ) ,  [c f  Scheme 15,

p 64 ] . Iso la tion  of th e  d es ire d  p ro d u c t  p ro v e d  d iff icu lt a n d  r e q u i r e d

ca re fu l  ch ro m a to g ra p h y  employing p re p a ra t iv e  t . l . c .

Isoxazo lid inone (56) was even tua lly  ob ta ined  as a c ry s ta l l in e  

solid , m .p .  95-98°C, upon  rec ry s ta l l i sa t io n  of th e  material o b ta in ed  from 

p re p a ra t iv e  t . l . c . T he  i.r . sp ec tru m  d isp layed  th e  e x p ec ted  h ig h  f re q u e n c y  

ca rb o n y l  a b so rp t io n  a t  1785 cm  ̂ an d  the  nmr sp ec tru m , [F ig . 8a] 

show ed an ABX system  involv ing  th e  benzylic  m ethine p ro to n  a t  C -3 ,  

64 .46  ( I H ,  t , J=7 .5  Hz) a n d  th e  m ethylene p ro to n s  of C -4 ,  63 .06  ( IH ,
Vj

d d ,  J= 7 .5 ,  17.5 H z) .  Only one double t was o b se rv e d  a t  61 .55 ,  fo r  th e

methyl s igna l of th e  a -m ethy lbenzy l g ro u p ,  so th a t  th e  d ias te reom eric
1 13composition of (56) could  no t be  e s tab l ish ed  from H nm r. T he  C nm r 

of ( 56) ,  [F ig .  8b] also showed one se t  of s ig n a ls .  A nalys is  of (56) by  

g . c . - m . s .  show ed only one peak  of m/e = 267 and  ch ro m a to g rap h y  by
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TIME (MINS)

Fig.7 G.C. of Isoxazolidine TMS Ether (55) 
on 0  6' 1%0V-1 at 155°C.
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6 0 2 0

PPM
Fig.8a H NMR Spectrum of Isoxazolidinone(56) at

200 MHz.

170 50 3090

PPM
150 130 110

Fig.Bb̂ H Decoupled^^ NMR Spectrum of (56).
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cap illa ry  g.c. on b o th  25m CPSil 5-CB (eq u iv a len t  to 1% OV-1) an d  S E -54 

columns also  fa iled  to re so lv e  th e  d ia s te reom ers .

H y d ro g en o ly s is  of (56) w ith palladium h y d ro x id e  in e thano l a t  

70°C le d  d i r e c t ly  to  3 " p h e n y l-3 -a la n in e ,  in 92% y ie ld ,  as  a c ry s ta l l in e  

solid m .p .  231-234°C - 1 . 5°C , ( l i t . v a l u e  m .p .  236°C, [ a ] + 6 .2 °

for ( S ) - 3 - p h e n y l - 3 - a l a n i n e ) .

T he  ana ly tica l re so lu t io n  of th e  3 -p h e n y l-3 -a la n in e  p ro d u c e d  

was e f fe c te d  b y  gas  ch ro m a to g rap h y  of the  N -a c y l - 3- p h e n y l - 3-a lan in e  

m ethyl e s te r s ^ ^  (65) a n d  ( 66 ) .  T he  d e r iv a t iv e s  were formed by  e s t é r 

if ication of th e  f re e  amino acid in a solution of th iony l ch lo ride  a n d  

m ethanol, followed b y  th e  reac tion  of th e  methyl e s te r  h y d ro ch lo r id e  (62) 

with th e  a p p ro p r ia te  optically  ac tive  acid  chloride  (63) o r  (6 4 ) ,  [Scheme 

21].

T he  r e s u l t s  which a re  g iven in Table  5 show th a t  ana ly tica l

re so lu t io n  of c ru d e  3~ p h e n y l - 3~alanine was b e s t  ach ieved  with th e  

69'Mosher' amide ( 66) on 25m cap illa ry  p h ase  column SE-54, [F ig .  9] 

which show ed  two p e a k s  of base line  sep a ra t io n  a t  tj^ 15.18 a n d  15.48 

mins in a ra t io  of 46:54 r e s p e c t iv e ly .  A lthough  th e  d iffe ren ce  in 

r e te n t io n  times fo r  th e  two d ia s te reo m ers  is g r e a te r  in Column 1, th e  

p eak  sh a p e s  a re  b ro a d  an d  do n o t  show base line  s e p a ra t io n ,  un like  

Columns 2 a n d  3 , p r e v e n t in g  a c c u ra te  ana lysis  of th e  ra t io  w ithin ( 66) .

" As tjie  3- p h e n y l - 3-a lan in e  from (56) p o s se s s e d  a n e g a t iv e  

ro ta t io n ,  th e  major com ponent was a s s ig n e d  a s  th e  (R )-am ino  ac id ,  

in 8% enantiom eric  e x c e ss ,  from g . c .  ana ly s is  of ( 66) .  T h is  r e s u l t  

is d is a p p o in t in g ly  low in com parison with the  d ia s te reo se lec tiv i ty  

o b ta in ed  from th e  cycloaddition  s te p  an d  is also lower th a n  e x p e c te d
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OOH

NHvHCI

jC H j  *
RCOCI

(63orC4)

(57) (62)
NHCOR*

(65)or(66)

(63) and (65) =

(64) and (6 6) r * =

Me

Schem e 21



Table  5

G as C h ro m a to g rap h y  of ^ -P h e n y l-  ̂ -A lanine D eriva t ives

R eten tion  Time mins)

80

E n t ry Column 1 Column 2 Column 3

65 15.40 30.05 -

66 11 .55 ,12 .80 11.82 ,12 .05 15 .18 ,15 .48

Column 1 6 ' 1% QF-1 a t  210°C.

Column 2; 25m x  0.32 mm i . d .  fu se d  silica cap illa ry  p h a se

CPSilB CB a t 80°C , (rising 30 C min to 250X).

Column 3; 25m x 0.32 mm i . d .  fu se d  silica cap illa ry  p h ase

SE-54 a t  80°C,(rising 30°C min'^to 250°C).
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J
4- - - - - 1— I I. L  L  I
8 9 10 11 12 13 14 15 15 17 
________ TIME(Mlns)________

Fig. 9 CapillaryG.C. of'Mosher'Amide(66) 
on 25mSE-54 Column from80°C 
fo250t(Rate=30°CMih^).
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com pared  to  th e  d iaste reom eric  ra t io  of be tw een  1 . 9:1 a n d  1 . 6:1  

d e r iv e d  from the g.c.-m.c. results of th e  TMS e th e r  m ix tu re  (5 5 ) ,  s u g g e s t 

ing some frac t io n a t io n  may h ave  o c c u r re d  in th e  oxidation of lactol ( 54) .  

Since th e  (R )-am ino  acid was p ro d u c e d  in ex ce ss  th is  s u g g e s t s  th a t  Si 

a t ta c k  in ex o - a n d  endo - t . s .  of th e  olefin was p r e f e r r e d  b y  n itrone ( 21) 

lead ing  in t u r n  to  p re fe re n t ia l  formation of isoxazolid ines with C -3 (R ) 

co n f ig u ra t io n  an d  th is  in conjunction  with the  cis s te reo sp ec if ic i ty  of 

th e  cyc loadd it ion  in d ica te s  (53b) as  th e  major d ia s te reo m er.  However 

in view of th e  small enantiom eric  excess  an d  the  u n c e r ta in ty  of d iscrim in 

ation d u r in g  oxida tion  it would be unw ise to a t ta c h  too much w eight to th is  

c o n c lu s io n .

2 :4 :2  g -L euc ine

g-L eucine  (71) was s y n th e s is e d  as shown in Scheme 22.

M e ^  ^ P h  

1201

tL
^ O A c

#

A c
Mei

(67)

« KIH
Mel

( 6 8 ) r =h

(5 9 ) r= o t m s

(70) (71)

H

Schem e 22
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N itrone  (20) was re f lu x e d  in n ea t  v iny l ace ta te  for 48h to 

give isoxazo lid ine  (67) in 81% y ie ld , as  a m ix tu re  of fo u r  d ia s te reo m e rs  

which cou ld  n o t  b e  s e p a ra te d .  T he nm r sp ec tru m , [F ig .  10a] of 

(67) was complex showing two s e ts  of over lap p in g  s igna ls  a t  66 .41  

(0 .67H , m) an d  66 .20  (0 .33H , m) for the  acetal p ro to n  a t  C -5 ,  [F ig .  

1 0 b ] . From th i s ,  it can  be  seen  th a t  one of th e  fo u r  d ia s te reo m ers  of 

(67) a c c o u n ts  fo r  approx im ate ly  50% of th e  m ix ture  with th e  o th e r  th r e e  

isom ers p r e s e n t  in ro u g h ly  equal am ounts , i . e .  [4 9 :1 7 :1 7 :1 7 ] .  T h is  

inform ation  s u g g e s t s  th a t  if th e  cycloaddition is c i s - s te r e o s e le c t iv e , as  

e x p e c te d ,  th e n  th e  cis to t r a n s  ra t io  of isoxazolid ines in (67) m ust be  

ap p rox im ate ly  2 :1 , i . e .  c is  (49+17) : t r a n s  (17+17). T he  overall 

d ia s te re o s e le c t iv i ty  of th e  cycloaddition reac tion  must also be a p p ro x 

imately 2:1 fo r  th e  R :S  ra t io  a t C -3 of (6 7 ) ,  with th e  assum ption  th a t  

n i t ro n e  ( 20) show s a p re fe re n c e  for si a t ta c k  of th e  olefin in an exo

t r a n s i t io n  lead ing  to  cis ( 3 ( R ) ,5 ( S ) )  isoxazolidine (67a) a s  th e  major 

d ia s te reo m er  ( c . f .  Scheme 19 fo r  p h en y l n i t rone  (2 1 ) ) .  A p p a re n t ly  

th e r e  was no discrim ination  betw een th e  r e  and  si faces  of th e  olefin in 

th e  en  do- t r a n s i t io n  s ta te  leading  to th e  t r a n s - i s o x a z o l id in e s .

“64
R *

(67a)
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____

70 5-0 40

PPM

Fig.10a NMR Spectrum of Isoxazolidine(67)ot 
200MHz
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OAc

(67)

630 620PPM 6 AO
Fig.lOb NMR(200MHz)Expansion

of C5-H.IsoxGZO(idine(67).
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Lactol ( 68) was o b ta ined  in 78% y ie ld ,  from h y d ro ly s is  of 

(6 7 ) .  T h e  H nm r sp ec tru m  con ta ined  a complex m ultip let be tw een  

6 5 .7 5 -5 .3 4  ( IH ,  m, OCHOH) and  th e  i . r .  sp ec tru m  show ed f re e  an d  

b o n d e d  h y d ro x y l  ab so rp t io n  a t  3600 an d  3400 cm  ̂ r e s p e c t iv e ly .

A nalys is  of tr im ethy ls ily l  e th e r  (69) b y  g . c . - m . s .  showed 

th r e e  p e a k s  in a ra t io  of 70:17:13, [F ig . 11] an d  Table 4, each  of 

m /e = 307, c o r re s p o n d in g  to a molecular formula of T he

la rg e s t  p eak  p re su m ab ly  a ro se  from overlap  a t  th e  two d ia s te re o m e rs ,  

p r e v e n t in g  an  estim ate of th e  d iastereom eric  ra t io  within th e  lactol ( 68 ) .

T re a tm e n t  of lactol ( 68) with Collins r e a g e n t  p ro v e d  completely
62d e le te r io u s .  H ow ever, Sw ern oxidation in d ich lorom ethane a t  -60°C

gave  isoxazolid inone (70) in 14% y ie ld . • T he  ^H nm r s p ec tru m , [F ig .  12a]

of (70) c lea r ly  show ed th e  p re s e n c e  of two d iaste reom eric  isoxazo lid inones

in a ra t io  of 4 .5 :1  as  two s igna ls  were o b se rv e d  fo r  th e  m ethyl p ro to n s

of th e  a -m e th y lb e n zy l g roup  a t  61.60  (0 .54H , d ,  J=6.5  Hz) an d  61 .51

(2 .46H , d ,  J= 6 .5  H z) .  Two d is t in c t  s ignals  were o b s e rv e d  fo r  th e

iso p ro p y l  m ethyl g ro u p s  a t  6 0.92 (1 .16H , m) an d  6 0.75 (4 .84H , m) in

1 13a similar r a t io .  T he  H decoup led  C nm r sp ec tru m  of (7 0 ) ,  [F ig .  12b] 

confirm ed  th i s ,  fo r  example th e  m ethylene ca rbon  C-4 show ed two s ig n a ls  

a t  6 30.57 a n d  31.33 in a 4 .5 :1  ra t io .  T h is  s u g g e s t s  th a t  f rac t iona t ion  

h ad  o c c u r r e d  q ith e r  in th e  h y d ro ly s is  of ace ta te  m ix tu re  (67) o r  in th e  

ox ida tion  of (68) to  th e  isoxazolidinone (70) r e s u l t in g  in an  enhancem ent 

in th e  d ia s te reom eric  ra t io  within ( 70).

U n fo r tu n a te ly ,  u n d e r  the  conditions  of th e  Sw ern re a c t io n ,  

ox ida tion  of ( 68 ) was accompanied an d  sometimes p re c lu d e d  b y  th e
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TIME MINS)

Fi g .11 G.C. of Isoxazolidine IMS Ether (69) 
ona6'1%0V-1at UO°C.
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. ________

Fig.12a NMR Spectrum of Isoxazolidinone(70) at
200MHz.

Fig.12b̂ H Decoupled % NMR Spectrum of (70).
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^-e lim ination  p r o d u c t  from in term ed ia te  (72) to g ive th e  A^-isoxazolid ine 

(7 3 ) ,  [Scheme 23].

M e r ^ P h

Scheme 23

T he  nmr spec trum  of (73) d isp layed  two olefinic a b s o rp t io n s

a t  6 6 .3 9  ( IH ,  m. CH=CH-0) a n d  64.75 ( IH .  m, C H = C H -0 ) , while th e
_ 1

i . r .  sp e c tru m  show ed C=C ab so rp tio n  a t  1626 cm . A ccu ra te  mass 

an a ly s is  show ed m /^  = 217.1470, c o r re sp o n d in g  to molecular formula 

C 14H 19NO (ca lc ,  m/e = 217.1467).

H y d ro g en o ly s is  of isoxazolidinone (70) over  P d (O H )^  on c h a r 

coal a t  a tm ospheric  p r e s s u r e  an d  am bient te m p e ra tu re  gave  g - leuc ine  (71) 

in  q u a n t i ta t iv e  y ie ld ,  as  a co lourless  c ry s ta l l in e  solid m .p .  204-207°C 

[a]j^ - 2 2 .4 ° ,  ( li t^^  va lue  m .p .  201-202°C, [ a ] g  + 55.2° for (S ) - ^ - le u c in e )  

T he  enan tiom eric  composition of ^ -leuc ine  was e s ta b l ish e d ,  em ploying g . c .  

a n a ly s i s  of th e  N -acy l methyl e s te r s  (74) a n d  (7 5 ) ,  see  T ab le  6 .

T he  b e s t  reso lu tion  was ob ta ined  from cam phanam ide ( 74) on a 

c ap i l la ry  p h a s e  S E -54, [F ig .  13]. Two p eak s  of b ase line  s e p a ra t io n
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T ab le  6

Gas C hrom a to g rap h y  of g-Leucine D eriva t ives  

R eten tion  Time (tj^ , mins)

E n t ry Column 1 Column 2 Column 3 Column 4

74 3 .8 2 ,4 .0 2 7 .8 0 ,8 .3 0 15.46 ,15 .84 20 .88 ,21 .34

75 1.90 - - -

Column 1; 6 ' 1% OV-17 a t  215°C (74) and  200°C (75 ) .

Column 2; 6 ' 1% QF-1 a t  190°C.

Column 3; 25m cap illa ry  p h ase  CPS115 a t 80°C , (rising 3o9c min to 250 C).

Column 4 ; 25m cap illa ry  p h a se  SE-54  a t  80°C , (rising30 Cmin to 25cPc).

I751r*=
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+ +
15 16 17 18 19 20 21 22 23 

TIME(Mins)

Fig.13 Capillary G.C. of Camphanamide Methyl 
Ester(%) on 25mSE-5A from 80°C to25(fC 
(Rate=30°C Min).
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w ere o b ta in e d  a t  20.88 an d  21.34 mins re sp e c t iv e ly  in a ra t io  of

3 .5 :1 .  S ince p re v io u s  s tu d ie s  b a d  shown th a t  th e  camphanamide m ethyl

e s t e r  of ( 3 R )-3 - le u c in e  h as  th e  s h o r te r  re te n t io n  time, th e  above

an a ly s is  c o r r e s p o n d s  to an enantiom eric ex cess  of 56% of ( 3 R ) - 3 - le u c in e .

T h is  com pares  w ith  an enantiom eric  excess  of 40.6% from m easu re -

19 1m ents .  T h e  F an d  H nm r sp e c tr a  of th e  'M osher' amide (75) 

u n fo r tu n a te ly  gave  no u se fu l  inform ation as  th e y  showed no reso lu t ion  

of s ig n a ls .

A s th e  (R ) -3 - le u c in e  was formed in e x c e ss ,  th is  confirm s th a t  

n i t ro n e  ( 20) u n d e rw e n t  cycloaddition with v iny l ace ta te  w ith a p r e fe re n c e  

for si a t ta c k  in th e  e x o - t r a n s i t io n  s ta te ,  ( c f .  Scheme 19) to  g ive th e  

3( R )- iso x azo l id in e  (67a) as  th e  major d ia s te re o m e r .

2 :4 :3  3 -T y ro s in e

T h e  s y n th e s e s  of 3 - ty ro s in e  methyl e th e r  (80) p ro v id e s  a

p o te n t ia l  r o u te  to 3 - ty ro s in e ,  [Scheme 24].

N itrone  (22) was r e f lu x e d  in v inyl ace ta te  fo r  96h to g ive

isoxazolid ine (76) in 60% y ie ld .  T he  cycloaddition p ro c e e d e d  a t  a much

slow er r a te  th a n  those  p rev io u s ly  d e sc r ib e d ,  p resu m ab ly  b ec a u se  the

e lec tro n  re le a s in g  p -m e th o x y p h e n y l  s u b s t i tu e n t  in c re a se d  th e  e lec tron

d en s i ty  of th e  Ç=N b o n d ,  making n i t ro n e  (22) le ss  rea c t iv e  to w ard s

e lec tro n  r ic h  d ipo la roph iles  su ch  as  v inyl ace ta te .

Isoxazo lid ine  (76) was o b ta ined  as a 1:1 m ix tu re  of two

1 13d ia s te reo m e rs  w hich w ere no t se p a ra b le ,  as  shown b y  i ts  H a n d  C 

nmr s p e c t r a ,  [F ig s .  14a an d  b ] . T he  nm r sp ec tru m  of (76) c learly
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OMe

(22) (76)

MeO

Me Ph

I— (77)r=h 
^ 178)r = o t m s

Me'> C pS°

179)

MeO,

NH

(80)

Schem e 24
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show ed two ace toxy l methyl s igna ls  a t 6 2 .07 an d  2.12  of equal in te n s i ty

as d id  th e  two s in g le ts  a t  6 3.75 and  3.82 fo r  th e  p -m e th o x y p h en y l

m ethyl g ro u p .  Two s igna ls  w ere also o b s e rv e d  fo r  th e  ace ta l  p ro to n  a t

C -5 ,  66 .38  ( d d d ,  J= 0 .2 ,  2 an d  6 .5  Hz) an d  66.23 ( d d d ,  J = l ,  4 a n d  7

H z).  In  each  s igna l  a small fou r  bon d  coupling  ( i . e .  0 .2  an d  1 Hz)

be tw een  two p ro to n s  in a 'W configu ra tion  was o b s e rv e d  in d ica tin g  th a t

th e  s u b s t i tu e n t s  a t  C -3  an d  C -5  w ere sy n  to  each o th e r ,  an d  hence  th e

two d ia s te re o m e rs  were fo rm ulated  as  (76a an d  76b). As th e  reac tion

was com pletely  cis s te reo sp ec if ic  an d  th e  two d ia s te reo m ers  were formed

in a 1:1  r a t io ,  th e r e  could  h ave  b een  no d iscrim ination shown b y  n i t ro n e

( 22) be tw een  th e  r e -  and  s i- face s  of v inyl ace ta te  in th e  e x o - tra n s i t io n

s ta te  le ad ing  to (76a an d  76b), (c f .  Scheme 19, p 72 ) .  T he  ^H 

13d ecoup led  C sp ec tru m  of ace ta te  m ix ture  (76) confirm ed th e  p re s e n c e  

of two d ia s te re o m e rs  in a 1:1 r a t io ,  e . g .  two s igna ls  of equal in te n s i ty  

w ere o b s e rv e d  a t  6 46.07 an d  46.57 for th e  m ethylene c a rb o n  a t  C -4 .

T he  i . r .  sp e c tru m  of (76) d isp la y ed  e s te r  ca rbony l a b so rp t io n  a t  1735 cm- 1

OAc

N N

OMe

(76a)

AcO OMe

R *

R * =

(76b)

M e r  :'> P h  
A
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Fig.Ua H NMR Spectrum of Isoxazolidine(76) at 200MHz.

Il» ■ J .

.1, I I i
170 150 130 110 9 0  70 50 30  10

PPM

Fig.Ub^H Decoupled NMR Spectrum of (76).
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H y d ro ly s is  of (76) in th e  u sua l m anner gave lac toi (77) in 

n e a r ly  q u a n t i ta t iv e  y ie ld .  Gas ch rom a tog raphy  of th e  TMS e th e r  (78) , 

[F ig .  15] a n d  T ab le  4, showed two p eak s  in a 1:1 ra t io  a s  e x p e c te d .

I t  was en v isa g e d  th a t  oxidation of lactol ( 77) to isoxazolid i

none (79) could  be  e f fec ted  with Collins r e a g e n t ,  as  w ith  th e  3-p h e n y l  

s u b s t i t u t e d  lactol (5 4 ) ,  b u t  th e  reac tion  conditions  p ro v e d  de tr im en ta l 

to th e  s t a r t in g  m ateria l.  An a t tem p ted  Swern^^ oxidation also led  to

decom position of (77) as  d id  t rea tm e n t with PDC an d  PCC. H owever,

90u s in g  a p ro c e d u r e  d e sc r ib e d  b y  S h a rp le s s ,  a n h y d ro u s  N -m ethylm or- 

p h o l in e -N -o x id e  was fo u n d  to  oxidise  (77) to isoxazolidinone (79) in 19% 

y ie ld ,  u n d e r  c a ta ly s is  by  h y d ra te d  ru th en iu m  t r ic h lo r id e .  T he  ^H nmr 

sp ec tru m  a t  90 MHz of (79) d isp layed  two m ethoxym ethyl s ig n a ls ,  a t  

6 3 .77 a n d  3.70 of ro u g h ly  equal in te n s i ty ,  ind ica ting  no f rac t iona t ion  of 

d ia s te re o m e rs  h a d  o c c u r re d  d u r in g  ox ida tion . F o r tu n a te ly  a s ing le  

isomer (79a), m .p .  127-128°C was o b ta ined  upon re c ry s ta l l i sa t io n  of th e  

d ia s te reom eric  m ix tu re .  T he  ^H nm r spec trum  of (7 9 a ) ,  [F ig . I 6a] a t  

200 MHz show ed  only one se t  of s igna ls  an d  th e  decoup led  ^^C nm r 

s p e c tru m ,  [F ig .  16b] confirm ed th e  p re se n c e  of only one isom er.
-1

Isom er (79a) show ed h igh  f re q u e n c y  ca rb o n y l a b so rp tio n  a t  1770 cm 

in th e  i . r . s p e c tru m .

' H y d ro g en o ly s is  of (79a) with P d(O H )2  o v e r  charcoal a t  

a tm ospheric  p r e s s u r e  an d  70°C gave ^ - ty ro s in e  m ethyl e th e r  (80) in 90% 

y ie ld ,  a s  a co lou rless  c ry s ta l l in e  solid , m .p .  241-243°C, [ a ] - 7 .2 ° .
14

On th e  b a s is  th a t  n a tu ra l ly -o c c u r r in g  ( S ) - 3“ ty ro s in e  h a d  [ot]^ + 7 .8 ° ,  

th e  s y n th e t ic  amino acid  (80a) was a s s ig n e d  th e  (R ) -c o n f ig u ra t io n  and  

from th i s  (79a) was fo rm ula ted  as  th e  3 (R )- isoxazo lid inone .
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Fig.15 G.C. of IsoxazolidineTMSEther 
(78) on a 5'1%0V-1 at 155° C.
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jiJL 1

Fig.16a NMR Spectrum of Isoxazotidinonef 79a) at
200 MHz.

' 1 ' , 1
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'><^^o-M e<^Ph

(79a) (80a)

69 1T he  'Mosher' amide (81) was p r e p a r e d  from (80a) .  T he  H

nmr sp e c tru m  of th e  c ru d e  p ro d u c t  d isp layed  a s ingle  q u a r t e t  a t  6 3.44 

(3H, (^H- ^^F) = 1.6 Hz, PhCFgCOCHg) and  two s in g le ts  a t  6 3.78

(3H, CHgOAr) a n d  6 3.63 ( 3H, -C 0 2 C H ^ ) , while th e  ^^F nmr sp ec tru m  

show ed a s in g le t  a t  6 -6 9 .3 5 ,  s u g g e s t in g  only one d ia ste reom er was 

p r e s e n t .  T h is  was confirm ed by  g . c .  ana lysis  of (8 1 ) ,  see Table  7.

In  each  case  only one p eak  was o b s e rv e d ,  [F ig . 17], in d ica tin g  enantio- 

merically p u r e  ( R ) - g - ty r o s in e  methyl e th e r  was p ro d u c e d  on h y d ro g e n 

o lysis  of (7 9 a ) .

2 :4 :4  3 ~ T ry p to p h an

An asym m etric s y n th e s is  of 3" t ry p to p h a n  (82) was a t tem p ted .  

H owever th e  ch ira l  a - indo ly  1-n itrone (24) did  no t u n d e rg o  cycloaddition  

with v in y l  a c e ta te  u n d e r  th e  conditions  u se d  p re v io u s ly .  As (24) is  a 

re la t iv e ly  e le c t ro n - r ic h  n i t ro n e ,  th e  d iffe rence  in e n e rg y  be tw een  LUMO 

( d ipole)-H O M O (dipolarophile) may be too g r e a t  to allow effec t ive  in te r -



Table  7

Gas C h rom a tog raphy  of ( R ) - 3-T y ro s in e  

Methyl E th e r  'Mosher Amide' (81)

R eten tion  Time ( tj^m ins)

100

Column 1 Column 2 Column 3

22.75 16.25 20.92

. Column 1; 6' 1% QF-1 a t 210°C.

Column 2; 25m CPS115 CB at 80°C, (rising 3cPCmin~''to250°C).

Column 3; 25m SE 54 a t  80°C ((rising 30*̂ 0 min  ̂to 250^0).

MeOi

H R*= P h - Ç - i  

Me'1,

1811
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j J l

U 15 16 17 18 19 20 21 22 23 
TIMElMins)

Fig.17 Capilbfy G.C. of‘Mosher’Amide(8Don 25m 
SE-54 Column from 80°C to 250 0̂ (Rate= 
3CPC Min-̂  ).
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action of th e  f r o n t i e r  molecular o rb i ta ls .  T he  only p ro d u c t  o b ta ined  

was id e n t i f ie d  as  th e  N -acy l n i t ro n e  (83) from nucleophilic a t ta c k  of 

in doly 1 n i t r o g e n  on v iny l ace ta te .  T he  nmr spec trum  of (83) was 

similar to  n i t ro n e  (24) a p a r t  from a s ing le t a t 6 2.62 c o r re sp o n d in g  to

the  N -acy l m ethy l g ro u p .  T he  i . r .  spec trum  showed carb o n y l a b s o rp t -

- 1  - 1  ion a t  1705 cm a n d  th e  indole N-H s t re tc h in g  b a n d  a t 3460 cm shown

for (24) was n o t  o b s e rv e d .

NH

(82)

o”
Ac

M eMe

(241 183)

Schem e 25
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A lth o u g h  th e  nucleophilic  a t ta c k  of n i t ro n e  (24) on v iny l 

a c e ta te  was n o t  u n e x p e c te d ,  th e  N -acy l n i t ro n e  also failed to u n d e rg o  

concom itan t cyc loadd it ion  with ex ce ss  v iny l ace ta te .  T h is  s u g g e s t s  

th a t  a p ow erfu l  e lec tro n -w ith d ra w in g  s u b s t i tu e n t  on the  n i t ro g e n  atom 

of th e  indole r in g  maybe r e q u i r e d  fo r  ch ira l  a - in  doly 1 n i t ro n e s  to u n d e rg o  

cycloadd it ion  to e le c t ro n - r ic h  o lefins . Lack of time, h ow ever ,  p r e v e n te d  

f u r t h e r  s tu d y .

2 :4 :5  Summary a n d  Looking A head

T h is  w ork e s ta b l ish e s  a new ro u te  fo r  th e  s y n th e s is  of 

3-amino ac id s  b y  cycloaddition  of n i t ro n e s  to a su itab ly  o x y g e n a te d  

alkene s u ch  as  v iny l a c e ta te .

T he  ro u te  allows fo r  con tro l of configura tion  a t  the  3“ca rb o n  

atom, s ince  h ig h ly -o rg a n is e d  t ra n s i t io n  s ta te s  fo r  th e  cycloaddition  shou ld  

be r e s p o n s iv e  to ch ira l  induc tion  from a ch ira l  s u b s t i tu e n t  a t  n i t r o g e n ,  

o r  in th e  d ip o la ro p h ile .

T he  ro u te  r e q u i r e s  an  im proved  method of oxida tion  of lac to ls  

to isoxazo lid inones  in o rd e r  to a t ta in  h ig h e r  an d  more re p ro d u c ib le  y ie ld s .

S ep a ra t io n  of the  d iastereom eric  isoxazolidine ac e ta te  m ix tu re  

form ed in th e  cycloadd ition  could po ss ib ly  be  ach ieved  b y  p re p a ra t iv e  

H PLC. S u ch  a. re so lu t io n  would co n s id e ra b ly  simplify the  s tereochem ical 

a n a ly s is  of th e  cyc loadd it ion .

T he  m ethod o pens  th e  way to s y n th e s is  of all 3-amino ac ids  

c o r re s p o n d in g  to n a tu ra l  a-amino ac ids  an d  to ana logues .
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T h e re  is  scope for th e  s y n th e s is  of n i t ro n e s  con ta in ing  

a l te rn a t iv e  c h i ra l  in d u c in g  g ro u p s  b a s e d  on read i ly  available  ch ira l  

u n i t s  s u c h  as  a - p h e n y l g l y c i n e a n d  c a rb o h y d ra te s .^ ^



CHAPTER 3

1,3 -D ipo lar  Cycloadditions of 

N itrones  to K etene A cetals
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3:1 B a c k g ro u n d

A s p a r t  of an in v e s t ig a t io n  in to  a l te rn a t iv e  ro u te s  to 3“cimino

ac id s ,  th e  1 ,3 - d ipo la r  cyc loadd it ions  of alkyl k e ten e  ace ta ls  (84) a n d  (8 5 ) ,

with n i t r o n e s  w ere  s tu d ie d .  1, l~ D isu b s t i tu ted  k e ten e  ace ta ls  a re  e lec tro n

ric h  o le fin s ,  a n d  as  su c h  u n d e rg o  cycloaddition to  give 5 ,5 - s u b s t i tu t e d

isoxazo lid ines  su c h  as  (86) an d  (87 ) .  T he cycloaddition  re a c t io n s  of

72k e te n e  ace ta l  ( 84) h a v e  p re v io u s ly  b een  r e p o r te d  by  H uisgen  a n d  

73S c a rp a t i ,  t h e  l a t t e r  h av in g  e s ta b l ish e d  th a t  isoxazolid ines  su ch  as  (86) 

can be  h y d ro g e n o ly s e d  to  e th y l  e s t e r s  of 3“amino acids  (8 8 ) ,  [Scheme 26]. 

I t  was th e r e f o r e  e n v isa g e d  th a t  h y d ro g en o ly s is  of th e  c o r re sp o n d in g  

isoxazolid ine  (87) would lead  to th e  f re e  3-amino acid (89).

(88)Fp=Et

(8 9 ) r = h

(86)R =Et

(8 7 )r =

(SZjp̂ Et

(8 5 )f̂ =

Schem e 26
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D iscussion

3.2 1 ,3 -D ip o la r  C ycloadd ition  R eactions of N itrones  with K etene 

D ie thy lace ta l

K e ten e  d ie th y lac e ta l  (84) was p r e p a re d  b y  th e  method of 
75McElvain, in vo lv ing  t re a tm e n t  of t r ie th y l  o rthobrom oaceta te  (90) w ith 

p ow dered  sodium in re f lu x in g  b en zen e ,  [Scheme 27].

+  2Na  ---------► ^ ^  +NaBr+NaOEt

( 9 0 )  (84)

Scheme 27

T h e  1 ,3 - d ipo la r  cyc loaddition  reac tio n s  of n i t ro n e s  (11, 20 a n d  

21) w ith  k e te n e  ace ta l  (84) w ere in v e s t ig a te d ,  [see  Table 8 ] .
72

C o n d it io n s  A a n d  B were p rev io u s ly  d e sc r ib e d  b y  H uisgen

and  Scarpati*^^ 'R espectively  fo r  th e  s y n th e s is  of isoxazolidine (91) from

n itro n e  ( 11). In  th i s  la b o ra to ry  it  was found  th a t  b o th  s e ts  of

conditions  led  to  (91) as  a co lourless  oil in good y ie ld .  T he  s p e c t ro -
72 73

scopic p r o p e r t i e s  w ere  iden tica l with those  r e p o r te d .  However

the  ch ira l  p h e n y l  n i t ro n e  ( 21) did  no t u n d e rg o  cycloaddition  with th e



Table 8 . S y n th e s is  of 5, 5 -D iethoxyisoxazolid ines
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V " " .  u
j Æ  Etcr ^ E t
R < p X )

N itrone

•11

II

20

II

21

Isoxazo lid ine

91

II

92

II

93

Ph

R

Ph

(R)PhCHMe Pr^

(R)PhCHMe Ph

Conditions*

A

B

A

B

A

B

Yield % 

78 

67

^C ond itions: A = h ea t in g  in d ry  to luene a t  .100°C for 24h, 3eq k e te n e

acetal: l e q  n i t r o n e ;  B = le q  n i t ro n e  a n d  1 .3eq k e ten e  ace ta l ,  h e a te d  in 

sealed tu b e  a t  125°C be tw een  l - 2 h .
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ketene ace ta l  u n d e r  e i th e r  se t  of conditions ,  from which u n c h a n g e d  

s ta r t in g  m ateria l was re c o v e re d .  I t  was th o u g h t  th a t  th is  may h av e  b een  

due to a lack  of r e a c t iv i ty  of n i t ro n e  ( 21) tow ards  h igh ly  e lec tron  r ic h  

d ipo larophiles  s u c h  a s  k e te n e  ace ta ls ,  w hereas  the  more e le c tro n -d e f ic ie n t  

d ipheny l n i t r o n e  ( 11) u n d e rw e n t  cycloaddition with (84) more eas ily .

The ch ira l  i so p ro p y l  n i t ro n e  (20) which p ro v e d  th e  most r e a c t iv e  n i t ro n e  

with v in y l  a c e ta te ,  a s  d e sc r ib e d  p re v io u s ly ,  how ever also failed  to u n d e rg o  

cycloaddition  w ith  k e te n e  d ie thy lace ta l .  T he  fa ilu re  of n i t ro n e s  (20) 

and  ( 21) to u n d e rg o  cycloaddition  is p e rh a p s  more likely to be a r e s u l t  

of s te r ic  co n g es t io n  in th e  t r a n s i t io n  s ta te ,  r a th e r  th an  e lectron ic  

in f lu en ces .  M olecular models ind ica te  th a t  as  th e  ch ira l n i t ro n e s  a p p ro a c h  

e i th e r  face of th e  k e te n e  acetal a s e v e re  in te rac t ion  may occu r  be tw een  

the  e th y l  g ro u p  of th e  k e te n e  acetal and  the  pheny l g ro u p  of th e  

a -m e th y lb e n zy l moiety of th e  n i t ro n e ,  as  shown in (94) for one of th e  

two p o ss ib le  t r a n s i t io n  s t a t e s .  Such  in te rac t io n s  a re  g re a t ly  r e d u c e d  in 

the  t r a n s i t io n  s ta te  ( 95) for th e  reac tion  betw een the  k e ten e  ace ta l  a n d  

C ,N -d ip h e n y ln i t ro n e  ( 11).

A s a co n seq u en c e  of th e se  d isappo in ting  r e s u l t s ,  o th e r  k e te n e  

ace ta ls  w ere  s o u g h t  a s  po ten tia l  d ipo laroph iles .
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C H 3C H 2

O H

. chJ  h
•CH

(9A)R=Ph,i-Pr

C H JC H 2O

(95 )
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3: 3 1 ,3 -D ipo la r  C ycloaddition  R eactions of N itrones  with [o -X yly l]  

K etene  A ceta l

K e ten e  ace ta l  (85) was p r e p a r e d ,  as  shown in Scheme 28,
77

by  th e  m ethod  of G rew e. T he c ry s ta l l in e  acetal (85) was more co n v en 

iently  p r e p a r e d  th a n  k e te n e  d ie thy lace ta l  and  could be  s to re d  for lo n g e r  

p e r io d s  w ithou t decom position.

EtO

0C :>—
(95) (97)

Scheme 28

T h e  cycloadd it ion  re a c t io n s  of k e ten e  ace ta l (85) with n i t ro n e s  

(11 ),  (20-23) w ere  p e r fo rm e d  in re f lu x in g  to luene , an d  th e  r e s u l t s  a re  

g iven in T ab le  9.

C ,N -D ip h e n y ln i t ro n e  was found  to be th e  most r e a c t iv e  of th e  

n i t ro n e s  to w a rd s  k e te n e  ace ta l (8 5 ) .  N -P heny l-3 -pheny lisoxazo lid ine  (99) 

was o b ta in e d  in 53% y ie ld  as  a co lourless  c ry s ta l l in e  solid, m .p .  127°C.

T he  nm r sp e c tru m  of ( 99) showed two doub le ts  of do u b le ts  a t  p a r t  of 

an ABX sy s tem  a t  6 2 .65 ( IH ,  d d ,  J=9, 13 Hz) an d  6 3.02 ( IH ,  d d ,

J=6 , 13 Hz) while a c c u ra te  mass ana ly s is  showed ra /£  = 359.1509 

c o r re s p o n d in g  to a molecular formula of ^ 2 3 ^ 2 1 ^ ^ 3 ' ( c a lc . m /e = 359.1521)
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Table 9 . S y n th e s is  of 5 , 5 -(d i-o -x y ly lo x y ) iso x azo l id in es

N itrone Isoxazo lid ine R : r 2 Yield % D iastereom er

Ratio

11 99 Ph Ph 53 -

20 100 (R)PhCHMe Pr^ 4 1:1

21 101 (R)PhCHMe Ph 12 4:1

22 102 (R)PhCHMe pMeOPH - -

23 103 (R)PhCHMe pC&Ph 28 3 .5 :1
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C h ira l  n i t ro n e  s (2 0 ) ,  (21) an d  (23) did u n d e rg o  cycloaddition

with (8 5 ) ,  un lik e  k e te n e  d ie th y lace ta l ,  b u t  in lower y ie ld  th a n  with

C ,N -d ip h e n y ln i t r o n e  ( 11) .  However, the  p - m ethoxyn itrone  (22) d id  no t

r e a c t  w ith  th e  x y ly l  k e te n e  acetal a t  all. T hese  r e s u l t s  s u g g e s t  th a t

as  th e  e le c tro n  d o n a t in g  ab ility  of th e  C - s u b s t i tu e n t  of th e  C = N b o n d

of th e  n i t ro n e  in c re a s e s ,  th e n  th e  e lec tron  r ich  n i t ro n e s  become le ss

p ro n e  to  u n d e r g o  cycloaddition  with ke tene  acetal (8 5 ) .  The dominant

FMO in te ra c t io n  in s u c h  cycloadd itions  is of th e  LUMO(dipole)-HOMO

(d ipo la roph ile )  ty p e .  As th e  e lec tron  d en s ity  of th e  n i t ro n e  is in c re a s e d

th e  e n e rg y  d i f fe re n c e  be tw een  LUMO(nitrone)-HOMO( dipolarophile) becomes

g r e a t e r ,  a n d  h en ce  reac tio n  be tw een  th e  a d d u c ts  becomes more d if f icu lt ,

o r  im possib le  in th e  case  of th e  p -m e th o x y p h en y l n i t ro n e .  T he  fac t

th a t  C ,N -d ip h e n y l  n i t ro n e  is more re a c t iv e  tow ards  k e ten e  ace ta l (85)

78may be  d u e  to i t s  ab ili ty  to  s u p p r e s s  a n ü in e - ty p e  re so n an ce  an d  

prom ote imminium ion c h a r a c te r ,  r e s u l t in g  in a more e le c tro n -d e f ic ie n t  

system  th a n  th e  N -a -m eth y l ben zy l n i t ro n e  s .  T he  y ie ld s  of a d d u c ts  a re  

also n o ticeab ly  le ss  th a n  th o se  o b ta ined  from reac tion  of th e  same 

n i t ro n e s  w ith  v in y l  a c e ta te ,  d e sc r ib e d  in th e  p re v io u s  c h a p te r .

A lth o u g h  th e  chemical y ie ld  for th e  cycloaddition  be tw een  th e  

ch ira l p h e n y l  n i t ro n e  (21) an d  ke tene  acetal (85) was d isap p o in tin g ly  

low, th e  c h ira l  in d u c tio n  o b s e rv e d  in th e  p ro d u c t  isoxazolid ine ( 101) w as 

th e  b e s t  o b ta in e d  for an y  cycloaddition betw een a ch ira l  n i t ro n e  a n d  

o x y g e n a te d  a lk en e  r e p o r t e d  in th is  th e s i s .  T he  H nm r of (101) a t 

200 MHz, [F ig .  18 ] show ed two d o u b le ts  a t  61 .56  (2 .41H , d ,  J=6 . 5 Hz) 

an d  6 1.38 (0 .5 9 H , d ,  J=6 .5  Hz) fo r  the  methyl p ro to n s  of th e  N -a -  

m e thy lbenzy l moiety in a ra t io  of 4:1 re sp e c t iv e ly .  A na lys is  of (101)
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by g . c . ,  [F ig .  1 9 ] ,  on a 6 ' 1% O V -1 column a t  235°C showed two p e a k s  of 

tj^ = 5.98 a n d  5.60 min in  a ra t io  of 3 .6 :1  re sp e c t iv e ly ,  while g . c . - m . s .  

ana ly sis  r e v e a le d  th a t  th e  two com pounds w ere isomeric, b o th  hav ing  

m/e = 387. T he  p ro b a b le  conformation of the  r in g  system  in k e ten e  

acetal (85) p ro v id e s  an  exp lana tion  for the  d eg ree  of induc tion  o b s e rv e d  

in the  form ation  of isoxazolid ine (101). The r in g  conform ations of 2 ,4 -  

b en zo d io x ep in s  similar to  (85) have  been  s tu d ie d  by  S t .  J aq u es^ ^  an d  

c o l la b o ra to rs .  In  th e  ab sen ce  of s te r ic  in te rac t io n  betw een  th e  s u b s t i t u 

en ts  a t  a n d  th e  axial h y d ro g e n s  of and  C^, th e  likely conform ation 

of th e  r in g  sy s tem  is th e  ch a ir  form. I f ,  as  assum ed , k e te n e  ace ta l  (85) 

ad o p ts  th i s  confo rm ation , molecular models ind ica te  th a t  th e  ch ira l  n i t ro n e  

( 21) can  a p p ro a c h  th e  le ss  h in d e re d  "top" face of th e  olefin more easily  

leading  to p r e f e r e n t ia l  formation of th e  C -3(R ) isoxazolidine (101a), 

[Scheme 29] . As th e  n i t ro n e  a p p ro a c h e s  from th e  "bottom" face of th e  

o lefin , a s e v e re  in te ra c t io n  be tw een  th e  N-ot-methylbenzyl p h e n y l  g ro u p  

and  th e  m e thy lene  g ro u p s  of th e  k e ten e  acetal o ccu rs  making th is  mode 

of add ition  le s s  fa v o u ra b le .  U n fo r tu n a te ly  th e  two d ia s te reo m ers  (101a) 

an d  ( 101b) w ere  n o t  sep a ra b le  so th a t  th is  p roposa l could  no t be  

c o n f irm e d .

T he  c h ira l  p -ch lo ro n i t ro n e  (23) u n d e rw en t  cycloadd ition  with (85)

to g ive  isoxazo lid ine  (103) in 28%, re f lec t in g  th e  g r e a te r  re a c t iv i ty  of

1more e l e c t r o n - d é f ic ien t  n i t ro n e s  to w ard s  th e  k e ten e  ace ta l .  T he  H nm r 

sp ec tru m  of (103) a t  90 MHz con ta in ed  two do u b le ts  a t  61 .72  (2 .35H , d ,  

J =6 Hz) a n d  1.54 (0 .65H , d ,  J =6 Hz) co r re sp o n d in g  to th e  m ethyl p ro to n s  

of th e  ot-m ethylbenzyl g ro u p ,  in a ra t io  of 3 .5 :1  re s p e c t iv e ly .  A na lys is  

of (103) b y  g . c .  on a 6 ' 1% OV-1 column at 235°C showed a s ing le  b ro a d
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11

Fi g. 18 NMR Spectrum of Isoxazolidined01) at 
200 MHz.
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TIME (MINS)

Fig.19 G.C. of IsoxazolidinedOU on a 6' 1%0V-1 
at 225°C.
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(101a)

Me

(101b)

Schem e 29
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peak  a t  ^ 6 . 3 5  min. A nalys is  b y  g . c . - m . s .  in d ica ted  two d ia s te reo m ers  

of m/e^ -  421. H ow ever,  th e  d ias te reom er ra t io  could no t be  m easu red  from 

the  goCu t r a c e  s ince  th e  p e a k s  w ere no t well enough  re s o lv e d .  A c cu ra te  

mass a n a ly s e s  show ed m/e = 421.1455 co rre sp o n d in g  to a molecular formula 

of (^ 2 5 ^ 2 4 ^ ^ 3 ^ ^ *  (calc  m/e = 421.1445).

U n fo r tu n a te ly  th e  d ias te reom ers  of (103) w ere again  no t 

s ep a rab le  on a p r e p a r a t iv e  sca le .  P resum ably  the  cycloaddition of th e  

p -c h lo ro n i t ro n e  (23) to (85) followed the  same s te r ic  co u rse  as  th a t  of 

n i t ro n e  ( 21) ,  le ad in g  p re fe re n t ia l ly  to the  3 (R ) - s u b s t i tu t e d  isoxazolidine 

(103a), [c .fu  Scheme 29, p 116]

(103a)R!=H,R?:pCIPh 

(103b)F /=pC IPh.f& H

C h ira l  iso p ro p y l n i t ro n e  (20) u n d e rw e n t  cycloaddition  with (85) 

to give isoxazo lid ine  (100) in a m iserable  y ie ld  of 4%. F u r th e rm o re  

isoxazolid ine ( 100) p ro v e d  d iff icu lt  to isolate in p u r e  form an d  decom posed 

on r e p e a te d  c h ro m a to g ra p h y  p r e v e n t in g  a full c h a ra c te r i s a t io n .  T he  H 

nmr of a f ra c t io n  c o n s is t in g  p r in c ip a lly  of ( 100) showed two d o u b le ts  of 

almost equa l  in te n s i ty  a t  61 .42  ( 1.28H, d , J=6 .5  Hz) an d  61 .54  (1 .72H ,
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d, J= 6 .5  Hz) in d ica t in g  th a t  no discrim ination was shown b y  n i t ro n e  (20) 

betw een th e  two faces  of k e ten e  acetal (85).

T h e  re a c t io n  conditions  for th e  cycloadditions of (85) a re  

r e q u i r e d  to  b e  r ig o ro u s ly  a n h y d ro u s .  In  some ear ly  ex p er im en ts  w here  

conditions  w ere  e v id e n tly  no t completely a n h y d ro u s  an d  w here  cyclo- 

add ition  r e q u i r e d  p ro lo n g ed  re f lu x in g ,  a p ro d u c t  d e r iv e d  solely from (85)

was iso la ted .  T h e  i . r .  sp ec tru m  of th is  p ro d u c t  showed ca rb o n y l
- 1 _ 2 

ab so rp t io n  a t  1730 cm an d  a s h a rp  h y d ro x y l  ab so rp tio n  a t  3600 cm

The nm r s p e c tru m  in d ica te d  th e  p re se n c e  of two benzylic  m ethylene

g ro u p s  a t  6 5 .22 (2 H ,s )  an d  6 4.72 (2H, s) an d  an ace ta te  m ethyl g ro u p

at JÔ2.05 ( 3 H ,s ) .  From th is  th e  p ro d u c t  was a s s ig n e d  th e  s t r u c t u r e  (104),

a r is in g  from h y d ra t io n  of th e  k e ten e  ace ta l double b o n d ,  [Scheme 30].

The mass s p e c tru m  h a d  a b ase  p eak  of m/e = 120 [M-60] c o r re sp o n d in g

to loss  of CH^COOH. U n d e r  a n h y d ro u s  conditions u n c h a n g e d  k e ten e

acetal (85) was r e c o v e re d ,  with th e  a p p ro p r ia te  isoxazolid ine.

(85)

(104 )
Scheme 30
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U n f o r tu n a te ly , lack  of time p re v e n te d  a s tu d y  of th e  h y d r o -  

genolysis  of th e  ( d i -o -x y ly lo x y ) isoxazo lid ines .

3: 4 Summary a n d  Looking A head

T he  cyc loadd it ion  of ch ira l  n i t ro n e s  to [o -x y ly ]k e te n e  acetal 

p ro v id e s  a p o te n t ia l ly  new m ethod for th e  asymmetric s y n th e s is  of g-amino 

ac ids .  H y d ro g e n o ly s is  of th e  r e s u l t in g  isoxazolid ines, e . g .  (101) a n d  (103) 

should  lead  d ir e c t ly  to  th e  f ree  3~amino ac id s .  T h is  ro u te  would 

c ircum ven t th e  p rob lem s e n c o u n te re d  in the  oxidation s tep  of th e  a d d u c ts  

d e r iv e d  from n i t r o n e s  and  v iny l a ce ta te  as  d e sc r ib e d  in th e  p re v io u s  

c h a p te r .

T h e  c h ira l  induc tion  o b s e rv e d  with aromatic s u b s t i tu te d  n i t ro n e s

( e . g .  ( 21 )) w ith  [ o - x y ly ]k e te n e  ace ta l is s u p e r io r  to th a t  w ith v inyl

ac e ta te ,  a n d  th i s  r o u te  shou ld  p ro v id e  enantiomeric e x ce sse s  g r e a te r  th a n
22-27

those o b ta in e d  in p re v io u s  asymm etric s y n th e se s  of ^-amino ac id s .



CHAPTER 4

S y n th e s is  of C hira l Isoxazo lid in -5 -ones
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4; 1 B a c k g ro u n d

An a l te rn a t iv e  s y n th e s is  of th e  isoxazolid in-5-one r in g  system  

(105) , to  th a t  d i s c u s s e d  in C h a p te r  3, involves th e  cyclisation  of in t e r 

mediates s u c h  as  ( 106), formed by  con jugate  addition of N—s u b s t i tu t e d  

h y d ro x y lam in es  to  a ,  $ - u n s a tu r a t e d  e s te r s  (107),  as  shown r e t r o -  

sy n th e t ic a l ly  in Scheme 31.

r 2

(105) (106) (107)

Scheme 31

80Such  an  a p p ro a c h  was f i r s t  r e p o r te d  b y  P o sn e r  in 1912,

who d e s c r ib e d  th e  add ition  of hydroxylam ine  to cinnam ate e s t e r s  to give

is o x azo l id in -5 -o n e s .  More r e c e n t ly ,  th is  a p p ro ac h  was developed  b y  

27Baldwin a s  a g e n e ra l  method for th e  s y n th e s is  of isoxazo lid in -5 -ones ,  

involv ing  ' iso la tion  of th e  in te rm ed ia te  1,4 a d d u c t  (106), a n d  e ffec ting  

cyclisa tion  w ith  li th ium  b is ( tr im e th y ls i ly l )am id e ,  as  d e sc r ib e d  e a r l ie r  in 

the  In t ro d u c t io n  sec tio n ,  p 15. An inves t iga t ion  an d  r e a p p ra is a l  of 

the  rea c t io n  of a , g - u n s a tu r a t e d  e s t e r s  with (R ) - (+ ) -a -m e th y lb e n z y l-  

hyd roxy lam ine  ( 15) form s th e  second  p a r t  of th is  c h a p t e r .
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In a d d i t io n ,  th e  reac tion  of g -k e to e s te r s  (108) w ith N-methyl- 

hydroxy lam ine  h y d ro c h lo r id e ,  [Scheme 32] in the  p re se n c e  of b ase  to 

give A ^ - iso x azo lid in -5 -o n es  (109), is  a well docum ented reac tio n .

•Et MeNHOKHCI
+  EtOH

Base

(108)

ri=H,Me,Ph R^=H,Me,Ph

Scheme 32

(109)

I t  was e n v isa g e d  th a t  ch ira l A ^ -isoxazo lid in -5 -ones ,  v iz .  (110), 

could be s y n th e s iz e d  in a similar fashion employing ch ira l hydroxy lam ine  

(1 5 ) ,  a n d  th a t  h y d ro g e n a t io n  an d  h y d ro g en o ly s is  of (110) might lead  to 

ch ira l g-amino a c id s .  T he  r e s u l t s  of pre lim inary  in v e s t ig a t io n s  a re  

b r ie f ly  d i s c u s s e d  below.

Me

(110)
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4:2 D iscuss ion

P re lim in a ry  in v e s t ig a t io n s  involved  th e  sy n th e s is  of th e
3

N -m ethyl-A  - iso x a z o l id in -5 -o n e s ,  (115) and  (116). E thyl i s o b u ty ry l -  

ace ta te  (114) was p r e p a r e d  b y  th e  method of K a g a n , i n v o l v i n g  

R efo rm atsk i r e a c t io n  of is o b u ty ro n i tr i le  (111) with e thy l  a -b ro m o a ce ta te , 

with s u b s e q u e n t  h y d ro ly s is  of th e  imino moiety of th e  in term ed ia te  ( 112) , 

[Scheme 33] .

(111)

N
BrCHgCOOE^ 

Zn ^

OEt

Scheme 33 (114)

T h e  most co n v en ien t  p re p a ra t io n  of A - isoxazolid inones ( 115)

82and (116),  in v o lv ed  th e  method of De Sarlo , in which th e  a p p ro p r ia te  

3- k e to e s t e r  was h e a te d  with N -m ethy lhydroxylam ine h y d ro c h lo r id e ,  in 

a n h y d ro u s  p y r id in e  a t  100°C for  8h ,  [Scheme 34].
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o o -PyHCI

(113)R=Me
(114)R=i-Pr

+  MeNHOH MCI
R

M e^ S q

Scheme 34

(115)R=Me
(116)R=i-Pr

U n d er  th e se  cond it ions ,  th e  hydroxylam ine ad d s  to the  

3 -k e to e s te r ,  to g ive  in itia lly  th e  "enamine" in term ed ia te  in the  Z- 

co n f ig u ra tio n  w hich th e n  cyc lises  spon taneous ly  to th e  A -isoxazolid inone

(115) o r  (1 1 6 ) .  T h e  cyclisa tion  is a 5 -en d o - tr ig  p ro c e s s  an d  is hence

fa v o u red  a c c o rd in g  to B aldw in 's  R u les . 84

82Isoxazo lid inone  (115),  s y n th e s iz e d  accord ing  to De Sarlo 

and  K a t r i t s k y ,^ ^  show ed ca rb o n y l  ab so rp tio n  at 1730 cm  ̂ an d  co n ju g a ted

C=C a b s o rp t io n  a t  1585 cm  ̂ in good ag reem en t with th e  l i te ra tu re ^ ^

- 1  - 1  1 va lu es ,  (v ^ _ Q  1723 cm , 1581 cm ) .  The H nmr spec trum

showed a. s in g le t  a t  6 4 .98 ( IH ,  s) fo r  the  v inyl p ro ton  a t  C -4  which

p ro v e d  c h a ra c te r i s t i c  of su ch  com pounds.

I s o p ro p y l  isoxazolid inone (116) was ob ta ined  as  a co lourless

oil in 54% y ie ld .  T h e  i . r .  sp ec tru m  again  showed ca rb o n y l ab so rp tio n
— 1 — 2 

at 1730 cm an d  c o n ju g a te d  C=C ab so rp tio n  a t  1570 cm , similar to

( 115). T he  nm r sp ec tru m  showed th e  c h a ra c te r i s t ic  s in g le t  a t
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6 4.98 ( I H , s )  fo r  th e  C -4  v iny l p ro to n .  A ccu ra te  mass ana ly s is  of

(116) show ed  m/e^ = 141.0793 c o r re sp o n d in g  to a molecular formula of

C 7H 11NO2 , (ca lc  m /e  = 141.0790).

With th e s e  en co u ra g in g  r e s u l t s  in mind, the  reac tion  of

(R ) - (+ ) -a -m e th y lb e n z y lh y d ro x y la m in e  (15) an d  ace toace ta te  (113) was

then  in v e s t ig a te d .  On h ea t in g  th e  two re a g e n ts  in a n h y d ro u s  p y r id in e

as b e fo re ,  a co lo u rle ss  oil was o b ta ined  in 73% y ie ld ,  th e  i . r .  spec trum
_ 1

of which show ed  c a rb o n y l  ab so rp tio n  a t 1730 cm an d  w hat seemed to
_ 2

be a c o n ju g a te d  C=C a b so rp t io n  a t  1670 cm , a s ign if ican tly  h ig h e r  

f re q u e n c y  th a n  th a t  o b s e rv e d  fo r  isoxazolidinones (115) an d  (116), 

s u g g e s t in g  t h a t  th e  con juga te  a d d u c t  (117) was th e  p ro d u c t  of th e  

reac t io n .  T h e  nm r sp ec tru m  of th e  oil, ind ica ted  th e  p re s e n c e  of 

an e th y l  g ro u p  ( 6  4 .10  (2H, q ,  J=7 Hz) and  61 .14  (3H, t ,  J=7 H z)) an d  

no s in g le t  in th e  reg io n  6 5.0 was o b s e rv e d  for th e  C-4 v iny l p ro to n  of
g

a A - iso x azo l id in o n e .  A ccu ra te  mass ana ly s is  rev ea led  a molecular

formula of C , .H ,f ,N O - ,  m/e = 249.1380, (calc m/e = 249. 1365), confirm - 
14 IV i  — — — —

in g th a t  th e  in te rm ed ia te  ( 117) h a d  been  form ed, with no s u b se q u e n t  

cyc lisa tion  to  th e  isoxazolid inone (118),  [Scheme 35].

Hv /NHOH H

M e r ^ P h
(113) (15) (117)

Me

(118)

Schem e 35
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P ro lo n g e d  h ea t in g  of (117) in p y r id in e  for p e r io d s  of up  to 

120h d id  n o t  r e s u l t  in cyc lisa tion ,  no r  did trea tm en t with a v a r ie ty  of 

basic r e a g e n t s  s u c h  as  po tass ium  te r t -b u to x id e  in benzene  a t  60°C, an d  

LDA in THF a t  -7 8 °C . T he  possib ili ty  rem ains th a t  t rea tm e n t of (117) 

with s t r o n g e r  b a s e s  s u c h  as  lithium bis( tr im ethylsily l)am ide as  r e p o r te d
27 9

by B aldw in , may prom ote cyclisation  of (117) to the  A - iso x azo l id in o n e . 

Lack of time, h o w e v e r ,  p r e v e n te d  f u r th e r  inves t iga t ion .

I t  is  d if f icu lt  to ra tiona lise  the  inability  of ( 117) to u n d e rg o  

spo n tan eo u s  c y c l is a t io n .  Molecular models ind icate  th a t  th e  N -a-m ethy l 

benzy l moiety of (117) shou ld  no t p rec lude  nucleophilic a t ta c k  of th e  

N -h y d ro x y l  g ro u p  on th e  ca rb o e th o x y  carbony l g roup as  a r e s u l t  of 

s teric  h in d r a n c e .  As n um erous  a t tem p ts  were made to obta in  isoxazoli

dinone (118) w ithou t s u c c e s s ,  th is  app ro ach  was even tua lly  aban d o n ed .
27T h e  s u b s e q u e n t  pub lica tion  of Baldwin, how ever p rom pted  

an in v e s t ig a t io n  of th e  reac tio n  of ch ira l hydroxylam ine ( 15) with a, g- 

u n s a tu ra te d  e s t e r s ,  a s  an  in d e p e n d e n t  ro u te  to the  ch ira l s a tu r a te d  

isoxazo lid inones  (5 6 ) ,  (70) an d  (7 9 ) ,  for p u rp o se s  of com parison with 

the  sam ples s y n th e s i s e d  via 1, 3 - d ipolar cycloaddition of n i t ro n e s  an d  

vinyl a c e ta te ,  a s  d e s c r ib e d  in C h a p te r  2.

T h is  r e q u i r e d  th e  s y n th e s is  of a , g - u n s a tu r a te d  e s te r s  (123)
85

and (124),  b y  D o eb n er  condensa tion  of malonic acid with a ld eh y d es  

( 119) a n d  ( 120) r e s p e c t iv e ly ,  with s u b se q u e n t  es té rif ica t ion  of th e  

re su l t in g  u n s a t u r a t e d  a c id s ,  [Scheme 36].
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vOOH H COOH h '  XZOOMe

(119) (121) (123
(120) (122) (124)

(119).(121),(123)R=̂ -Pr
(120).(122l(124)R=pMeOPh

Scheme 36

In  c o n t r a s t  to  th e  reac tion  with g -k e to e s te r s ,  and  th e  r e s u l t s  
27

of B aldw in , c h i ra l  hydroxy lam ine  (15) u n d e rw e n t  con jugate  addition  

and  cy c l isa t io n  w ith  th e  a p p ro p r ia te  a, 3~ u n sa tu ra te d  e s te r s ,  in a one- 

s tep  p ro c e s s  to g ive  isoxazo lid inones  ( 56), ( 70) and  ( 79) in y ie lds  

ra n g in g  from 53-67%, w ithou t th e  n e c e ss i ty  of isola ting  th e  in te rm ed ia te  

p ro d u c t  of c o n ju g a te  ad d it io n ,  [Scheme 37].

E th y l  c innam ate  ( 125) was r e f lu x e d  in benzene  for 48h with

ch ira l h y d ro x y lam in e  (15) to g ive isoxazolidinone (56) in 59% y ie ld ,  whose

1 13 -H, C n m r ,  i . r .  a n d  m .s .  spec tro scop ic  da ta  was identica l with th a t  

of th e  sample p r e p a r e d  via n i t ro n e  add ition  to v inyl a c e ta te ,  as  

d e sc r ib e d  in C h a p te r  2. Again no  indication  of th e  d iastereom eric  ra t io  

within (56) cou ld  b e  o b ta in ed  from th e se  so u rc e s .  However, h y d ro g e n 

olysis of th i s  sample o v e r  20% palladium h y d ro x id e  on charcoal led  to
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H. COOR^ /NHOH

Me'

(125)F iph^= E t (15) (5 6 )R = P h

(123)Fti-Pr,F?=Me (70)R^=i-Pr

(12A)R=pMeOPh,R=Me (79)R'=pMeOPh

Scheme 37

3 -p h e n y l -3 -a la n in e ,  m .p .  229-232°C, [a ]^^  +0.3° (c 1.0, H^O) , ( c . f .  

Lit m .p .  236°C, +6 .2) ,  fo r  ( S ) - g - p h e n y l - ^ -a la n in e , c o r r e s p 

onding  to  an  enan tiom eric  ex cess  of 5%, fo r  th e  (S )-am ino  acid .  Lack 

of time d id  n o t  p e rm it  analy tica l reso lu tion  of d iastereom eric  amides of 

6- p h e n y l -  g - a la n in e , a s  d e sc r ib e d  in C h a p te r  2. The calcula tion of 

enantiom eric  e x c e ss  from su ch  small ro ta t io n s  is c learly  un re liab le  b u t  

th e  r e s u l t  in d ic a te s  th a t  v ir tu a l ly  no discrim ination betw een th e  r e  a n d  

si faces  of e th y l  c innam ate is shown by  ch ira l hydroxylam ine ( 15) in th e  

initial ad d i t io n .

T he  p -m e th o x y p h e n y l  isoxazolidinone ( 79) could also be 

o b ta ined  b y  simply re f lu x in g  hydroxylam ine (15) with th e  ot, 3“ u n s a tu r -  

a ted  e s t e r  (124) in b en ze n e  u n d e r  n e u t ra l  cond itions .  T he H nm r
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spec trum  of (79) o b ta in e d  b y  th is  method showed two s in g le ts  a t  6 3.76 

(1 .55H , s) a n d  3,70 (1 .45H , s) co rre sp o n d in g  to th e  p -m e th o x y p h en y l  

methyl g r o u p ,  ag a in  ind ica tin g  no discrim ination was shown betw een  th e  

two faces  of th e  e s t e r  (124) b y  hydroxylam ine (15).  T he  spec tro scop ic  

data fo r  (79) w ere  v i r tu a l ly  identica l with those  of th e  d iastereom eric  

m ixture o b ta in e d  via th e  1 ,3 -d ipo lar  cycloaddition of n i t ro n e  ( 22) to 

vinyl a c e ta t e ,  a s  d e s c r ib e d  in C h a p te r  2 . Isoxazolidinone m ix tu re  (79) 

was no t h y d ro g e n o ly s e d  to th e  co r re sp o n d in g  g-amino acid .

T h e  sp o n ta n e o u s  cyclisa tion  of 1 ,4 -a d d u c ts  of c innam ate e s te r s

and  h y d ro x y la m in e s  is a known reac t io n ,  p rev io u s ly  d es c r ib e d  by
9 2 9 3 27

Founta in  a n d  Stamm. H owever, Baldwin r e p o r te d  th a t  sp o n tan eo u s

cyclisa tion  was n o t  o b s e rv e d  for a d d u c ts  of N -b e n z y l - s u b s t i tu te d  

hy d ro x y lam in es  a n d  m ethyl maleate, methyl m ethacry la te  an d  methyl 

c ro to n a te ,  [ s e e  In t ro d u c t io n ,  Scheme 13]. I t  was th e re fo re  s u rp r is in g  

th a t  3 - iso p ro p y l  isoxazolid inone (70 ) ,  [Scheme 37], was o b ta ined  in 67% 

yield upon  r e f lu x in g  ch ira l  hydroxy lam ine  (15) with e s te r  (123) in e th e r  

for 60h. T h e  nm r sp ec tru m  a t  90 MHz of (70) showed two d is t in c t  

s ignals  fo r  th e  iso p ro p y l  methyl g ro u p s  at 60 .92  ( 1.73H, m) an d  0.80 

(4 .2H , m) in a r a t io  of 2 .5 :1 .  T h is  sample of isoxazolidinone (70) was 

o the rw ise  id e n tica l  to  th a t  p r e p a r e d  b y  th e  1 , 3-d ipolar cycloaddition  of 

n i t ro n e  (20) to  v in y l  a c e ta te ,  a s  d e sc r ib e d  p rev io u s ly .  T he  a p p a re n t  

in c rease  in d ia s te re o se le c t iv i ty  invo lved  in th e  s y n th e s is  of isoxazoli

dinone (70) o v e r  th a t  o b s e rv e d  fo r  (56) an d  (79) was a t  f i r s t  p u zz l in g .  

However th e  i . r .  sp ec tru m  of th e  c ru d e  reac tion  m ix ture  from which 

(70) was o b ta in e d  show ed two d is t in c t  ca rb o n y l ab so rp t io n s  a t  1780 an d  

1730 cm  ̂ in d ic a t in g  a m ix tu re  of isoxazolidinone (70) an d  th e  in t e r 
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mediate c o n ju g a te  a d d u c t  (126) which had  no t u n d e rg o n e  cyclisa tion . 

This s u g g e s t s  t h a t  th e  h ig h e r  d iastereom eric  ra tio  within (70) may h av e  

a r isen  a s  a r e s u l t  of a d if fe rence  in the  r a te  of cyclisation of th e  two 

d ia s te reom eric  a d d u c t s  ( 126S) an d  126R) r a th e r  th a n  p re fe re n t ia l  

addition of c h i ra l  hyd roxy lam ine  to one face of the  a, 6" U n sa tu ra ted  

e s te r  (123). T he  en hancem en t of th e  d iastereom eric  ra t io  of isoxazoli

d inones a s  a r e s u l t  of th e  cyclisa tion  of 1 ,4 -a d d u c ts  h as  been  n o te d  by  

B a ldw in .

(126R) (1265)

H y d ro g e n o ly s is  of isoxazolid inone (7 0 ) ,  as  b e fo re ,  y ie lded  

3~leucine in good y ie ld  a s  a co lourless  c ry s ta l l in e  solid , m .p .  197-200°C, 

- 1 7 .9 ° ,  (c  1 .0 ,  HgO), ( c . f .  Lit^^ m .p .  201-202°C, [a ]^^  +55 .2°) ,  

c o r r e s p o n d in g ' t o  an  enantiom eric  ex ce ss  of 32% for th e  (R )-am ino  ac id , 

s u g g e s t in g  th a t  a d d u c t  (126S) u n d e rw e n t  cyclisation a t  a slower r a t e  

th a n  (126R ).  L ack  of time d id  n o t  perm it a more a c c u ra te  an a ly s is  of 

th e  enan tiom eric  e x c e ss  b y  g . c .  ana ly s is  of th e  camphanamide methyl 

e s te r  of 3 - le u c in e ,  as  d e s c r ib e d  in C h a p te r  2.
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4: 3 Summary a n d  C onclusions

T h e  co n ju g a te  a d d u c ts  of (R )-N -a -m eth y lb en zy lh y d ro x y lam in e

(15) a n d  th e  a r y l -  a n d  a lk y l - s u b s t i tu t e d  ot, 3“u n s a tu r a te d  e s te r s  u n d e rg o

sp o n tan eo u s  th e rm al cyclisa tion  to isoxazolid in-5-ones in c o n t ra s t  to th e
27

f in d in g s  of B a ldw in . T he chemical y ie lds a re  su p e r io r  to those  

o b ta ined  fo r  th e  c o r re s p o n d in g  isoxazolidinones ob ta ined  via 1 , 3-d ip o la r  

cyc loadd it ions  to  v in y l  a c e ta te .

With a r y l - s u b s t i t u t e d  u n s a tu r a te d  e s te r s  no d ia s te reo se lec tiv i ty  

is o b s e rv e d  in  th e  form ation of th e  isoxazolid inones. In  th e  case of 

the 3 -isop ropy lisoxazo lid inone  (7 0 ) ,  th e  2 .5 :1 ,  C -3  (R :S )  r a t io ,  was 

p ro b ab ly  a r e s u l t  of a d if fe ren ce  in th e  r a t e s  of cyclisation of th e  two 

d ia s te reom eric  c o n ju g a te  a d d u c ts .  A lthough  the  chemical y ie lds  of th e  

isoxazo lid inones  o b ta in e d  b y  th is  ro u te  a re  s u p e r io r ,  i t  is be l ieved  th a t  

the  1, 3 -d ip o la r  cyc loadd it ion  of n i t ro n e s  to su itab ly  o x y g e n a te d  a lk en es  

o ffe rs  th e  p r o s p e c t  of g r e a te r  ch ira l  se lec tiv ity  fo r  the  s y n th e s is  of 

3-amino ac id s  th a n  an y  of th e  p rev io u s ly  p u b lish ed  m ethods.
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G eneral E x p e r im en ta l  P ro c e d u re

All melting p o in ts  ( m .p . )  were determ ined  on a K ofler h o t - s ta g e

a p p a r a tu s ,  a n d  a r e  u n c o r r e c te d .  Routine in f r a - r e d  sp e c tra  were

re c o rd e d  on a P e rk in -E lm er  580 spec tropho tom ete r .  R outine  nm r

s p e c t r a  w ere  r e c o rd e d  in deu teroch loroform  (u n le s s  o the rw ise  s ta te d )

u s ing  te t r a m e th y ls ü a n e  (TMS) as  in te rn a l  s ta n d a rd  on a P erk in -E lm er R .32

(90 MHz) s p e c t ro m e te r .  ^H nmr sp e c tra  were also re c o rd e d  a t  200 MHz

on a B r u k e r  WP 200 SY sp e c tro m e te r ,  employing a deu terium  lock sy s tem ,

s e t t in g  ch loroform  (CHC&^) in CDCJt^ a t  67 .25 , as in te rn a l  s ta n d a r d .

13P ro to n  n o is e -d e c o u p le d  C nmr sp e c tra  were re c o rd e d  a t  55 MHz, on th e

B r u k e r  WP 200 SY sp e c tro m e te r ,  in deu teroch loroform , se t t in g  th e

19re fe re n c e  CDC5,^ s igna l a t  6 77.0. F nmr were also re c o rd e d  on th e  

B ru k e r  WP 200 SY a t  188 MHz in deu teroch loroform , s e t t in g  th e  re fe re n c e  

CFCil^ in CDCit^ a t  6 0 .0 ,  in the  ^H cod of th e  p ro b e .  Mass s p e c t r a  

were ro u t in e ly  r e c o r d e d  u s ing  a V .G ./K ra to s  M.S. 12 s p ec tro m e te r ;  h ig h  

re so lu t ion  s p e c t r a  w ere  re c o rd e d  on a V .G . /K ra to s  M .S. 9U2S sp e c tro m e te r .

A naly tica l a n d  p r e p a ra t iv e  t . l . c .  were r u n  u s ing  th e  develop ing  

s o lv en ts  in d ic a te d .  P reco a ted  Merck Kieselgel 60 F-254 5 x 20 cm, 0.25 

mm p la te s  w ere  u s e d  fo r  ana ly tica l t . l . c . , and  20 x 20 cm, 0.25 mm p la te s  

for p r e p a r a t i v e  t . l . c .  F lash  column chrom atography  was p e r fo rm e d ,  by  

the  m ethod  of .S till ,  o v e r  Merck Kieselgel 60 silica gel (m esh 230-400), 

A rt  9385.

G as ch ro m a to g ra p h y  was c a r r ie d  ou t on a P e rk in  Elmer F 33 o r  

F 11 G as C h ro m a to g ra p h  u s in g  th e  column pack ing  in d ica te d ,  a n d  th e  d a ta  

r e c o rd e d  a s  r e te n t io n  time (tj^) r e te n t io n  index  )• C ap illa ry
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gas c h ro m a to g ra p h y  was c a r r ie d  out on a Hewlett P a c k a rd  5880A GC 

with d u a l  cap i l la ry  columns a n d  FID d e te c to rs .  T he cap illa ry  columns

used  w ere  fu s e d  silica cap illa ry  25m x 0.32mm ( in te rn a l  diam eter)
2

S E -54 (GC , N o r th w ich ,  C h e s te r )  a n d /o r  CP Sil 5B. T he sample was 

in jec ted  v ia  G r o b - ty p e  in jec to rs  o p e ra te d  in sp lit  mode (50:1) u s in g  

helium a s  b o th  c a r r i e r  an d  m ake-up  gas (flow r a te s  3 ml min”  ̂ an d
- I

25 ml min , r e s p e c t iv e ly ) .

GC-MS was p e rfo rm e d  with an LKB 9000 in s tru m e n t  f i t te d  w ith 

DB-1 f u s e d - s i l i c a  cap i lla ry  column, 60m x U.3Umm I .D .  ( J .  a n d  W. 

Scien tif ic ,  R ancho  C o rd o v a ,  CA, USA) and  a falling need le  in jec to r .  

Helium was u s e d  b o th  as a c a r r i e r  and  m ake-up gas (flow r a t e s ,  7 ml 

min m e a su re d  a t  am bient tem p, an d  25 ml min r e s p e c t iv e ly ) .  Mass

s p e c t r a  w ere  r e c o rd e d  u n d e r  e lec tron  impact conditions  (20 eV) ; 

a cc e le ra t in g  v o l ta g e ,  3 .5  kV; t r a p  c u r r e n t  60 pA; sou rce  an d  s e p a ra to r  

t e m p e ra tu r e s  260°C.

O ptical ro ta t io n s  were m easured  on an Optical A ctiv ity  AA-100 

p o la r im e te r .

P u r if ica t io n  a n d  D ry in g  of Solvents

S o lv en ts  a n d  r e a g e n ts  w ere d r ied  and  p u r i f ie d  p r io r  to u se  as  

follows: ace to n e  (d is t i l le d  from CaSO ^'0 .5H ^O , s to re d  o v e r  molecular

s ieves  (5 A ) ) ;  b e n z e n e ,  to lu en e ,  xy lene  (d is ti l led  from sodium metal, 

s to re d  o v e r  m olecular s ieves  ( 5A ) ) ; carbon  te t ra c h lo r id e ,  chloroform

( f i l te re d  th r o u g h  alumina (b a s ic ,  ac t iv i ty  1)); d ich lorom ethane
o

(d is t i l le d  from CaH^, an d  s to re d  o v e r  molecular s ieves  (5 A )) ;  e t h e r .
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te t r a h y d r o f u r a n  (THF) (d is t i l led  from sodium and  benzophenone

immediately b e fo re  u s e ) ;  d im ethylsu lphoxide (DMSO) (d r ie d  o ver
o

molecular s ie v e s  (4 A ),  d is ti l led  u n d e r  re d u c e d  p r e s s u r e  ( w a te r—p u m p , 

b . p .  75°C/12 t o r r ) a n d  s to re d  over  molecular s ieves  (5A) u n d e r  a rg o n ) ;  

methanol (d is t i l le d  from magnesium tu r n in g s ) ;  p y r id in e  (d r ie d  an d  

s to re d  o v e r  a n h y d r o u s  KOH).

B en za ld eh y d e  oxime ( 1)

B en z a ld e h y d e  ( lUg, 0.09 mol) was d isso lved  in aq u eo u s  

methanol (100  m l),  to which hydroxylam ine hyd ro ch lo r id e  ( b . 55g ,  0 .09 

môl) a n d  a n h y d r o u s  sodium b ica rb o n a te  (8 .7 0 g ,  0.10 mol) w ere a d d e d .  

The r e s u l t in g  so lu tion  was h ea ted  a t  80°C, with s t i r r in g  for 3h. The 

so lution  was r e d u c e d  in volume to approxim ate ly  50 ml, ad d ed  to w a te r  

( 150 m l), a n d  th e n  e x t ra c te d  with e thy l  ace ta te  (3 x  150 ml). T he 

combined o rg a n ic  la y e r s  w ere d r ied  with a n h y d ro u s  MgSO^, f i l te re d  

an d  e v a p o ra te d  to  g ive  an  oü , which c ry s ta l l ised  from aqueous  m ethanol

to g ive  b e n z a ld e h y d e  oxim e, ( 1 0 .38g, 91%) as  co lourless  c r y s ta l s ,

87m^p. 39°C, (Lit m .p .  37°C).

^H NMR 6 (CDC&g): 7 .25 -7 .55  (5H, m), 8.15 ( IH ,  s ) , 9 .15 -9 .55  ( IH ,

b ro a d  s ) .

N -B e n zy lh y d ro x y lam in e  ( 2)

B en za ld e h y d e  oxime ( 6g , 0.05 mol) was d isso lved  in methanol 

(50 ml) c o n ta in in g  a t r a c e  of brom ocresol g reen  in d ic a to r ,  an d  to  th is  

was a d d e d  sodium c y an o b o ro h y d r id e  ( 2 . 03g, 0.03 mol). A solution of
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2N HCil-MeOH w as a d d e d  dropw ise with s t i r r in g  un ti l  th e  solution t u r n e d  

yellow. A dd itiona l 2N HCll-MeOH was added  as r e q u i r e d  to maintain th e  

yellow colourV A f te r  2h, th e  methanol was removed in vacuo . T he 

re s id u e  was d is so lv e d  in w ater  (10 ml) and  5N NaOH added  un ti l  th e  pH 

exceeded  9. T h e  bas ic  solution was th en  e x t ra c te d  with chloroform 

(4 X  50 ml) a n d  th e  combined organ ic  la y e rs  d r ied  with a n h y d ro u s  MgSO^, 

f i l te red  a n d  th e  so lv en t  rem oved m v acu o , to give a solid r e s id u e .  

R ec ry s ta l l isa t io n  from h ex an e  gave N -benzy lhydroxylam ine ( 4 . 80g, 79%), 

as a w hite  c ry s ta l l in e  solid , m .p .  55-57°C (Lit^^ 58-59°C).

NMR 6 (C D C £ ^):  4 .15 (2H, s ) ,  5.48 (2H, b ro ad  s ,  exch an g eab le  in

D^O), 7.32 (5H , s ) .

G eneral P r e p a ra t io n  fo r  N -B en zy l-C -a lk y ln i tro n es  ( 6- 8)

N -B en zy lh y d ro x y lam in e  and  an excess  (1 ,5  e q . )  of th e  

a p p ro p r ia te  a ld e h y d e  w ere  d isso lved  in dichlorom ethane a n d  s t i r r e d ,  

u n d e r  an  a rg o n  a tm o sp h e re ,  a t  room te m p era tu re  for 24h. Removal of 

the  so lv en t  in vacuo  gave  a solid re s id u e ,  which in each case was 

r e c ry s ta l l i s e d  to  g ive  p u r e  n i t ro n e .

C -M e th y l-N -b e n z y ln i t ro n e  ( 6)

V _ '

From  N -ben zy lh y d ro x y lam in e  ( 1 .8g, 14.6 mmol) an d  ace ta ld e -  

hyde  (0 .9 7 g ,  22 mmol), in d ich lorom ethane (50 ml). R ecrys ta l l isa t ion  

from e t h e r  gave  n i t ro n e  ( 6 ) ( 1 . 9 6 g ,90%) as a co lourless  c ry s ta l l in e  

solid, m .p .  8 3 °C .
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^max 1^05, 1498, 1455, 1440, 1412, 1360, 1309, 1245,

1170, 1105, 1045 cm"^.

NMR 6 (CDC&^) 200 MHz: 1.87 (3H, d t ,  J = l ,  6 H z),  4.77 (2H, s ) ,

6.71 ( IH ,  q ,  J =6 H z ) ,  7.28 (5H, m).

NMR 6 (C D C £ ^ ) ,  ^H decoupled : 12.13, 66.36, 128.21, 128.65,

132.51, 134.06.

[F o u n d ,  72 .15 , H 7 .45 , N 9.25; C^H^qNO r e q u i r e s  C 72.45, H 7 .45,

N 9 .4  %].

C - I s o p ro p y l -N -b e n z y ln i t ro n e  (7)

From N -benzy lhyd roxy lam ine  (0 .4 0 g ,  3.25 mmol) an d  i s o b u ty r 

a ld éh y d e  ( 0 .2 6 g ,  3 .61 mmol) in dichlorom ethane (10  ml). R e c ry s ta l l i s 

ation from e t h e r - h e x a n e  gave  n it ro n e  ( 7 ) (0 .4 9 g ,  85%) as  a co lourless  

c ry s ta l l in e  so lid ,  m .p .  63° C .

IR V (C H C £ ^):  1594, 1495, 1452, 1439, 1419, 1115 cm"^.

^H NMR 6 (CDC&^) 200 MHz: 0.96 ( 6H, s ,  J=7.5  H z),  3 .18 ( IH ,  s e p te t ,  

J=7.5  H z ) ,  4 .73  (2H, s ) ,  6.44 ( IH ,  d ,  J=7 .5  H z),  7.25 (5H, m ) .

NMR' 6 (C D C £^), ^H decoupled : 18.42, 25.56, 68.75, 128.30, 128.41,

128.59, 132.78, 144.33.

[F o u n d ,  7 .45 ,  H 8 . 6 , N 7.75; C^^H^^NO re q u i r e s  C 74.55, H 8 .55 ,

N 7 .9  %].
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C - te r t - B u ty l -N - b e n z y ln i t r o n e  ( 8 )

From N -benzy lhyd roxy lam ine  (0 .47g ,  3.82 mmol) an d  

t r im e th y la c e ta ld e h y d e  (0 .3 6 g ,  4.19 mmol) in d ichlorom ethane (10 ml). 

R ec ry s ta l l i sa t io n  from e th e r -h e x a n e  gave n i t ro n e  ( 8) (0 .6 7 g ,  92%) as  

a c o lo u r le s s  c ry s ta l l in e  so lid , m .p .  67°C.

^max (C H C £ ^);  1595, 1498, 1482, 1455, 1420, 1052, 1030 cm"^.

NMR 6{ CDCZ^ )  200 MHz: 1.22 (9H, s ) ,  4.76 (2H, s ) , 6.46 ( IH ,  s ) ,  

7.27 (5H , m ).

NMR 6 (C D C il^ ) ,^H  decoupled : 25.66, 70,17, 128,07, 128.28, 128.41,

128,48, 128.84, 133,31, 144,73.

[F o u n d ,  75 .45 , H 9 ,1 , N 7.2; C^^H^^NO re q u ire s  C 75.34, H 9 .0 ,

N 7.3 %J,

C , N -D ip h e n y ln i t ro n e  ( 11)

To a s t i r r e d  solution of N -pheny l-N -benzy lam ine  (5g , 27 mmol) 

in d r y  ace to n e  (30 ml) a t  0°C, was ad d ed  dropw ise o v e r  a p e r io d  of 

15 min, a so lu tion  of m -ch loroperbenzo ic  acid (9 .40g ,  55 mol) in 

ace tone (90 m l). When add ition  was complete, s t i r r in g  was co n t in u ed  

a t  room te m p e r a tu r e  fo r  a f u r th e r  45 mins, and  th e n  th e  so lution was 

r e f lu x e d  fo r  Ih ,  T he  so lven t was th en  rem oved m  vacuo an d  th e  

re s id u a l  yellow solid  was p a r t i t io n e d  betw een e th e r  ( 100 ml) an d  10% 

K^CO_ (100 m l) .  T he  e th e re a l  la y e r  was w ashed with w ate r  (2 x  100 

m l) , d r ie d  w ith  a n h y d ro u s  M g S O f i l t e r e d  an d  e v a p o ra te d ,  to give a
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solid r e s id u e .  Upon re c ry s ta l l i sa t io n  from e th e r -p e n ta n e  n i t ro n e  (11) 

(3 .4 1 g ,  63%) was o b ta in e d  as a white c ry s ta l l ine  solid , m .p .  108-111°C 

(Lit.®® m .p .  114°C).

IR 1590, 1551, 1485, 1449, 1401, 1158, 1081, 1068 cm

NMR 6 (C D C £ ^):  7 .40 -7 .60  ( 6H, m), 7 .71-7 .82  (2H, m ) , 8 .32 -8 .45

(2H, m ) .

C -P h e n y l-N -b e n z y ln i t ro n e  (12)

To a s t i r r e d  solution of N ,N -dibenzylam ine ( lOg, 0.05 mol) in

d ry  ace tone  (50 ml) a t  0°C, was added  dropw ise , o ve r  a 20 min p e r io d

a so lu tion  of m -ch lo roperbenzo ic  acid ( 19. 5g, 0.11 mol) in ace tone (75 ml)

The so lu tion  was s t i r r e d  at 5°C for 2h and  th en  h ea ted  u n d e r  re f lu x  for

a f u r t h e r  2h d u r in g  which time a yellow colour developed . Removal of

so lven t v acu o  gave  a yellow solid which was p a r t i t io n e d  be tw een  10%

K^CO^ (100 ml) a n d  e th e r  (200 ml). The e th e rea l  la y e r  was w ashed

with w a te r  (2  x  100 ml), d r ied  with a n h y d ro u s  Na^SO^, f i l te re d  a n d

e v a p o ra te d  to  give a yellow solid . R ecrys ta ll isa tion  from e th e r -p e n ta n e

gave n i t ro n e  ( 12) (7 .2 8 g ,  68%) as a white c ry s ta l l in e  solid , m .p .  85-86°C 

48
(L it .  83t 8 4 ° C ) .

-1
IR V (C H C £ ^):  1730, 1660, 1605, 1585, 1515, 1488, 1455 cm .

max 3

NMR 6 (C D C d ,) :  5 .19 (2H, m ), 7 .40 -7 .70  (9H, m ), 8 .25 -8 .35

(2H, s ) .
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(R ) - (  +) - g -M ethy lbenzy lhydroxy lam ine  ( 15)

R -(+ )-a -M eth y lb en zy lam in e  (lO g, 83 mmol) a n d  benzoyl 

p e ro x id e  (1 0 .3 6 g ,  48 mmol) w ere d isso lved  in benzene  (50 ml), an d  

h e a ted  on a s team b a th  fo r  5 m in . The exothermic reac tion  was cooled 

with a w a te r b a th ,  w hen th e  benzoa te  salt of amine (13) p re c ip i ta te d .  

A f te r  f u r t h e r  cooling a t  0°C, e th e r  (50 ml) was ad d ed  an d  th e  sa lt  

co llected  b y  f i l t r a t io n .  The f i l t ra te  was co n c e n tra te d  in vacuo to give 

an oil, w hich  was d isso lv ed  in methanol (30 ml) -  5N NaOH (20 ml), an d  

th en  h e a te d  on a s team bath  for approxim ately  10 mins. Methanol was 

rem oved  m  v a c u o , w hen a yellow solid ap p ea red  an d  th is  was followed 

by  add ition  of 5N NaOH (80 ml). A f te r  cooling a t  0°C, th e  solid was 

rem oved b y  f i l t ra t io n  an d  th e  f i l t ra te  e x t ra c te d  with e th e r  (5 x  100 ml). 

The com bined  e t h e r  e x t r a c t s  were d r ied  with an h y d ro u s  MgSO^, f i l te re d  

and  e v a p o ra te d  to give a solid yellow re s id u e ,  which was r e c ry s ta l l i s e d  

from h e x a n e  to  g ive hydroxylam ine  ( 15) (3 .06g , 27%) as  a white 

c ry s ta l l in e  so lid ,  m .p .  67-69°C (Lit. 69“ 70°C).

^H NMR 6 (CDC&g): 1.40 (3H, d ,  J=6 , 5 H z), 4.15 ( IH , q ,  J=6 .5  H z),

5 .35 -5 .60  (2H, b r o a d  s ,  exchangeab le  in D ^O ), 7.32 (5H, s ) .

( R ) - ( - ) -C - l s o p ro p y l -N -g -m e th y lb e n z y ln i t ro n e  ( 20)

N itrone  (20) was p r e p a r e d ,  following th e  gen era l  p ro c e d u re  

for C -a lk y l -N -b e n z y ln i t ro n e s  ( 6- 8) d e sc r ib e d  on pl34, from ( R ) - ( + ) - o -  

m e th y lb en zy lh y d ro x y lam in e  ( 1. 96g, 14 mmol) and  is o b u ty ra ld é h y d e  

( 1 . 13g, 16 mmol) in d ich lorom ethane (30 ml). Re c ry s ta l l isa t io n  from
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e th e r - h e x a n e  gave  n i t ro n e  (20) (2 .24g .  82%) as a co lourless  c ry s ta l l in e  

solid , m .p .  58-59°C , [a]^®  -1 2 ° ,  (c 1 .0 , CH^C&^).

IR ^rnax (C H C (,^): 1590, 1498, 1465, 1457, 1279, 1119 cm"^.

NMR (C H C il^ ):  1.02 (3H, d ,  J=7 H z), 1.05 (3H, d ,  J=7 H z) ,

1.78 (3H, d ,  J= 6 .5  H z),  3.20 ( IH ,  m, J=7Hz), 4.95 ( IH ,  q , J=6 . 5 H z),

6.55 ( IH ,  q ,  J=7 H z) ,  7 .25 -7 .70  (5H, m).

[M] 191.1310; ^ x2 ^ 1 7 ^ ^ 2  191.1310.

[F o u n d ,  C 75 .55 , H 8 . 8 , N 7.25; r e q u i re s  C 75.35, H 9.0 ,

N 7.3 %].

44G eneral P re p a ra t io n  if N itrones  ( 21-23)

( R) - (  +)-g -M ethy lbenzy lhydroxy lam ine  and  th e  a p p ro p r ia te  

a ldehyde  w ere  d is so lv ed  in benzene  and  hea ted  a t r e f lu x  fo r  5h.

Removal of so lv e n t  m  vacuo  gave c ru d e  n it ro n e  which was p u r i f ie d  e i th e r  

by r e c ry s ta l l i s a t io n  o r  f lash  column ch rom a tog raphy .

( R ) - (  - ) - C - P h e n y  1 -N -g-m ethy lbenzy ln itrone  ( 21)

From hy  droxy lam ine (15) (2. 50g, 18 mmol) and  b e lza ldehyde  

(1 .92g , 18 mmol) in b en ze n e  (75 ml) to give a re s id u e  which was p u r i f i e d  

by f la sh  column ch ro m a to g ra p h y  ( e th e r -h e x a n e ,  1 : 1) to give n i t ro n e  ( 21)

( 3 . 65g, 86%) a s  a l ig h t  b row n oil, [ g ] ^  -96° ,  (c 1.0 , CH^C^^) »

TLC: Rf 0 .38  ( s i l ic a  g e l - e th e r -h e x a n e ,  1 :1 ) .
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IR : 1580, 1495, 1455, 1295, 1280, 1140 c m " \

H NMR 0 (C D C £ ^ ) ;  1.85 (3H, d ,  J=6.5  H z),  5,18 ( IH , q ,  J=6 .5  H z) ,

7 .20 -7 .60  (9H, m ), 8 .0 5 -8 .2 5  (2H, m ) .

(R ) - ( - ) -C -p -M e th o x y p h e n y l-N -O rm e th y lb e n z y ln i t ro n e  ( 22)^"̂

From h y  droxylam ine (15) (1 .80g , 13 mmol) and  p -m e th o x y -  

b e n z a ld e h y d e  (1 .7 9 g ,  13 mmol) in benzene (50 ml), to give n i t ro n e  ( 22) , 

(2 .4 6 g ,  73%) as pa le  yellow c ry s ta l s  from h e x a n e - e th e r , m .p .  97"C,

[a]^® - 1 0 4 .4 ° ,  (c 1 .0 ,  CHgC&^).

IR (CHC&^): 1605, 1509, 1458, 1255, 1172, 1145, 1040 cm"^.

^H NMR 6 (CDC&_): 1.85 (3H, d ,  J=6 .5  H z),  3.78 (3H, s ) , 5.12 ( IH ,  

q ,  J= 6 .5  H z) ,  6 .85 (2H, d ,  J =8 H z),  7 .20-7 .60  (5H, m), 8.28 (2H, d ,  

J =8 H z ) .

[M^] 255.1261; ^  1 6 ^ 1 7 ^^ 2  255.1259.

[F o u n d ,  C 75 .1 ,  H 6 . 8 , N 5.35; ^ ^^ u ires  C 75.25, H 6 .7 ,

N 5.5 %].

( R )  - ( - ) - C r p - C h l o r o p h e n y l - N - g - m e t h y l b e n z y l n i t r o n e  (23)

V . '

From hy  droxylam ine (15) (1 .5 0 g ,  11 mmol) and  p -ch lo ro b e n z a l-  

dehyde  (1 .6 0 g ,  11 mmol) in benzene  (70 ml), to give n i t ro n e  ( 2 3 ) ,

( 2 .7 8g , 98%) as  a co lourless  c ry s ta l l in e  solid from h e x a n e -e th e r ,  m .p .  

% °C , [a ]p ^  - 5 0 .4 ° ,  (c
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IR 1591, 1559, 1498, 1488, 1455, 1400, 1275 cm”

H NMR Ô ( C D C 11̂ ) : 1,85 (3H, d ,  J= 6 . 5 H z),  5.16 ( IH ,  q ,  J=6 .5  H z) ,  

7 .25 -7 .60  (7H, m ) , 8.15 (2H, d ,  J =8 H z).

[M] 259.0764; C^^H^^NOCil r e q u i r e s  259.0764.

[F o u n d , C 68 .9 ,  H 5 .1 ,  N 5.15; C^^H^^NOCJl r e q u i r e s  C 69.15, H 5 ,4 , 

N 5.4 %].

(R ) - ( - ) -C - In d o ly l-N -o trm e th y lb e n z y ln i t ro n e  ( 24)

( R )- (  +)-g -M ethy lbenzy lhydroxy lam ine  (0 .5 g ,  3.65 mmol) an d  

in d o le -3 -c a rb o x a ld e h y de ( 0. 49g, 3.31 mmol) were d isso lved  in m ethanol 

(5 m l ) -b e n z e n e  (20 ml) an d  h ea te d  a t  r e f lu x  for 12h. T he  so lven ts  

were rem oved  in vacuo  to give a solid re s id u e  which was re c ry s ta l l i s e d  

from e th e r -c h lo ro fo rm  to give n i t ro n e  (24) ( 0 . 89g, 93%) as  a l ig h t  b row n 

c ry s ta l l in e  so lid ,  m .p .  174-175°C, [g]^® -7 3 .7 °  (c 1.0 , C H ^ C »

IR \) (CHCII3) :  3680, 3460, 1658, 1599, 1532, 1512, 1455, 1420,

1125 cm"^.

^H NMR 6 { C D C l ^ ) :  1.88 (3H, d ,  J=6 .5  H z),  5.25 ( IH , q ,  J=6 . 5 H z) ,

7 .65-7 .01  (lO H , m ),  7.88 ( IH ,  s ) , 8.92 ( IH , b ro a d  m ) .

[M]^ 264.1264; C^.j,H^^NO r e q u i r e s  264.1257.

[F o u n d , C 77 .2 ,  H 5 .8 , N 10.45; C^^H^^N^O re q u i r e s  C 77.25, H 6 .1 ,

N 10.6 %].
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1 . 3-D ipo la r  C yc loadd it ions  of N itrones  to Vinyl A ceta te 32

N -B en zy l-3 -p h en y l-5 -ace to x y iso x azo l id in es  (41) and  (42)

C -P h e n y l-N -b e n z y ln i t ro n e  ( 12) ,  (1 .03g ,  4 .9  mmol) was d isso lv ed  

in an e x c e s s  of f r e s h ly  d is ti l led  v inyl ace ta te  (30 ml, 0.37  mol) an d  

re f lu x e d  w ith  exc lu s ion  of l ig h t ,  u n d e r  an a rgon  a tm osphere  for 60h. 

Excess v in y l  a c e ta te  was rem oved m vacuo and  th e  re s id u e  p u r i f ie d  by  

flash  column c h ro m a to g ra p h y  ( e th e r -h e x a n e ,  1 : 1) to give isoxazolid ines 

(41, 42) ( 0 .9 8 g ,  67%), as  a co lourless  oil.

TLC (41, 42): Rf 0 .74 (silica  g e l -e th e r -h e x a n e ,  1 :1 ) .

IR V (CHC&g): 1738, 1498, 1458, 1378, 1240, 1010, 970 cm"^.

[M]^ 297.1360; C^gH^^NO^ r e q u i r e s  297.1365.

Iso m ers  (41) an d  (42) were s e p a ra te d  by  p r e p a ra t iv e  tic 

( e th e r - h e x a n e ,  1 :4 , 3 x  dev e lo p ed ) .

Isoxazo lid ine  (41)

TLC: Rf 0 .58  ( silica g e l -e th e r -h e x a n e ,  2 :3 ) .

NMR 6 (CDCJtg) 200 MHz: 2.10 ( 3 H ,s ) ,  2.40 (IH , d d d ,  J=3, 9 .5 ,
- 3

13.6 H z) ,  3 .03 ( IH ,  d d d ,  J=6 . 6 , 8 .0 ,  13.6 H z),  3.79 ( IH , d , J=14.8  H z) ,  

3.82 ( IH ,  d d ,  J= 8 , 9 .5  H z) ,  4 .07 ( IH , d ,  J=14.8 H z),  6 .35 ( IH ,  d d ,

J=3, 6 .5  H z ) ,  7 .2 0 -7 .5 1  (lOH, m ) .
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NMR 5 (CD C& g), decoupled : 21.37, 46.36, 59.27, 69.51, 95.05,

127.14, 127.88, 128.06, 128.14, 128.75, 128.96, 136.56, 137.86, 170.60.

I s o x a z o l i d i n e  (42)

TLC: Rf 0 .52 (s il ica  g e l -e th e r -h e x a n e ,  2 :3 ) .

NMR «(CDCS-j) 200 MHz: 2.07 (3H, s ) ,  2.62 (2H, m ) , 4.01 an d  4.13

(2H, AB q u a r t e t ,  J=14 H z ) ,  4.24 (IH , t ,  J=8.5 H z),  6.37 ( IH ,  m ) , 7 .20-

7.45 (lOH, m ).

^®C NMR 6 (CDC j l^ ) , ^H decoupled : 21.44, 29.69, 45.64, 62.27, 66.69,

96.54, 122.33, 127.52, 127.98, 128.18, 128.69, 129.27, 136.77, 138.34, 

169.98.

G eneral P ro c e d u re  fo r  th e  H ydro lys is  of Isoxazolidine A ce ta tes  

10 mmol scale)

T h e  a c e ta te  (0 .0 1  mol) was d isso lved  in aqueous  methanol 

(a p p ro x .  10:1 MeOH-H^O) con ta in ing  potassium  carb o n a te  (0 .005  mol) a n d  

the  r e s u l t in g  so lu tion  s t i r r e d  a t  room te m p era tu re  for Ih .  T he  so lven t 

was rem oved  in vacuo  an d  th e  re s id u e  d isso lved  in w ater  ( 50 m l) . T he  

aqueous  so lu tion  was e x t r a c te d  with e th e r  (3 x 50 ml) a n d  th e  com bined 

organic  l a y e r s  Were d r ie d  with a n h y d ro u s  MgSO^, f i l te re d  an d  e v a p o ra te d  

to give c r u d e  lac to l.  T he  lactol was genera lly  u sed  w ithout p u r i f ic 

ation .
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G eneral P ro c e d u re  fo r  th e  Silylation of Lactols®^

T y p ica lly  th e  lactol (2 -3  mg) was d isso lved  in a s ily la ting  

solution c o n s is t in g  of a n h y d ro u s  p y r id in e  ( 10 m l) , hexam ethyld is ilizane 

(2 m l), a n d  tr im e th y ls i ly l  ch lo ride  (1 ml), and  s t i r r e d  fo r  12h a t  room 

te m p e ra tu re .  T he  reac tio n  m ix ture  was d isso lved  in e th e r  (10 ml) a n d  

washed w ith  w a te r  ( 1 x 10 m l) . The e th e rea l  la y e r  was d r ie d  with 

a n h y d ro u s  Na^SO^, f i l te re d  an d  ev ap o ra ted  a t the  oil pump (0 .01  mm H g ) .  

The r e s u l t s  of g . c . - m . s .  an a ly s is  of tr im ethyls ily l e th e r s  a re  given in 

Table 4, p 6 l .

N -B e n z y l-3 -p h e n y l-5 -h y d ro x y iso x a z o lid in e  ( 43)

A ce ta te  m ix tu re  (41,42) ( 3. Og, 10 mmol) was h y d ro ly se d  with 

potassium  c a rb o n a te  (0 .7 0 g ,  5 mmol) in methanol (55 m l)-w a te r  (5 ml) 

accord ing  to  th e  g e n e ra l  p ro c e d u re  to give th e  c ru d e  isoxazolidine lactol 

m ixture (43) (2 .1 4 g ,  83%) as a co lourless  oil.

IR (CHCJi^): 3600, 3450, 1500, 1460, 1068, 1032 cm '^ .

NMR 6 (CD C& 3): 2 .08 -2 .55  ( lH ,m ) ,  2 .75-3 .30  ( IH ,  m ), 3 .41 -4 .40

(3H, m ), 5 .50 ( I H ,  m ), 7 .15 -7 .80  (lOH, m ) .

[M]"  ̂ 255.1255; C^^H^^NO^ r e q u i r e s  255.1349.

N -B e n z y l-3 -p h en y l-5 - tr im e th y ls i ly lo x y iso x a zo lid in e  ( 44)

T r im e th y ls i ly l  e th e r  m ix tu re  (44) was p r e p a r e d  acco rd ing  to  th e  

genera l p r o c e d u r e  on p ag e  144 , and  a solution of (44) (1 mg) in h exane  

(1 m l) -p y r id in e  ( 0 . 5u&) was employed fo r  ana lysis  by  g . c . .
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.OV-1 
 ̂ 155

The d ia s te reo m e ric  ra t io  w ithin m ix tu re  (44) is given in Table 4 p 6 1 .

GC ; 1^55  2030, 2100, ([M ]* -  327), re la t ive  to 22 standards.

A ttem pted  PDC O xidation  of Lactol (43)

T h e  c ru d e  isoxazolid ine lactol m ixture  (43) (O . lg ,  0.39 mmol) 

was d is so lv ed  in d ich lo rom ethane  (2 ml; d is tilled  from CaH^) con ta in ing  

pyrid in ium  d ich rom ate  ( 0 . 22g , 0.59 mmol) and  pyrid in ium  tr i f lu o ro ace ta te  

(0 .05g ,  0.26 mmol) a n d  th e  m ix tu re  s t i r r e d  at room te m p e ra tu re  fo r  five 

m inutes. T h e  re a c t io n  was th e n  d ilu ted  with e th e r -p e n ta n e  (10 ml, 1:1) 

and f i l te re d  t h r o u g h  a p a d  of a n h y d ro u s  MgSO^. The so lven t was rem oved 

m vacuo  to  g ive  a yellow oil ( 0 . 04g) which analytical tic an d  nm r 

showed to be  a m ulticom ponent m ix ture  re s u l t in g  from deg rad a tio n  of th e  

p a re n t  lac to l.

A ttem pted  PCC O xidation  of Lactol ( 43)

T he  c r u d e  lactol m ix ture  (43) (O .lg ,  0.39 mmol) was d isso lved  

in d ich lo rom ethane  (5 ml) con ta in ing  pyrid in ium  chlorochrom ate (0 .1 3 g ,

0.59 mmol) a n d  sodium ace ta te  (O .Olg, 0.12 mmol), and  s t i r r e d  a t  room 

te m p e ra tu re  fo r  20 min. E th e r  (20 ml) was added  and  the  s u p e rn a ta n t  

d ecan ted  from th e  b la ck  gum. The insoluble re s id u e  was w ashed  

tho ro u g h ly  w ith  a n h y d r o u s  e th e r  (3 x  10 ml). The combined organ ic  

solution was p a s s e d  th r o u g h  a p a d  of Celite , and  the  so lven t rem oved 

in vacuo to  g ive  a d a rk  b row n oil (0 .048g) which analy tica l tic a n d  H 

nmr show ed to b e  a multicom ponent m ix ture  which did no t contain  the  

d es ired  p r o d u c t .
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A ttem pted  O x ida tion  of TMS e th e r  (44)

Following th e  p ro c e d u re  of J u n g / ®  c ru d e  silyl e th e r  m ix ture  

(44) (0 .0 5 g ,  0 .15 mmol) a n d  t r ip h en y lca rb en iu m  te tra f lu o ro b o ra te  (0 .075g , 

0.175 mmol) w ere  d is so lv ed  in d ichlorom ethane (20 ml) and  s t i r r e d  a t 

room te m p e ra tu r e  fo r  24h u n d e r  an a rgon  a tm osphere . The reac tion  was 

w ashed w ith  w a te r  (20  m l), d r ie d  with an h y d ro u s  Na^SO^, f i l te red  and  

the so lv en t  rem oved  ^  vacuo  to give a l igh t  yellow oil (0 .03g) which was 

iden tif ied  b y  tic a n d  nm r,  as  th e  lactol m ixture  ( 43) .

A ttem pted  N C S-M ethyl S u lph ide  Oxidation of Lactol (43)

63Following th e  p ro c e d u re  of Corey an d  Kim, N -ch lo rosucc in -  

imide ( 0 . 17g , 1.26 mmol) in to luene (5 ml) was s t i r r e d  a t 0°C, and  to 

th is  was a d d e d  d ropw ise  methyl su lph ide  (0 .13  ml, 1.72 mmol) u n d e r  

a rg o n .  A w hite  p r e c ip i ta te  a p p e a re d  immediately a f te r  th e  addition of 

the  s u lp h id e .  T he  m ix tu re  was cooled to -25°C (CCJl^-Dry Kold) and  

a solution  of lac to l m ix tu re  (43) ( 0 . 033g, 0.084 mmol) in to luene (2 ml) 

was a d d e d  d ro p w ise .  T he s t i r r in g  was con t inued  for 2h a t  -2 5 °C , an d  

then  a so lu tion  of tr ie th y lam in e  ( 0 . 13g, 1.26 mmol) in to luene (1 ml) 

was a d d e d  d ro p w ise .  T he  cooling b a th  was rem oved an d  a f te r  5 min, 

e th e r  (20 ml) was a d d e d .  T he  combined organ ic  solution was w ashed

with a q u e o u s  Wc& (1  x 5 ml; 1%) a n d  w ater  (2 x 15 ml), d r ied  with 

a n h y d ro u s  MgSO^, f i l te re d  a n d  th e  so lven t rem oved in v a c u o , to give 

a l ig h t  yellow oil w hich tic  a n d  nm r showed to be s ta r t in g  lactol 

m ix ture  (4 3 ) .
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Jones O xidation  of Lactol (43)

T h e  c r u d e  lactol m ix tu re  (43) (0 .2 g ,  0.78 mmol) was d isso lved  

in d ry  ace to n e  (5 ml) a n d  s t i r r e d  a t 0°C for a few m inu tes .  Jones  

r e a g e n t  ( 0 .2  ml of 0.8M so lu tion , 1.5 mmol) was added  and  a f te r  s t i r r i n g  

for 5 min, th e  so lu tion  became g re e n .  The reac tion  was d ilu ted  with 

sodium b ic a rb o n a te  solution (50 ml; 10%) and  e x t ra c te d  with e th e r  

(2 X 50 ml) . T h e  com bined e th e r  e x t ra c ts  were d r ied  with a n h y d ro u s  

MgSO^, f i l te r e d  a n d  e v a p o ra te d  to give a yellow oil which was chrom ato

g ra p h e d  b y  p r e p a r a t iv e  t ic ,  (1  x e th e r -h e x a n e  ( 1 : 4) ,  1 x  e th e r -h e x a n e  

( 1 : 1) ) ,  to g ive  N -b e n z y l-3 -p h en y liso x azo lid in -5 -o n e  ( 45) as  a l ig h t  

yellow oil, (48 mg, 36%).

TLC; Rf 0 .29  (s il ica  g e l -e th e r -h e x a n e ,  1 :1).

IR  (CHCAg):  3580, 3280, 1780, 1498, 1458, 1198, 1165, 705 cm'^.

NMR ^(C D C& g): 2.95 (2H, d ,  J=9 H z),  3.95 and  4.15 (2H, AB 

q u a r te t ,  J=15 H z ) ,  4 .35 (IH , t ,  J=9 H z) ,  7.30 (5H, s ) , 7 .35-7 .60  

( 5H, m ) .

[M]"^ = 253.1110; C^^H^^NO^ r e q u i r e s  253.1103.

V ■ , 6 5

P re p a ra t io n  of D ip y r id in e  Chromium(VI) Oxide, Collins R eagen t

A d r y  500 ml 3-n e c k e d  f lask  with sealed mechanical s t i r r e r ,  

therm om eter  a n d  d ry in g  tu b e  was c h a rg e d  with a n h y d ro u s  p y r id in e  

(100 ml). T h e  p y r id in e  was s t i r r e d  an d  cooled to approx im ate ly  15°C 

with an  ice b a t h .  T h e  d ry in g  tu b e  was periodically  rem oved and
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a n h y d ro u s  chrom ium (V I) oxide (1 3 .5 g ,  0.14 mol) was added  in p o r t io n s  

over Ih .  T h e  ox ide  was ad d ed  a t su ch  a r a te  th a t  the  te m p e ra tu re  did  

not ex ce ed  20°C, a n d  an in ten se ly  yellow flocculent p re c ip i ta te  s e p a ra te d  

from th e  p y r id in e  as  th e  v iscos ity  of th e  m ixture in c re a se d .  When th e  

addition was com plete  th e  m ix tu re  was allowed to warm slowly to room 

te m p e ra tu re  w ith  s t i r r i n g .  Within Ih ,  the  v iscosity  of the  m ix ture  

d ec re ase d  a n d  th e  in itia lly  yellow p ro d u c t  changed  to a deep r e d  macro

c ry s ta l l in e  form . E x ce ss  p y r id in e  was decan ted  from th e  complex an d  

the c r y s ta l s  w ash ed  se v e ra l  times by  décanta tion  with l ig h t  petroleum  

(60-80). T h e  complex was collected  on a s in te re d  g lass  funne l an d  d r ied  

at. 10 mm H g, a n d  th e n  s to re d  a t  0°C in th e  d a rk .

Collins O x ida tion  of Lactol ( 43)

T h e  c r u d e  lactol m ix tu re  (43) (O .lg ,  0.39 mmol) was ad d e d  to 

a solution of f r e s h ly  p r e p a r e d  Collins re a g e n t  ( 0 . 69g, 2.35 mmol) in d ry  

d ich lorom ethane  ( 15 m l) . T he deep re d  solution immediately became d a rk  

brown a n d  re a c t io n  a p p e a re d  complete a f te r  f if teen  minutes (tic)  when 

the so lu tion  was w ash ed  with w ater  ( 1 x 2 0  ml) and  dilu te  NaHCO^

(1 X  20 m l) ,  d r ie d  with a n h y d ro u s  Na^SO^ and  then  f i l te re d  th ro u g h  

Celite to  rem ove th e  la s t  t r a c e s  of chromium sa l t s .  Evapora tion  of 

so lven t in vacpp  gave  a b row n  oil, which was p u r if ied  by  p r e p a ra t iv e  

tic , ( e t h e r - h e x a n e ,  2 :3 ) ,  to give isoxazolidinone ( 4 5 ) , (43 mg, 48%), as  

a l ig h t  yellow oil. T h is  was iden tica l ( i r ,  nm r, ms) with th e  material 

p r e p a r e d  above  b y  Jo n es  oxidation  in somewhat in fe r io r  y ie ld .
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S y n th es is  of Isoxazo lid inone  (45) via Reform atski Reaction 66

P o w d e re d  zinc (0 .2 8 g ,  4 .3  mmol) and  e thy l g-brom oacetate  

(0 .58g ,  3 ,5  mmol) w ere  h e a te d  to g e th e r  with s t i r r in g  (oil b a th  temp. 

75“ 80°C) in d r y  THF (30 ml) un ti l  boiling o c c u r re d .  When th e  reac tion  

s ta r t e d ,  th e  so lu tion  became g re e n  and  boiling was con tinued  fo r  an o th e r  

5 min. T h e  te m p e r a tu r e  of th e  oil b a th  was then  lowered su ff ic ien tly  

to p r e v e n t  b o i l in g .  C -P h e n y l-N -b e n z y ln i t ro n e  ( 0 . 5g, 2.4 mmol) in THF 

(10 ml) was th e n  a d d e d  o v e r  a 5 min p e r io d .  As the  n it ro n e  was ad d ed  

the so lution b e g a n  to  boil s l ig h t ly .  A fte r  the  addition  was com plete , 

the  so lution was b r o u g h t  b ack  to boiling for a f u r th e r  20 min an d  th e n  

left to cool. K ieselge l HF254 silica gel ( 1 . 25g) was ad d ed  an d  th e  so lven t 

removed u n d e r  r e d u c e d  p r e s s u r e .  T he  p ro d u c t  was th e n  e x t ra c te d  by  

w ashing th e  s ilica gel th o ro u g h ly  with ho t e th e r  on a s in te re d  g lass  

funnel.  E v a p o ra t io n  of th e  e th e r  m vacuo gave a solid brow n re s id u e ,  

which was c h ro m a to g ra p h e d  b y  p re p a ra t iv e  tic ( silica g e l -e th e r -h e x a n e ,

1:1) to g ive  N -b e n z y l -  3-phenylisoxazo lid inone ( 45) as  a l ig h t  yellow o i l ,

(82 mg, 14%). T h is  was essen tia l ly  identical ( i r ,  nm r, tic) w ith th e  

material o b ta in e d  above  b y  Jones  an d  Collins oxidation of lactol (43 ).

C -P h e n y l-N -m e th y ln i t ro n e  (48)

N -M ethy lhyd roxy lam ine  h y d roch lo r ide  ( 2. Og, 24 mmol) was 

disso lved  in d ich lo ro m eth an e  (50 ml) containing tr ie thy lam ine (3 .5  ml,

25 mmol). To th is  so lu tion  was ad d ed  b e n z  a ldehyde ( 2. 54g, 24 mmol) 

and th e  re a c t io n  was s t i r r e d  a t  room te m p e ra tu re  for 24h. T he  solution 

was w ashed  w ith  w a te r  ( 1 x  50 ml) and  th e  organic la y e r  d r ie d  with
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anhydrous  MgSO^, f i l te r e d  an d  ev ap o ra ted  to give a solid re s id u e  which 

was r e c r y s ta l l i s e d  from e th e r - h e x a n e  to give n it ro n e  (38) (2 .8 1 g ,  95%) as 

a co lourless  c ry s ta l l in e  so l id ,  m .p .  85-86°C, (Lit®® 84-86°C ).

IR V (CHC&g) : 1600, 1585, 1492, 1450, 1420, 1400, 1170, 1160,
-1

950 cm

NMR 6 ( C D C l ^ ) :  3 .90 (3H, s ) , 7.40 (4H, m ) , 8.25 (2H, m ) .

N -M eth y l-3 -p h en y l-5 -ace to x y iso x azo lid in e  ( 49)

C -P h e n y l-N -m e th y ln i t ro n e  (2 .1 0 g ,  17 mmol) was d isso lved  in an 

excess of v in y l  a c e ta te  (50 ml, 0.62 mol) and  re f lu x e d  with exclusion of 

light for 48h. A f te r  removal of ex ce ss  v inyl ace ta te  the  re s id u e  was 

pu rif ied  b y  f la s h  column ch ro m a to g rap h y  ( e th e r -h e x a n e ,  1:4) to give 

isoxazolidine ( 49) ( 1 .95g ,  68%) as  a co lourless  oü.

TLC: Rf 0 .41 (s il ica  g e l - e th e r - h e x a n e ,  1 :4 ) .

IR V (C H C Jl ,) :  1735, 1455, 1375, 1360, 1235, 975 cm” ^.max 3

NMR ô(C D C & 3) : 2 .08 (2H, m ) , 2.10 (3H, s ) , 2.60 (2H, s ) , 2.78

(IH , s ) ,  3 .55  (0 .6 9 H , d d ,  J=9, 10 H z),  4.02 (0 .31H , t ,  J =8 H z) ,  6.35 

(IH , m ), 7 .35 (5H , m ) .

[M]"  ̂ 221.1041; C^^H^^NO^ r e q u i re s  221.1055.
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N -M e th y l-3 -p h en y l-5 -h y d ro x y iso x a zo lid in e  ( 50)

A c e ta te  (49) (0 .3 7 g ,  1.67 mmol) was h y d ro ly sed  with potassium  

carbona te  (0 .1 2 g ,  0 .9  mmol) in methanol (20 m l)-w ater (2 ml) following 

the g en e ra l  p r o c e d u r e ,  to g ive  c ru d e  lactol ( 5 0 ) , (0 .21g ,  70%) as  a l ig h t  

yellow oil.

TLC: Rf 0 .26  (s i l ica  g e l - e th e r -h e x a n e ,  1 : 1) .

NMR 6 (CDC&3) :  2 .1 5 -3 .1 5  (2H, m ) , 2.60 (2 .21H , s ) ,  2.79 (0 .79  H, s ) ,

3.50 (0 .76H , d d ,  J=9, 10 H z ) ,  4.10 (0.24H , t ,  J=9 H z),  5.55 ( IH ,  m ) ,

7.32 (5H, m ).

[M]^ 179.0940; C ^ qH^^NO^ r e q u i r e s  179.0945.

N -M e th y l-3 -p h en y l-  5 - tr im ethy ls ily loxy isoxazo lid ine  ( 51)

T r im e th y ls i ly l  e th e r  (51) was p r e p a re d  accord ing  to th e  genera l 

p ro c e d u re  on p a g e  144, a n d  a solution of (51) (1 mg) in hexane  (1 ml)- 

p y r id in e  ( 0 .5  p£ )  was em ployed for g . c .  ana lysis .

GC: = 1494, 1620 re la t iv e  to C^^ s ta n d a rd s .  T he d ia s te re o 

meric r a t io  w ith in  (51) is g iven  in Table 4, p 6 l .

N -M e th y l-3 -p h en y liso x azo lid in -  5-one ( 52)

C r u d e  lactol (40) ( 0 .3 g ) ,  1.67 mmol) was added  to a solution 

of Collins r e a g e n t  ( 1 . 31g , 4.42 mmol) in d ry  d ichlorom ethane (30 ml), 

with s t i r r i n g  a t  0°C. T he  solution was th e n  w ashed  with w ater  (1 x  40ml), 

followed b y  d i lu te  NaHCO^ (1 x 40 m l) , d r ied  with a n h y d ro u s  Na^SO^,
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and th e n  f i l t e r e d  th r o u g h  Celite  to  remove chromium sa l ts .  Evapora tion  

of so lven t m  v acu o  g ave  a d a rk  b row n  re s id u e ,  which was p u r if ied  by  

p re p a ra t iv e  tic  ( e t h e r - h e x a n e ,  2:3) to give isoxazolidininone (52) as  an 

oil, (62 m g, 21%) .

TLC: Rf 0 .44  (s il ica  g e l - e th e r -h e x a n e ,  1 :1 ) .

IR (C H C il j ) :  1770, 1455, 1235, 1170, 1122, 990, 915, 700 cm*

NMR 6 (C D C S,j) : 2 .88 (3H , s ) , 2.95 (2H, d ,  J=9 H z), 4.10 (3H, t ,

J=9 H z) ,  7.38 (5H , s) .

[MJ^ 177.0801; C^^H N O , r e q u i r e s  177.0790.

N -(R ) -g -M e th y lb e n z y l -3 -p h e n y l -  5-acetoxyisoxazolid ine ( 53)

R - ( - ) -C -P h e n y l-N -g -m e th y lb e n z y ln i t ro n e  (21),  (2. 24g, 10.7 

mmol) was d is s o lv e d  in v iny l a c e ta te  (75 ml, 0.93 mol) and  re f lu x e d  with 

exclusion of l ig h t  u n d e r  an a rg o n  a tm osphere  for 72h. A fte r  removal of 

excess v in y l  a c e ta te  in vacuo ,  th e  r e s id u e  was p u r if ied  by  flash  column 

ch ro m a to g rap h y  ( e t h e r - h e x a n e ,  1:4) to give isoxazolidine (53) (2 .1 4 ,  69%), 

as a co lo u rle ss  oil.

TLC : Rf 0 .62 (s il ica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR (CHC&g): 1735, 1495, 1455, 1378, 1365, 1240, 1011, 1000, 990,

970 cm ^

NMR ^(CDC&g) 200MHz: 1.49 (3 H ,m ),  2.07 (1.44H , s ) , 2.13 (1 .1 7 H ,s ) ,

2.16 (0 .39H , s ) ,  2 .2 6 -2 .4 6  ( IH ,  m ) , 2 .62 -3 .04  ( IH ,  m ) , 3.77 (0 .40H ,
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t ,  J - 8 .5  H z ) ,  3 .8 1 -4 .3 4  ( 1.60H, m), 6.27 (m, 0 .52H ), 6.42 (0 .42H , d d ,

J=2, 8 .5  H z ) ,  6 .51  (0 .06H , d d ,  J=1 .8 , 6 .7  H z),  7 .10-7 .50  (lOH, m ) .

NMR ôCCDCJlg) ^H decoup led : 18.92, 20.82, 20.94, 21.26, 21.32,

45.19, 46 .00 , 46 .62 , 62.68, 65.38, 65.55, 65.75, 66.22, 67.74, 94.58, 

95.24, 97 .68 , 126.88, 127.09, 127.28, 127.43, 127.74, 127.82, 127.91, 

128.02, 128.32, 128.59, 128.97, 129.59, 129.67, 139.09, 138.89, 140.40,

140.91, 141.34, 141.98, 170,48, 170.56,

[M] 311.1523; ^  1 9 ^ 2 1 ^ ^ 3  311.1521.

Isoxazo lid ine  m ix tu re  (53) (O .I5g) was par t ia l ly  s e p a ra te d  b y  

p re p a ra t iv e  tic  (3 x  dev e lo p ed ,  e th e r -h e x a n e ,  1 :4 ) .  A sing le  b a n d  was 

o b se rv ed  (R f  0 .38) which was d iv ided  into th re e  p o rt ions  of equal w id th . 

The p o r t io n  of low est p o la r i ty  was e x t ra c te d  with e th e r  to give the  major 

isomer (5 3 b )  (0 .0 4 8 g )  as  a co lourless  oil. The two remaining p o r t io n s  

were fo u n d  to  co n ta in  a m ix tu re  of all th e  d iaste reom ers  of ( 53) which 

could n o t  b e  f u r t h e r  s e p a ra te d .

A ttem pted  P re p a ra t io n  of B is tr im e th y ls i ly le th e r  (61)

Iso x azo lid in e  (53) (10 mg, 0.03 mmol) was added  to a s t i r r e d  

su sp en s io n  of li th ium  aluminium h y d r id e  (10  mg, 0.26 mmol) in e th e r  

(10 ml) a n d  s t i r r e d  fo r  3h a t  room te m p e ra tu re .  Water was added  

dropw ise  to  d e s t r o y  e x c e ss  h y d r id e  an d  dichlorom ethane (20  ml) was 

added .  T h e  so lu tion  was d r ie d  with a n h y d ro u s  MgSO^, f i l te red  an d  

e v a p o ra te d  in v a c u o .  T he  r e s id u e  (4 mg) was d isso lved  in a s ily la ting  

solution of p y r id in e  (5  ml), hexam ethyld is ilizane (2 ml) and  tr im e thy l-
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silyl ch lo r id e  (1  ml) an d  s t i r r e d  for 24h a t  room te m p e ra tu r e .  T he  

so lv e n t  was rem oved  a t  th e  oil pum p an d  th e  r e s id u e  ( 5 mg) was 

d is so lv ed  in e th y l  a c e ta te  (2  ml) fo r  g . c .  a n a ly s is .

GC : tj^ -  1.22 m ins, 6 ' 1% OV-1 column a t  120°C.

N -(R )  -  g -M e th y lb e n z y l-3 -p h e n y l -5 -h y d ro x y is o x a z o l id in e  ( 54)

A ce ta te  (53) (2 .0 4 g ,  6 .6  mmol) was h y d ro ly s e d  w ith  po tass ium  

c a rb o n a te  (0 .4 5 g ,  3 .3  mmol) in m ethanol (90 m l)-w a te r  (10 ml) following 

th e  g en e ra l  p ro c e d u re  to g ive c ru d e  lactol (44) ( 1 . 45g, 82%), a s  a yellow 

oil.

TLC: Rf 0 .47 , 0 .40 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (CHC&3 ): 3600, 3180, 1604, 1495, 1455, 1125, 1070 c m '^ .

NMR ô(CDC&g): 1 .18 -1 .58  (3H. m ) , 2 .0 5 -2 .9 0  (2H, m) , 3 .5 0 -4 .5 0  

(2H , m ), 5 .3 0 -5 .7 0  ( IH ,  m ) , 7 .0 0 -7 .7 0  (lOH, m) .

[M]"" 269.1423; C^^^H^^NO^ r e q u i r e s  269.1416.

N - (R ) -g -M e th y lb e n z y l -3 -p h e n y l-5 - t r im e th y ls i ly lo x y is o x a z o l id in e  ( 55).

' T rinqethylsilyl e th e r  ( 55) was p r e p a r e d  from lactol ( 54) 

a c c o rd in g  to  th e  g en e ra l  p ro c e d u re  on p a g e  144, a n d  a so lu tion  of (55)

(1 mg) in h ex an e  (1 m l ) -p y r id in e  (0 .5  u&) was em ployed  fo r  g . c .  an a ly s is ,

GC: 1?%”  ̂ = 2042, 2072, 2096 a n d  2132, ([M]'*' 341), r e la t iv e  to
i DD
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^ 1 9  20 22 T he  d ia s te reo m er  ra t io  w ithin (55) is  g iven  in

T ab le  4, p61.

N- (R )  -g -M e th y lb e n z y l-  3 -pheny liso x azo lid in -5 -o n e  ( 56)

C ru d e  lactol (44) (0 .4 g ,  1.49 mmol) was a d d e d  to  a so lu tion  of 

Collins r e a g e n t  ( l .O g ,  3 .37 mmol) in d r y  d ich lo rom ethane  (30 m l), w ith  

s t i r r i n g  a t  0°C . T he  deep  r e d  so lution immediately became d a rk  b row n  

a n d  a f t e r  2 min s t i r r i n g  a t  0°C, th e  so lution was d e c a n te d  from th e  

in so lub le  b row n  gum. T he gum was qu ick ly  e x t r a c te d  with e th e r  

(3 X 50 m l) ,  a n d  th e  e th e r  a n d  d ich lorom ethane  la y e r s  com bined . T he

r e s u l t in g  so lu tion  was w ashed  su c c e ss iv e ly  w ith  aq u eo u s  5% NaOH 

( 1 X 50 m l), a q u eo u s  5% HC & ( 1 x 20 m l), s a tu r a t e d  NaHCO^ (2 x  100 ml) 

a n d  s a tu r a t e d  NaCil (1 x 50 ml). T he  o rgan ic  la y e r  was d r ie d  with 

a n h y d r o u s  Na^SO^, f i l te re d  an d  e v a p o ra te d  ^  vacuo to g ive  a yellow oil, 

w hich was c h ro m a to g ra p h e d  u s in g  p r e p a r a t iv e  t ic ,  ( e th e r - h e x a n e ,  1 : 1) 

to g ive  isoxazolid inone ( 56) (63 mg, 16%) as  a l ig h t  yellow oil. 

Isoxazo lid inone  (56) was s u b se q u e n t ly  c ry s ta l l i s e d  from e th e r - h e x a n e  a s  

c o lo u rle ss  p r is m s ,  m .p .  95-98° C .

TLC : Rf 0 .29 (s il ica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (C H C & ,): 1775, 1495, 1455, 1415, 1380, 1288 cm” ^.max ^3

^H NMR 0 (CDC&3) 200 MHz: 1.55 (3H , d ,  J=6 .5  H z) ,  2 .85 ( IH ,  d d ,

J= 8 , 17.5 H z) ,  3.06 ( IH ,  d d ,  J= 8 , 17.5 H z ) ,  4 .15 ( IH ,  q ,  J= 6 .5  H z) ,

4 .45  ( IH ,  t ,  J =8 H z ) ,  7.22 (lOH, m ) .
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NMR ô(CDC&3 ) , decoup led : 18.60, 39.18, 66.28, 126.99, 127.49, 

127.87, 127.93, 128.02, 128.12, 128.40, 128.66, 128.76, 129.07, 129.13, 

138.62, 140.10, 173.85.

[F o u n d  C 76.30, H 6 .45 , N 5.19; r e q u i r e s  C 76.37, H 6 .42 ,

N 5.24 %. [M]"" 267].

OV-1
GC: 1x55 ” 2100 ( r e la t iv e  to s ta n d a rd s  C^^ 22^'

C ap il la ry  GC : t ^  = 22.33 min [25m C P s il5 -C B , 8 0 °C ] .

3 -P h e n y l-3 ~ a la n in e  (57)

T he  r e c ry s ta l l i s e d  isoxazolid inone (56) ( O . lg ,  0 .37 mmol) was 

d is so lv e d  in d r y  e thano l ( 50 m l) , con ta in ing  palladium  h y d ro x id e  on 

ch a rco a l  ( 20%; 10 mg) a n d  h y d ro g e n a te d  a t  a tm ospheric  p r e s s u r e  a n d  

70°C fo r  5h. T he  solid amino acid  s e p a ra te d  d u r in g  h y d ro g e n o ly s i s . 

When h y d ro g e n  u p ta k e  was com plete , d is ti l led  w ate r  (100 ml) was a d d e d  

to  d is so lv e  th e  amino ac id .  T he  c a ta ly s t  was rem oved  b y  f i l t ra t io n  

t h r o u g h  a p a d  of C elite ,  an d  was th o ro u g h ly  w ashed  with warm w ate r  

(100 m l). T h e  com bined f i l t r a te  was e v a p o ra te d  ^  vacuo  to g ive 

3 -p h e n y l -3 -a la n in e  a s  co lo u rle ss  c r y s t a l s ,  (56 mg, 92%), m .p .  231- 

234°C, [a],^^ - 1 .5 °  (c 1 .0 , H ^O). ( l i t  v a l u e , m . p .  236°C,

[ uJd  + 6 . 2 ° ,  fo r  ( S) -  3 -p h e n y l -  3 -a lan ine  ).
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G enera l P ro c e d u re  fo r  th e  P re p a ra t io n  of g-Amino Acid M ethyl 

E s te r  H ydroch lo rides® ®

T y p ica l ly ,  c ru d e  amino acid  (50 mg) was d is so lv ed  in d ry  

m ethanol (20 ml) to  which th iony l ch lo ride  (5 ml) was a d d e d  d ropw ise  

w ith s t i r r i n g  a t  0 °C . T he  reac tio n  was allowed to warm to room 

te m p e ra tu r e  w ith  c o n t in u e d  s t i r r i n g  o v e r  a p e r io d  of 12h ,  a n d  th e  

so lv e n t  th e n  e v a p o ra te d  u n d e r  r e d u c e d  p r e s s u r e  to  g ive  c ru d e  m ethyl 

e s t e r  h y d ro c h lo r id e .

G enera l  P ro c e d u re  fo r  th e  S y n th e s is  of N -A cyl-g -A m ino  Acid Methyl

IT ^  6 8E s te r s

g-Amino acid  m ethyl e s t e r  h y d ro c h lo r id e  ( 1 eq)  a n d  ch ira l  

ac id  ch lo rid e  ( 1 eq) w ere d isso lv ed  in c a rb o n  te t r a c h lo r id e  a n d  p y r id in e  

( a p p r o x .  3 -4 :1 )  a n d  re f lu x e d  fo r  2h. On cooling th e  so lu tion  was 

w ash ed  with IN HC£ a n d  a q u eo u s  NaHCO^ (10%), d r ie d  w ith a n h y d ro u s  

Na^SO^, f i l te re d  a n d  e v a p o ra te d  m  vacuo  to g ive  th e  c ru d e  N -acy l 

m ethy l e s t e r .

Cam phanam ide m ethyl e s t e r  (65)

F rom xçrude  g -p h e n y l -  g -a lan ine  m ethyl e s t e r  h y d ro c h lo r id e  

(14 mg, 0.065 mmol) a n d  ( lR ) - ( - ) - c a m p h a n o y l  ch lo ride  (14 mg, 0.065 mmol) 

in a m ix tu re  of CC£^ (20  ml) a n d  p y r id in e  (5  m l), following th e  g e n e ra l  

p r o c e d u r e .  T h e  c ru d e  cam phanam ide (65) (16 mg, 70%) was d is so lv ed  

in e th y l  a c e ta te  fo r  an a ly s is  b y  g as  c h ro m a to g ra p h y  ( g . c .  r e s u l t s .

T ab le  5, p 8 0 ) .
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+
[M] 359.1729; ^ 2 0 ^ 2 5 ^ ^ 5  359.1733.

'M o sh e r '  amide ( 66 ) ®®

From g -p h e n y l -g -a la n in e  m ethyl e s t e r  h y d ro c h lo r id e  (10 mg, 

0 .046 mmol) a n d  ( + ) -a -m e th o x y -a - t r i f lu o ro m e th y lp h e n y la c e ty l  ch lo ride  

(9 mg, 0.05 mmol) in C C (15 ml) a n d  p y r id in e  (5 ml) following th e  

g e n e ra l  p r o c e d u r e .  T he  c ru d e  'M osher' amide ( 66 ) (13 mg, 78%) was 

d is so lv e d  in e th y l  a c e ta te  fo r  an a ly s is  b y  gas  c h ro m a to g ra p h y  ( g . c .  

r e s u l t s .  T ab le  5, p 80 )

[M-OCHg]"" = 364.1187; C ^ qH^qNO^F^ r e q u i r e s  364.1160.

N-(  R ) -g -M e th y lb e n zy l-3 - iso p ro p y l-5 -a c e to x y iso x a z o lid in e  ( 67)

( R ) - ( - ) - C - I s o p r o p y l -N - a - m e th y lb e n z y ln i t r o n e  (20) ( 2 . 24g,

11.7 mmol) was d is so lv ed  in v iny l ace ta te  (100 ml, 1.24 mol) a n d  

r e f lu x e d  w ith  exc lusion  of l ig h t  u n d e r  an a rg o n  a tm o sp h e re  fo r  48h. 

A f te r  rem oval of e x c e ss  v iny l a ce ta te  m vacuo  th e  r e s id u e  was p u r i f i e d  

b y  f la sh  column ch ro m a to g ra p h y  ( e th e r - h e x a n e ,  1:4) to give 

isoxazo lid ine  (67) ( 3 . 8 5 g , 81%) as  a co lo u rle ss  oil.

TLC: Rf 0.72 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (C H C £ ,) :  1735, 1495, 1468, 1455, 1378, 1305, 1240, 1015,max 3

1000 , 988 cm” ^.

NMR 6 { C D C l ^ )  200 MHz: 0 .6 4 -0 .9 6  ( 6H, m ), 1 .28 -2 .41  (2H , m ) ,

1.44 (0 .75H , d ,  J=6 .5  H z) ,  1 .49 (1 .41H , d ,  J= 6 .5  H z) ,  1.55 (0 .84H ,
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d ,  J= 6 .5  H z ) ,  2.01 (0 .92H , s ) , 2.02 (1 .26H , s ) ,  2 .09  (0 .82H , s ) , 

2 .6 1 -2 .8 7  (0 .68H , m ), 2.98 (0 .32H , m ) , 3 .76 -4 .06  ( IH ,  m ), 6.20

(0 .3 3 H , m ), 6 .41  (0 .67H , m ) , 7 .1 8 -7 .3 8  (5H, m ) .

NMR 0(CDC&^), decoup led : 17.91, 18.49, 19.43, 20.09, 20.31,

20 .75 , 20.85, 21.23, 21.31, 21.53, 29.77, 31.26, 35.97, 36.89, 64.93, 

66 .36 , 67 .14 , 67 .33 , 67.63, 96.24, 96.74, 99.47, 125.84, 127.34, 127.46,

127.51, 127.65, 127.93, 127.99, 128.19, 128.25, 128.69, 128.87, 140.20,

142.13, 143.09, 170.99, 170.14, 170.35.

[M]+ 277.1680; r e q u i r e s  277.1678.

[F o u n d  C 69 .4 , H 8 .4 ,  N 5.05; ^ 1 6 ^ 2 3 ^ ^ 3  C 69 .3 , H 8 .4 ,

N 5.06 %].

N - ( R ) -g -M e th y lb e n z y l-3 - is o p ro p y l-  5 -h y d ro x y iso x azo lid in e  ( 68)

A ce ta te  (67) ( 2. Og, 8 .5  mmol) was h y d ro ly s e d  w ith po tass ium  

c a rb o n a te  (0 .5 9 g ,  4.24 mmol) in m ethanol (90 m l) -w a te r  (5  ml) following 

th e  g e n e ra l  p ro c e d u r e  to give c ru d e  lac toi ( 68) ( 1 . 53g , 91%) as  a yellow 

oil.

TLC: Rf 0 .54 ( silica g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (CHC&:.): 3600, 3400, 1495, 1470, 1455, 1390, 1375, 1280,

1240, 1110, 1060 cm"^.

NMR 6 (CDC&^): 0 .6 5 -1 .0 5  ( 6H, m ) , 1 .32 -1 .60  (3H, m ), 2 .3 6 -2 .4 8  

(2H , m ), 2 .9 5 -3 .4 5  ( IH ,  m ) , 4 .25  ( IH ,  q ,  J=6 .5  H z) ,  5 .3 5 -5 .7 5  ( IH ,  m ) , 

7 .35 (5H , m).
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[M] 235.1561; ^ i 4 ^ 2 1 ^ ^ 2  235.1572.

N- ( R ) -  g -M ethylben  zy l-  3 - iso p ro p y l-  5-trimethylsilyloxyisoxazol i dine (69)

T rim e th y ls i ly l  e th e r  (69) was p r e p a r e d  from lac toi (68) 

ac c o rd in g  to th e  g en e ra l  p ro c e d u re  on p ag e  144, a n d  a so lu tion  of (69)

(1  mg) in h ex an e  (1 m l) -p y r id in e  (0 .5  nil) was em ployed fo r  g . c .  

a n a ly s i s .

GC: = 1718, 1728, 1743, ([M]'" 307), re la t iv e  to

s t a n d a r d s .  T he  d ia s te reo m er  ra t io  w ithin (69) is g iven  in T ab le  4, p 6 l .

N - (R ) -g -M e th y lb e n z y l -3 - iso p ro p y l is o x a z o l id in -5 -o n e  (70)^^

A so lu tion  of d im ethyl su lphox ide  (0 .4 0  ml, 4 .66 mmol) in 

d ieh lo rom ethane  (10 ml) was cooled to -60°C , a n d  oxalyl ch lo ride  

(0 .5 4  ml, 2 .92 mmol), in d ich lo rom ethane  (5 ml), was a d d e d  d ro p  wise 

o v e r  a 5 min p e r io d .  S t i r r in g  was c o n t in u e d  a t  -60°C fo r  10 min, 

followed b y  d ropw ise  add ition  of th e  c ru d e  lactol (68) ( 0 .6 3 g ,  2.68 mmol) 

in d ich lo rom ethane  (15 ml), a n d  th e  reac t io n  was s t i r r e d  a t  -60°C  fo r  

a f u r t h e r  15 min. A f te r  th i s  time t r ie th y lam in e  (1 .9 8  ml, 27 mmol) was 

a d d e d  d ropw ise  o v e r  ca .  10 min. T he  rea c t io n  was allowed to  warm to  

room te m p e ra tu r e ,  an d  th e n  w ashed  with IN HC& (1 x  40 m l) , d ilu te  

NaHCOg ( 1 X 40 ml), s a tu r a t e d  NaC£ ( 1 x  40 ml) a n d  H^O ( 1 x  40 m l). 

T h e  o rg an ic  la y e r  was d r ie d  with a n h y d ro u s  Na^SO^, f i l te re d  a n d  

e v a p o ra te d  to g ive  a b row n  o ü .  P r e p a ra t iv e  tic ( e th e r - h e x a n e ,  1 :1 ) ,  

g ave  isoxazolid inone (70) as  a co lou rle ss  oil, (98 mg, 15%).
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TLC: Rf 0.61 (silica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR (CHC&^): 1778, 1492, 1455, 1415, 1390, 1375, 910 cm"^.

NMR ô(CD Citg) 200 MHz: 0 .75 (4 .84H , m ) , 0.92 (1 .1 6 H ) ,  1.51

(2 .4 6 H , d ,  J=6 .5  H z ) ,  1.60 (0 .54H , d ,  J= 6 .5  H z) ,  2.02 (0 .17H , d d ,  

J= 9 .5 ,  17.5 H z) ,  2.26 (0 .19H , d d ,  J=5, 17.5 H z) ,  2.31 (0 .83H , d d ,

J=4, 19 H z) ,  2.61 (0 .81H , d d ,  J=9, 19 H z) ,  3.12 ( IH ,  m ),  4 .02 ( IH ,  m ) .

7 .32 (5H, m ).

NMR ô(CD Cilg), ^H decoup led : 17.34, 17.86, 18.42, 19.70, 19.94,

30 .57 , 31.07, 31.33, 31.59, 65.06, 65.85, 66.22, 66.86, 127.89, 128.04, 

128.16, 128.52, 128.60, 129.17, 138.35, 140.34, 176.21, 177.20.

[M]"" 233.1426; C^^H^^NO^ r e q u i r e s  233.1416.

[F o u n d  C 71 .8 , H 8 .2 ,  N 5 .9 ; C^^H^^NO^ r e q u i r e s  C 72.1 , H 8 .2 ,

N 6 .0  %].

S ide P ro d u c t  ( 73) of Sw ern  O xidation

4
N - ( R ) -O fr-M ethylbenzyl-3-isopropyl-A -isoxazo lid ine  (73) was 

o b ta in e d  a s  a s ide p r o d u c t  in th e  ox ida tion  of lactol (68) in 28% y ie ld .

TLC: Rf 0.71 (s il ica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (C H C £^):  1625, 1492, 1455, 1122, 1052 c m '^ .max j

^H NMR 0 (C D C & .): 0.65 (6H , m ) , 1.42 (1 .3 6 H , d ,  J= 6 .5  H z ) ,  1.54 

(1 .64H , d ,  J= 6 .5  H z) ,  3.65 ( IH ,  m ) , 3.80 ( IH ,  m ) , 4 .75 ( IH ,  m ) , 

6 .39  ( IH ,  m ), 7.35 (5H, m ) .
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[M] 217.1470; r e q u i r e s  217.1467.

3~Leucine (71)

Isoxazo lid inone  (70) (98 mg, 0.42 mmol) was d is so lv ed  in 

m ethanol (50 ml) co n ta in in g  palladium  h y d ro x id e  on charcoa l (20%; 10 mg) 

a n d  h y d r o g e n a te d  a t  room te m p e ra tu re  a n d  a tm ospheric  p r e s s u r e  fo r  48h. 

T h e  c a ta ly s t  was rem oved  b y  f i l t ra t io n  th ro u g h  a p a d  of C e l i te ,  a n d  was 

th o ro u g h ly  w ashed  with warm m ethanol. T h e  com bined f i l t r a te  a n d  

w ash in g s  w ere e v a p o ra te d  m  vacuo  to g ive 3~leucine a s  co lo u rle ss  

c r y s ta l s  (51 mg, 81%), m .p .  204-207°C, [a ]^ ^  -2 2 .4 °  (c 2 .0 ,  H ^O ).

Li t , m. p .  201-202. 5 °C , + 55 .2° ,  fo r  ( S ) - 3 ~ le u c in e ) .

C am phanam ide Methyl E s te r  ( 7 4 )^^

From c ru d e  3 - leuc ine  m ethyl e s t e r  h y d ro c h lo r id e  ( 10 m g ,

0.06 mmol) a n d  ( IR ) - ( - ) -cam phanoy l ch loride  (13 mg, 0 .06 mmol) in CC 

(15 ml) a n d  p y r id in e  (3 ml) following th e  g en e ra l  p r o c e d u r e .  T he  c ru d e  

cam phanam ide (18 mg, 95%) was d isso lv ed  in e th y l  a c e ta te  fo r  gc a n a ly s is  

(gc  r e s u l t s .  T ab le  6, p  90 ) .

[M]^ 325.1881; r e q u i r e s  325.1889.

'M osher ' Amide (75)^^

From 3 -leuc ine  m ethyl e s t e r  h y d ro c h lo r id e  (35 mg, 0.21 mmol) 

a n d  ( +)-g -m e th o x y -g - t r i f lu o ro m e th y lp h e n y la c e ty l  ch lo ride  (47 mg, 0.21 

mmol), following th e  g en e ra l  m ethod . T h e  c ru d e  cam phanam ide was
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p u r i f i e d  b y  p r e p a r a t iv e  tic  (s il ica  g e l - e th e r - h e x a n e ,  1:1) to  g ive 

'Mosher* amide (75) a s  a co lou rless  oil (58 mg, 75%).

TLC: Rf 0.21 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

NMR 6(CDC&g) 200 MHz: 0.82 (3H, d ,  J=7 .5  H z) ,  0.86 (3H , d ,

J= 7 .5  H z ) ,  1.82 ( IH ,  s e p t e t ,  J=7 .5  H z) ,  2.68 (2H, d ,  J= 5 H z ) ,  3.44 

(3H . q ,  ^ J ( ^ H - ^ ‘̂ F) = 1 . 2 5  H z ) ,  3.67 (3H, s ) , 4 .08 ( IH ,  m ) , 7.36 (5H, m)

*̂̂ F NMR 0 (C D C £ g ):  -69 .31  (b ro a d  s) .

[M"  ̂ -  OCHg]^ 330.1320; C^gH^^NO^Fg r e q u i r e s  329.1317.

N- (R) -q -M e th y lb e n z y l-3 - (  4 '-m e th o x y )p h e n y l-5 -a c e to x y iso x a z o l id in e  ( 76)

R - ( - ) -C - (p -M  e th o x y )p h e n y l -N -a -m e th y lb e n z y ln i t ro n e  ( 2. 30g, 

8 .9  mmol) was d is so lv ed  in v iny l a c e ta te  (100 ml, 1.09 mol) a n d  

r e f lu x e d  w ith th e  exclusion  of l ig h t  u n d e r  an a rg o n  a tm o sp h e re  fo r  120h, 

A f te r  rem oval of ex c e ss  v iny l a c e ta te  in v a c u o , th e  r e s id u e  was p u r i f i e d  

b y  f la sh  column c h ro m a to g ra p h y  ( e th e r - h e x a n e ,  1 :1 ) ,  to  g ive iso x a

zolidine (76) ( 1 . 84g, 60%) as  a l ig h t  yellow oil.

TLC : Rf 0.58 (s il ica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (CHC&g): 1735, 1698, 1686, 1682, 1615, 1600, 1515, 1378,max % j

1305, 1250, 1162, 1035, 985 cm"^.

^H NMR 6(C D C £g) 200 MHz: 1.53 ( 1.54H, d ,  J= 6 .5  H z) ,  1.55 (1 .46H ,

d ,  J= 6 .5  H z ) ,  2.08 (1 .54H , s ) , 2.13 (1 .46H , s ) , 2 .41 ( IH ,  m ) , 2 .71 -  

2 .99 ( IH ,  m ), 3.50 (0 .53H , t ,  J=9 H z) ,  3 .7 3 -4 .0 3  (1 .47H , m ) , 3.75
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(1 .6 H ,  s ) ,  3 .82 (1 .4 H , s ) ,  6.32 (0 .54H , d d d ,  J = l ,  4 a n d  7 H z) ,  6 .38 

(Û.46H, d d d ,  J= 0 .2 ,  2 a n d  6 .5  H z) ,  6.71 (0 .97H , d ,  J=9 H z ) ,  6 .90

(0 .97H , d ,  J=9 H z ) ,  7 .0 8 -7 .3 8  (7 .06H , m ).

NMR ô(C D C £g), ^H d ecoup led : 18.52, 20.99, 21.42, 21.46, 29.68,

46 .07 , 46 .57 , 55.20, 55.30, 62.37, 64.88, 65.30, 65.76, 94.66, 95.29, 

113.61, 114.07, 127.10, 127.36, 127.97, 128.68, 129.01, 129.18, 130.61,

139.89, 141.60, 158.65, 159.26, 170.66, 170.75.

[M] 341.1634; C ^ qH^^NO^ r e q u i r e s  341.1627.

N- ( R) -g -M eth y lb en  zy l-  3- ( 4 '-m ethoxy)  p h e n y l -  5-hy  d roxy isoxazo lid ine  ( 77)

A ce ta te  (1 .5 9 g ,  4 .6  mmol) was h y d ro ly s e d  with po tass ium  

c a rb o n a te  (0 .6 4 g ,  2 .3  mmol) in m ethanol (50 ml) an d  w a te r  (5 m l), 

following th e  g en e ra l  p r o c e d u r e ,  to g ive  c ru d e  lactol ( 77) ( 1 . 27g , 91%) 

as  a yellow oil.

TLC: Rf 0.44 (s il ica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR V (CH OL^): 3580, 3200, 1601, 1505, 1260, 1175, 1165, 1035 c m '^ .

^H NMR ô(C D C jtg ):  1.49 (3H, m ) , 2 .0 8 -2 .6 8  (2H , m ) , 3 .4 2 -4 .4 0  (2H, m ),

3.72 ( 1.68H, s ) ,  3.80 ( 1.32H, s ) , 5 .4 5 -5 .7 2  ( IH ,  m ), 6 .5 0 -7 .6 8  (9H , m ) .

[M]"^ 299.1530; C^gH^^NO^ r e q u i r e s  299.1528.
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N -  ( R ) -  g-M ethylb  en zy l-  3- ( 4' -m e th o x y  ) p h e n y l -  5 -tr im e th y ls i ly l-  

oxy isoxazo lid ine  ( 78)

T r im e th y ls i ly l  e th e r  (78) was p r e p a r e d  from lactol ( 77) 

a c c o rd in g  to  th e  g e n e ra l  p ro c e d u re  on p ag e  144, a n d  a so lu tion  of (78)

(1 mg) in h ex an e  (1 m l) -p y r id in e  (0 .5  ujt) was em ployed fo r  g . c . a n a ly s is

GC:  ̂ = 2170, 2207 r e la t iv e  to  C^^ 20 22

90N -(R )  -  g -M e th y lb e n z y l-3-( 4 '-m ethoxy)  p h e n y l  isoxazolid inone ( 79)

A 100 ml, o n e -n e c k e d  ro u n d  bo ttom ed f lask  e q u ip p e d  w ith  a 

m agnetic  s t i r r e r  a n d  d ry in g  tu b e  was c h a rg e d  with d ry  ace tone  (50 ml), 

lactol (77) ( 1 . 2 g , 4 mmol) a n d  a n h y d ro u s  N -m ethy lm orpho line-N -ox ide  

( 0 . 93g , 8 mmol). To th i s  so lu tion , R uC £g* 3H2 0  (2 mg, 0 .08 mmol) was 

a d d e d ,  a n d  th e  r e s u l t in g  gold co lou red  so lu tion  was s t i r r e d  fo r  45 min 

a t  room te m p e r a tu r e ,  a f t e r  which time th e  reac tio n  m ix tu re  became d a rk  

b ro w n .  T h e  f la sk  was a t ta c h e d  to a r o ta r y  e v a p o ra to r  a n d  most of 

th e  ace to n e  was rem oved . T he  r e s id u e  was t r a n s f e r r e d  to  a s e p a ra to ry  

fu n n e l  w ith  th e  a id  of s e v e ra l  p o r t io n s  of CH 2C &2 (100 ml to ta l ) .  T h e  

o rg an ic  la y e r  was w ashed  w ith 2N HCit ( 2 x  50 ml) a n d  w a te r  (1 x  100 

m l), d r ie d  with a n h y d ro u s  N a2SO^, f i l te re d  a n d  e v a p o ra te d  to  g ive  a 

b row n  oil ( 0 .9 3 g ) ,  which was p u r i f i e d  b y  f la sh  column c h ro m a to g ra p h y  

( h e x a n e ,  h e x a n e - e th e r  ( 4 :1 ) ,  h e x a n e - e th e r  ( 1 :1 ) ,  e t h e r ) ,  to  give 

isoxazo lid inone  (79) as  a pa le  yellow c ry s ta l l in e  solid  (0 .2 3 g ,  19%).

NMR ô(CD CJlg): 1.50 (3H, d ,  J= 6 .5  H z ) ,  2 .5 6 -3 .2 4  (2H, m ) , 3.70

(1 .46H , s ) ,  3 .7 0 -4 .48  (2H , m ) , 3 .77 ( 1.54H, s ) , 6 .6 8 -7 .5 5  (9H, m ) .
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R e c ry s ta l l i sa t io n  of th is  m ateria l from e th e r - h e x a n e  gave  

N -( R ) -g -m e th y lb e n z y l -  3( R) - (  4 '-m e th o x y )p h e n y liso x a z o l id in -5 -o n e  (79a) 

a s  a co lo u rle ss  c ry s ta l l in e  so lid , (97 m g), m .p .  127-128°C.

IR (CHC&g): 1770, 1610, 1505, 1452, 1250, 1170, 1032 cm"^.

NMR 6 (CDCilg) 200 MHz: 1.53 (3H, d ,  J= 6 .5  H z) ,  2.83 ( IH ,  d d ,

J=9, 17 H z ) ,  3.03 ( IH ,  d d ,  J=9, 17 H z) ,  3 .77 (3H, s ) , 4 .12 ( IH ,  q ,  

J= 6 .5  H z) ,  4.42 ( IH ,  d d ,  J=9, 17 H z) ,  6.78 (2H, d ,  J=9 H z) ,  7.15 

(2H , d ,  J=9 H z) ,  7.21 (5H, m ) .

NMR 6 (CDC& ), ^H decoup led :  18.06, 39.15, 55.25, 65.57, 65.78,

114.05, 127.77, 128.23, 128.34, 130.28, 140.33, 159.32, 173.84.

[M]"^ 297.1397; C^gH^^NOg r e q u i r e s  297.1365.

[F o u n d  C 72 .6 , H 6 .65 , N 4 .5 ; ^ i g ^ l 9 ^ ^ 3  C 72 .7 , H 6 .45,

N 4 .7  %].

3 -T y ro s in e  m ethyl e t h e r  (80)

Isoxazo lid inone  (7 9 a ) ,  (90 mg, 0 .3  mmol) was d is so lv ed  in d r y  

e th an o l (30 ml) co n ta in in g  palladium  h y d ro x id e  on cha rcoa l  (10 mg; 20%) 

a n d  h y d r o g e n a te d  a t  a tm ospheric  p r e s s u r e  a n d  70°C fo r  4h. T h e  solid  

amino ac id  s e p a r a te d  d u r in g  h y d ro g e n o ly s i s ,  a n d  w hen h y d ro g e n  u p ta k e  

was com plete ,  d is t i l led  w ater  (100  ml) was a d d e d  to  d isso lve  th e  amino 

ac id .  T he  c a ta ly s t  was rem oved  b y  f i l t ra t io n  th r o u g h  a p a d  of C elite  

a n d  was th o ro u g h ly  w ashed  with 100 ml warm d is t i l led  w a te r .  T he  

com bined  f i l t r a te  was e v a p o ra te d  in vacuo  to  g ive 3~ ty ro s in e  m ethyl e th e r
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(53 mg, 90%) as a co lou rle ss  c ry s ta l l in e  so lid , m .p .  241-244°C, 

[a ]^ ^  - 7 .2 ° ,  (c  1 .0 ,  H^O).

[F o u n d  C 61 .2 , H 6 .9 ,  N 7.6; r e q u i r e s  C 61 .5 ,  H 6 .7 ,

N 7 .2  %].

69
'M osher ' Amide (81)

From 3 - ty ro s in e  m ethyl e th e r  (1 3 .2  mg, 0.054 mmol) an d  

( + ) -a -m e th o x y -a - t r i f lu o ro m e th y lp h e n y la c e ty l  ch lo ride  (1 3 .7  mg, 0.054 

mmol), following th e  g en era l  m ethod , to give c ru d e  'M osher' amide (81) 

as. a l ig h t  b row n  oil, (19 .3  mg, 86%). (F o r  gc r e s u l t s  see T ab le  7,

p 100 ) .

NMR «(C D C Jlj)  200 MHz: 2.83 ( IH ,  d d ,  J= 6 , 16 H z ) ,  2 .94 ( IH ,  d d ,

J= 6 . 16 H z ) ,  3.43 (3H , q ,  J  (^% - ^H) = 1.5  H z) ,  3 .62 (3H , s ) ,  3 .76 

(3H , s ) , 5 .37 a n d  5.43 ( IH ,  AB q u a r t e t ,  J =6 H z ) ,  6.82 (2H, d ,

J= 8 .5  H z ) ,  7.12 (2H, d ,  J=8 .5  H z ) ,  7 .3 1 -7 .6 8  (5H, m).

^^F NMR 6 (CDC&^): -6 9 .3 5  (b ro a d  s ) .

[M]"" 425.1467; C^^H^^NO^Fg r e q u i r e s  425.1450.

A tte m p te d  cyc lpadd it ion  of C - indo ly l n i t ro n e  (24) to  v iny l a c e ta te

C -In d o ly l  n i t ro n e  (24) ( 1 .3 g ,  5 .2  mmol) was d is so lv ed  in 

e x c e ss  v in y l  a c e ta te  (50 ml, 0.62 mol) a n d  r e f lu x e d  with th e  exc lusion  

of l ig h t  u n d e r  an  a rg o n  a tm o sp h e re  fo r  120h. E x ce ss  v iny l a c e ta te  was 

rem oved  in vacuo  an d  the  r e s id u e  p u r i f i e d  b y  f la sh  column c h ro m a to g ra p h y
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to  g ive  th e  N -ace ty l  n i t ro n e  (83) (1 .2 1 g ,  76%), a s  a co lo u rle ss  c r y s t a l 

line so lid ,  m .p .  163°C.

TLC: Rf 0.51 (s ilica  g e l - e t h e r ) .

IR V (CHCJl^): 1705, 1535, 1452, 1378, 1328, 1150 cm~^.

NMR ô (C D C il^ ) :  1.92 (3H , d ,  J=6 .5  H z ) ,  2.62 (3H, s ) , 5.26 ( IH ,  q ,  

J= 6 .5  H z ) ,  7 .2 2 -7 .6 0  ( 8H, m ) , 7.82 ( IH ,  s ) , 8 .48 ( IH ,  m ), 9.24 ( IH ,  s)

[M]^ 306.1377; ^ 19^  18^2^2 306.1368.
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1 ,3 -D ip o la r  C yc loadd it ions  of N itrone  s to  K etene  A ceta ls

E th y l o r th o b ro m o ace ta te  (90)

To a s t i r r e d  solution of t r i e th y l  o r th o a c e ta te  ( 2 0 . 2g, 0 .12 mol) 

a n d  p y r id in e  (1 0 .4 g ,  0.14 mol), was a d d e d  brom ine ( 20. Og, 0 .25 mol) 

d ro p w ise  o v e r  a p e r io d  of 30 min. T he reac tio n  was k e p t  a t  10°C 

( w a te rb a th )  d u r in g  th e  ad d i t io n .  T he  in itia lly  d a rk e n e d  reac t io n  m ix tu re  

c h a n g e d  to a pale  yellow a f te r  s t i r r i n g  fo r  3h a t  10° C . T he  b ro m in a ted  

e s t e r  was th e n  f i l te re d  from th e  p r e c ip i ta te d  p y r id in e  h y d ro b ro m id e  which 

was w ashed  th o ro u g h ly  by  t r i tu r a t i n g  it  s e v e ra l  times w ith a n h y d ro u s  

e t h e r .  T h ese  w ash in g s  w ere  com bined with th e  b ro m o e s te r  an d  th e  

so lv en t was th e n  rem oved  u n d e r  a s tream  of n i t r o g e n .  T h e  c ru d e  p r o d u c t  

was d is t i l led  m vacuo  to give th e  m onobrom o-orthoace ta te  ( 90) a s  a 

co lo u rle ss  l iq u id ,  b . p .  = 92-96°C a t  > 10 mm Hg, ( 2 1 .6g , 72%). (L it^^  

b . p .  77-79°C a t  9 mm).

NMR 6 (CDC&g): 1.26 (9H, t ,  J =8 H z ) ,  3.55 (2H, s ) ,  3 .65 ( 6H, q ,

J =8 H z ) .

K etene  d ie th y lac e ta l  ( 84)

To â  s t i r r e d  s u sp e n s io n  of p o w d ered  sodium ( 1 . 86g , 0.08 atom) 

in a n h y d r o u s  b e n ze n e  (100  m l),  h e a te d  u n d e r  g en t le  r e f lu x ,  was a d d e d  

d ro p w ise  e th y l  o r th o b ro m o ace ta te  ( lO g , 0.04 mol) o v e r  a p e r io d  of 40 min. 

A f te r  th e  f i r s t  few d ro p s  of e s t e r  h a d  b een  a d d e d  th e  reac t io n  m ix tu re  

t u r n e d  a c h a ra c te r i s t ic  deep  b lu e .  T he  rea c t io n  m ix tu re  was s t i r r e d  fo r  

an  ad d itiona l two h o u rs  w ith  c o n t in u e d  r e f lu x in g .  T he  c le a r  s u p e r n a ta n t



170

liq u id  was th e n  d e c a n te d  from th e  p r e c ip i ta te d  b lue  sodium s a l t s ,  a n d  th e

s a l t s  th o ro u g h ly  w ashed  by  se v e ra l  t r i tu r a t i o n s  w ith  a n h y d ro u s  b e n z e n e .

T h e s e  w ash in g s  w ere  com bined w ith th e  f i l t r a te ,  a n d  th e  b e n ze n e  rem oved

a t  a tm o sp h er ic  p r e s s u r e  w ith th e  h e a t in g  b a th  te m p e ra tu re  n o t  e x ce ed in g

120°C. T he  rem ain ing  m ateria l was d is t i l le d ,  th e  main f rac t io n  b e in g

co llec ted  b e tw een  56-60°C a t  95 mm Hg to  give k e te n e  ace ta l  ( 84) (2 .0 2 g ,
7543%) a s  a co lo u rle ss  l iq u id .  (L it b . p .  68°C a t  100 mm H g ) .  T h e  ace ta l  

was k e p t  a t  0°C, in a f lask  d u s te d  with po tass ium  t e r t - b u t o x i d e .

^H NMR ô(C D C ilg ):  1.32 ( 6H, t ,  J=7 H z) ,  3.01 ( 2H, s ) , 3.85 (4H , q ,

J=7 Hz) .

T he  ^H nm r s p e c tru m  also co n ta in ed  add itional s ig n a ls ,  as

follows, a c c o u n tin g  fo r  app ro x im ate ly  15% of th e  sample: 3.55 ( q ,  J =6 Hz)

a n d  a m ultip le t  o v e r la p p in g  with th e  ace ta l  m ethyl s igna l a t  6 1 .4 6 -1 .2 0 .

91P o w d ered  sodium was p r e p a r e d  b y  melting sodium metal 

( 1 . 95g) in x y len e  (100 ml, d is t i l led  from sodium) a t  app rox im a te ly  140°C 

(oil b a th  t e m p . ) ,  w ith v ig o ro u s  s t i r r i n g ,  in a 250 ml conical f la sk ,  

e q u ip p e d  with a la rg e  m agnetic  s t i r r i n g  b a r .  T he  s t i r r i n g  b a r  was 

rem oved  q u ic k ly  a t  130°C, th e  f la sk  rem oved  from th e  oil b a th  a n d  th e n  

s h a k e n  v ig o ro u s ly  u n t i l  th e  solution h a d  cooled to app ro x im ate ly  40-50°C. 

T h e  sodium became a dull g re y  p o w d e r .  T he  m ajority  of th e  x y le n e  was 

rem o v ed  by  dec ah  t i n g ,  a n d  th e  sodium th e n  t r i t u r a t e d  s e v e ra l  tim es w ith  

a n h y d r o u s  b e n z e n e ,  b e fo re  u s e .
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N - P h e n y l - 3 - p h e n y l - 5, 5 -d ie thox y iso x azo l id in e ,  ( 91)

C ,N -D ip h e n y ln i t ro n e  (0 .1 9 g ,  1 mmol) a n d  k e te n e  ace ta l  (84) 

( 0 .4 5 g ,  3.88 mmol) w ere  h e a te d  to g e th e r  in a n h y d ro u s  to luene  (5 ml) a t  

100°C fo r  19h. T he  so lv en t  a n d  e x c e ss  k e ten e  ace ta l  w ere  rem oved  b y  

e v a p o ra t io n  a t  th e  oil pump (1 mm Hg) an d  th e  r e s id u e  p u r i f i e d  b y  

column c h ro m a to g ra p h y  o v e r  bas ic  alumina g ra d e  3 ( e th e r - h e x a n e ,  1:4) 

to  g ive isoxazolid ine  ( 91) a s  a co lou rle ss  oil (0 .2 4 g ,  78%).

TLC: Rf 0.88 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

^H NMR ô(C D C jt^ ) :  1.07 (3H, t ,  J=7 H z) ,  1.28 (3H, t ,  J=7 H z ) ,  2.53

( I H ,  d d ,  J=10, 12 H z) ,  2.83 ( IH ,  d d ,  J= 7 .6 ,  10 H z) ,  3.74 (4H , m ) ,

4.55 ( IH ,  d d ,  J= 7 .6 ,  10 H z) ,  6 .8 8 -7 .5 6  (lOH, m ) .

^^C NMR 6 (C D C ilg) ,^H  decoup led : 15.26, 15.87, 45.99, 54.97, 59.67,

60.75, 69 .75 , 117.72, 120.83, 121.81, 125.51, 126.22, 126.33, 126.73, 

140.96, 151.14.

[M]^ 313.1676; C^^H^^NO^ r e q u i r e s  313.1678.

A l te rn a t iv e ly ,  isoxazolid ine (91) was p r e p a r e d  b y  h e a t in g  

C ,N -d ip h e n y ln i t ro n e  ( 0. 2 g , 1 .1  mmol) a n d  k e ten e  ace ta l  (84) ( 0 . 15g,

1.3 mmol) in a sea led  tu b e  a t  125°C fo r  2h. T he  c ru d e  p r o d u c t  was 

p u r i f i e d  b y  column c h ro m a to g ra p h y  as  d e s c r ib e d  above  to give (91)

( 0 . 21g , 67%) a s  a co lo u rle ss  oil. T h is  was iden tica l  ( t i c ,  nm r) w ith  th e  

m ateria l p r e p a r e d  a b o v e .
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P h th a ly l  alcohol (96)

P h tha l ic  a n h y d r id e  (1 6 .8 g ,  0.11 mol) was p la ced  in th e  th im ble 

of a S o x h le t  e x t r a c to r .  T h is  was th e n  a t ta c h e d  to  a o n e - l i t r e  t h r e e 

n e c k e d  f la sk  con ta in ing  lithium aluminium h y d r id e  (5 g ,  0 .13 mol) in 

s o d iu m -d r ie d  e th e r  (500 ml) a n d  th e  e th e r  r e f lu x e d  un ti l  e x t ra c t io n  of 

th e  p h th a l ic  a n h y d r id e  was com plete (ap p ro x im ate ly  1 2 h ) . T he  S oxh le t 

e x t r a c to r  was th e n  r e p la c e d  by  a c o n d e n se r  a n d  w a te r  was a d d e d  d ro p -  

wise to  d e s t ro y  e x c e ss  h y d r id e .  When e f fe rv e s c e n c e  h a d  s to p p e d ,  th e  

m ix tu re  was t r a n s f e r r e d  to a c o n tin u o u s  e t h e r  e x t r a c to r  con ta in ing  

add it iona l  e t h e r  (500 ml) a n d  e x t r a c te d  fo r  24h. Upon ev ap o ra tio n  of 

th e  e th e r  a l ig h t  yellow r e s id u e  rem a in ed ,  which was t r i t u r a t e d  w ith  

s e v e ra l  p o r t io n s  of pe tro leum  e t h e r ,  40-60°C, to g ive  alcohol ( 96) as  a 

w hite  solid  ( l O . l g ,  63%), m .p .  65-67°C. (Lit^^ m .p .  64°C ).

NMR 6 (C D C A J :  4.20 (2H, s ,  e x c h a n g eab le  in D ^O ), 4.70 (4H, s) ,

7.35 (4H , s ) .

B rom oace ta ldehyde  (o -x y ly l )a c e ta l  (98)

P h th a ly l  alcohol ( lO g , 0.97 mol) an d  b rom o ace ta ld eh y d e  

d ie th y lac e ta l  (14g ,  0 .07 mol) w ere  s t i r r e d  to g e th e r  in a 100 ml r o u n d -  

bo ttom ed  f la s k  in th e  p re s e n c e  of to lu e n e -p - s u lp h o n ic  ac id  ( 0 .0 5 g ,  0 .3  

mmol). T h e  re a c t io n  was s e t  up  fo r  d is t i l la t io n ,  a n d  h e a te d  a t  an  oil 

b a th  te m p e ra tu r e  of 110-120°C. As th e  e thano l p r o d u c e d  b y  ace ta l  

e x c h a n g e  b eg a n  to d is t i l ,  a s l ig h t  vacuum  was a p p l ied .  A f te r  90 min, 

th e  ca lcu la ted  am ount of e thano l (4 ml) h a d  b een  co l lec ted .  On cooling
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th e  r e s id u e  so lid ified  to a d a rk  r e d -b ro w n  m ateria l ,  w hich was d is so lv ed  

in b e n z e n e  (150 ml) a n d  w ashed  with s a t .  NaHCO^ (1  x  100 ml). T he  

b e n z e n e  la y e r  was d r ie d  w ith  a n h y d ro u s  MgSO^, f i l te r e d  a n d  e v a p o ra te d  

in v a c u o . T he  c ru d e  p ro d u c t  was r e c ry s ta l l i s e d  from cyc lohexane  to 

g ive  ace ta l  (98) a s  a pale o ra n g e  c ry s ta l l in e  m a te ria l ,  ( l O . l g ,  86%) 

m .p .  96 -97°C ). ( L i t ^ ^ m . p .  98°C).

(o -X y ly l )k e te n e  ace ta l  (85)

B ro m o a c e ta ld e h y d e - (o -x y ly l )a c e ta l  ( 8 . 97g, 0 .04 mol) was 

h e a te d  w ith  po tass ium  te r t - b u to x id e  ( 5 . 6 0 g , 0.05 mol) in a n h y d ro u s  

b e n z e n e  ( 100 ml) a t  80°C for 5h. Po tassium  brom ide form ed in th e  

re a c t io n  was rem oved  by  f i l t ra t io n  th r o u g h  a p a d  of C e lite ,  a n d  th e  

s o lv en t  rem oved  from th e  f i l t r a te  m v a c u o . T he  r e s id u e  was p u r i f i e d  

b y  K u g e lro h r  d is ti lla tion  (0 .2  mm Hg) to g ive  k e te n e  ace ta l  ( 85) ( 5 . 3g, 

91%) as  a co lo u rle ss  c ry s ta l l in e  solid , b . p .  140-143°C a t  0 .2  mm H g, 

m .p .  46-47°C (Lit^^ m .p .  4 9 ° C ) .

^H NMR ô (C D C £ g ):  2.71 ( 2H, s ) , 5.31 (4H, s ) , 6 .9 0 -7 .2 5  (4H, m ) .

G enera l  P ro c e d u re  for th e  S y n th e s is  of Isoxazo lid inone  (o -X yly l)

A ce ta ls
V .'

T h e  a p p ro p r ia te  n i t ro n e  (1 eq) a n d  (o -x y ly l )  k e te n e  ace ta l  

( 1.5  eq )  w ere  d isso lved  in a n h y d ro u s  to luene  a n d  r e f lu x e d  to g e th e r  fo r  

th e  spec if ied  p e r io d  of time. E x c e ss  so lv e n t  was e v a p o ra te d  a t  th e  oil 

pump a n d  th e  p u r e  isoxazolid inone ace ta l  o b ta in e d  from th e  r e s id u e  by  

f la sh  column c h ro m a to g ra p h y  ( e th e r - h e x a n e ,  4:1) o v e r  silica gel.
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N - P h e n y l - 3 - p h e n y l - 5, 5-( d i-o -x y ly lo x y ) iso x azo l id in e  (99)

From C ,N -d ip h e n y ln i t ro n e  ( 1 . 22g ,  6 .2  mmol) an d  k e te n e  

ace ta l  (85) ( l . l O g ,  6 .8  mmol) in to luene  (50 m l), r e f lu x e d  fo r  48h, to 

g ive  th e  isoxazolid ine  ( 99) ( 1 . 29g, 53%) as  a co lou rless  c ry s ta l l in e  so lid , 

m .p .  127°C from e t h e r .

TLC: Rf 0.78 (silica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR (CHC&g): 1598, 1496, 1450, 1315, 1298, 1275, 1258, 1095 cm"^.

NMR 5(CDC&^): 2.65 ( IH ,  d d ,  J=9, 13 H z) ,  3.02 ( IH ,  d d ,  J=6 ,

13 H z) ,  4 .6 2 -4 .9 5  ( 3H, m) , 5.28 (2H, d ,  J=14 H z) ,  6 .9 4 -7 .6 2  ( 14H, m ) .

[M] ^ 359.1509; ^ 2 3 ^ 2 1 ^ ^ 3  359.1521.

[F o u n d  C 76 .9 , H 5 .85, N 3.9; ^ 2 3 ^ 2 1 ^ ^ 3  C 76.9 , H 5 .9 ,

N 3 .9  %].

N - ( R ) - g -M e th y lb e n z y l-3 -p h e n y l -5, 5-( d i -o -x y ly lo x y ) iso x azo l id in e  ( 101)

From N - ( R ) - ( - ) - g - m e th y lb e n z y l - C - p h e n y l  n i t ro n e  ( 0. 50g ,

2 .4  mmol) a n d  k e te n e  ace ta l  (83) in to luene  (25 m l), r e f lu x e d  fo r  60h,

to  g ive  th e  isoxazolid ine  ( 101) ( 0 . l l g , 12%) as  a co lo u rle ss  oil.

TLC: Rf 0 .81 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR  V (CHC&^): 1605, 1495, 1380, 1312, 1300, 1275, 1265, 1215,
max 3

-1
1170, 1100, 1038 cm .

^H NMR 6 (CDC&g) 200 MHz: 1.38 (0 .59H , d ,  J=6 . 5 H z ) ,  1.56 (2 .41H , d .
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J= 6 .5  H z ) ,  2.52 (0 .21H , m ) , 2.60 (0 .79H , d d ,  J=7 .5  12.5 H z ) ,  2.88

(0 .1 8 H , d d ,  J= 7 .5 ,  12.5 H z ) ,  2.95 (0 .82H , d d ,  J= 7 .5 ,  12 H z) ,  3.96

(0 .2 1 H , q ,  J= 6 .5  H z) ,  4 .18 (0 .79H , q ,  J=6 .5  H z) ,  4.32 ( IH ,  t ,  J= 7 .5  H z) .  

4 .6 2 -5 .2 8  (4H , m ), 6 .9 8 -7 .5 6  (lOH, m).

NMR 6 (C D C £^),^H  d ecoup led : 20 .16, 21.36, 45 .46 , 47.35, 64 .28 , 65.96, 

66 .13 , 66.31, 6 6 , 86 , 67.17, 67 .31, 67.42, 120.87, 123.49, 126.19, 126.44, 

126.78, 126.87, 126.97, 127.01, 127.19, 127.27, 127.39, 127.80, 127.89,

128.11, 128.18, 128.41, 128.59, 128.93, 137.08, 137.18, 137.28, 140.79,

141.27, 142.27.

+
[M] 387.1834; ^ 2 5 ^ 2 5 ^ ^ 3  387.1834.

GC: 5 .60, 5.98 min s ,  [M]"^ 387.

N - ( R ) -g -M e th y lb e n z y l -3-( 4 '- c h lo ro )p h e n y l -5 ,  5-( d i -o -x y ly lo x y ) -  

isoxazo lid ine  ( 103)

From R - ( - ) -C -p -c h lo ro p h e n y l-N -g -m e th y lb e n z y ln i t ro n e  ( 0 .5 g ,

1 .9  mmol) a n d  k e te n e  ace ta l  (83) ( 0 .3 7 g ,  2 .3  mmol) in to luene  (25 ml), 

r e f lu x e d  fo r  48h, to g ive isoxazolid ine  ( 103) ( 0 . 23g , 28%) a s  a l ig h t  b row n

oil.

TLC: Rf d. 52 (s ilica  g e l - e th e r - h e x a n e ,  1 :1 ) .

IR y  (C H C & J : 1730, 1595, 1488, 1452, 1380, 1372, 1305, 1150, 1088,
max 3

1075, 1030, 1012 cm"^.

^H NMR 6 (CDC&_): 1.54 (0 .65H , d ,  J =6 H z ) ,  1.72 (2 .3 5 H , d ,  J =6 H z ) ,
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2 .5 8 -3 .2 4  (2H, m ) , 4 .0 9 -4 .5 2  (2H, m ) , 4 .8 5 -5 .4 6  (4H, m ), 7 .0 5 -7 .9 8  

(9H. m ).

[M] 421.1455; r e q u i r e s  421.1445.

GC: = 6 .35 m ins, [M" ]̂ 421.1455.

N-(  R ) -g -M e th y lb e n z y l -3 - is o p ro p y l -5, 5-( d i -o -x y ly lo x y  ) -  

isoxazo lid ine  ( 100)

From R - ( - ) -C - is o p ro p y l-N -g -m e th y lb e n z y ln i t ro n e  ( 0 .5 g ,  2 .6  

mmol) a n d  k e te n e  ace ta l  (85) (0 .6 5 g ,  4 .0  mmol), in to lu en e  (25 ml), 

r e f lu x e d  fo r  48h. T h e  c ru d e  p r o d u c t  was p u r i f i e d  b y  f la sh  column 

c h ro m a to g ra p h y  ( e th e r - h e x a n e ,  4:1) to  g ive  a f rac t io n  co n ta in in g  mostly 

isoxazo lid ine  ( 100) (53 mg, 6%) as  a co lou rle ss  oü . U n fo r tu n a te ly  

com pound ( 100) decom posed d u r in g  c h ro m a to g ra p h y  an d  cou ld  n o t  be  fu lly  

c h a r a c te r i s e d .

NMR 6 (CDC&^): 0.72 (3H , d ,  J =8 H z) ,  0.78 (3H, d ,  J =8 H z) ,  1.42

(1 .2 8 H , d ,  J= 6 .5  H z ) ,  1.54 (1 .72H , d ,  J=6 .5  H z ) ,  2 .2 5 -2 .9 8  (3H , m ),

4 .24 ( I H ,  m ), 4 .6 1 -5 .4 0  (4H , m ) , 6 .9 5 -7 .5 0  (9H, m).

P h th a ly l  m ethyl e s t e r  ( 104)

IR V (C H C & .): 3600, 1732, 1380, 1360, 1240, 1025, 1005, 908 c m '^ .max 3

^H NMR 6 (C D C 2^) : 2.05 (3H, s ) ,  2 .60 ( IH ,  b ro a d  s ,  e x c h a n g e a b le  in

D^O) 4 .72 ( 2 H ,s ) ,  5.22 (2H, s ) , 7.35 (4H, m ) .

[M -OH]^ = 163.
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S y n th e s i s  of l s o x azo l id in -5 -o n e s

E th y l is o b u ty ro a c e ta te  ( 114)

E th y l a -b ro m o ace ta te  (1 3 .5  ml, 0,054 mol) was d is so lv ed  in 50 ml 

d r y  b e n z e n e  a n d  a d d e d  dropw ise  to a re f lu x in g  so lu tion  of d r y  b e n z e n e  

(100 ml) co n ta in in g  i s o b u ty ro n i t r i le  ( 8 ,8  ml, 0 .17 mol), a c id -w a sh e d  zinc 

wool (9 .7 5 g ,  0 .15 a tom ), an d  a t r a c e  of m ercuric  ch lo r id e .  A f te r  

ad d i t io n  of th e  b ro m o es te r  was com plete , h e a t in g  was c o n t in u e d  fo r  90 mins 

accom panied  b y  v ig o ro u s  s t i r r i n g .  On cooling , 2N H^SO^ (175 ml) was 

a d d e d  d ropw ise  a n d  s t i r r i n g  was c o n t in u e d  fo r  2h a f t e r  th e  add ition  was 

com plete .  A f te r  th is  time, th e  o rgan ic  a n d  aq u e o u s  la y e r s  w ere  s e p a r a t e d ,  

a n d  th e  a q u eo u s  la y e r  e x t r a c te d  with b e n z e n e  (4  x  100 ml). T he  com bined 

b e n z e n e  la y e r s  w ere  d r ie d  with a n h y d ro u s  MgSO^, f i l te re d  a n d  e v a p o ra te d  

to  g ive  a l ig h t  b row n  liqu id  which was d is ti l led  m vacuo  to give e th y l  

is o b u ty ro a c e ta te  ( 5. 93g, 69%) as  a co lou rless  l iq u id ,  b . p .  107-108°C a t
Q-3

20 mm H g, (Lit b . p .  = 176°C a t  760 mm H g ) .

^H NMR 0 (C D C 2 g ):  1.05 ( 6H, d ,  J=7 H z) ,  1.22 (3H, t ,  J =8 H z) ,  2.66 ( IH ,

s e p te t ,  J=7 H z ) ,  3.32 (2H , s ) , 4 .14  (2H, q ,  J =8 H z) .

3 82G enera l P ro c e d u re  fo r  A - Iso x a z o l id in -5 -o n e s  (115) a n d  (116)

3“Keto e s t e r  (2 .5  eq) a n d  N -m e th y lh y d ro x y lamine h y d ro c h lo r id e  

w ere  d is so lv ed  in a n h y d ro u s  p y r id in e  a n d  h e a te d  a t  100°C fo r  8h .  

E v ap o ra tio n  m  vacuo  gave  a r e s id u e  which was t r e a te d  with s a tu r a t e d  

^ 2 ^ ^ 3  un ti l  s l ig h t ly  a lka line ,  a n d  th e n  w ashed  with e t h e r .  T he
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com bined  e th e r  w ash in g s  w ere  d r ie d  with a n h y d ro u s  MgSO^, f i l te re d  a n d  

e v a p o ra te d .  T he  r e s id u e  was p u r i f i e d  b y  p r e p a r a t iv e  t . l . c . , (ch lo ro fo rm - 

m ethanol,  20:1) to  give p u r e  A - is o x a z o l id in -5 -o n e .

N -M e th y l-3 -m e th y l-  A ^ -isoxazo lid in -5 -one  ( 115)^^*

From e th y l  ace to ace ta te  (3 .9 0 g ,  0.03 mol) a n d  N -m e th y lh y d ro x y l-

amine ( l .O g , 0. 012 mol) to give isoxazolid inone ( 115) ( 0. 91g, 58%) , a s  a

82co lo u rle ss  oil. (Lit m .p .  = 41-42°C, from lig ro in )  .

TLC: Rf 0.71 (silica  ge l-ch lo ro fo rm -m e thano l ,  20 :1 ) .

IR Vma^ (C H C ^g): 3420, 1730, 1585, 1400, 1170, 900 cm"^.

NMR 6 (C D C £g): 2.15 (3H, s ) , 3.31 (3H, s ) , 4 .98 ( IH ,  s ) . [M]"*" 113.

N -M e th y l-3 - is o p ro p y l-  A ^ -isoxazo lid in -5 -one  (116)

From e th y l  i so b u ty ro a c e ta te  ( 1. 25g , 8 mmol) a n d  N -m eth y l

h y  d ro x y  lamine ( 0. 27g , 3.2  mmol) to  g ive isoxazolid inone (116) ( 0. 46g, 54%) 

a s  a co lo u rle ss  o ü ,  ( 0 .4 6 g ,  54%) .

TLC: Rf 0 .77  ( sü ic a  g e l -ch lo ro fo rm -m e thano l ,  2 0 :1 ) .

IR V (C H C £ .) :  3698, 3470, 1730, 1600, 1570, 1305, 1072, 905 cm "^.max J

^H NMR ô(CDC&^): 1.26 ( 6H, d ,  J=7 H z) ,  2.68 ( IH ,  s e p te t ,  J=7 H z ) ,

3.12 (3H , s ) ,  4.98 ( IH ,  s ) .

[M] 141.0793; C^^H^^NO^ r e q u i r e s  141.0790,
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A tte m p te d  S y n th e s is  of N -(R ) -q -m e th y lb e n z y l-3 -m e th y l-A  

isoxazo l id in -  5-one (118)

(R ) - ( + )  - g-M ethy lb en zy lhy  d r  oxy lamine ( 2 .0 g ,  15 mmol) a n d  e th y l  

a c e to a c e ta te  (4 .7 5 g ,  36 mmol) w ere  h ea te d  to g e th e r  in p y r id in e  (20 ml) a t  

100°C fo r  48h. E x cess  p y r id in e  was rem oved  a t  th e  oil pum p a n d  th e  

r e s id u e  p u r i f i e d  b y  f lash  column c h ro m a to g ra p h y  (ch lo ro fo rm -m ethano l,

20: 1) to  g ive a co lou rless  oil id e n tif ied  as  e th y l  ( Z ) - 3 - ( N - h y d r o x y - N - ( R ) - 

g -m e th y lb en z y l)am in o b u tan o a te  ( 117), (2 .6 5 g ,  73%).

TLC: R f 0.63 (s ilica  ge l-ch lo ro fo rm -m e thano l ,  2 0 :1 ) .

IR Vmax (CH Cilg): 3580, 3180, 1730, 1670, 1580, 1500, 1494, 1452, 1370,

1300, 1185, 1160 cm"^.

NMR 6 (C D C £g): 1.14 (3H, t ,  J=7 H z) ,  1.55 (3H, d ,  J= 6 . 5 H z) ,  2.08 

(1 .64H , s ) ,  2.12 (1 .36H , s ) ,  3 .5 ( IH ,  s ) , 4 .10 (3H , q , J=7 H z) ,  5.40 

( IH ,  m ), 7 .28 (5H, m ) .

[M]^ 249.1365; r e q u i r e s  249.1380.

A tte m p ted  C yclisa tion  of (117) with Po tass ium  ^-B utox ide

3 - ( N -h y d ro x y la m in o )b u ta n o a te  (117) ( 0. 96g, 3.85 mmol) was 

d is so lv ed  in b e n z e n e  (50 ml) con ta in ing  po ta ss ium  t - b u to x id e  (0 .9 0 g ,  8 .0  

mmol) a n d  r e f lu x e d  fo r  24h u n d e r  an  a rg o n  a tm o sp h e re .  T h e  re a c t io n  was 

th e n  w ashed  with IN HC£ ( 1 x  50 ml) a n d  w a te r  ( 1 x  50 m l). T h e  b e n ze n e  

la y e r  was d r ie d  w ith a n h y d ro u s  MgSO^, f i l te r e d  a n d  e v a p o ra te d  m  vacuo  

to g ive  a c ru d e  oüy  re s id u e  ( 0. 71g) which was shown to be  s ta r t in g  

m ateria l (117) b y  ^H nm r a n d  t . l . c .
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A tte m p te d  C yclisa tion  of (117) w ith  LDA

A tw o -n e c k e d  50 ml ro u n d -b o t to m e d  f la sk  f lu sh e d  with a rg o n  

w as c h a r g e d  w ith  n - b u ty l  lith ium  (1 .2 2  ml, 4 mmol of a 3.3M solu tion  of 

BuLi in n -h e x a n e )  a t  0 °C . D i-isopropylam ine  (0 .5 6  ml, 4 mmol) was 

a d d e d  d ropw ise  with s t i r r i n g  a t  0°C. When add ition  of amine was com plete , 

n - h e x a n e  was rem oved  m  vacuo  from th e  re s u l t in g  gel to g ive  lithium 

d i- iso p ro p y lam id e  as  a w hite  c r u s ty  so lid . T he  f lask  was th e n  r e f lu s h e d  

with a rg o n  an d  th e  LDA d isso lv ed  in so d iu m -d r ied  THF ( 10 ml) a n d  

cooled to -78 °C . To th is  solution was a d d e d  d ropw ise  3 - (N -h y d ro x y l 

amino) b u ta n o a te  (117) ( 0. 5 g , 2 mmol) in THF (10 ml). T h e  reac t io n  was 

s t i r r e d  a t  -78°C  fo r  5h an d  th e n  le f t  to warm to room te m p e ra tu re  o v e r  a 

p e r io d  of 12h. T h e  reac t io n  was a d d e d  to  p e n ta n e  (100 ml) a n d  w ashed  

w ith  b r in e  (1 x 100 ml) a n d  w ate r  (1  x  100 ml) . T h e  o rg an ic  la y e r  was 

d r ie d  with a n h y d r o u s  MgSO^, f i l te re d  an d  e v a p o ra te d  m vacuo  to g ive  an 

oil (0 .3 4 g )  which was shown b y  ^H nm r a n d  t . l . c .  to b e  th e  s ta r t in g  

m ateria l ( 117).

4 -M eth y lp en t-2 -en o ic  acid  (121)

I s o b u ty ra ld é h y d e  ( 2 5 .6g, 0 .2  mol) was a d d e d  to a so lu tion  of 

malonic ac id  ( 20. 8g , 0.2  mol) in a n h y d ro u s  p y r id in e  (44 ml) a n d  p ip e r 

id ine  ( 1 .8  m l). T he  r e s u l t a n t  so lu tion  was h e a te d  un ti l  evo lu tion  of 

ca rb o n  dioxide cea se d  (ap p ro x im a te ly  5 h ) , a n d  th e n  h e a te d  a t  100°C fo r  

a f u r t h e r  Ih .  T he  so lu tion  was th e n  a d d e d  to H 2SO^ (75 ml, 50%) a n d  

e x t r a c t e d  with e th e r  (4 x  75 ml). T he  com bined o rg an ic  e x t r a c t s  w ere 

w ashed  with 2N H2SO^ (100 m l), d r ie d  w ith  a n h y d ro u s  N a2S0 ^, f i l te re d
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a n d  e v a p o ra te d .  T h e  r e s id u e  was d is t i l led  to g ive  ac id  ( 121) (3 0 .4 g ,  75%) 

a s  a co lou rless  oil, b . p .  96-98°C, > 1 mm H g. (L it^^  b . p .  83-85°C a t

5 mm Hg) .

^H NMR 6 (CDC&g) : 1.26 ( 6H, d , J=7 H z ) ,  2.68 ( IH ,  m ) , 6 .95 ( IH ,  d d ,

J= 1 .8 ,  16 H z) ,  7.25 ( IH , d d ,  J= 6 .5 ,  16 H z) ,  9.50 ( IH ,  b r o a d ,  s ,  e x c h a n g e 

ab le  in D^O) .

M ethyl 4 -m e th y lp e n t -2 -e n o a te  (123)

Acid (121) ( lO g , 0.087 mmol) was d is so lv ed  in m ethanol (125 ml) 

a n d  ca rb o n  te t r a c h lo r id e  ( 125 ml) co n ta in in g  to lu e n e -p -s u lp h o n ic  ac id  

m o n o h y d ra te  ( 2g , 0 .01  mol), an d  th e  r e s u l t in g  so lu tion  h e a te d  a t  r e f lu x  in 

a D e a n -S ta rk  a p p a r a tu s  fo r  12h. A f te r  th i s  time, th e  so lv en t  was 

e v a p o ra te d  u n d e r  vacuum  an d  th e  r e s id u e  d is so lv ed  in e th e r  ( 250 m l) , 

which was th e n  w ashed  with s a tu r a t e d  NaHCO^ ( 1 x 250 ml) a n d  w ate r  

( 1 X 250 ml). T he  e th e r  la y e r  was d r ie d  with a n h y d ro u s  MgSO^, f i l te re d  

a n d  e v a p o ra te d  to g ive  a yellow liqu id  w hich was d is t i l le d  to  give m ethyl 

e s t e r  ( 123) ( 10.48g, 93%), b . p .  95°C, 12 mm Hg.

^H NMR 6 (CDC £3 ): 1.04 ( 6H, d ,  J=7 H z) ,  2.48 ( IH ,  m ) , 3.72 (3H , s ) ,

5.75 ( I H ,  d d ,  J= 1 .8 ,  16 H z ) ,  6 .94  ( IH ,  d d ,  J= 6 .5 ,  16 H z).

3 - (4 '-M e th o x y )p h e n y lp ro p e n -2 -o ic  ac id  (122)

p -M eth o x y b en z a ld eh y d e  ( 27. 2 g , 0 .2  mol) was a d d e d  to a so lu tion  

of malonic acid  ( 2 0 . 8g ,  0 .2  mol) in a n h y d r o u s  p y r id in e  (44 ml) a n d  p ip e r 

id ine  (1 .8  ml). T he  r e s u l t a n t  so lu tion  was h e a te d  u n ti l  th e  evo lu tion  of
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c a rb o n  d ioxide  c ea se d  (ap p ro x im a te ly  5 h ) , a n d  th e n  fo r  an  add i tiona l Ih  

a t  100°C. T h e  so lu tion  was a d d e d  to  H^SO^ (100 ml, 50%) a n d  ac id  ( 122) 

was p r e c ip i ta te d  as  a white so lid . T he  acid  was o b ta in ed  b y  f i l t ra t io n  a n d  

w ashed  w ith w a te r  ( 100 m l) . T he  solid was d r ie d  u n d e r  vacuum  fo r  48h to 

g ive  ac id  ( 122) (3 0 .5 7 g ,  86%) as  a co lou rless  c ry s ta l l in e  m a teria l ,  m .p .  

164-166°C. (Lit®^ m .p .  168°C) .

M ethyl 3- ( 4 '-m e th o x y ) p h e n y lp ro p e n -  2-oate  (124)

A cid  (122) ( lO g , 0.056 mol) was d is so lv ed  in m ethanol (125 ml) 

a n d  ca rb o n  te t r a c h lo r id e  (125 ml) con ta in ing  to lu e n e -p - s u lp h o n ic  acid  

m b n o h y d ra te  ( 2g , 0 .01  mol) a n d  th e  r e s u l t in g  so lu tion  h e a te d  a t  r e f lu x  in 

a D e a n -S ta rk  a p p a r a tu s  for 12h. A f te r  th i s  time so lv en t  was e v a p o ra te d  

u n d e r  vacuum  an d  th e  r e s id u e  d is so lv ed  in e th e r  (300 m l), w hich  was th e n  

w ashed  with s a tu r a t e d  NaHCO^ ( 1 x  250 ml) a n d  w a te r  (1 x  250 ml). T he  

e th e re a l  la y e r  was d r ie d  with a n h y d ro u s  MgSO^, f i l te re d  a n d  e v a p o ra te d  

to g ive  a c ru d e  w hite solid which was r e c ry s ta l l i s e d  from e th e r -c h lo ro fo rm  

to  g ive  methyl e s t e r  ( 124) ( 1 0 .0 6 g , 94%) as  a co lo u rle ss  c ry s ta l l in e  so lid , 

m .p .  90-92°C.

NMR 6 (CDC £3 ):  4.18 (3H , s ) , 4 .20 (3H, s ) , 6 .56 (2H, d ,  J =8 H z ) ,

7 .25 (2H, d ,  J =8 H z ) ,  7 .32 (2H, d ,  J =8 H z ) ,  8 .00 (2H, d ,  J=16 H z) .

G enera l P ro c e d u re  fo r  th e  S y n th e s is  of Iso x azo l id in -5 -o n es  (5 6 ) ,  (79)

( R ) - ( + ) -a -M e th y lb en zy lh y d ro x y lam in e  (1 .0  eq) a n d  th e  a p p r o p 

r ia t e  a  , g - u n s a tu r a te d  e s t e r  (1 .5  eq) w ere d is so lv ed  in d r y  b e n z e n e  a n d  

h e a te d  a t  r e f lu x  fo r  th e  spec if ied  time. T he  so lv en t was th e  rem oved
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in vacuo  a n d  th e  c ru d e  p ro d u c t  p u r i f i e d  by  f lash  column ch ro m a to g ra p h y  

(h e x a n e - e th e r  u sed  as  e lu e n t ,  g rad u a l ly  in c re a s in g  th e  p ro p o r t io n  of 

e t h e r ) .

N - ( R) -  g -M e th y lb en zy l-3 -p h en y l iso x azo l id in -5 -o n e  ( 56)

From h y d ro x y  lamine (1 5 ) ,  ( l .O g ,  7 .3  mmol) an d  e th y l  c innam ate  

(1 .9 3 g ,  11 mmol) r e f lu x e d  in b en ze n e  fo r  48h, to g ive  isoxazolid inone (56) 

( 1 .1 4 g ,  59%), as a co lou rless  c ry s ta l l in e  solid , m .p .  97-98°C from h e x a n e -  

e t h e r .  T h is  m ateria l was iden tica l with isoxazolid inone (5 6 ) ,  p .155 

p r e p a r e d  via n i t ro n e  cyc loadd it ion .

IR (C llC H ^): 1775, 1498, 1458, 1415, 1380, 1278 cm"^.

NMR 6 (C D C £ 3) 200 MHz: 1.54 (3H, d ,  J= 6 .5  H z) ,  2 .85 ( IH ,  d d ,

J  = 8 , 17.5 Hz) , 3.08 (111, d d ,  J=8 , 17.5 H z) ,  4.14 ( IH ,  q ,  J=6 .5  H z),

4 .45 (111, t ,  J =8 H z) ,  7.21 (lOH, m).

NMR 0 (C D C £ 3) ,  ^H decoup led :  18.57, 39.11, 66.22, 125.96, 126.94,

127.44, 127.82, 127.89, 127.97, 128.36, 128.61, 128.81, 129.02, 129.07, 

129.62, 130.16, 138.58, 140.07, 173.81.

[F o u n d  C 76.45, H 6 .4 ,  N 5 .1 ; C 76 .35 , H 6 .4 ,

N 5 .25 %,; [;M]'" 267].

N-( R) -g -M eth y lb en  zyl-  3- ( 4 '-M ethoxy) p h en y l  isoxazo l id in -5 -one  ( 79)

From hydroxy lam ine  (15) ( l .O g ,  7 .3  mmol) an d  p -m e th o x y p h e n y l  

e s t e r  ( 124) ( 1 .92g , 10.9 mmol) re f lu x e d  in ben zen e  (30 ml) for 48h to 

g ive is o x a z o l id in o n e  (79) (1 . l5 g ,  53%) a s  a  c o l o u r l e s s  c r y s t a l l i n e  s o l i d ,
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m.p. 128-131 °C. This material was identical with the isoxazolidinone (79), 
pi 65 prepared via nitrcxie cycloaddition.

IR V (CH Cil^): 1770, 1605, 1606, 1452, 1250, 1172, 1030 cm’ ^.

NMR 6(C D C jl^ ) :  1.48 ( 3H, d .  J=6 .5  H z) ,  2 .5 4 -3 .1 5  (2H, m ) . 3.70 

(1 .4 5 H , s ) ,  3 .7 0 -4 .5 8  (2H, m ) , 3.76 ( 1.55H, s ) , 6 .6 8 -7 .4 0  (9H, m ) .

[M |+ 297.1379; r e q u i r e s  297.1365.

[F o u n d  C 72 .9 , H 6 .25 , N 4 .55; r e q u i r e s  C 72.7 , H 6 .45 ,

N 4 .7  ‘i j .

N - (R) -g-Met hy Ib e n z y l- l - iso p ro p y liso x a z o lid in  - 5-one ( 70)

H ydroxy  lamine (15) (0 .8 5 g ,  6 .2  mmol) and  e s t e r  (123) w ere 

d isso lv ed  in e th e r  (50 ml) and  h ea te d  u n d e r  re f lu x  for 96h. T he  so lven t 

was rem oved in̂  vacuo  an d  th e  r e s id u e  p u r i f ie d  by  f lash  column chrom ato 

g ra p h y  ( h e x a n e - e t h e r , 4 :1 ) ,  to g ive  isoxazolidone (70) (0 .9 6 g ,  67%) a s  a 

co lo u rle ss  oil. T h is  m ateria l was iden tica l with th e  isoxazolidone (7 0 ) ,  

p . 160, p r e p a r e d  via n i t ro n e  cyc loadd it ion .

TLC: Rf 0 .65 (silica  g e l - e th e r - h e x a n e , 1 :1 ) .

IR V (C H C & J :  1775, 1496, 1465, 1452, 1415, 1388, 1375, 1280,max ' 3
-1  -1185 cm .

^H NMR 0(CDC%g): 0.80 (4.2711, m ) , 0.92 ( 1.73H, d ,  J=7 H z) ,  1.55

(3H, m ), 2 .08 -2 .81  ( 2H, m) , 3. 18 ( IH , m ) , 4. 12 ( IH , q ,  J= 6 .5  H z) ,  

7 .32  (511, s ) .
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[M] 233.1419; 2 r e q u i r e s  233.1416.

3 - P h e n y l - 3~alanine (57)

T he  r e c ry s ta l l i s e d  isoxazolid inone (56) (0 .1 4 g ,  0 .52 mmol) 

from e th y l  c innam ate  was d is so lv ed  in d ry  e thano l (50 ml) con ta in ing  

palladium  h y d ro x id e  on charcoa l ( 1 2  mg, 20%) an d  h y d ro g e n a te d  a t  

a tm o sp h eric  p r e s s u r e  a n d  70°C fo r  5h. T he  reac tio n  w o rk -u p  was as  

d e s c r ib e d  p re v io u s ly  on p .156 , fo r  th e  3“p h e n y l -3 -a la n in e  d e r iv e d  from 

n i t r o n e - v in y l  a c e ta te  cyc loadd it ion .  In th i s  case  3 ~ p h en y l-3 -a la n in e

(72 mg, 83%) was o b ta in e d  as co lo u rle ss  c r y s t a l s ,  m .p .  229-232°C, 

[ a ]p ^ +  0 .3 °  (c 1 .0 ,  HgO 

( S) -  3 -p h e n y l -  3 - a la n in e ) .

[ a ]^ ^ +  0 .3 0  (c 1 .0 ,  H2O ),  ( c . f .  L it^^ m .p .  236°C, [ a ] ^  + 6 .2 °  fo r

3-L euc ine  (71)

Isoxazo lid ine  (70) ( 0 . 17g, 0.73 mmol) from e s te r  (123) was 

d is so lv e d  in m ethanol (60 ml) con ta in ing  palladium  h y d ro x id e  on c h a r 

coal (20%; 16 mg) a n d  h y d ro g e n a te d  a t  a tm ospheric  p r e s s u r e  a n d  room 

te m p e ra tu re  fo r  48h. T he  reac t io n  w o rk -u p  was as d e s c r ib e d  

p re v io u s ly  on p .162 , fo r  3 - leuc ine  d e r iv e d  from n i t r o n e -v in y l  ac e ta te

cy c lo ad d it io n .  In  th i s  case  c ru d e  3 - leuc ine  (83 mg, 87%) was o b ta in ed
20

as  co lo u rle ss  c r y s t a l s ,  m .p .  197-200°C, - 1 7 .9 °  (c 1 .0 ,  H2O)

( c . f .  L it^^  m .p .  201-202°C, [ a ]^ ^  +55.2° fo r  ( S ) - 3 - l e u c i n e ) .



REFERENCES



186

1. "Asym m etric S y n th e s i s " ,  e d .  J .D .  M orrison , Academic P r e s s ,

New Y o rk ,  1984, vo ls .  1-5.

2. G .C .  B a r r e t t  in "C hem is try  an d  B iochem istry  of th e  Amino A c id s" ,  

e d .  G .C .  B a r r e t t ,  C hapm an a n d  Hall, L ondon , 1985, p246.

3. A .K .  M ukerjee a n d  A .K .  S in g ,  T e t r a h e d r o n , 1978, 1731.

4. T .H .  H askell ,  S .A .  F u s a r i ,  R .P .  F r o h a r d t  a n d  Q .R .  B a r tz ,

J .  A m er. Chem . S o c . ,  1952, 74, 599.

5. H.Eu C a r t e r ,  W .R. H earn  a n d  W .R. T a y lo r ,  " A b s t r a c ts  of P a p e rs "  

119th M eeting , American Chemical S oc ie ty ,  C lev e lan d ,  Ohio :

A p r il  1951, p25A.

6 . .  E .E .  Van Tamelen a n d  E .E .  Smissman, J .  A m er. Chem . S o c . , 1953, 

75, 2031.

7. H. Y o nehara  an d  N.  O take ,  T e t r a h e d ro n  L e t t . , 1966, 3785.

8. H. T an iyam a, Y . Sawada a n d  T . K itagaw a, Chem. P h a rm . B u l l . , 

1971, 19, 1627.

9. S . J .  G ould , K . J .  M artin k u s  a n d  C .H .  T a n n ,  J .  A m er. Chem . S o c . , 

1981, 103, 2871.

10. S . J .  Gould a n d  T .K .  T h i ru v e n g a d a m , J .  A m er. Chem . S o c . ,  1981, 

103, 6752.

11. T .K .  T h i ru v e n g a d a m , S . J .  G ould , D . J .  A b e r h a r t  a n d  H -J .  L i n . ,

J .  A m er. Chem . S o c . , 1983, 105, 5470.

12. D . J .  A b e r h a r t ,  H -J .  Lin a n d  B .H .  Weiller, J .  A m er. Chem . S o c . , 

1981, 103, 6750.

13. D . J .  A b e r h a r t ,  S . J .  G ould , H -J .  L in , T .K .  T h i ru v en g ad am  a n d

B .H .  Weiller, J .  Amer. Chem . S o c . ,  1983, 105, 5461.



187

14. R . J .  P a r r y  a n d  Z. K u ry lo -B o ro w sk a ,  J, A m e r . C h em . S o c . ,  1980, 

102, 836.

15. J .M . P o s to n ,  J .  Biol. C h em . ,  1976, 251, 1859.

16. J .M . P o s to n ,  J .  Biol. C h em . ,  1978, 253, 401.

17. I .  F r e e r ,  G. P e d ro c h i-F a n to n i ,  D . J .  P icken  a n d  K .H . O v e r to n ,

J .  Chem . S o c . ,  Chem . C om m un. , 1981, 80.

18. N. O ta k e ,  S . T a k e u c h i ,  T .  Endo an d  H. Y o n eh a ra ,  T e t r a h e d ro n  

L e t t . , 1965, 411.

19. S . J .  Gould a n d  T .K .  T h iru v e n g a d a m , J .  A m er. Chem. S o c . ,  1981, 

1031, 6752 a n d  r e f e r e n c e  25 th e r e in .

20. G . B ohm an, T e t r a h e d r o n , 1972, 4631.

21. M. Sato a n d  T .  T a ts u n o ,  Chem . P h arm . B u l l . , 1968, 1^, 2182.

22. A .P .  T e r t e n t e v ,  R .A .  G rach ev a  a n d  T .F .  D en d en k o ,  Dokl. A k a d .

N auk S S S R . ,  1965, IW , 674.

23. M. F u ru k a w a ,  T .  O kaw ara , Y . T e ra w ak i ,  Chem . P h a rm . B u l l . , 1977, 

25, 1319.

24. M. F u ru k a w a ,  T .  O kaw ara ,  Y . N oguch i,  Chem. P h a rm . B u l l . ,  1978,

260.

25. M. F u ru k a w a ,  T .  O kaw ara , Y . N oguch i a n d  Y . T e ra w a k i ,  C h em . 

P h a rm . B u l l . , 1979, 27, 2223.

26. K. Achiwa a n d  T .  Soga, T e t r a h e d ro n  L e t t . , 1978, 1119.

27. J . E .  B aldw in , L.M. H arwood a n d  M .J .  L om bard , T e t r a h e d r o n , 1984,

4363.

28. J . J .  T u fa r ie l lo  in " 1, 3-D ipolar C ycloadd it ion  C h em is try "  ,

e d .  A . Padw a, John  Wiley a n d  S ons ,  New Y o rk ,  1984, vol. 2, p83.



188

29. F o r  a r e c e n t  exam ple s e e ,  A .E .  Walts a n d  W.R. R o u s h ,

T e t r a h e d r o n , 1985, 41., 3643.

30. J . J .  T u fa r ie l lo ,  A cc. C hem . R e s . , 1976, 12, 396.

31. M .L.M . P e n n in g s  a n d  D .N . R e in h o u d t ,  J . O r g . C hem . , 1983, 48,

486.

32. P .  De S h o n g ,  C .M . D icken ,  J .M . L eg in u s  a n d  R .R .  Whittle,

J .  A m er. Chem . S o c . ,  1984, 106, 5598.

33. P .M . Wovkulich a n d  M .R . U skokov ic ,  T e t r a h e d r o n , 1985, 3455.

34. R . H u isg e n ,  A ngew . Chem. I n t .  E d . E n g l . , 1963, 2, 565, 633 :

R . H u isg en ,  A ngew . Chem . I n t .  E d .  E n g l , 1968, 7, 321.

35.. R . H u isg en ,  J . Or g . C h em . , 1968, 32» 2291.

36. R .A .  F i r e s to n e ,  J .  O rg .  C h em . ,  1968, 33, 2285.

37. R . S us tm ann  a n d  R. S c h u b e r t ,  T e t r a h e d ro n  L e t t . , 1972, 2739 :

R . S us tm ann  an d  H. T ri l l ,  T e t r a h e d ro n  L e t t . , 1972, 4271 :

R . S u s tm a n n ,  P u re  A pp l.  C h em . , 1974, # ,  569.

38. K .N .  H ouk , J .  Sims, R .E .  D uke , R.W. S tro z ie r  a n d  J .K .  G eo rge ,

J .  Am. Chem . S o c . ,  1973, 95, 7287 : K .N .  H ouk , J .  Sims,

C .R .  Watts a n d  L . J .  L u s k u s ,  J .  Amer. Chem . S o c . ,  1973, 95, 7301,

39. J .  B as t id e  a n d  O. H e n r i -R o u s s e a u , T e t r a h e d ro n  L e t t . , 1972, 4225.

40. J .  Sims a n d  K .N .  H ouk , J .  A m er. Chem . S o c . ,  1973, 95, 5798.

41. M. Jo u c la ,  D. G ree  a n d  J .  Hamelin, T e t r a h e d r o n . , 1973, 29, 2315.

42. R . G ree  a n d  R . C a r r ie ,  T e t r a h e d ro n  L e t t . , 1971, 4117.

43. W. O p p o lze r ,  A ngew . Chem . I n t .  E d . E n g l . , 1984, 23, 876, a n d

r e f e r e n c e s  c i te d  t h e r e i n .

44. C .  B elzeck i a n d  I .  P an f i l ,  J .  O rg ,  C h e m . , 1979, 1212.



189

45. C .N . C .  D rey  in "T he  C h em is try  an d  B iochem istry  of Amino A c id s" ,  

e d .  B .  W einstein , D e k k e r ,  New Y o rk ,  1976, vol. 4, p241.

46. N .A .  Le Bel a n d  D. H w ang, O rg .  S y n t h . ,  1978, 5£, 1978.

47. R .F .  B o rc h ,  M.D. B e rn s te in  an d  H .D . D u r s t ,  J .  Amer Chem . S o c . ,  

1971, 93, 2897.

48. A .H . B e c k e t t ,  R .T .  C o u tts  a n d  F .A .  O g u n b o n a ,  T e t r a h e d r o n , 1973, 

29, 4189.

49. G . Z in n e r ,  A rc h .  P h a rm . (Weinheim, G e r . ) ,  1963, 57, 296.

50. T .  Po lonsk i a n d  A. C him iak, B ull.  A cad . Pol. Sci. C h im , 1979, 27, 

459. R e fe re n ce  33 also co n ta in s  th e  a p p ro p r ia te  ex p er im en ta l  

d e t a i l s .

51. D .R .  B o y d ,  W.B. J e n n in g s  a n d  R . S p r a t t ,  J .  Chem . S o c . ,  C h e m . 

C om m un. ,  1970, 745.

52. J .  Bj(^rgo, D .R .  B oyd a n d  D .C .  Neill, J .  Chem. S o c . ,  Chem . 

Com m un. , 1974, 478.

53. J .  BjQ^rgo, D .R .  B o y d , D .C .  Neill and  W.B. J e n n in g s ,  J .  Chem . 

Soc., P e rk in  T r a n s .  1, 1977, 254.

54. a) R . F o s te r ,  J .  Iball an d  R . N ash ,  J .  Chem . S o c . ,  P e rk in  T r a n s . 

I I ,  1974, 1210; b) A .D . B a k e r ,  J .E .  B aldw in , D .P .  Kelly a n d

J .  De B e r n a r d i s ,  J .  Chem . Soc.,  Chem. Com m un. ,  1969, 344; 

c) W. K liegel, T e t r a h e d ro n  L e t t . ,  1969, 2627;d)B . P r in c  a n d  

O. E x n e r ,  C ollec t .  C zech .  Chem . Com m un. ,  1979, 44,. 2221.

55. R .A .  R eam er, M. S le tz in g e r  a n d  I .  S h inka i ,  T e t r a h e d r o n  L e t t . ,

1980, 3447.

56. G. Cum, M .C . A ver  sa a n d  N. Uccella, G azz. Chim. I t a l . ,  1968,

98, 782.



190

57. C .M . D icken , P . De S h o n g , R .R .  S ta ib ,  A . J .  F r e y e r  an d

S.M . W einreb , J .  O rg .  C h em . , 1982, £7, 4397.

58. J . J .  P la t tn e r ,  R .D .  G less a n d  H. R a p o p o r t ,  J .  A m er. Chem . S o c . , 

1972, 94, 8613.

59. E . J .  C orey  a n d  G . Schm id t, T e t r a h e d ro n  L e t t . , 1979, 399.

60. E . J .  C o rey  an d  D .L .  B o g e r ,  T e t r a h e d ro n  L e t t . ,  1978, 2461.

61. M.E. J u n g ,  J .  O rg .  C h em . ,  1976, 41, 1479.

62. A . J .  M ancuso, D .S .  Brown fain an d  D. S w e rn ,  J .  O r g . C h em . ,

1979, 44, 4148.

63. E . J .  C o rey  a n d  C .U .  Kim, J .  A m er. Chem . S o c . ,  1972, 94, 7586.

6 4 .  ̂ L .F .  F ie s e r  an d  M. F ie s e r ,  "R e a g e n ts  fo r  O rgan ic  S y n th e s i s " ,

Jo h n  Wiley a n d  S o n s ,  New Y o rk ,  1967, vol. 1, p l4 2 .

65. J . C .  Collins an d  W.W. H ess ,  O rgan ic  S y n t h . , 1972, 52̂ , 5.

66. H. Stamm a n d  H. S teu d le ,  T e t r a h e d r o n , 1979, £5, 647.

67. T .  Yamada, S . Kumata a n d  H. W atanabe, T e t r a h e d ro n  L e t t . , 1978, 

1813.

68. D . J .  P ic k e n ,  P h .D .  T h e s i s ,  U n iv e rs i ty  of G lasgow , 1977.

69. J .A .  Dale, D .L .  Dull an d  H .S .  M osher, J .  O rg .  C h em . ,  1969, 34, 

2543; J .A .  Dale a n d  H .S .  M osher, J .  A m er. Chem . S o c . ,  1973,

95, 512.

70. T .  P olonski a n d  A . C him iak, T e t r a h e d ro n  L e t t . ,  1974, 2453.

71. A . Va sella a n d  R . V o eff ray ,  H elv . Chim. A c ta . , 1983, 66, 1241.

72. R . H u isg en ,  R . G ra s h e y ,  H. Seidl an d  H. H auck , Chem . B e r . , 

1968, m ,  2559.

73. R . S c a rp a t i ,  D. Sica a n d  C . S a n ta c ro c e ,  G azz. Chim. I t a l . , 1966,

96, 375.



191

74. F .  B e y e r s t e d t  a n d  S .M . McElvain, J .  A m er. Chem . S o c . ,  1937, 59, 

1273.

75. P .M . W alters a n d  S.M . McElvain, J .  A m er. Chem . S o c . ,  1940, 62, 

1482.

76. R .F .  N ystrom  an d  W.G. B row n , J .  Am er. Chem. S o c . ,  1947, 69,

1197.

77. R . G rewe an d  A. S t r u v e ,  Chem . B e r . ,  1963, 96, 2819.

78. R , H u isg e n ,  H. Seidl a n d  1. B ru n in g ,  C h em . B e r . , 1969, 102, 1102.

79. A. B la n c h e t te ,  F . S a u r io l -L o rd ,  M. S t - J a q u e s ,  J .  Amer Chem . S o c . ,  

1978, 100, 4055.

80., T .  P o s n e r ,  J u s t u s  L ieb ig s  A nn . C hem . ,  1912, 389, 1.

81. A .R .  K a t r i t z k y ,  S. O ksne  an d  A . J .  B ou lton ,  T e t r a h e d r o n , 1962,

18, 777.

82. F . De S ar lo ,  L. F a b b r in i  an d  G . R enz i ,  T e t r a h e d r o n , 1966, 2£, 2989.

83. H .B .  K agan  a n d  Y -H . S u e n ,  B u l l .  Soc. Chim. F r . ,  1966, 1819.

84. J .E .  B aldw in , J .  Chem . S o c . ,  Chem . Com m un. , 1976, 738.

85. R .P .  G reg so n  a n d  R .N .  M irr in g to n ,  A u s t .  J .  C hem . ,  1976, 29,

2063.

86. J . F .  D ippy a n d  J . T .  Y oung , J .  Chem . S o c . ,  1955, 3919.

87. R .L .  S h r in e r ,  R .C .  F u so n ,  D .Y . C u r t in  a n d  T .C .  M urrill ,

"T h e  S ystem atic  Id en tif ica t io n  of O rgan ic  C om pounds" ,  John  Wiley 

a n d  S ons ,  New Y ork , S ix th  E d .

8 8 . E . B oy land  a n d  R . N e ry ,  J .  Chem . S o c . ,  1963, 3141.

89. C .M . D icken a n d  P .  De S h o n g ,  J .  O rg .  C h em . ,  1982, 2047.

90. K . B .  S h a rp le s s ,  K. A k ash i  a n d  K. Oshima, T e t r a h e d ro n  L e t t . ,

1976, 2503.



192

91. T . S.  Wheeler an d  F . G .  Wilson, O rg .  S y n th .  Coll. Vol. I , p296.

92. K . R .  F o u n ta in ,  R . E rw in , T .  E a r ly  a n d  H. K ehl,  T e t r a h e d ro n

L e t t . ,  1975, 3027.

93. H. Stamm a n d  H. S te n d le ,  T e t r a h e d ro n  L e t t . ,  1976, 3607.

94. W. C.  S till,  M. K ahn  a n d  A. M itra , J .  O rg .  C h em . ,  1978, 43,

2923.


