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Abstr& - As par t  o f  an overal I program concerned wlth lnvestlgatlng the 
factors underlylng heavy-metal Ion recognltion, we have developed strategies 
for  observlng and maximizing dlscrlminatlon between t rans l t i on  and other heavy 
metal Ions o f  Interest .  One aspect o f  our research program has been t o  
investlgate metal Ion complexatlon across a matrix (or pa r t  o f  a matrix) o f  
re lated mlxed donor macrocycles and t o  search fo r  s t a b l l l t y  maxima a t  d l f f e ren t  
polnts o f  the matrlx. 

The present discusslon has been l imi ted t o  conslderatlon o f  (pentadentate) 
Ilgand systems o f  types (1)-(16) I n  whlch ( 1 )  the donor atom pattern, ( 1 1 )  the 
macrocycllc hole slze, and ( 1 1 1 )  the degree o f  r l n g  subst l tut lon are varled. 
By reference t o  spec l f l c  studles, the inf luence o f  each o f  these parameters I n  
tu rn  on the propert les o f  par t i cu la r  metal Ion systems Is discussed. 

The donor atom pattern present may have a dramatlc e f f e c t  on complex s t a b l l l t y .  
A comparlson o f  the log K values fo r  the 1:l Cu( l I )  complexes o f  nlne 17- 
membered macrocyclic Ilgands ( I n  whlch the donor atom se t  Is systematlcal ly 
varled) lndlcates tha t  the s t a b l l l t l e s  vary by up t o  ten orders o f  magnltude 
along the serles. The use o f  re lated donor se t  var ia t ion  t o  achleve high 
discrlmlnatlon fo r  Ag(I) over P b ( l l )  i s  a lso descrlbed. 

Prevlous studies have shown t h a t  macrocyclic r i n g  slze var ia t lon  may induce 
dls locat lon behavlour ( leading t o  metal-ion dlscrlmlnatlon) fo r  Zn ( I I )  and 
Cd( I I )  complexes o f  the present type. 
Involving a wlder range o f  Ilgand derivatlves, addit ional examples o f  such 
dls locat lon behavlour have been documented. 

In another study, the e f f e c t  on the metal Ion dlscriminatlon behaviour o f  
appending N-benzyl substi tuents t o  the 17-membered O2N3 donor macrocycle (7) 
has been Investigated. Log K data fo r  the l r l  complexes o f  t h l s  Ilgand wlth 
Co(II), N I ( l l ) ,  Zn ( l l ) ,  C d ( I I ) ,  Pb( l I ) ,  and Ag(l) have been obtained In  95% 
methanol. 
specles tend t o  be much lower than those f o r  the correspondlng parent 
(unsubstltuted) macrocycle. Indeed, fo r  the f l r s t  f i v e  metals mentloned above, 
log K values o f  4.3 o r  less were obtained fo r  the complexes o f  the benzylated 
Iigand. In contrast, f o r  the Ag( l )  complex o f  t h l s  species, the log K value Is 
9.3. Inspection o f  a molecular model suggests tha t  t h l s  hlgh se lec t i v i t y  f o r  
Ag(l) may ar lse  because t h l s  ion VrIggerst t  a major llgand conformatlonal 
change t o  produce a s t e r l c a l l y  locked conforrnatlon Idea l l y  sulted f o r  Ag(I).  

In an extension o f  these studies, 

As expected, most o f  the s t a b l l l t y  constants fo r  t h l s  hlndered 

INTRODUCTION 

The coordinatlon chemistry o f  polydentate organic Ilgands has now been lnvestlgated fo r  
about a century. In view o f  t h l s  It Is perhaps surpr ls lng tha t  It Is s t l l l  of ten 
d l f f l c u l t  t o  p red lc t  wlth confldence the r e l a t l v e  bindfng preferences o f  many such 
Ilgands towards par t l cu la r  metal Ions. Thls Is especlal ly so when mixed donor atom sets 
are present. Much o f  the d l f f i c u l t y  arlses because o f  the number o f  (of ten 
Interdependent) varlables associated with multldonor Iigand types. 
par t l cu la r  donor atom se t  present, the number and slzes of  the chelate r lngs formed, the 
f l ex ib l  I I t y  o f  the system, the re1 a t l ve  poslt ions o f  the donor atoms and the nature of 
the ligand backbone ( including the types o f  substi tuents present). 
systems, the macrocycllc r i ng  slze may be another Important parameter. Thus, compared t o  
t h e l r  open chaln analogues, c y c l i c  Iigands have addlt lonal stereochemlcal constralnts 
resu l t lng  from t h e l r  cyc l l c  nature whlch may Influence metal-Ion blnding and hence 
thermodynamlc discrlmlnatlon. 

These Include the 

For macrocycllc 
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There are advantages i n  the  use of mixed donor macrocycles f o r  metal- ion recogn i t i on  
studies. 
s t a b i l i t y  o f t e n  exh ib i t ed  by, f o r  example, Nq-donor systems. Secondly, w l t h  c y c l i c  
systems s o l u t i o n  speciat ion tends t o  be simpler than f o r  open chain Iigands; i n  many 
instances, 1: l  (metal: l igand) complex formation predominates. 

I t I s  noted t h a t  a range o f  %Iass1caltt reagents already e x i s t  which e x h l b l t  s p e c i f i c i t y  
towards p a r t i c u l a r  heavy metals; however, f requent ly  t h e i r  development has been la rge ly  
f o r t u i t o u s  r a t h e r  than the  outcome o f  a systematic program o f  research. 

F i r s t ,  t h e  complexes do n o t  show the  extreme k i n e t i c  and thermodynamic 

Design strategies 
Over recent  years, we have been concerned w i th  the  development o f  deslgn s t r a t e g i e s  f o r  
new macrocycl ic l igand systems which are able t o  recognize p a r t i c u l a r  t r a n s i t i o n  and 
pos t - t rans i t i on  metal ions ( re f .  1 ) .  An important aspect o f  our approach has been t o  use 
di f ferences I n  log K values as both a monitor and a con t ro l  o f  t h e  organic  syn the t i c  
program. That is, s t a r t i n g  from a p a r t i c u l a r  macrocycl ic I igand chosen on t h e  bas is  o f  
i t s  l i k e l i h o o d  o f  g i v i n g  r i s e  t o  d iscr iminat ion,  r e l a t e d  de r i va t i ves  are synthesized i n  a 
systematic t t tuning uptt process o f  any d i sc r im ina t i on  observed. A t y p i c a l  three- 
dimensional s t r u c t u r a l  ma t r i x  might e x h i b i t  v a r i a t i o n  o f  macrocycl ic ho le s i z e  along one 
d i rec t i on ,  increasing macrocycl ic r i n g  s u b s t i t u t i o n  along another and v a r i a t i o n  o f  donor 
atom type along a t h i r d ;  however other  combinations are a l s o  possible. 

The %at r i x f l  procedure enables t h e  e f f e c t s  of incremental s t r u c t u r a l  v a r i a t i o n s  on log K 
d i f f e rences  t o  be followed; t h i s  very o f t e n  leads t o  a f u l l e r  understanding o f  t h e  sub t le  
fac to rs  c o n t r o l l i n g  p a r t i c u l a r  observed behaviour. 
on l y  been t o  achieve metal-ion recogn i t i on  (and/or d i sc r im ina t i on )  b u t  a l so  t o  understand 
t h e  nature o f  such recogn i t i on  when it I s  observed. 

Emphasis i n  our s tud ies has usua l l y  been given t o  f u l l  e l u c i d a t i o n  o f  t h e  re levan t  metal- 
ion chemistry o f  t h e  I lgand systems. In  pa r t i cu la r ,  as wel l  as thermodynamic (mainly log 
K )  measurements, formation and d i ssoc ia t i on  k ine t i cs ,  X-ray and molecular mechanics have 
a l l  cont r ibuted t o  t h e  tVuninglf process i n  p a r t i c u l a r  studies. 

By reference t o  i nd i v idua l  studies, t h ree  features o f  t he  use o f  the  above approach t o  
achieve metal ion recogn i t i on  a re  now i l l u s t r a t e d .  These involve t h e  e f f e c t  o f  v a r i a t i o n  
o f  ( 1 )  t he  donor atom s e t  present, o f  ( 1 1 )  t h e  macrocycl ic r i n g  size, and o f  (I l l) the  
I igand s u b s t i t u t i o n  pattern, on p a r t i c u l a r  metal ion recogn i t i on  and/or d i sc r im ina t i on  
behaviour. 

Thus t h e  aim o f  t h e  s tud ies has n o t  

DONOR A T O M  SET DISCRIMINATION 

Cu(ll) complexes 
The e f f e c t  o f  donor atom v a r i a t i o n  on complex s t a b i l i t y  i s  well  i l l u s t r a t e d  by t h e  C u ( I I )  
complexes o f  (1) - (9)  i n  which the  donor atom sequence i s  systemat ica l ly  va r ied  ( r e f .  2 ) .  
Stabi I I t y  constants f o r  t h e  I : I copper complexes were determined i n  95% methanol and a 
summary o f  t h e  respect ive values i s  given I n  Fig. 1.  As expected, t h e  s t a b i l i t i e s  are 
q u i t e  dependent on t h e  donor atom s e t  present - w i th  t h e  values spanning 10 orders o f  
magnitude1 I t  I s  ev ident  from t h e  data t h a t  t h e  c o n t r i b u t i o n  o f  t h e  respect ive donor 
atom types t o  p a r t i c u l a r  copper complex s t a b i l i t y  f a l l s  i n  t h e  order NH(al Iphat lc)  > 
NH(aniIIno) > S > 0. 

X Y m n p R  

( 1 )  0 0 

(6) NH S 
(7) 0 NH 
(8) S NH 
(9)  NH NH 
(10) 0 NH 
(11) 0 NH 
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(14) 0 NCHj 
(15) 0 NH 
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02NZO 02N2S 02N3 
(1) (4) (7) 

Fig. 1. The r e l a t i v e  s tab i  
95% methanol [L = 0.1 ; ( 

S2N20 S2N2S 52N3 
(2) (5) (8) 

MACROCYCLE 

i t l e s  o f  t h e  1:l  Cu( 
2Hg)4C104] a t  25 OC. 

N40 N4S N5 
(3) (6) (9) 

I)  complexes o f  (1) - (9)  i n  

Ag(l) and Pb(ll) complexes 

Studies o f  t h e  i n t e r a c t i o n  o f  Ag( I )  and P b ( I I )  w i th  I lgands o f  t h e  t ype  Jus t  discussed 
have a l so  been performed. Ca lo r ime t r i c  i nves t i ga t i ons  o f  t h e  i n t e r a c t i o n  o f  s i l v e r  
n i t r a t e  w i th  a number o f  these macrocycles i n  a c e t o n i t r i l e  c l e a r l y  demonstrated t h e  
marked preference o f  a th ioe the r  over an ether  donor f o r  t h i s  s o f t  metal i on  ( r e f .  2) .  
From t h e  en tha lp i c  data, It was deduced t h a t  t h e  s i l ve r - th ioe the r  a f f i n i t y  I s  comparable 
t o  t h a t  o f  a secondary amine group f o r  t h i s  ion. 

In  agreement w i th  t h e  above, I t  i s  apparent from t h e  log K data g iven i n  F ig .  2 t h a t  
s u b s t i t u t i o n  o f  a s u l f u r  f o r  an oxygen donor i n  t h e  17-membered r i n g  framework does 
r e s u l t  i n  t h e  expected increase i n  s t a b i l i t y  f o r  t h e  s i l v e r  complexes: moreover, a 
s i m i l a r  enhancement does n o t  occur f o r  t h e  complexes o f  P b ( I I )  ( r e f .  4). 
s i t u a t i o n  i s  ideal  f o r  maximizing d i sc r im ina t i on  between these Ions by donor s e t  

Thus such a 
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M C R O C Y  CLE 

S t a b i l i t y  d i f f e rences  (Alog K )  between corresponding Ag( I )  and Fig. 2. 
P b ( I I )  complexes - i n  each case t h e  Ag(1) complex i s  more stable. 
values determined I n  95% methanol [L = 0.1; (C2Hg)qCI04]. 

Log K 
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fltuninglf. 
%Nj-donor r i n g  (7 )  i s  o f  t h e  order o f  10 i n  favour o f  Ag( I ). 
i ncorporat 1 on o f  t h  loether  su I f u r  donors I n t h e  I igand framework resu I f s  1 n 1 ncreas I ng 
d l sc r im ina t l on  f o r  t h i s  ion. 
d i sc r im ina t i on  o f  about l o 9  i s  achieved. Another aspect o f  t h e  data presented i n  F ig .  2 
needs t o  be noted. Inspection o f  t h e  respect ive log K values ind icates t h a t  replacement 
o f  a Nyf ragment  by an NpY-one (Y=O o r  S) r e s u l t s  i n  a cons is ten t  lowering o f  t h e  
s t a b i l i t i e s  o f  t h e  var ious P b ( I I )  species b u t  has much less e f f e c t  on t h e  corresponding 
Ag( l )  complexes. The l a t t e r  e f fec t ,  which a ids t h e  d i sc r im ina t i on  process, may be a 
r e f l e c t i o n  o f  t h e  we l l  known a f f i n i t y  o f  Ag(I) f o r  a * I l lnear  diamminell coord inat ion 
geometry. 

I n  summary, both t h e  above s tud ies demonstrate t h e  extremely large s t a b i l i t y  
d l f f e r e n t i a l s  t h a t  may be achieved solely through donor atom v a r i a t i o n  w i t h i n  a given 
I igand framework. When used I n  conJunction w i th  r i ng -s i ze  v a r i a t i o n  (see below), t h e  
combined procedures prov ide a p o t e n t i a l l y  very powerful means f o r  achlevlng metal-ion 
d iscr iminat ion.  

Hence t h e  s t a b i l i t y  d i f f e rence  between t h e  complexes o f  these metals w i t h  t h e  
However,_-stpwise 

I n  t h e  case o f  t h e  ( te rm ina l )  S3Np-ligand system (51, a 

RING SIZE VARIATION A N D  DISLOCATION DISCRIMINATION 

A mechanism f o r  d i sc r im lna t i on  s tud ied i n  some depth by t h e  author 's  group involves t h e  
occurrence o f  f fd is Iocat lonsf f  along a se r ies  o f  c l o s e l y  r e l a t e d  I igands ( re f s .  5-7). Such 
f ldisIocationsfl  occur when t h e  gradual change o f  p roper t i es  along t h e  I igand se r ies  
induces a sudden change i n  coord inat ion geometry f o r  t h e  complexes o f  adjacent I igands. 

The occurrence o f  d i s l o c a t i o n  behaviour a t  d i f f e r e n t  po in ts  along a l igand se r ies  f o r  
d i f f e r e n t  metal Ions may form a bas is  f o r  d i sc r im ina t i ng  between these ions. 
we have expanded our i n i t i a l  i nves t i ga t i ons  ( re f s .  4 and 8)  o f  t h i s  mechanism by 
extending t h e  range o f  mixed-donor I igand systems used i n  t h e  study. The s u b t l e  fac to rs  
under ly ing such d i sc r im ina t i on  have been e luc idated using a combination o f  s o l u t i o n  
equi l ibr ium,  k i n e t l c ,  nmr, molecular mechanics, and X-ray d i f f r a c t i o n  techniques. The 
r e s u l t s  have allowed a more complete evaluat ion o f  s t r u c t u r a l  Inf luences on t h e  
inducement o f  d i s l o c a t i o n  behaviour w i t h i n  t h i s  general category o f  I igand. 

Ni(l1) complexes 
I n  t h e  previous study, t h e  thermodynamic s t a b i l i t i e s  o f  t h e  N i ( l 1 )  complexes o f  t h e  17- 
t o  19-membered r i n g s  (7), (10) and (11) were determined I n  95% methanol: t h e  respect ive 
log K values along t h i s  se r ies  are 10.0, 9.8 and 6.4 ( r e f .  5). 
between t h e  complex o f  t h e  18- and t h a t  o f  t h e  19-membered r i n g  appears greater  than 
expected solely f o r  t h e  s u b s t i t u t i o n  o f  a six-membered che la te  r i n g  f o r  a five-membered 
r i ng .  Hence, t h e  behaviour i s  i n  accordance w i th  a s t r u c t u r a l  d i s l o c a t i o n  having 
occurred between these complexes. 

Molecular mechanics and o the r  evidence suggests t h a t  t h e  17- and 18-membered r i n g  
complexes have s i m i l a r  octahedral geometries i n  which a l l  donor groups o f  t h e  respect ive 
macrocycles coord inate and I n  which the  th ree  n i t rogen  donors are arranged f a c i a l l y .  I n  
each case one coord inat ion s i t e  appears t o  be f i l l e d  by a so lvent  molecule. 
X-ray study shows t h a t  t h i s  occurs i n  t h e  complex o f  (7)  and a l s o  confirms t h a t  t h e  th ree  
amlne donors i n  t h i s  specles are f a c i a l .  In  contrast, f o r  t h e  complex o f  (111, t h e  
evidence suggests t h a t  t h e  amine donors a re  arranged mer id ional ly .  

From t h e  molecular mechanics Inves t i ga t i ons  It I s  ev ident  t h a t  t he  above d i s l o c a t i o n  
behaviour i s  l a rge l y  associated w i t h  s t e r i c  crowding i nvo l v ing  the  two 6-membered che la te  
r i n g s  formed by t h e  th ree  amine donors o f  (11). 
t h a t  a s l m l l a r  dislocation was n o t  observed between t h e  complexes o f  t h e  17- and 19- 
membered r i n g  s t ruc tu res  (7)  and (12); however, two 5-membered che la te  r i n g s  ( Invo lv ing  
t h e  NJ-chain) are re ta ined  i n  t h e  l a t t e r  complex. That Is, I n  t h i s  species t h e  19- 
membered r i n g  i s  achieved by lncreaslng t h e  number o f  methylene carbons between the  
oxygen r a t h e r  than between t h e  amlne donors; i n  t h i s  case, t h e  log K d i f f e rence  between 
t h e  n i cke l  complexes o f  (7)  and (12) i s  on l y  about 0.3. 
conclusion t h a t  t h e  coord inat ion geometries adopted by t h e  OpNydonor I igand se r ies  are 
l a rge ly  d i c t a t e d  by s t e r i c  f ac to rs  i nvo l v ing  t h e  che la te  r i n g s  formed by t h e  respect ive 
NJ-backbones. 

Zn(l1) and Cd(1l) complexes 
Based on t h e  r e s u l t s  o f  a p re l im ina ry  i nves t i ga t i on  ( r e f .  61, an extensive se r ies  o f  
s tud ies i nvo l v ing  t h e  Zn( I1)  and Cd( l l )  complexes o f  t h e  17- t o  19-membered macrocycles 
(7), (101, (ll), (13)-(15) a re  now complete ( r e f .  8 ) .  Fig. 3 summarizes t h e  s t a b i l i t i e s  
o f  a l l  t h e  1 : l  species studied. 

Recently, 

The drop i n  s t a b i l i t y  

Indeed, an 

With respect  t o  th i s ,  it Is s i g n i f i c a n t  

This r e s u l t  thus supports t h e  
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- 1  ~ 

Zn2' Cd2' 

Fig. 3.  Comparison o f  the log K values fo r  corresponding Zn(I1) and C d ( I 1 )  
complexes o f  a range o f  the present Iigands showlng the dis locat ion which 
occurs along the Cd( I I )  series. 
EL= 0.1; (C2Hg)qNCI04]. 

Log K values were obtalned i n  95% methanol 

Each 17- and 18-membered r i n g  y ie lds  a Cd(I I )  complex which i s  more stable than i t s  
Zn(I1) analogue whereas t h i s  order i s  reversed fo r  the respective complexes o f  the 
(three) 19-membered r ings. 
polyamlne species. 
= (711, have been obtalned. 
bound t o  the metal while, f o r  the Zn(I1) species, the ether oxygens do not coordinate. 
Nmr and molecular mechanics evidence suggest t ha t  a s lml la r  s i tua t ion  perslsts I n  
solut lon. Indeed, it seems I l k e l y  tha t  the ether oxygens make l i t t l e  contr ibut ion t o  the 
s t a b l l l t y  o f  any o f  the Zn(I1) specles shown i n  Fig. 3. In contrast, coordination o f  the 
ether donors does appear t o  occur i n  the Cd(I I )  complexes o f  the 17- and 18-membered 
r ings. Namely, Inspection o f  the log K values fo r  the respectlve Cd(l1) complexes 
(Flg.3) strongly suggests t h a t  a dis locat ion occurs between the complexes o f  the 18- and 
19-membered r ings. The molecular mechanlcs calculat ions are In  accord with the observed 
dis locat ion being due t o  a change from coordlnatlon t o  non coordination o f  the ether 
oxygens (refs.  6 and 8 ) .  
assoclated with the 19-membered r ings. Indeed, an X-ray structure determination o f  the 
C d ( I 1 )  n i t r a t e  complex o f  ( 1 1 )  shows tha t  the ether functions do not coordinate i n  the 
so l i d  state ( re f .  8 ) .  

Indeed, t h l s  l a t t e r  order i s  t ha t  expected fo r  simple 
X-ray d l f f r a c t l o n  structures of CZn(N03)2Ll and [Cd(N%)aL], [where L 

In the Cd( I I )  complex the f i v e  donors o f  the macrocycle are 

This behaviour may r e f l e c t  the larger macrocycllc cav l ty  

MACROCYCLE SUBSTITUTION AND DISCRIMINATION 

In another investigation, oxygen-nitrogen donor macrocycles containing N-benzyl 
subst i tutents have been synthesized from the corresponding unsubstltuted cyc l i c  species 
( re f .  9). Macrocycle (16) i s  one such derivatlve. From X-ray data ( re f .  10) and from 
inspection o f  a molecular model, it i s  c lear tha t  the t r lbenzyl  substi tuents w l l l  g rea t ly  
r e s t r l c t  the possible conformatlons able t o  be adopted by (16) on coordlnatlon t o  a metal 
Ion. 
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Table 1. 
tr I benzy I ated der 1 v a t i v e  (16) .a 

A comparison o f  log K values f o r  t h e  complexes o f  (7)  and i t s  

Macrocycle 
(7) (16) 

7.6b 

10.0b 

14.4b 

7.5 

8.7 

8.7 

8.1 

(3.5 

(3.5 
,C 

'1.3.5 

'1.3.5 

9.3 

'1.4.3 

aLog K values determined i n  95% methanol a t  25 OC w i t h  1 = 0.1; 
(CzH5)4NCiO4. b L  = 0.1 , (CH314NCI. CPrec ip i ta t ion.  

S t a b i l i t y  data f o r  t h e  complexes o f  (16) w i t h  Co(II), N I ( I I ) ,  Z n ( I I ) ,  Cd ( I I ) ,  P b ( I I )  and 
Ag( l )  have been obtained. Table 1 g ives a comparison o f  t h e  respect ive values w i t h  those 
f o r  t h e  parent (unsubst l tu ted)  r i n g  (7) .  As expected, t h e  s t a b i l i t i e s  o f  t h e  complexes 
o f  t h e  s t e r i c a l l y  hlndered I igand a re  genera l ly  much lower than those f o r  t h e  
unsubst i tu ted parent  r ing;  fur ther ,  i n  general, I i t t l e  d i sc r im ina t i on  between ind i v idua l  
metal ions i s  evident. However, an exception I s  t h e  observed considerable d i sc r im ina t i on  
f o r  Ag( I )  r e l a t i v e  t o  t h e  other  metal ions invest igated.  

From a study o f  a s p a c e - f i l l i n g  molecular model, it appears t h a t  Ag ( I )  may induce a 
maJor conformational change i n  t h e  r i n g  system t o  y l e l d  a r i g i d  macrocycl ic c a v i t y  [which 
i s  apparently ideal  f o r  t h e  b ind ing o f  Ag(I)]. That is, t h e  model can be adJusted i n t o  a 
form which locks t h e  f i v e  donors i n t o  an approximately pentagonal arrangement w i t h  a l l  
t h e  donor atoms s u i t a b l y  o r i en ta ted  f o r  coord lnat lon t o  a cen t ra l  ion. 
interconversion o f  t h i s  t ype  w i l l  tend t o  be a h igh energy process and, once t h e  l a t t e r  
conformation i s  attained, t he re  i s  l i t t l e  oppor tun i ty  f o r  t h e  donor atoms t o  vary t h e i r  
pos i t i ons  fu r the r .  

A process o f  t h e  t ype  Just  described approximates t o  metal ion induced tkonformational 
switching". I n  t h e  present case, t h i s  may be inf luenced by both t h e  known moderate 
s t a b i l i t y  o f  Ag( I )  t o  e ther  bonds and poss lb ly  a l so  by t h e  induced c a v l t y  s i z e  being 
c lose  t o  t h e  rad ius  o f  Ag ( i ) .  However, It i s  stressed t h a t  i n  the  absence o f  s t r u c t u r a l  
data f o r  t h e  Ag( I )  complex, t h e  proposed mechanism must remain ten ta t i ve .  

Clearly, an 
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