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S P E C I A L I A  
Les a u t e u r s  son t  seuls r e sponsab les  des op in ions  expr im6es  dens  ces b raves  co mmu n i ca t i o n s .  - Ffir  die K u r z m i t t e i l u n g e n  
is t  ausschl iess l ich de r  A u t o r  v e r a n t w o r t l i c h .  - Pe r  le b rev i  comunicaz ion i  b r e sponsab i l e  solo l ' au to re .  - T h e  ed i to rs  
do n o t  ho ld  t h e m s e l v e s  respons ib le  for t h e  op in ions  expressed  in t h e  a u t h o r s '  br ief  repor ts .  - OTBeTCTBeHHOCTS aa 

~ 0 p 0 T ~ e  coo6meH~a Hec6T ~C~amqHTe~SHO anTop. - E1 responsab le  de los in formes  reducidos ,  estA el au tor .  

N u c l e o s i d e s  a n d  N u c l e o t i d e s .  P a r t  5.  T h e  S t e r e o c h e m i s t r y  o f  O l i g o n u c l e o t i d e s  C o n s i s t i n g  of  

2 ' - D e o x y - a - D - R i b o s i d e s ,  a S t u d y  w i t h  D R E I D I N G  S t e r e o m o d e l s  ~ 

I n  the  n a t u r a l l y  occur r ing  nucleosides  and  nucleot ides ,  
t he  r ibose  or deoxyr ibose  a n d  t he  bases  are l inked  b y  a 
fl-glycosidic b o n d  (Figure 1). H i t h e r t o  on ly  a few n a t u r a l  
nucleos ide  de r i va t i ve s  h a v e  been  known,  in  wh ich  t h e  
glycosidic l inkage  exh ib i t s  t h e  anolner ic  a -conf igura t ion  2. 
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Fig. 1. The 2 anomeric thymidines. Note that in ~-thymidine the 
base at C(1') is oriented cis with respect to the hydroxymethyl group 
at C(4'), whereas in ~-thymidine there is a trans relationship. 

I n  1955 KAPLAN et  al. 3 descr ibed  t he  i so la t ion  of x -NAD 
f rom commerc i a l  p r e p a r a t i o n s  of t he  coenzyme,  e -NAD 
differs f rom t h e  e n z y m a t i c a l l y  ac t ive  coenzyme  b y  t h e  
e-glycosidic n a t u r e  of t he  b o n d  be tween  r ibose  a n d  nico- 
t i namide .  A few years  ago, ana logous  c o m p o u n d s  were 
i so la ted  f rom Azotobacter v ine landi i  b y  SoztJxi  e t  el. 4, 
i.e. ~ -NADP,  ~ -NAD a n d  two  b iogene t i c  precursors ,  
e -n ico t in ic  ac id  mononuc l eo t i de  a n d  e-n icot in ic  acid 
aden ine  d inucleot ide .  

A second gToup of e -nuc leo t ides  is f ound  in t he  v i t a m i n  
B~2 f ami ly  5, v i t a m i n  B ~  c o n t a i n i n g  t he  3 ' - p h o s p h a t e  
of 1 - (x -D-r ibofuranosy l ) -5 ,6 -d imethy l -benz imidazo le  as 

s t r u c t u r a l  e lement .  F u r t h e r  subs t ances  r e l a t ed  to v i t a m i n  
t3~ are cha rac t e r i zed  b y  modi f ied  benz imidazo le  un i t s  or  
b y  t h e  presence  of pur ines .  Usua l ly  t h e  l a t t e r  are jo ined  
w i t h  t h e  r ibose m o i e t y  b y  N(7) [in nucleic  acids a lways  b y  
N(9)]. I n  all  these  ins tances ,  t h e  anomer i c  c a r b o n  a t o m  of 
t h e  r ibose  shows e-conf igura t ion .  T h e  c o n f o r m a t i o n  of 
some of these  e-nucleosides  was d e t e r m i n e d  b y  SUNDA- 
RALINGAMti us ing  X - r a y  d i f f rac t ion .  

Ve ry  r ecen t l y  DINGLINGER a n d  RENZ 7 r epo r t ed  t h e  
i so la t ion  of 9- (e -D-r ibofuranosyl ) -adenine  (a-adenosine)  
wh ich  was o b t a i n e d  a f t e r  hydro lys i s  of t h e  cor r ino id  
fac to r  Cx f rom Propionibacter ium shermanii .  This  r e su l t  
r ep resen t s  t h e  f i r s t  case in wh ich  t h e  a n o m e r  of a nucleo- 
side occur r ing  in t h e  nucleic  acids is found  in na tu re .  

I t  is n o t e w o r t h y  t h a t  on ly  t h e  f l -anomeric  nucleosides  
h a v e  been  i so la ted  f rom nucleic  acidsS. 

Due  to t h e  fac t  t h a t  t h e y  are  n o t  w idesp read  in na tu re ,  
a-nucleosides  h a v e  n o t  ye t  been  s tud ied  v e r y  in tens ive ly .  
Yet ,  w h e n  nucleosides  are  chemica l ly  s y n t h e t i z e d  b y  

1 Part 4: R. GLASER, U. S~QUI~ and CH. TAMM, Helv. chim. Acta 56, 
654 (1973). 

2 Nomenclature and abbreviations used are in agreement with the 
CBN rules (Biochemistry 9, 4022 (1970)), ef. also U. SgQuxz~ and 
C~. TAMM, Helv. chim. Aeta 55, 1196 (1972). 

s N. O. KAPLAN, M. M. CIOTTI, F. E. STOgZE~BAC~ and N. R. 
BACHUR, J. Am. chem. Soe. 77, 815 (1955). 

4 S. SUZUKI, K. Svzvm, T. I~AI, N. SUZUKI and S. OKUDA, J. biol. 
Chem. 240, PC 554 (1965). - K. SUZUKI, H. NAKANO and S. SVZVKI, 
J. biol. Chem. 2d2, 3319 (1967). 
R. BONNET% Chem. Rev. 63, 573 (1963). 

S ~/~. SUNDARALINGAM, ~. Am. chem. Soe. 93, 6644 {1971). 
7 F. DINGLIN~ER and P. RENZ, Hoppe-Seyler's Z. physiol. Chem. 

352, 1157 (1971). 
s Although the e-anomer of cytidylie acid has been detected in a 

yeast RNA hydrolyzate, it is not certain that this a-cytidylic acid 
is not an artifact produced during the alkaline hydrolysis; cf. 
T. UEnA and J. J. Fox, Adv. Carbohyd. Chem. 22, 323 (1967). 
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Fig. 2. The 2 pentanucleotides/3d(A-A-G-G-A) and ed(T-T-C-C-T), a) Stereophotograph of the models2~ b) Schematic. 
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condens ing  t he  base  a n d  sugar  moiet ies ,  bo th ,  e- and  
fi-anomers,  are formed,  t he  r a t io  depend ing  on  t he  experi-  
m e n t a l  cond i t ions  9. I n  genera l  t he  a-nucleosides  o b t a i n e d  
in t h i s  m a n n e r  p r o v e d  to be  of l i t t l e  biological  i n t e r e s t  t0. 
Ve ry  of ten  t h e y  were no t  i nves t i ga t ed  fu r ther .  

However ,  some in t e r e s t i ng  f ind ings  conce rn ing  a- 
nucleosides  h a v e  been  r epo r t ed  on ly  v e r y  recen t ly .  
2 ' -Deoxy-a - th ioguanos ine  exh ib i t s  ca rc inos ta t i c  a c t i v i t y  ~1. 
Var ious  t i ssue  ex t r ac t s  are able  to  p h o s p h o r y l a t e  th i s  
nucleos ide  a n d  i t  is i nco r po r a t ed  in to  t u m o r  D N A  ~2. 
CHRISTENSEN et  al. ~a i nves t i ga t ed  t he  biological  a c t i v i t y  
in  v i t ro  of severa l  2 - subs t i t u t ed  2 ' -deoxy-adenos ines  and  
found  t h a t  also t he  a -anomers  were able  to  i n h i b i t  t h e  
g r o w t h  of ce r t a in  organisms.  

The  b e h a v i o u r  of a-ur id ine ,  2 ' -deoxy-a -u r id ine  and  
2 ' -deoxy-a-cyt id ine ,  a n d  of some der iva t ives ,  t o w a r d s  
nuc leo ly t ic  enzymes  was s tud ied  b y  HOL,~ 1~. A nd  for t he  
f i rs t  t i m e  t he  syn thes i s  of 2 d inucleos ide  m o n o p h o s p h a t e s  
con ta in ing  a n  e-nucleoside  u n i t  was  achieved,  i.e. U - a U  
and  G-aU. 

Polynucleotides with a-oriented bases. As m e n t i o n e d  
above,  nucleic  acids con t a i n  exclus ive ly  fl-nucleotides.  
Consequen t ly  no n a t u r a l l y  occur r ing  po lynuc leo t ides  are 
k n o w n  in wh ich  one or all nuc leo t ide  un i t s  possess t h e  
a -conf igura t ion .  There fore  t h e  chemical ,  phys ica l  and  
biological  p roper t i e s  of such  b iopo lymers  are no t  known.  

I n  t h i s  paper ,  s tud ies  are r epo r t ed  us ing  DREIDING 
s te reomodels  w h i c h  should  d e m o n s t r a t e  w h e t h e r  oligo- 
nuc leo t ides  cons is t ing  of a -nuc leo t ide  un i t s  are capab le  of 
e x h i b i t i n g  a s econda ry  s t r u c t u r e  s imi la r  to  t h a t  of t he  
nucleic  acids, f e a tu r ing  base  pa i r ing ,  base  s t ack ing  a n d  
he l ix  fo rmat ion .  

Assumptions and procedure.~ T he  DNA-B-s t ruc tu re~9  
(10 base  pa i rs  per  t u rn ,  p i t c h  34 A, base  pa i rs  pe rpend icu l a r  
to  he l ix  axis) was  cons t ruc t ed  w i t h  DREIDIN+ stereo-  
models  16. Ol igomers  of on ly  5 nucleos ide  un i t s  were m a d e ;  
t h e y  cor respond  to  ha l f  a t u r n  of t he  he l ix  and  the re fore  
are of suff ic ient  l eng th  for d e m o n s t r a t i n g  t he  p r inc ipa l  
possibi l i t ies .  

W i t h  respec t  to  t h e  exac t  g e o m e t r y  of t he  D N A - B -  
s t r u c t u r e  tS,t+, t he  fol lowing s impl i f i ca t ions  were m a d e :  

1. Angles  and  d imens ions  of t h e  bases  are n o t  exac t ly  
those  found  b y  X - r a y  analysis ,  due  to  t he  f ixed angles  and  
b o n d  l e n g t h  of t he  commerc i a l l y  ava i l ab le  mode l  un i t s .  
2. The  exac t  c o n f o r m a t i o n  of t h e  deoxyr ibose  r ing  is 
neglected.  3. Tile exac t  c o n f o r m a t i o n  of t h e  sugar  phos-  
p h a t e  b a c k b o n e  is also neglected.  4. Tile a t o m i c  vo lumes  
are neglected,  on ly  t he  cent res  of t h e  a t o m s  are repre-  
sented.  

The  a im of th i s  p r e l i m i n a r y  s t u d y  is to  f ind  ou t  
w h e t h e r  i t  is possible  to  a r r ange  a n  o l igonucleot ide  cha in  
cons i s t ing  on ly  of a -nucleot ides  in  a m a n n e r  s imi la r  to  
t he  D N A - B - s t r u c t u r e .  The  he l ix  should  no t  be  s t ra ined .  
F u r t h e r m o r e  all  nuc l eoddes  should  h a v e  t h e  anti- 
conformat ion ,  since t h i s  is t he  pre fe r red  c o n f o r m a t i o n  of 
mononuc leo t ides ,  nucle ic  acids 15,1s a n d  of those  e- 
nucleosides,  t he  c o n f o r m a t i o n  of wh ich  ha s  been  inves t i -  
ga ted  6. 

I f  such  a hel ical  a r r a n g e m e n t  were possible  for  a n  
e-ol igonucleot ide,  t he  n e x t  ques t ion  to  be  answered  would  
be  w h e t h e r  a complex  f o r m a t i o n  b y  base  pa i r ing  is 
poss ible  w i t h  a second, c o m p l e m e n t a r y  e - s t r a n d  or even  
w i t h  a c o m p l e m e n t a r y  f l -s trand.  

9 T. L. V. ULBRICHT, Angew. Chem. 7#, 767 (1962). - A. M. MICHEL- 
SON, The Chemistry o] Nucleosides and Nucleotides (Academic Press, 
London, New York 1963), p. 55. - W. W. ZORBACH, Synthesis 1970, 
329. 

15 cf. e.g.M. HOFFER, Chem. Bet. 93, 2777 (1960). 
11 G. A. LRPAGE, I. G. JIJNG& and B. BOWMAN, Cancer Res. 24, 835 

(1964). 
12 A. PxERY and G. A. LEPA6E, Cancer Res. 29, 617 (1969). 
13 L. F. CHRISTENSEN, A. D. BROOM, IV[. J. ROBINS and A. BLOCH, 

J. med. Chem. 75, 735 (1972). 
14 A. HOLX~, Colln Czech. chem. Commun. 38, 100, (1973). 
15 iv[. SUNDARALINGAM, Biopolymers 7, 821 (1969). 
16 Manufactured by Btichi Laboratoriums-Technik AG, CH-9230 

Flawil, Switzerland; cf. A. S. DRRIDING, Helv. chim. Acta 42, 1339 
(1959). 

IT S. ARNOTT, Prog. Biophys. biophys. Chem. 21, 265 (1970). 
is S. ARNOTT and D. W. L. HUSKINS, Nature, Lond. 224, 886 (1969). 
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Fig. 3. a) Part of a fl-oligonueleotide chain; b) part of an a-oligonucleotide chain, both in a similar arrangement as in Figure 2. 
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Comparison of the 2 oligonucleotides 

Atoms of the/5-strand Corresponding atoms of the 
c~-strand at the same location 

Base Base 

C (1') C (l') 
c (2') o (49 
C (3') C (4') 
o (B') c (59 
C (4') C (3') 
o (49 c (29 
c (59 0 (3') 
o (59 P 
p o (59 

Results .  Figure  2 shows t he  two p e n t a n u c l e o t i d e s  
rid (A-A-G-G-A) a n d  ~d (T-T-C-C-T) a r r a n g e d  ill such  a 
w a y  t h a t  t h e  5 ' -end  in  t h e  ~-ol igonucleot ide  s t a n d s  up,  in  
t he  e-o l igonucleot ide  down.  I t  can  be  seen t h a t ,  indeed,  a n  
s - s t r a n d  can  be  a r r a n g e d  in a m a n n e r  v e r y  s imi la r  to  a 
f l -s trand.  The  spa t i a l  pos i t ions  of t he  a t o m s  in  the  sugar  
p h o s p h a t e  b a c k b o n e  are p rac t i ca l ly  t he  same  in b o t h  
chains ,  some groups  of a t o m s  h a v i n g  been  in t e r changed .  
I t  is n o t e w o r t h y  t h a t  t he  2 s t r a n d s  are of oppos i te  
p o l a r i t y  19. I n  t he  Table,  t h e  2 o l igonucleot ides  are 
c o m p a r e d ;  F igure  3 is a d r awing  of a p a r t  of t he  cha ins  
showing  t he  de ta i l s  more  d i s t inc t ly .  

Since a s imi la r  hel ical  a r r a n g e m e n t  such  as is obse rved  
w i t h  /~-oligonucleotides, seems to  be  also possible  for 
c~-oligonucleotides, an d  s ince t h e  pos i t i on  of t h e  bases  is 
iden t i ca l  in  b o t h  s t rands ,  one m i g h t  expec t  t h a t  a n  s - c h a i n  
could t o r m a  co mp l ex  w i t h  a c o m p l e m e n t a r y / ~ - c h a i n  b y  
base  pa i r ing .  No te  t h a t  in  such  a complex  t h e  2 s t r a n d s  
will  e x h i b i t  t h e  same pola r i ty .  The  co r r e spond ing  modeI  
was bu i l t  as well :  F igure  4 shows t h e  complex  of t h e  2 
p e n t a n u c l e o t i d e s  ~d (T-T-C-C-T) a n d  fld (A-A-G-G-A).  

I n  pr inciple ,  even  a doub le  he l ix  fo rmed  b y  2 comple-  
m e n t a r y  e-o l igonucleot ides  shou ld  be  possible,  b u t  in  th i s  
case t h e  2 s t r a n d s  will be  of oppos i te  p o l a r i t y  again.  
F igure  5 shows t h e  model  of a complex  fo rmed  b y  ed  (T-T- 
C-C-T) an d  ~d (A-G-G-A-A).  

The  ques t ion  w h e t h e r  t h e  f o r m a t i o n  of double  helices,  
as m e n t i o n e d  above,  is poss ible  w i t h  o l igonucleot ides  
c o n t a i n i n g  b o t h  ~- an d  /3-nucleotides is l ike ly  to be  
answered  b y  no. Since in a DNA- l ike  a r r a n g e m e n t ,  
c~-oligonucleotides show oppos i te  p o l a r i t y  as c o m p a r e d  
w i t h  f i-oligonucleotides,  i t  would  no  longer  be  poss ible  to  
m a i n t a i n  a u n i fo rm  3"-p-5"-linkage b e t w e e n  t h e  nucleos ide  

19 Direction of the 3'-+5"-phosphodiester linkage; cf. J. N. DAVIDSON 
The Biochemistry o[ the Nucleic Acids, 6th edn. (Methuen & Co. 
Ltd., London 1969), p. 67, 204. 

~0 The stereo pair may be viewed without optical aid or by means of 
a stereo viewer as supplied e.g. with the 'Stereo Supplement' to 
The Structure and Action o] Proteins by R. E. DICKERSON and 
J. GElS (Harper & Row, New York, Evanston & London 1969). 
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Fig. 4. Double helix formed by c~d(T-T-C-C-T) and/~d(A-A-G-G-A); a) Stereophotograph of the model; b) Schematic. 
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Fig. 5. Double helix formed by ad(T-T-C-C-T) and ~d(A-G-G-A-A); a) Stereophotograph of the model; b)Schematic. 
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units  and, a t  the  same t ime  base pair ing and stacking. 
Thus, even a single e-nucleotide in a ~-nucleotide chain is 
v e r y  l ikely to represent  a serious 'mis take '  in the  chain .  

Discussion. This inves t iga t ion  of molecular  models 
demonst ra tes  t h a t  the  principles of base pair ing and hel ix  
formation,  which are essential  for the propaga t ion  of the  
genetic  information,  are  no t  exclusively  possible wi th  
~-nucleotides. e-Nucleot ides  seem to be capable  of exhibi t -  
ing similar  secondary structures.  Thus one can  assume t h a t  
the  replicat ion oI genetic mater ia l  should proceed also 
wi th  ~-nucleotides. Bu t  such a repl ica t ion appears  to be 
possible only wi th  nucleot ides of uniform glycosidic 
configuration,  since =- and ~-nucleotides wi th in  the  same 
s t rand inferrer wi th  hel ix format ion.  

Thus we are dealing wi th  a similar  phenomenon  as is 
encountered for the  amino acids and prote ins :  of two 
equal ly  sui table stereoisomers, na ture  has chosen one, 
which thereaf te r  is appl ied uni formly  and consequent ly  =1. 

=-Oligonucleotides can p rove  to be useful tooIs for the  
inves t iga t ion  of enzymes related to the  nucleic acid 
metabol i sm and prote in  biosynthesis  w i th  respect  to 
thei r  specificity to the  e-glycosidic linkage. I n  an earlier 
paper  of this series ~, i t  was shown t h a t  cer ta in  ~-nucleo- 
side Y-phosphates  are res is tent  to crude Cvotalus ada- 
ma~teus venom (acting as a 5"-nucleotidase). However ,  
HOL,2 *~ observed,  using a purif ied prepara t ion  of 5"- 
nucleotidase f rom Crotalus adama~zleus venom,  t h a t  the  
5 ' -phosphates  of e-uridine, 2"-deoxy-e-uridine and 2'- 
deoxy-a-cyt id ine  were hydrolyzed.  

The  synthesis  of ol igonucleotides conta ining ~-nucleoside 
units,  the i r  physical  and chemical  propert ies  and the i r  
behav ionr  towards  var ious  enzymes  are under  invest iga-  
t ion.  

Zusc~mmen/assung. Studien  anhand  von  DREIDING 
Stereomodel len  zeigen, dass die Bi ldung von  hel ixar t igen  
Sekundgrs t ruk turen  du tch  Basenpaarung  nnd Basen- 
s tapelung nicht  auf Polynucleo t ide  m i t  / /-stgndig ange- 
ordneten  Basen (Konfigurat ion wie sie in den Nukle in-  
sguren gefunden wird) beschrankt  ist. Auch Po lymere  aus 
lauter  e -Nucleot ide inhei ten  scheinen dazu befghigt  zu 
attn. 

U. SEQUIN 2a 

I~r /i~v O~,gc~r Chemie der Univer 
St. Johan,zsring 19, CH-4056 B~sel (Switzerland), 
18 Jura 1973. 

m Note that D- and L-amino acids are enantiomers, whereas ~- and 
~-nucleosides are diastereomers. 

22 U. Ss162 and CH. TAMM, Heir. chim. Acta 55, 1196 {1972). 
=3 Acknowledgments. The author thanks Prof. Cu. TAM~ for his 

continuous interest and for encouraging discussions. The investiga- 
tion was supported by the 'Schweizerischer Nationatfonds zur 
FSrderung der wissensehaftlicben Forsehung' (project Nr. 2.460.71). 

T h e  S t r u c t u r e  of a N e w  P h y t o e c d y s o n e  K a l a d a s t e r o n e :  an  A p p l i c a t i o n  of ~aC M a g n e t i c  
R e s o n a n c e  S p e c t r o s c o p y  to  S truc tura l  P r o b l e m s  

In  the  course of our  invest igat ion of fami ly  Convolvula-  
ceae, we also s tudied c o n s t i t u e n t s ' o f  several  Ind ian  
Ipomoea  species. F r o m  the  seeds of one of them,  which is 
local ly known as Kaladana ,  we isolated toge ther  wi th  
previously  known phytoecdysones  (ecdysone, ecdysterone,  
makis terone  A) also new compounds,  muris terone A 1 (II), 
ca lonysterone ~, and kaladasterone.  The de te rmina t ion  of 
the  s t ructure  of the  last  ment ioned  compound  as I is 
repor ted  herewith,  and i t  is based on evidence f rom var i e ty  
of spectroscopic as well  as chemical  data.  W e  wish, however ,  
to repor t  some I"C magnet ic  resonance studies which 
proved  to be of impor tance  in de te rmin ing  locations of 
iunct ional iza t ion  of ecdysones. 

Kaladas terone  (I), C=7H4~O~ (M + at  m/e  478.2941, 
calc. 478.2930), m.p. 242-243 ~ (methanol/acetone) ,  
[~]2~ -b 79-3 ~ (metanoI), shows in the  I R -  region absorp- 
t ions at  1605, 1652, and 3200-3600 cm -1 (KlBr), and an 
UV- absorpt ion a t  lr~=~ (methanol  298 nm (e 10800) 
character is t ic  for a doubly  conjugated  keto  group. The  

PMR-  and CMR- spectra closely resemble spectra  of  
o ther  phytoecdysones  a-5. (The NMR-spec t r a  were t aken  
in deuter io-pyr idine  unless s ta ted otherwise;  dH as well as 
dc are  given in p p m  from TMS). 

I n  fact, the  PMR-  spec t rum in DMSO-d  8 exhibi ts  
signals of 5 me thy l  groups at  ~ 0.73; a 0.86 (d, J -~ 7 Hz) ;  

0.96, and b 1.06, and of the  usual olefinic p ro ton  at  H 7 
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