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SOME NEW ORGANOTIN(IV) COMPLEXF~ WITH KOJIC 
ACID AND MALTO L 
Synthesis, characterization and thermal studies 
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Abstract 

Organotin(IV) complexes of kojic acid and maltol of the type RaSn(L ) and R2Sn(L)C1 
[R=C H CH2-, p-CIC H4CH -; HL=kojic acid, maltol] have been synthesized in anhydrous 

5 6 
THE ~hey were characterized by UV, IR, 1H NMR, and mass spectral studies. Their activity vs. 
E. coli, S. aureus and P. pyocyanea bacterial strains have been studied and the general order of activity 
is S. auresu>P, pyocyanea>E, coli. In all the complexes, the ligand acts as bidentate, forming a five 
membered chelate ring. All the complexes are 1:1 metal ligand complexes. Various thermodynamic 
parameters have been calculated for the first two decomposition steps using TG/DTA/DSC curves. (p- 
C1C6H4CH2)3Sn(L ) complexes have the minimum and (C6I-IsCH2)2Sn(L)CI complexes have the 
maximum activation energy. 

Keywords: kojic acid, maltol, organotin, thermal studies 

Introduction 

Kojic acid and maltol, both are antibiotic substances and are known to inhibit 
the growth orE. co l i  and S. a u r e u s  [1, 2]. Since the antibiotic activity of the ligand 
is altered in the presence of metal ions and the metal complexes of these ligands are 
of relatively high stability, owing to the formation of five membered chelate ring, it 
was thought worthwhile to synthesize and characterize some organotin(IV) com- 
plexes of kojic acid (a) and maltol (b). 

The present work is a sequel to our investigation of metal ion biomolecule inter- 
action [3-7]. 

0 0 

Ha 5 " ~ 3  Ha 3 ~ 5  
6 2 2 6 6 IIL~)"~CH20 H H3C-~" ~) I/I 

a) Kojic acid b) Molto[ 
Experimental 

The IR spectra were recorded on a Shimadzu IR-435 Spectrophotometer and a 
Perkin Elmer model-1710. The 1H NMR spectra were recorded on a Hitachi FT- 
NMR, R-600 in d6-DMSO solvent. The UV spectra were recorded on a Beck- 
man DU-64 Spectrometer, in CHCI 3. Conductance measurements were carried out 
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on Elico Conductivity Bridge (Model CM-821). Mass spectra of the complexes 
were obtained using a FAB Jeol SX-102 mass Spectrophotometer from CDRI, 
Lucknow (India). Thermal studies (TG/DTA/DSC curves) were simultaneously re- 
corded on a Rigaku-Thermaflex, in static air at a heating rate of 10~ min -1. A 
platinum crucible was used with alumina as the reference material. DSC curves 
were also recorded on the same instrument at a heating rate of 10~ min -1 upto 
500~ 

Chlorine was determined gravimetrically as silver chloride. Tin was estimated 
gravimetrically as SnO 2 [8]. The antibacterial activities were evaluated by the cup- 
plate agar diffusion method [9]. Molecular weights of the compounds were deter- 
mined by Cottrell's method [10] of boiling point elevation. 

Preparation of the complexes 

(C6HsCH2)3SnCI, (C6HsCH2)SnC12, (p-C1C6H4CH2)3SnCI and (p-C1C6H4CH2) 2 
SnC12 were synthesized by the method given by Sisido et al. [11]. Kojic acid and 
maltol were procurred from Fluka AG, Switzerland. 

The organotin(IV) complexes of kojic acid and maltol were synthesized accord- 
ing to the procedure reported by Bhatia et al. [6]. A solution of R3SnC1 or R2SnC12 
(0.01 mol) in 25 mol dry THF was added separately to a solution of kojic acid 
(HL 1, 1.42 g, 0.01 mol) or maltol (HL 2, 1.26 g, 0.01 mol) in 25 ml dry THE The 
contents were stirred for about 3 h at room temperature and filtered. The filtrate 
was evaporated under vacuum to a quarter of its original volume and petroleum 
ether was added to precipitate the RaSn(L1), R3Sn(L2), RESn(LI)CI, RESn(L2)C1 
complexes. These were filtered, dried and recrystallised from acetone. 

Results and discussion 

Satisfactory elemental analysis reveal that the complexes are of good purity. The 
complexes are light yellow in color and are soluble in THE DMSO, acetone and 
CHC13. The analytical data of the complexes along with the yields and melting 
points are given in Table 1. 

From the analytical data, it is clear that organotin(IV) derivatives react with ko- 
jic acid or maltol in 1:1 molar proportions. Conductance measurements for these 
complexes in 10-2M nitrobenzene solution are in the range of 0.21 to 
0.52 ohm -1 cm 2 mol -I, indicating that the complexes are non electrolytes. 

The absorption bands at -1610 cm -1 and -1620 cm -~ are assigned to the V(c=o) 
and V(c=c) stretching frequencies [12] respectively, in the free ligand. Both bands 
undergo batho chromic shifts of -20-70 cm -1 on complexation, indicating the in- 
volvement of the carbonyl group in complexation. The Vro-n) phenolic stretching 
frequency, which appears at 3180 cm -1 in kojic acid and at'3170 cm -1 in maltol dis- 
appears on complexation. Kojic acid also shows an additional peak at 3550 cm -1, 
which is due to (O-H) alcoholic stretching mode. This peak remains almost unal- 
tered on complexation. 

In the far IR region, the bands at -440, -340 and -310 cm -1 correspond to 
O-Sn-O chelate bond [16]. The V(s~a ) is observed in the range 270-290 cm -l. 

J. Thermal Anal., 49, 1997 
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All facts indicate that kojic acid and maltol, both are co-ordinated to the metal 
ion through the oxygen atom of the -OH (phenolic) group, forming a five mere- 
bered chelate structures as shown in Fig. 1. 

R R R.I R RI ,,.R I ~-R 
~ ' ~ 0  / S ~ ' o  Cl (~ . R "~On'-~% I /R 

~0 I'LCHzOH CHzOH H~C "0"  H3 

la) R3Sn(L ~) I b) RzSn(L1)CI II a) R3Sn(L 7) II b) RzSn(LZ)CI 

Fig. 1 I (a), I (b)=kojic acid (HL 1) complexes; II (a), II (b)=maltol (HL 2) complexes 

In the electronic spectra the band corresponding to ~ ---> ~* transition of the car- 
bonyl group and pyran ring appears at -215 nm and -270 nm; respectively, in the 
free ligands. The band corresponding to the C =O group shifts to longer wavelength 
on complexation, showing the involvement of the C=O group in complexation, in 
both the ligands. The O ---> Sn charge transfer [17, 18] band is observed in the re- 
gion 325 nm to 350 rim in the complexes. 

The IH NMR spectra of kojic acid gives the following signals: 5 8.6-8.9 
(br, lH, phenolic-OH), ~ 2.6-2.7 (s, 1H, alcoholic-OH); 5 4.4-4.5 (s, 2H, CH 2 at 
C2); ~ 6.4 (s, 1H, H3) and 5 7.80 (s, 1H, H6). On complexation, peaks were ob- 
served at the following values: the peak corresponding to phenolic-OH disappears; 
5 2.6-2.7 (s, 1H, alcoholic-OH); 5 4.4 -4.5 (s, 2H, CH 2 at C2); 8 6.6-6.7 (s, 1H, 
H3); 5 8.0-8.1 (s, 1H, H6). The downfield shift of the signals for H3 and H6 are 
attributed to the involvement of the carbonyl group at C4 and phenolic group at C5 
in complexation. The 1H NMR spectra of maltol gives the following signals: 6 2.8 
(s, 3H, CH 3 at C2); 5 6.2 (d, 1H, H5); 5 7.8 (d, 1H, H6); 8 8.6-8.8 (br, --OH at 
C-3). On complexation, the peaks corresponding to phenolic-OH disappears and 
other peaks shows following shifts: 8 2.8-2.9 (s, 3H, CH 3 at C2); 8 6.5-6.6 (d, 
1H, H5); 5 8.0-8.1 (d, 1H, H6). The downfield shifts of the signals, especially of 
the signal due to H5, on complexation indicates the involvement of the carbonyl 
group at C4 in complexation. Along with these peaks, additional peaks in the region 
5 7.0-7.5 (Ar-H) and 5 3.3-3.6 (s, CH2-group), corresponding to the R moiety, 
also appear in the 1H NMR spectra of the complexes. 

The carbonium ion R +, constitutes the base peak in the mass spectra of all the 
complexes. Hence, for the complexes with R=C6I-IsCH2-, p-C1C6H4CH2-, the base 
peaks are at m/e 91 (tropylium ion) and m/e 125 (chlorotropylium ion) respectively. 
The fragmentation pattern for the R moiety is given in Scheme 1. 

The mass spectra of the complexes showed a peak at m/e 141, corresponding to 
the kojic acid. This fragment cleaves by pathways, (a), (b) and (c), as shown in 
scheme II. In pathway (a), the acid fragment further cleaves to give peaks at 
m/e 111 and 83. In pathway (b), the peak at m/e 141 cleaves to give peaks at m/e 85 
and 57. In pathway (c), the kojic acid fragment (m/e 141) further cleaves to give the 
fragments at m/e 100, 70, 65, 42. 

The mass spectra of the maltol complexes show a peak at m/e 125, correspond- 
ing to the maltol molecular ion, which further cleaves by pathways (a), (b) and (c), 

J. Thermal AnaL, 49, 1997 
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CH2~ Sn- CI -l+" I CH.i. ~ 5n- C-i 'I+ " / CH 2'~i 5n -l"" 

\y/, --. /" \,~/, \vL 
[ Y.H;m/G, 426~ E>/ /Y=H;m/, 335~ /Y=H;ml, 39"~ 
~,Y=Ct;m/e 528] ,"/ ~Y=Ct;m/e 403 ] \Y=Cl;m/e/.,39 / 

/ 1 -YCf'H'C~= 

~ C H ='~" iSn" --C-It * C.H,- Sn -'l*~ [CHz-~ Sn- C~" 
CI 

[Y=H" m/e370 '~ r e 209~x~" [Y=H; rn/e335~ 
\y= Ct;m/e 438J ;~,, / ~,Y=Cl;m/e 243/ \\Y=Ct;rn/e 403/ 

.Sn. .^ C H ; ~  CH-Sn-O 

Y Y 

i ;~t~ 2~4' I (Y=H 
\Y=Ct;rnle2781 

Y=H;m/e 91 "~ 
y=Ct;m/e125/ 

- CHa CH 
(Y=H) 

Q 
role 6,5 

Scheme 1 Fragmentation pattern of R moiety 

as shown in Scheme 3. In pathway (a), the molecular ion at m/e 125 gives peaks at 
m/e 99 and 71. In pathway (b), peaks at m/e 70 and 69 are obtained. In pathway (c), 
the molecular ion (m/e 125) gives a peak at m/e 97, after losing a CO group. 

The metal complexes were tested vs. E. coli, P. pyocyanea and S. aureus bacte- 
rial strains, using the respective ligands as the standard for comparing the activities. 
The samples were screened at three concentrations (25, 50 and 100 ~tg cm -3) in 
DME The inhibitory power of the metal complexes was greater than that of the con- 
trol. The general order of activity vs. the three microorganisms is S. aureus>P, pyo- 
cyanea>E, coli and the maltol complexes show greater inhibition than the kojic acid 
complexes. (C6HsCH2)sSn(L 2) complex is most active at all the three concentra- 
tions and vs. the three microorganisms. The data is given in Table 4. 

Thermal studies 
Thermogravimetric (TG) studies have been carried out for all the complexes as 

shown in Fig. 2 and Table 2. The complexes of the type RaSn(L ) (HL=kojic acid, 
maltol) decompose in two steps. The first step (150-450~ involves the loss of R 
groups, and the second step (550-700~ corresponds to the formation of SnO 2. 

J. Thermal Anal., 49, 1997 
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The complexes of the type R2Sn(L)CI, decompose in three steps. The first step 
(150-400~ corresponds to the loss of R groups, the second step (420-600~ in- 
volves the loss of C1 (for maltol complexes) or the kojic acid moiety (for kojic acid 
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complexes) and the third step (700-800~ corresponds to the formation of SnO 2. 
The order (n) and activation energy (Ea) have been elucidated for first two decom- 
position steps using both, the Ceats-Redfern [19] and Horowitz-Metzger [20] meth- 
ods (Figs 3 and 4) and the values are in close agreement. The order of reaction in 
each case is one. The mass loss data of the complexes is given in Table 3. 

AS ~ (entropy of activation) and AH (heat of reaction) have been calculated, us- 
ing the TG [23] and DTA curves respectively [21, 22]. The AH values of the first 
decomposition step calculated from the DTA curve have also been compared with 
the AH values obtained from differential scanning calorimetry (DSC) curves and 
the values have been found in good agreement. On the basis of the above data, fol- 
lowing the conclusions have been drawn: 

A 

L , , / ~ L  :o~ts ood ~0;ero 
I rl~--(# otot  for step ~I 

_=I ~ A (%HsCH:~)3Sn(L I) 
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Fig.  4 1 = Coats-Redfern plots for step II for kojic acid complexes, II = Horowitz-Metzger 
plots for step II for kojic acid complexes, III=Coats-Redfern plots for step II for mal-  
tol complexes, IV = Horowitz-Metzger plots for step II for maltol complexes 
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1) the Sn-R bond is weaker than Sn-CI bond and hence the Sn-R bond breaks 
first; 

2) the activation energy value for step 1 is lower for complexes of the type 
RaSn(L) as compare to that of the complexes of type R2Sn(L)CI (R=C6HsCH2-, p- 
C1C6H4CH2-), because of greater steric hinderance in the RaSn(L ) complexes; 

3) the complexes with R=p-C1C6H4CH 2- have lower E a value for the 1 step as 
compared to the complexes with same number of R groups, but R=C6H~CH 2- be- 
cause the electron withdrawing effect of the chlorine makes the R-Sn bond weaker 
and facilitates its thermal degradation. Thus (p-C1C6H4CHz)aSn(L) complexes have 
the minimum E a and (C6H~CH2)2Sn(L)C1 complexes have the maximum E a. 

One of the authors (IU) is grateful to CSIR, New Delhi, India for the award of a Senior Re- 
search Fellowship (S.R.E). 
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