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South Caro l ina.  

SUMMARY 

The t i t l e  compound has been synthesized by a new rou te  t h a t  

requ i res  l e s s  steps and gives h ighe r  o v e r a l l  y i e l d s  than e x i s t -  

i n g  procedures. 

s t a r t i n g  ma te r ia l s  t h a t  are commercial ly a v a i l a b l e  i n  i s o t o p i -  

c a l l y  enr iched forms and thereby enables the  s p e c i f i c  l a b e l l i n g  

o f  carbons i n  t h e  py r im id ine  r i n g .  

v e r s a t i l e  reagent methyl p r o p i o l a t e  i s  a l so  included. 

The synthes is  makes use o f  low molecular  weight  

An improved synthes is  o f  t h e  

Key Words : Methyl P rop io la te ,  F luo r ina t i on ,  5-F1 uoro-2'-deoxyuridine, 
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INTRODUCTION 

With the  advent o f  pulsed Four ie r  t ransform nmr i t  i s  now poss ib le  t o  examine 

n u c l e i  r o u t i n e l y  even when they are present  i n  very low concentrat ion.  I n  par- 

t i c u l a r ,  t h i s  new a b i l i t y  enables one t o  observe d i r e c t l y  t h e  i n d i v i d u a l  n u c l e i  

o f  p ro te ins  o r  o f  subst rates bound t o  an enzyme, thereby enhancing the  scope o f  

nmr as a usefu l  t o o l  i n  biochemistry. A recent  example from our  l a b o r a t o r i e s  

demonstrated the a p p l i c a b i l i t y  o f  I 9 F  NMR f o r  t h i s  purpose; we were able t o  gain 

valuable i n fo rma t ion  concerning the mode o f  b ind ing  o f  t h e  i n h i b i t o r ,  5 - f l u o r o -  

2 ' -deoxyu r idy la te ,  i n  i t s  covalent  t e rna ry  complex w i t h  thymidy late synthetase 

and 5,lO-methylenetetrahydrofolate ( 1 ) .  5 -F luo rou rac i l ,  which i s  t h e  precursor. 

o f  t h e  l a t t e r  i n h i b i t o r ,  i s  commonly employed i n  t h e  t reatment  o f  s k i n  and gas- 

t r o i n t e s t i n a l  cancers and i n  r e c e n t l y  developed combination chemotherapeutic 

regimens f o r  c e r t a i n  cancers. 

f l  uoro-2 ' -deoxyur idy l  a te  represents the  pr imary e f f e c t i v e  mode o f  ac t i on  of t he  

drug, 5 - f l u o r o u r a c i l .  

The i n h i b i t i o n  o f  thymidy late synthetase by 5- 

S t i l l  more i n fo rma t ion  i s  t o  be gleaned from I 3 C  NMR 
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spect ra o f  t h i s  complex, bu t  t he  low n a t u r a l  abundance o f  t h e  carbon-13 i so tope  

d i c ta tes  the need t o  increase a r t i f i c i a l l y  i t s  i s o t o p i c  content  i n  order  t o  i m -  

prove the s e n s i t i v i t y  of t he  NMR experiment. To accomplish t h i s  we have designed 

an e f f i c i e n t  synthes is  o f  5-fluoro-2'-deoxyuridine (FdU) t h a t  enables s p e c i f i c  

carbons i n  t h e  py r im id ine  r i n g  t o  be i s o t o p i c a l l y  enriched. 

The synthes is  o u t l i n e d  i n  the  Scheme proceeds w i t h  a minimum o f  steps and w i t h  

an o v e r a l l  y i e l d  o f  FdU o f  24% from labe led  barium carbonate, o r  41.4% from 1. 
Although designed w i t h  t h e  specia l  i n t e n t i o n  o f  l a b e l l i n g  f o r  NMR purposes, t h i s  

Scheme represents a very e f f i c i e n t  p repara t i on  o f  FdU compe t i t i ve  w i t h  e x i s t i n g  

methods ( 2 - 3 ) ,  both i n  terms of y i e l d  and s i m p l i c i t y .  I n  p a r t i c u l a r ,  i t  obviates 

t h e  need t o  separate a and 6 anomers l a t e  i n  the  synthes is  and takes advantage o f  

some recent  developments i n  nuc leos ide chemistry. 

SCHEME 

'I" 
* 

H-C r C 4 C H 3  
I1 
0 z 
I 

HO 
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The condensation o f  methyl p r o p i o l a t e  2_ w i t h  the oxazol ine - 1 was based on a 

rou te  success fu l l y  app l i ed  by H o l i  t o  Drepare 02 '2 ' -anhydro-L-ur id ine ( 4 )  and the 

a-anomer o f  3 (5,6), although we found t h a t  a l a r g e  excess o f  e s t e r  was unneces- 

sary. 

bromide i n  t h e  presence o f  base, as shown by Honjo gal. ( 7 ) .  

was subsequently removed by t h e  a c t i o n  o f  t r i b u t y l t i n  hydr ide and a r a d i c a l  

i n i t i a t o r  (6). 

i n g  t o  Naik and Robins (8,9) proceeded w i thou t  compl icat ion,  although t h e i r  

procedure was mod i f i ed  s l i g h t l y  t o  improve the  y i e l d s .  

by Cech gal. ( l O , l l ) ,  5 can be d i r e c t l y  f l u o r i n a t e d  w i t h  F2. 

Cleavage o f  t h e  2,Z'-anhydro bond i n  3 was r e a d i l y  achieved w i t h  ace ty l  

The 2'-bromine 

The f l u o r i n a t i o n  o f  t h e  blocked nucleoside 5 using CF30F accord- 

A l t e r n a t i v e l y ,  as shown 

An i n i t i a l  d i f f i c u l t y  encountered was t h e  format ion o f  methyl p r o p i o l a t e ,  f o r  

which no t r u l y  e f f i c i e n t  p repara t i on  e x i s t e d  (12) .  

o f  p r o p i o l a t e  acid, ca rbony la t i on  o f  sodium ace ty l i de ,  was deemed unsu i tab le  f o r  

a l a b e l i n g  synthes is  i n  view o f  t h e  excess o f  acety lene and h igh  pressure o f  

carbon d iox ide  requ i red  (13-15). Small sca le  (80 mmol) p i l o t  experiments v e r i -  

f i e d  t h e  cap r i c ious  na tu re  o f  t h i s  method and prompted o u r  i n v e s t i g a t i o n  o f  an 

a l t e r n a t i v e  synthesis. 

were found t o  be p re fe rab le  t o  sodium a c e t y l i d e  because o f  t h e i r  ease o f  forma- 

t i o n  and rap id,  almost q u a n t i t a t i v e ,  uptake o f  C02. 

comparable and rep roduc ib le  y i e l d s  i n  terms o f  13C-labeled C02. However, s ince 

the  l i t h i u m  a c e t y l i d e  can be formed q u a n t i t a t i v e l y  from acetylene, i t  was t h e  

reagent employed when 13C-labeled acetylene was used t o  l a b e l  t he  5 and 6 pos i -  

t i o n s  o f  t h e  u r a c i l  r i n g .  

The most common p repara t i on  

Both ethyny l  magnesium bromide (16) and l i t h i u m  a c e t y l i d e  

Both o f  these reagents gave 

Both methods are i nc luded  i n  t h e  Experimental. 

Diazomethane was used t o  e s t e r i f y  t h e  p r o p i o l i c  a c i d  because of compl icat ions 

encountered i n  t h e  normal ac id-cata lyzed a lcohol  condensation (1  7 ) .  

diazomethane must be avoided because of i t s  f u r t h e r  reac t i on  w i t h  the  e s t e r  t o  

form a py r idazo le '  (18,19). 

d i s t i l l a t i o n  r e s u l t e d  i n  g r e a t l y  reduced y i e l d s .  

An excess o f  

I s o l a t i o n  o f  t h e  p r o p i o l a t e  e s t e r  by f r a c t i o n a l  

Since t h i s  p u r i f i c a t i o n  was 

'Addi t ion o f  a l a r g e  excess of diazomethane i n  e the r  a t  room temperature leads 
t o  the  q u a n t i t a t i v e  format ion of 1 -methyl -3-carboxymetliyl p y r i  dazol e. 
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found t o  be unnecessary, t h e  e s t e r  was used d i r e c t l y  a f t e r  concentrat ing the 

s o l u t i o n  i n  which i t  was prepared t o  a small volume. 

I n  conjunct ion w i t h  o t h e r  proton NMR experiments aimed a t  e l u c i d a t i n g  the r e l a -  

t i v e  o r i e n t a t i o n  of the py r im id ine  and r i bose  and p o r t i o n s  o f  FdU, we a l so  se lec-  

t i v e l y  deuterated the  6-, 1 ' -  and ? ' - p o s i t i o n s  i n  the molecule. The 6-hydrogen i s  

r e a d i l y  exchanged f o r  deuterium by a base (NaOO) ca ta l yzed  exchange a t  55°C i n  

D20, e s s e n t i a l l y  as described by Cushley e t  a l .  (20) ,  f o l l owed  by t reatment  w i t h  

Dowex 50 (H') i o n  exchange r e s i n  and l y o p h i l i z a t i o n .  

pared by us ing the  approp r ia te l y  deuterated arabinose-1-d s t a r t i n g  ma te r ia l  (21, 

22). 

us ing l i t h i u m  aluminum t e t r a d e u t e r i d e )  i n  t h e  debromination s tep.  

be noted t h a t  t h e  2-carbon and e i t h e r  n i t r o g e n  cou ld  e a s i l y  have been labe led  v i a  

t h i s  Scheme by us ing  t h e  approp r ia te l y  l abe led  cyanamide (23) .  

The 1 ' -deutero FdU was pre-  

The 2 ' - p o s i t i o n  was deuterated by employing t r i b u t y l t i n  deuter ide (prepared 

It may a l s o  

EXPERIMENTAL SECT ION 

M e l t i n g  po in ts  are uncorrected and were taken i n  open c a p i l l a r y  tubes. 

Nuclear magnetic resonance spec t ra l  data are repo r ted  i n  ppm ( 6 )  deshielded w i t h  

respect t o  te t ramethy l s i l ane ;  t he  abbrev ia t i ons  used f o r  t h e  coup l i ng  constants 

(Hz) are: 

s t r u c t u r a l  assignment. 

d(doub1et) and q ( q u a r t e t ) .  Only s i g n i f i c a n t  absorptions are given fo r  

U l t r a v i o l e t  spect ra ( U V )  were recorded on a Beckman Acta 

I J  V spectrophotometer. Barium carbonate (90% 

acetylene (90% 13C) from Merck, and CF30F from PCR Inc .  Other reagents were ob- 

t a i n e d  from commercial sources. 

Llethyl p r ~ p i o l a t e - l - ~ ~ C  (2). 

was prepared from 1.8 g o f  magnesium and 5.9 g o f  e t h y l  bromide i n  50 mL o f  

te t rahydrofuran (THF) i n  t h e  usual manner. 

saturated s o l u t i o n  o f  acetylene i n  100 mL o f  t h e  THF a t  room temperature through 

which acetylene was cont inuously  bubbled. 

C) was obta ined from Koch Isotopes, 

Method ___ A.' A s o l u t i o n  o f  e t h y l  magnesium bromide 

This  s o l u t i o n  was added dropwise t o  a 

Meanwhile, the carbon d iox ide  

'Caution. P r o p i o l i c  a c i d  i s  a co r ros i ve  l i q u i d  and a s t rong  lachrymator, as are 

3C~mmercial acetylene was p u r i f i e d  by passage through conc. s u l f u r i c  acid, s o l i d  

i t s  es te rs .  

potassium hydroxide and a c t i v a t e d  alumina scrubbers. 
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prepared from 12.02 g o f  barium carbonate-13C (24) was t rans fe r red ,  us ing 

standard vacuum l i n e  techniques, i n t o  a 250 ml f l a s k  con ta in ing  25 mL o f  t h e  

THF f rozen a t  -196". A f t e r  warming t o  -78" and admi t t i ng  d ry  n i t rogen ,  t h i s  

f lask was connected t o  the  ethyny l  magnesium bromide s o l u t i o n  v i a  a cannula. 

The l a t t e r  s o l u t i o n  was cooled t o  10" and t r a n s f e r r e d  dropwise t o  t h e  (-78") 

s o l u t i o n  o f  carbon d iox ide.  

t o  25" and s t i r r e d  an a d d i t i o n a l  hour. 

aqueous, a c i d i f i e d  ammonium su l fa te  s o l u t i o n  ( t h e  a d d i t i o n  o f  up t o  200 mL o f  

e t h e r  helped break up any emulsions t h a t  formed), d r y i n g  over anhydrous sodium 

sul fa te,  and c a r e f u l  f r a c t i o n a t i o n  o f  t h e  so l ven ts  gave 3.29 g, (77% f rom barium 

carbonate) o f  p r o p i o l a t e  acid-1- C as a concentrated (50% by weight )  s o l u t i o n  i n  

THF: 'H NMR (THF) 6 3.2 (d, JCH = 4.8), 13C NMR (THF) 6 153.7 (d, JCH = 4.8). 

Add i t i on  o f  an equimolar q u a n t i t y  o f  diazomethane i n  e t h e r  t o  an i c e - c o l d  e t h e r  

s o l u t i o n  o f  t h e  acid, f o l l owed  by f r a c t i o n a t i o n  o f  t h e  so lvents ,  gave 3.04 g, 

(75% from t h e  ac id)  o f  methyl p r ~ p i o l a t e - l - ~ ~ C :  'H NMR(THF) 6 3.5 (d, JCH = 4)  

and 3.2 (d, JCH = 5) ;  13C NMR(THF) 6 153.3 (dq, JCH = 4.7 and 4.7). 

The t h i c k  wh i te  suspension t h a t  r e s u l t e d  was w a n e d  

E x t r a c t i o n  ( 3  x 60 mL) w i t h  saturated,  

13 

-_ Method 6. Acetylene (1.14 g, 44 mmol) was condensed i n t o  a 250 ml f l a s k  

con ta in ing  100 mL o f  d r y  THF frozen a t  -196" us ing  conventional vacuum l i n e  tech- 

niques. 

l i t h i u m  (40 mL o f  a 1.1 ?4 s o l u t i o n  i n  hexane) was added over  a p e r i o d  of 15 min. 

The r e s u l t i n g  s o l u t i o n  was then t r a n s f e r r e d  v i a  cannula us ing n i t r o g e n  pressure 

t o  a -50" s o l u t i o n  con ta in ing  4 mmol o f  carbon d iox ide-  

as above. 

g ive 2.1 g (68%) o f  p r o p i o l i c  acid-l-13C. 

2.2'-Anhydro-B-D-arabinofuranosyl urac i l -4- I3C (3) .  
p io la te -1 -  C i n  15 mL o f  THF, con ta in ing  6.7 g (80 ml) o f  t h e  es te r ,  was added 

t o  13.9 g (80 mmol) o f  2-amino-f3-D-arabinofurano [1',2':4,5] 2-oxazol ine (1) (25) 

i n  70 mL o f  water  and 80 mL o f  e thanol ,  and t h e  m ix tu re  was r e f l u x e d  f o r  5 h. 

A f t e r  reducing the volume and cool ing,  3 p r e c i p i t a t e d  ou t  as c o l o r l e s s  c r y s t a l s ,  

which were c o l l e c t e d  on a f i l t e r  and washed b r i e f l y  w i t h  i c e - c o l d  ethanol :  10.7 g 

The f l a s k  was warmed t o  -78" and d ry  n i t r o g e n  uas admitted. !-Butyl 

13 C prepared i n  50 mL THF 

The t h i c k  wh i te  suspension t h a t  r e s u l t e d  was worked up as above t o  

A s o l u t i o n  o f  methyl pro-  

13 
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(47%): mp 246-248" [l it. (26) 244-7"]. 

coo l i ng  a f fo rded  an a d d i t i o n a l  3.2 g o f  product, b r i n g i n g  t h e  t o t a l  y i e l d  t o  

61.5%: 'H NMR(D20) 6 5.67(d, JHH = 8,H5), and 7.85(dd, JHH = 8, JHc = 8.8, H6);  

13C NMR(D20) 6 160.2(d, JCH = 8.8); UV 4::; 250 (8000) [lit. (27) 250 (7860)]. 

2'Bromo-2' ,5'-di-O-acy1-2'-deoxy~ridine-4-'~C (5). Compound 3 (5.65 g, 25 mmol )  

was r e f l u x e d  w i t h  ace ty l  bromide (9.23 g, 75 nunol) i n  18 mL o f  dirnethylformamide 

and 120 ml o f  e t h y l  acetate f o r  1.5 h. The cooled m ix tu re  was washed w i t h  water  

( 3  x 50 mL), then d r i e d  over anhydrous sodium s u l f a t e .  

so lvent  l e f t  a pa le  brown syrup which was coevaporated w i t h  th ree  small  po r t i ons  o f  

e t h y l  acetate t o  g ive an amor?hous s o l i d .  Y i e l d  9.10 g, 93.5%: mp 55-7" [ l it. (7 )  

67-76"]; UV 

JHH = 8,H5) and 7.7(dd, JHH 

3 '  , 5 ' - D i - O - a c y 1 - 2 ' - d e o x y u r i d i n e - 4 - ~  (2). 
i n  50 mL of dry  benzene was added 10.0 g (35 m l )  o f  t r i - n - b u t y l t i n  hydr ide 

(100 mL o f  a 10% s o l u t i o n  i n  benzene4) and 65 mg o f  azo-bis i s o b u t y r o n i t r i l e .  The 

mixture was r e f l u x e d  f o r  one hour and then reduced i n  volume on a r o t a r y  evapora- 

t o r  t o  50 mL. Add i t i on  o f  excess hexane and c o o l i n g  induced t h e  p r e c i p i t a t i o n  o f  

a viscous o i l .  Th is  o i l  was t r i t u r a t e d  repeatedly  w i t h  hexane u n t i l  t he  odour t o  

t r i - n - b u t y l  t i n  compounds was no longer  detectable,  whereupon t h e  o i l  c r y s t a l -  

l i z e d .  R e c r y s t a l l i z a t i o n  from ethanol a f fo rded  2.72 g (83%) o f  5 as c o l o r l e s s  

c r y s t a l s :  mp 108-9" [lit. (29) 107-110"]: UV 

6 5.90(d, JHH = 8,H5) and 7.87(dd, JHH = 8,JCH = l l , H 6 ) ;  13C NMR (CDC13) 6 163.4- 

(d, JCH = 11). 

5-Fluor0-2'-deoxyuridine-4-~~C (6). 
of chloroform was f l u o r i n a t e d  a t  -78" w i t h  0.30 g (2.9 n o l )  o f  CF30F d i sso l ved  

Concentrat ion o f  t he  mother l i q u o r  and 

Rotary evaporat ion o f  t he  

256 (9300) [ l i t .  (12) 256 (lO,OOO)]; 'H  NMR(C0Cl3) 6 5.80(d, 

8,JHc = ll.H6); NMR(CDC13) 6 163.2(d,JCH = 11). 
13 To a s o l u t i o n  o f  5 (4.5 g, 12 mmol) 

262 (E = 5600); 'H NNR(CDCl3) 

The d iace ta te  5 (043 g, 1.39 mnol) i n  15 mL 

' T r i - n - b u t y l t i n  hydr ide was prepared f r o m  t r i - n - b u t y l t i n  c h l o r i d e  and l i t h i u m  

unreacted ch lo r i de ,  which was very d i f f i c u l t  t o  remove by d i s t i l l a t i o n .  
presence d i d  n o t  a f f e c t  t h e  y i e l d  o f  t h e  debromination r e a c t i o n  and t h e  crude 
product mix ture was used i n  the  p repara t i on  o f  5. 

aluninum hydride i n  e t h e r  (28) .  The d i s t i l l e d  product  contained as much as 15% 
I t s  
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i n  10 mL of CFC135. A f t e r  one hour a t  t h i s  temperature, excess CF30F was r e -  

moved i n  a stream o f  n i t rogen .  

so lvents  were removed a t  9" us ing a water asp i ra to r .  The f l o c c u l e n t  wh i te  s o l i d  

so obta ined was t r e a t e d  f o r  16 h a t  0" w i t h  20 mL o f  a 10% s o l u t i o n  o f  t r i e t h y l -  

amine i n  50% aqueous methanol. 

10 cm) column o f  Dowex 50(Ht) and e l u t e d  w i t h  methanol. 

s i g n i f i c a n t  absorpt ion a t  268 nm were pooled and evaporated t o  dryness. 

c r y s t a l l i z a t i o n  from ethanol a f fo rded  0.25 g (86%) o f  FdU-4- 

The f l a s k  was covered w i t h  aluminum f o i l ,  and the  

This m ix tu re  was then app l i ed  t o  a s h o r t  (0.5 x 

The f r a c t i o n s  w i t h  

Re- 

C :  mp and mmp 13 

148-150" [ l it. (8,9) 149-150"]; 1 H NMR(D20) 6 8.31(dd, JHF = 6.5, JHc - 6.5, H6); 

13C NMR(D20) 6 161.9(dd, JcF = 25, JCH = 6.5); UV Xmax o'lNHC1 268(8500) [lit. (8,9) 

268( 8400) 1. 
Phosphorylat ion o f  t h i s  ma te r ia l  w i t h  P0Cl3 i n  p y r i d i n e  a f fo rded  FdUMP which 

i n h i b i t e d  thymidy late synthetase t o  an e x t e n t  q u a n t i t a t i v e l y  equ iva len t  t o  a 

commerci a1 sample (33). 
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