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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  81-94 (1985) 

THE p-NITROPHENYLETHYL GROUP - 
AN UNIVERSAL BLOCKING GROUP I N  NUCLEOSIDE AND NUCLEOTIDE CHEMISTRY 

W .  P f l e i d e r e r * ,  F. Himmelsbach, R. Charubala, H. Sch i rme is te r ,  
A. B e i t e r ,  B. Schulz and T. T r i c h t i n g e r  

Fakul t a t  f u r  Chemie, U n i v e r s i  t a t  Konstanz , D-7750 Konstanz/W.Germany 

Summary. The development o f  t h e  p - n i t r o p h e n y l e t h y l  (NPE) group f o r  phos- 
m p h o s p h i t e  and amide p r o t e c t i o n  as w e l l  as t h e  p - n i t r o p h e n y l e t h -  
oxycarbonyl  (NPEOC) group f o r  amino and hydroxy p r o t e c t i o n  o f f e r s  t h e  
f i r s t  u n i v e r s a l l y  a p p l i c a b l e  b l o c k i n g  groups i n  nuc leos ide ,  n u c l e o t i d e  
and o l i g o n u c l e o t i d e  chemis t ry .  

01 i g o -  and p o l y n u c l e o t i d e  syntheses have accompl ished r e c e n t l y  a 

f a s t  development due t o  t h e  ve ry  e f f e c t i v e  p h o s p h o t r i e s t e r  approach’ ’2, 
which l eads  w i t h  s u i t a b l y  p r o t e c t e d  b u i l d i n g  b l o c k s  by  d i r e c t  conden- 

s a t i o n s  o r  v i a  a p p r o p r i a t e  p h ~ s p h i t e s ~ ’ ~  f o l l o w e d  by o x i d a t i o n  t o  f u l l y  

b locked  ph s p h o t r i e s t e r s  as t h e  key i n te rmed ia tes .  The v a r i o u s  b l o c k -  

i n g  groups used f o r  ag lycon,  sugar and phosphate p r ~ t e c t i o n ~ ’ ~  a r e  

l e g i o n  and more new types a r e  s t i l l  developed and recommended f o r  ge- 

n e r a l  appl  c a t i o n  i n  t h i s  f i e l d .  The v a s t  number o f  p r o t e c t i n g  groups 

imp1 i c a t e s  u n l i m i t e d  combinat ions which q u i t e  o f t e n  prove t h e i r  e f f e c -  

t i v e n e s s  o r  i n s u f f i c i e n c y  o n l y  i n  t h e  l a s t  s tep  o f  t h e  s y n t h e s i s  - t h e  

d e p r o t e c t i  on s tep .  

Our r e c e n t  c o n t r i b u t i o n s  t o  t h e  methodology o f  t h e  chemical  syn- 

t h e s i s  o f  o l i g o n u c l e o t i d e s  have been concen t ra ted  t o  t h e  search o f  a 

more general  and u n i v e r s a l l y  a p p l i c a b l e  b l o c k i n g  group t o  s u b s t i t u t e  

t h e  v a r i a b l e  p r o t e c t i n g  group s t r a t e g y  by a more s imp le  and u n i f i e d  

approach. We have shown t h a t  t h e  p - n i t r o p h e n y l e t h y l  (NPE) and p - n i t r o -  

phenylethoxycarbonyl  (NPEOC) groups r e s p e c t i v e l y  i s  so f a r  t h e  most 

v e r s a t i l e  b l o c k i n g  group f o r  p r o t e c t i o n  o f  a l l  f u n c t i o n s  o f  n u c l e o s i -  

des and n u c l e o t i d e s .  Th is  liew t ype  o f  p r o t e c t i n g  group has f i r s t  been 
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82 PFLEIDERER ET AL. 

ADDITION - E L  I MI NATION MECHAN I SM 

N o O H  , N E t 4 0 H  , N H 3 / H 2 0  , A l d o x i r n a t e  

p- E LI MI N AT1 0 N MECH A N I SM 

0 ? H 
‘ P  

H t’ OR2 0 R2 
NL- c - CH;~  o - 7 - OR’ -- “0 - p -  OR^ + NL-CH= C H ~  

BI) 

8 developed f o r  phosphate blocking 
chanistical  point of view any subs t i tuent ,  which i s  removed by a B-  
elimination process and leading t o  a C-0 cleavage, i s  superior t o  those 
which afford a nucleophilic a t tack on phosphorus and may lead t h i s  way 
t o  the sciss ion of the wrong P-0 bond, 

subst i tuted phenylethyl phosphotriesters’ t ha t  the p-ni trophenyl ethyl 
g r o u p  of fe rs  so f a r  the best  fea tures  due t o  i t s  chemical iner tness  in 
the condensation s t ep ,  i t s  s t a b i l i t y  towards mild acid and base hydro- 
lyses and i t s  easy cleavage by DBU and DBN in apro t ic  media. 

t ion with the 2.5-dichlorophenyl residue in mixed phosphotriesters ( l )  
since primary cleavage of the l a t t e r  function by the oximate method 
allows e i the r  formation of a new internucleot idic  linkage or a fu r the r  
degradation of the p-nitrophenylethyl phosphodiester (2) - t o  the corres- 
ponding terminal monophosphate ( 9 ) .  - I t  i s  obvious t h a t  in the presence 
of both an NPE phosphotri- and phosphodiester (2) - cleavages proceed 

taking into account t ha t  from a me- 

I t  could be demonstrated by the synthesis of various d i -  and mono- 

Another advantage of the NPE-group can be seen from the combina- 

9- 
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T T 

0 BU 

D BN 

~ 

tobile 

with different rates according to electronic reasons and giving rise 
even to the isolation of the phosphodiester species ( 3 ) .  - 

bylethyl )-phosphorochloridate" as a new phosphorylating agent. Nucleo- 
sides are phosphorylated preferentially in 5'-position to the corres- 
ponding phosphotriester (5) - which i s  chromatographically separated 
from minor quantities of the 3'-isomer and the disubstituted analog. 
Conversion of - into the mixed diphosphotriester - works in high yield 
as does the oximate cleavage to the corresponding 3'-phosphodiester z. - 

Condensation with 3'-O-benzoylthymidine leads to the fully protected 
d i n u c l e o s i d e d i p h o s p h o t r i e s t e r  8 ,  - which needs for deprotection only DBU 
and subsequent ammonia treatment to give pTpT in 97 % isolated yield. 

in condensing for example 7_ - with a 3'-di-(p-nitrophenylethyl )-phospho- 
triester (10) derived from an sppropriately blocked precursor ( 9 )  to 
give 11. -- Deprotection i s  then a one step procedure working in extreme- 
ly high yield. 

This interesting behaviour prompted us to develop di -(p-ni trophe- 

A terminal 3',5'-diphosphate can also be achieved by this approach 

-- - 
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9 10 

66 % 

11 

The ou ts tand ing  f e a t u r e s  o f  t h e  NPE group f o r  phosphate p r o t e c t i o n  

i n d i c a t e d  a more general  use o f  t h i s  f u n c t i o n  t o  b lock  t e m p o r a r i l y  a l -  

so  o t h e r  s u b s t i t u e n t s  a t  t h e  ag lycon and sugar m o i e t i e s  o f  nuc leos ides  

and n u c l e o t i d e s .  Since severa l  s i d e  r e a c t i o n s  o f  even t h e  aiiiide groups 

have been de tec ted  r e c e n t l y  i t  i s  recommended t o  p r o t e c t  a l s o  O4 and 

sugar-blocked thy in id ines  (12) and u r i d i n e s  (15) proceed i n  h i g h  y i e l d s  

O6 i n  p y r i m i d i n e  and p u r i n e  nuc leos ides  r e s p e c t i v e l y .  0 4 -A1 k y l a t i o n  o f  

-- _ _  

Tr O + C f  RzO OBz MMTrowd 
BzO OBz 

MMTrowd ti0 OH 

15 
90% 

16 17 
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THE p-NITROPHENYLETHYL GROUP a 7  

R=H,OH 

w i t h  p -n i t rophenyle thyl  i od ide  i n  presence of s i l v e r  ca rbona te  t o  the 
corresponding 0 -p-n i t rophenyle thyl  d e r i v a t i v e s  13 and 16". Hydroly- 
s i s  o f  acyl groups a t  t h e  suga r  moiety can then be performed by ammo- 
n ia  which does no t  harm t h e  0 - p r o t e c t i n g  group (14,ll). 

Amino p r o t e c t i o n  i s  u s u a l l y  e f f e c t e d  by N-acylation us ing  a c e t y l ,  
pivaloyl , benzoyl , and s u b s t i t u t e d  benzoyl groups ' ' .  The s t r u c t u r a l  
ana log ,  i nc lud ing  t h e  p - n i  t rophenyle thyl  r e s i d u e ,  has on t h e s e  grounds 
t o  be seen in  the p-ni trophenylethoxycarbonyl ( N P E O C )  group forming 
the cor responding  carbamates lO.  I-(p-Nitrophenylethoxycarbonyl )-benz- 
t r i a z o l e  (18) tu rned  ou t  t o  be the p e r f e c t  r eagen t  t o  conve r t  unpro- 
t e c t e d  2 ' -deoxycy t id ine  and c y t i d i n e  i n  DMF a t  6OoC smoothly i n t o  t h e i r  
N -p-nitrophenylethoxycarbonyl d e r i v a t i v e s .  

The new blocking group i s  s t a b l e  a g a i n s t  ammonia and t r i e t h y l a m i n e  

4 
_ _  _ _  

4 
_ _  _ _  

_ -  

4 

i n  methanol,  d ioxane ,  a n d  water  b u t  can be c leaved  q u a n t i t a t i v e l y  by 
DBU o r  D B N  i n  a p r o t i c  s o l v e n t s  t o  r egene ra t e  the s t a r t i n g  m a t e r i a l s .  

achieved d i r e c t l y  i n  the same 'nanner a s  i n  the c y t i d i n e  series due t o  
t h e  lower nuc leoph i l i c  p o t e n t i a l  of t h e  amino group. The more r e a c t i v e  
p-n i t rophenyle thyl  ch lo ro fo rma te ,  however, a c y l a t e s  smoothly 3 '  , 5 ' - d i -  
O-acetyl-2'-deoxy- and 2 '  ,3' ,5'-tri-O-acetyladenosine r e s p e c t i v e l y  in  
py r id ine  and even more e f f e c t i v e  f o r  p-nitrophenylethoxycarbonylation 
i s  the I-methyl -3-p-nitrophenylethoxycarbonyl imidazol i u m  c h l o r i d e  (21). 
A simple one-pot r e a c t i o n  i s  i l l u s t r a t e d  by t h e  conversion of 2 '-deoxy- 

Analogous p r o t e c t i o n  of 2 '-deoxy- and adenosine could  no t  be 

_ _  
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88 PFLEIDERER ET AL. 

HO 

19 

I 21 

(CH& SIO 
2 2  

6 adenosine (19) _ _  i n t o  i t s  N -p-nitrophenylethoxycarbonyl d e r i v a t i v e  (23). -_ 
S t a r t i n g  with a t r i m e t h y l s i l y l a t i o n  t o  p r o t e c t  t h e  sugar  hydroxyl 
groups (20) -- i s  followed by a c y l a t i o n  t o  form 22, _ -  which on work-up with 
ammonia in  aqueous methanol l eads  t o  N -p-nitrophenylethoxycarbonyl- 
2'-deoxyadenosine ( 2 3 )  i n  73 S o v e r a l l  y i e l d .  

b 

The most d i f f i c u l t  p r o t e c t i o n s  have t h e n  been encountered with the 
var ious  guanosine d e r i v a t i v e s .  Af t e r  a s e r i e s  o f  unsuccessful a t t empt s  

6 the 0 - a l k y l a t i o n  could be achieved w i t h  suga r -  and amino-protected 2 ' -  
deoxy- and guanosines ('22) -- by the Mitsunobu r eac t ion12  us ing  1 .5  mole- 
cul a r  equ iva len t  each of d i e thy l  azod ica rboxy la t e ,  t r i pheny l  phosphine, 
and 2 - (p -n i t ropheny l )  -ethanol i n  dioxane (25)". -- The p-n i t rophenyl -  
e thyl  group can be c leaved  s e l e c t i v e l y  by 0.5 M DBU in py r id ine  t o  re- 
genera te  the s t a r t i n g  mater ia l  '22. -- Reaction with conc. ammonia in  d i -  
oxane hydrolyses the sugar  acyl groups ( 2 G )  and prolonged t rea tment  
with conc. aiinionia i n  methanol c l eaves  a l s o  t h e  N -acyl group (27_)  _ -  

without harming t h e  0 -blocking group. 

2 _-  

6 
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THE P-NITROPHENYLETHYL GROUP 89 

iBu0 R 

R - H .  01Bu 

2L 25 

\ 
27 

R =  H,OH 

HO R 

21 iBuOH$ 
R = H ,  01Bu d 

iBu0 R 

I n  a cascade of reactions n o t  only the amide function of the gua- 
nine moiety b u t  a l so  the amino as well a s  the hydroxy groups have been 
protected uniformly as demonstrated by the synthesis of N ,3 ' -di-p-  
ni trophenyl ethoxycarbonyl -0 -p-ni trophenyl ethyl -2 ' -deoxyguanosine (35) .  _- 
2'-Deoxyguanosine (28) _ _  i s  f i r s t  acetylated on the ribosyl residue ( 2 9 )  -- 
and  then the Mitsunobu reaction applied t o  give zg. _ _  Subsequent react ion 

with p-nitrophenylethyl chloroformate acylates  the 2-amino group (21) 
and treatment with ammonia unblocks the sugar moiety ( 3 ) .  _ _  Reaction 
with monomethoxytri tyl  chlor ide 1 eads t o  se lec t ive  protection o f  the  
5 ' -hydroxy g r o u p  (32) _ _  a n d  subsequent treatment with 1 -methyl -3-p-ni tro- 
phenylethoxycarbonylimidazolium chlor ide in presence of 4-dimethyl- 
aminopyridine forms the corresponding 3'-carbonate j$. _ _  Acid catalysed 
de t r i t y l a t ion  f i n a l l y  gives r i s e  t o  the 3 '- terminal synthone 35. -- 

four 2'-deoxyribonucleosides as  well as the 2 ' ,3 '-di-O-carbonates of 
the ribonucleosides have been prepared analogously and are  used a s  va- 
luable building blocks in ol igonucleotide synthesis.  

2 
6 

The 3'-O-p-nitrophenylethoxycarbonyl derivat ives  of the common 
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34 35 

I 

1 
i 

~ -~ _ _ -  

I 83 85 
63 91 

YIELD 

I t  has fur thermore  been recognized13 t h a t  t h e  p-nitrophenyl e thy l  
group can s u c c e s s f u l l y  be app l i ed  i n  C a r u t h e r s '  l 4  9 

phosphoramidite approach. Solu t ion  s y n t h e s i s  o f  a l l  16 combinations of 

the p ro tec t ed  most common d i -2 ' -deoxynucleos ide  phospho t r i e s t e r s  works 
well with t h e  5'-O-dimethoxytrityl-2'-deoxyribonucleoside-3'-p-nitro- 
phenyl e thy l  phosphoromorphol i d i  t e s  and 3 ' -0-benzoyl -2 ' -deoxyri bonucl eo- 
s i d e s  followed by subsequent ox ida t ion  o f  the in te rmediary  phosphi tes .  

most e f f e c t i v e  
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36 

92 Yo 93 % 

The g r e a t  advantage o f  t h e  NPE and N P E O C  groups  as un ive r sa l  block- 
ing groups f o r  a broad v a r i e t y  of commonly used subs t i tuents  becomes 
e s p e c i a l l y  obvious when p r e p a r a t i v e  s c a l e  syn theses  o f  01 igonucleo- 
t i d e s  a r e  in  demand. Easy depro tec t ion  of t h e  blocking g r o u p s ,  simple 
work-up and p u r i f i c a t i o n  guarantee this  way h i g h  y i e l d s  of the f r e e  
01 i gonuc leo t ides .  A n e c e s s i t y  t o  favour  t h e  p r e p a r a t i v e  approach can 
be seen i n  t h e  r ecen t  f i n d i n g s  o f  low molecular weight i n h i b i t o r s  of 
p ro te in  s y n t h e s i s  o f  t h e  2 '  ,5 ' -01  igoadenyla te  type16 and their  s t r u c -  
t u r a l  ana logs  a s  p o t e n t i a l  a n t i v i r a l 1 7  and anti tumor18 a g e n t s .  A modi- 
f i e d  adeny la t e  t r i m e r ,  the adenylyl-2',5'-adenylyl-2',5'-3'-amino-3'- 
deoxyadenosine ($I), has been synthes ized  by ou r  s t r a t e g y  from 3'-0- 
t e r t  . -butyl dimethyl si  lyl -5 ' -0-monomethoxytri t y l  -N -p-ni trophenyl ethoxy- 6 

_ _  
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PFLEIDERER ET AL. 94  

6 carbonyl -adenosine ( 3 6 )  _ _  a n d  2'-tert.butyldimethylsilyl -N ,3 ' -di-p-  
nitrophenylethoxycarbonyl-3'-amino-3'-deoxyadenosine ( 4 2 )  - _  respect ively.  

36 was f i r s t  phosphorylated t o  3Z which was used a s  the  common precur- 
sor for se lec t ive  depratection t o  the corresponding phosphodiester 28 
and the 5'-OH der iva t ive  39. _ -  Both  components yielded on condensation 
the f u l l y  protected dimer $0, -- which was then t ransfer red  by t h e  oximate 
method in to  the 2 '- terminal phosphodiester $1 _-  a n d  subsequently coup1 ed 
w i t h  42 t o  the trimer 43. The f ina l  deblocking consisted of only three  
s t eps ,  namely D B U - ,  F'I-and H - treatment t o  give adenylyl-2'  ,5'-adeny- 
lyl-2',5'-3'-arnino-3'-deoxyadenosine (49) -- in 80 % y ie ld .  

_ _  -- 

_ -  

0 _ -  

I 
2 
3 
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1 1  
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