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Since there is an asymmetric centre at platinum in 
complexes PtMe3(AA)L (H(AA) = amino acid; L = 
MeOH, 3Jlutidine) and PtMe3(AAl;; mixtures of 
diastereoisomers are formed when the amino acid also 
contains an asymmetric C-atom. Rapid interconver- 
sion of isomers has been studied by variable- 
temperature NMR. The effects of various substituents 
on the amino acid on the relative proportions of 
isomers, and on the chemical behaviour of the com- 
pounds have been examined. In lutidine complexes 
marked upfield shifts are observed for a substituent 
on the amino acid which is near the aromatic ring. 
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Introduction 

Trimethylplatinum(IV) glycinate complexes have 
been discussed in a recent paper [I]. Mixture of 
PtMe3(H20); with sodium glycinate in water gave 

PtMe&ly)(H,O) (I), Na [PtMe&ly)J (II), and 
Na2 [PtMe&y)J , while concentration of aqueous 
solutions of (1) gave the dimer [PtMe,(gly)] 2 (III)*. 
Variable-temperature NMR was used to study the 
intermolecular exchange reactions (l)--(3). 
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When the coordinated amino acid is symmetric, as 
for glycine, (Ia) and Ib) are enantiomers, indistin- 
guishable by NMR. Similarly for (IIa) and (IIb). Of 
the three possible isomers of [PtMe&ly)] 2, the trans 
isomer (IIIa) corresponds to a meso isomer, with no 
overall optical activity, while the cis-isomers (IIIb) and 
(111~) are enantiomers. When the amino acid contains 
an asymmetric C-atom, the isomers analogous to (Ia) 
and (Ib) are diastereoisomers, which should be 
distinguishable by NMR. Similar statements apply to 
(IIa) and (IIb), and to (IIIb) and (111~). Because of 
the coordination lability induced by the high trans 
effect of the methyl ligands, the different isomers 
should be in equilibrium, and their relative propor- 
tions should reflect predominantly the magnitudes of 
intramolecular steric interactions. 

In this paper the behaviour of complexes of the 
optically active a-amino acids - Lalanine, Lvaline, 
and Lphenylalanine, as well as symmetric cy-amino- 
isobutyric acid, are studied. The kinetics of the 
exchange reactions will be examined quantitatively in 
a future publication. 

*Abbreviations: H(AA) amino acid: Hgly glycine, NHz- 
CH2C02H; Hala cralanine, NH2CHMeC02H; Hval valine, 
NH.$H(CHMe&02H; Hphe Phenylalanine, NH$H(CHz- 
Ph)COzH; Haba ar-aminoisobutyric acid, NH~CMQCO~H; lut 
3,5-lutidine, NC5H3Me2. 

Results and Discussion 

Analytical data for compounds isolated are pre- 
sented in Table I and spectroscopic data in Table II. 
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TABLE I. Analytical Dataa. 

T. G. Appleton, .I. R. Hall and T. G. Jones 

Compound C H N Pt Mol. Wt.b 

(PtMes(L-ala)] 2 22.2 (22.0) 4.6 (4.6) 4.2 (4.3) 59.4 (59.5) (A) 669 

(M) 353 ((j5@ 

PtMea(L-ala)(lut) 35.8 (35.9) 5.6 (5.6) 6.3 (6.4) 44.0 (44.8) 

Na[PtMes(L-ala)p] c 24.0 (24.6) 5.4 (4.8) 6.5 (6.4) 

[PtMes(L-val)] 2 27.0 (27.0) 5.4 (5.4) 4.0 (3.9) 54.6 (54.8) I;; ‘2;; (7 12) 

PtMes(L-val)(lut) 38.8 (38.9) 6.2 (6.1) 6.2 (6.1) 41.5 (42.1) 

Na[PtMe3(L-val)z] 31.5 (31.5) 6.0 (5.9) 5.7 (5.7) 

lPtMea(L-phe)l z 35.6 (35.7) 4.8 (4.7) 3.6 (3.5) 48.2 (48.3) 

PtMe3(L-phe)(lut)d 45.1 (44.6) 5.9 (5.5) 5.1 (5.5) 37.1 (38.1) 

[PtMej(aba)] 2 24.5 (24.6) 5.0 (5.0) 4.2 (4.1) 56.7 (57.0) 

PtMes(aba)(lut) 37.4 (37.4) 5.9 (5.8) 6.2 (6.2) 43.0 (43.4) 

Na[PtMes(aba)z] c 28.6 (28.3) 5.7 (5.4) 5.9 (6.0) 
- 

aCalc. figures (%) in parentheses. bSolvents: A acetone, M methanol. ‘Extremely hygroscopic. d Sample retains trace of solvated 

hexane despite prolonged pumping. 

Dimers, [FtMe, (AA)] 2 
In the glycinate system, [PtMes(gly)] s (III) is 

never obtained from reaction between PtMe3(H,0); 
and glycine in the absence of added base [I]. How- 
ever, for the a-substituted amino acids discussed here, 
[PtMe,(AA)] 2 does precipitate when concentrated 
aqueous solutions of PtMe,(H,O); and H(AA) are 
heated, or allowed to stand. For phenylalanine and 
a-aminoisobutyric acid, the pure dimer may be 
obtained in good yield in this way, but for alanine, 
results are better if base is added (see Experimental). 

Like [PtMe3(gly)] s, [PtMe3(aba)] 2 and [PtMe,(L- 

phe)l 2 are essentially insoluble in all common 
solvents, but [PtMe3(L-ala)] 2 and [PtMe3(L-val)] Z 
are sufficiently soluble in methanol and acetone for 
solution measurements to be made. The valine 
complex is also quite soluble in chloroform, 
benzene, and hexane. 

Molecular weight measurements (Table I) indicate 
that dimers [PtMe,(AA)], are present in acetone, 
and monomers PtMe, (AA)(MeOH) in methanol. 
[PtMe3(L-ala)] 2 is also very sparingly soluble in 
water. The poor-quality NMR spectrum obtained in 
DzO is qualitatively similar to that in CD,OD, 
indicating that monomeric [PtMe3(L-ala)(D,O)] is 
present. 

There are three possible isomers of [PtMe3(L-ala] z 
(IVa-c) (R = Me). In the frans-isomer (IVa), all six Pt- 
Me groups are non-equivalent, and the two C-Me 
groups are also non-equivalent. In each of the cis 
isomers, a C2 axis may be drawn through the mole- 
cule perpendicular to the PtOzPt plane, so that there 
are three distinguishable pairs of Pt-Me groups, and 
the two C-Me groups are equivalent. 

If equal quantities of all three isomers were 
present, a total of 12 Pt-Me peaks (each with 

1 f2 I me 
Me 

Ipc cis 

“satellites” from coupling with 19*Pt) and four C-Me 
doublets (from JHCoH,) would be expected in the ‘H 
NMR spectrum. The spectrum in (CD3)2C0 in fact 
shows 6 Pt-Me peaks of equal intensity and two C-Me 
doublets (Table II), so that all of the possible isomers 
are not present. The spectrum is consistent with the 
presence of either the truns isomer (IVa) alone, or a 



TABLE II. Spectroscopic Data. 

Compound PMR Spectraa IR Spectra 

Solvent Temp. Pt-CH3 C-CH3 N-CH Other Resonances v(C=O) 6 (NH;) 
“C 

Tram Groupb Relative S ‘JP~-cH, 3JH~cH, 
6 cm-’ cm-r 

6 
Intensity 

[PtMea(L-ala)] 2 (CD3)aCO 28 

PtMea(L-ala)(CDgOD) CD30D -4.5 

63 

PtMes(L-ala)(U) CD30D 28 

Na[PtMes(L-ala)?] D2O 2 

57 

Oxbridge) 
O(bridge) 
N 
O(chelate) 
N 
O(chelate) 

CD30D(A) 
CD30D(B) 

O(alaNC) 
N(D) 

N(lut) 
0 
0 
N(lut) 

NWa) 
NW) 

O(A+B) 
N(chel)(C) 
N(unidentate) 

(D) 
N(unidentate) 

(E) 
N(chei) (F) 
0 
N 
N 

2 0.67 
1 0.67 

1 0.63 

1 0.61 

0.90 79.8 1.44 7.5 -4.0 1600 1570 
0.84 79.4 1.48 7.1 
0.83 65.9 
0.79 77.8 
0.77 65.5 
0.76 77.9 

0.96 
0.89 
0.75 
0.70 

0.90 71.2 
0.89 76.8 
0.88 76.8 
0.85 71.0 
0.72 69.3 
0.72 69.1 

0.59 

0.68 
0.63 
0.62 

82.4 1.38 7.5 -3.6 
81.9 1.40 7.2 
76.6 
66.4 

1.44 7.4 

1.34 7.3 
0.99 7.5 

-2.85 iut: sCH3 2.37 1618 1586 
-3.60 6H, 8.47 

k--H, 12 
6HY 7.38 

79.4 1.33 7.3 -3.53 1600d 
69.5 1.33 7.3 
70.7 1.42 7.5 

72.1 1.43 7.5 

68.8 
77.8 1.35 7.2 -3.5 

69.5 1.37 7.5 
69.2 



TABLE II. (Continued) 

Compound PMR Spectraa IR Spectra 

Solvent Temp. Pt-CH3 C-CH3 N-CH Other Resonances v(C=O) 6(NHz) 
“C 

Tram Groupb Relative 6 2J sJ 
6 cm-r cm-’ 

Pt-CH, 6 HCCH, 
Intensity 

t; 
0 

Na[PtMe@ala)(L-ala)] e D20 2 

58 

[ PtMes(L-val)] 2 CDC13 28 

(CD3)aCO 28 

PtMes(L-val)(CDsOD) CD30D -39 

59 

PtMea(L-val)(lut) CD30D 28 

0 
N(unidentate) 
N(unidentate) 
N(che1) 
N(che1) 
0 
0 
N 
N 

0 
0 
N 

CD30D 
CD30D 

O(va1) 
N 

0 
0 
N(lut) 
N(lut) 

N(vaJ) 
N(vaJ) 

2 
1 
1 
1 
1 
1 
1 
2 
2 

1 
1 
1 
1 
1 
1 

1 
1 
1 

1 
2 
3 
3 

1 
1 
1 
1 
1 
1 

0.68 78.6 
0.68 71.7 
0.65 -73.5 
0.61 -70.5 
0.53 70.5 
0.68 78.5 
0.66 78.2 
0.64 70.8 
0.59 70.5 

0.92 66.9 
0.92 79.1 
0.87 67.5 
0.87 78.7 
0.83 77.7 
0.76 79.1 

0.87 80.0 
0.86 79.6 
0.79 67.8 

0.93 82.5 
0.88 82.9 
0.79 76.5 
0.72 67.7 

0.91 75.7 
0.89 76.2 
0.85 70.5 
0.84 71.1 
0.74 68.5 
0.73 68.4 

f f 

1.07 6.5 
1.12 6.8 
1.05 6.8 
0.88 -7 

0.92 7.2 
1.16 7.0 

0.84 7.0 
0.89 7.0 

-1.05 7.0 
-1.05 7.0 

0.93 7.1 

1.06 7.2 

f 

-4.0 C-H@ 2.94,255 1590 1565 
NH2S - 2.2 

-3.38 C-HP& - 2.48 

-3.39 C-H@ - 2.45 

-3.38 

0.97 7.0 
0.93 7.0 
0.88 7.0 
0.31 7.0 

f lut: ;5&036 1592d 

JRNC& obscured 
6Hy 7.61 



Na [ PtMes(L-val)2] D20 

PtMes(L-phe)(lut) CDC13 

PtMes(aba)(lut) 

2 0 2 
N(unidentate) 2 
N(chelate) 2 
0 1 
N(chelate) 1 
N(unidentate) 1 

59 0 1 
N 1 
N 1 

28 N(phe) 2 0.88 71.9 
N(W) 2 0.78 69.8 
0 3 0.75 76.1 
N(lut) 1 0.83 69.9 
N(phe) 1 0.68 70.5 

CDC13 28 N 1 0.90 70.1 
N 1 0.85 69.8 
0 1 0.78 74.2 

Na[PtMes(aba)z] D2O 2.5 N 1 
N 1 
0 1 

0.67 78.0 
0.60 71.7 
0.56 68.9 
0.69 78.9 
0.64 69.3 
0.58 71.7 

0.68 79.0 
0.62 71.1 
0.58 69.9 

0.73 12.5 
0.71 69.2 
0.67 77.4 

f f 

0.87 7.2 
0.94 7.2 
0.97 1.2 
1.02 7.2 

1.51 
0.87 

1.50 
1.41 
1.33 
1.33 

3.25 C-Ha6 1.97, 2.37 
3.53 

g 

f Major isomer: 
lut &CH, 2.29 

6~ 8.02 JR-H, 
11.2 
6H 7.37 
&jr& 7.03 
Minor isomer: 
ht 6CH, 2.32 
&H, 8.23, Jpt--H CX 
10.5 
SH 7.44 
C6& 7.26 

lut 6CH, 2.37 
SH, 8.33 JptH, 12 
6Hy 7.48 
NH2 : AB pattern 
6HA 2.73, sHg 2.48, 
JAB = 10.5 

1600 1560 
$ 
$ 0 

1605 1575 
1550 

1612 1560 

aChemical shifts in p.p.m. downfield from DSS @20) or TMS (other solvents). Coupling constants in Hz. bLabels given correspond to those in Figure. c+0.2 Hz. dOne broad peak 
observed in this region. ePeaks corresponding to PtMe3(L&)lalso appear in spectrum. f Region comp1ex.g Overlaps solvent peak. 
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Figure 2. Variable-temperature 100 MHz PMR spectra of 
Na[PtMes(L-ala)21 in DzO. *Impurity. 

unidentate alanate (VIIIa) it is on the same side of 
the chelate ring as C-Me, but when Me, is tram to 
unidentate alanate (VIIIb), it is on the opposite side 
of the chelate ring to C-Me). Similarly, the two C-Me 
groups remain inequivalent. Consequently, at 57 “C 
(Fig. 2(c)), 3 Pt-Me peaks and 2 C-Me doublets are 
observed. 

135 

By 89 “C (Figure 2(d)) rapid intermolecular 
exchange of the coordinated amino acid has 
caused the C-Me peaks to collapse to a single 
doublet, and the Pt-Me peaks to coalesce to a broad 
singlet. 

For [Co(en),(Lala)] ‘+, the alanine methine 
protons exchange with solvent deuterium, and the 
amino acid racemizes [3]. Even after standing for 
several weeks, an aqueous solution of Na[PtMes(L 
ala)z] shows high optical rotation ([cr] g = -35.7), 
and NMR spectra show no signs of o-H deuteration, 
or appearance of new peaks corresponding to 
Na[PtMea(Lala)(D-ala)] . These peaks would certain- 
ly be detectable, since 6 new Pt-Me peaks appear in 
the NMR spectrum at 2 ‘?Z of a sample of Na[PtMes- 
(ala)z] prepared using racemic alanine, as well as the 
peaks mentioned above for Na[PtMes(L-ala),] and 
Na[PtMea(D-ala)z] (see Table II). There are two 
isomers of PtMes(Lala)(D-ala)-, (IXa and b) corre- 
sponding to S- and R- absolute configurations at 
platinum respectively. For each isomer there would 
be 3 inequivalent Pt-Me groups and two inequivalent 
C-Me groups. No attempt was made to analyse the C- 
C-Me region of the spectrum, because of its 
complexity (from all species in solution there are a 
total of 8 different C-Me groups). 

For each of the isomers, the effect of the exchange 
reaction analogous to reactions (3) and (6) (reactions 
(7), (8)) is to make the two Pt-Me groups tram to N 
equivalent, and the two C-Me groups equivalent, but, 
in contrast to the situation with PtMes(Lala)y, the 
two isomers (IXa and b) are not interconverted by 
this exchange. Thus, at a temperature when reactions 
(6) (7), (8) are fast (-60 “c), the spectrum shows in 
the Pt-Me region, in addition to the 3 peaks from 
PtMea(L-ala); and PtMes(D-ala);, four resonances of 
relative intensity 1: 1:2:2, corresponding to methyl 
groups rrans to O,O,N,N respectively, from the two 
isomers of PtMea(Lala)(D-ala)-. Unfortunately all 
the C-Me peaks overlap to give one broadened 
doublet. 

BY - 90 “C, all Pt-Me resonances have coalesced 
into one broad singlet (significantly broader than that 
for PtMes(Lala);) (Fig. 2(d)), as intermolecular 
alanate exchange begins to occur. 

The spectrum of Na[PtMea(L-val)*] at 2 “C shows 
two sets of three Pt-Me groups, one set being half the 
intensity of the other, indicating the presence of two 
isomers, (VIIa and b) (R = H, R’ = iPr). It would be 
expected that (VIIa) would be the less stable isomer. 
The C-Me peaks are still somewhat broad at 2 “c, and 
overlap with each other, and with the downfield Pt- 
Me satellites. As the temperature is raised, reactions 
analogous to those discussed above for Na[PtMes(L- 
ala)z] occur so that at 60 “c, three Pt-Me peaks of 
equal intensity, and 4 distinct C-Me doublets (corre- 
sponding to two non-equivalent isopropyl groups) 
are observed. 
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Conclusions 

6) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

The variable temperature spectra of compounds 
PtMes(AA)(CDsOD) and Na [PtMe3(AA)*] 
show that exchange reactions occur analogous 
to those previously described for glycinate com- 
plexes. 
Na[PtMe3(aba)z] is significantly less stable 
toward dissociation of the amino acid ligand 
than its glycinate analogue, and Na[PtMea- 
(phe)*] could not be prepared. 
For each of the complexes PtMea(AA)L (L = 
CDsOD, lut) and PtMea(AA)q, where the (Y-C 
atom of the amino acid is an asymmetric 
centre, the predicted two diastereoisomers are 
observed in NMR spectra. 
For AA = L-ala, the two isomers are present in 
each case in equal proportions - that is, overall 
steric interactions in the two isomers are compa- 
rable. This may be achieved by various degrees 
of distortion in the chelate ring conformation. 
For AA = L-val, the two isomers of PtMe,- 
(L-val)(lut) are present in equal amounts, so 
that even the bulky isopropyl substituent is 
unable to discriminate between the steric bulk 
of methyl and lutidine (once the aromatic ring 
is so oriented and the ring conformation 
adjusted to minimize steric interactions). For 
PtMea(L-val), and PtMea(L-val)(CDaOD) there 
is a preference for one isomer over the other. 
For the only phenylalanine complex which is 
soluble, PtMea(Lphe)(lut), there is a preference 
for one isomer over the other. 
The protons in an amino acid substituent close 
to the aromatic lutidine ring in PtMea (AA)(lut) 
are shifted to high field in the NMR spectrum. 

(viii) 

(ix) 

Dimers [PtMea(AA)] Z (AA = L-ala, Lval) 
remain as dimers in acetone solution, but in 
methanol and water (to the limited extent they 
are soluble) the bridges are cleaved to give 
monomers. 
Only one isomer (trans) exists for [PtMes- 

W412 and [PtMes(Lval)] 2. Stereoselec- 
tivity is greater than in the monomers men- 
tioned above, since there are more steric inter- 
actions to be considered in the case of the 
dimers. 

Experimental 

Materials and Instrumentation 
[PtMe31] 4 and [PtMea] 2S04*4Hz0 were prepared 

by literature methods [4, 51. Amino acids were used 
as supplied (B.D.H., except for ar-aminoisobutyric 
acid, Sigma) after a purity check by NMR (and, for 
L&nine by optical rotation). 3,5-lutidine was 
supplied by Aldrich. 

NMR and IR instrumentation was as described 
previously [l] . C, H, and N analyses were performed 
by J. Kent and P. Nobbs of this department. Pt was 
analysed by ignition with iodine. Molecular weights 
were measured using a Hewlett-Packard 302 
Mechrolab High Temperature Vapour Pressure Osmo- 
meter. 

Preparations 
Dimers, [PtMe,(AA)] 2 
[PtMedL-ala)] ?. To 0.1793 g [PtMea] sS04* 

4Hz0 (0.553 mmol PtMe$) in 3 ml water was added 
dropwise with stirring a solution of 0.0494 g L 
alanine (0,561 mmol) and 0.022 g NaOH (0.55 
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most of the solid had dissolved (0.5 hr), then the 
filtered solution was evaporated to dryness. The 
resultant white solid was dissolved in a small volume 
of methanol. The solution was filtered, then concen- 
trated under reduced pressure, and diethyl ether was 
added to precipitate the product, which was filtered 
off, washed with ether, and dried in a vacuum 
desiccator over silica gel. Yield 0.1765 g (59%). The 
product is very soluble in water, moderately soluble 
in methanol, and insoluble in acetone. It is hygro- 
scopic. 

An attempt was made to prepare Na[PtMe3- 
(L-phe)2] similarly, but the dimer did not dissolve, 
even after prolonged heating. 
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