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SYNTHESIS AND PHYSICAL CHARACTERIZATION OF BIs 3'+5' CYCLIC 
- DINUCLEOTIDES (yNpNp7): RNA POLYMERASE INHIBITORS* 

Hsu, Chin-Yi Jenny and Dennis, Don* 
Department of Chemistry 
University of Delaware 

Newark, DE 19716 

with 

Jones, Roger A. 
Department o f  Chemistry 

Douglass College 
Rutgers, The State IJniversity of New Jersey 

New Brunswick, NJ OR903 

+This material was submi.tted by C-Y. J. Hsu in partial fulfillment of 
the Ph.D. requirements. Additional details may be obtained from Hsu, 
C-Y. J.; Ph.D. Dissertation (1982) ,  University of Delaware. 

Abstract 
A defined chemical synthesis of the cyclic dinucleotides, rApAp7, 

rApUp1, and rUPUp2 has been devised, based on modern phosphotriester 
methods. These cyclic dinucleotides have been shown to inhibit RNA 
polymerase. 
preference for the 2E form, while the spectra of the unprotected dimers 
show the 3E form to be favored. The circular dichroism spectra show a 
negative long wavelength transition; however, rApUp3 does not show the 
short wavelength maximum present in the spectra of ,-ADAPT and rUDUD7. 

The lH NMR spectra of the protected dimers show a 

Introduction 
Cyclic ribodinucleotides have been shown by Hsu and Dennis1 to act 

as potent 1inear;ompetitive inhibitors for the- DNA dependent RNA 
polymerase of E. coli, specifically during the inttiation phase of the 
enzymatic reaction. This inhibition was predicted to occur due to the 
simultaneous binding at both active sites on the enzyme accordlng to a 
model for rotational translocation proposed by Dennis and Sylvester*. 

Previous routes to cyclic dinucleotides have relied on isolation of 

the products from the complex mixtures obtained from homopolymerization 
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378 HSU, DENNIS,  AND JONES 

r eac t ions  (Lapido t and Khorana, ; S c h a l l e r  and Khorana4 ; 

Coutsogeorgopoulos and Khorana5; and Ohtsuka e t  a l .  ,6 .  This  is an 

i n e f f i c i e n t  procedure t h a t  is n e c e s s a r i l y  l imi t ed  t o  homocyclic 

molecules. We have devised a s p e c i f i c  phospho tries ter procedure f o r  the 

syn thes i s  of both homo- and h e t e r o c y c l i c  dinucleo t i d e s ,  employing high 

d i l u t i o n  c y c l i z a t i o n  of the appropr i a t e ly  p ro tec t ed  r ibonuc leo t ides  

(Scheme I) .  

yApAp7 a r e  presented. 

the pentose r ing  in s o l u t i o n  is r i g i d ;  e x i s t i n g  in the 2E conformation 

€or  the f u l l y  protected c y c l i c  d inuc leo t ides ,  and the 3E conforma t i o n  i n  

the case of the unprotected c y c l i c  d inuc leo t ides .  

MATERIALS AND METHODS 

The syn thes i s  and c h a r a c t e r i z a t i o n  of yUpUp1, rApUP1 and 

Our conclusions from NMR s t u d i e s  of these c y c l i c  compounds a r e  t h a t  

Mallinckrodt CC-7 s i l ica  E e l  was used  f o r  column chromatography. 

P repa ra t ive  s i l i c a  g e l  GF p l a t e s  (20 x 20 cm, 15001~) were purchased from 

Analtech. The p l a t e s  were e l u t e d  once with acetone p r i o r  t o  sample 

loading. Separat ions were t y p i c a l l y  c a r r i e d  o u t  on 100-200 mg of 

ma te r i a l .  

Analyt ical  c e l l u l o s e  TLC was c a r r i e d  o u t  on EM pre-coated c e l l u l o s e  

F-254 aluminum shee t s .  Solvent systems were: so lven t  1, 

n-propano1:conc. ammonium hydroxide:water = 55:10:35; so lven t  2 ,  

i s o b u t y r i c  acid:conc. ammonium hydroxide:water = 66:1:33 (IRAW). 
High pressure l i q u i d  chromatography (HPLC) was performed on a 

Varian model 5000 l i q u i d  chromatograph with a Varian-Chrom W-Vis 

de tec to r .  A MCH-10 C1A r eve r se  phase column (0.4 x 30 cm) with R 

micropak guard column was used. The 

ope ra t ing  temperature was 30'C. The p u r i t y  of a l l  synthesized compounds 

( > 9 5 % )  was assessed by HPLC a n a l y s i s .  

The flow rate was 2 ml/min. 

RNase M was k ind ly  supplied by D r .  Maaachika Irie, Hoshi College of 

Pharmacy. Samples of 3-4 OD260 of c y c l i c  d inuc leo t ides  were t r e a t e d  

wi th  30 pg RNase M i n  0.1 H ammonium acetate (pH 5.0) i n  a t o t a l  volume 

of 115 p1.  The r eac t ion  was allowed to  proceed 5 hrs .  a t  37'C. A 

s o l u t i o n  of the enzyme alone i n  t he  bu f fe r  and another  s o l u t i o n  of the 

c y c l i c  dimer alone i n  the bu f fe r  were used as the blank and r e fe rence  

f o r  c e l l u l o s e  TLC a n a l y s i s  and W absorp t ion  a t  260 nm. 

of each was taken f o r  W and a 10 u 1  sample of each was taken f o r  TLC. 

A 20 u 1  sample 
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1H-NMR spec t r a  were recorded using a Rruker CM-250 (250.13 mz) 

spectrometer i n  a Four i e r  transform mode. 

t he  i n t e r n a l  reference.  Sample s o l u t i o n s  were 5-100 mM i n  cDC13 o r  
deuterium oxide contained in a Smm tuhe. The accuracy of the chemical 

s h i f t s  was W.01 ppm. 31P-NMR spec t r a  were measured a t  101.27 HHz. 

Orthophosphoric ac id  was used as the e x t e r n a l  standard.  Sample 

s o l u t i o n s  were 1-10 mM contained i n  a 10 mm tuhe. The accuracy of the 

chemical s h i f t s  was k0.1 ppm. 

Tetramethyls i lane was used as 

The assignments of each proton of the f u l l y  blocked and the f u l l y  

deblocked c y c l i c  d inuc leo t ides  were obtained by comparison wi th  the 

l i t e r a t u r e  data, examination of the peak s p l i t t i n g  p a t t e r n  and, most 

d e f i n i t i v e l y ,  by decoupling. The coupling cons t an t s  were obtained by 
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380 HSU, DENNIS,  AND JONES 

a n a l y s i s  of the  f u l l y  coupled  lY s p e c t r a ,  the  s e l e c t i v e l y  s p i n  decoupled 

l H  s p e c t r a  and the  lH-coupled 31P s p e c t r a  as well as some computer 

s i m u l a t i o n  us ing  a n  ITRCAL program. 

The s t a r t i n g  materials, &, and 3, 2, were s y n t h e s i z e d  from 

the  cor responding  n u c l e o s i d e s  acco rd ing  t o  pub l i shed  p rocedures  ( O g i l v i e  

e t  a1.7, 8). 

The F u l l y  P r o t e c t e d  Linear D i n u c l e o t i d e s  (2). 
mmole of (lb-2b) and 0.6-1.4 e q u i v a l e n t s  of ( l c -2c )  r ende red  anhydrous  

by r epea ted  evapora t ion  of p y r i d i n e  was added a s o l u t i o n  of 3 eq. of 

2,4,6-tritsopropyl-benzenesulfonylchloride (TPSC1) and 9 eq .  of 

t e t r a z o l e  i n  anhydrous py r id ine .  The t o t a l  volume was 1-2 mL. The 

r e a c t i o n  was a l lowed to proceed f o r  2 h r s .  under n i t r o g e n  a t  room 

tempera ture .  Water was added and t h e  p roduc t  was e x t r a c t e d  i n t o  

chloroform. The l a y e r s  were s e p a r a t e d  and the  ch loroform l a y e r  was 

washed w i t h  0.1 Y sodium b i c a r b o n a t e  ( 2 X ) ,  w i t h  water, and was d r i e d  

ove r  calcium s u l f a t e  and concen t r a t ed .  

removed by evapora t ion  wi th  to luene .  The r e s i d u e  was d i s s o l v e d  i n  1 mL 

chloroform and a p p l i e d  e i t h e r  t o  a s i l i c a  g e l  column (3 x 20 cm) or to a 

p r e p a r a t i v e  p l a t e ,  u s ing  2.5% e thano l / ch lo ro fo rm as the  e l u a n t .  The 

a p p r o p r i a t e  f r a c t i o n s  were evapora t ed  t o  a d r y  foam and d r i e d  above 

phosphorus pentoxide  i n  vacuo. 

Decyanoethyla t ion  and D e t r i t y l a t f o n  o €  t h e  F u l l y  P r o t e c t e d  Dimer (4) The 

f u l l y  blocked d i n u c l e o t i d e  ( 3 ,  - 50-100 umole) was d i s s o l v e d  in 1-2 mL of 

double d i s t i l l e d  t r i e t h y l a m i n e  and a n  e q u a l  volume of anhydrous 

py r id ine .  The s o l u t i o n  was k e p t  a t  room tempera ture  f o r  2 h r s  and was 

then  evapora ted  w i t h  a d d i t i o n s  of p y r i d i n e .  The r e s i d u a l  c o n c e n t r a t e d  

s o l u t i o n  was added dropwise t o  100 mL of a mixture  of d i e t h y l  e t h e r  and 

petroleum e t h e r  (1:2) w i t h  s t i r r i n g .  

c o l l e c t e d  by c e n t r i f u g a t i o n  and d r i e d  ove r  phosphorus pentoxide  &I 
vacuo. The d r i e d  p roduc t  was then  t r e a t e d  with 3 mL of 2% 

benzenesu l fon ic  a c i d  i n  a mixture  of ch loroform and methanol (7:3) i n  a n  

ice bath.  After 20 min., the s o l u t i o n  was washed w i t h  0.1 M sodium. 

b i c a r b o n a t e  (2 x 5 mL) and water. 
w i t h  chloroform. The combined ch loroform s o l u t i o n  was evapora t ed  with 

a d d i t i o n s  of py r id ine  to a c o n c e n t r a t e d  s o l u t i o n  which was then added 

dropwise to 60 mL of a s t i r r e d  mix tu re  of e t h e r  and p e t  e t h e r  ( 1 : l ) .  

The p r e c i p i t a t e d  product  (5) was c o l l e c t e d  by c e n t r i € u g a t i o n .  

To a mixture  of 0.15-0.3 - 

The remain ing  p y r i d i n e  was 

The wh i t e  p r e c i p i t a t e  was 

-- 

Each aqueoua phase was back e x t r a c t e d  
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CYCLIC DINUCLEOTIDES AS RNA POLYMERASE INHIBITORS 381 

Intramolecular Condensation fo r  the Synthesis of the Fully Protected 

Cyclic Dinucleotides (5). To a dried pyridine so lu t ion  of the p a r t i a l l y  

deblocked dimer (5, 40-50 umole) was added an anhydrous pyridine 

so lu t ion  of 6 equivalents  of TPSCl and 18 eq. of te t razole .  The f i n a l  

concentration of the dinucleotide i n  pyridine was 5mM. After 5-10 hrs . ,  

most of the s t a r t i n g  material was converted to  the highly nonpolar 

cyc l i c  product as judged by TLC. The react ion was stopped by the 

addi t ion  of water and addi t iona l  50% aqueous pyridine was added. The 

cyc l i c  product was then extracted with chloroform ( 3  x 20 mt), which was 

then washed with 0.1 M sodium bicarbonate and water. The aqueous wash 

was fur ther  extracted w i t h  chloroform. The combined chloroform e x t r a c t  

was concentrated and the residue appl ied to a preparat ive s i l i c a  ge l  

p l a t e ,  which was then developed in  ethanol/chloroform 1-3 times u n t i l  a 

good separation was obtained. 

Complete Deblocking to Obtain the Fully Unprotected Cyclic 

Dinucleotides (5).  Method A: 

dimer (5) was added 1 mL of a solut ion of 0.3 m o l e  of 

tetramethylguanidine (TMG) and 0.3 m o l e  of 2-ni trobenzaldoxime (NBO) in  

dioxane and water (1 : l )  according to  Reese e t  a ~ ~ .  After 3 hrs . ,  an 

addi t iona l  0.15 m o l e  of TMG was added and the react ion mixture was kept 

a t  room temperature overnight. This mixture was t reated with 10 mL of 

concentrated aqueous ammonia overnight and then heated a t  5OoC f o r  3 

hrs .  Preparat ive s i l i c a  ge l  TLC ( 5 %  ethanol/chloroform) was used to 

remove non-nucleo t i d i c  tna t e r i a l .  The separated product was then t rea ted  

with 1.0 mL of a pyridine solut ion of tetra-2-butylammonium f luor ide  

(TBAF, 0.2 m o l e  and HF (0.1 m o l e s ;  Jones e t  a l . lO).  The ex ten t  of 

react ion was monitored by s i l i c a  ge l  TLC i n  20% methano11ethylacetate 

and ce l lu lose  TLC i n  solvent  1. After 3 hrs. ,  about 15 mL of a 

suspension of pyridinium Dowex 50-X8 was added and the mixture was 

s t i r red for  1 hr.  The r e s in  was f i l t e r e d  off  and the f i l t r a t e  was 

concentrated under reduced pressure.  The f u l l y  deblocked product was 
separated by HPLC using a l i n e a r  gradient  of 4-35% a c e t o n i t r i l e  i n  0.1 M 

trie thylammonium bicarbonate (TEAB) . The co l lec ted  eluate was 

concentrated to  a small volume and lyophilized. 

Method B: 

ammonia and 0.5 mL of pyridine.  After 3 days, the mixture was 

To 25 mg of the f u l l y  protected cyc l i c  

To 27 mg of 2 was added 10 mL of Concentrated aqueous 
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382 HSU, DENNIS, AND JONES 

evaporated with a d d i t i o n s  of pyridine t o  a volume of about  1 mL. 

mixture was then t r e a t e d  with TBAP/HF and p u r i f i e d  by HPLC a s  above. 

Resu l t s  and Discussion 

SYNTHESIS The f u l l y  p ro tec t ed  adenosine and u r i d i n e  phospho t r i e s t e r  

The 

d e r i v a t i v e s  2 and 5 were prepared according t o  the 

l i t e r a t u r e  (Ogilvfe e t  a ~ ~ , ~ ) .  

l i n e a r  d inuc leo t ides  was then c a r r i e d  o u t  by: 1. Treatment o€ 

I Z / ~  with t r ie thylamine to  give the 3 'phosphodiester 

d e r i v a t i v e  lb/2b. 2. Treatment of la /2a wi th  2% 

benzenesulfonic a c i d  to  give the 5' hydroxyl d e r i v a t i v e  lc/2c. 

3 .Condensation of (2 + &) , (2 + 5) , (z + &) using 

The syn thes i s  of the l i n e a r  

-- 

triisopropylbenzenesufonyl ch lo r ide  (TPS-Cl) and t e t r s z o l e  

(Seth and J a y l l . )  t o  give,  r e s p e c t i v e l y ,  &, i n  an average y i e l d  

of 63% a f t e r  p u r i f i c a t i o n  by chromatography on s i l i c a .  

The f u l l y  protected l i n e a r  d inuc leo t ides  3a-c were analogously 5'  

and 3' deprotected t o  give 4a-c i n  i s o l a t e d  y i e l d s  o€ 75-82%. 

Cycl izatfon of 4e-c t o  5a-c was then e f f e c t e d  using TPS-Cl/tetrazole a s  

above bu t  a t  high d i l u t i o n  (5 mM vs. 400 mM) t o  avoid ol igomerizat ion.  

After  p u r i f i c a t i o n  by p repa ra t ive  s i l i c a  g e l  TLC,  5a-c were obtained i n  

y i e l d s  of 60%, 68% and 541, r e s p e c t i v e l y ,  a s  mixtures of diastereomers .  

These mixtures were separated by f u r t h e r  p repa ra t ive  TLC. 

Deprotection of 5a-c by s tandard procedures followed by 

p u r i f i c a t i o n  by reversed phase HeLC gave 6a-c i n  50-662 y i e l d .  

homogeneous by HPLC and by TLC on c e l l u l o s e .  

t h a t  yApAp7 (&) is hydrolyzed by the enzyme RNase Y t o  y i e l d  

adenosine-3'-phosphate a s  the sole  product. Treatment of compound 3 
yApUp7 with RNase H produced two products adenosine-3'-phosphate and 

uridine-3'-phosphate i n  equal  molar q u a n t i t i e s  by q u a n t i t a t i v e  a n a l y s i s  

on c e l l u l o s e  TLC using so lven t  2 .  

Each was 

Ohtsuka e t  a1.6 r epor t ed  

NMR Conforma t i o n a l  Analysis 

The major diastereomers of 5a-c were s tud ied  by both 31P and IH 
NMR. 

resonance, and the he t e rocyc l i c  dimer 2 showed only two. I n  a d d i t i o n ,  

the IH NMR of 2 and 5c showed only one set  of proton resonances.  Thus 

both 31P and l H  NMR i n d i c a t e  i d e n t i c a l  conformations f o r  the two 

base-ribose-phosphates. Moreover, the J 1 ' , 2 '  values  of 7.3 Hz, and 

. J 3 ' , 4 '  values  near zero (2 and 2, Table 1) def ine  the sugar r i n g  

The homocyclic dimers % and showed only a s i n g l e  31P 
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384 HSU, DENNIS, AND JONES 

conformation a s  C(2')-endo (2E),  while  the J 4 '  , 5 '  and J 4 ' , 5 "  va lues  

i n d i c a t e  that the C(4')-C(5') bond has the  t g  conformation. 

The coupling values f o r  J5'p and J5"p in both 5a and 3 are abou t  

In Hz. This  value is no t  c h a r a c t e r l s t i c  of e i t h e r  the t y p i c a l  t r a n s  (-21 

Hz) o r  the t y p i c a l  gauche ( - 3  Hz) r e l a t i o n s h i p  of the 0(5 ' ) -C(5 ' )  bond. 
I t  is un l ike ly  t h a t  the bond e x i s t s  as a mixture of conformers g ' g ' ,  

t ' g '  and g' t' using the method of rotamer a n a l y s i s  (DavieslP;  Cheng and 

Sarma13; Davies and Danyluk14; Lee e t  al .15)  because (i) a l l  the o t h e r  

backbones, i.e. the sugar  r i n g ,  the C(4')-C(5') bond (desc r ibed  above) 

and the C(3')-0(3') bond (descr ibed l a t e r ) ,  e x i s t  in an unique 

conformation, and (ii) the g 'g '  conformation was found to  be e x c l u s i v e l y  

p re fe r r ed  in a l l  the previously s tud ied  molecules. I t  is thus assumed 

t h a t  the 0(5')-C(5') bond conformation is g'g '  and t h a t  the l a r g e r  than 

normal value observed is due to  the e l e c t r o n e g a t i v e  e f f e c t  of the 

e-chlorophenyl group on the i n t e r n u c l e o t i d i c  phosphodies ter l inkage.  

Th i s  assumption was supported a f t e r  the p r o t e c t i n g  groups were removed. 

The v i c i n a l  H-P coupl ing va lues ,  J3 ' p ,  f o r  a l l  th ree  of the 

p ro tec t ed  c y c l i c  dimers were e s s e n t i a l l y  the r epor t ed  l i t e r a t u r e  value 

of  8-9 Hz i n d i c a t i n g  a d i h e d r a l  ang le  of 36" t h a t  is c o n s i s t e n t  fo r  t h a t  

seen with l i n e a r  molecules. 

The Ful ly  Unprotected Cyclic Dimers. The s p e c t r a  of the f u l l y  

unprotected c y c l i c  dimers are n o t  as well resolved as those of the f u l l y  

p ro tec t ed  dimers. The coupl ing cons t an t s  obtained are l i s t e d  in Table 2. 
The remarkable d i f f e r e n c e  be tween the p ro tec t ed  and the unprotected 

compounds is the sugar r i n g  puckering which changes from 2 E  in the 

former to  3E in the l a t te r .  

showed a s i n g l e  peak f o r  each C ( 1 ' )  proton. 

The l H  nmr s p e c t r a  of a l l  t h ree  d imers  

The s p l i t t i n g  pattern of 

Table 2 

Coupling Constants (HZ) in Fully Unprotected Cycl ic  Dinucleot ides  

Compounds 55,6 51 '2 '  52 '3 '  53 '4 '  3 Jg"p 55'5" 

rApApj - 0 - 5  .D -9 .o -9 .O - - 
p P u P 1  8.17 0 4.73 -9.0 -9 .o -3 .O 12 .o 

- - 12 .o 
pup 8.0 0 4.5 -8.5 -8.5 - 1 2  .o 

- 0 4.3 - r-7 PAP 
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CYCLIC DINUCLEOTIDES AS RNA POLYMERASE INHIBITORS 385 

t h e  C ( 3 ' )  p r o t o n ,  which i s  a d o u b l e  d o u b l e t  i n  the p r o t e c t e d  compounds, 

changes  t o  a t r i p l e  d o u b l e t  i n  the u n p r o t e c t e d  compounds ( F i g .  1) due  t o  

t h e  3 ' , 4 '  c o u p l i n g  ( J ~ I , ~ I  = 9.0 Hz). The c o u p l i n g  c o n s t a n t s  51121 and 

J 3 ' 4 '  i n d i c a t e  t h a t  t h e  c o n f o r m a t i o n  of  t h e  s u g a r  r i n g  of 

b i s - (  3 ' + 5 ' ) - c y c l i c  d i n u c l e o t i d e s  are C( 3')-endo ( 3 E ) .  

The J ? I p  v a l u e  remained  t h e  same as t h a t  i n  t h e  p r o t e c t e d  

compounds. The u n i q u e  c o n f o r m a t i o n  of  t h e  C(3')-0(3') bond,  g+ ( 0 = 3 6 " ) ,  

i s  t h u s  m a i n t a i n e d .  

The J5"p  w a s  o b t a i n e d ,  u s i n g  t h e  d e c o u p l i n g  method,  as -3.0 Hz. 

T h i s  v a l u e  is the  t y p i c a l  JHP i n  a g a u c h e  r e l a t i o n s h i p .  A g ' g '  

c o n f o r m a t i o n ,  as i n  t h e  p r o t e c t e d  compounds, is t h u s  a s s i g n e d  t n  t h e  

0(5')-C(5') bond. F u r t h e r m o r e ,  these v a l u e s  s u p p o r t  o u r  a s s u m p t i o n  t h a t  

t h a t  t h e  u n u s u a l l y  large v a l u e  of  10.0 Hz o b s e r v e d  i n  t h e  p r o t e c t e d  

c y c l i c  d i m e r s  f o r  J 5 ' p  and J 5 " p  i n  g ' g '  c o n f o r m a t i o n  i s  due t o  the 

s u b s t i t u e n t  on t h e  i n t e r n u c l e o t i d i c  p h o s p h o d i e s t e r  l i n k a g e .  

Some d i f f e r e n c e s  i n  t h e  chemica l  s h i f t s  of t h e  r e l a t i v e  b a s e  and 

r i b o s e  p r o t o n s  in t h e  t h r e e  c y c l i c  d i m e r s  ( T a b l e  3 )  were o b s e r v e d .  The 

A-H8, A-H2 and A-H1' in rApUp2 a l l  s h i f t  u p f i e l d  by -0.25 ppm from t h o s e  

in rApAp-. The U-H6, U-H5 and U-H1' in rApUpl s h i f t  u p f i e l d  by 0.28, 

2' 

1 I I I I I I I 

8 7 6 5 PPM 4.2 4.0 3.8 3.6 

Figure 1 .  (a )  

( h )  

The 31P NMR spectra of &UJJ (3) in ~ 2 0 .  

The ' I (  FMR spectra of &d&~ ( 6 c )  in n20. 
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386 HSU, DENNIS, AND JONES 

5a' 

5b' ( A )  

( U )  

- 
- 

5c' - 

Tab le  3 

Summary of 'H-NMR Chemical S h i f t s  (ppm) of The C y c l i c  Compounds 

5.87 5.67 5.46 4.56 4.93 4.19 

5.9 5.46 5.46 -- I 4.20 
5.6 -- 5.21 -- - 4.20 5.68 

5.81 4.80 5.07 4.27 4.66 4.16 5.69 

6a2 5.97 4.83 4.28 7.93 8.20 - 
6b2 20°C ( A )  5.68 -- -- -- -- -- 7.69 7.95 -- -- -- -- 5.01 7.44 - 

( U )  5.27 -- 
6b2 57OC (A) 5.89 4.54 -- -- -- -- 7.95 8.14 -- -- 5.46 7.68 

5.51 4.19 4.30 - -- -- 5.55 7.72 

- 
( U )  5.53 4.57 4.60 -- 

2. Disso lv ing  s o l v e n t  is D20. 

-- Non-resolved due to e x t e n s i v e  o v e r l a p  of a d j a c e n t  pro tons .  

0.54 and 0.24 ppm, r e s p e c t i v e l y  from those  in rUpUpy. Base-s tacking  

e f f e c t s  and changes i n  t h e  g l y c o s i d i c  t o r s i o n  a n g l e  may be t h e  major 

c o n t r i b u t o r s  t o  the  observed s h i E t s  (Lee e t  a l . 15 )  s i n c e  t h e  c i r c u l a r  

d l ( r ibosc -phospha te )  backbones of t h e  t h r e e  c y c l i c  d imers  a r e  t h e  same. 

A q u a n t i t a t i v e  s o r t i n g  o u t  of t he  i n d i v i d u a l  c o n t r i b u t o r s  i s  not 

p o s s i b l e  a t  t h i s  moment. 

C i r c u l a r  d i ch ro t sm s p e c t r a  of t h e  t h r e e  c y c l i c  d i n u c l e o t i d e s  in 

aqueous and o r g a n i c  s o l v e n t s  were measured. Cantor  e t  al.14 and Ohtsuka 

e t  a l . 6 ,  have no t i ced  a remarkable d i f f e r e n c e  between t h e  l i n e a r  and t h e  

c y c l i c  d i thymidy l i c  a c i d 8  and d i a d e n y l i c  a c i d s ,  r e s p e c t i v e l y .  The 

d i E f e r e n c e s  r e s i d e  in t h e  o p p o s i t e  e igns  of t h e  Cot ton  e f f e c t  a t  bo th  
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d 

0 
r 

X 
n 
rn 
U 

Fig. 2 The CD spectra of rApUp3 (e) in different  solvents 

long and short wavelengths in aqueous solutFon. It was reported that 
almost all of the linear dinucleotides have posLtive Cotton effects at 

long wavelength (the n-n* transition, Cantor and Warshawl'; Warshaw and 

Cantot-18). 80th dyTpTp7 and rAPAp1 have a negative long wavelength band, 
which seems to be characteristic of the cyclic dinucleottdes. All three 

cyclic dinucleotides examined showed negative 71-n* transition. The CD 
spectra of rApUpl in different solvents are shown In Fig. 2. Unlike the 

homocyclic dimers, yADUU7 does not have a short wavelength maximum. The 
well defined negative Cotton effect at long  Wavelength is disrupted by 

the alcoholic solvents. The spectrim of rADAD-J is a l s o  greatly 
perturbed by ethanol. It was reported that the ordered stacking of 
drTpTp1 is greatly disrupted in methanol (Cantor and Warshawl7; Warshaw 
and Cantorl8). 

Concluding Remarks 
Three bts-(3'+5')-cyclic dinucleottdes were synthesized us ing  a 

phosphotriester procedure and the backbone conformations were determined 
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388 HSU, DENNIS, AND JONES 

by NMR. Both t h e  f u l l y  p r o t e c t e d  and u n p r o t e c t e d  c y c l i c  d i m e r s  are r i g i d  

molecules .  The c o n f o r m a t i o n  of t h e  f u l l y  p r o t e c t e d  c y c l i c  d i m e r s  are 

( 2 E / t g / g ' g ' / g + ( e = 3 6 0 ) .  

e x c l u s l v e l y  tn t h e  u n p r o t e c t e d  c y c l i c  d i m e r s ,  w h i l e  a l l  o t h e r  backbone 

c o n f o r m a t i o n s  remain the same. The c y c l i c  d i ( c i b o s e - p h o s p h a t e )  backbone 

i s  r i g i d  and i t s  c o n f o r m a t i o n  i s  i n d e p e n d e n t  of t h e  b a s e  sequence .  The 

c o u p l i n g  v a l u e s  found w i t h  t h e s e  r i g i d  m o l e c u l e s  are c o n s i s t e n t  w i t h  t h e  

i d e a  t h a t  a unique  c o u p l i n g  c o n s t a n t  c h a r a c t e r i z e s  a u n i q u e  d i h e d r a l  

a n g l e .  

The sugar r i n g  c o n f o r m a t i o n  changes  t o  3E 
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