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Abstract 

Thechelatm reactlon olcyclophasphamideICPM),an ant(-cancerb~ological alkglatingagdnt of nitrogen mustard 
group wlth Cu(l1) and Co( l l i ,  has heen investigated potenIinmetncally.Thestab~iityconsranrs havebeen reported 
attemperiltures2ImCand 41°C $ I 0 C s n d  p z O . 0  M.005  M.O.IOM and0.2OM(KNO3) 1 . 1  sto~chiometryof 
metal lqand lntciacliun ha5 h e w  cantir~ned by conductomelry. N~gtarwevaluca of 1 G and positlreiaiues o f >  S 
mdicate stable complex formation. 
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1. Introduction 

C~clophosphamide ( C P M )  is one of the several chemical compounds that have been 
introduced as  cancer chemotherapeutic drugs since 1966. It was first synthtsired in 1957 as  
dlamidophosphoric acid N:N-Bis (p-chloroethyl) N'-0-propylene ester' .  

Chelating tendencies of CPM have not  been studied so far, although many other anti- 
cancer drugs have been investigated2-' for their complexing behaviour towards different 
metal ions. It was. therefore, thought proper to  choose thisdrug for studying its complexing 
tendencies towards carcinogenics bivalent metal ions of cobalt and copper with the help of 
Bierrum Calvin pH metric titration techniqueb' as  modified by Rossotti and ~ o s s o t t i ' .  

2. Experimental 

The ligand C P M  was obtained from M i s .  Biochem Laboratories and used directly. Solu- 
tions %'ere prepared in double-distilled air-free water. The  ionic strength was maintained 

' For correspondence. 
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wilh K N O ,  ( 1  0 M )  A Sysl lonic 324 p l  rncter with a least count  0.05 pH unit wa6 ilaed br 
pH titratioris in an lncrt a t rno~pher t .  of  nitrogen gas. The  metal nitrate solution$ 
prepared and standardif.ed by usual methods. T h e  p H  meter was calibrated with buffer 
solutions in acid and alkalinc ranges scparately. T h e  linearity of the glass rlectrode 
checked at  intervals with s tandard butters. Following mixtures were titrated agalnlt 
carbonate-frec qtandard K O H  (0.136 Mi prepal-ed by thc method of Schwarienbach and 
BiedermannV and metal ligand 1 :5 was maintained. 

A. 5 m l o f 0 . 0 1 1  M H N O ;  
B. A + 5 rnl of 0.002 M cyclophosphamide 
C. B + I ml ol 0.002 M metal nitrate. 

The titrations were repeated t o  check the reproducibility of the I-csults. 

Stoichiornetr), ( I  : 1 )  of thc metal l~gand  interaction was determined by molcratlo methud 
by conductornetry. 

3. Results and discussion 

Under theexpel-imentalconditions rapid rquilibrium isattained and no s~gnificant changein 
pH occurs during 30 minutes. The  ligand C P M  thus does not  undergos~gnificant hydrolysii 
and the > NH group in the ligand takes parr in complexation by de-protonatwn. 

F rom the titration curves (fig. I). ii Avaluesat  various p H  were calculated usingsolulionr 
A and B. The protonation curve between pH and ii A values was plotted (fig. 2). The values 

t IG. I Titration cur>cs. FIG 2. Proronation curve. 
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oipkrand p k h e r e  calcrllated hy intrapohtion at  llalfii A value method. The values were 
by pointwise method and thcy agree well. 

zand pl values were computed using titration curves of solutions B a n d  C (fig. I). Metal 
formation c u r w  (fig. 3) was obtained by plotting n ~ a l u e s  against c o r r e s p o n d i n g p ~  

values. Log k I and Log k? wet-e obtained hyintrapolation at halfiivaluemethod and refined 
by pointwise method. Representative values are  recorded in Table L. Limit of error lies 
between k 0.025. 

cyclophosphnmide showed a maxima lesser than 1.5 for K A indicating the presence of 
one replaceahle proton in the molecule which ~onises  as follows 

CI CH?. CH: NM-CH? 
\ \ 

N - P = O  CHI  
/ \ 

CI CH:. CH: 0 -- CH? 
/ 

It is clear lrom p H  measuremtnts  that ii increases w ~ t h  increase in pH showing that anionic 
form of ligand takes part in complexation1". 

The close values of successive stability constants indicate spontaneous formation of I : I 
metal. cyciophosphamide chelate". 

The thermodynamic parameters (Table 11) were calculated from the well known thermo- 
dynamic relations. Ncgative values of L). G and A H suggest metal: drug interaction and the 
positive w h e y  of entropy change 3 S indicate the formation of stable chelates". The 
reaction is exothermic in nature. 

The relative chelating rendencies of the C P M  follow the well-known Irving William 
older" as  Cu(I1) > Co( l l )  a t  0, 0.05. 0.10 and 0.20 M at  21 "C. The rcsults are also in 
agreement with the results of other  workers 14-"  

Fla 3. Cornpiexation curves. 
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Table I 

Chemical stability constants of CPM: Cu" and Co" chelates 
Standard devration = + 0 025 

Ionic r°C Cat~on  log Kt log K! log P" 
strength i 1°C 
iUl  M 

0 00 71 H * 1 1.05 1 1  05 
CU?' 3.72 3 89 7.56 
CO?* 3.72 3.72 7.44 

0.05 71 H* 1 1 40 - 1 1.40 
CU?* 3 73 3.87 7 60 

?+ 3 74 3 82 7.56 

0 10 2 1  H' 10.13 10.13 
(10 13) (10 13) 

Cu2' 3 75 3 86 7 61 
(3.76) (3 86) (7.62) 

co2 '  3.75 3 85 7 60 
(3.75) (3 8 5 )  (7.60) 

H' 9 34 9.34 
(8.951 (8.95) 

CU?' 3.21 3 56 6.77 
( 3  17) (3 56) (6.731 

CO?' 3.74 3.85 7.59 
(3.74) (3.85) (7.591 

H* 9 78 9 7 8  
19.42) (9.42) 

Cu?. 3.76 3.85 7 61 

C."l+ 
(3.75) (3.86) (7.61) 
3.76 3 85 7.61 

(3.75) (3.84) (7.59) 

Figures in brackets are obtained from point wise method. 

Table 11 

Change in thermodynamic parameters during complexation 
p = O I  M, t i =  2 i a C a n d  t i =  4 I 0 C &  I D C  

Cation - 3  H - A G  A S  
(KJ:mol) (KJ! rnd) KJ degree-'mol-' 
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