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A Schiff  B a s e  of C y c l o s e r i n e  ~ 

Cycloserine~, a b r o a d - s p e c t r u m  an t ib io t i c ,  has  t h e  
St ructure  D-4-amino-3- i soxazol idone  (I). I t s  m o d e  of 
ac t ion  ha s  been  r e l a t ed  ~ to  i ts  ab i l i t y  to  r e a c t  w i t h  
pYridoxal,  s ince i t  i n h i b i t s  c e r t a i n  t r a n s a m i n a s e ,  de-  
ea rboxy lase  a n d  r a c e m a s e  e n z y m e  s ys t em s  w h i c h  a re  
known  to be p y r i d o x a l  d e p e n d e n t  4. I n  1962, MICHALSKY ~ 
repor ted  t h a t  DL-cycloserine reaCtS w i t h  py r idoxa I  a n d  
Other a l d e h y d e s  in  bo i l ing  e t h a n o l  to  fo rm d e r i v a t i v e s  of 
Cycloserine d i m e r  ( I I )  in n e a r l y  q u a n t i a t i v e  yields. O n  
.the basis  of these  resu l t s  a n d  some microbio logica l  a c t i v i t y  
m the  dimer4b,  he  conc luded  t h a t  cycloser ine  der ives  
i ts b iological  a c t i v i t y  f rom i ts  ab i l i ty  to  fo rm t he  d imer .  
He also conc luded  t h a t  a cycloser ine  Schiff  base  ( I I I )  is 
not t h e  fo rm in wh ich  p y r i d o x a l  is r e m o v e d  f rom e n z y m e  
sys tems  since he  was  u n a b l e  to  i so la te  such  a c o m p o u n d .  
O the r  workers  ~ h a v e  sugges ted  t h a t  a cycloser ine  Schiff  
base m a y  be  v e r y  labi le  a n d  m a y  r e a r r a n g e  r ap i d l y  in to  
the  d imer  d e r i v a t i v e  (II) .  
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W e  were i n t e r e s t e d  in t e s t i ng  t he  two  a b o v e  h y p o t h -  
eses; name ly ,  t h a t  cyc loser ine  does no t  r ead i ly  form a 
Schiff base  a n d  t h a t  t h e  Schiff  base,  if formed,  r ea r r anges  
r ap id ly  to  give a d i m e r  de r iva t ive .  W e  found  t h a t  in 
boih:ng e thano l ,  D-cycloser ine (I) r eac t s  w i th  5-chloro- 
sa l icy la ldehyde ,  w h i c h  is k n o w n  6 to  fo rm Schiff  bases  
With a m i n o  acids ,  to  give a d i m e r  d e r i v a t i v e  ~ (II ,  R = 2- 
hyd roxy-5 -ch lo ropheny l ) ,  m.p.  226-229°C,  [~]~{ + 4 3 . 6  ° 
(c, 1.26 in d i m e t h y l f o r m a m i d e ) ;  v, 3120 (N-H),  1670 
( C ~ o ) ,  1630 (C=N) .  Th i s  c o m p o u n d  also showed  the  inf ra-  
red  b a n d s  a t  1.480 a n d  1330 c m  -~ k n o w n  a to  be  cha rac -  
ter is t ic  of d ike top ipe raz ines .  W h e n  th i s  r eac t ion  was 
Carried o u t  a t  r oom t e m p e r a t u r e ,  t h e  Schif f  base,  N-(5- 
Chlorosal icyl idene)-D-cycloserine ( I I I ,  R = 2 - h y d r o x y - 5 -  
ch lorophenyl ) ,  m.p .  144-146°C,  [ ~  + 1 3 0  ° (c, 1 in  
rrlethanoi}; v, 1710 (C=O],  1625 (C=N) .  was  o b t a i n e d  in 
84% yield.  The  Schiff  base  s t r u c t u r e  was s h o w n  b y  t he  
following reac t ions .  I t  was  h y d r o l y z e d  r ap i d l y  a t  r oom 
t e . ~ p e r a t u r e  in 1.1 e q u i v a l e n t s  of 0.3 N hydroch lo r i c  acid 
giving 5 -ch lo rosa l i cy la ldehyde  in 76% yield  a n d  c rys ta l -  
line I3-cycloserine in  48% yield.  W h e n  a n  a t t e m p t  was 
made  to r ea r r ange  th i s  p r o d u c t  in to  t he  d i m e r  d e r i v a t i v e  
(II, R ~ 2 -hydroxy-5 -ch lo ropheny l )  in boi l ing  e t h a n o l  t he  
Crystalline r eac t i on  p roduc t ,  m.p.  155-156°C,  was not t h e  

d i m e r  de r iva t ive .  I t s  lack  of op t ica l  a c t i v i t y  a n d  i t s  
hydro lys i s  to  5 -ch lo rosa l i cy la ldehyde  a n d  DL-cyctoserine 
showed  i t  to  be  t h e  Sehiff  base  of DL-cycloserine. Th i s  is 
t he  f i rs t  r e p o r t e d  r a c e m i z a t i o n  of D-cycloser ine a n d  m a y  
be useful  in  t he  p r e p a r a t i o n  of t he  r a c e m a t e  a n d  conse-  
q u e n t l y  t h e  L-isomer f rom t h e  ava i l ab le  D-isomer. 
R a c e m i z a t i o n  of t he  a s y m m e t r i c  c e n t e r  a t  C-4 p r o b a b l y  
occur red  via t h e  t a u t o m e r i c  equ i l i b r ium IV.  This  ha s  
been  p o s t u l a t e d "  as t h e  m e c h a n i s m  b y  w h i c h  p y r i d o x a l -  
d e p e n d e n t  r acemases  a n d  t r a n s a m i n a s e s  a c t  on  a m i n o  
acids.  T h e  r a c e m i z a t i o n  e l i m i n a t e s  t h e  poss ib l i t y  t h a t  t h e  
a d d u c t  ha s  t h e  s t r u c t u r e  V ( R = 2 - h y d r o x y - 5 - c h l o r o -  
phenyl ) ,  w h i c h  would  re su l t  f rom a t t a c k  b y  t h e  a l d e h y d e  
a t  t he  ring ni t rogen ,  s ince i t  is d i f f icu l t  to  see how V 
could  be  t h e r m a l l y  r aeemized .  
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I t  is possible,  however ,  t h a t  V is i n t e r m e d i a t e  in  the  
f o r m a t i o n  of d i m e r  d e r i v a t i v e s  in  bo i l ing  e t h a n o l  s~. 
E t h a n o l y s i s  of t h e  i soxazo l idone  r ing  of V gives a n  ~- 
amino  es te r  VI  w h i c h  m i g h t  be e x p e c t e d  to d imer ize  
fo rming  I I .  W e  p r e p a r e d  V I  (B = CHa, R ' =  2 -hydroxy-5-  
ch lo ropheny l )  a n d  found  t h a t  on  h e a t i n g  i t  w i t h  or  
w i t h o u t  so lven t ,  t h e  d i m e r  d e r i v a t i v e  was  not formed.  
The  ox ime  of 5 -ch lo rosa l i cy la ldehyde  was  o b t a i n e d  in 
68% yield a long  w i t h  a n  inso luble  gum.  These  p r o d u c t s  
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c a n  be exp la ined  by  a s s u m i n g  f l -e l iminat ion of t he  ox ime  
f rom V I  l eav ing  an  e -aminoacry l i c  es ter  w h i c h  poly-  
merized,  

NH~ 

R'CH=NGCH~CHCOOR VI  

W e  conc lude  f rom these  resu l t s  t h a t  D-cycloser ine 
forms a Schiff  ba se  qu i t e  r ead i ly  a n d  t h a t  d i m e r i z a t i o n  is 
not pre requ i s i t e  to  i t s  r e ac t i on  w i t h  a ldehydes .  Thus ,  
Schiff  ba se  f o r m a t i o n  m a y  well  be  t h e  p r e d o m i n a n t  
means  b y  wh ich  t he  a n t i b i o t i c  r em oves  p y r i d o x a l  f rom 
e n z y m e  sys tems .  W e  h a v e  s h o w n  also t h a t  t he  d i m e r  
de r i va t i ve s  o b t a i n e d  in boi l ing  e t h a n o l  are m o s t  l ikely 
due  to  d i m e r i z a t i o n  of D-cycloserine prior t o  i t s  r eac t ion  
w i t h  t h e  a ldehyde .  P a t h w a y s  inc lud ing  Schiff  ba se  re- 
a r r a n g e m e n t  o r  r eac t ion  a t  t he  i soxazol idone  r ing  n i t r o g e n  
a t o m  are  c o n t r a i n d i c a t e d .  W e  are p r e sen t l y  i n v e s t i g a t i n g  
t h e  r eac t ion  b e t w e e n  D-cycloserine a n d  p y r i d o x a l  i tself  ~°. 

Zusammen/assung. Von D-Cycloserin i s t  die e r s te  
Schif fsche Base  isol ier t  u n d  c h a r a k t e r i s i e r t  worden .  Bei 
E r h i t z e n  in .~ thy la lkoho l  u n t e r b l e i b t  die U m l a g e r u n g  in 
e inen  C y e l o s e r i n d i m e r e n a b k S m m t i n g  u n d  e rg ib t  Racemi -  
s ierung.  Es  wird gefotgert ,  dass  A l d e h y d e  n i c h t  au f  dos 
S t i c k s t o f f a t o m  des I soxazo t idons  r eag ie ren  u n d  dass  
D i m e r i s a t i o n  yon  Cyctoser in  nicht Iiir die R e a k t i o n  mi t  
A l d e h y d e n  e r forder l i ch  ist. 
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T o t a l  S y n t h e s i s  of  D e r i v a t i v e s  of  
( + _ ) - 6 - O x a  a n d  A z a - E s t r o n e  

W e  wish to r e p o r t  ex t ens ions  of our  t o t a l  syn these s  of 
es t rone ,  equi len in ,  a n d  r e l a t ed  c o m p o u n d s  ~,2 to severa l  
c o r r e s p o n d i n g  6-oxa-  a n d  -aza-analogs ,  a n d  t he  conve r -  
s ion of ( + ) - 1 7 f l - h y d r o x y - 3 - m e t h o x y - 6 - o x a - e s t r a - l , 3 , 5 -  
(10)- t r iene to comp.~unds of t he  ( : t : ) -19-nor-6-oxa- tes to-  
s t e rone  series. 

The  ke tones  (I ;  X = O  a n d  CoHsSO~N) 3,4, m a d e  b y  
c y c l o d e h y d r a t i o n  of t h e  c o r r e s p o n d i n g  3 - sub3 t i tu t ed  pro-  
p ionic  acids,  were  used  as s t a r t i n g  ma te r i a l s .  T h e i r  s t ruc -  
t u r e s  were c o n f i r m e d  b y  e x a m i n i n g  t he  a r o m a t i c  p r o t o n  
s ignals  in  t h e  p r o t o n  nuc lea r  m a g n e t i c  r e sonance  spec t r a  
of t he  f i rs t  s u b s t a n c e  a n d  t he  qu ino lone  ( i ;  X =  NH)  
fo rmed  b y  acid hydro lys i s  of t h e  second.  T he  s p e c t r u m  of 
t h e  c h r o m a n o n e  shows  a d o u b l e t  cen te red  a t  2.17 T 5 (J 
8.5 c/sec) ass igned  to  t h e  Ca-proton r e sonance  sp l i t  b y  
coup l ing  w i t h  t h e  Ce-proton,  a doub l e t  a t  3.59 z (J 2.5 
c/sec) ass igned to t he  Cs-pro ton  r e sonance  spl i t  b y  coup-  
l ing w i th  t h e  C~-proton, a n d  a pa i r  of doub le t s  cen te red  
a t  3.43 T ass igned  to  t h e  Co-proton r e sonance  sp l i t  b y  
coupl ing  w i t h  b o t h  t h e  C s a n d  CB-protons (J , ,5 a n d  J6,8 
9 a n d  2 c/see, respec t ive ly) .  T h e  s p e c t r u m  of t he  qu ino -  
lone (I ; X ~ NH)  is b r o a d l y  s imi la r  wi th  doub le t s  c en t e r ed  
a t  2.18 a n d  3.84 z (J 8.9 a n d  2.5 c/see, respect ively) ,  a n d  
a pa i r  of doub le t s  a t  3.67 v (J6,5 a n d  J6.8 9 a n d  2.2 c/see, 
respect ive ly) .  These  p a t t e r n s  a re  r e l a t ed  to  t h a t  found  
in t he  s p e c t r u m  of t he  t e t r a l o n e  ( I ;  X = C H ~ )  as  two  
d o u b l e t s  cen te red  a t  2.01 a n d  3.31 • (J 8.4 a n d  2.4 c/see, 
respect ive ly)  a n d  a p a i r  of doub le t s  a t  3.18 r (J 8.8 a n d  
2.5 c/see). 

T h e  c h r o m a n o n e  (I ;  X =  O) was c o n v e r t e d  b y  v iny l -  
m a g n e s i u m  chlor ide  in t e t r a h y d r o f u r a n ,  i n to  t h e  a lcohol  
( I f  ; X = O) (not  o b t a i n e d  pure) ,  a n d  thence ,  b y  p o t a s s i u m  
h y d r o g e n  c a r b o n a t e  ca t a ly sed  c o n d e n s a t i o n  w i t h  2- 
m e t h y l c y c l o p e n t a n e - 1 , 3 - d i o n e  in m e t h a n o l ,  in to  t he  seco- 
oxas t e ro id  ( I I I ;  X = O )  ~, m.p.  107-111 °, ~max 264.5 a n d  
309 miz (e 15 500 a n d  9400). C y c l o d e h y d r a t i o n  of t he  las t  
c o m p o u n d  in e thano l i c  hyd r och l o r i c  acid a f forded  t h e  
o x a - e s t r a p e n t a e n e  ( IV;  X =  O) 7, m.p.  148-152 °, 2max 245 
a n d  331 m~x (e 16 700 a n d  21 700), wh ich  was se lec t ive ly  
h y d r o g e n a t e d  in benzene  over  2% pal lad ized  ca lc ium 

c a r b o n a t e  to  t he  o x a - e s t r a t e t r a e n e  (V; X =  0), m.p.  145-  
151 °, ;trnax 286.5 a n d  307 na~ (e 9000 a n d  10,500). Boi l ing  
e thano l i c  hyd roch lo r i c  acid t r a n s f o r m e d  t he  oxa-es t ra -  
t e t r a e n e  in to  t he  / l ' ( n ) - i somer  (VI), m.p.  175-179 °, 2max 
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