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A "MECHANISTIC" MACROCYCLIC EFFECT I N  THE 

GAS PHASE CHEMISTRY OF METAL I O N S  WITH POLYETHERS 

Key Words: Ion  Cyclotron Resonance Spectrometry; Metal Ions; 
Crown Ethers; 12-Crown-4. 
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The stab 

polyethers i s  

been r e f e r r e d  

ABSTRACT 

l i t y  of metal i o n  - po lye ther  complexes f o r  c y c l i c  

g rea ter  than t h e i r  l i n e a r  analogs. This e f f e c t  has 

t o  as the  macrocycl ic e f f e c t .  Here, we r e p o r t  a 

"mechanist ic" macrocycl ic e f f e c t  observed i n  low pressure gas 

phase ion-molecule reac t ions  i n v o l v i n g  t r a n s i t i o n  metal ions  and 

both l i n e a r  and crown ethers.  The crown e thers  are much more reac- 

t i v e  w i t h  Cr' and Fe' than t h e i r  l i n e a r  analog. Presumably, t he  

c y c l i c  l i g a n d  fo rces  more par ts  o f  t he  molecule t o  i n t e r a c t  w i t h  

the  metal ion,  wh i l e  on l y  one p a r t  o f  t he  l i n e a r  po lye thers  reac ts  

w i t h  these metal centers. 

INTRODUCTION 

I n  1969, Cabbiness and Margerum' f i r s t  used the  term 

maerocyeZic effect i n  d iscuss ing  the  enhanced s t a b i l i t y  o f  metal 
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216 HUANG ET AL. 

ion-macrocycl ic 1 igand complexes over those i n v o l v i n g  the  analo- 

gous l i n e a r  l igand.  

the  chemistr ies of gaseous metal ions  w i t h  12-crown-4 (12C4) and 

the  l i n e a r  analog, triethyleneglycoldimethylether (TDE). 

bimolecular ion-molecule reac t ions  were s tud ied  using Ion  Cyclo- 

t r o n  Resonance Spectrometry, 

Here, we r e p o r t  s i g n i f i c a n t  d i f f e rences  i n  

These 

2 

Fe+ (formed by e lec t ron  impact on Fe(C0)5) reac ts  w i t h  the  
t 

l i n e a r  polyether,  TDE, t o  form on ly  one product, Fe(C3H60) . 
This can be e a s i l y  explained by comparison t o  s tud ies  o f  Fe w i t h  

simple a l i p h a t i c  e the rsY3  and using accepted mechanisms.4 Appar- 

e n t l y  the  metal i o n  i n s e r t s  i n t o  a C-0 bond, and a 13-H s h i f t  

f o l l ows  t o  produce t h e  observed product, ( j u s t  as Fe reac ts  w i t h  

simple ethers such as d ie thy le the r )  

+ 

+ 

Fe++CH,O 0 0 OCH, www 

Fet reac ts  w i t h  12-crown-4, t he  c y c l i c  analog, much d i f f e r -  

en t ly ,  forming nine d i f f e r e n t  products, While a complete discus- I 

s ion  o f  a l l  products w i l l  no t  be given here, reac t ions  t y p i c a l  

o f  those observed can be Ziven, One type o f  reac t i on  invo lves  

breakdown o f  t he  crown i n t o  smal ler  c y c l i c  etners, w i t h  c a v i t y  

s izes more compatible w i t h  the  small  metal i o n  (d  5 1.0 A ) .  
0 
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GAS PHASE CHEMISTRY OF METAL IONS 217 

A 
Fd+(O O) -> FLQ + (1) 

0 \p 

t + 
Three add i t i ona l  products, FeC2H402 , FeC2H202 and 

t 
FeC6H1402 

uses mechanist ic steps s i m i l a r  t o  those fo r  TDE (above), bu t  i n -  

d i c a t i v e  o f  a more complex meta l - l igand i n t e r a c t i o n .  With 12- 

crown-4, a number o f  products can be explained using a double- 

i n s e r t i o n  'step fol lowed by a double-B-H atom s h i f t ,  

shown i n  Scheme 1. 

can be explained v i a  one mechanist ic pathway, which 

This i s  

The enhanced r e a c t i v i t y  o f  the  c y c l i c  po lye ther  over t h e  

l i n e a r  case apparent ly i s  due t o  the  fac t  t h a t  the c y c l i c  l i g a n d  

forces a g rea ter  number o f  the  oxygen atoms i n t o  c lose  ( reac t i ve )  

p rox im i t y  w i t h  the  metal i o n  dur ing  the  b r i e f  ion-molecule c o l -  

Fe+ 

Scheme 1. 
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218 HUANG ET AL. 

l i s i o n .  

the macrocycl i c  e f f e c t  i n  these gas phase ion-molecule reac t ions .  

Such processes are no t  observed i n  so lu t ion ,  s ince the  ion-  

l i gand  i n t e r a c t i o n  energy i s  qu i ck l y  dispersed t o  solvent mole- 

cu l  es. 

That i s ,  we are repo r t i ng  a new, mechanist ic aspect o f  

+ 
We assume tha t ,  i n  the  case o f  12-crown-4, t h e  Fe a c t u a l l y  

This i s  induces these react ions from " ins ide"  the crown cav i ty ,  

imp l ied  by the  f a c t  t h a t  Fe' reacts w i t h  12-crown-4 t o  form 9 

d i f f e r e n t  products, FeCO' gives 7 products, Fe(C0)2 gives one 

product, and as more CO's are added t o  the metal, no react ions 

are observed. 

the crown c a v i t y  and inducing react ions.  

+ 

Thus, l igands can prevent the  metal from m t e r i n g  

Also of note i s  the fac t  t h a t  Cr', a f i r s t  row t r a n s i t i o n  
t 

metal i on  s i m i l a r  i n  s i ze  t o  Fe , forms very d i f f e r e n t  products 

w i t h  12-crown-4 and TDE than does Fe , i.e. Cr' reacts w i t h  

12-crown-4 t o  form products o f  the  type. 

+ 

n : 1,2,3 
'0 

5 Apparently t he  s t rength  of t h e  Cr+-O bond dominates the  r e a c t i -  

v i t y  o f  t h i s  metal i o n  w i t h  12-crown-4. 

Cur ren t ly  we are studying the  chemistry o f  a number o f  

gaseous metal ions w i t h  l i n e a r  and c y c l i c  ethers and polyethers 

i n  t h e  absence o f  solvent. 

the reac t i on  products o f  MCO' d i f f e r  from those o f  M', and t o  

what ex ten t  t he  metal ions can i n t e r a c t  w i t h  such (poss ib ly )  

mu l t iden ta te  1 igands. 

We are at tempt ing t o  determine why 
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