
founurt of Labelled Compounds and Radiophnnaceuticals-Vol. W I I ,  No. 1 

"C-Markierung d e r  S e i t e n k e t t e n  von M i t o x a n t r o n e  

J o a c h i m  Blanz u n d  K l a u s - P e t e r  Z e l l e r *  
U n i v e r s i t a t  T i ib ingen ,  I n s t i t u t  f u r  o r g a n i s c h e  Chemie  

Auf d e r  M o r g e n s t e l l e ,  D-7400 T u b i n g e n  

Summary 

S,8-Bis -  { [ 1-13C]-( [2- [  ( 2 -  hydroxyethyl)amino]ethyl]amino))-1,4-di- 

hydroxy-9,lO-anthracenedione d i h y d r o c h l o r i d e  i s  s y n t h e s i z e d  in  28% 
y ie ld  f r o m  ['3C]-sodium cyan ide  v i a  a f ive  s t e p  s e q u e n c e .  The  d e s c r i b e d  

s y n t h e s i s  of  t h e  s i d e c h a i n ,  2-[  (2-aminoethyl)amino]ethanol, a l l o w s  t h e  

l a b e l l i n g  of e a c h  p o s i t i o n  of  t h e  c a r b o n  s k e l e t o n  by t a k i n g  u s e  of on ly  

o n e  i n t e r m e d i a t e ,  which  is e a s y  t o  p r e p a r e  in  very  g o o d  y ie ld .  

K e y  W o r d s :  

5 ,8-Bis -  ([ 1-13C]- { [  2 - [ (2-hydroxyethyl)amino]ethyl]amino)) -1,g-dihy- 

droxy-9 ,10-anthracenedione  d i h y d r o c h l o r i d e ,  
[2- '3C]-2-Aminoethanol h y d r o c h l o r i d e ,  

[ 2-13C] - 2 - [  (2-Aminoethyl)amino]ethanol d i h y d r o c h l o r i d e ,  

[I -13 C] -GI yc  ine  e t hy 1 e s t e r  hy d r  o c  h 1 or  ide  , 

[ 1 -13 C ] - 2 - A  mi n o e  t h a n  o I h y d r o  c h 1 o r  ide  

2-[([2-13C] -2-Aminoethyl)amino]ethanol d i h y d r o c h l o r i d e  

Hinleitung 

M i t o x a n t r o n e  (S.B-Bis-( [2-[  (2-hydroxyethyl)amino]ethyl]amino)-1,4-di- 

hydroxy-9.10-anthrachinon-dihydrochlorid) 1 b e s i t z t  Bedeu tung  z u r  

C h e m o t h e r a p i e  von  Mammakarz inomen  und  a k u t e n  Leukiimien. W a h r e n d  

s e i n e  W i r k s a m k e i t  m i t  d e r  a n d e r e r  A n t h r a c h i n o n d e r i v a t e ,  wie Adr ia -  

* A u t h o r  t o  whom c o r r e s p o n d e n c e  s h o u l d  be  a d d r e s s e d .  
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m y c i n  o d e r  D a u n o m y c i n .  v e r g l e i c h b a r  i s t ,  b i e t e t  e s  i n  d e r  A n w e n d u n g  

d e n  V o r t e i l  e i n e r  w e s e n t l i c h  v e r r i n g e r t e n  K a r d i o t o x i z i t a t  u n d  d e r  

w e i t g e h e n d e n  V e r m e i d u n g  d e r  u n a n g e n e h m e n  N e b e n w i r k u n g e n  d e r  

A n t h r a c y c l i n e ,  w i e  u b e l k e i t ,  E r b r e c h e n  u n d  D i a r r h o e  (1) .  

0 N H C H 2 C H 2 N H C H 2 C H 2 0 H  

.2 HCI  

I o N H C H ~ C H ~ N H C H ~ C H ~ O H  
HO 

1 - 
O b w o h l  d i e  P h a r m a k o l o g i e  d i e s e r  V e r b i n d u n g  s e i t  m e h r e r e n  J a h r e n  v o n  

v e r s c h i e d e n e n  A r b e i t s g r u p p e n  u n t e r s u c h t  w i r d ( l ) ,  i s t  i i b e r  d i e  S t r u k t u r  

d e r  M e t a b o l i t e  n o c h  w e n l g  b e k a n n t  ( 2 - 4 ) .  

l m  R a h m e n  e i n e s  P r o j e k t s  z u r  I s o l i e r u n g  u n d  S t r u k t u r a u f k l a r u n g  d e r  

M i t o x a n t r o n e - M e t a b o l i t e  h a b e n  w i r  e i n e  S y n t h e s e  a u s g e a r b e i t e t ,  w e l -  

c h e  d i e  g e z i e l t e  M a r k i e r u n g  s a m t l i c h e r  K o h l e n s t o f f a t o m e  d e r  S e i t e n -  

k e t t e  a n  C - 5  u n d  C - 8  d e s  M i t o x a n t r o n e s  e r m o g l i c h t .  D i e  1 3 C - M a r k i e -  

r u n g  d i e s e r  S e i t e n k e t t e n  e r s c h i e n  u n s  v o r r a n g i g ,  d a  n a c h  b i s h e r i g e m  

K e n n t n i s s t a n d  ( 2 - 7 )  d i e  B i o t r a n s f o r m a t i o n  d e n  A n t h r a c h i n o n - C h r o m o -  

p h o r  i n t a k t  I a S t .  

Ergebniase 

Die g e z i e l t e  M a r k i e r u n g  d e r  S e i t e n k e t t e  v o n  M i t o x a n t r o n e  e r f o r d e r t  

d i e  A u s a r b e i t u n g  e i n e r  n e u e n  S y n t h e s e  f i i r  2-[ (2-Aminoethy1)aminoletha-  

n o l .  Die  l i t e r a t u r b e k a n n t e  S y n t h e s e  ( 8 )  A d d i t i o n  v o n  2 - A m i n o e t h a n o l  

a n  A z i r i d i n ,  g e s t a t t e t  a u s  S y m m e t r i e g r u n d e n  n u r  d i e  d e f i n i e r t e  M a r -  

k i e r u n g  d e r  2 - H y d r o x y e t h y l - G r u p p e .  D a  A z i r i d i n  s c h w e r  h a n d h a b b a r  

i s t  u n d  a u E e r d e m  P r o b l e m e  b e i  der R e i n i g u n g  d e s  R e a k t i o n s p r o d u k t s  

a u f t r e t e n ,  h a b e n  w i r  a u c h  f u r  d i e  M a r k i e r u n g  d e r  2 - H y d r o x y e t h y l -  

C r u p p e  a u f  d i e s e  R e a k t i o n  v e r z i c h t e t .  

D u r c h  A d d i t i o n  v o n  [ ' 3 C ] - N a t r i u m c y a n i d  a n  F o r m a l d e h y d  e r h a l t  m a n  

[l-13C]-l-Cyano-l-hydroxymethan 2 .  m i t  d e s s e n  H i l f e  d r e i  d e r  v i e r  

K o h l e n s t o f f a t o m e  d e r  S e i t e n k e t t e  m a r k l e r t  w e r d e n  k o n n e n  ( S c h e m a  1). 

Z u r  G e w i n n u n g  v o n  2-[([2-'3C]-2-Aminoethyl)amino]ethanoI 4 w i r d  i n  

- 2 z u n a c h s t  d i e  H y d r o x y l - G r u p p e  m i t  H i l f e  v o n  2 - A m i n o e t h a n o l  s u b s t i -  
t u i e r t  (9-11) .  Z u r  V e r m e i d u n g  v e r l u s t r e i c h e r  R e i n i g u n g s o p e r a t i o n e n  

f u h r t  m a n  d i e  U m s e t z u n g  o h n e  L o s u n g s m i t t e l  d u r c h .  G e b i l d e t e s  3 w i r d  

i n  t r o c k e n e m  T e t r a h y d r o f u r a n  a u f g e n o m m e n  u n d  d e r  R e d u k t i o n  m i t  B o r -  

hydrid-Tetrahydrofuran-Komplex u n t e r w o r f e n .  D i e s e s  R e d u k t i o n s m i t -  

t e l  h a t  g e g e n u b e r  d e m  e b e n f a l l s  v e r w e n d b a r e n  L i t h i u m a l u m i n i u m h y d r i d  
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o d e r  N a t r i u m b o r h y d r i d  d e n  g r o E e n  V o r t e i l ,  d a S  e s  n a c h  d e r  H y d r o l y s e  

k e i n e  S a l z e ,  s o n d e r n  l e d i g l i c h  B o r s a u r e  b i l d e t ,  d i e  i i b e r  e i n e n  A n i o n e n -  

a u s t a u s c h e r  e i n f a c h  zu e n t f e r n e n  is t .  D a s  m e h r f a c h  g e r e i n i g t e  m a r k i e r -  

t e  P r o d u k t  3 w i r d  a u f  d i e s e  W e i s e  i n  e i n e r  A u s b e u t e  v o n  51 % ( b e z o g e n  
a u f  [ 1 3 C ] - N a t r i u m c y a n i d )  e r h a l t e n .  

D a s  m a r k i e r t e  C y a n h y d r i n  2 k a n n  a u f  e i n f a c h e  W e i s e  i n  [1-13C]- 2 b z w .  

[ 2 - 1 3 C ] - 2 - A m i n o e t h a n o l  & i i b e r f i i h r t  w e r d e n .  M i t  H i l f e  d i e s e r  Z w i s c h e n -  

p r o d u k t e  I s t  d u r c h  U m s e t z u n g  m i t  u n m a r k i e r t e m  1 - C y a n o - 1 - h y d r o x y -  

m e t h a n  d i e  M a r k i e r u n g  d e r  b e i d e n  B-Hydroxyethyl-Kohlenstoffatome 
d e r  S e i t e n k e t t e  i n  M i t o x a n t r o n e  d u r c h f i i h r b a r .  

D u r c h  R e d u k t i o n  m i t  B o r h y d r i d  e r h a l t  m a n  u n m i t t e l b a r  [2-13C]-  

2 - A m i n o e t h a n o l  a .  
Die  S o l v o l y s e  v o n  2. rn i t  f l i i s s i g e m  A m m o n i a k  (12)  e r g i b t  n a c h  H y d r o l y s e  

m i t  S a l z s l i u r e  [l-'3C]-Glycin-Hydrochlorid, d a s  n a c h  V e r e s t e r u n g  (13)  

93 

Schema 1 

1) BH3' T H F  * 
H N- C H - C H - 0 H. H C 1 

- a a z x  

NH3 H 2 N - C H 2 - t N  

5 

I H C I / H 2 0  

- 
HO-CH2-CN 

- 2 9 2 %  
H 2N- CH2- C H 2  - O H  

+ *  
H2N-CH2-  C O O H ' H C I  

* I  
N C - C H 2 - N H - C H 2 - C H 2 - O H  

- 3 1 H + / C ~ H ~ O H  
I * 

H 2 N - C H 2 - C O O C 2 H S  * H C I  

6 - 
H2N-CH2-CH2-NH-CH2-CH2-OH.HCI ; \ B,"s H F - 4 5 5 %  

H2N- C H 2 -  C H 2  - 0 H - H C I  

- 7 48% 

u n d  R e d u k t i o n  m i t  B o r h y d r i d - T e t r a h y d r o f u r a n - K o m p l e x  d a s  I s o t o p o -  

m e r e  7 e r g i b t .  Auf  d e r  S t u f e  d e s  H y d r o c h l o r i d s  d e s  G l y c i n e s t e r s  muS 
m i t g e s c h l e p p t e s ,  n i c h t  u m g e s e t z t e s  2. s o r g f a l t i g  a b g e t r e n n t  w e r d e n ,  d a  

d i e s e s  im n a c h f o l g e n d e n  R e d u k t i o n s s c h r i t t  [ 2 - ' 3 C ] - 2 - A m i n o e t h a n o l  & 
a l s  i s o t o p o m e r e  V e r u n r e i n i g u n g  b i l d e n  w i i r d e .  

D u r c h  g e e i g n e t e  K o m b i n a t i o n  d e r  b e s c h r i e b e n e n  T e i l s c h r i t t e  w a r e  

a u c h  d i e  g e z i e l t e  M e h r f a c h m a r k i e r u n g  d e s  2 - [  ( 2 - A m i n o e t h y l ) a m i n o ] e t h a -  

n o l s  zu e r z i e l e n .  
D i e  A d d i t i o n  d e s  m a r k i e r t e n  4. a n  d i e  r e d u z i e r t e  F o r m  d e s  1 , 4 , 5 , 8 - T e -  
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t r a h y d r o x y a n t h r a c h i n o n s  e r f o l g t  n a c h  d e n  V o r s c h r i f t e n  v o n  K.C.  M u r -  

d o c k  (14,151 u n d  R.K.Y. Z e e - C h e n g  (16) u n d  e r g i b t  d a s  m a r k i e r t e  M i t o -  

x a n t r o n e  I_ m i t  e i n e r  G e s a m t a u s b e u t e  v o n  2 8 %  ( b e z o g e n  a u f  [ I3C]-Na-  

t r i u m c y a n i d ) .  

Schema 2 

( * = ' 3 C - M a r k i e r u n g )  

* m> \ ,  + 2 H 2 N - C H 2 - C H 2 - N H - C H 2 - C H 2 0 H  

H O  O H  0 

* 
H C H N H  C H C H 0 H 

O x i d a t i o n  ____, - 
O H  0 N H ~ H ~ C H ~ N H C H ~ C H ~ O H  

9 - 
Experimenteller Tell 

1 - 

1) A l l g e m e i n e s  

Die  N M R - S p e k t r e n  w u r d e n  a n  e i n e m  S p e k t r o m e t e r  W M  4 0 0  d e r  F i r m a  
B r u k e r  m i t  d e m  D a t e n s y s t e m  A s p e c t  2 000 d e r  F i r m a  B r u k e r  r e g i -  
s t r i e r t .  

Die  E l e k t r o n e n s t o B -  u n d  d i e  Felddesorptionsmassenspektren w u r d e n  a n  
e i n e m  S p e k t r o m e t e r  711 A d e r  F i r m a  F i n n i g a n - M A T  b e s t i m m t .  D a s  T h e r -  

m o s p r a y - M a s s e n s p e k t r u m  w u r d e  a n  e i n e m  T r i p l e  S t a g e  Q u a d r u p o l e  7 0  

d e r  F i r m a  F i n n i g a n - M A T  a u f g e n o m m e n .  

p H - W e r t e  w u r d e n  m i t  e i n e m  p H - M e t e r  5 2 1  d e r  F i r m a  W T W  u n d  e i n e r  

A m a r g u s s  M i k r o - p H - E i n s t a b m e S k e t t e  E C  1810 b e s t i m m t .  

2 )  C h e m i k a l i e n  

T e t r a h y d r o f u r a n  w u r d e  v o r  G e b r a u c h  m i t  L i t h i u m a l u m i n i u m h y d r i d  a b -  
s o l u t i e r t .  M e t h a n o l  u n d  E t h a n o l  w u r d e n  r n i t  M a g n e s i u m s p l n e n  m e h r e -  

r e  S t u n d e n  a m  R u c k f l u 6  e r h i t z t  u n d  k u r z  v o r  G e b r a u c h  u b e r  M a g n e s i u m  
d e s t i l l i e r t .  

1 3 C - a n g e r e i c h e r t e s  N a t r i u m c y a n i d  w u r d e  v o n  d e r  F i r m a  A m e r s h a m  

B u c h l e r ,  B r a u n s c h w e i g  b e z o g e n  ( A n r e i c h e r u n g :  91%).  

3 )  S y n t h e s e n  
B e i  d e r  C h a r a k t e r i s i e r u n g  d e r  S y n t h e s e p r o d u k t e  w u r d e n  f o l g e n d e  Pa-  
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r a m e t e r  und Methoden  b e n u t z t :  

S c h m e l z p u n k t e  (Fp.)  s i n d  u n k o r r e g i e r t  angegeben .  

K e r n r e s o n a n z s p e k t r e n  s i n d  i n  p e r d e u t e r i e r t e n  L o s u n g s m i t t e l n  g e m e s -  

s e n  und bez iehen  s i ch  a u f  TMS a l s  S t a n d a r d .  
M a s s e n s p e k t r e n  (MS) w u r d e n  mi t  e i n e r  E l e k t r o n e n s t o S e n e r g i e  von 70 eV 
bei  2OO0C Q u e l l e n t e m p e r a t u r  au fgenommen .  S igna le  werden d u r c h  d a s  

V e r h a l t n i s  m / z  ( F r a g m e n t ,  r e l a t i v e  I n t e n s i t a t  in  P r o z e n t )  w iede rgege -  

ben .  Neben El wurden  noch  F e l d d e s o r p t i o n  (FD) und T h e r m o s p r a y  

(TSP) a l s  I o n i s a t i o n s m e t h o d e  ve rwende t .  Bei The rmospray  w u r d e n  10 p l  

Losung iiber e ine  P r o b e s c h l e i f e  i n j i z i e r t .  A l s  L o s u n g s m i t t e l g e m i s c h  

w u r d e  W a s s e r / M e t h a n o l  (70 /30 ;  v /v )  ve rwende t .  

C1-'BC1-l-Cyano-l-hydroxymethan 2 

In  e inem 100 ml D r e i h a l s k o l b e n  mi t  Magne tke rn .  K a l t e t h e r m o m e t e r  

und S e p t u m  werden  1,3393 g (0 ,02678 mol l  [13C]-Natriumcyanid in  6 ml 
d e s t .  W a s s e r  g e l o s t .  Man ki ihl t  i m  Eis-Kochsalz-Bad au f  -1OOC a b  und  
t r o p f t  a u s  e i n e r  S p r i t z e  e ine  Mischung  a u s  2.3 m l  37Xiger Formalinlo- 

s u n g  und 1.9 ml W a s s e r  so zu .  daS  die  T e m p e r a t u r  n i ch t  i iber S°C an -  
s t e i g t .  Nach 10 Minu ten  Riihren bei  -10 b i s  O°C t r o p f t  man a u s  e i n e r  

S p r i t z e  ve rd i inn te  S c h w e f e l s a u r e  (4 : l ;  v / v )  langsam zu b i s  e in  pH-Wert 

yon 1.7-1,8 (25OC) e r r e i c h t  ist.  Auch dabe i  sol1 d ie  T e m p e r a t u r  5OC 
n i c h t  i i be r s t e igen .  Dann wi rd  d e r  pH-Wer t  mi t  5Xiger Ka l i l auge  a u f  

pH = 3 e i n g e s t e l l t .  Anschl ieBend wi rd  d i e  Losung  in  e inem P e r f o r a t o r  

64 S t u n d e n  mi t  D i e t h y l e t h e r  e x t r a h i e r t .  Die E t h e r l o s u n g  wi rd  24 S t u n -  
d e n  mi t  15 g w a s s e r f r e i e m  Ca lc iumsu l fa t  g e t r o c k n e t .  Man s a u g t  a b ,  

sp i i l t  mi t  10-15 ml abso lu tem E t h a n o l  nach  und e n t f e r n t  d i e  Losungs -  

m i t t e l  am R o t a t i o n s v e r d a m p f e r .  Ausbeu te :  92,SX 

2-C( C 2-13Cl-2-Amlnoethyl)aminolethanol-dlhydrochlorld 3 
In e inem 25 ml Rundko lben  m i t  M a g n e t k e r n  und S e p t u m  werden  0 , 4 8 4 g  

(8,345 m m o l )  [l-'3C1-l-Cyano-l-hydroxymethan v o r g e l e g t .  Dann t r o p f t  

man u n t e r  Ruhren und Kiihlung in e inem Eis-Kochsalz-Bad s e h r  l ang-  
s a m  a u s  e i n e r  S p r i t z e  0.5097 g (8.345 m m o l )  2-Aminoe thano l  zu .  Nach 

dem Erwarmen  au f  R a u m t e m p e r a t u r  r u h r t  man 4 S t u n d e n ,  s p i i l t  dann  

die  GefaBwand m i t  1 m l  a b s o l u t e m  THF und und r i i h r t  w e i t e r e  18 S t u n -  

den .  Ansch l i eSend  g i b t  man 10 m l  a b s o l u t e s  THF und 0 , s  g w a s s e r f r e i -  

e s  C a l c i u m s u l f a t  zu und r u h r t  e r n e u t  3 S t u n d e n .  Man s a u g t  a b  und 
t r o p f t  d i e s e  Losung a u s  e i n e r  S p r i t z e  zu 70 ml 1 M BH,-THF-Komplex- 

l o s u n g ,  die  u n t e r  S t i c k s t o f f  in  e inem 250 ml D r e i h a l s k o l b e n  rni t  Mag- 
n e t k e r n ,  S t i c k s t o f f e i n l e i t u n g ,  S e p t u m  und RuckfluBkiihler  v o r g e l e g t  
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is t .  M a n  e r h i t z t  1,s S t u n d e n  a m  R i i c k f l u S  z u m  S i e d e n ,  I a S t  a b k i i h l e n  

u n d  r i i h r t  i i b e r  N a c h t  b e i  R a u m t e m p e r a t u r .  A m  n a c h s t e n  M o r g e n  w i r d  

m i t  S O  m l  6N S a l z s a u r e  h y d r o l y s i e r t .  D a s  R e a k t i o n s g e m i s c h  w i r d  a m  

R o t a t i o n s v e r d a m p f e r  z u r  T r o c k e n e  e i n g e e n g t ,  i n  75 m l  W a s s e r  g e l o s t  

u n d  a u f  e i n e  S l u l e  a u f g e t r a g e n ,  d i e  rn i t  160  m l  A n i o n e n a u s t a u s c h e r  

AG1-XP ( 2 0 0 - 4 0 0  m e s h ;  0.8 m e q / m l )  i n  d e r  O H - F o r m  b e s c h i c k t  ist .  

M a n  e l u i e r t  m i t  700 m l  W a s s e r .  s a u e r t  m i t  10 m l  k o n z e n t r i e r t e r  S a l z -  

s a u r e  a n  u n d  e n g t  e r n e u t  z u r  T r o c k e n e  e i n .  D e r  R i i c k s t a n d  w i r d  im 

H o c h v a k u u m  g e t r o c k n e t  u n d  d a n n  a u s  a b s o l u t e m  M e t h a n o l  u m k r i s t a l -  

l i s i e r t .  I m  T i e f k i i h l s c h r a n k  f a l l e n  0 , 7 8 0 8  g P r o d u k t  a u s .  D a s  A b r o t i e -  

r e n  d e r  M u t t e r l a u g e  u n d  U m k r i s t a l l i s i e r e n  a u s  a b s o l u t e m  E t h a n o l  e r -  

g i b t  z w e i  w e i t e r e  F r a k t i o n e n ,  d i e  j e d o c h  g e l b l i c h  g e f a r b t  s i n d .  Die 

d r e i  F r a k t i o n e n  (1,118g) w e r d e n  e i n  w e i t e r e s  Ma1 a u s  E t h a n o l  u m k r i -  

s t a l l i s i e r t  ( F p . :  113.5OC). A u s b e u t e :  55.9% 

5,8-B16-( [ 1-19C] - { [ 2 - [  (2-hydroxyethyl)amlno] ethyl] amino)} - 
6,7-dihydro-l,4-dihydroxy-9,lO-anthrachinon 9 

831 m g  ( 4 , 6 6 7  m m o l )  2-L(E2-13Cl-2-Aminoethyl) a m i n o l e t h a n o l -  d i h y d r o -  

c h l o r i d  w e r d e n  in 10 m l  W a s s e r  g e l o s t  u n d  a u f  e i n e  S a u l e  m i t  25  m l  

A n i o n e n a u s t a u s c h e r  A G l - X 2  ( 2 0 0 - 4 0 0  m e s h ;  0 .8  m e q / m l ;  O H - F o r m )  

a u f g e t r a g e n .  M a n  e l u i e r t  rn i t  6 0  m l  d e s t i l l i e r t e m  W a s s e r .  N a c h  d e m  

E n t f e r n e n  d e s  W a s s e r s  a m  R o t a t i o n s v e r d a m p f e r  ( B a d t e m p e r a t u r :  

3OoC) ,  t r o c k n e t  m a n  d e n  R t i c k s t a n d  n o c h  z w e i  S t u n d e n  i m  H o c h v a -  

k u u m .  D a s  0 1  w i r d  i n  e i n e n  S O  m l  D r e i h a l s k o l b e n  m i t  S t i c k s t o f f e i n l e i -  

t u n g ,  R U c k f l u B k u h l e r  u n d  M a g n e t r u h r e r  i i b e r f i i h r t ,  m i t  10 ml N,N,N' ,N ' -  
Tetramethylethylendiamin i i b e r s c h i c h t e t  u n d  15 M i n u t e n  i m  l e b h a f t e n  

S t i c k s t o f f s t r o m  g e r i i h r t .  D a n n  e r w a r m t  m a n  a u f  SO°C ( B a d t e m p e r a t u r )  

u n d  g i b t  0 ,510  g (1.861 m m o l )  2,3-Dihydro-1,4,5,8-tetrahydroxyanthra- 



[ "C-side Chain] Mitoxantrone 97 

c h i n o n  (17) z u .  Nach  6 .5  S t u n d e n  l a S t  m a n  im Bad abk i ih l en  u n d  l aBt  

o h n e  z u  r i l h r e n  17 S t u n d e n  be i  R a u m t e m p e r a t u r  s t e h e n .  D a s  a u s g e f a l l e n e  

t e e r a r t i g e  P r o d u k t  w i r d  a b g e s a u g t  u n d  g e t r o c k n e t .  D e r  K o l b e n  w i r d  
n o c h  m i t  M e t h a n o l  a u s g e w a s c h e n .  Auf d i e s e  W e i s e  e r h P l t  man  w e i t e r e  

69 mg  P r o d u k t  (Fp.:  114°C). A u s b e u t e :  77% 

S p e k t r o s k o p i s c h e  D a t e n  d e r  n i c h t  m a r k i e r t e n  V e r b i n d u n g :  
'H-NMR ( D M S o - d h ) :  

S ( p p m ) =  14.25 ( s ,  2H,  O H ) ,  13,13 ( t ,  2H,  NH, 3 J =  5 , 3  H z ) ,  
6 , 8 0  (s, 2H,  H-2 /3 ) .  4 , 4 6  ( b s ,  2H,  C H 2 0 H ) ,  

3.59 (4. 4H.  C H 2 0 H ,  3 J H H =  5 ,8  Hz) ,  

3.46 (bs, 4H.  NHCH2CH2NHCH2) ,  

2 ,82  ( t ,  4 H ,  CH2NHCH2,  3 J H H =  S.9 H z ) ,  

2 ,63  I t ,  4 H ,  C H 2 C H 2 0 H ,  3 J H H =  S . 8  Hz), 

2,91 (s, 4 H ,  H-617) .  1.94 ( b s ,  2 H ,  CH2NHCH2)  
13C-NMR (DMSO-d,): 

S ( p p m ) =  173.3 (C-9/10) ,  164.9 (C-S /8 ) .  153.3 (C-1/4) ,  118.7 ( C - 2 / 3 ) ,  
118.0 ( C - 4 a / 9 a ) ,  100.2 ( C - 8 a / l O a ) ,  60.3 ( C H 2 0 H ) ,  

51.1 ( C H 2 C H 2 0 H ) .  4 8 , l  (CH2NHCH2) ,  

43 ,3  (NHCH2CH2NHCH2 1, 23.0 (C-617)  

MS (FD): m / z  = 4 4 6  (M+'), 4 4 4  ([M-2Hl*')  

S , I - B i s - {  [ i-"C] -([2-[ (2-hydroxycthyl)amino] ethyl] amino}} - 
1.4-dihydroxy- 9.10-anthrachinon-dihydrochlorid L 

0 , 8 0 8 g  9 w e r d e n  m i t  0 , 4 6 g  97Xiges C h l o r a n i l  i n  2 0  ml  2 - M e t h o x y e t h a -  

no1  s u s p e n d i e r t .  U n t e r  Ri ihren  u n d  Ki ih lung  i n  e i n e m  E i s b a d  l e i t e t  m a n  

t r o c k e n e n  C h l o r w a s s e r s t o f f  e in .  Dann  r u h r t  m a n  24  S t u n d e n  b e i  
R a u m t e m p e r a t u r ,  g i b t  100  mf a b s o l u t e n  D i e t h y l e t h e r  z u  u n d  s a u g t  d a s  

a u s g e f a l l e n e  R o h p r o d u k t  a b .  D e r  R u c k s t a n d  w i r d  n o c h  m i t  w e i t e r e n  10 ml 

E t h e r  g e w a s c h e n .  i n  200 ml d e s t i l l i e r t e m  W a s s e r  g e l o s t  u n d  d u r c h  e i n e  

G 4 - C l a s f r i t t e  f i l t r i e r t .  D a s  W a s s e r  w i r d  im  W a s s e r s t r a h l v a k u u m  a b r o -  

t i e r t .  Den R i i cks t and  k r i s t a l l i s i e r t  m a n  a u s  20  ml Wasse r / lSO ml E t h a -  

n o l  urn. A l s  e r s t e  F r a k t i o n  f a l l e n  0 ,399  g P r o d u k t  a u s .  Die N a c h f l l l u n g  
im  KUhlsch rank  e r g i b t  w e i t e r e  0.27 g M i t o x a n t r o n e .  
A u s b e u t e :  71.7 X 

G e s a m t a u s b e u t e  b z g l .  NaCN: 2 8 , s  X 

M a r k i e r u n g s g r a d  a u s  H-NMR: 8 9  X 
1 

'H-NMR ( D 2 0 ) :  
s ( p p m ) =  6.93 (s. 2H,  H - 2 / 3 ) ,  6.77 (s. 2H,  H-6171, 
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3.96 (t.  4 H ,  C H 2 0 H .  3 J H H =  5.1 H z ) .  

3 ,85 ,  3 ,50  ( t ,  4 H ,  NH13CH2. ' JCH= 139.6 H z ) ,  

3 ,68  ( t ,  0 . 4 4 H ,  NH'2CH2. 3 J H H =  6.8 H z ) ,  
3.41 (t,  4 H ,  NHCH2CH2NHCH2,  3JH,= 6 , 8  H z ) .  

3.37 ( t ,  4 H ,  N H C H 2 C H 2 0 H ,  3JHH= 5-1  H z )  

13C-NMR ( D 2 0 ) :  

G(ppml= 186.9 ( s ,  C-9/10) ,  156.5 (s, C-1/4) .  1 4 8 , s  ( s .  C-5/81 ,  

127,l  ( d ,  C-213,  'JcH= 165,2 Hz) ,  
126.7 ( d ,  C-6 /7 ,  'JC,= 163,7 Hz).  117,2 ( s ,  C-4a/9a) ,  
111.3 ( s ,  C-8a / lOa) ,  59.4 (t ,  CH20H. ' JcH= 145 H z ) ,  

52.3 ( t ,  N H C H 2 C H 2 0 H .  ' J C H =  144.3  H z ) ,  
49 ,2  ( t d ,  NH13CH2CH2NH, ' JCH= 144.5 H z ) ,  

41.3 (t, NH13CH2. 'J,,= 139.6 H z )  

MS (FD):  m / z  = 446, 4 4 4  (M+'.  100  X )  

( T S P I :  m / z  = 4 4 7  (CM+Hl+, 100  X I ,  4 4 6  (M", 31 X I ,  
4 0 3  ( tM+H-CH3CHOI+ ,  3 X I ,  

359 (CM+H-'3CH2=CHNHCH2CH20Hl+, 12 X )  

E2-13Cl-2-Aminoethanol-hydrochlorid 
I n  e l n e m  250 ml  D r e i h a l s k o l b e n  m l t  R i i c k f l u S k U h l e r . M a g n e t k e r n , S e p -  

t u m  u n d  S t l c k s t o f f e i n l e l t u n g  w e r d e n  i n  e i n e r  S t i c k s t o f f a t m o s p h a r e  
6 0  ml  1M BH3-THF-Komplex losung  v o r g e l e g t .  A u s  e i n e r  S p r i t z e  t r o p f t  

man  d a n n  e l n e  L a s u n g  von  0 ,477  g (8 ,224 m m o l )  C1-'3C1-l-Cyano-l-hy- 

d r o x y m e t h a n  i n  10 m l  a b s o l u t e m  THF z u .  Dann  e r h i t z t  m a n  1 S t u n d e  

am RUckf luS z u m  S i e d e n ,  l a S t  abk i ih l en  u n d  h y d r o l y s l e r t  d a n n  m i t  SO ml 

6N S a l z s l u r e .  Nach  15 S t u n d e n  Ri ihren  w e r d e n  d i e  L o s u n g s m l t t e l  a m  

R o t a t i o n s v e r d a m p f e r  e n t f e r n t  u n d  d e r  R u c k s t a n d  In 90 m l  W a s s e r  g e -  

I b s t .  D iese  L o s u n g  w i r d  a u f  e i n e  S I u l e  m i t  100  m l  A n i o n e n a u s t a u s c h e r  

AG1-X2 ( 2 0 0 - 4 0 0  m e s h ;  0 .8  m e q l m l ;  O H - F o r m )  a u f g e t r a g e n .  Man  e l u -  

i e r t  m l t  S O 0  ml W a s s e r .  s a u e r t  d a s  E l u a t  m l t  2 0  ml konz .  S a l z s a u r e  a n  

u n d  e n g t  a m  R o t a t i o n s v e r d a m p f e r  z u r  T r o c k e n e  e i n .  D e r  R i i cks t and  
w i r d  im  H o c h v a k u u m  g e t r o c k n e t  u n d  a u s  a b s o l u t e m  E t h a n o l  u m k r l -  
s t a l l l s l e r t .  I m  T i e f k i i h l s c h r a n k  f a l l e n  0 , 5 4 0 3  g P r o d u k t  a u s .  Aus  d e r  
M u t t e r l a u g e  l a s s e n  s l c h  n o c h  0,1247 g l e i c h t  v e r u n r e i n i g t e s  P r o d u k t  

g e w i n n e n  (Fp . :  82OC). A u s b e u t e :  8 2  X 

M a r k l e r u n g s g r a d  a u s  'H-NMR: 89% 

'H-NMR ( D ~ o ) :  
& ( p p m ) =  3,74 ( m ,  C H 2 0 H +  NH213CH2), 3 , 0 4  ( m ,  0.2H,  "CH2NH2), 

2.24 ( m ,  NH2I3CH21 

13C-NMR (DZO) :  
G(ppm)= 60.4 ( d ,  C-1, 'JCc= 37 ,8  H z ) ,  44.1 ( s ,  c - 2 )  



[ "C-side Chain] Mitoxantrone 99 

C2-'3Cl-2-E~2-Aminoethyl~aminol ethanol- dihydrochlorld 
0,665g (6,749 mmol)  C2-'3Cl-2-Aminoethanol-hydrochlorid werden  in  

10 ml Methano l  g e l o s t  und d a n n  auf  e ine  SSule m i t  20 ml Anionenaus -  

t a u s c h e r  AC 1-X 2 (200-400  mesh ;  0,8 m e q / m l ;  OH-Form),  d e r  i n  ab -  

s o l u t e m  M e t h a n o l  s u s p e n d i e r t  i s t ,  a u f g e t r a g e n .  Man e l u i e r t  mi t  50 ml 
a b s o l u t e m  M e t h a n o l  und  e n t f e r n t  ansch l i eBend  das L o s u n g s m i t t e l  am 
R o t a t i o n s v e r d a m p f e r .  Z u  dem Riickstand t r o p f t  man dann  a u s  e i n e r  
S p r i t z e  be i  0-5OC 0,456g 1-Cyano-1-hydroxymethan zu. Die Aufa rbe i -  

t u n g  d i e s e s  A n s a t z e s  e r f o l g t  nach  dem be i  [4- '3Cl-2-C(2-Aminoethyl)-  

a m i n o l e t h a n o l  b e s c h r i e b e n e n  V e r f a h r e n  (Fp. :  113OC ; f a r b l o s e  K r i s t a l l e ) .  

A u s b e u t e :  51% 

'H-NMR (D~o): 
& ( p p m ) =  3,89 (m,  C H 2 0 H ) ,  3.48 (m,  N H ~ C H ~ C H Z N H  + 1 3 C H 2 C H 2 0 H ) ~  

3.31 (m,  '*CH2CH20H),  
3,12 ( m ,  '3CHZCH20H, ' JCH= 146.1 Hz)  

13C-NMR ( D 2 0 ) :  
8 (ppm)=  59,3 ( d ,  C-1, 1 J c c =  37,6 H z ) ,  52,5 (s .  C-2) ,  46 ,8  (C-3 ) ,  

38.3 (C-4) 
MS ( E I ) :  m / z  = 87 ( [ M - H 2 0 1 * ,  2%). 

75 ([CH2=NH13CHZCH20HI*, l o o % ) ,  

57 ([CH2=NH'3CH=CH23+, 69%) 

C1-'3Cl-Glyclnethylerter-hydrochlorld 
0 ,468g  (8 ,069  mmoi)  Cl-'3CI-l-Cyano-1-hydroxymethan w e r d e n  m i t  5 ml  
f l i i s s igem Ammonlak i n  e ine  Ampul l e  e ingeschmolzen .  Nach d e m  Er -  

w l r m e n  a u f  R a u m t e m p e r a t u r  1 a B t  man u n t e r  g e l e g e n t l i c h e m  S c h i i t t e l n  

24 S t u n d e n  s t e h e n .  Dann Bf fne t  man d ie  Ampul l e .  l i i6t  d e n  Ammoniak 

ve rdampfen ,  i iberf i ihr t  den  Riickstand m i t  a b s o l u t e m  E t h a n o l  i n  e inen  
Rundko lben  und  e n t f e r n t  d a s  L o s u n g s m i t t e l  a m  R o t a t i o n s v e r d a m p f e r .  

Das R e a k t i o n s p r o d u k t ,  C1-'3Cl-l-Amino-l-cyanomethan (0.395g). w i rd  
u n t e r  Kiihlung ( Eis -Kochsa lz -Bad)  und Riihren m i t  20  ml konz .  Sa lz -  
s a u r e  v e r s e t z t .  Man h y d r o l y s i e r t  d a s  N i t r i l  d u r c h  d re i s t i i nd iges  E r h i t -  

Zen zum Sieden ,  e n g t  am R o t a t i o n s v e r d a m p f e r  e in  und  t r o c k n e t  d a s  

P r o d u k t  5 S t u n d e n  im Hochvakuum. Das e n t s t a n d e n e  C1-'3C1-Glycin- 

h y d r o c h l o r i d  wi rd  in  30 ml a b s o l u t e m  E t h a n o l  s u s p e n d i e r t .  Man l e i t e t  

d a n n  t r o c k e n e n  C h l o r w a s s e r s t o f f  e in  und e r h i t z t  e ine  h a l b e  S t u n d e  am 

RiickfluB zum S ieden .  Noch heiB wi rd  von wenig u n g e l o s t e m  F e s t s t o f f  
a b g e s a u g t .  Schon  beim Abkiihlen f a l l e n  f a r b l o s e  Nadeln pus.  Nach dem 

Abkiihlen im T ie fk i ih l sch rank  e r h a l t  man 0,769g P r o d u k t ,  d a s  be i  
143,SOC s c h m i l z t .  A u s  d e r  M u t t e r l a u g e  g e w i n n t  man n o c h  O,088g, d a s  

a b e r  b e r e i t s  bei  141.5OC s c h m i l z t .  A u s b e u t e :  8 8 %  
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Cl-13Cl-2-Aminoethanol-hydrochlorld Z. 
Ein  250 m l  D r e i h a l s k o l b e n  m i t  S t i c k s t o f f e i n l e i t u n g ,  M a g n e t k e r n ,  

Ruckf luBki ih l e r  u n d  S e p t u m  w i r d  m i t  S t i c k s t o f f  g e s p u l t  u n d  rnit 120 ml  

1M BH3-THF-Komplex losung  b e s c h i c k t .  A u s  e i n e r  S p r i t z e  w e r d e n  d a n n  

0,84613 (6 ,023  m m o l )  [l-'3C1-Glycinethylester-hydrochlorid z u g e t r o p f t .  

Nach  1s  M i n u t e n  Ri ihren  b e i  R a u m t e m p e r a t u r  e r h i t z t  m a n  l a n g s a m  z u m  

Sieden .  l l B t  n a c h  6 S t u n d e n  e r k a l t e n  u n d  h y d r o l y s i e r t  m i t  100  ml  6N S a l z -  

s a u r e .  Die L o s u n g s m i t t e l  w e r d e n  a m  R o t a t i o n s v e r d a m p f e r  a b g e z o g e n .  

Den R u c k s t a n d  l o s t  m a n  i n  150 m l  W a s s e r  u n d  t r i i g t  i h n  a u f  e i n e  S a u l e  

a u f ,  d i e  m i t  2 0 0  m l  A n i o n e n a u s t a u s c h e r  ( 2 0 0 - 4 0 0  m e s h ;  0 .8  m e q / m l :  

O H - F o r m )  g e f i i l l t  is t .  Man  e l u i e r t  rnit  8 0 0  m l  W a s s e r ,  g i b t  10 m l  k o n -  

z e n t r i e r t e  S a l z s a u r e  z u  u n d  e n g t  e r n e u t  z u r  T r o c k e n e  e i n .  Dann  wird  

3 S t u n d e n  im H o c h v a k u u m  g e t r o c k n e t .  Der  R u c k s t a n d  w i r d  e r s t  a u s  a b -  

s o l u t e m  E t h a n o l ,  d a n n  a u s  I s o p r o p a n o l  u m k r i s t a l l i s i e r t ( F p . :  143 OC ; 

s c h w a c h  g e l b l i c h e  K r i s t a l l e ) .  A u s b e u t e :  4 8  % 

' H - N M R  ( ~ ~ 0 ) :  
& ( p p m ) =  4 ,53  ( m ,  1 3 C H 2 0 H  ), 3.67 ( m ,  ' *CHZOH) ,  

3.01 ( m ,  CH2NH2 + I 3 C H 2 0 H )  

I3C-NMR ( D 2 0 ) :  
& ( p p m ) =  6 0 , 2  ( s .  C-1). 44,O ( d ,  C-2 ,  ' JCc= 3 7 . 8  Hz)  

D a n k s a g u n g  

H e r r n  Pr iv . -Doz .  Dr.  G. E h n i n g e r  u n d  F r a u  B.  P r o k s c h ,  M e d i z i n i s c h e  

U n i v e r s i t a t s k l i n i k  T u b i n g e n  d a n k e n  w i r  f u r  d i e  f r u c h t b a r e  Z u s a m m e n a r -  
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