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Abstract: Interaction of KPtCl, with N-glycylglycine and purine nucleobase resuliedernary complexes.
The complexes are characterized by chemical anuntleanalyses, conductivity measurements, eleayoni
infrared, H and C® NMR spectral studies. Attempted synthesis of mikigdnd complexes of any of the
pyrimidine bases was not successful. The resulisated that the complexes are of type [{Pt(glypiynb]Cl,
.H;O. In the complexes, the purine nucleobases agtasal ligand and bridge the two platininum(lintes
through N1 and N7. The N-glycylglycine acts asédrnithte ligand and satisfies the square planar gepme
around platinum(ll).
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INTRODUCTION

Compounds of the type cis—[PBg]**, A= amine, A=chelating diammine, G=guanine, guanosine or guneos
phosphate have been investigated as the interaatiaty give an insight into an understanding oftamtbur
activity of plantinum compound& The complex cis-[Pt(NE,(guo)]Cl, which exhibits antitumour activify
has two guanosine ligands in head-to-tail fashioa the Pt(Il) coordination is through N7 of the gasine
ligand. The other known cis-bis(nucleobase) comgdeaf platinum(ll) are with cytosine ba$esubstituted
purines, I-methyluracit®, 1,3,9-trimethyxanthirié.

The'H NMR studies on the interaction of Pt(Il) with meic acid derivatives are useful mainly in elucidgt
the binding site of the nucleobases in the Pt@inplexes. THel NMR spectra of [Pt(NE)s(CHz-ade)]X,
X=Cl, CIO4 and of trans-[Pt(Nk)s(OH),(CHz-ade)]X; indicated that N7 of CHade is coordinated to Pt(ll) as
evidenced by the coupling between H8 of the aderiimge and®Pt. The Pt(Il) and Pt(IV) complexes can be
differentiated on the basis of the magnitudélfalues of the complexes as Pt(ll) complex is fgviigher
values than Pt(IV) by a factor of about I'57The'H NMR spectrum of cis-[(Nk),Pt(dcmp)]*> shows
resonances of H5 and H6 of cytosine consistingoof lines each of identical intensities. The alogenf
downfield shifts of the H5 and H6 resonances upareting of the pH proves that Pt(Il) binding occuis N3
positions of the cytosine moieties since theredsprotonation possible any more at N3. In the figand
demp, the protonation at N3 causes considerable dolin§kift of the H5 and H6 resonances. Tt
resonance at - 2602 ppm indicates the presencéNgéifomophor&. The*!P NMR signal at -0.33 ppm
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excludes the participation of the phosphate grau@4(ll) coordination. The observed doubling of ttytosine
proton resonances is attributed to the existencevofdiastereomers with head to tail oriented nloéeses.
Here, reported are the synthesis of mixed ligandptexes of Pt(Il) of type [{Pt(glyglypyHnb]Cl, .H,O and
their characterization.

EXPERIMENTAL

The complexes [{Pt(glyglypyHnb]Cl, .H,O, Hnb = ade, £Hs CH, —ade, hypoxan, Cl- gua, ado and Cl-guo are
synthesized and characterized by chemical and #ieemalyses, conductivity measurements, electronic,
infrared,"H and**C NMR spectral studies.

Synthesis of Platinum(Il) Mixed Ligand complexes
H-(Adenine- N1,N7)bis(glycylglycinato)diplatinum)thoridemonohydrate [{Pt(glygly Yade]C} .H,O

Potassium tetrachloroplatinate (1.0 mmol) is digsslin an aqueous solution of Hglygly (1.0 mmolbml of
H,0) and stirred for 2h. The colour changes fromoxelto red is observed with a decrease in pH fraim B.
The pH of the solution is maintained at 5 usingDKOH. The resultant solution is concentrated usiotgry
evaporator and adenine (1.0 mmol in 30 ml gOHis added to the red coloured solution and stigeroom
temperature for 24h. The resultant yellow precipita washed with hot water to remove any unreastading
materials and then washed with acetone and aid.dFiee ternary complexes of the purines, namely,

H-(N6- benzyladenine- N1,N7)bis(glycylglycinato)ipnum(ll)chloride monohydrate.
[{Pt(glygly )} .Cs Hs CH-ade]C} .H,0,

p-(hypoxanthine- N1,N7)bis(glycylglycinato)diplatim(ll)chloride monohydrate.
[{Pt(glygly )} 2hypoxan]C} .H;O,

M-(guanine- N1,N7)bis(glycylglycinato)diplatinum@hloride monohydrate.
[{Pt(glygly )} 2Cl-gua]Ch .H0,

K-(adenosine- N1,N7)bis(glycylglycinato)diplatindjhloride monohydrate.
[{Pt(glygly )} ,ado]Ck .H,O and

p-(6-chloroguanosine- N1,N7)bis(glycylglycinato)dinum(ll)chloride monohydrate.
[{Pt(glygly )} .Cl-guo]CL .H,O

are prepared by following the above method usiegéspective purines. Yields range from 65-70%.
Attempted synthesis of mixed ligand complexes gf @fithe pyrimidine bases was not successful.

RESULTS AND DISCUSSSION
Plantium(ll) Complexes of Purines and N-glycylglyane

The complexes are insoluble in water and in com@anic solvents like acetone, alcohol, chlorof@mna
benzene. The ade and hypoxan complexes are ins@ubh in DMSO and DMF while the other complexes ar
soluble in these solvents. The results of chenginalyses and conductivity measurements of the amaplare
given in Table 1. The complexes of Cl-gua, ado @hduo show a molar conductance value around 105'oh
cnt. The value of molar conductance in the range D-ahm' cn? in 10° M DMSO solution are
characteristic of 1:2 electrolyté$ Thus, the conductance values in DMSO indicate ttrmcomplexes are 1:2
electrolytes. The magnetic measurements suggdsilthihe complexes are diamagnetic as expecteddaare
planar platinum(ll).
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(a) Thermal analyses

Thermogravimetric and differential thermal analyaes carried out in order to understand the thelahhvior

of the complexes. The thermoanalytical data aesqrted in Table 2. The TG curves of all the corgde
show 3 stages of weight loss in the temperaturgesu70-8%C, 110-128C and 160-41%C. The first stage
corresponds to the dehydration of the water of tatfjzation. It has been reported that the commexe
containing chloride as one of the ligands on théysis lose chloride in the temperature range 168/@1*°

The observed weight losses in the present chlongplaxes are in good agreement with those of caledla
weight losses due to the removal of chloride. Timgssecond stage is attributed to the dehalogenptiacess.

For example, in the complex [{Pt(glyglygde]C} .H,O the observed weight losses of 2.9 and 7.9% itfiirtbte

two stages agrees with the calculated values of aid 8.04% and corresponds to the dehydration and
dehalogenation processes respectively. The DT/A pibthese complexes exhibit endothermic effectiad®B0

and 128 C attributed to the dehydration and dehalogenationesses respectively. The third stage is dtieeto
oxidative decomposition of ligands, Hglygly and ipes. This process is characterized by broad exwoibe
peaks in the range 300-3@D In the complex [{Pt(glygly }Jade]C} .H,O,the final residue of 9.8% of initial
weight of the complex confirms the formation of alet Pt. It has been observed that the nucleobase
containing complexes (ade,s @ls CH,-ade, hypoxan, Cl-gua) start decomposing around@ithile the
nucleoside complexes (ado, Cl-guo) start decompoaiound 168C. The lower stability of the nucleoside
complexes than the nucleobase complexes is problaklyo the presence of sugar moiety.

(b) Electronic spectral studies

The separation between different orbitals in thergy level diagram vary widely in square planer ptaxres
depending on the nature of ligahtishereby making the assignment of transitiondaliff. In addition, another
specific problem in analyzing the electronic spedfthe square planar complexes arises due todxigction
coefficient of the d—d transitions. This mainly appears because of thrimity of d — d transitions to charge
transfer bands arising due to ligands to metalgghéransfer, commencing from 335 nm. Thus, thesttiam
observed in the region around 345 nm in the ternargplexes is assigned to-¢ d transition of Pt(ll), which
suggests a square planar geometry around the méted. molar absorption coefficients of-d d transition
around 3000-4000 1 mibem* suggest that the transition is associated witnlito platinum charge transfer
8 The ltgansition around 270 nm in all the ternamynplexes is of ligand origin and is assigned te> n* of
purines™.

(C) Infrared spectral studies

The infrared spectral data of the complexes arelatdd in Table 3. The analysis of the spectrahef t
complexes with nucleosides and nucleobases is quoitgplicated because of the presence of two complex
ligands (Hglygly and Hnb/Hns) which have absorption the overlapping regions and the possibilitythef
presence of combination bands. Therefore, the ras®&gts could be made only for few select bands on
comparison with the spectra of nucleobases whigk hiready been dedft** in many reports.

Strong multiple bands in the region 3420 and 33B803are assigned tgy of water andyy of nucleobases in
the complexes. The band around 2900 @mcomplexes is assignediigy of the nucleobases. The strong band
at 1665 crit in the IR spectra of nucleobases (adeHECH,-ade, ado Cl-guo) and complexes is assigned to
Snrz>. The vibrational frequencies around 1600 and Tte5are due to the pyrimidine moiety of purines (ade,
Cs Hs CH,-ade, and ado) and they appear around 1590, 1480rcthe complexes. The infrared frequencies
due to the imidazole moiety in the spectra of &eids CH,-ade and ado appear around 1420 1325 and 1305
cm’. In the complexes they are shifted to lower waumbpers around 1405, 1320 and 1305'cifhe sharp
and medium vibrational frequencies around 1600,9134153, 1400 and 1370 &nin Cl-gua, Cl-guo and
hypoxan are assigned to combinationsvefc and ve-y Of pyrimidine and imidazole fragmentd In the
complexes of Cl-gua, Cl-guo and hypoxan, similaftsho lower wave numbers are observed. Hencesligbt
changz4es in both the pyrimidine and imidazone vibrat indicate the coordination of ring nitrogenragoto
Pt(I) =* .

The infrared spectrum of Hglygly exhibited bandL&75 due tac-o. The carboxylate group absorbs at 1700
cmi' due to asymmetric carboxylate stretching. Thengtrabsorption at 1665 ¢his due tody., group. The
ligand Hglygly coordinates to metal ion either aBidentate chelating through Nidnd CO group forming a
five-membered ring or as a tridentate through, NED and NH forming two five-membered chelate ridgsin

the complexes, it is observed that the frequenmfiég, andvasycoo)shifted to lower wave numbers by about
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25 cni' probably indicating the tridenticity of Hglygly thi the formation of two five-membered chelate rings
with Pt(ll). The assignments of metal ligands stnetg frequencies are made by comparison with pleetsa of
free ligands and other Pt(ll) metal complexes dairig nitrogen and oxygen donor ligands in the iogeg
Thus, the bands in the regions 550-480'@nd 415-400 cihare assigned tay,.y andvp. respectivel§??’.

(d) NMR spectral studies

The well resolved € NMR and'H NMR spectra of glycylglycine, nucleobases andrtbemplexes in DMSO
are reproduced in Fig 1 and 2. The spectral datajiaen in Table 4. ThtH NMR spectrum of glycylglycine
shows CH resonances appearing as a singlet at 3.87 andoBra0The COOH proton appears as a singlet at
11.10 ppm. A downfield shift of about 0.10 ppm dwdadening of peaks are observed in,@étonances of
glycylglycine in the ternary complexes. The shiftthe CH resonances may be taken as an indication of
coordination through the adjacent nitrogens antmeylate oxygen. The absence of the peak at 1lph®Dgue

to the carboxyl group in the complexes indicates deprotonation of the carboxylic group and here t
coordination of oxygen to metal.

The spectrum of adenosine shows two singles atahd47.94 ppm which are assigned to H2 and H8 psoto
respectivity’. The adenosine complex shows a downfield shifd®fand H8 protons by 0.22 and 0.21 ppm
respectively. Studies on metal complexes afineuand its derivatives indicate that awdfield shift of
H8 arises due to the coordination through #ugacent nitrogen atoms N7 or N9. The presefctigar
moiety at N9 position ruled out the possibilityN® coordination. Based on the observed resosamtethe
spectrum, it is proposed that adenosine isgbrgd the two Pt (Il) atoms via N7 and N1 or NYdaN3
atoms. ThéH NMR spectrum of free Cl-gua and Cl-guo exhibitgets at 7.95 and 7.98 ppm respectively. A
downfield shift of H8 proton by 0.15 and 0.22 ppmthe complexes and [{Pt(glygly)El-gua]ChH,O and,
[{Pt(glygly} » Cl-guo]CLH,0O implies the coordination through N7 of Cl-guala@l-guo. The appearance of
the signal around 12.0 ppm in the complex wisct the same position as in the free ligand rolgicthe N9
coordination of 6 —chloroguanine and 6-chlorogsame*®?®

The C5 and C8 resonances of adenosine appead2.7 and 133.1 ppm respectively. la tomplex,
[{Pt(glygly}, ado]CLH,O these resonances show downfield shifts and appedarl6.8 and 137 ppm
respectively which is consistent with N7 involvermancoordination. The C6 and C2 resonances of @glea
appear at 147.8 and 153.1 ppm respectively. SipilHrese resonances are seen in the downfieldmegf
151.8 and 156.9 ppm respectively suggesting toordination of adjacent nitrogen,N1 to thetahe
Further the C6 and C2 resonances of Cl-gua apptat54.l1and148.1 ppm respectively. In the
complex,[{Pt(glygly)},Cl-gua]CLH,O these resonances occur at 158.1 and 152.1 ppectaely, suggesting
the N1 coordination. Based on these results theviolg structure is proposed for the ternary compse
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Table-1 Chemical Analysis and Conductivity Data of{Pt(glygly} .Hnb]CI,H,O

1503

S.Ng Complexes C% H% N% Cl% Pt% Molar
conductance
ohm™ cm?
Calc. | Found | Calc| Foun | Calc. Found | Calc. Found| Calc. Found
d
1 [{Pt(glygly} ,ade]CLH,O 17.71 | 17.30 |2.40 | 251 | 15.82 |16.70 | 8.04 8.91 4426 | 45.00 -
2 [{Pt(glygly} ,C¢HsCH.ade]CLH,O 21.01 | 2164 |2.28 |3.18 |10.09 |10.39 |7.30 7.92 40.75 | 40.69 -
3 [{Pt(glygly} ;hypoxan]C}H,O 18.57 | 17.66 |2.29 [ 259 |13.33 |12.97 | 8.43 8.88 46.39 | 46.81 -
4 [{Pt(glygly} ,Cl-gua]CLH,O 17.14 | 16.42 |2.32 | 2.25 |13.84 |14.79 | 7.78 8.30 42.83 | 43.57 104
5 [{Pt(glygly} ,ado]CLH,0 21.43 | 20.53 | 3.10 | 3.13 |12.50 |12.08 |7.02 7.42 38.68 | 38.94 105
6 [{Pt(glygly} ,CL-guo]ChLH,O 20.71 | 2053 | 2.80 | 2.81 |12.08 |12.02 |6.79 6.47 37.37 | 36.81 100

*10° M in DMSO



R.Ilavarasi et a/ /Int.]. ChemTech Res.2014,6(2),pp 1499-1510.

Table-2.Thermoanalytical Data of [{Pt(glyglybHnb]Cl,H>O

Dehydration Dehalogenation Formation of Pt
S.NO Complexes Weight loss D;ﬁ( Weight loss DTA Weight loss DTA
| P (%) o) (%) | peak(C) | (%) | peak(C)
Found | Calc. Found| Calc. Found | Calc.

1 [{Pt(glygly} ,ade]ChH,O +280
2.9 2.04 -74 7.9 | 8.04 -120 90.2 | 89.92 +310

+400

2 [{Pt(glygly} 206H5CH2'ade]CL.H20 +320
2.3 1.85 -78 8.0 | 7.30 -116 90.1 | 90.85 +405

3 [{Pt(glygly} -hypoxan]C} H,O +320
2.0 2.03 -80 9.1 | 8.03 -115 89.9 | 89.94 +350

+400

4 [{Pt(glygly} .Cl-gua]CLH,O +313
2.1 1.96 -80 79 | 7.74 -120 90.2 | 90.30 +396

+305

5 [{Pt(glygly} ,ado]CLH,0O 2.2 1.78 -80 8.1 | 7.00 -118 90.0 | 91.22 +380
+405

6 [{Pt(glygly} .CL-guo]CLH,O +311
2.0 1.72 -80 6.0 | 6.75 -120 91.3 | 91.53 +375

+400

(-): endothern; (+): exothern

1504
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Table- 3. Principal IR and far IR Spectral Frequenges (cm ) of [{Pt(glygly)k Hnb]Cl ,H,O

S.No

VNH2

onH2(ade,

Complexes Uon UcH U(peptide) \ Uc=c Uc=n | Uptn Upto
(water) peptide) | ncleobased
1. [{Pt(glygly)}.ade]Cl 3420 S, br] 3310s|3070m | 1675 s 1665s | 1587 s 495w | 405w
2H20 3180 s 1640 m | 1460 m
1412 m
1326 w
2. [{Pt(alygly)}2Cs Hs 3400 s, br| 3260s|3050m | 1672 sh 1645sh| 1580s 495w | 410 vw
CH, .ade]Cl,H,O 3200 s 1450 m
1412 m
1326 sh
3. [{Pt(glygly)}hypoxan] | 3410 s, br| 3260 s| 2900 m | 1672 sh 1665s |1580s 495w | 408 w
Cl ,H,0 3180 s 1640 sh | 1450 m
1410 m
1330 m
4. [{Pt(glygly)}.Cl-gua]Cl | 3420 s - 2920 m| 1663 sh 1645 m 1597s |500m | 415m
>H-0O 1562 sh
1465 s
1335 m
5. [{Pt(glygly)}.ado]ClI 3410 s 3270s | 2920 m | 1678 sh 1655s | 1580 520m | 412w
2H>0 3230 s 1640 sh | 1451
1406
1330
6. [{Pt(glygly)}2Cl-guo]Cl | 3430 br 3330s|2990 m | 1672 sh 1660 s | 1587 m 497m | 410w
2H20 3205 s 1643 sh | 1460 s
1415 m
1326 m

S — strong, br — board , m — medium, sh — shoulderweek, vw - weak

1505
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Table-4.Proton NMR Data of [{Pt(glygly},Hnb]CI,H->O

Purine protons (6 in ppm) Hglgly protons (6 in ppm)
S.No. Complexes
H2 H8 CH2
B 3.95 (br,s
1 [{Pt(glygly} .Cl-gua]CLH,O 8.10 (s) Y10 Ebr s;
7.96 (s 3.97 (br,s
2 | {Pt(glygly} ,ado]ChH,O (s) 8.10 (s) 397 Ebr S;
3.97 (br,s
3 | {Pt(glygly} .CL-guo]CLHO ] 8.10 (s) Sl Ebr s;

Standard — TMS; Solvent sMSO

Table-5.%*C NMR Data of [{Pt(glygly},Hnb]CI ,H,0O

1506

Complexes Nucleobase Carbonsg in ppm) Hglgly carbons @ in ppm)

S.No P C1 C4 C5 C6 cg| Cc1| C2 c3 C4 | C5| CH CO COOH

1 | [{Pt(glygly} Cl-gua]CbH,O | 152.1| 150.2 | 116.9| 158.1| 136.2| -- - -- -- - 1492 169.29 | 166.07
[{Pt(glygly} ado]CkH.O

2 156.9| 149.8 | 116.8| 151.8| 137.0| 88.1 | 69.23 | 71.26 | 85.20 | 58.9 | 49.19 | 168.96 | 165.95

Standard — TMS — solvent s-dADMSO
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Figure 1. C* NMR spectra
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Figure.2 Proton NMR spectra
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