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,., - --  
1 -= j -',TED AN I LI NES k! I Th PLAT I NUM( I I ) HAL IDES 

Thomas P.E. Auf der Heyde, Gary A. Foulds, 

D a v i d  A. Thornton and Gareth M. Watkins 

Department of Inorganic  Chemistry, 

U n i v e r s i t y  o f  Cape Town, Rondebosch 7700, South A f r i c a  

ABSTRACT 

l51J- and &-label I i ng of  t h e  complexes &s- and trans- 

[P t (an i  I ine12C121 and e is- [Pt (an i  1 ine12Br21 has y ie lded  f i r m  

assignments f o r  t h e  vPt-l\j and vPt-X bands i n  t h e i r  f a r - i n f r a r e d  

spectra.  The f a r - i n f r a r e d  spectra o f  twenty-s ix  complexes o f  

general formu l a  eis-[Pt(R-an)zX2] (R-an = va r ious l y -subs t i t u ted  

ani  1 ines, X = GI,  Br! and t~ans - [P t (R-an )2CI~ ]  have been deter-  

mined. Comparison o f  t h e i r  s p x t r a  w i t h  those of t h e  parent  

a n i l i n e  complexes y i e l d s  assignments of vPt-N and vPt-X for each 

member of t h e  s e r i a s .  The nafure o f  t h e  dependence of vPt-N and 

vPt-X on t h e  Hsmmett a-values o f  t h e  subs t i t uen ts  i s  discussed i n  

r e l a t i o n  t o  t h e  p o t e n t i a l  ant i - tumour a c t i v i t y  o f  t h e  complexes. 
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I NTRODUCT 1 ON 

AUF DER HEYDE ET AL. 

e i s - h ~ ~ s  c z s l e x e s  o f  plai inum(1 I )  ha1 ides have been 

widely Invesf i -s ted 3s poten t ia i  anti-tumour agents’. 

a n t i - i - o x r  proper t ies depend, i r t e r  C L ~ < Q ,  on t h e  s te r ic ,  elec- 

i r o n i c  a m  soiabi l i t y  e f f e c t s  of the  coordinated amines. One 

way i n  which t h e i r  e lec t ron i c  e f f e c t s  and hence t h e i r  a n t i -  

turnlour proper t ies may be inf luenced i s  by the in t roduc t ion  of 

etectron-withdrawing o r  electron-releasing subst i tuents  i n t o  t h e  

a n i l i n e  r ing.  

provide an index o f  t he  bond strengths, we have determined the  

fa r - i n f ra red  spectra o f  a wide range of t h e  complexes 

[Pt(R-an)pX2] (R-an = subs t i tu ted  an i l ine ,  X = CI ,  Br)  w i th  the  

aim o f  eventual ly  determining the  nature of the  co r re la t i on  

between the  metal-I  igand frequencies and anti-tumour propert ies. 

EXPERIMENTAL 

Thei r  

Since the  metal-I igand s t re t ch ing  frequencies 

The c is -ch lo ro  complexes were prepared by adding an aqueous 

so lu t i on  o f  K2[PtC11,1 (0.259, 0.60 m m o l )  t o  an e thano l ic  so lu t i on  

o f  t he  a n i l i n e  ( 2  

prec i p i ta ted  C O ~ F  

successively w i t . ?  

products 

were sim 

prepared 

0.60 m 

were d r ;  

40 m m o l ) .  Af te r  s t i r r i n g  for 16 hours the  

ex was co l  lected by f i  l t r a t i o n  and washed 

:dyer, ethanol and acetone ( 2  m l ) .  The 

3 over s i l i c a  g e l .  The cis- bromo complexes 

l a r l y  synihesi zed from an aqueous so lu t i on  o f  K2[PtBr1,3 

by a l low ing  an aquews so lu t i on  of K2[Ptc11,] (0.25 g, 

1 and an excess of KBr (2.28 g, 19 mmol) t o  stand for 
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VARIOUSLY-SUBSTITUTED ANILINES 457 

30 minutes. 

the  cis-isomer :synthesized from KPCP~CII,] (0.30 g, 0.72 m m o l ) )  

3nd sn excess of subst i tu ted a n i l i n e  (2.90 mmol) i n  the minimum 

voluma of Y,l-dimethylformamide. 

r e f l u x  (10 min.), cooled t o  r o o m  temperature and conc. HCI ( 2  m l )  

added. This so lu t ion  was added to  M NaCl (75 m l ) .  The pre- 

c i p i t a t e  was co l lec ted  by f i l t r a t i o n ,  washed successively w i t h  

water and ethanol and dr ied  under reduced pressure over s i l i c a  

gel.  

d5 of 99% iso top ic  p u r i t y  supplied by Merck, Sharp and Dohme 

(Canada) Ltd. and ani line-15N o f  97% iso top ic  p u r i t y  supplied by 

BOC Prochem Ltd. Composition and p u r i t y  of a l  I compounds were 

determined by microanalysis (C,H,N). 

fhz tmzns-complexes were prepared by d isso lv ing  

The so lu t i on  was heated under 

Label led complexes were simi l a r l y  prepared from an i  I ine- 

In f ra red  spectra were determined on nujo l  mul ls  between 

Csl p la tes  on a Beckman IR-12 spectrophotometer (500-300 cm-l) 

and on nujo l  mul ls  between polyethylene p la tes on a Perkin- 

Elmer 80 spectrophotmeter (400-150 cm-l) and a Dig i l ab  FTS 

16B/D nterferometer (400-90 cm-’1. 

FESULTS AND DISCUSSION 

Although only  the &s-complexes have po ten t ia l  anti-tumour 

a c t i v i t y ,  the  in f ra red  spectra o f  trans-[Pt(R-an)2Cl2] along w i th  

those of &s-[Pt(R-an)pCI2] and cis-[Pt(R-an)2Br2] w i  I I be 

discussed here. 

t he  parent base ( R  = HI are reported i n  Table I which a l so  l i s t s  

The fa r - in f ra red  spectra o f  t he  complexes of 
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4 58 AUF DER HEYDE ET AL. 

TABLE I 

Far i n f r a r e d  f requencies and s h i f t s  induced by a n i l i n e  l a b e l l i n g  
f o r  t h e  complexes [P t (an i  l ine)2X2] (cm-’) 

x = CI Av LJV 

1 5 N  d5 
X = B r  &v 

d5 
Assignment 

c is- [P+fani  I ineI2x2-J - 

45 I 5 41 
374 4 I I  
330a 0 0 
293 2 to 
220a 0 12 
I77 2 5 
I47 0 3 
I 09 -b - b  

tmns - [P t (an i  I ine)qC;12] 

449 5 35 
374 4 12 
340 0 i! 
222 0 i3 
I77 0 5 
I 42 0 2 .  
121 0 0 

445 
367 
223 
290a 
23 53 
I7 I 
14 i 
I c: 

39 
12 
0 
10 
7 
5 

I 
0 

NH2 rock 
VPt-N 
vPt-X 
vW-N 
y r i n g  
BN-Pt-N 
GN-Pt-X 
6 x- Pt -x 

NH2 rock 
VPt-N 
VPi-C i 
y r i n g  
6N-Pt-N 
6 N-Pt-X 
GX-Pt-X 

Too broad f o r  sh i  f t  t o  be determined, a Wean of s p l i t  peak. 

t h e  s h i f t s  u h i c i .  +e5e Sands undergo on ’SN- labe l l i ng  and ds- 

deutsre-is- si t- ‘ 1 7 % .  The assignments which r e s u l t  from t h e  

labelling ) a ; r k H i  I I be reported in detai I elsewhere2 but i t i s  

. , .c,?r - 0  --:- -2:  3 I ?ha: \ P T - ~ !  5 z i r m t y  assigned to t h e  bands 

qs -> - -=  . .  
, * : 7 -  - - 

h i L h  o r : \  +:IS r i g h e r  frequency Dand being present  i n  t h e  trans- 

- _ _  359-375 s r c  2C:-;?c\ cm-l i n  t h e  cis-complexes 
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VARIOUSLY-SUBSTITUTJID ANILINES 459 

complex. 

223-350 cm-r which i s  unaffected by both 15N- and ds-labelling. 

vPt-X i s  assigned t o  the only band w i th in  the range 

In  the spec-ra of  the complexes of the variously-substituted 

an i I i nes : = i s .  I I , on I y the strong h i  gher-f requency component 

C I ~  rhe Two vW-N bjods r ;  1 i bs used TO probe the substi i-uen? 

effects. LIsln? the f i r m  assiccfients o f  vPt-N and uPt-X i n  

the ccq~plsx wifh R = H as a basis, comparison with the spectra 

of Tbe csxplexes with other substituents c lear ly  shows which 

;3r;ds i n  

f rqt incc 

The 

ing subs 

the i r  spectra have the correspond i ng assignments. 

8s are reported i n  Table 2. 

infrared data show tha t  the e f fec t  of electron-withdraw- 

i tuents (posi t ive a) i s  t o  increase vPt-N whi le vPt-CI 

The 

remains r e l a t i  :3!\ ~ r a f i e c t e d .  This indicates a withdrawal of 

electron ts-.5'-; from the P t ( l l )  ion without changing the 

electroq dcnsit). i n  Pt-X 43rds .  This ecfect has 3150 been 

-27523  7% 3?-srs-[PT(C2Ht+) (4-R-pyIC121 canpiexes (where R-py 

rqresf-5 3 rsnge of  variously-srtbstituted pyridines) i n  which 

G- I - /  L??-\; was found t o  exh ib i t  a dependence on R. 
b 

I n  the 

series o f  substi tuted pyridine complexes, no regular relat ionship 

bLtreen vPt-N and u was observed. This was considered to be 

5Je t o  the opposing influences of a par t icu lar  substituent on the 

u- arid *-bonding between the platinurn(l1) ion and the pyrldine 

r ing. 

substituent influences only the u-bonding between P t ( l l )  and t h e  

I n  the an i l i ne  series, no n-bonding i s  possible and the 
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VARIOUSLY-SUBSTITUTED ANILINES 461 

TABLE 2 

vPt-N and vPt-X frequencies f o r  complexes [Pt(R-an)2X2] 

cis- cis- trans- 
[Pt(  R-an) 2C 121 CPt( R-an) 2Bt-21 [Pt(  R-an)zCI 27 

vPt-N vPt-Cla vPt-N vPt-Bra vPt-N vPt-CI 

R 0 

m- 1 
P- I 
rn-OCH 3 
H 
P-OC6H5 
P-C2H5 
p -  n-Ct+Hg 

3,4-di-CH3 
P-CH3 

p-OCH3 

+0.35 
+0.28 
+o. I I 

-0.03 
-0.15 
-0. I6 
-0.17 
-0.24 
-0.27 

0 

390 341 
387 331 
372 336 
371 338 
384 336 
360 335 
383 330 
373 333 
355 334 
35Ba 325 

38 I 
390 
367 
366 
3 80 
365 
388 
372 
365 
352a 

222 396 335 
225 
23 I 381 335 
223 372 338 
223 384 335 
225 359 334 
226 394 335 
219 350 321 
224 352 333 
225 378 329 

a S p l i t  peaks 

amine. I n  t h i s  case, a regu la r  c o r r e l a t i o n  i s  observed. 

The nature of t h e  e f f e c t  of t h e  subs t i t uen ts  on t h e  a n t i -  

tumour p roper t i es  of t h e  cis-complexes must awa i t  t h e  r e s u l t s  o f  

animal s tud ies.  From t h e  r e s u l t s  o f  t h e  i n f r a r e d  spectra,  t h e  

most l i k e l y  e f f e c t  i s  t h a t  t h e  l i p i d - s o l u b i l i t y  o f  t h e  complexes 

w i l l  be reduced by e lect ron-wi thdrawing subs t i t uen ts  which 

apparent ly  remove e l e c t r o n  dens i t y  from t h e  P t ( l I )  i on  and thus  

increase t h e  i o n i c  character  o f  t h e  W-N bond. From t h i s  p o i n t  

o f  view, e lec t ron - re leas ing  s u b s t i t u e n t s  should favour the  a n t i -  

tumour a c t i v i t y .  
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