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NUCLEOSIDES & NUCLEOTIDES, 6(1&2), 209-227 (1987) 

2'p5'G A CONVERGENT REGIOSPECIFIC SYNTHESIS OF THE LARIAT-TRINUCLEOTIDES A3#pSoU 
AND A 2 I P 5  I G  FROM A 04-(2-NITROPHENYL) - -URIDINE BUILDING BLOCK.  3'p5'C 

J-M. Vial , N .  Balgobin, G.  Remaud, A. Nyilas and  J .  Chattopadhyaya* 

Department of Bioorganic Chemistry, Biomedical Center, Box 581, University o f  

Uppsala, S-751 23 Uppsala, Sweden. 

Abstract: Total synthesis o f  t i t l e  compounds 1. and 2 from a common intermediate 7_ 
i s  reported using the phasphotriester-phosphiteamidite approach. Appropriate NMR 
evidence has been presented in support o f  the regiospecific synthesis o f  t a rge t  
molecules in addition t o  enzymatic analysis. Present work clearly shows tha t  the 
NMR evidence i s  mandatory t o  establish the isomeric purity o f  branched RNA mol- 
ecules; enzymatic or/and electrophoretic analysis alone as tools for confirmation 
of branched RNA structures can be misleading. 

Recent 
pre-mRNA processing ( sp l ic ing)  in eucaryotic ce l l  i s  mediated by e i ther  o f  the 
two branched trinucleotides, 1 and 2_, - the intron " l a r i a t s " .  I t  i s  apparent from 
the l i t e r a tu re  tha t  the ava i lab i l i ty  o f  specific pure l a r i a t s  in large quantity 
will significantly aid in the biological studies t o  elucidate i t s  ro le  in the 
order o f  intron excision from pre-mRNA, i t s  role in duplex formation d u r i n g  
splicing and also in understanding of the energetics dur ing  splicing. Two 
efforts5v6 have been already reported in the l i t e ra ture .  Herein we report 
our studies on the regiospecific synthesis of the trinucleotides 1 and 2 using 
f i r s t  a phosphotriester approach t o  build the dimer 3 and then selectively phos- 
phorylate the 2'-hydroxyl function o f  the par t ia l ly  protected dinucleotide 5 with 
5'-phosphoramidi t e  o f  guanosine block 
which  t h e n  gives e i ther  l a r i a t  L or  1 selectively,  depending upon a precise 
deprotection condition. 

have el egantly demonstrated that a significant aspect of 

t o  give the par t ia l ly  protected trimer 

I t  has been clearly shown7s8 t h a t  any attempt t o  remove the 2'-acid l ab i l e  
group from the fully protected trimer, as i n  3, caused a considerable break-down 
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210 V I A L  ET A L .  

1 2  

2 

1 - 1; B = 9-ADENINYL; B2 = 1-URACILYL; B3 =g-GUANINYL;  R = R = R = H 

- 2; B1 = 9-ADENINYL; B2 = 1-CYTOSINYL;  B3 = 9-GUANINYL; R = R1 = R = H 

- 7 ;  B1 = ABz;  B2 = O4-(2-NITROPHENYL)-2-PYRID0NE-1-YL; B3 = GTbb 
2 R = A c ;  R1 = Me; R = Toluoyl (Toll 

3; R = 

4;  R =  

5 ;  R =  

- 
- 

- 

Y-f 
AcO OAc 

4-TOLUOYL (Toll;  R1 = g-(PHENYLXANTHEN)-g-YL ( P i x y l )  

Tol; R 1 

1 

= R 2  = H 

~ 0 1 ;  R = Pixyl; R~ = H 

- 8; R = Tol; R1 = Pixyl; R2 = H 

9; R = Tol; R1 = Pixyl; R2 = 
0 N\ // 

7, - 
2-ClPhO O-Et3NH+ 

ABz = N6-BENZOYL-9-ADENINYL; GTbb = N2-(4-t-BUTYL)BENZOYL-9-GUANINYI 
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SYNTHESIS OF LARIAT TRINUCLEOTIDES 211 

t o  mononucleot ides and nuc leos ides  and i s o m e r i z a t i o n  o f  t he  3 '+5 '  i n t e r n u c l e o -  
t i d e  l i n k a g e  t o  2'-+5' and v i c e  versa. T h i s  was found t o  be due t o  t h e  p a r t i c i -  
p a t i o n  o f  t h e  Z ' -hyd roxy l  group i n  a t r a n s e s t e r i f i c a t i o n  r e a c t i o n  w i t h  t h e  neigh- 

bou r ing  p h o s p h o t r i e s t e r .  On t h e  o t h e r  hand, i t  i s  a l s o  c l e a r l y  demonstrated9 

t h a t  one may s a f e l y  remove t h e  2 ' - a c i d  l a b i l e  group f rom a 3 ' -+5 '  phosphod ies ter  
as i n  - 5 w i t h  h e l p  o f  80% aq. a c e t i c  a c i d  a t  20 "C. We thus prepared t h e  f u l l y  
p r o t e c t e d  d i n u c l e o t i d e  3 i n  90% y i e l d  by t h e  condensat ion  o f  t h e  5 ' - p r o t e c t e d  
phosphod ies ter  b l o c k  9, prepared f rom S ,  and t h e  5 ' -hydroxy  b l o c k  lo i n  t h e  pres-  

ence o f  1-mesi t y l e n e s u l  fonyl -3-ni t r o - l , 2 , 4 - t r i a z o l  e l o  u s i n g  s tandard  p ro -  

cedures developed i n  t h e  p h o s p h o t r i e s t e r  c h e m i ~ t r y l l - ~ ~ .  The p y r i m i d i n e  
b l o c k  lo was p r o t e c t e d  w i t h  t h e  2 -n i t ropheny l  group a t  t he  04 pos i t i on16 .  

T h i s  was cons idered e s ~ e n t i a l ' ~ ~ ~ ~  because such an i n te rmed ia te ,  a t  t h e  end 

o f  t h e  syn thes i s  o f  t h e  t a r g e t  molecule,  c o u l d  be  conver ted  e i t h e r  t o  c y t o s i n e  
res idue  o r  t o  u r a c i l  mo ie ty ,  depending upon t h e  o rde r  o f  use o f  e i t h e r  a oxygen 
o r  n i t r o g e n  n u c l e o p h i l e  i n  t h e  f i n a l  d e p r o t e c t i o n  stage. The 2-ch lo ropheny l  group 
f rom t h e  i n t e r n u c l e o t i d e  phosphate o f  2 was smoothly removed t o  g i v e  t h e  3 ' -  5 '  

phosphod ies ter  5 w i t h  tetrabutylammonium f l u o r i d e  ( 2  eq. 1 i n  THF- p y r i d i n e - w a t e r  

m i x t u r e  (8:1:1, v/v/v,  4 h, 20 "C)19, f o l l o w e d  by t h e  removal o f  t h e  v o l -  

a t i l e  m a t t e r s  i n  vacuo and coevapora t ion  w i t h  e thano l .  Subsequent ly,  t h e  2 ' - a c i d  

l a b i l e  groupz4 from 5 was removed by t h e  t rea tmen t  w i th  80% aqueous a c e t i c  

acid '  a t  20 "C f o r  20 min f o l l o w e d  by t h e  removal o f  v o l a t i l e  ma t te rs  by 

coevapora t i on  w i t h  d ioxane t o  g i v e  p a r t i a l l y  p r o t e c t e d  d i n u c l e o t i d e  4. A 1H- 

and 31P NMR examinat ion  o f  c rude 5 c l e a r l y  revea led  t h a t  ( i )  t h e  2 - n i t r o p h e n y l  

group a t  04  was i n t a c t ,  ( i i )  t h e  i n t e r n u c l e o t i d e  2-ch lo ropheny l  and 2'-0-(9- 
pheny lxanthen-9-y l  groups were removed s e l e c t i v e l y  and ( i i i )  t h e  s p e c i f i c  

3 ' -  5' phosphod ies ter  l i n k a g e  i s  una l te red .  The p a r t i a l l y  p r o t e c t e d  d i n u c l e o t i d e  

- 4 was d r i e d  c a r e f u l l y  over  P2O5 i n  vacuo. A m i x t u r e  o f  - 4 (0.22 m o l )  and t h e  
5 ' -phosphoramid i te  5 (5 eq.) was then reac ted  i n  d ry  a c e t o n i t r i l e  (10 ml/mmol), 

i n  presence o f  f r e s h l y  subl imed t e t r a z o l e  (50 ,,.I2', under an atmosphere o f  

argon f o r  1 h a t  20 OC, f o l l o w e d  by a work-up and o x i d a t i o n  w i t h  i od ine -wa te r  
mix tu re20*21 t o  g i v e  t h e  p r o t e c t e d  t r i m e r  I_  wh ich  was p u r i f i e d  on a 

s i l i c a  g e l  column (e luen t :  20% methanol i n  c h l o r o f o r m ) .  The t r i m e r  I_  was sub- 
sequent ly  dep ro tec ted  i n  two d i f f e r e n t  w a y ~ ~ ~ ~ ~ ~  t o  g i v e  e i t h e r  1. o r  2 
depending upon t h e  e x a c t  deprotec t i  on c o n d i t i o n :  (1) 

i o n l o  i n  dioxane-water m i x t u r e  f o r  24 h a t  20 'C f o l l o w e d  by aqueous ammonia 
t rea tmen t  f o r  5 days a t  20 'C and separa t i on  o f  t h e  c rude m i x t u r e  on a DEAE 

Sephadex A 2 5  column gave 1. (36%); ( 2 )  l i q u i d  ammonia t rea tmen t  f o r  48 h f o l l o w e d  

by aqueous ammonia f o r  5 days a t  20 "C gave t h e  l a r i a t  2 a f t e r  a s tandard  work up 
and p u r i f i c a t i o n  th rough a DEAE Sephadex A25 column (52%). The e l u t i o n  p r o f i l e s  

a r e  shown i n  F i g .  1 and 2 r e s p e c t i v e l y .  The HPLC p u r i t y  o f  p roduc ts  1. and 2 a r e  

shown i n  pane ls  A and B r e s p e c t i v e l y  i n  F i g .  3, w h i l e  panel C i n  F i g .  3 shows t h e  
separa t i on  o f  a ca.  7:3 a r t i f i c i a l  m i x t u r e  of 1. and 2. The f u l l y  dep ro tec ted  
l a r i a t s  1_ and - 2 were comp le te l y  s t a b l e  f o r  48 h i n  0.1 M_ aq. NaOH and t o  the  

s h o r t  

4 -n i  t robenza l  doximate 
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FIGURE 1 : PURIFICATION O F  A::$:: (1) (peak: A )  ON A PEAE SEPHADEX A 2 5  

COLUMN. 

FIGURE 2 : PURIFICATION OF A3 ,p5 ,C  2'p5'G ( 2 )  - (peak: 9) 014 A DEAE SEPHADEX A25 

COLUMN. 
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FIGURE 3 : HPLC P U R I T I E S  OF COMPOUNDS 1 & z (panels: A & B) AND A 
SEPARATION O F  THEIR ARTIFICIAL MIXTURE (panel: C )  
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t rea tment  o f  sp leen phosphodiesterase. L a r i a t  1 was degraded t o  5'-UMP, 5'-GMP 

and adenosine and 2 t o  5'-CMP,5'-GMP and adenosine, i n  equ imolar  r a t i o s ,  upon 

t rea tment  w i t h  m a k e  venom phosphodiesterase. The 10 270 MHz 1H-NMR spectrum o f  

1. and 2_ a r e  shown i n  F i g s .  4 and 5 r e s p e c t i v e l y  e s t a b l i s h i n g  t h e i r  i s o m e r i c  

p u r i t i e s .  The 29 COSY spec t ra  and Hartmann-Hahn NMR spectra26 o f  - 1 and 2_ a r e  

shown i n  F igs .  6 and 8 and 7 and 9 r e s p e c t i v e l y  wh ich  ass igned t h e  p r o t o n  reson- 

ances o f  t a r g e t  mo lecu les  as d e t a i l e d  i n  Tab le  1. The UV and 31P-NMR s p e c t r a  

o f  1. and 2 a r e  a l s o  shown i n  F igs .  11, 12 and 13 r e s p e c t i v e l y .  

Whi le t h i s  work was i n  p rogress  Caru thers  et.22 r e p o r t e d  a s i m i l a r  s t r a t -  

egy w i th  t h e  5 - b u t y l d i m e t h y l s i l y l  group f o r  t h e  p r o t e c t i o n  o f  2 ' - h y d r o x y l  func-  

t i o n  which i s  knoMn t o  i somer i ze  t o  the  3 ' - h y d r o x y l  f u n c t i o n  under m i l d  b a s i c  

c o n d i t i o n 2 5 .  I t  shou ld  be no ted  t h a t  none o f  t h e  t h r e e  procedures r e p o r t e d  

so f a r  i n  t h e  l i t e r a t u r e 5 3 6 y 2 2  g i v e s  any spec t roscop ic  evidence on t h e  i s o -  

mer ic  p u r i t y  o f  t he  l a r i a t  s t r u c t u r e s  desp i te  t h e  Fact t h a t  these workers6Sz2 

have employed e i t h e r  a 2 '  o r  3 '  p r o t e c t i n g  group which have p o t e n t i a l  t o  i s o -  

mer ize  t o  t h e  v i c i n a l  hyd roxy l  f u n c t i o n .  I t  i s  c l e a r  t h a t  t h e  ev idence o f  r e g i o -  

s e l e c t i v e  syn thes i s  o f  any l a r i a t  molecules,  e i t h e r  - 1 o r  2, by s imp le  enzymatic 

d i g e s t i o n  and e l e c t r o p h o r e t i c  m o b i l i t y  can n o t  be cons idered as c o n c l u s i v e  s ince  

any i somer i c  mo lecu le  formed d u r i n g  t h e  w i l l  a l s o  be expec ted  

t o  g i v e  s i m i l a r  r e s u l t s .  We b e l i e v e  t h a t  a IH-NMR a n a l y s i s  o f  t he  f u l l y  depro- 

t e c t e d  l a r i a t s  can d e f i n i t e l y  i n d i c a t e  t h e  e x t e n t  o f  i s o m e r i z a t i o n  as e x e m p l i f i e d  
i n  F i g .  10 which shows a m i x t u r e  o f  A j I p S t G  2 'p5 'C  and A::$:: t h a t  were formed 

due t o  t h e  p a r t i a l  i s o m e r i z a t i o n  o f  3 l - 3 5 '  phosphod ies ter  o f  4_ t o  t h e  c o r r e s -  

ponding 2 ' + 5 '  isomer a t  the  i n i t i a l  stages o f  t h e  p resen t  work. 

Exper imental  

lH-NMR spec t ra  were recorded, i n  6 sca le ,  a t  90 MHz and 270 MHz w i t h  J e o l  

FX 9OQ and Jeo l  JNM-GX 270 spectrometers,  TMS o r  a c e t o n i t r i l e  ( s e t  a t  2 ppm) 
be ing  used as  an i n t e r n a l  standard.  3lP-NMR spec t ra  were recorded a t  36 MHz i n  

the same s o l v e n t  as f o r  1H-NMR u s i n g  phosphor ic  a c i d  as an e x t e r n a l  s tandard  

( 6  s c a l e ) .  D e t a i l s  r e g a r d i n g  t h e  NMR spec t roscop ic  measurements w i l l  be r e p o r t e d  

elsewhere. UV spec t ra  were measured u s i n g  a Cary /Var ian  2200 spec t rometer .  TLC 

was c a r r i e d  o u t  u s i n g  pre-coated  s i l i c a  ge l  F254 p l a t e s  i n  t h e  f o l l o w i n g  

s o l v e n t  systems: (A) e thano l -d ich lo romethane 9.5:0.5, v /v .  ( 8 )  e t h a n o l - d i c h l o r o -  

methane 9:1, v /v .  The s h o r t  column chromatographic separa t i ons  were c a r r i e d  o u t  

u s i n g  Merck 660 s i l i c a  g e l .  HPLC was performed23 u s i n g  sepher i so rb  (10 p )  

OOS column (20 cm x 4 mn) u s i n g  s o l v e n t  A: 5 x 10-4 M tetrapentylamnonium- 

phosphate (TPAP). S o l v e n t  B:  5 x 10-4 M TPAP i n  20% a c e t o n i t r i l e - w a t e r  a t  
pH 7 a t  20 "C.  
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FIG. 6 : 2D COSY SPECTRUM OF A3,p5,U Z'P5'G (1) 
! 

Synthesis o f  0~-(2-nitrophenyl)-2',3'-di-0-acetyluridine (10). To a s o l u t i o n  o f  
5 ' -d imethoxyt r i  tyl -2 ' , 3 '  - d i  -E-acety lur i  d ine (1 mmol , 0.64 g) i n  d i c h l  oromethane 

(10 ml )  was added 1-mesitylenesulphonyl c h l o r i d e  (0.61 g, 3 mnol),  t r i e thy lam ine  
(2.3 m l ,  15 mnol), y,~-dimethylaminopyridine (12 mg, 0.1 mmol) and the reac t i on  

s t i r r e d  f o r  1 h. DABCO (0.11 g, 1 mnol),  2-nitrophenol (2.3 m l ,  5 mnol) was then 

added and the reac t i on  s t i r r e d  f o r  30 min a t  20 "C. The reac t i on  m ix tu re  was then 

poured i n t o  0.5 M_ c i t r i c  a c i d  s o l u t i o n  (200 ml) and ex t rac ted  wi th dichlorometh- 
ane (3  x 60 ml 1. The combined ex t rac ts  were washed w i t h  water (2 x 100 m l )  and 
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1 
PPH 

4 
' 5'G FIG.  7 : 2D COSY SPECTRUM OF AiIF51C (2) 

evaporated (Rf 0.79, so lvent :  B ) .  The r e s u l t a n t  res idue was d isso lved i n  10% 
methanol-dichlormethane m ix tu re  (10 m l  ) and 4-toluenesulphonic a c i d  monohydrate 

(0.95 g, 5 mnol) i n  10% methanol-dichloromethane mix tu re  (10 m l )  was added and 
the reac t i on  s t i r r e d  f o r  5 min. The reac t i on  m ix tu re  was then poured i n t o  satu- 

ra ted  sodium hydrogen carbonate (100 ml)  and ex t rac ted  w i t h  dichloromethane 
(2  x 100 m l  1. The combined ex t rac ts  were evaporated, and p u r i f i e d  by s i l i c a  gel 

chromatography. The des i red compound was e lu ted  w i t h  2% ethanol-dichloromethane 
mixture. Appropriate f r a c t i o n s  were evaporated and f i n a l l y  p r e c i p i t a t e d  and driec 
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218 VIAL ET A L .  

FIG. 8 : 270 MHz SPECTRA OF THE RIBOSE REGION OF - 1 

(a) Regular spectrum; 
(b-d) Selective excitation subspectra of 

U5'-p, A2:-p and (35'-p. 
3 -P 

(0.44 g ,  98%). R f :  0.64 (solvent:  5). 1H-NMR (CDC13 + CD3OO): 8.27 ( d ,  - 

7.3 Hz, 1H) H-6 of pyrimidone; 8.14 ( d ,  - 9.1 Hz, 1H) H-2 o f  g4-(2-nitrophenyl);  
7.77-7.27 (IJ, 3H) 2-nitrophenyl; 6.29 ( d ,  - 7.3 Hz, 1H) H-5; 6.13 (d, 4 .9  Hz, 1H) 

H-1 ' ;  5.48 (m, - 2 H )  H-2' and -3 ' ;  4.24 (m, 1H) H-4 ' ;  3.85 (m, 2H) H-5'; 2.12 (5, 
3H) acetate;  2.08 (5, 3H) acetate.  

NC-Benzoyl -2 '-0-(9-phenylxanthen-9-yl) (pixy1 )-5'-O-toluoyladenosine (8 ) .  
N6-benzoyl -2 ' -pi xyl adenosi neZ4 (1 nnnol ) was di ssol  ved i n  dry pyri di ne 
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Hd L n 

w JL 

FIG. 9 : 270 MHz SPECTRA OF THE RIBOSE 

OF 2 

(a) Regular spectrum; 
(b-d) Selective excitation subspectra of 

- 

C5'-P, AQ'-p 2'-p and G5'-p. 

(15 ml) and evaporated t o  dryness t o  remove any moisture. The res idue was d i s -  
solved i n  dry p y r i d i n e  (10 m l  1, and to luoy l  c h l o r i d e  (1.1 mmol 
v i a  a syr inge under dry  condit ions. A f t e r  45 min, the r e a c t i o n  was found t o  be 

complete by t l c  (Rf: 0.33, solvent: A ) .  Methanol (1 ml )  was now added and the 
r e a c t i o n  mixture s t i r r e d  f o r  30 min and then evaporated. The res idue was d i s -  
solved i n  dichloromethane (100 ml) and poured i n t o  saturated sodium hydrogen car-  

was s lowly  added 
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Table 1: k N M R  chemical s h i f t s  recorded a t  270 MHz i n  020 (CHjCN as 
in te rna l  standard set a t  2.0 ppm; accuracy o f  chemical s h i f t s  f0.01 ppm) 
o f  compounds 1 and 2. 

A 8.17 7.85 - - 6.13 5.26 4.85 4.45 3.81 3.73 
U - - 7.81 5.80 5.86 4.30 4.20 4.12 

G 7.67 - - 5.57 4.40 4.19 3.94 3.87 3.58 

Compound 2 
A 8.16 7 .84  - - 6.11 5.25 4.85 4.45 3.81 3.73 
C - 7.79 5.92 5.86 4.21 4.21 4.13 
G 7.66 - - - 5.58 4.39 4.19 3.95 3.88 3.60 

bonate s o l u t i o n  (100 m l )  and ex t rac ted .  The d ich lo romethane l a y e r  was run  o f f ,  
and the  aqueous l a y e r  washed w i t h  dichloromethane ( 3  x 100 m l ) .  The combined 

e x t r a c t s  were coevaporated w i t h  to luene  and t h e  r e s i d u e  p u r i f i e d  by s i l i c a  ge l  

chromatography. The d e s i r e d  p roduc t  was e l u t e d  w i t h  1% methanol - d i c h l  oromethane 
m i x t u r e  c o n t a i n i g  1% p y r i d i n e ,  was evapora ted  and p r e c i p i t a t e d  f rom hexane and 

d r i e d  (731 mg, 98%). 1H-NMR (CDC13 + Dabco): 8.3 (5, 1H) H-8; 8.0-6.8 (m, 
23H) arom; 5.95 (d,  - 7.3 Hz, 1H) H - 1 ' ;  4.90 (g, 7.3 and 5.2 Hz, 1H) H-2' ;  4.55- 
4.19 (m, - 3H) H-4' and 5 ' ;  3.39 (d,  - 5.2 Hz, 1H) H-3 ' ;  2.85 (5, 3H) methy l  o f  

to1  uoy l  . 

- 

3' -0 - (2 -ch lo ropheny l  )phosphoro-N6-benzoyl-2 ' -0 -p ixy ladenos ine  ( 9 ) .  Compound S 
(1 m o l )  was d i s s o l v e d  i n  d r y  p y r i d i n e  ( 8  m l )  and a s o l u t i o n  o f  c -ch lo ropheny l -  

phosphoro-bis-(1,2,4-triazolide) i n  a c e t o n i t r i l e  ( 8  m l ,  2 m o l )  was added and the  

r e a c t i o n  s t i r r e d  f o r  20 m i n  and a t l c  examinat ion  showed t h e  disappearence o f  
s t a r t i n g  a m t e r i a l  (Rf 0.58, so l ven t :  B )  and a new p r o d u c t  ( R f  0.13, s o l -  
vent:  B) had been formed. The r e a c t i o n  m i x t u r e  was then  poured i n t o  0.2 ! tri- 
ethylammonium b ica rbona te  s o l u t i o n  (pH 7.2) s o l u t i o n  (100 ml )  and e x t r a c t e d  w i t h  
dichloromethane ( 4  x 100 m l  1. The combined d ich lo romethane e x t r a c t s  was washed 
w i t h  water  (100 m l  ) ,  and coevaporated w i t h  to luene.  The res idue  was then  d i s -  

so lved i n  dichloromethane ( 5  m l 1  and p r e c i p i t a t e d  f rom hexane (50 m l  1, c e n t r i -  

fuged and d r i e d  (0.95 g, 95%). 1H-NMR (CDC13 + Dabco): 8.3 (5,  1H) H-8; 

8.1-6.8 (m, 27H) arom; 6.14 (d, 8 Hz, 1H) H - 1 ' ;  5.19 (m, 1H) H-2 ' ;  4.80 (m, 1H) 
H-3' ;  4.43 (m, - 3H1 H-4' and 5 ' ;  2.84 (s, - 3H) methyl  o f  t o l u o y l .  31P-NMR 

(CDC13 + Dabco): -5.9 ( s o l e  s i g n a l  i n  3lP-NMR). 

Dimer b lock  (3 ) .  The phosphod ies ter  ( 9 )  - (1.1 g, 1.1 mnol)  and g 4 - ( 2 - n i t r o -  
phenyl)-2',3'-di-~-acetyluridine (0.44 g. 1 mmol) were d i s s o l v e d  i n  d ry  p y r i d i n e  
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WAVELENGTH (nm) 

c 

FIG. 11 : THE UV SPECTRA OF LARIATS 1. & 

(Note the shift of 2 in comparison with 
- 1 at pH 2 ) .  Inset Table shows some 
literature values (cf. Handbook of Biochem. 

& Mol. Biol., CRC Press, 3rd. ed . ,  1975) .  
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-2.0 

1 . 1 "  I ' " ' l " ' ' I " ~  
10 0 -10 - 20 PPM 

FIG. 12  : 'lP-NMR ( D Z O )  OF LARIAT - 1 

-1.9 

l " " 1 " " ~ " " 1 " " l " ' ' l " " ' ' " ' ' ~  
15 10 5 0 -5 -10 -15 -20 PPM 

FIG. 1 3  : "P-NMR (D20) OF LARIAT - 2 

( 5  m l ) ,  and evaporated t o  dryness. The residue was d isso lved i n  dry p y r i d i n e  

(10 m l  and l-mesitylenesulfonyl-3-nitro- (1 ,2,4- t r iazo le)  added and the r e a c t i o n  

s t i r r e d  f o r  30 min and examined by t l c .  A l l  o f  t h e  u r i d i n e  block had been con- 
sumed and a new product  (Rf 0.76, so lvent :  A )  had been formed. The r e a c t i o n  

mixture was then poured i n t o  saturated sodium hydrogen carbonate s o l u t i o n  
(100 m l  I and ext racted w i t h  dichloromethane (3 x 100 m l  I .  The combined e x t r a c t s  

were evaporated and coevaporated w i t h  toluene, and p u r i f i e d  by s i l i c a  gel chro- 
matography, us ing 1% pyridine-dichloromethane mixture. The product  was co l l ec ted .  

evaporated and p r e c i p i t a t e d  from hexane, cen t r i f uged  and dr ied.  (1.24 g, 93%). 

31P-NMR (CDC13): -7.68 and -8.30 (on l y  s ignals  from a p a i r  o f  d iastereo-  

isomers o f  3 ) .  

Deprotect ion o f  Dimer b lock 3 t o  g i v e  4. The f u l l y  p ro tec ted  dimer 3 (1.3 g, 

1 mmol) was d isso lved i n  tetrahydr0furan:pyridine:water (38 m l ,  8:l : l  v/v /v)  and 
tetrabutylammonium f l u o r i d e  i n  THF (2 m l ,  1 fi s o l u t i o n )  was added and the 

reac t i on  s t i r r e d  fo r  4 h a t  20 "C. The v o l a t i l e  mat ters  were then removed and the 
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residue was pur i f ied  by s i l i c a  gel chromatography. The column was washed with 1% 
pyridine-dichloromethane mixture and the product was e lu ted  w i t h  8% ethanol i n  
the same solvent  mixture. The desired f r a c t i o n s  were pooled and evaporated then 
coevaporated with toluene. The pyridine f r e e  residue of 5, t h u s  obtained,  was 
dissolved in  80% a c e t i c  acid (15 ml) and s t i r r e d  f o r  20 min a t  20 'C. The vol- 
a t i l e  matters were removed, and t h e  res idue dissolved in  dioxane and evaporated. 
This s tep  was repeated twice more t o  ensure t h a t  a l l  of the a c e t i c  acid was 
removed. The residue was dissolved i n  dichloromethane ( 5  ml) and prec ip i ta ted  
from diethyl e t h e r ,  centr i fuged and  dr ied  t o  give 4 (1.0 g ,  88%, based on 3 ) .  
IH-NMR (COCl3): 8.7 ( s ,  - 1 H )  H-8; 8.67 (d. 5.4 Hz. 1H) H-3 of g4-(2-ni t ro-  
phenyl); 8.21 (5, - 1 H )  H-2; 8.14-7.1 ( n ~ ,  13H) arom; 6.45 ( d ,  - 7.6 Hz, 1H) H-5; 6.35 
(d,  5.1 Hz, 1 H )  H - 1 ' ;  6.24 (d, 5.4 Hz, 1 H )  H-5 of pyrimidone; 5.49 (t, 2H) H-2" 
and -3"; 5.07 (m, - 2H) H-2' and 3 ' ;  4.65 ( m ,  - 3H) H-4" and 5 " ;  4.33 (m, - 3H) H-4' 
and H-5'; 3.25 (E, 6H) -CH2 o f  t r i e t h y l  amnonium; 2.38 (5 ,  - 3H) methyl of 
toluoyl; 2.08 (2. 3H) ace ta te ;  2.0 (5,  3H1 ace ta te ;  1.4 (m, 9H) methyl of t r i -  
2thylamnonium. 31P-NMR (COC13): +1.07 ( s o l e  signal i n  3lP-NMR). 

Synthesis of 5'-phosphoramidite of guanosine 6. To a solut ion of N2-(4-t-butyl)- 
benzoyl-2',3'-di-O-acetylguanosine - (1.56 g ,  3 m o l l  i n  dichloromethane (20 ml) 
was added N,N--di i sopropylmethyl phosphonami dic  chl o r i  de ( 1.2 ml , 6 mmol ) f o l l  owed 
by N,N-diisopropylethylamine ( 2  ml, 12 m o l l  and the react ion s t i r r e d  f o r  60 min. 
The react ion mixture was then d i lu ted  w i t h  e thy lace ta te  (60 ml) and poured i n t o  
saturated sodium chlor ide  so lu t ion  (40 ml) and extracted.  The e thylace ta te  layer  
was washed with sa tura ted  sodium chlor ide  so lu t ion  (3  x 40 m l ) ,  d r ied  over mag- 
nesium s u l f a t e ,  f i l t e r e d  and evaporated w i t h  dry toluene. The residue was d is -  
solved i n  dry toluene (20 ml) and prec ip i ta ted  from c h i l l e d  hexane (200 ml) f i l -  
tered and dr ied t o  give 5 (1.85 g ,  90%). IH-NMR (COCl3): 8.0 (5, 1H)  H-8; 
7.94 (d, 2H) arom; 7.49 (d, 2H) arom; 6.04 (m, - 2H) H - 1 '  and H-2 ' ;  5.85 (E, 1H)  
H-3'; 4.34 (m, - 1 H )  H-4'; 3.73 (m, 2H) H-5'; 2-16 (s, - 3H) ace ta te ;  2.07 (5,  3H) 
ace ta te ;  1.1 (5, YH) t -butyl .  31P-NMR (COCl3): +150.5 and +149.3. 

Synthesis o f  p a r t i a l l y  protected l a r i a t  ( 7 )  and i t s  deprotections t o  give e i t h e r  
l a r i a t  (1) o r  ( 2 ) .  To a so lu t ion  of (i) (250 mg, 0.2 mnol) and (6) (690 mg, 
1 mmol) i n  dry a c e t o n i t r i l e  (10 ml) was added t e t r a z o l e  (690 mg, 10 mnol) and the 
reaction s t i r r e d  f o r  1 h a t  20 "C. The react ion mixture was then oxidized w i t h  
iodine i n  tetrahydr0furan:pyridine:water (8:l:l v / v / v )  and s t i r r e d  10 min a t  
20 "C. The react ion mixture was t h e n  poured i n t o  5% sodium b i s u l p h i t e  (100 ml) 
and extracted with dichloromethane ( 4  x 100 ml I .  The combined e x t r a c t s  were evap- 
orated,  and the residue was p a r t i a l l y  pur i f ied  by s i l i c a  gel chromatography. The 
column was washed with 4% ethanol-dichloromethane mixture (100 ml) and then t h e  

product was washed off with 20% methanol-dichloromethane mixture. The solvent  was 
removed and then the residue was i d e n t i f i e d  a s  t o  be 7_. 3lP-NMR (CDC13): 
-0.8, -1.34, -1.44 and -1.88 ( s o l e  s igna ls  in  31P-NMR spectra  from 3 ' +  5 '  
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phosphodiester and 2 ' -  5 '  phosphotr iester  o f  7) .  It was d i v ided  i n t o  two halves 

and deprotected as fo l lows:  

(a )  The f i r s t  h a l f  o f  the p a r t i a l l y  protected t r imer  1. was d isso lved i n  dioxane 
(6 m l )  and syn-4-nitrobenzaldoxime (0.16 g, 1 mmol) and tetramethylguanidine 

(9.12 g, 1 mnol ) were added then water (6 ml ) .  The reac t i on  was s t i r r e d  f o r  48 h 
and then aqueous ammonia (d=0.88) was added and the  r e a c t i o n  s t i r r e d  f o r  4 days. 

The v o l a t i l e  matters were then removed, and the res idue d isso lved i n  water 

(20 m l  and washed w i t h  dichloromethane (6 x 40 m l  1. The aqueous l a y e r  was evap- 

orated, t he  d isso lved i n  water and p u r i f i e d  by DEAE Sephadex chromatography 
(15 cm x 1 cm) i n  1.200 od260 batches using the f o l l o w i n g  l i n e a r  gradients :  
(1) 0.001 M - TEA6 (400 m l ,  pH 7.2) t o  0.15 MTEAB (400 m l ,  pH 7.2); ( 2 )  0.15 M_ 
TEA6 (500 m l ,  pH 7.2) t o  0.25 M - TEA6 (500 m l ,  pH 7.2). The e l u t i o n  p r o f i l e  i s  

shown i n  Fig. 1. The product 1 was e l u t e d  a t  0.21 M_ TEAB. The des i red f r a c t i o n s  
were co l l ec ted ,  evaporated and checked by Hplc (Rt=21.7 min) (panel A i n  

F ig .  3 )  and I H  NMR (F igs.  4, 6 and 8) .  Y ie ld :  36.5% (730 o.d.260). 31P 
-NMR (D20, 8.5% aq. H3P04 as ext .  standard a t  30 " C ) :  -2.0 ( 3 ' 4 5 '  

phsphate) and -2.8 (2'45' phosphate) (Fig. 12). 

(b )  The second h a l f  o f  the t r i m e r  1. was d isso lved i n  a small volume o f  dry  

te t rahydrofuran and then t rea ted  w i t h  l i q u i d  ammonia f o r  48 h a t  20 "C. The 

l i q u i d  ammonia was then al lowed t o  evaporate and the residue was d isso lved i n  
aqueous ammonia (d=0.88) and s t i r r e d  f o r  4 days a t  20 " C .  The v o l a t i l e  mat ters  

were then removed, and the residue d isso lved i n  water (20 m l )  and washed w i t h  
dichloromethane (6 x 40 m l ) .  The aqueous l a y e r  was then evaporated, and d i sso l ved  

i n  water and p u r i f i e d  by DEAE Sephadex A25 chromatography (15  cm x 1 Cm) i n  

batches o f  1.200 O.d.260. The f o l l o w i n g  l i n e a r  gradients  were used: 
(1) 0.001 M triethylammonium bicarbonate (TEA61 (400 m l ,  pH 7.2) t o  0.1 
(400 m l ,  pH 7.2); (2 )  0.1 - M TEAB (500 ml, pH 7.2) t o  0.17 

pH 7.2). The e l u t i o n  p r o f i l e  i s  shown i n  F ig .  2. The product 1 was e l u t e d  a t  

3.15-0.16 - M TEAB. The des i red f r a c t i o n s  were co l l ec ted ,  evaporated and checked by 

I ip lc  (Rt=20.1 min) (panel B i n  F ig .  3) and I H  NMR (Figs.  5, 7 and 9). 
Yield: 52% (1.040 O.d.260). 31P-NMR (D20, 8.5% aq. H3P04 as eXt. 

standard a t  30 OC): -1.9 (3'45' phosphate) and -2.6 (2'+5' phosphate) (Fig. 13). 

TEAB 
TEAB (500 m l ,  
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