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Abstract 

The nucleoside, 5'-(t-butyl-dimethylsilyl)-2',3'-O-isopropylidene isoG 1, catalyzes the SN2 reactions of alkali 
and ammonium iodides with dodecyl mesylate 2 under both liquid-liquid and solid-liquid phase transfer 
conditions. IsoG 1 self-associates to give a complex that extracts the salts into CDC13 solution. Sodium iodide, 
in the presence of isoG 1, reacts faster with 2 than the other iodides under solid-liquid conditions. This reactivity 
difference is attributed to the open-faced structure of the ionophore-M + complex under solid-liquid conditions. 
© 1999 Elsevier Science Ltd. All fights reserved. 
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Many compounds form stable structures by self-complementary hydrogen bonding, but 
examples of self-assembled systems with function are fewer, i-3 This communication pertains 
to supramolecular catalysts made from simple monomers. We previously described "self- 
assembled" ionophores made from 5'-(t-butyl-dimethylsi lyl)-2' ,3'-O-isopropylidene 
isoguanosine (isoG) 1 (Figure 1).4-6 IsoG 1 has the appropriate H-bond donors and acceptors 
to enable strong self-association. Like the well-known G-quartet, 7 isoG self-association gives 
an aggregate, (isoG 1)n-M +, in the presence of cations. 8-~° While Cs+-selective, 6 other alkali 
and ammonium cations also template self-association of isoG 1 in aprotic solvents. After 
liquid-liquid (L-L) or solid-liquid (S-L) extraction of a salt by this lipophilic nucleoside, there 
is an anion associated with the ionophore-cation complex. This anion should be available for 
nucleophilic reaction in the organic solution. We report that self-assembled ionophores 
formed from isoG 1 can function as phase-transfer (PT) catalysts. Moreover, the cation 
influences the rate of the S-L PT reaction, substitution of a primary alkyl mesylate by iodide. 
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IsoG 1 catalyzed the SN2 reaction of dodecyl mesylate 2 with NaI, KI, RbI, CsI and 
NH4I to give dodecyl iodide 3 (Scheme 1). To monitor the reaction's progress by IH NMR, 
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CDCI3 was used as solvent for both the L-L and S-L PT reactions. The complexes, (isoG 1)n- 
M + I-, generated by L-L or S-L extraction were robust, as I H NMR indicated that isoG 1 
remained fully aggregated in CDC13 at 60 oc,  the temperature at which reactions were done. 

The L-L PT reactions were performed in a CDC13-H20 mixture at 60 oc ,~  with a 25- 
fold excess of substrate 2 relative to the presumed active species, (isoG 1)10-M + I- 6. ~2 As 
shown in Table 1, addition of isoG 1 (8 mM) to a mixture of mesylate 2 (20 mM) in CDC13 
and the iodide salt (200 mM) in water gave dodecyl iodide 3. ~ Without isoG 1, no alkyl 
iodide 3 was formed under the same reaction conditions. 

Table 1. Percentage of dodecyl iodide 3 produced after 24 hours under PT conditions with isoG 1 as catalyst, a 

metal iodide Liquid-Liquid Solid-Liquid 

s a l t  P T  P T  

Lil b b 

NaI  10% + 3  4 4 %  +1 

KI 10% +1 18% +1 

Rbl 10°~ _ 1 15 % + I 

NH41 I 1 %  +1 13% +1 

Cs l  I 1 %  +1 9 %  _+1 

aAll reactions, both S-L and L-L, were performed in triplicate with rapid stirring. Percentage conversion 

to dodecyl iodide 3 was determined by I H NMR analysis of the reaction mixtures. 

bpT reactions with LiI showed no product formation under both L-L and S-L conditions. In both L-L and S-L cases 

NMR analysis indicated that isoG 1 could not extract Lil into CDCI3. 

With isoG 1 as the catalyst, the extent of iodide substitution in the L-L PT reactions was 
independent of the cation's identity. After 24 hours, dodecyl iodide 3 was produced in 10% 
yield for all the salts examined, with the exception of LiI, which was not extracted into CDCI3 
by isoG 1. There are various explanations for the L-L results. First, anion exchange may be 
rate limiting. If so, iodide transfer from water to CDC13 (or mesylate transfer from CDC13 
to water) may be difficult regardless of the cation. Alternatively, anion exchange is facile, 
and all the ionophore-salt complexes react with mesylate 2 at the same rate. This explanation 
is reasonable if the structures of the isoG 1-salt complexes are similar. For NaI and CsI, ion 
chromatography (IC) was used to determine the amount of cation (M +) and anion (I-) 
extracted by isoG 1 (8 mM) into CDC13 under L-L and S-L conditions (Table 2). 

Table 2. Concentrations of M + and I- extracted by isoG 1 (8.0 mM) as determined by ion chromatography, a 

Liquid-Liquid Extraction b Solid-Liquid Extraction b 
metal iodide salt M + ( m M )  l '~mM I M + ( m M )  l ' ~ m M  / 

N a l  1.16 + 0.12 0.76 + 0.04 2.48 + 0.16 2.56 + 0.08 

C s l  0.72 + 0.04 0.60 + 0.04 0.76 + 0.04 0.76 +- 0.04 

a A CDCI 3 solution of isoG 1 (2 mL; 8 mM) was added to a water solution of iodide (2 mL; 200 mM) or to the solid salt 

(0.4 mmol). After stirring ti)r 3 h, I mL of CDCI3 was removed. To break up the (isoG 1)n-M+I - complex and back-extract 
the salt from CDC13, 1 mL of BuOH and 2 mL of H20  was added to the CDCI 3. This mixture was stirred lbr 2 h, and 
then I mL of the H 2 0  layer was removed and diluted with I mL of H20. This aqueous solution was analyzed for ions with a 
Dionex- 121") IC system, with an lonPac CS 12 column for cation separation and an lonPac AS 14 column |br  anion separation. 

b Extractions and IC analyses were performed in triplicate with the appropriate blanks to correct for background M + and I-. 
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Data in Table 2 suggests that isoG 1-Na + and isoG 1-Cs + complexes generated under 
L-L conditions have si0ailar stoichiometry since approximately the same amount of NaI and 
CsI was extracted. Furthermore, NMR spectroscopy indicated that a decamer, (isoG 1)10 -M+ 
6, was formed in CDC13 upon L-L extraction of CsI or NaI.~2 Decamer 6 is likely a sandwich 
complex, with a cation coordinated between two H-bonded pentamers (5) (Figure 1). 

IsoG 1 was also a catalyst under S-L PT conditions. Thus, isoG 1 (8 mM) catalyzed 
formation of dodecyl iodide 3 when a solution of mesylate 2 (20 mM) in CDC13 was stirred 
with a suspension of excess iodide (200 mM) at 60 oc.  t3 The isoG 1-catalyzed displacement 
of mesylate 2 with iodide under S-L conditions was significantly different from the reactions 
under L-L PT conditions. Thus, the particular iodide salt influenced the S-L reaction, with 
product formation increasing in the order: CsI<NH4I<RbI<KI<NaI (Table 1). Sodium iodide 
was most effective, with 44% formation of dodecyl iodide 3 after 24 hours. Under identical 
S-L reaction conditions with NaI, (isoG 1)4-Na + gave a similar amount of product 3 (44%) as 
did the commercial PT catalyst dicyclohexano-18-crown-6 (0.1 equiv., 55%). 

NMR studies indicated that isoG 1 forms complexes of differing ligand-salt 
stoichiometry depending on the cation and the extraction conditions. For example, extraction 
of NaI into CDC13 under S-L conditions produced an open-faced complex, (isoG 1)4-Na + 4, 
while L-L extraction generated a sandwich complex (isoG 1)10-Na + 6. j2 In addition, the IC 
data in Table 2 confirmed that isoG 1 extracted significantly more NaI under S-L conditions 
than it did under L-L extraction. 

Figure 1 
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Again, there are different possible explanations for the trend in the S-L data, where NaI 
gave more product than the other salts. Anion exchange may be rate limiting; it may be easier 
to exchange iodide and mesylate between phases with (isoG 1)4-Na + 4. Alternatively, the 
reactive species' structure may influence the nucleophilic displacement step. Under S-L 
conditions NMR studies indicate that an open-faced complex is favored for all the iodides, 
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excep t  CsI .  A n  o p e n - f a c e d  c o m p l e x ,  such as 4 o r  5, shou ld  be  s t e r i ca l ly  less  d e m a n d i n g  than 
a s a n d w i c h  c o m p l e x  l ike  6. E lec t ron ic  fac tors  m a y  then  a t t enua te  the  r eac t iv i ty  o f  the open -  
f aced  c o m p l e x .  F o r  e x a m p l e ,  ca t ion  ca t a lys i s  in the S -L  S N 2  reac t ion  is p o s s i b l e  i f  o p e n - f a c e d  

s t ruc tures  such as  ( i soG 1 ) 4 - M  + 4 or  ( i soG 1 ) 5 - M  + 5 p r e d o m i n a t e .  A n  o p e n - f a c e d  s t ruc ture  

m a y  be  w e l l  s u i t e d  fo r  e l e c t r o s t a t i c  i n t e r a c t i o n  wi th  the  s u b s t r a t e ' s  l e a v i n g  g roup .  I f  
e l ec t roph i l i c  ac t iva t ion  o f  the  m e s y l a t e  by  the b o u n d  ca t ion  is a fac tor ,  then an inc rease  in the 
c a t i o n ' s  L e w i s  a c i d i t y  s h o u l d  a c c e l e r a t e  the  r eac t ion .  M e t a l  ion c a t a l y s i s  o f  n u c l e o p h i l i c  
subs t i tu t ions  in n o n - p o l a r  so lven t s  has  been  o b s e r v e d  wi th  c r o w n  e thers ;  ca t i ons  wi th  g rea te r  
L e w i s  ac id i ty  g a v e  fas te r  d i s p l a c e m e n t  o f  a lky l  m e s y l a t e s  wi th  iodide.~4.~-~ T h e s e  resul t s  were  
cons i s t en t  wi th  a t r ans i t ion  s tate  w h e r e  the  c o m p l e x e d  ca t ion  ass i s t s  d e p a r t u r e  o f  the  l eav ing  
g roup .  In  con t ra s t ,  the  L - L  S N 2  r e a c t i o n s  c a t a l y z e d  b y  i soG  1 m a y  o c c u r  at s i m i l a r  ra tes  

b e c a u s e  a s a n d w i c h  c o m p l e x ,  ( i soG 1 ) 1 0 - M  + 6 p r e d o m i n a t e s  for  al l  the ca t ions .  A s a n d w i c h  

s t ruc ture ,  such  as  6, m i g h t  inh ib i t  the  b o u n d  ca t ion  f rom p a r t i c i p a t i n g  in the  S N 2  reac t ion .  

I n d e e d ,  S N 2  ra tes  tha t  a re  c a t i o n - i n d e p e n d e n t  have  been  o b s e r v e d  wi th  c r y p t a n d s  as  PT  
ca ta lys t s .  15 C r y p t a n d s  sh ie ld  the e n c a p s u l a t e d  ca t ion  f rom pa r t i c ipa t ing  in the  reac t ion .  

M o r e  d e t a i l e d  s t ruc tura l  ana lys i s ,  e spe c i a l l y  X- ray  c rys ta l  s t ruc tures ,  o f  the  ( i s o G ) n - M  + 

c o m p l e x e s  4 - 6  s h o u l d  h e l p  e x p l a i n  p r o d u c t  f o r m a t i o n  in t h e s e  P T  r e a c t i o n s .  A l s o ,  
d e t e r m i n a t i o n  o f  s e c o n d - o r d e r  ra te  cons t an t s  for  r eac t i on  o f  p r e f o r m e d  c o m p l e x e s  4 - 6  wi th  
a l k y l  m e s y l a t e  2 s h o u l d  r e v e a l  w h e t h e r  e l e c t r o p h i l i c  a c t i v a t i o n  b y  the ca t i on  is impor t a n t .  
Such  s t ruc tu ra l  and  m e c h a n i s t i c  s tud ies  are  ongo ing .  R e g a r d l e s s  o f  the  e x a c t  s t ruc ture  and 
m e c h a n i s m ,  the  l i p o p h i l i c  n u c l e o s i d e  i soG  1 c a t a l y z e s  an S N 2  reac t ion ,  s h o w i n g  that  non-  
c o v a l e n t  syn thes i s  can  be  used  to fo rm s u p r a m o l e c u l a r  ca ta lys t s  f rom s imp le  b u i l d i n g  b locks .  
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