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Abstract--Spectrophotometric,  potentiometric and 1H N M R  results on the M - L  systems 
[M = Pd ii or Pt H and L = cimetidine, famotidine or ranitidine] are clearly indicative of the 
strong chelating ability of  these antiulcerative drugs towards metal ions. In view of  the 
great biological interest in these two metals, their coordination to such drugs should have 
significant implications. 

Cimetidine [N-cyano-N'-methyl-N"-[2- [[(5-methyl- 
1H-imidazol-4-yl)methyl]thio]ethyl]guanidine], 

- 2- furanyl]methyl]thio]ethyl] - N'  - methyl - 2 - nitro-1, 
1-ethene-diamine] 
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famotidine [3-[[[2-[(aminoiminomethyl)amino]-4- 
thiazolyl]methyl]thio] - N - (aminosulfonyl)propani- 
midamide] 

15 

,0  1, ,2 ~ IJ 

and ranitidine [N-[2-[[[-5-[(dimethylamino)methyl]- 

* Author to whom correspondence should be addressed. 

are molecules largely used in medicine 1-3 for their 
safeguarding action on the stomach walls in ulcer 
disease, due to a histamine H2 receptor blocking 
effect. The numbering scheme in the above for- 
mulae is used for convenience and differs from that 
in IUPAC names. The interest towards metal ion 
complexation in order to understand phar- 
macological action has led to extensive literature 
on cimetidine interaction 4-13 as compared to one 
single study on famotidine 14 and none at all on 
ranitidine. Presumably this is to be ascribed to the 
fact that they were introduced on the market at 
different times. 

All these molecules should act as effective ligands 
towards metal ions, each being composed of  several 
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g roups  p rov ided  with  a very s t rong coo rd ina t i ng  
abil i ty,  l inked to their  c o m m o n  s t ructure  
- - C H z - - S - - C H 2 - - C H 2 - - .  F u r t h e r m o r e ,  the com-  
posi te  s t ructure  o f  f amot id ine  and  ran i t id ine  
induces  equi l ibr ia  be tween  different  con fo rma t ions ,  
tha t  are  well charac te r ized  by  inf rared  and  X- ray  
da t a  15 and  by  N M R  spec t roscopy.  16'17 These  con-  

fo rma t ions  can p lay  an  i m p o r t a n t  role no t  only  in 
their  b io logica l  ac t ion  bu t  also in their  behav iou r  
as coo rd ina t i ng  agents.  

EXPERIMENTAL 

Reagents  

Cimet id ine  was pu rchased  f rom S i g m a ;  f amo-  
t idine and  rani t id ine  were k ind ly  furnished by  Ther-  
ap icon.  The  pur i ty  o f  the three l igands,  used with-  
ou t  any  fur ther  pur i f ica t ion ,  was checked by ~H 
N M R  and  po t en t iome t r i c  measurements .  K2PtC14, 
K2PdCI4, NaC1, N a O H ,  HCI,  KNO3,  D20 ,  N a O D  
and  DC1 were reagent  g rade  Ald r i ch  p roduc ts .  

Potent iometric  measurements  

Ti t ra t ions  were pe r fo rmed  on a D i o s i m a t  655 
M e t r o h m  a u t o m a t i c  t i t r a to r  equ ipped  with  a p H -  
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by mixing  in the ra t ios  9 : 1, 8 : 2 . . . .  1 : 9 equ imo la r  
so lu t ions  o f  l igand and  meta l  whose concen t ra t ions  
were : 

[Metal] [Ligand] 

Pd-Cim a 1.252 × 10 -4 1.248 x 10 -4 
Pt-Cim b 0.833 × 10 4 0.832 x 10 -4 
Pd-Fam a 1.218 x 10 -4 1.217 × 10 -4 
P t -Fam b 0.833 x 10 -4 0.835 x 10 -4 
Pd-Ran ° 1.252 x 10 - 4  1.248 x 10 -4 
Pt -Ran b 1.280 × 10 4 1.248 × 10 -4 

~NaCI 0.1 M ; bKNO3 0.1 M. 

A fur ther  spec t ropho tome t r i c  analysis  was 
accompl i shed  in o rde r  to ob ta in  rel iable  spec t ra  o f  
1 : 1 and  1 : 2  M - L  complexes.  F o r  the 1 : 1 case, 
we examined  a set o f  solut ions,  in which meta l  
concen t ra t ion  was cons tan t  and  tha t  of  the l igand 
increased up  to tha t  o f  metal .  F o r  the 1 : 2 case the 
l igand concen t ra t ion  was cons tan t  and  the meta l  
concen t ra t ion  increased up to ha l f  tha t  o f  the 
l igand.  

l : l  1:2 
[Metal] [Ligand] [Metal] [Ligand] 

Pd-Cim 1.252 x 10 - 4  0-0.624 × 10 -4~ 0-0.626 × 10 -4 1.248 × 10 -4 
Pt-Cim 1.104 × 10 -4 0-1.104 x 10 4 0-0.530 × 10 - 4  1.077 x 10 -4 
Pd-Fam 1.214 × 10 -4 0-1.241 x 10  - 4  0M).306 × 10 -4a  1.217 X 10 - 4  

Pt -Fam 0.848 x 10 -4 04).842 × 10 4 0-0.424 × 10 -4 0.842 × 10  - 4  

Pd-Ran 1.043 × 10 4 O-1.040 X 10 - 4  0-0.522 x 10 -4 1.040 × 10 -4 
Pt -Ran 1.104 x 10 -4 0-1.104 × 10 4 0-0.529 × 10 - 4  1.077 x 10 - 4  

aFor higher ligand or metal concentrations turbid solutions were obtained. 

M-84 R a d i o m e t e r  p H  meter ,  using a M e t r o h m  
c o m b i n e d  p H  elec t rode  for  highly a lkal ine  solu- 
t ions,  a t  an  ionic s t rength  of  0,1 M NaC1 for pal-  
l ad ium and  0.1 M KNO3 for p l a t i n u m  studies.  In  
all t i t ra t ions  the  l igand was 2 x 10 -3 M (with HC1 
a d d e d  at  the same concen t ra t ion)  and  the meta l  
r anged  f rom 0.5 x 10 -3 to 2 x 10 -3 M. The  so lu t ions  
(25 cm 3) were t i t ra ted  under  a n i t rogen  a tmosphe re  
wi th  N a O H  (0.1 M)  at  25°C. 

The  so lu t ions  with p l a t i n u m  were s tudied at  an  
ionic  s t rength  0.1 M of  KNO3 ; NaC1 preven ted  any 
assoc ia t ion  be tween p l a t i n u m  and  the three l igands  
and  was therefore  subs t i tu ted  with  K N O 3 ;  l i tera-  
ture C1- f o r m a t i o n  cons tan t s  at  25°C for Pt  In9 (log 
Kl = 5.0, log /~2 = 9 .0 ,  log /~3 = 11.8 and  log 
/~4 = 13.8) are in fact  a lmos t  two orders  o f  mag-  
n i tude  greater  t han  those for  Pd  n2° (log K~ = 4.47, 
l o g  ]~2 = 7.76, log/~3 = 10.2 and  log/~4 = 11.5). 

Spectrophotometric  measurements  

The spec t ropho tome t r i c  measu remen t s  were car-  
r ied ou t  on  a H e w l e t t - P a c k a r d  8452 d iode  a r r ay  
s p e c t r o p h o t o m e t e r  a t  25°C. The  six M - L  systems 
were s tudied  accord ing  to a Job  TM scheme, ob t a ined  

N M R  measurements  

~H N M R  spectra were ob ta ined  in solut ion with 
a Var ian  VXR-300 spect rometer  at  a p robe  tem- 
pera ture  o f  25°C. The  chemical  shifts are repor ted  
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as 6 (ppm), dowrdield from TMS. Typical Fourier 
Transform conditions, under which the ~H results 
were obtained, were the following: sweep width 3000 
Hz and 19/zs pulses. A ligand in excess of the 2:1 
[ligand]/[metal] ratio was mainly used for two 
reasons : (a) to force the equilibrium to the formation 
of a pure ML2 complex and (b) to have a sufficient 
amount of free ligand, in excess of that implied in 
the ML2 complex, to observe its signal separately 
from that of ML2 under the same pH conditions. 

The following solution concentrations were used: 

[Ligand]/ 
[Metal] [Ligand] [Metal] 

Pd~2im 2.818 × 10  - 3  9.127 × 10 -3 3.2 
Pt-Cim 2.529 × 10  - 3  7.936 × 10  - 3  3.1 
Pd-Fam 1.315 × 10 - 3  3.853 × 10  - 3  2.9 
Pt-Fam 1.265 × 10  - 3  4.051 × 10  - 3  3.2 
Pd-Ran 2.818 × 10  - 3  7.888 × 10  - 3  2.8 
Pt-Ran 2.529 × 10  - 3  8.164 X 10 -3 3.2 

The spectra of the above solutions were measured 
at various pH values properly adjusted by NaOD. 

Calculation 

Potentiometric data for electrode standard- 
ization were analysed with the Gran method 2~ 
using our program GRANPLOT.  The ionization 
constant of the pure ligand and the formation con- 
stants of its complexes with platinum and palladium 
were calculated by a slightly modified version of the 
program 22 PSEQUAD. 

The analysis of spectral data was performed with 
our program SPECPEAK ;23 this program allows 
the decomposition of spectra into the component 
Gaussian bands by a non-linear least-squares cal- 
culation of the maximum wavelengths (F) and half- 
bandwidths (IV) of each peak and a linear least- 
squares calculation of heights (H). These distinctive 
features allow the estimation of non-linear F and 
W parameters based on the simultaneous analysis 
of various spectra and the estimation of  peak 
heights in each single spectrum. In this way it is 
possible to separate the contribution of each species 
to the spectra and therefore to have a trend of 
concentration of each single absorbing component 
as a function of the reagent concentrations without 
resort by to any model assumption. 

R E S U L T S  AND DISCUSSION 

Spectrophotometric results 

The Job method ~s for analysing spectrophoto- 
metric equilibrium data has been extensively 
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criticized 24 when applied to systems where multiple 
equilibria coexist. In our opinion reliable infor- 
mation on complexation models can be achieved 
when heights of Gaussian peaks are reported 
vs the molar fraction X after the decomposition 
of spectra obtained by a Job scheme. A thorough 
study on such a procedure will be reported else- 
where. 

The results of Job analysis for the systems Pt-  
Cim, Pd-Cim, Pt-Ran, P t -Fam and Pd-Fam show 
the existence of both 1 : 1 and 1 : 2 complexes, as 
can be argued by the plots reported as an example 
in Fig. 1. For the Pd-Ran system only evidence of 
a t : 1 complex was obtained. 

In order to acquire reliable absorptivity spectra 
of pure complexes, spectra of different solutions 
were collected according to the schemes reported 
in the experimental section and analysed with 
the program SPECPEAK. The spectra of seven 
solutions with constant cimetidine and variable 
palladium, acquired to estimate the spectrum 
of PtCim2 complex, are reported in Fig. 2 as an 
example. 

In all the examined cases peak heights vs variable 
reagent show a linear trend, and through their 
extrapolation to values corresponding to 1 : 1 and 
1 : 2 complexes the spectra reported in Fig. 3(A-F) 
can be obtained. It is to be observed that reagents 
were mixed without adjusting the pH and this could 
cause some uncertainty in the absorptivity spectra. 

Although made up of bands similar to those of 
the two components, the spectra of the complexes 
clearly show the formation of a new band at about 
250 nm for 1:1 palladium complexes with cime- 
tidine and famotidine (e - 7000) and 270 nm for the 
1 : 2 complexes (e - 10,000). Both corresponding 
platinum complexes present the same band at about 
240 nm. Ranitidine, on the other hand, shows the 
formation of a strong band at 240 nm for the 1 : 1 
palladium complex and for both platinum 
complexes, with a very strong e. 

NMRresults 

The interpretation of N M R  findings can give 
detailed information concerning the structure of 
complexes. It is to be pointed out that the spectrum 
reported in a previous paper ~3 and interpreted on 
the grounds of  distribution curves based on potent- 
iometric equilibrium results refer to the isolated 
solid compound PtCim2 dissolved in D20. 

In the present work, completely different tH 
N M R  spectra were acquired from solutions in 
which cimetidine and Pt a were mixed in a 3 : 1 ratio. 
This indicates that the solid PdCim2 is different 
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Fig. 1. The heights of the peaks centred at 205 and 221 nm (calculated with SPECPEAK program) 
for 11 solutions (see Experimental section) are reported vs the palladium molar fraction. 
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Fig. 2. Spectra of seven solutions with constant cimetidine 1.25 × 10 -4 M and palladium systematically 
increasing up to 0.6 × 10 -4 M. 

from the equilibrium adduct with the same stoi- 
chiometry. The spectra for the six systems at vari- 
able pD, reported in Figs 5, 7 and 9 will be discussed 
later. 

Potentiometric results 

The titration curves of  the solutions with metal-  
ligand 1 : 1, 1 : 2, 1 : 3 and 1 : 4 ratios confirm the 
models obtained by the spectrophotometric analy- 
sis and are fitted agreeably using the ionization and 
formation constants reported in Table 1. 

In Fig. 4 some distribution curves which can be 
useful in the next discussion will be reported. 

Discussion 

The objective of  this work is to provide evidence 
of  the species at equilibrium and by the concurrent 

use of  the three reported techniques to acquire some 
insight into the structural features of the complexes. 
In the subsequent discussion in Fig. 4 some dis- 
tribution plots will be presented (a) for solutions 
having an excess of  metal ion and concentrations 
of the order 10 -4 M, as those used in the evaluation 
of the UV spectra of 1 : 1 complexes [A] ; (b) in the 
conditions used for potentiometric measurements 
with equimolar metal-ligand concentrations [B] 
and (c) which refer to N M R  measurements with an 
excess of ligand [C]. A variety of  situations arise 
depending on the concentration ranges used and 
on the reagent ratios. The behaviour of the three 
ligands will be analysed taking into account all 
available experimental information. 

Cimetidine. Metal ligand complexes (1:1 and 
1 : 2) are formed with platinum : in the case of  metal 
excess, Fig. 4(A), a IPtCim] 2÷ complex is already 
formed at pH 3 which coexists with IPtCim2] 2÷ 
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up to pH ~ 7, where the 1:1 complex deproto- 
nates and the 1:2 complex disappears giving 
IPtCimOHI ÷ and at pH > 1 1 the neutral complex 
IPtCim(OH)2l. The evaluated UV spectra were 
therefore perturbed by 25% of  the 1 : 2 complex, 

roughly constant along the spectrophotometric 
titration. 

On the contrary, when a large excess of  free 
cimetidine is used, as for N M R  measurements, 
IPtCim212÷ is stable up to pH = 8, where it loses two 
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Fig. 3. (A) Absorptivity spectra of pure cimetidine (L), pure K2PdC14 (Pd), 1 : 1 PdCim complex 
(PdL) and 1:2 PdCim2 complex (PdL2). (B) Absorptivity spectra of pure famotidine (L), pure 
K2PdCI4 (Pd), 1 : 1 PdFam complex (PdL) and 1 : 2 PdFam: complex (PdL2). (C) Absorptivity spectra 
of pure Ranitidine (L), pure K2PdCI 4 (lad), 1 : 1 PdRan complex (PdL). (D) Absorptivity spectra of 
pure cimetidine (L), pure K2PtC14 (Pt), 1 : 1 PtCim complex (PtL) and 1 : 2 PtCim2 complex (PtL2). 
(E) Absorptivity spectra of pure famotidine (L), pure K2PtC14 (Pt), 1 : 1 PtFam complex (PtL) and 
1 : 2 PtFam2 complex (PtL2). (F) Absorptivity spectra of pure ranitidine (L), pure K2PtCI4 (Pt), 1 : 1 

PtRan complex (PtL) and 1 : 2 PtRan2 complex (PtL2). 



1522 

(D) 

(E) 

(F) 

4 ~ 0 0 0 -  

~0000- 

1~000,  

G. CRISPONI et al. 

/ \ Cimetidine--PlaLinura 

I \ 

/ ",,,Pub I 

r L \  
\ \ ,  \ 

O 8~0  
Wavelength (nrn) 

A& 

• t O 0 0 0  - 

SO000 

Famotidine-- PlaLinum ..,-\ 

\ 
tptZ~ 

1,~000 ",~. \ / ~. 
I N  \ -, ..-- ,-" .,, 

I X , .  \ ..... ..... 

I . . . . . . . . . . . . .  

W a v e l e n g t h  ( r i m )  

4000'0 - 
R a n i L i d i n e - - P l a t i n u m  

/ ,  \ 

\ 
\ 

\ 
~oooo  \ 

- f \ ",.,..PtL \ ,.,, ~ 
I X .  

aoooo-ly \ "~-. " /  " \  
I / \  \ t ,  . . . . .  ~ . . . . . . . . . . . . . . . . .  2 t 

I ~ - ~ , z . . _ ~  
05_~ ' " - " : - - -  ' ~ 6 ,  " . ~  " ' - : x ~  

W a v e l e n g t h  ( r i m )  

Fig. 3--continued. 

protons giving the I PtCim2(OH)21 neutral complex, 
in rapid succession. The deprotonations take place 
at pK7.42 and 11.36 for the 1 : 1 complex and at pK 
8.32 and 9.08 for the 1 : 2 complex. The behaviour 
of palladium complexes is very similar to that of 
platinum but formation constants lower by about 
one order of  magnitude are to be pointed out. 

* The pH meter readings in D 2 0  solutions (pD) can be 
transformed into pH values by adding 0.4 units. 25 

The IH N M R  spectra shown in Fig. 5(A) and 
(B) for cimetidine with P t  1] and P d  n respectively 
allow the following remarks : 

(i) separate signals are present for complexed 
and free cimetidine. This is indicative for a 
slow exchange between the two forms ; 

(ii) the trend of free cimetidine shifts as a 
function of pD* (Fig. 6), follows the trend 
reported previously ;13 

(iii) the signals of the complexed form exhibit a 
downfield shift with respect to pure cime- 
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Table 1. Logarithms of the formation constants fib,. 
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H Cim Pt log/~ pK H Cim Pd log/~ pK 

1 1 0 7.01 4-0.01 1 1 0 7.01 +0.01 
0 1 l 8.824-0.01 7.41 0 1 1 7.634-0.01 7.11 

- 1  1 1 1.414-0.01 11.37 - 1  1 1 0.524-0.01 11.47 
- 2  1 1 -9.964-0.01 - 2  1 1 - 10.954-0.01 

0 2 1 16.90__+0.01 8.30 0 2 1 15.134-0.01 7.26 
- 1 2 1 8.60___0.01 9.08 - 1 2 1 7.874-0.01 9.05 
- 2  2 i -0.48+0.01 - 2  2 1 -1.184-0.02 

H Fam Pt log/~ pK H Fam Pd log ]~ pK 

1 1 0 6.874-0.01 1 1 0 6.87+___0.01 
0 3 3 25.21 4-0.01 4.09 0 1 1 6.204-0.01 5.00 

- 1  3 3 21.124-0.01 5.41 - 1  1 1 1.204-0.01 
- 2  3 3 15.71 4-0.01 

1 2 1 15.74+0.01 5.43 1 2 1 18.404-0.01 5.71 
0 2 1 10.31 +0.01 6.42 0 2 1 12.694-0.01 6.46 

- 1 2 1 3.89+0.02 - 1 2 1 6.23 4-0.01 

H Ram Pt log/3 pK H Ram Pd log 13 pK 

1 1 0 8.354-0.01 1 I 0 
0 1 1 6.154-0.01 7.41 0 1 1 

-1  1 1 -1.264-0.01 8.75 - 1  1 I 
- 2  1 1 -10.014-0.01 - 2  1 1 

0 2 1 10.554-0.01 7.79 
- 1 2 1 2.76+0.01 8.48 
- 2  2 1 -5.724-0.01 

8.35+0.01 
9.974-0.01 7.56 
2.41 4-0.01 9.29 

- 6.88 4- 0.02 

(iv) 

(v) 

tidine at basic pD, except for those of  
CH3(17 ) which are shifted highfield ; 
the multiplicity of  all CH2 signals is varied, 
due to a non-equivalence of  the two protons 
as a consequence of  the embedded rotation ; 
the signals of  the complexed form do not 
show any shift with pD. At pD = 10.4 for 
platinum and pD = 11.0 for palladium only 
the signals of  free cimetidine appear, due to 
the precipitation of  the neutral complex. 

On the grounds of  these considerations we can 
therefore assume 1 : 2 Pt" and Pd"  complexes of  a 
similar structure, bound by N(4) and S(11) as can 
be argued both from the pronounced chemical 
shifts of  CH2(10), CH2(12), CH2(13) and CH(5) 
and from the change in multiplicity of  the CH2 
signals. Moreover the formation of  hydroxy com- 
plexes appear linked only to precipitation phenom- 
ena not bound to any conformational change of  the 
molecule whose signals do not vary with pD. 

Famotidine. As a first instance the variability of  
the shifts of  pure famotidine with pD gives evidence 
of  protonation on the N(4) ring a tom:  in fact the 

chemical shifts of  CH(2) experience a strong high- 
field shift with pD, to a lesser extent those of  
CH2(10), while the CH d I2 )  and C H d l  3) shifts are 
practically unaffected. A completely different 
behaviour is presented by famotidine complexes 
with both metal ions : with platinum the 1 : 1 com- 
plex is in fact a 0, 3, 3 complex which loses two 
protons with pK 4.1 and 5.4. This can be thought 
of  as a polymeric complex with platinum atoms 
bonded by p-water, which stabilizes at acidic pH 
giving hydroxo-complexes. An analogous complex 
is likely to be formed by palladium. As far as 
regards 1 : 2 complexes they should be quite differ- 
ent from those formed by cimetidine. The first to 
form is in fact MeFam:H,  which deprotonates at 
pK 5.4 and 6.4 for Pt" and pK 5.7 and 6.5 for 
Pd"  giving MeFam2 and MeFam2H_l. Different 
coordination sites are therefore involved. Accord- 
ing to the findings by Kozlowski, t4 N(15) and N(18) 
should be involved at acidic pH, while a change of 
bonding should take place at higher pH with an 
involvement of  thiazole nitrogen, which depro- 
tonates easily (pK - 5), in contrast with the higher 
values for cimetidine. The tH N M R  spectra 
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r epor t ed  in Fig.  7 for  acidic p D  are no t  easily 
a t t r ibu tab le .  Never theless  on the basis  o f  the pre- 
vious c imet id ine  s tudy  a downf ie ld  shift o f  all the 
CH2 signals is visible as well as a change  o f  their  
mul t ip l ic i ty .  A second s i tua t ion  is to be r e m a r k e d  : 
the signals o f  CH2(10) c lear ly  decompose  in two 
A B  spectra,  and  the signal  o f  CH(2)  gives at  least  

two dis t inct  signals in the complexed  form. These 
facts can  be due bo th  to the different  k ind  o f  com- 
plexes in slow exchange at  this  p D  value,  and  to a 
lack o f  symmet ry  in the two b o n d e d  molecules  in 
each 1 : 2 complex.  

Rani t id ine .  Rani t id ine  behav iou r  as a funct ion  o f  
p D  is well i l lus t ra ted in the work  by Gera ldes  et  
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Fig. 4. Distribution curves of cimetidine-platinum species as a function of pH for (A) 
[Cim] -- 0.55x 10 -4 M-[Pt"] = 1.1 x 10 -4 M, (B) [Cim] = 2.0>( 10 -3 M-[Pt  If] -- 2.0x 10 -3 M and 
(C) [Cim] = 7.9 x 10 -3 M-[Pt"] = 2.5 × 10 -3 M and distribution curves of cimetidine-palladium 

species as a function o f p H  for (D) [Cim] = 9.1 × 10 -3 M and [Pd H] = 2.8 x 10 -3 M. 
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Fig. 6. The 'H NMR chemical shifts of pure cimetidine are reported as a function of pD. The right 
side of figure shows the chemical shifts of the 1:2 complexed forms with [o] Pd 2+ and [+]  Pt 2+. 

al. ;16 the spec t ra  in Fig.  8 gives evidence o f  the 
fol lowing" 

(i) the r e m a r k a b l e  shift  o f  CH3(8) and  CH3(9) 
as well as CH2(6), CH(4)  and  CH2(10) 

observed  f rom p D  = 9 to p D  = 5 is ascr ibed 
to the p r o t o n a t i o n  o f  N(7) at  p K  = 8.2. 26 
These signals are  cons idered  as a mean  
between the signals o f  E and Z isomers  in 
fast exchange on  an N M R  time scale. 
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Fig. 7. ~H NMR spectra of (upper) [Fam] = 3.9x 10 3 M, (medium) [Fam] = 3.8x 10 -3 M in 
presence of [Pd ll] = 1.3 x 10 -3 M and (lower) [Fam] = 4.1 x 10 3 M in presence of [Pt u] = 1.3 x 10 3 

M. The assignments with * refers to complexed famotidine. 

H.~. C ....NO'z O'~,,.C....-H 
II II 

R--N~C'-~ N--CH3 R__NIC'~.N__CH3 
I I I I 
H H H H 

E Z 

(ii) at  p D  < 3 two sets o f  signals a p p e a r  o ther  
than  those  observed  at  higher  p D  values,  
ascr ibed  to three different  species in slow 
exchange,  due to the d i p r o t o n a t e d  A and  B 
isomers  ( p r o t o n a t e d  on N(7)  and  also on 
N(16)  or  N(14)  respectively)  in slow ex- 

change between themselves and  with the 
m o n o p r o t o n a t e d  form. 

o o 
I I 

H'-C~ 9 C~'~c/H 
II , l II 

R-- NI C-~+LI~ I'I-,,I~F,~C "-- N--C ~ 
I H I"CH3 R ' / I  I H 

H H 

A B 

(iii) at  p D  = 1.2 only the A and  B species are 
present .  In t r amolecu la r  hyd rogen  bond ing  
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Fig. 8. The IH NMR spectra of pure ranitidine at various 
pD taken from Ref. 16. 

in both configurations explains the slow 
rotation around the C(15)--C(18) bond. 

From the spectra of ranitidine, observed in the pres- 
ence of  Pt" in a 1 : 3 metal-ligand ratio at various 
pD values, and reported in Fig. 9(A), some con- 
siderations can be made : 

(i) as with previous ligands new signals appear 
indicative of  a slow exchange between free 
and bonded ranitidine at all pD values ; 

(ii) from a contemporaneous observation of 
ranitidine spectra with added Pt" from pD 
2.1 to 9.7 (Fig. 9(A)), and the results by 
Geraldes ~6 (Fig. 8), it is clear that the signals 
CH(3), CH2(10), CH2(12), CH2(13) do not 
vary with pD while the protonation on N(7) 
affects CH2(6), CH(4) and the equivalent 
CH3(8) and CH3(9) signals. In our opinion 
the assignments by Geraldes at pD = 9.0 
are to be reversed as far as regards 
CH(3)- -CH(4)  and CHz(10)--CH2(6). 
Therefore N(7) protonation does not affect 
the opposite lateral chain ; 

(iii) platinum complexation at pD = 2.1 affects 
the CH(4) and CH(3) chemical shifts 
which, together with CH2(10) and CH2(6) 
are downfield shifted. As pD increases 
these signals as well as those of CH3(8) 
and CH3(9) show a sensible shift to higher 
fields ; 

(iv) a dramatic highfield shift is observed at 
pD = 9.7, associated with the shifts due to 
the N(7) protonation in free ranitidine. 

As regards platinum complexation with ran- 
itidine we suggest a bonding at very acidic pD only 
by the oxygen atom in the heterocyclic ring. This 
bonding transmits an inductive effect on the vicinal 
CH2(6) and CH2(10) which produces the observed 
downfield shift. As pD is raised a deprotonation 
takes place on water molecules bound to Pt '[ for- 
ming hydroxo-complexes. This is why the highfield 
shift of CH2(6), CH2(10), CH(4) and CH(3) with 
pD occurs. Complex formation does not greatly 
influence the deprofonation on N(7), which begins 
at pD = 6.6 [see CH~(8) and CH3(9) signals]. At 
any rate this deprotonation produces a highfield 
shift of the same amount  in complexed and free 
ranitidine. Two separate signals for CH3(8) and 
CH3(9) in complexed ranitidine at pD = 9.7 are 
to be pointed out. Presumably steric requirements 
make these two groups distinct on complexation. 
On the other hand CH2(6) appears as a single line. 
We are, therefore, inclined to rule out complexation 
by N(7), also on the basis of the poor pK lowering 
of N(7) deprotonation on complexation. 

Ranitidine behaves analogously with palladium : 
two spectra at p D - -  1.75 and 8.15 are reported 
in Fig. 9(B). These remarks are in line with the 
potentiometric findings. While the general scheme 
ofcomplexation is very similar to that ofcimetidine, 
and also the first deprotonation takes place at simi- 
lar values, the second is at pK 8.75 and 8.48 respec- 
tively for 1:1 and 1:2 platinum complexes and 
9.29 for the 1 : 1 palladium complex. Therefore the 
mechanism proposed on the basis of N M R  evidence 
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Fig. 9. (A) 'H NMR spectra of [Ran] = 8.2 x 10 -3 M in presence of [Pt '~] = 2.5 x 10 3 M at different 
pD values. (B) ~H NMR spectra of [Ran] = 7.9 x 10 .3 M in presence of [Pd H] = 2.8 x 10 -3 M at 

different pD values. The assignments with * refers to complexed ranitidine. 

is suppor ted .  In con t r a s t  with c imet idine  the second 
d e p r o t o n a t i o n  is to be a t t r ibu ted  to the N(7)  a tom 
and  not  to hyd roxo -complex  fo rmat ion .  

The very different  behav iou r  o f  ran i t id ine  with 
respect  to cirnetidine and  famot id ine  can be at t r i -  
bu ted  to the oxygen r ing a t o m  ins tead o f  a n i t rogen 
a tom,  and is suppor t ed  also by the prefer red  con- 

fo rma t ion  of  rani t id ine  in D M S O  repor ted  by 
Valensin et al. ~7 in which oxygen and  su lphur  a toms  
in oppos i t i on  canno t  chelate  meta l  ions. 

To sum up, by  using these different techniques it 
has been possible  to es tabl ish the solut ion equi l ibr ia  
o f  the six systems in quant i ta t ive  terms,  and  observe 
behaviours  pecul ia r  to each l igand.  



1530 

(B) 

G. CRISPONI et al. 

Ranitidine Palladium 

3*4* 3 4 

3*4 *3 A 

(; 11 i 0  

8 
9 
12 

a2 

Fig. 9--continued. 

pD=1.75 

pD 8.15 

REFERENCES 

I. R. W. Brinblecombe, W. A. M. Duncan, G. J. 
Durant, J. C. Emmett, C. R. Ganellin and M. E. 
Parson, J. Int. Med. Res. 1975, 3, 86. 

2. J. Bradshaw, R. T. Britain, J. W. Clitheraw, M. J. 
Daly, D. Jack, B. J. Price and R. Stables, Br. J. 
Pharmacol. 1979, 66, 464 p. 

3. M. Miwa et al. J. Clin. Pharmacol. Ther. Toxicol. 
1984, 22, 214. 

4. F. T. Grenaway, L. M. Brown, J. C. Dabroviak, M. 
R. Thomson and V. M. Day, J. Am. Chem. Soc. 
1980, 102, 7784. 

5. F. Akrivos, M. J. Blais, J. Hoffelt and G. Berthon, 
Agents Actions 1984, 15, 649. 

6. A. Sancho, J. Borras, L. Soto Tuero, C. Esteban 
Calderon, C. Martinez Ripol and M. Garcia Blanco, 
Polyhedron 1985, 4, 539. 

7. L. Soto, J. Borras, A. Sancho, A. Fuertes and C. 
Miravilles, Acta Cryst. 1985, C41, 1431. 

8. A. Abadia, A. Sancho, L. Soto and J. Borras, Trans. 
Met. Chem. 1986, 11, 8. 

9. E. Kimura, T. Koike, Y. Shimuzu and M. Kodama, 
Inor 9. Chem. 1986, 25, 2242. 

10. E. Freijanes and G. Berthon, Inor 9. Chim. Acta 1986, 
124, 141. 

11. L. Soto, J. P. Legros and A. Sancho, Polyhedron 
1988, 7, 307. 

12. A. M. Bianucci, F. Demartin, M. Manassero, N. 
Masciocchi, M. L. Ganadu, L. Naldini and A. Pan- 
zanelli, Inorg. Chim. Acta 1991, 182, 197. 

13. V. Nurchi, F. Cristiani, G. Crisponi, M. L. Ganadu, 

G. Lubinu, A. Panzanelli and L. Naldini, Polyhedron 
1992, 11, 2723. 

14. H. Kozlowski, T. Kowalik-Jankowska, A. Anouar, 
P. Decock, J. Spychala, J. Swiatek and M. L. 
Ganadu, J. Inor9. Biochem. 1992, 48, 233. 

15. B. Hegedus, P. Bod, K. Harsanyi, I. Peter, A. Kal- 
man and L. Parkanyi, J. Pharmaceut. Biomed. Anal. 
1983, 7, 563. 

16. C. F. G. C. Geraldes, V. M. S. Gil, M. H. F. S. 
Teixeira and F. Texeira, Magn. Reson. Chem. 1987, 
25, 203. 

17. E. Gaggelli, N. Marchettini, A. Sega and G. Valen- 
sin, Mayn. Reson. Chem. 1988, 26, 1041. 

18. P. Job, Ann. Chim. Paris 1928, 9, 113. 
19. L. I. Elding, Acta Chem. Scand. 1970, 24, 1331. 
20. L. I. Elding, lnorg. Chim. Acta 1971, 6, 647. 
21. G. Gran, Analyst 1952, 77, 661. 
22. L. Zekany and I. Nagypal, Computational Methods 

for the Determination o f  Formation Constants (Edited 
by D. J. Leggett), Ch. 8. Plenum Press, New York 
(1985). 

23. R. Casula, G. Crisponi, F. Cristiani, V. M. Nurchi, 
M. Casu and A. Lai, Spectroehim. Acta 1994, 50A, 29. 

24. F. R. Hartley, C. Burgess and R. Alcock, Solution 
Equilibria. Ellis Horwood Publishers, Chichester 
(1980), and references therein. 

25. P. K. Glasoe and F. A. Long, J. Phys. Chem. 1960, 
64, 188. 

26. J.J. Misiewicz and K. G. Wormsley (Eds), The Clini- 
cal Use o f  Ranitidine, Proceedings o f  the Second lnter- 
national Symposium on Ranitidine, p. 78, Medicine 
Publishing Foundation, Oxford (1982). 


