This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

RARE 1 e

Journal of

COORDINATION
CHEMISTRY

STUDIES OF MIXED LIGAND COMPLEXES OF CHLOROGLYCYL-D,L-
it e | METHIONINATOPLATINUM(IT) AND CHLOROGLYCYL-D,L-
% . +.1.. |METHIONINATOPALLADIUM(I) WITH PURINES AND NUCLEOSIDES

: Badar Taqui Khan? S. Shamsuddin® S. Rounaq Ali Khan? K. Annapoorna® T. Satyanarayana®
;, 3 e 2 Department of Chemistry, Osmania University, Hyderabad, India

{

L]

To cite this Article Khan, Badar Taqui, Shamsuddin, S. , Khan, S. Rounaq Ali , Annapoorna, K. and Satyanarayana,
T.(1995) 'STUDIES OF MIXED LIGAND COMPLEXES OF CHLOROGLYCYL-D,L.-METHIONINATOPLATINUM(II)
AND CHLOROGLYCYL-D,L-METHIONINATOPALLADIUM(II) WITH PURINES AND NUCLEOSIDES', Journal of
Coordination Chemistry, 36: 2, 81 — 93

To link to this Article: DOI: 10.1080/00958979508022549

URL: http://dx.doi.org/10.1080/00958979508022549

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be |iable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958979508022549
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 32 23 January 2011

Downl oaded At:

J. Coord. Chem., 1995, Vol 36, pp. 81-93 © 1995 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam B.V. Published under license by
Photocopying permitted by license only Gordon and Breach Science Publishers SA

Printed in Singapore

STUDIES OF MIXED LIGAND COMPLEXES OF
CHLOROGLYCYL-D,L-METHIONINATO-
PLATINUM(II) AND CHLOROGLYCYL-D,L-
METHIONINATOPALLADIUM(II) WITH PURINES
AND NUCLEOSIDES
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Department of Chemistry, Osmania University, Hyderabad 500 007, India
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The binary complex chloroglycyl-D,L-methioninatoplatinum(Il) was synthesised and characterised.
Subsequently, mixed ligand complexes of chloroglycyl-D,L-methioninatoplatinum(Il) and
chloroglycyl-D,L-methioninatopalladium(II) with purines adenine, guanine, hypoxanthine, and nu-
cleosides adenosine, guanosine, inosine and cytidine were synthesised and characterised. Based on
spectroscopic data it was found that adenine (Pt and Pd complexes), hypoxanthine (Pt), adenosine (Pt
and Pd) and inosine (Pt) form binuclear complexes. Adenine coordinates through N, and N, in Pt
complex and through N5 and Ny in the Pd complex, whereas hypoxanthine coordinates through N,
and Ny in the Pt complex. The corresponding Pd complex is insoluble. Adenosine (Pt and Pd) and
inosine (Pt) coordinate through N, and N,. Guanine, guanosine and cytidine form mononuclear
complexes, the first two ligands coordinating to the metal ion through N, and the third (cytidine)
through N,

KEYWORDS: purines, nucleosides, glycyl-D,L-methionine, chloroglycyl-D,L-methionine plati-
num(ll), palladium(II})

INTRODUCTION

Binding of metal ions to peptides has been a subject of increasing interest, as many
of these reactions provide simple models for much more complex enzymes.!™
Binary or ternary complexes with amino acids, peptides or nucleic acids, constitute
simple models for more complex DNA-protein interactions.*~® Complexes of
platinum group metals with these ligands have also been widely studied because of
their antibacterial and antitumour activity.”~!? Several mixed ligand complexes of
platinum group metals with amino acids and nucleic acid constituents have been
reported.’>~!7 Recently, mixed ligand complexes of platinum(II) and palladium(II)
with the amino acids ethionine and methionine and nucleic acid constituents have
been reported.’®?! Few of these complexes have been found to be biologically

*Author for correspondence.
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active towards human pathogens and tumors.?? Considerable work has been carried
out on complexes of dipeptides with 3d metal ions.?3~2> The X-ray crystal structure
of chloroglycyl-D,L-methioninatoplatinum(II)?® and chloroglycyi-D,L-methioninato
palladium(II) monohydrate has been reported?’” where glycylmethionine is a
terdentate ligand coordinating to the metal ion through amino nitrogen, peptide
nitrogen and sulphur atoms. Few complexes of platinum(IV) with glycylmethionine
are reported,”® where the latter acts as a bidentate ligand. Very few ternary
complexes of platinum, palladium or other transition metals with glycyl-D,L-
methionine as primary ligand and other secondary ligands were reported.?®-3°
The present paper, therefore, deals with studies of mixed ligand complexes of
platinum(I1) and palladium(Il)-glycylmethionine with purines and nucleosides.

EXPERIMENTAL

Materials

Chromatographically pure glycyl-D,L-methionine, purines and nucleosides were
purchased from Sigma Chemical Company. Pure samples of potassium tetrachlo-
roplatinate(II) and potassium tetrachloropalladate(II) were purchased from Aldrich
Chemical Company, U.S.A. Solvents used were of high purity and distilled before
use.

Synthesis

Chloroglycyl-D,L-methioninatopaliadium(II) monohydrate was prepared by the
reported procedure.?’

Physical Measurements

Elemental analyses of the complexes were obtained from Central Drug Research
Institute, Lucknow. The conductivity data were measured on a digital conductivity
meter No. DL 909. Molecular weight measurements were carried out using an
osmometer. IR and UV spectra of the complexes were recorded on Shimadzu IR
435 and UV-160 instruments, respectively. Far infrared spectra were recorded at
RSIC, Indian Institute of Technology, Madras. 'H nmr spectra were recorded on
Bruker 300 and 270 MHz and Varian 200 MHz spectrometers at the Centre for
Cellular and Molecular Biology, Hyderabad, Indian Institute of Science, Bangalore
and Indian Institute of Chemical Technology, Hyderabad. '3C nmr were recorded
at the Indian Institute of Science, Bangalore and Central Salt and Marine Chemicals
Research Institute, Bhavnagar, Gujarat.

Preparation of Complexes

1. Chloroglycyl-D,L-methioninatoplatinum(II) monohydrate,
[Pi(gly-D,L-meth) Cl1]-H,O
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Potassium tetrachloroplatinate(Il) (1.2 mM) was dissolved in water (10 cm®) and
added to an aqueous solution of glycyl-D,L-methionine (1.2 mM in 10 cm?). The
solution was heated on a water bath for 30 minutes, when the colour of the solution
changed from red to orange and then to pale yellow. The pH of the solution was
between 2 and 3. The solution was concentrated to half its volume, cooled and kept
in a refrigerator overnight when pale yellow crystals were obtained. The crystals
were filtered, washed with water, alcohol and acetone and vacuum dried.

2. Bis[glycyl-D,L-methioninatoplatinum(II)]-p-adenine chloride,
{[Pt(gly-D,L-meth)],(ade)}Cl,
3. Bis[glycyl-D,L-methioninatopalladium(II)]-pu-adenine chloride,
{[Pd(gly-D,L-meth)],(ade)}Cl,
4. Glycyl-D,L-methioninatoguanineplatinum(1I) chloride,
[Pt(gly-D,L-meth)(gua)]Cl
5. Glycyl-D,L-methioninatoguaninepalladium(II) chloride,
[Pd(gly-D,L-meth)(gua)]Cl
6. Bis[glycyl-D,L-methioninatoplatinum(II}-u-hypoxanthine chloride
{[Pt(gly-D,L-meth)],(hypo)}Cl,
7. Glyceyl-D,L-methioninatohypoxanthinepalladium(II) chloride,
[Pd(gly-D,L-meth)(hypo)]Cl
8. Bis[glycyl-D,L-methioninatoplatinum(II)]-u-adenosine chloride,
{[Pt(gly-D,L-meth)],(ado)}Cl,
9. Bis[glycyl-D,L-methioninatopalladium(II)]-u-adenosine chloride,
{[Pd(gly-D,L-meth)],(ado)}Cl,
10. Glycyl-D,L-methioninatoguanosineplatinum(II) chloride monohydrate,
[Pt(gly-D,L-meth)(guo)]Cl-H,O
11. Bis[glycyl-D,L-methioninatoplatinum(II)]-p-inosine chloride,
{[Pt(gly-D,L-meth)],(ino)}Cl,
12. Glycyl-D,L-methioninatoinosinepalladium(II) chloride,
[Pd(gly-D,L-meth)(ino)]Cl
13. Glycyl-D,L-methioninatocytidineplatinum(II) chloride monohydrate,
[Pt(gly-D,L-meth)(cyd)]Cl-H,O

Chloroglycyl-D,L-methioninatoplatinum(II)/chioroglycyl-D,L-methioninato  palla-
dium(II)(1.2 mM) dissolved in water (10 cm®) was added to an aqueous solution
of the ligand (1.2 mM in 10 cm?3; adenine, guanine, hypoxanthine, adenosine,
guanosine, inosine and cytidine). The pH of the solution (between 2 and 3) was
adjusted to 8.0 with 0.1 N KOH wherever necessary to obtain a clear solution.
The resulting solution was heated on a water bath for 5-8 hrs, when the colour
of the solution changed from pale yellow to colourless (complex 2), orange to
yellow (complex 3), greenish yellow (complex 5), colourless (complexes 4, 6, 7, 8,
10, 11, 12 and 13) and yellow (complex 9), respectively. The solution was
concentrated to half its volume, the product precipitated with ice-cold acetone
and kept in the refrigerator overnight. The solid was filtered, washed with ice-cold
acetone and vacuum dried.

RESULTS AND DISCUSSION

Analytical and conductivity data for the complexes are presented in Table I.
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Table 1 Analytical and conductivity data for the complexes.

Complex Colour Analysis* Mol?ir o
Ok H%  Nw G Sohoudtivity
in DMSO
(mhos cm™?)
1. [Pt(gly-D,L-meth)CIJH,O Pale 18.47 3.30 586 — 0
Yellow (18.50) (3.33) (6.10)
2. {[Pt(gly-D,L-meth)],(ade)}Cl, White 23.73 3.25 13.15 6.74 42
(22.65) (3.10) {(12.52) (7.04)
3. {[Pd(gly-D,L-meth)],(ade)}Cl,  Yellow 28.12 3.85 14.68 8.34 44
(27.55) (3.77) (15.21) (8.55)
4. [Pt(gly-D,L-meth)(gua)]Cl White  23.74  3.08 1585  6.18 27
(24.49) (3.09) (16.66) (6.02)
5. [Pd(gly-D,L-meth)],(gua)]Cl Yellow 29.15 347 2005 6.99 27
(2891) (3.64) (19.66) (7.11)
6. {[Pt(gly-D,L-meth)],(hypo)}Cl,  White 22.79 3.08 11.84 7.00 43

(22.64) (3.00) (11.12) (7.04)
7. [Pd(gly-D.L-meth)hypo)]C*  Pale  28.56 372 17.98  7.08
Yellow (29.80) (3.54) (17.38) (7.33)

8. {[Pt(gly-D,L-methl,(ado)}Cl, ~ White  24.95 3.23  12.05 6.36 45
(25.30) (3.45) (11.12) (6.23)

9. {[Pd(gly-D.L-meth)},(ado)}Cl,  Pale 3012 397  12.68  7.06 55
Yellow (29.90) (4.08) (13.08) (7.36)

10.  [Pt(gly-D.L-meth)fguo)]CLH,O White  23.70  3.46 1470 620 29
(24.20) (3.38) (14.30) (6.80)

1. {Pt(gly-D,L-meth),(ino)})Cl,  White  26.00  3.38 1001  6.30 40
(25.30) (3.34)  (9.86) (6.25)

12.  [Pd(gly-D,L-meth)(ino)]CI* Pale 3252 396 12.87  5.23

Yellow (33.16) (4.09) (13.65) (5.76)

13.  [Pigly-D,L-meth)cyd)]CLH,O White  27.29 3.94 967 5.8 27

(27.56) (4.04) (10.04) (5:08)
*Calculated value in parentheses. *Insoluble complex.

Complex 1 is a non-electrolyte; complexes 2, 3, 6, 8, 9 and 11 are 1:2 electrolytes,
and complexes 4, 5, 10 and 13 are 1:1 electrolytes.?!

Infrared data for the complexes are given in Table 2. The IR spectra of the
complexes, in general, show a broad band in the region 3400-3100 cm ~! which is
assigned to vOH, vNH and vCH stretching frequencies of coordinated purine or
nucleoside and glycylmethionine.®? A sharp peak at 1710 cm ™! is assigned to the
free COOH group of glycylmethionine and to vC=O of guanine, guanosine,
cytidine which are not involved in coordination to the metal ion. A peak at 1650
cm ™! is due to NH, deformation of adenine, guanine, adenosine, guanosine and
cytidine. An intense peak at 1560 cm ~! is assigned to the coordinated amide group
of glycyl-D,L-methionine. The important purines and nucleoside vC=C and vC=N
frequencies are observed in the region 1600 to 1350 cm ~! and on complexation are
shifted to lower frequencies by about 40-70 cm ~ !, indicating that ring nitrogens are
involved in coordination to the metal ion.3? The peaks observed at 550 and 480
cm ™' are assigned to vVM-N and vM-S stretching frequencies, respectively. Elec-
tronic spectra data for the complexes are given in Table 3.

'H nmr and '°C nmr data for the complexes are given in Tables 4 and §,
respectively. The spectra were very helpful in determining the binding sites of the
ligand to the metal ion. The *H nmr spectrum of complex 1 shows a singlet at 2.4
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Table 2 Infrared data for the complexes.

Ligand/Complex VM-N vM-§ vC=C vC=N v- -II\I- 6§ NH, v>C=0
Glycyl-D,L-methionine 1530(s) 1590(m) 1680(s)
1. [Pt(gly-D,L-meth)CIJH,O 570 490 1540(s) 1640(m) 1700(s)
350 (VM-C)
Adenine 1600(m) 1440(m) 1650(m)
1570(m)

2. {[Pt(gly-D,L-meth)],(ade)}Cl, 550 480 1510 1400(m) 1560(s) 1650(s) 1710(s)
3. {[Pd(gly-D,L-meth)],(ade)}Cl, 525 460 1520 1385(m) 1560(s) 1650(m) 1700(m)

Guanine 1500(m) 1380(s) 1620(b) 1700(s)
4. [Pt(gly-D,L-meth)(gua)]Cl 530 480 1490(m) 1350(s) 1580(m) 1630(m) 1700(s)
1405(s)
5. [Pd(gly-D,L-meth)(gua)]Cl 545 460 1470(m) 1350(s) 1560(m) 1630(m) 1700(s)
1390(s)
Hypoxanthine 1570(m) 1425(s) 1680(s)
6. Pt(gly-D,L-meth)],(hypo)}Cl, 540 475 1500(s) 1400(m) 1580(s) 1690(s)
7. [Pd(gly-D,L-meth)}hypo)]Cl 570 465 1510(m) 1390(m) 1580(m) 1690(s)
Adenosine 1600 1470(m) 1660(s)
1570(s)
8. {[Pt(gly-D,L-meth)],(ado)}Cl, 560 490 1490(m) 1400(m) 1580(s) 1650(s) 1710
9. {[Pd(gly-D,L-meth)],(ado)}Cl, 535 475 1495(s) 1410(m) 1580(s) 1650(s) 1700
Guanosine 1580(s) 1470(s) 1620(s) 1700(s)
10. [Pt(gly-D,L-meth)(guo)]CLH,O 550 480 1500(s) 1410(m) 1580(s) 1625(m) 1690(s)
Inosine 1600(s) 1480(m) 1700(s)
1565(s) 1435(s)
11. {[Pt(gly-D,L-meth)],(ino)}Cl, 545 480 1510 1410(m) 1580(s) 1700(s)
12. [Pd(gly-D,L-meth)(ino)]Cl 560 470 1520 1430(m) 1560(s) 1700(s)
Cytidine 1560(s) 1470(s) 1640(m) 1700(s)

13. [Pt(gly-D,L-meth)(cyd)]CLH,O 550 465 1500(s) 1410(m) 1580(s) 1640(m) 1720(m)

ppm due to S-CH; protons and a triplet centred at 4.46 ppm due to the «-CH
proton. These protons are shifted downfield by 0.25 ppm and 0.11 ppm, respec-
tively, as compared to the free ligand, thus indicating the involvement of the
sulphur and amide nitrogen atoms in coordination to the metal ion. The peaks
observed in the region 2.86 to 3.0 ppm are assigned to -CH, and y-CH, protons
of methionine, respectively. The peak corresponding to the methylene protons of
the glycine arm is shifted upfield by 0.4 ppm indicating coordination of the NH,
group of glycine arm to the metal ion. It is, therefore, inferred that the sulphur, the
amide nitrogen and amino group (NH,) of glycylmethionine are coordinated to the
metal ion. This is confirmed by the X-ray crystal structure of the complex.?’

The 'H nmr spectrum of 2 (Fig. 1) shows two main peaks at 8.38 and 8.5 ppm
due to C,H and CgH protons of coordinated adenine. The C,H and CgH protons
of adenine in 2 are nearer to platinum and couple with !°°Pt to give two
overlapping triplets (*!'*°Pt-C,H = 60Hz, ''9°Pt-C{H = 70Hz). The peak which is
observed between two main peaks is due to overlapping of two '°°Pt satellites
corresponding to the two triplets and appears with double the intensity as compared
to the other satellites. The C,H and CgH protons are shifted equally dowfield by
0.18 ppm as compared to the free ligand indicating the involvement of N, and N,
of adenine in coordination to the metal ion.>? In 3 the binding of the metal ion to
adenine is different as compared to complex 2. The 'H nmr spectrum of 3 exhibits
an upfield shift of C,H and CgH protons by 0.30 and 0.17 ppm respectively,
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Table 3 Electronic absorption data for the complexes.

Ligand/Complex Amax(nm) €max” Transition
Glycl-D,L-methionine 291 0.58 x 10? n-n*
1. [Pi(gly-D,L-meth)CIJH,0 293 2.28 x 10? n-n*
Adenine 268 1.13x10% n-m*
2. {[Pt(gly-D,L-meth)],(ade)}Cl, 246 3.22 x 10 S
3. {[Pd(gly-D,L-meth)](ade)iCl, 248 6.24 x 103 - n*
Guanine 246 9.40x 10° A
4. [Pt(gly-D,L-meth)(gua)Cl 280 8.10 x 103 n-n*
5. [Pd(gly-D,L-meth)gua)Cl 281 2.12x10° n-mt
Hypoxanthine 250 1.05x 104 n-n*
6. {Pt(gly-D,L-meth)],(hypo)iCl, 247 1.72 x 10 A
Adenosine 259 1.10x 104 n-n*
8. {[Pt(gly-D,L-meth)],(ado)}Cl, 249 1.50 x 10 -+
9. {[Pd(gly-D,L-meth)],(ado)}Cl, 248 1.23x 10* - n*
Guanosine 259 9.47x 10° n-n*
10.  [Pt(gly-D,L-meth)(guo)]CLH,0 249 1.60 x 10 n-m*
Inosine 248 1.41 x 10* - n*
1. {[Pt(gly-D,L-meth)],(ino)}}Cl, 246 1.67 x 10 g
Cytidine 271 1.07 x 104 - n*
13.  [Pt(gly-D,L-meth)cyd)]CL.H,0O 276 1.68 x 10* - n*
*M-lcm- .

indicating that N5 and Ny of adenine are involved in coordination to the metal
ion.>*3> The peaks corresponding to the protons of glycyl-D,L-methionine are
observed in the region 2.10 to 4.41 ppm. The '*C['H] nmr spectra of 2 and 3
support the above coordination of the ligand to the metal ion. The '3C nmr
spectrum of 2 shows a downfield shift in C,, Cs, C4 and Cg carbons by 4.4, 3.0, 1.4
and 2.2 ppm, respectively, as compared to the !3C nmr spectrum of the free ligand.
There is no shift for C,, indicating that adenine coordinates to the metal ion
through N, and N,. The '*C nmr spectrum of 3 shows an upfield shift for C, and
Cyg by 7.3 and 4.7 ppm, respectively, and a downfield shift for C, by 3.8 ppm. There
is no shift for C5 or C,. It is inferred that in complex 3 the metal ion binds to
adenine through N; and Ny. '*C nmr spectra of the complexes show peaks due to
free carboxylic carbon, amide carbonyl carbon and S-CH;, y-CH,, §-CH,, CH, of
glycine and CH carbons of glycylmethionine. The 'H nmr spectrum of 4 shows a
doublet at 8.36 ppm with two '°°Pt satellites. The doublet is due to the coupling of
CgH with NgH (*CgH-N,H = 40 Hz). This coupling arises due to the slow exchange
of NH D,O. The CgH proton further couples with platinum to give two '°Pt
satellites (*'?°Pt-CgH = 60 Hz) and is shifted downfield by 0.68 ppm as compared
to the ligand, indicating that guanine coordinates to the metal ion through N,.?”
The 'H nmr spectrum of 5 shows a downfield shift for the CgH proton by 0.42 ppm
indicating that guanine coordinates to the metal ion through N,. The glycylmethio-
nine protons resonate between 2.1 and 4.8 ppm in both complexes. The '*C['H]
nmr spectrum of 5 supports coordination of guanine to the metal ion through N,.
This spectrum shows a downfield shift in C5 and Cg carbons by 2.4 and 4.2 ppm,
respectively. As there is a shift in C5 and Cg carbons it is inferred that guanine
coordinates to the metal ion through N,.2” Peaks due to free carboxylic carbon,
amide carbonyl carbon and S-CH,, y-CH,, B-CH,, CH, of glycine arm and CH
carbons of glycylmethionine are also observed.
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Figure 1 'H nmr spectrum of {[Pt(gly-D,L-meth)],(ade)}Cl,.

The *H nmr spectrum of 6 shows two doublets at 8.28 and 8.70 ppm due to C,H
and CgH protons. The doublets are due to the coupling of C,;H and CgH protons
with N,H and N,H protons ('"H,-H, = 15 Hz; "H,-Hg = 26 Hz) as was observed in
complex 4. In addition, four '°°Pt satellites were observed, two for C,H and two for
CgH protons indicating that both the C,H and CgH protons are closer to the metal
ion. These protons couple with !°5Pt to give in each case two '°°Pt satellites with
(’193Pt-C,H = 75 Hz) and (*!°°Pt-C4H = 70 Hz) and are shifted downfield by 0.41
and 0.62 ppm respectively, inferring that hypoxanthine coordinates to the metal ion
through N; and Ng.!? The peaks due to coordinated glycyl-D,L-methionine resonate
between 2.2 to 4.4 ppm. Complex 7 is insoluble; nmr spectra could not be recorded.

The 'H nmr spectrum of 8 shows two triplets for C,H and CgH protons centred
at 8.42 and 8.70 ppm due to coupling with '°°Pt (*!°*Pt-C,H =70 Hz) and
('193Pt-CgH = 65 Hz) and are shifted downfield by 0.27 ppm and 0.34 ppm,
respectively, inferring that adenosine coordinates to the metal ion through N, and
N,.'33¢ The 'H nmr spectrum of 9 shows an equal downfield shift in C,H and CgH
protons by 0.29 ppm, inferring that adenosine binds through N, and N, to
palladium(II).'3 The ribose protons resonate between 3.5 to 6.4 ppm and those due
to coordinated glycylmethionine between 2.15 and 4.36 ppm. The '3C nmr
spectrum of 8 (Fig. 2) supports coordination of adenosine to the metal ion through
N, and N,. There is an upfield shift for the C, carbon by 2.32 ppm and a downfield
shift for Cs, C¢ and Cg carbon resonances by 3.0, 3.5 and 5.15 ppm, respectively.
As there is no shift in the C, carbon resonance, it is inferred that adenosine
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Figure 2 '3C['H] nmr spectrum of {[Pt(gly-D,L-meth)],(ado)}Cl,.

coordinates to the metal ion through N, and N. Resonances due to ribose carbons
and coordinated glycylmethionine carbons are observed between 64 and 91 ppm,
and 24 and 56 ppm, respectively. The carboxylic carbon and the amide carbonyl
carbon of glycylmethionine are observed at 188.5 and 179.6 ppm, respectively. A
few low intensity '>C nmr peaks found in Figure 2 may be due to the presence of
diastereomers. The 'H nmr spectrum of 10 shows a peak with two platinum
satellites (*'9°Pt-CgH = 90 Hz) due to the CgH proton; this proton couples with
195Pt and is shifted downfield by 0.72 ppm indicating that guanosine coordinates to
the metal ion through N,.2” Ribose protons are observed between 3.9 to 6.0 ppm
and those due to coordinated glycylmethionine between 2.2 to 4.2 ppm.

The corresponding palladium complex [Pd(gly-D,L-meth)(guo)]Cl reported
earlier?” also shows coordination of guanosine through N,. 3C['H] nmr spectra of
platinum complex 10 and the palladium complex also support coordination of
guanosine through N, to the metal ion. In both complexes there is a downfield shift
in C5 and Cq carbon resonances by 3.6 and 4.3 ppm in platinum complex 10 and
by 1.5 and 2.8 ppm in the palladium complex, respectively.?” There is no shift in
C,, C, and C,4 carbons, inferring that guanosine coordinates to the metal ion
through N,. Resonances due to ribose carbons and coordinated glycylmethionine
are shown in Table 5.

The 'H nmr spectrum of 11 shows peaks due to C,H and CgH protons at 8.33
and 9.02 ppm, respectively. These peaks are shifted downfield by 0.22 and 0.80
ppm, respectively, inferring that inosine coordinates to the metal ion through N,
and N,.3"3® The C,H and C§H protons couple with !°°Pt to give two doublets
(*193Pt-C,H = 75 Hz) and (*!°3Pt-CgH = 70 Hz). The '*C['H]nmr spectrum shows
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Figure 3 Structure of [Pt(gly-D,L-meth)CII1H,O.
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Figure 4 Structure of [M(gly-D,L-meth)],(ade)}Cl,, M=Pt, R=NH,, R,=H, {{M(gly-D,L-meth)],
(ado)}Cl,, M=Pt, Pd, R=NH,, R, =ribose, and {[M(gly-D,L-meth)],(ino)}Cl,, M =Pt, R = OH,

R, = ribose.
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Figure 5 Structure of [M(gly-D,L-meth)(gua)]Cl, M = Pt(II), Pd(II), R = H, and M = Pt(Il), R = ribose.
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downfield shifts in C,, Cs, C¢ and Cq carbons by 6.5, 2.5, 5.0 and 5.29 ppm, respec-
tively, and a negligible shift for the C, carbon, indicating that inosine coordinates to
the metal ion through N, and N,. Proton and carbon resonances for ribose and
glycylmethionine are shown in Tables 4 and 5, respectively. Based on the '"H nmr and
13C nmr data, binding of the metal ion to inosine is through N, and N,. The corre-
sponding palladium complex, 12, [Pd(gly-D,L-meth)(ino)]Cl is insoluble and its nmr
spectrum could not be recorded.

The "H nmr spectrum of 13 shows two peaks at 6.20 and 8.00 ppm due to C;H and
CH protons which are shifted downfield by 0.5 ppm and by 0.22 ppm, respectively.
Since the downfield shift for the CsH proton is more than for the C;H proton, it is
inferred that cytidine coordinates to the metal ion through N;.3° Platinum satellites
were not observed as Nj is distant from CsH and C4H protons. Ribose protons are
observed between 3.9 and 6.00 ppm and coordinated glycylmethionine protons be-
tween 2.2 and 4.2 ppm. The '*C['H] nmr spectrum also supports coordination of
cytidine to the metal ion through N,. It shows a downfield shift for C,, C, and C;
carbons by 2.2, 0.43 and 1.9 ppm, respectively. Ribose carbons are observed in the
region 60 to 90 ppm and those due to glycylmethionine between 21 and 55 ppm. The
amide carbonyl and carboxylic carbons of glycylmethionine are observed at 177.16
and 185 ppm, respectively. The corresponding palladium complex [Pd(gly-D,L-
meth)(cyd)]Cl, reported earlier,?” also shows coordination of cytidine through N;.

Molecular weights of complexes 2, 3, 6, 8, 9 and 11 were found to correspond to the
binuclear complex and complexes 4, 5, 7, 10, 12 and 13 to mononuclear complexes.

Based on analytical and spectroscopic data, the structure shown in Figure 3 was
proposed for 1. In this complex, glycylmethionine acts as a terdentate coordinating to
the metal ion through sulphur, amide nitrogen and amino nitrogen atoms, and the
fourth position is occupied by chloride. Complexes 2 and 3 are binuclear complexes
where adenine acts as a bridging ligand between two [M(glymeth)] moieties coordi-
nating to the two metal ions through N, and N, in complex 2 (Fig. 4) and through N,
and Ny in complex 3. Complexes 4 and 5 are mononuclear complexes where guanine
coordinates to the metal ion through N, (Fig. 5). In complex 6 hypoxanthine acts as a
bridging ligand between two [Pt(glymeth)] moieties, coordinating to the metal ion
through N; and N,. Complex 7 is insoluble. Complexes &, 9 and 11 are binuclear
(Fig. 4) where adenosine and inosine act as bridging ligands between two [M(glymeth)]
moieties coordinating to the metal ion through N, and N. In complexes 10 and 13,
guanosine (Fig. 5) and cytidine coordinate to the metal ion through N, and Nj,
respectively.
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