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NUCLEOSIDES & NUCLEOTIDES, 8(3), 327-337 (1989) 

PREPARATION OF 2,3'-ANHYDROPYRIMIDINE NUCLEOSIDES 
USING N ,N-D I ETHY MI NOSULFUR TRIFLUORIDE (DAST) -- 

Kwasi Agyei-Aye, Shi j i a  Yan, Anna K. Hebbler, 
and Davi d C. Baker* 

Department. of Chemistry 
The Un ivers i ty  o f  A1 abama 
Tuscal oosa, AL 35487-9671 

Abstract; 2,3'-Anhydro-2'-deox -5'-0-( t r i p h e n y l  methy l  and 5'-0- 
(monomethoxytriphenylmethyl) p rim!dine-Rucleosides o f  u r a c i l  thymi rii, 

!tri phenyl  m e t h y l  o r  5'-0-(monometho~triphenyl methyl precursors usiKg 
N N-df e thy l  amf nosul f u r  trifl u o r i  de (DAST). The anhydronucl eosi des were 
&her f so la ted or d i r e c t l y  converted t o  t h e i r  respectf ve 2-deoxy-B-n- 
threo-pentofuranosyl nucl eosf des us ing  sodium hydroxide i n ethanol. 

'- 

nd cy tos ine  were synthesized T n a s i n g l e  s tep f rom t h e i r  2 ' -deoxy-~-0-  

Introduction 
I n  r e c e n t  y e a r s  t h e  s y n t h e s i s  o f  2 ,3 ' -anhydropyr im id ine  

nucleosides has become o f  paramount importance owing i n  p a r t  t o  these 

v e r s a t i l e  f n termediates l  serv ing as precursors t o  3'-modif ied pyr im id ine  

nucl eosi des which have a n t i  tumor and a n t i v i r a l  propert ies,2 p a r t i c u l a r l y  

t h o s e  (e.g., 3 ' - a z i d 0 - 2 ' , 3 ' - d i d e o x y t h y m i d i n e , ~ , ~  A Z T )  w h i c h  have 

a c t i v i t y 5  a g a i n s t  t h e  H I V  v i r u s ,  t h e  agent  r e s p o n s i b l e  f o r  t h e  

development o f  acquired immune def ic iency syndrome (AIDS). 

2,3'-Anhydropyci m i  d i  ne nuc l  eosides, o r i  g i  n a l l  y d e s c r i b e d  i n  

repor ts  from Todd's 1 a b ~ r a t o r y , ~ , ~  have been synthesized by a v a r i e t y  o f  

methods1s8 w h i c h  r e l y  upon a good l e a v i n g  group a t  t h e  3 ' - p o s i t i o n  o f  

e i  t h e r  B-D- r f  - b o f u r a n o s y l -  or 2-deoxy-B-~-erythro-pentofuranosyl 

p y r i  m i  d i  nes. A f r e q u e n t l y  used procedure  f o r  anhydronucl  eos i  de 

f o r m a t i o n  i s  t h e  t w o - s t e p  p r o c e s s  o f  o r  H o r w i t z  and 

coworkers,11,12 as we1 1 as others,13,14 which invo lves 3'-O-methanesul- - 
327 
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328 AGYEI-AYE ET AL. 

R" R " 

a 
DAST - 

HO 

1 a-c 2a-c 

a: R = MMT,!! R '  = CH3, R "  = 0 
b: R = TR,c R '  = H, R "  = 0 
C: R = M M T ~  R '  = H, R "  = NH 

h DAST = d i e t h y l  ami nosul  f u r  t r i f l  u o r i  de; !! MMT = 
monomethoxytri t y l  (MeOPhPh2C) group; 5 TR = tr i t y l  
(Ph3C) group. 

SCHEME 1 

f o n y l  a t i  on, f o l l  owed b y  i n t e r n a l  , base- i  nduced d i  s p l  acement o f  t h e  

methanesul fony l  oxy group. This method general 1 y i nvol ves several hours' 

r e a c t i o n  t i m e ,  e x t e n s i v e  h e a t i n g ,  o r  both, r e s u l t i n g  i n  y i e l d s  o f  ca. 

80% f rom 2 ' -deoxy-5 ' -p ro tec ted  nuc l  eosides. I n  t h e  p r e s e n t  s t u d y  i s  

r e p o r t e d  a method us i 'ng  -- N,N-diethy laminosul  f u r  t r i f l  u o r i d e  (DAST), a 

well-known f l u o r i n a t i n g  reagent,15,16 which i s  very f a s t  and e f f i c i e n t  

i n  p r o d u c i  ng 2,3 ' -anhydropyr i  m i  d i  ne n u c l  e o s i  des f r o m  5 ' - p r o t e c t e d  

precursors. 

Resul t s  and Discuss ion 

R e a c t i o n  o f  - -  N , N - d i e t h y l a m i n o s u l f u r  t r i f l u o r i d e  (2  equiv) w i t h  

t h e  a p p r o p r i  a t e  5 ' - p r o t e c t e d  p y r i  m i  d i  ne nuc l  e o s i  de l a - c  i n d r y  

d i c h l o r o m e t h a n e  proceeded q u i c k l y  a t  room t e m p e r a t u r e  t o  g i v e  t h e  

anhydronuc leos ide  2a-c (Scheme 1 and T a b l e  1). The r e a c t i o n ,  when 
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330 AGYEI-AYE ET AL. 

examined by TLC, was shown t o  be c o m p l e t e  a f t e r  o n l y  f i v e  m i n  o f  

reac t ion  a t  room temperature. Workup and p u r i f i c a t i o n  o f  t h e  anhydro- 

nucleosides by column chromatography on s i l i c a  gel fu rn ished compounds 

2a and 2b i n  h i g h  y i e l d .  Attempted i s o l a t i o n  o f  2,3'-anhydro-2'-deoxy- 

5'-O-(monomethoxytri - tyl k y t i  d i  ne (2~1, e i t h e r  by c r y s t a l  1 i t a t i o n  as t h e  

HF s a l t  o r  as t h e  f r e e  base ( g e n e r a t e d  b y  t r e a t i n g  t h e  c r u d e  p r o d u c t  

w i t h  t r i  e t h y l  ami ne) b y  c o l  umn chromatography, r e s u l  t e d  i n n e a r l y  

comple te  l o s s  o f  t h e  nuc leos ide ,  o w i n g  t o  i t s  observed i n s t a b i l i t y .  

Compound 2c as t h e  HF s a l t ,  however, was f i rmly i d e n t i f i e d  on the  bas is  

o f  i t s  'H NMR spec t rum [ T a b l e  2: (Note  chemica l  s h i f t  o f  t h e  =NH$.)], 

and b y  t h e  f a c t  t h a t  t h e  c r u d e  p r o d u c t  was r ing-opened i n  base t o  g i v e  

t h e  2-deoxy-B-~-threo-pentofuranosyl nuc l  e o s i  de 3c i n good y i  e l  d (see 

discussion which fo l lows) .  Whi le  no d e t a i l e d  study on t h e  decomposition 

o f  2c was made, i t  i s  apparent t h a t  the  molecule, a 2-deoxy nucleoside, 

s u f f e r s  f rom extreme g lycosy l  i c  bond i n s t a b i l i t y .  

The r e a c t i o n  o f  2'-deoxy-5'-protected n u c l  e o s i  des w i  t h  DAST i s 

a p p a r e n t l y  f a c i l i t a t e d  b y  t h e  r e a d y  f o r m a t i o n  o f  t h e  

alkoxy(dimethy1 aminolsul f u r  d i f l u o r i d e  in te rmed ia te  A (Scheme 2) which 

possesses n e a r l y  i deal  1 e a v i  ng-group p r o p e r t i e s ,  g i v i  ng r i  se t o  t h e  

anhydro compounds 2a-c under the  m i l d e s t  o f  condit ions. In te rmed ia te  A 

i s  n o t  i s o l a t e d ;  however, i t s  presence i s  d e t e c t e d  b y  TLC i n  t h e  e a r l y  

s tages o f  t h e  r e a c t i o n  o f  lc as a f a s t - m i g r a t i n g  zone t h a t  r a p i d l y  

disappears w i t h  fo rmat ion  o f  t h e  s lower-migrat ing anhydronucleoside 2c. 

Closure t o  t h e  anhydro compounds 2a-c may be promoted by t h e  presence o f  

F' i o n s  ( g e n e r a t e d  by t h e  i n i t i a l  r e a c t i o n  o f  t h e  n u c l e o s i d e  -OH w i t h  

DAST and maintained i n  excess by t h e  e l i m i n a t i o n  o f  the  -0SF2NEt2 group 

as 0=SFNEt2)l5 w h i c h  c o u l d  s e r v e  as a base t o  a b s t r a c t  t h e  H-N of t h e  

pyr imid ine,  thus f a c i l i t a t i n g  r i n g  c losure  o f  A t o  2a-c. Pro longing t h e  

reac t ion  t i m e  beyond 5 min  r e s u l t s  i n  t h e  fo rmat ion  o f  byproducts and a 

1 o w e r i  ng of  t h e  y i  e l  d of  anhydronucl  e o s i  de. The p r i  n c i  p a l  compet i  ng 

reaction, a t  l e a s t  w i t h  2'-deoxynucleosides, appears t o  be l o s s  o f  t h e  

he terocyc l i c  base. I n t e r e s t i n g l y  enough, no product o f  3 ' - f l  uor inat ion,  
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1 a -c  
DAST 
__L 

i 
I 

F -?-& 
I 

1 

I 
'R '  I 

I 

I 
I 
NEt, 

I 

_I A 

23-c - 

a. R = MMT,: R '  = CH3, R "  = 0 
b. R = T@, R' = H ,  R" = 0 
c. R = MMTC, R '  = H,  R" = NH 

d M M T  = monomethoxytrityl (MeOPhPh2C) group; b TR = 
t r i  t y l  (Ph3C) group. 

SCHEME 2 

which i s  known w i t h  t h e s e   compound^,^ was de t ec t ed  under t h e s e  m i l d  

condi ti ons . 
Inasmuch a s  the anhydronucleosides were produced i n  a s t a t e  o f  

h i g h  pu r i ty  (ca. 95%, m i n i m u m ,  by 'H N M R  spectroscopy) ,  t h e  products 

were used d i r ec t ly  i n  ring-opening reactions (Scheme 3) t o  give the  2- 

deoxy-8-p-threo-pentofuranosyl nucl eosi des 3a-c. The conversions, even 

w i t h  the cytosine example 2c, which was essentially l o s t  upon attempted 

s i l i c a  gel purification, gave 72% of product i n  the d i r e c t  conversion of 

-- 

lc  t o  3c. Yields and other 

Concl us1 ons 

The use of DAST prov 
exampl e s  given) synthesi  s 

lata a r e  shown i n  7 

des a mild, high-y 
of 5 '-protected-2 

ble 1. 

el d i  ng (89-97% yi  el d f o r  
3 ' - a n h y d r o p y r i  m i  d i  ne 
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NaOH 

EtOH 
2a-c - 

3a-c 

a. R = MMT,d R '  = CH3,1,R" = 0 
b. R = T&& R '  = H ,  R = 0 
c. R = MMT-, R '  = H ,  R "  = NH 

d MMT = monomethoxytr i ty l  (MeOPhPh2C) group; !! TR = 
t r i  t y l  (Ph3C) group. 

SCHEME 3 

nuc leos ides ,  and t h e  r e a g e n t  can be  used i n  a conven ien t ,  one-pot  

s y n t h e s i  s o f  2-deoxy-B-g- t h r e o - p e n t o f u r a n o s y l  nuc l  e o s i  des v i a  r i  ng- 

open ing  o f  t h e  anhydronuc leos ide  w i t h  h y d r o x i d e  ion .  The r e a g e n t  

operates much i n  p r i n c i p l e  l i k e  the  f l u o r i n a t i n g  reagent o f  Kowol l i k  and 

 coworker^.^' w h i c h  h a s  a l s o  been u s e d  t o  s y n t h e s i z e  2,3'- 

anhydronucleosides; however, as t h e  1 a t t e r  reagent i s  n o t  commercial ly 

a v a i l a b l e  and must be f r e s h l y  prepared be fore  use, DAST o f f e r s  c e r t a i n  

p r o c e d u r a l  advantages, e s p e c i a l l y  f o r  s m a l l  - t o - i n t e r m e d i a t e  s c a l e  

react ions.  

Experimental 

General. Me1 ti ng p o i  n t s  were  d e t e r m i n e d  on a Thomas-Hoover 

c a p i l l a r y  m e l t i n g  p o i n t  appara tus  equipped w i t h  a Cole-Parmer model 

8520-50 D i  gi-Sense d i g i t a l  thermometer t h a t  was c a l i b r a t e d  w i t h  known 

standards. So lu t ions  were evaporated a t  a s p i r a t o r  vacuum a t  ca. 40 OC. 
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334 AGYEI-AYE ET AL. 

'H NMR spectra were determined a t  200 MHz on ca. 0.1% solut ions using a 

N i c o l e t  NT-200 ins t rument .  Chemical s h i f t s  a r e  r e p o r t e d  as 6 ( P P M )  

downf i  e l  d f r o m  an i n t e r n a l  s t a n d a r d  o f  t e t r a m e t h y l  s i l  ane. 

Optical ro ta t i ons  a t  t he  sodium g - l i n e  were determined a t  t he  ind ica ted  

temperature i n  methanol on a Perkin-El mer model 241 spectropolarimeter 

us ing  l -dm c e l l s .  T h i n - l a y e r  (TLC) and column chromatography were 

c a r r i e d  o u t  u s i n g  E. Merck s i l i c a  ge l  p roduc ts  [aluminum-backed TLC 

p l a t e s  w i t h  a 0.2-mm c o a t i n g  (ca t .  no. 5554) and b u l k  s i l i c a  ge l  o f  230 

- 400 mesh ASTM (ca t .  no. 938511. TLC v i s u a l i z a t i o n  was by 254-nm UV 

1 i ght  and by spray/heat devel opment u s i  ng a n i  sa l  dehyde-sul f u r i  c a c i  d 

reagent.18 U V  spec t ra  were de termined i n  methanol un less  o t h e r w i s e  

s ta ted ,  on a Var ian  D M S  100 U V - v i s i b l  e spect rophotometer .  Chemicals 

were o f  reagent grade and were used d i rec t l y .  Anhydrous dichloromethane 

was prepa.red by d i s t i l l a t i o n  from calcium hydride. Elemental analyses 

were c a r r i e d  o u t  by A t l a n t i c  Microlab, Inc. o f  Atlanta, GA. Chloroform 

solvates o f  ana ly t i ca l  samples were confirmed by l H  NMR spectroscopy. 

Preparation o f  5'-0-(monomethoxytri - ty l  )thymi dine (la), 2'-deoxy- 

5 ' 4 - t r i t y l u t i  -. d i n e  ( lb ) ,  and 2'-deoxy-5'-O-monomethoxytri - t y l c y t i  d i  ne 

(lc). Compound la  was prepared by reac t ion  o f  thymidine w i t h  monometh- 

o x y t r i t y l  ch lo r i de  i n  dry py r id ine  a t  60 OC.19 Compound l b  was prepared 

by  t r i  t y l  a t i o n  o f  2 ' - d e o x y u r i  d i  ne a c c o r d i  ng  t o  t h e  pub1 i shed 

procedure.20 Compound l c  was prepared by the  reported procedure14 tha t  

i n v o l v e d  f i r s t  t h e  p r o t e c t i o n  o f  t h e  amino group as i t s  -- N,N-dimethyl- 

aminomethyl ene d e r i v a t i v e ,  t hen  r e a c t i o n  w i t h  monomethoxyt r i  t y l  

ch l  o r i  de. 

P r e p a r a t i o n  o f  t h e  anhydronuc l  eos ide  i n t e r m e d i a t e s  2a-c. 

General procedure. To a s o l u t i o n  o f  an a p p r o p r i a t e  amount o f  t h e  5' -  

p r o t e c t e d  nuc leos ide  l a - c  (see Table 1) i n  d ry  d ich lo romethane 

ma in ta ined  under  a d ry  n i t r o g e n  atmosphere was added dropwise  an 

a p p r o p r i a t e  amount of DAST, and t h e  m i x t u r e  was s t i r r e d  a t  room 

tempera ture  for 5 min. A t  t h e  end o f  t h i s  t ime,  t h e  r e a c t i o n  was 
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quenched b y  c a r e f u l  a d d i t i o n  of c o l d  s a t u r a t e d  aqueous sodium 

bicarbonate u n t i l  there was no more effervescence and the mix tu re  had 

tu rned  t u r b i d .  The m i x t u r e  was then  separated, and t h e  aqueous 1 ayer  

was ext racted w i t h  d ich l  oromethane. The combined organic ex t rac ts  were 

d r ied  over magnesium sul fa te,  and the  solvent was evaporated t o  g ive  a 

wh i te  sol id, which was p u r i f i e d  (See exception f o r  compound 2c  noted i n  

T a b l e  1 and d i s c u s s e d  i n  D i s c u s s i o n  and R e s u l t s . )  by  c o l u m n  

chromatography, e l u t i n g  w i t h  95:5 c h l o r o f o r m  - methanol t o  g i v e  t h e  

2,3'-anhydro nuc l  eos i  de 2a and 2b as a w h i t e  so l  id .  See Tabl e 2 f o r  lH 

NMR data and Table 3 f o r  physico-chemical data for  compounds 2a-c. 

P r e p a r a t i o n  o f  1-(2-deoxy-B~-threo-pentofuranosyl Ipyrimi di nes 

3a-c from la-c. General procedure. To a s o l u t i o n  o f  an a p p r o p r f a t e  

amount o f  t he  5'-protected nucl eoside la-c i n  dry d ich l  oromethane (Tabl e 

11, main ta ined  under  a d r y  n i t r o g e n  atmosphere, was added dropwise  an 

a p p r o p r i a t e  amount o f  DAST, and t h e  m i x t u r e  was s t i r r e d  a t  room 

temperature f o r  5 min. Tr ie thy lamine was added dropwise t o  t h e  s t i r r i n g  

mixture, and the  sol vent was subsequently evaporated. D i  ch l  oromethane 

was repea ted ly  added t o  and evaporated f rom t h e  m ix tu re ,  and t h e  

residual s o l i d  was dissolved i n  ethanol. To the  ethanol ic  so lu t i on  was 

added an appropriate amount o f  1.0 M aqueous sodium hydroxide, and the  

mixture was heated under r e f l u x  f o r  45 min. The so lvent  was evaporated 

t o  about one - fou r th  t h e  o r i g i n a l  volume and e x t r a c t e d  t w i c e  w i t h  

dichloromethane. The combined organic ex t rac t  was d r i e d  over magnesium 

s u l f a t e ,  and t h e  so l  ven t  was evaporated. The r e s u l t i n g  c rude  p r o d u c t  

was p u r i f i e d  by column chromatography on s i l i c a  gel, e l u t i n g  w i t h  95:s  

c h l o r o f o r m  - methanol t o  g i v e  compound 3a-c as a w h i t e  s o l  i d. For ltl 
NMR data, see Table 2; f o r  physico-chemical data, see Table 3. 
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