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SYNTHESIS OF MORPHOLINIUM [13C] FORMATE AND ITS APPLICATION 
IN THE SYNTHESIS OF [8-1%1 PURINE RASE 
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B iophys i cs  Department, Roswel l  Park Memorial I n s t i t u t e ,  
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SUYMARY 

Morpho l in ium [13Clformate i s  o b t a i n e d  by n e u t r a l i z i n q  an aqueous 
s o l u t i o n  o f  e q u i v a l e n t  amounts o f  sodium [13Cl fo rmate  and hydro-  
c h l o r i c  a c i d  w i t h  morpho l ine .  Morpho l in ium [13C l fonna te  i s  i s o l a t e d  
i n  c r y s t a l 1  i n e  fo rm and c h a r a c t e r i z e d .  
t r i a m i n o p y r i m i d i n e  s u l f a t e  w i  t b  morpho l in ium C13Clformate a t  200" 
a f f o r d s  [8-13C]guanine i n  80% y i e l d .  There i s  no n e c e s s i t y  t o  syn- 
t h e s i z e  and i s o l a t e  [13C]-N-fonnylmorphol i n e  and t h e  i n t e r m e d i a t e  
N5- [ 13C] f o  rmyl pyr i m i  d i  ne de r  i va ti ve . Mass s p e c t r o m e t r i c  anal  y s i s 
S ~ O W S  t + a t  t h e  mo la r  i s o t o p i c  c o n c e n t r a t i o n  o f  I3C l a b e l  i n  guanine 
i s  i d e n t i c a l  t o  t h a t  o f  t h e  morpho l in ium [13Clformate and t h e r e  i s  
no  i s o t o p i c  sc rambl ing .  
t r i a m i n o p y r i m i d i n e  s u l f a t e  a f f o r d s  adenine i n  85% y i e l d .  

Treatment o f  6-hydroxy-2,4,5- 

The same procedure  when used w i t h  4,5,6- 
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INTRODUCTION 

I n  v iew o f  i n c r e a s i n g  i n t e r e s t  i n  DNA adducts  i n  t h e  i n i t i a t i o n  o f  c a r c i n o -  

genes is  by chemical  aqents (1-31, syn t+es i s  of  a p p r o p r i a t e  n u c l e i c  a c i d  model 

and/or s p e c i f i c a l l y  1 a b e l l  ed reagen ts  i s  p r e r e q u i s i t e  t o  c h a r a c t e r i z e  and under-  

s tand  t h e i r  i n t e r a c t i o n  a t  t h e  n o l e c u l a r  l e v e l .  I n  n u c l e i c  ac ids ,  t h e  guanine 

mo ie ty  i s  v e r y  s u s c e o t i b l e  t o  a t t a c k  by a v a r i e t y  o f  chemical  agents  (4 -7 ) .  

Guanine l a b e l l e d  w i t h  1% o r  1% i s  an e s s e n t i a l  t o o l  t o  s tudy  t h e  e f f e c t  o f  

an agent  on a t r e a t e d  model compound. L a b e l l i n g  w i th  a s t a b l e  i s o t o p e  has g r e a t  

al lvantaqe over  t h e  conven t iona l  methods of a n a l y s i s  o f  rad io -chemica l  i so topes .  

Yass s p e c t r o m e t r i c  l o c a t i o n  o f  s t a b l e  i s o t o p e s  i n  t h e  p u r i n e  nuc leus  i s  o f  po ten-  

t i a l  va lue  i n  s t u d i e s  o f  Dur ine  b i o s y n t h e s i s  and metabo l ism ( 8 ) .  Box e t  a l .  ( 9 ,  

10) have e x t e n s i v e l y  used nmr spec t roscopy  t o  c h a r a c t e r i z e  a l k y l a t e d  d e r i v a t i v e s  

o f  guanosine and o t h e r  nuc leos ides .  They have a l s o  shown ( 1 1 )  t h a t  measurement 

o f  1 3 C  chemical  s h i f t s  spec t ra  o f  n u c l e i c  a c i d  model b e f o r e  and a f t e r  t r e a t m e n t  

by ca rc inoqen  i d e n t i f i e s  t h e  s i t e  o f  a c t i o n  w i t h o u t  t h e  n e c e s s i t y  o f  p rocess inq  

such as h y d r o l y s i s  and chromatography. 
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T h i s  r e p o r t  desc r ibes  t h e  s y n t h e s i s  o f  morp‘lol i n i ~ m [ ~ ~ C ] f o r m a t e  and i t s  

a p p l i c a t i o n  i n  s i n q l e  s tep  s y n t h e s i s  o f  C-8 l a b e l l e d  p u r i n e  base i n  genera l  w i t h  

p a r t i c u l a r  r e f e r e n c e  t o  [8- I3C]guanine. The chemical  y i e l d  o f  guanine i s  80% 

w i t h  r e s p e c t  t o  t h e  p y r i m i d i n e  d e r i v a t i v e  and t h e  i s o t o p i c  y i e l d  100% r e l a t i v e  t o  

morohol i n i u l n ~ 1 3 ~ I f o r m a t a  

D I S C U S S I O N  

A l though severa l  i s o t o p i c  syntheses of p u r i n e  bases have been repo r ted ,  t h e  

procedure  i n t r o d u c i n q  a l a b e l  s p e c i f i c a l l y  a t  t h e  C-8 p o s i t i o n  m e r i t s  p a r t i c u l a r  

a t t e n t i o n  (12-14).  The c u r r e n t  l i t e r a t u r e  i s  abundant w i t h  r e p o r t s  o f  i s o l a t i o n  

and c h a r a c t e r i z a t i o n  o f  C-8 guanine adducts  f rom i n t e r a c t i o n  o f  n u c l e i c  a c i d  w i t h  

a v a r i e t y  o f  chemical  aqents.  We have a l r e a d y  c i t e d  a few re fe rences  (4 -7 )  i n  

t h e  I n t r o d u c t i o n .  The use o f  such adducts i n  unders tand ing  t h e  mode o f  r e a c t i o n  

between t h e  n u c l e i c  a c i d  and t h e  chemical  aqent  i s  o f  i m e n s e  va lue .  From t h e  

s y n t h e t i c  p o i n t  o f  v iew, t h e  i n t r o d u c t i o n  o f  l a b e l  a t  C-8 p o s i t i o n  rep resen ts  t h e  

f i n a l  s tep  i n  p u r i n e  syn thes i s  and shou ld  t h e r e f o r e  g i v e  a h i g h  y i e l d  o f  l a b e l l e d  

m a t e r i a l .  C a v a l i e r i  and Brown (13 )  desc r ibed  t h e  s y n t h e s i s  o f  l a b e l l e d  adenine 

acco rd ing  t o  t b e  f o l l  owi nq scheme: 

2 - 3 - 

Scheme I 

They observed t h a t  a l t hough  t h e  convers ion  o f  _ _  1+2 can be a f f e c t e d  i n  f a i r l y  

qood y i e l d ,  when - 2 i s  heated i n  formamide t o  a f f e c t  t h e  r i n g  c l o s u r e  e x t e n s i v e  

exchanqe o f  l a b e l  took  p l a c e  w i t h  t h e  s o l v e n t  and t h e  r e q u i r e d  p r o d u c t  3 con- 

ta i r l ed  o n l y  25% o f  expected i s o t o p e  c o n c e n t r a t i o n .  Abrams e t  a l .  (14) demon- 

s t r a t e d  us ing  l 4 C - l a b e 1 l i n g  t h a t  when 4,6-diamino-5-formamido p y r i m i d i n e  i s  

heated  i n  N- fo rmy lmoryho l ine ,  t h e  s o l v e n t  i s  l a b e l l e d  50% w i t h  1%. 

- 
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The demonstration (14)  t h a t  N-formylmorpholine i s  50% l a b e l l e d  with 14C 

according t o  Scheme I i n d i c a t e s  t h a t  N-formylmorpholine i s  not only a s u i t a b l e  

so lvent  f o r  r ing c losure  s tep  b u t  a l s o  a good formylating reagent. The use of 

1 abel l  ed N-formylmorphol ine should, therefore ,  prevent the  l o s s  of 1 abel by i so- 

top ic  exchange w i t h  the unlabel led solvent .  Abrams e t  a l .  reported the synthes is  

of adenine-8-14C with no l o s s  of I4C label  by cyc l iz ing  the  pyrimidine de- 

r i v a t i v e  with 1 4 C  l abe l led  N-formylmorpholine. However t h e i r  y i e l d  of 1% 

N-formylmorpholine u s i n g  l a b e l l e d  sodium formate was only 59%. Following t h e i r  

Procedure we attempted t o  synthesize 13C 1 abel led  N-formylmorphol i ne from so- 

d i ~ r n C ~ ~ C l f o r m a t e  i n  l e s s  than 30% y i e l d .  There was extensive decomposition o f  

l a b e l l e d  product d u r i n g  i s o l a t i o n  by f rac t iona l  d i s t i l l a t i o n  even under bigh 

vacuum. The general procedure f o r  N-formylmorphol i ne synthes is  required excess 

formic acid ( 1 5 ) ;  t h e  source of l a b e l l e d  forn ic  acid i s  1% o r  1% sodium 

formate. Since sodium[~3Clformate i s  q u i t e  expensive, i t  i s  important t o  u t i -  

1 i z e  the  enriched formate e f f i c i e n t l y .  We prepared I3C l a b e l l e d  morpholinium 

formate in  q u a n t i t a t i v e  y i e l d  by neut ra l iz ing  an aqueous solut ion of [13Cl- 

formic ac id ,  generated from equiva len t  amounts of sodium[13C]formate and hydro- 

c h l o r i c  a c i d ,  with morpholine. The l3C-labe1led s a l t  was i s o l a t e d  i n  c r y s t a l -  

l i n e  form and charac te r ized  by nmr and mass spectroscooy. The molecular ion a t  

116 corresponded t o  1% l a b e l l e d  N-formylmorphol ine.  This important resiil t 

shows t h a t  during heat ing,  the  morpholiniufl s a l t  i s  converted t o  the f o m y l a t i n g  

agent N-formylmorpholine which then formylates N5-amino group of 5 and under- 

qoes r inq c losure  a t  200" t o  y i e l d  [R-13C1guanine - 6 according t o  Scheme 11. 

[8-l3C]Guanine was obtained i n  80% y i e l d .  Formylation of N5-amino qroup 

i n  - 5 was complete in half an hour a t  100" a s  checked by t l c .  Heating the  reac- 

c t i o n  mixture a t  200" f o r  2 hrs completed t h e  r ing c losure .  The i s o l a t i o n  of 

N5-formyl ( 2 )  - der iva t ive  a s  in  Scheme I was not necessary. Excess morpholiniuq 

1% formate used i n  t h e  react ion was recovered by t r e a t i n g  the react ion mixture 

with ethanol .  [8-13C]Guanine was f i l t e r e d  from the ethanol so lu t ion ;  evapora- 

t ion  of the f i l t r a t e  gave the 13C-labelled reagent  which was recycled. 
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F i g u r e  1. Mass spectrum o f  quanine a c e t a t e  and C8-13CI guanine ace ta te .  
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The incorporat ion of I3C l a b e l ,  a s  ca lcu la ted  by mass spectrometr ic  analys- 

i s ,  was found t o  he 90% i n  both - 4 and - 6 which was the same in  commercial sodium 

[13Clformate. Figure 1 shows the  mass spectrum of guanine in  a c e t a t e  form. The 

molecular ion i s  ohserved a t  m/z 193 i n  non-labelled guanine ace ta te .  The fraq-  

mentation a t  m/z 151 and below resembles c lose ly  t h a t  reported f o r  guanine (16 ) .  

I n  R-I3C l a b e l l e d  guanine a c e t a t e  the major fragments r e s u l t  from the same 

l o s s e s  observed f o r  the non-labelled compound with + 1 - s h i f t  due t o  1%. There 

i s  no s i g n i f i c a v t  i so topic  scrambling. 

Reaction of 4,5,6-triaminopyrimidine s u l f a t e  with morpholinium formate ac- 

cording t o  Scheme I 1  gave adenine i n  85% y i e l d .  

EXPERIMENTAL 

13C-labelled sodium formate was purchased from Merck and Co., Inc., Rah- 

way, NJ and 90 atom % I3C enriched. 

Morphol inium[13C]formate, - 4. I3C-labelled formic acid solut ion was pre- 

pared by dissolving 0.252 q (3.7 mmol) I3C sodium f o n a t e  in  2.5 ml water fo l -  

lowed by addi t ion of 0.37 ml o f  12 M hydrochloric acid.  Freshly d i s t i l l e d  mor- 

p9oline 0.448 q (4 wmol) was added dropwise t o  t h e  acid so lu t ion  a t  0" under 

s t i r r i n g .  The solut ion was evaporated t o  dryness under ro ta ry  evaporator. Ab- 

s o l u t e  ethanol was added t o  the  s o l i d  res idue and f i l t e r e d  t o  separa te  NaC1. The 

res idue was washed with the same solvent .  The f i l t r a t e  and the washinq was com- 

bined and evaDorated. The residue,  a c o l o r l e s s  viscous l i q u i d ,  s o l i d i f i e d  t o  

c r y s t a l l i n e  s o l i d  a t  room temperature. Yield 98%; i r .  3077, 1610, 1575 and 1500 

cm; nmr (CDC13) (6) 3.17 (4H,m), 3.90 (4H,m), 8.55 (1H,s) and 10.45 (2H,s); MS 

m/e 116 (a'), 97, 57, 42. 

[8-13C]Guanine, - 6.  2,4,5-Triamino-6-hydroxypyrimidine s u l f a t e  0.239 g (1 

mmol) was mixed with 0.5 g morpholiniu11[13C]formate and the mixture was heated 

a t  100" i n  an oil  bath f o r  30 min. The  temperature was then raised t o  200' and 

heating continiied f o r  2 hrs. Excess 1% formyl reagent was recovered by t r e a t -  

ing the  react ion mixture w i t h  absolute  e thanol .  1%-Guanine was f i l t e r e d  from 

the e thanol ic  so lu t ion  ( . 2  g, 80% y i e l d ) .  U.V.  Xmax 246, 276, Emax 10,700, 

7,6013 a t  pH 7; MS. m/e 152 (m+), 135, 110, 82, 53 and 43; t l c .  Rf 0.58. The 
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t l c  system was isoprooanol :water:ammonia (7:2.5:0.5) i n  s i l i c a .  

Adenine. 4,5,6-Triaminopyrimidine s u l f a t e  when reacted w i t h  morphol inium 

fonnate under s imi la r  condition a s  above afforded adenine in  85% y i e l d .  Uv. 

Xmax 260, 13,000 a t  pH 7. 

Crude reac t ion  products a r e  s l i g h t l y  colored but  qu i te  pure a s  indicated by 

uv.  and t l c .  w i t h  authent ic  samples o f  guanine and adenine. Crude products a r e  

dissolved in  1-2 N hydrochloric acid and decolorized with charcoal treatment. 
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