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Proton nmr spectra of platinum(Il) complexes of glycine and nine N- and C-methylglycines (AA), including both chelate,
Pt(AA)Cl,, and N-coordinated, Pt(AA)(NH,),*, species, have been analyzed. Relative energies and rotamer populations of
several N-coordinated species were estimated on the basis of data for glycine and N-methylalanine species, which showed
that both three-bond (*Jp4_11) and four-bond (*Jp;.1) platinum-proton spin coupling constants reach a maximum when

Pt and H (70-90 Hz) or CH, (7-10 Hz) are trans and are much smaller (20-30 and <1 Hz) when Pt and H or CH, are
gauche. For chelate species, the preferred conformations of the chelate rings were deduced from vicinal spin coupling con-
stants while the shape of the conformational energy profile, especially near the planar eclipsed conformation, was related to

4Jp¢—g coupling to C-CH,; groups.

Our earlier nmr investigations of platinum(II) complexes
of amino acids established the pronounced effect of ligand
conformation on three-bond coupling (3JPt_H) between the
central **Pt and ligand protons of Pt-N-C-H fragments.?>3
More recently, Appleton and Hall reported substantial, con-
formation-dependent four-bond coupling (*/p,_j;) in Pt-N-C-
CH; moieties of six-membered ring diamine chelates of
platinum.*~® They concluded, not surprisingly, that both
3JPt_H and 4JP,E__H are largest when the C-H or C-CHj is trans
to platinum. Since we had earlier failed to observe measur-
able four-bond Pt-H coupling in the two C-methylglycine
chelates we had investigated (alanine and a-aminoisobutyric
acid), we decided to examine the spectra of the other mem-
bers of the series. In this paper, we report nmr data for
Pt(II) complexes of glycine and the nine V- and C-methyl
derivatives.” Both the chelate species Pt(AA)Cl,, 1, and the
N-coordinated species Pt{(AA)}NH;)s5", 2, were investigated.
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From a conformational viewpoint, the N-coordinated
species can be considered to be substituted methylammonium
ions, whose observed properties are essentially a weighted
average over the three classic staggered rotamers observed in
one complete rotation about the C-H bond. Thus the tech-
niques which have been applied so successfully to determine
relative rotamer populations and coupling constants of
staggered forms of substituted ethanes can be applied to these
compounds.® Methyl substitution could be expected to have
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a pronounced effect on the relative energies of these rotamers
and, hence, on the observed average values of the spectral
parameters. In addition, a C-CH, group could act as a probe
with *J,, 4; indicating the conformational situation of the
C-CH; group.

Although the glycinate chelate ring is more nearly planar
than the ethylenediamine chelate ring, considerable evidence
(including our eatlier nmr studies?:®) indicates significant
preference for nonplanar conformations of substituted
glycinate chelates, especially in the solid state.!® Hawkins
has recently reviewed the relevant data and has reported con-
formational energy calculations which support the conclu-
sion that a considerable range of nonplanar puckered and
envelope conformations of chelated alanine are essentially
equal in energy in Co(ala)(NH3),2"."* It was our hope that
this nmr study would provide a reliable experimental ap-
proach for establishing the conformational energy profile of
glycinate chelates in solutions.

Experimental Section

Preparation of Amino Acids. Commercially available amino
acids were used whenever possible. Of the four amino acids which
were not commercially available, three (meala, meaba, and dmala)
were synthesized by condensation of the appropriate a-chloro or
bromo acid with an excess (20%) of methylamine or dimethylamine
and a stoichiometric amount (2 mol/mol of acid) of KOH. The solu-
tion was kept at room temperature to avoid hydrolysis of the acid
and the progress of reaction was followed by nmr. The free amino
acids were isolated after adjustment of the pH to 6 and were subse-
quently purified by recrystallization from ethanol or dimethylform-
amide. N,N-Dimethyl-a-aminoisobutyric acid (dmaba) was synthe-
sized from a-aminoisobutyric acid by reaction with formaldehyde and
formic acid.*?

Preparation of Chelates. The bright yellow amino acid chelates
of general formula KPt(AA)Cl, were prepared by reaction of the free
amino acid with K,PtCl, in a 1:1 mole ratio as described earlier.?
Details of the separation procedure varied slightly with solubility of
the complex but all were obtained in 30-50% yield.

Nmr Samples of Chelates. For complexes whose potassium salts
were sufficiently soluble in H,O or D, 0, nmr samples were prepared
by simply dissolving about 0.5 mmol of solid in 0.5 ml of H,0 or
D,0. If the potassium salt was not sufficiently soluble in water to
obtain good spectra (~1 mmol/ml of solvent), K" ion was replaced by
H*, NH,, or TMA® (tetramethylammonium ion) by passing the solu-
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Figure 1. The 60-MHz proton nmr spectrum of 1 M KPt(dmala)Cl, in D,0.

tion through a Dowex 50W-X8 cation-exchange resin in the appro-
priate form and evaporating the solution to dryness.

Preparation of N-Coordinated Species. N-Coordinated species of
general formula [Pt(AA)(NH,),] Cl were prepared from the correspond-
ing chelates by gently warming about 0.5 mmol of the chelate salt in
5 ml of concentrated aqueous ammonia at 60-70° for a 10-15-min
period and evaporating to dryness to yield a colorless, glassy solid.
The solid was dissolved in about 0.5 ml of D,0 and spectra were re-
corded. In some cases, a second treatment was required to discharge
all of the initial yellow color and to produce complete ring opening.
However, none of the N,N-dimethyl species could be converted to N-
coordinated species by this technique. In attempting to prepare these
species gentle treatment with ammonia apparently only displaced the
two CI’s. This was indicated by the loss of yellow color and only
minor changes in nmr spectra compared to the dichloro chelate.
Heating the samples for a longer time with excess concentrated NH,
resulted in displacement of free amino acid. The comparative
lability of the Pt-N(CH,), bond relative to the Pt~-NH, bond in the
presence of a nucleophilic reagent is not unexpected.**

Results

Chelate Species. The spectral features of the chelates are
illustrated by the spectrum of KPt(dmala)Cl,, which is
shown in Figure 1. It consists of a C-CH; doublet at 1.45
ppm, with its platinum-195 satellites (*Jp,_;; = 3.3 Hz); a
pair of N-CH; peaks at 2.63 and 2.88 ppm, each flanked by
platinum-195 satellites (3JP,6_H = 37.5 Hz); and a C-H quartet
at 3.72 ppm, with its platinum-195 quartet satellites (*Jp, 45 =
27.3 Hz). Absorption signals for N-CH;, C-CHj;, and C-H
protons of the other chelates, when present in the compound,
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generally fall in about the same region of the spectrum.

Spectra of the two isomers of N-methylalanine are shown
in Figures 2 and 3. Figure 2a is the spectrum of a D, 0 solu-
tion of the less soluble isomer. It was isolated from the re-
action mixture as the potassium salt, but the spectrum is that
of the more soluble H* form. It is assumed to be the trans
isomer. The spectrum closely resembles that of KPt(dmala)-
Cl,, except that only one N-CH; absorption is.present and
additional coupling due to the N-H proton is evident in the
N-CH; and C-H regions. Upon standing for several days,
N-H proton exchange was almost complete and the spectrum
simplified to that shown in Figure 2b.

When the solid rrans-KPt(meala)Cl, was dissolved in water
and kept at pH >7 for a few minutes before passage through
the H* cation exchange column, additional peaks were
observed in all parts of the spectrum (Figure 3a). These are
attributed to the less favored cis isomer. At mid-pH, N-H
proton dissociation would permit equilibration of the iso-
mers.>>*  The equilibrium ratio of trans to cis isomers,
calculated from relative peak areas in the C-CHj part of the
spectrum, is about 8:1. A cis-enriched HPt(meala)Cl,
sample was obtained by precipitation of part of the trans iso-
mer from an aqueous solution of the equilibrated mixture
(H" form) by addition of KNOj;. After enrichment, the solu-
tion was evaporated to dryness, and dissolved in D,0. The

(14) L. E. Erickson, A. J. Dappen, and J. C. Uhlenhopp, J. Amer.
Chem. Soc., 91,2510 (1969).
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Figure 2. The 60-MHz proton nmr spectra of frans-HPt(meala)Cl, in D,O: top (a), freshly dissolved solid; bottom (b), after several days to

permit exchange of N-H proton.

spectrum is shown in Figure 3b. The platinum-195 satel-
lites of the C-CH3 (*Jpyy = 2.7 Hz) and N-CH3 (g =
43.5 Hz) signals are clearly evident, but the spectrum ampli-
tude is too low to show complete details of the C-H region.
Several traces of this sample at maximum spectrum ampli-
tude revealed enough details of the C-H quartet (split by
N-H) to permit evaluation of J,; x_q5 (4.3 0.3Hz). On
standing at room temperature, N-H protons of both isomers
exchanged with solvent D30, with the exchange rate of the
trans isomer being greater by a factor of about 6. After ex-
change was complete, 100-MHz spectra of the sample were
obtained, from which the value of *J,_y; (21 £ 1 Hz) was
determined.

Chemical shifts and spin-coupling constants at magnet
temperature for the ten chelates are given in Table I. The
chemical shifts differ slightly from some of the values report-
ed earlier.? This results from using an internal reference
standard (TMS*). In the earlier work, values were measured
with respect to (CH3);NCl and the observed difference be-
tween TMS* and (CH3)4NC]1 was added to obtain TMS*
shifts.

The temperature dependence of the spectrum of each com-
pound was investigated. Except for a sometimes sizable
downfield shift for C-H proton signals (up to 0.2 ppm/100°)
the effects on all parameters were generally small and will
not be discussed further.

N-Coordinated Species. Spectra of most of the compounds
are comparable to those of corresponding chelate species and
require no detailed description. As noted for chelate species,
C-H, N-CH;, and C-CHj; regions of the spectra are well sepa-
rated, are clearly resolved, and are found in the regions ex-
pected. A detailed analysis of the more complex Pt(sarc)-
(NH3)5" spectrum has been given earlier.’> Only complexes
of N-methylalanine provide significant complications.

The spectrum of a D,0 solution of Pt(meala)(NH,)5", pre-
pared by treating trans-KPt(meala)Cl, with excess aqueous
NHj, is shown in Figure 4. The spectrum is consistent with
that expected for an approximately equimolar mixture of the
two diastereomers corresponding to the cis and trans chelates,
whose stereochemistry (for (R )-alanine) is shown in Scheme
I. The C-CHj; region has two separate doublets (Jy_c_cy. =
7.0 Hz), one with prominent '**Pt satellites (*Jp,_pz = 7.0
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Figure 3. The 60-MHz proton nmr spectra of freshly dissolved HPt(meala)Cl, samples: top (a), after equilibration at mid-pH before conver-
sion to H* form, to permit equilibration of cis and trans isomers; bottom (b), cis-enriched sample.
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Figure 4. The 60-MHz proton nmr spectrum of an equilibrium mix-
ture of isomers of [Pt(meala)(NH,;),]Cl in D,0.

Hz). The total intensity of the upfield doublet is slightly

less than that of the downfield doublet including its satellites.

The N-CH; signals of the two isomers are neatly superimpos-

Scheme I
rcr\ _c  PtNHa)s
H
SR
H CHs
CH
© CHy " ° coz
R.R (cis) R.R
C. - , PH{NH3)3
Pt H HaC H
O/ H NH3
<\ HsC H
| © CH co2
S,R (trans) S,R

ed, but the °J,,_; values are slightly different (34.5 vs. 35.5
Hz). The central peaks of the two C-H quartets are resolved
with their centers separated by about 8 Hz at 60 Mz. The
downfield quartet is slightly less intense. The location of
the downfield platinum satellite quartet of the downfield
C-H quartet is also indicated. Assignment of the peaks to
particular species is based on the.reasonable assumption that
the conformation with the C-CHj3 group trans to Pt pre-
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Table I. Chemical Shifts and Spin-Coupling Constants of Pt(gly)Cl,” and Methyl Derivatives

Proton chem shifts, ppm Spin-coupling constants, Hz
Compd Structure 6c-H ON-CH, 8c-CH; JH-N-C-H JPt-N-C-H Jpt-N-C-CH, JH-C-CH; JH-N-CH, JPt-N-CH,
~_ 7
Pt H
Ptgly)Cl,, O H 3.58 6.5(av) 385
H
0 H
~_
- Pt H
Pt(sarc)Cl,” O Hyg 3.38 (A) 2.67 4.3 (AX) 38.5 (Hu) 5.9 43
3.88 (B) 6.6 (BX) 33.5 (Hg)
CHa
0 Ha
~_
Pt CH
~ 3
Pt(dmgly)Cl,” Q H 368  2.86 32.9 35.5
CH
3
o H
~
P H
Pt(ala)Cl,” O H 3.82 1.43 ? 28.0 <1 7.0
H
0 CHz
~ H
cis-Pt- e Pt
(meala)Cl,~ ©. H 3.97 2.48 1.38 43 21 2.7 7.1 5.9 43.5
CHg
0 CHz
~N_
Pt CHz
trans-Pt- /
(meala)Cl,"~ 0 H 3.46 2.70 1.60 3.4 41.8 3.2 7.1 5.9 41.5
H
0 CHg
\ /
Pt CH3
/ B
Pt(dmala)Cl,” Q H 3.72 2.63 (A) 1.45 27.3 3.3 6.9 37.5
2.88 (B)
CHz,
0 CHz
~_
/ Pt H
Pt@aba)Cl,” Q CHz 1.53 <1
H
0 CHs
~N
/PT CH3A CHs
Pt(meaba)Cl,” O 2.56 1.45 (A) 2.2 (Hy) 5.9 41.5
1.73 (B) 2.8 (Hg)
H
0
CHa g
~

Pt(dmaba)Cl,” O 2.73 1.58 3.1 359

R
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Table II. Chemical Shifts and Spin-Coupling Constants of Pt(gly)}(NH,},* and Methyl Derivatives

Proton chem shifts, ppm

Spin-coupling constants, Hz

Compd

Structure sc-H 8N-CH, 8¢-CH, Ju-N-c-t Jpt-N-cH, Jpt-N-c-H JPt-N-C-CH, JH-C-CH,
Pt(NHz)3
H H
Pt(gly)(NH,),* 3.37 ? 37.3:5
) 1.1
H H (3.68) (31.1)
CO2
PH(NH3)3
Pt(sarc)(NH,)," Ha Ha o 333 2.67 5.2 (AX) 36.0 (36.0) 52.8
36T (A)  (2.75) (57.6) (A)
Hy CHz  3.53 7.2 (BX) 27.6
o (3.85) (B) (23.2) (B)
2 6.0 (CH,)
" PHNHa)3 :
HaC H
Pt(ala)(NH,),* 3.43 1.43 ? 23.6 <1(<1) 7.0
(3.70 (1.58) . (21.6)
H H
CO2
PHNH3)5
(R,R)-Pt(meala)(NH,),* H3C H 3.37 2.68 1.33 9.0 34.5 or 29.6 <1 (K1) 7.0
(3.62) (2.5 (142)
H CHs 6.0 (CH, 35.5 (same)
CO2
PHNH3)3
HsC H
(S,R)-Pt(meala)(NH,),* 3.22 268 1.71 9.6 3450r  29.6 7.0 (7.0) 7.0
HaC H o (3.62) (2.78)  (1.85)
3 6.0 (CH,) 35.5 (same)
CO2
Pt(NHz3)3
H3C CH3
Pt(aba)(NH,),* \ 1.50
H H ( (1.61) ~1.5(~1.5)
CO2
PHNH3)z '
HaC; CHz g
Pt(meaba)(NH,),* 265 137 6,0 (CH) 33.4 <1 (<1) (A)
H CHz (2.73)  (1.53) (A) . (33.4) 3.2 (2.8) (B)
CO2 1.52

(1.65) (B)

dominates for the S,R isomer while the conformation with
CO," trans to Pt predominates for the R,R isomer. When
the sample was evaporated to dryness and redissolved in H, O,
additional splitting was observed for both C-H and N-CH,4
signals. This splitting yielded the J;,_y_c 5 values given in
Table II.  The *J,, 4 values for both isomers were obtained
from a 100-MHz spectrum of a D,0 solution of the mixture
which revealed the major components of the quartet side
bands of C-H quartets of both isomers.

The C-CH; signals of the five N-coordinated species that
could be obtained are presented in Figure 5. Significant
coupling (7.0 Hz) is evident for (S,R)-Pt(meala)(NH;);".
Slight coupling (~1.5 Hz) is present in Pt(aba)(NH,);" and
none (<1 Hz) was observed in Pt(ala)}(NH;);" and (R,R)-
Pt(meala)}(NH3);*. For Pt(meaba)(NH3)3", significant cou-
pling (3.2 Hz) is observed for one of the two C-CHj groups.

Spectral parameters for the seven N-coordinated species

which could be prepared are summarized in Table II. Where
reliable values were obtained, chemical shifts and coupling
constants of the corresponding acidified (CO,~ protonated)
samples are also listed. The magnitude of the downfield
shift was taken as clear evidence that the Pt-O bond of the
chelate had been broken by the NH; treatment.

Temperature Dependence. The temperature dependence
of Jp, gy of Pt(gly)(NH3);" was investigated in detail. Re-
sults are given in Table III. The temperature dependence of
the spectra of most of the other complexes was also investi-
gated, but the effects were generally smaller and the data are
not included in this report.

Discussion

Conformation-Independent Spin-Coupling Constants. Of
the six 'H-'H and 'H-***Pt coupling constants which charac-
terize the spectra of these complexes, Jy_y_cy, » Ju-c—cH, >
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Figure 5. The C- CH3 portion of the 60-MHz proton nmr spectra of
N-coordinated amino acids.

Table III. The Temperature Dependence of 3th_

for Pt(gly)(NH,),"

Temp,  Jopsd:  Jealeds? Temp, Jopsa:  Jealeas”
°C Hz Hz °C Hz Hz

7 36.4 36.4 61 38.2 38.1

15 36.7 36.7 71 38.5 385
23 37.0 36.9 81 38.7 38.8
41 37.5 37.5 90 39.0 39.0
52 37.9 37.9

@ Based on 3J; = 90.0 Hz, 3J =30.9 Hz, and AF = 1200 cal/mol.

and Jpin-crr, Would not be expected to be sensitive to the
conformation of the ligand. The first two are remarkably
constant, 6.0 + 0.1 and 7.0 £ 1 Hz, in both chelate and N-
coordinated species, while J, pe-N-CH, depends on the extent
of substitution at the nitrogen. For all species containing
-NHCH3, *Jp, 4y = 35.5 £ 2 Hz; for -N(CH,),, 42 £ 2Hz. A
similar decrease with methyl replacement of an V-H proton
has been reported in several diamine complexes.!* It pro-
vides a measure of the weakening of the Pt-N bond which
needs to be taken into account in interpreting conformational
implications of other three-bond **Pt-'H coupling constants.
On the basis of these average values, a reduction in 3th_H of
about 15% per N-methyl replacement would be indicated.
The effect of methyl substitution on average coupling to CH,
protons in ethylenediamine complexes, from 40 Hz for en to
35 Hz for N,N'-diamine to 30 Hz for N,N,N’N “tmen,'?
supports the view that the effect of two methyl groups is
approximately twice that of one methyl group. However,
the corresponding effect on average coupling to CH, protons
in gly complexes is smaller (39 Hz for gly to 33 Hz for
dmgly), so that a reduction in *Jp, 4; of 10% per methyl sub-
stitution is perhaps more reasonable.

3Jl,t_H and Conformational Analysis of N-Coordinated
Species, Conformational analysis of these species is based
on the assumption that the observed spectral parameters are
weighted averages over three staggered conformations I-I11
(for glycine). For glycine, I and III are equivalent so that

(15) T. G. Appleton and J. R. Hall, Inorg. Chem., 11, 125 (1972).
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PH(NH)s PHNH)4 PH(NH3)3
HA COZ HA‘ HA 02C HA'
H H H H H H
Ha CO2 Ha
I 11 111

H, =Ha'. The relatively small value for 3th_H at magnet
temperature (37.5 Hz) indicates that conformation II pre-
dominates, i.e., that conformation II with CO,~ trans to
Pt(NH;); is the low-energy form. Furthermore, the temper-
ature dependence is sufficient to permit an evaluation of
Jpigg for conformations in which H is trans, 3J and gauche,
3J ,to Pt and AF, the energy difference between I (or III)
and 11. With I = II1, the observed coupling constant *J,
is given
Jopsa = G

o =+, 6]

where the fractional population in which H is trans to Pt, f;,
is given by

f, =¢~AE/RT/(] + 2¢ —AE/RT) o)

A standard linear least-squares program was used to calcu-
late the intercept (°J,) and the slope (*J;, — *J,) of a plot of
*Jopeg V8- [, fora range of AE values. The “Best fit” was
then taken to be the value of AE which produced the
smallest standard deviation in *J, and °J;. By this method
%J, and *J, were calculated to be 90.0 & 9.0and 309+ 0.8
Hz respectwely, for AE =1200 £ 50 cal mol™. These
values were used to calculate 3Jl,b_H at each temperature
from eq 1 and 2 and the results are included in Table III.

These values of °J, and *J, can be compared with °J, and
%J,, deduced from spectra of six-membered ring chelates by
Appleton and Hall.*+** They concluded thatJ,, =15 Hz
and J,, = 65 Hz. For 2-hydroxy- or 2- chloropropane 1,3-
d1am1ne chelates, observed 3JP,c g values for the two methy-
lene protons lie close to these values (~65 and ~22 Hz at
room temperature) which led them to conclude that pref-
erence for the chair conformation of the six-membered
chelate ring is almost complete. There appears to be little
doubt that °J; (or °J,,) is 3-4 times °J, (or °J,,) and that
the dihedral angle dependence of J,,_;; can be. est1mated
with reasonable confidence by a Karplus-type equation?® of
the form

ooy = K cos? ¢ 3

where K =3J, =70-90 Hz. This predlcts *J, = 18-22 Hz.
Since observed average values for JPt  reported by
Appleton and Hall and for some of the other N-coordinated
species are significantly less than the 30 Hz for 3Jg obtained
from our analysis, that value for 3Jg (or *J,.) is probably too
high, in spite of the excellent fit obtained for the temperature
dependence of *J,,_p; of Pt(gly)(NH3)s"

Examination of the three possible rotamers for sarcosine
suggests that IT and III might be nearly equally populated

PH{NH )3 PHNHz)3 PHNH 2)3
Ha CO2 HB HA OZC HB
Hy CHz  Hy CHs  Hy CHz

HB COZ . HA

I 11 11

(16) M. Karplus, J. Chem. Phys., 30, 11 (1959);J. Amer. Chem.
Soc., 85, 2870 (1963).
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while unfavorable steric interaction of the three bulky groups
would make I less favorable. Assuming the 3JPt_H values -
calculated for glycine, one would expect Jp, 4, to be about
30 because Hp, is gauche to the platinum in both IT and III.
Similarly, *Jp, 1, Would be estimated to about 60 = ',(90 +
30) since H,, would spend half its time gauche and half its
time trans to the platinum. Initial examination of the data
agrees with these expectations;i.e., JPO_HB is about 27 Hz
and th_H is about 53 Hz at magnet temperature. But
analysis of the H-H coupling constants in HyO reveals that
III is preferred over II. Asnoted in a previous analysis of
the spectrum, the methylene proton which is more strongly
coupled to the platinum is less strongly coupled to the N-H
proton (Hy )*. This situation would exist in IIL. Relative
values of both 3Jp, 4y and *J;_y; can be accounted for approx-
imately on the basis of a ratio of I:I[:III = 0.1:0.4:0.5.
Assuming *J; = 80 and *J, =20 Hz for *Jp, 41, >/, = 11 and
3J,=3Hz for 3Jig 1, and this population ratio, Jp, 4, =50
(Vs 53),Jpt-np =26 (v5. 27),J8x = 6.2 (v5. 7.2), and Jax =
3.8 (vs. 5.2) Hz. The rotamer energy differences calculated
from this ratio are Ey; — Ey;; = 138 cal/mol and £} — £}, =
900 cal/mol. Qualitatively, the effect of temperature on
3Joy corresponds to this model; i.e., %Jp, y,, decreases and
Jl,t_,HB increases with increased temperature. However, the
model predicts that Jp_p;, should decrease more slowly than
Jpi-uzp increases, whereas, the opposite is observed.
Inspection of the possible rotamers of alanine suggests that
III would be the least favored rotamer with I and II of about

Pt(NH3) 3 PHNH3)z Pt(NH3)3
H CO2 HaC H  0,C CHa
H H H H H H

CH3 COz H

i 11 1

equal population. InIand II the C-H hydrogen is gauche to
the platinum; consequently 3Jpp should be small. The
experimental >Jp, ;; value is small, 23.6 Hz at 40°, indicating
that the C-H hydrogen is nearly always gauche to the plati-
num. The slight increase of 1.4 Hz over a 60° range indicates
the more frequent occurrence of rotamer III at increased
temperatures, but it is not sufficient to permit evaluation of
energy differences between forms. Relative energies of I

and II cannot be determined on the basis of 3JPo-H but can be
estimated from the conformation dependence of 4J, g Which
was established on the basis of the other members of the
series.

*Joi-z and the Conformational Analysis of N-Coordinated
Species. The dihedral angle dependence of J'P g in this
series was established by analysis of the spectra of the two
isomers of Pt(meala)(NH3);" whose rotamers for N-methyl-
(R)-alanine are shown below. The conformational pref-
erence of the two isomers can be established independently
on the basis of *Jp, ., and *Jy;_; coupling constants. Since
3Jpeyq 1S relatively small for both isomers while >J;;_; is
relatively large, conformation III must predominate for the
S,R isomer and conformation II for the R,R isomer. In con-
formation III of the S,R isomer, C-CHj is trans to Pt; in con-
formation II of the R R isomer, C-CH; is gauche to Pt.
Therefore, the large *Jp, 4y coupling observed for the S,R
isomer (7.0 Hz) must correspond to a lower limit for the
trans coupling constant, J while the small 4Jl,t_H coupling °
observed for the R,R 1somer (<1 Hz) must correspond to an
upper limit for the gauche coupling constant, J
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R.R
Pt(NHz)3 PHNH3)3 Pt{(NHz)3
H .CO2  HaC H  0sC CH3
H CHy H CHy H CHa
CHz CO2 H
I 1 111
S.R
PHNH3)3 PH(NH3z)3 PtHNH3) 3
02C CHs HaC _H H €Oz
HzC H  HaC H  HiC H
' H CO2 CHz
I I I

The conclusion that *J; is about 7 Hz and that *J, is very
small (<1 Hz) agrees well with Appleton and Hall’s con-
clusions for six-membered ring chelates. They concluded
that 4/, which corresponds to %/, is at least 6.5 Hz while
4Jax, which corresponds to 4J,, is very small. This requires
that *Jp;_yy decreases more rapidly with dihedral angle than
the corresponding *Jp; g .

The establishment of the conformation dependence of

*Jpe-u Permits an assessment of relative conformational
energies of Pt(aba)(NH3);" ,Pt(meaba)(NH 3)3", and Pt(ala)-
(NH3),". For Pt(ala)(NH3)s", for which 3Jpiy indicates
strong preference for I or II over III, *Jp gy is <1 Hz.
Therefore, conformation II, in which C-CHj is gauche to Pt
and CO, is trans to Pt, must also be strongly preferred over
L

Two of the rotamers of Pt{aba)(NH3);" (I and III) are

PHNH3)3 PHNH 3)3 PHNH3) 3
H3C COz HiC CHy 0gC CH3
H H H H H H
CHs CO, CHs
1 1 111
equivalent. Any sizable population in these conformations

would be expected to result in significant long-range cou-
pling between **Pt and the C-CH; protons. The fact that
this coupling remains less than 1.5 Hz over an 80° tempera-
ture range indicates that the preferred conformation is II. A
lower limit on AE = E; ~ Ey; = By — Epp can be estimated
as follows. Assuming *J, =8 Hz and 4J 0 Hz, a 60% pop-
ulation for I and III yields */pyg; = 0. 2(4Jg) +0.2(%,) +
0.6(*/;,)=1.6 Hz. Thus, AE=RTln 3 =650 cal/mol
Replacement of one N-H proton of Pt(aba)(NH3);" by a
methyl group yields Pt(meaba)(NH;);" and alters the confor-
mational situation appreciably. If conformation II of Pt-

PHNH3)3 PHNH3)5 PH{NH )5
HaCs CO, HsCp CHgg OC CHsa
H CHy H CHy  H CH3
CHza COz CHzp
I 11 III

(meaba)(NH;);" prevailed strongly, *Jp;y would be very
small for both C-CHj groups. This coupling is in fact sub-
stantial (~3 Hz) for the downfield C-CH; group but is <1
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Figure 6. Some of the low-energy conformations available to
chelated glycinate.

Hz for the upfield C-CH; group. This nonequality requires
that I> Il or II1 > 1. On the basis of the data for Pt(ala)-
(NH3),", it is clear that III should be preferred over I. On
the basis of the model applied to Pt(aba)(NH;),", the relative
populations of I, I, and III can be estimated. Since, *Jpygy =
R®) + A0+ An(0) < 1, 5 < '/g. Similarly, *Jpypg =
7:(0) + £u(0) + £ix(8) = 3 or fiy = >/, which requires that
fa="'/,. Relative energies calculated from these fractional
populations are (B — Ey) =RT In %/, = 170 cal/mol and
(E1 — Eq) =RT In 4 = 830 cal/mol, or more.

Effects of Protonation. Protonation of CO,™ has two
effects. It uniformly shifts all of the signals downfield an
amount which depends on the distance from the protona-
tion site (C-H, ~20 Hz; C-CHs, ~10 Hz; N-CH;, ~5 Hz). In
addition, it changes *Ji_z1, *Jpig, and *Jp,gz Which can be
attributed to a change in rotamer populations. The direc-
tion of this change is usually toward a greater contribution
from rotamer II in which the CO,H is trans to Pt(NH3)s.
For example, average values of *Jpi-u decreased with proton-
ation for both Pt(gly)(NH3)s* (~6 Hz) and Pt(ala)(NH3)5”
(~2 Hz). The larger change observed for the former is not
unexpected. The comparatively small value for *Jp, gy of
Pt(ala)(NH;)5", 23.6 Hz, indicates a very strong preference
for II even before protonation. Similarly, acidification of
Pt(aba)(NH3)5" had little effect on *Jp, g, which is undetec-
tably small (<1 Hz) in the CO,” form. However protona-
tion did decrease *Jpygy for CH;, of Pt(meaba)(NH;)5"
perceptibly (from 3.2 to 2.8 Hz) which is consistent with an
increase in the population of II. Apparently protonation of
CO," reduces favorable gauche interaction between CO,” and
Pt(NH3);. Such favorable interaction could include hydro-
gen bonding between CO,™ and Pt{NH3); protons.

Model for Analysis of Chelate Data. Although a simple
equilibrium between puckered conformations suffices to de-
scribe certain properties of glycinate chelates better than the
assumption of planar rings,” Hawkins’ analysis, which also
recognizes the importance of envelope and eclipsed confor-
mations is clearly more realistic. A useful way of represent-
ing the full range of available conformations is given in
Figure 6. In addition to the planar eclipsed conformation
IX, the puckered conformations I and V, and the envelope
conformations III and VII, four other envelope conforma-
tions which relieve eclipsed H-H interactions (II, IV, VI, and
VIII) are included. A useful way of describing these differ-
ent conformations and interconversion pathways is to
specify the vertical displacement of the center of the C-C
bond from the coordination plane (denoted z) and the angle
of inclination of the C-C bond to the coordination plane,

Erickson, Erickson, and Smith

Table IV. Comparison of Calculated and Observed Spin-Coupling
Constants for Glycine Chelates

Assumed dihedral

Coupling const angle dependence Jealed® Jobsd
Cis *Jy-11 10 cos® ¢ 6.6 3.3-6.6
Trans *Jy_g 11 cos® ¢ 4.3 3.4-4.3
*Jpe-(NH,) 90 cos? ¢ 37 28-38
*Jp-g(NHCH,) 81 cos® ¢ 33 21-42
3Jpi-1(N(CH,),) 72 cos® ¢ 29 27-33

a Based on model described in text.
Hz.

Coupling constants are all in

referred to as the ring-puckering angle, w. To the extent
that available conformations can be described by these two
parameters, the conformers shown in Figure 6 can all be
located on a surface in 3-space; i.e., a plot of E(z, w) vs. z and
w. Hawkins’ calculations suggest that this surface is essen-
tially a flat-bottomed bowl with the planar eclipsed confor-
mation, IX, in the center and the other eight conformations
arranged in roughly a circle around the base. Thus the orien-
tation of a given substituent (H or CH3) on the N or C atom
is readily interconverted among several conformations, each
having a different dihedral angle between coupled nuclei.

The data for the 10 glycine chelates fit this model reasonably
well, with observed J values lying close to those expected for
such a surface. Deviations can be attributed to modifica-
tions of the energy surface.

Dreiding models were used to estimate w, z, and the appro-
priate dihedral angles between Pt and H or H and H for the
nine conformations shown in Figure 6. Values of the cor-
responding coupling constants were calculated assuming a
cos? ¢ dihedral angle dependence and Jigns €stimated from
the literature or from the data for N-coordinated species.!”
Average values for the nine conformations were calculated
and are given in Table IV.

Conformational Implications of 3%, ; and *Jiz;;. The
37 values calculated for this simple model generally lie within
the range of values observed for these 10 complexes. Devia-
tions from the average values can be taken as evidence for
some preference for particular nonplanar conformations. In
assessing the conformational implications of the nmr data, it
should be recognized that the dihedral angles responsible for
variation in *Jpyp, *Jrp, and *Jpigy will be similar for a
given substituent in III, IV, V, and VI and in VII, VIII, I, and
II. An intermediate value will be found for IX. Thus, it is
only possible to state with confidence that there is some
(usually slight) preference for conformations I1I-VI or VII-II.
For simplicity, conformations I and V will be used to illus-
trate the conclusions but it should be emphasized that these
are only representative of the range of conformations VII-II
and III-VI. Excluding the four compounds which have a
plane of symmetry, there are six compounds to consider.
Conformational preferences for the six are summarized in
Table V. The arguments which led to these conclusions are
elaborated below.

The six compounds can best be considered in pairs, in in-
creasing order of complexity, beginning with the monometh-
yl species Pt(ala)Cl,” and Pt(sarc)Cl,”. The agreement be-
tween observed and calculated values for 3/i;_y for Pt(sarc)-
Cl,™ argues for very little conformational preference for the
glycinate ring. However the small difference between *Jpy g
for the two methylene protons requires a slight preference
for conformations in which N-CHj is pseudoaxial. By con-
trast, for Pt(ala)Cl,™, the comparatively small value for *Jp, g

(17) I. L, Sudmeier and G. Occupati, J. Amer. Chem. Soc., 90,
154 (1968).
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Table V. Conformational Preferences of Glycinate Chelates

Compd Preferred conformn indicated by nmr data
0
CH4
Pt(sarc)ClL,”
0
CHx
Pt(ala)Cl,”
Q CHz
CHz
cis-Pt(meala)Cl,”
Q CHs
trans-Pt(meala)Cl,”
CHz
Pt(dmala)Cl,” Puckered; planar eclipsed form insignificant;
no significant preference for puckering
in either sense
Pt(meaba)Cl,” Puckered; planar eclipsed form insignificant

(28 Hz) requires preference for the conformation in which
C-CH; is pseudoequatorial.

The tendencies suggested by these data are more pronounc-
ed in the two isomers of Pt(meala)Cl,”. For the cis isomer,
unfavorable interaction between eclipsed N-CH; and C-CH,
is apparently relieved most effectively by puckering in the
sense suggested by the monomethyl derivatives; i.e., with the
C-CH; pseudoequatorial and the N-CH; pseudoaxial. This
reduces 3Jpygg and 3Jiz g from corresponding values for the
monomethyl species and indicates a greater conformational
preference than that of either Pt(ala)Cl,™ or Pt(sarc)Cl,".
However, for trans-Pt(meala)Cl,”, the large value of Jp, g
indicates a preference for conformations in which both CHj,
groups are pseudoaxial. Apparently, the gauche CH;-CHj;
interaction is too unfavorable to permit the C-CHj; group to
achieve its “normal” equatorial preference.

The equilibrium isomer ratio of trans- to cis-Pt(meala)Cl,”
(~8) gives an indication of the magnitude of the unfavorable-
ness of the CH;~CHj, interaction. For the cis isomer, puck-
ering in either sense fails to relieve this unfavorable interac-
tion; for the trans isomer, puckering in the preferred sense
provides that relief. If the rings were confined to the planar
eclipsed conformation, the energy difference would be expect-
ed to be comparable to that between the two eclipsed forms
of butane, which has been estimated to be 1.1-2.6 kcal
mol™! ¥ The free energy difference calculated from the
isomer ratio is AG®° =RT In 8 = 1.3 kcal mol'. In Co(III)
complexes of meala, unfavorable interactions with axial
groups produce essentially complete stereospecificity.!® By
contrast, for the N-coordinated species availability of one
rotamer which minimizes steric interactions for each isomer
makes the two species essentially equally probable.

For the two trimethyl derivatives, Pt(dmala)Cl,” and
Pt(maba)Cl,", the conformational situation seems to be sim-
ilar. The chemical shift difference between the two N-CH,
groups of Pt(dmala)Cl,~ is approximately the same as that

(18) K. S. Pitzer, J. Chem. Phys., 5,473 (1937).

(19) M. Saburi, M. Homma, and S. Yoshikawa, Inorg. Chem., 8,
367 (1969); D. A. Buckingham, I. E. Maxwell, and A. M. Sargeson,
ibid., 9, 2663 (1970).
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between the two C-CH; groups of Pt(maba)Cl,”. Since the
magnetic anisotropies of the C-C or C-N bond, which are
largely responsible for these differences, are similar,?®. the
average orientation of the lone methyl group with respect to
the pair of methyls on the adjacent atom must be similar,
For Pt(dmala)Cl,, the relatively small Jp,-y (27 Hz) can be

~ attributed entirely to the effect of the N-CHj3 groups and

preference for either extreme conformation is not significant,

*Jpi- and the Conformational Energy Profile of Glycinate
Chelates. On the basis of the data for N-coordinated species,
it seems reasonable to expect that there should be a signifi-
cant correlation between *Jp,_p; and the conformational
preference of C-CHj3 groups. The greater the pseudoequa-
torial preference for C-CHj, the closer the Pt-N-C-C-H moi-
ety approaches the favorable planar-W conformation?! and
the larger *Jp, g should be. If propeller rotation about the
C-CH; bond is assumed to give a similar average orientation
of CH bonds for all conformations and a cos® ¢ dependence
is assumed for the Pt-N-C-CHj dihedral angle (*Jpypg =8
cos? @), the average *Jpiy of the nine conformations shown
in Figure 6 is 3.2 Hz. Observed values for several compounds
lie close to this value, suggesting that the no-preference
model and assumed dihedral angle dependence is reasonably
sound. However, there are several discrepencies. The coupl-
ing in Pt(ala)Cl,” is immeasurably small in spite of evidence
(®Jpy-u) which shows clearly that the preferred orientation
of C-CHj; is pseudoequatorial. The two symmetric C-CHj
species, Pt(aba)Cl,” and Pt(dmaba)Cl,”, for which a preferred
orientation is ruled out have both one of the smallest (~1
Hz) and one of the largest (3.1 Hz) *Jpy_y; values. For the
pseudoequatorial favoring C-CHj of cis-Pt(meala)Cl,”, *Jpi-g
is less than for the pseudoaxial favoring C-CHj3 of trans-
Pt(meala)Cl,”. Finally, the data for (R,R )-Pt(meala)(NH,;);"
and of Appleton and Hall show clearly that *Jp, g decreases
much more rapidly with dihedral angle than the cos?® ¢ rela-
tion which was used in the above calculation. An alternative
interpretation does not require rejection of conclusions based
on *Jp, g values and provides additional insight into the de-
tails of the potential energy surface.

A model which can account for the wide variation in *Jpy_g
in these compounds is the following. (1) The three-dimen-
sional potential energy surface is featureless (i.e., shaped
like a flat-bottomed bowl) for chelated glycine and is only
tilted a little for monomethyl derivatives. (2) The energy of
the planar eclipsed conformation increases more than that of
puckered conformations (with either sense of puckering)
whenever methyl substituents replace H’s of both N and C.
The extent of this upward “dent in the bowl” increases with
methyl substitution. (3) *Jp,.g is very small (<1 Hz) for the
planar eclipsed conformation and for any conformation in
which C-CHj is pseudoaxial and reaches a significant value
(~6 Hz) only for relatively large dihedral angles (CH; close
to equatorial orientation).

In terms of this model, the effect of methyl substitution
is to decrease the contribution from conformations close to
the planar eclipsed conformation and, if the ligand is not
symmetric, to produce some preference for particular puck-
ered or envelope conformations. Thus *Jpyy for Pt(aba)Cl;
is heavily weighted by contributions from the planar eclipsed
conformation (*Jps_g < 1 Hz) while *Jpy_gy for Pt(dmaba)Cl,”
can be looked upon as an average over two equally probable
puckered conformations. For one of these, *Jp, -y (equa-

(20) J. 1. Legg and D. W. Cooke, Inorg. Chem., 4, 1576 (1965).
(21) A. Rassat, C. W. Jefford, J. M. Lehn, and B. Waegell,
Tetrahedron Lett., 233 (1964).
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Figure 7. Effect of methyl substitution on conformational energy
profile of Pt(aba)Cl,” and on *Jpi.y.

torial) = 6 Hz and *Jpt-u (obsd) = 1/2(6 + 0) = 3 Hz. This
is shown schematically in Figure 7.

The comparative effects of replacement of N-H protons by
CH; groups on 3Jp,_g; of CH, protons of glycine and ethyl-
enediamine complexes can also be understood in terms of
this model. The smaller relative decrease in 3Jpgy resulting
from methyl substitution on Pt(gly)Cl,™ reflects a greater
contribution from puckered species for which Jopeg =
Y 2(Jax T Jeq). Since this average value is greater than that
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expected for the eclipsed conformation, which is no doubt
more important for Pt(gly)Cl,", the decrease in 3Jpgy With
methy! substitution on N is somewhat less than for compa-
rable en complexes (39 to 33 Hz vs. 40 to 30 Hz). _

Clearly it would be desirable to test the conclusions re-
garding the conformational situation in these complexes by
energy minimization calculations. Such calculations are in
progress and will be reported when they are completed. We
have also begun to investigate effects of methyl substitution
of N-H protons of chelated 1,2-propanediamine (pn) and
2,3-butanediamine (bn) on *Jp, of C-CH; protons. If, as
our data indicate, *Jpygz of C-CH3 protons is a sensitive in-
dicator of the conformational situation of the Pt-N-C-CHj,
moiety, we might expect to observe sizable coupling in N-
substituted pn and bn, where conformational energy barriers
might be expected to be higher than they are in pn com-
plexes.?? The failure to observe long-range coupling be-

tween %Pt and C-CH; in pn complexes may indicate that

the preference for pseudoequatorial orientation for the CH,
group and the energy barrier to ring inversion may be much
smaller than generally assumed.?® Again the lack of axial
groups in square-planar complexes may be an important
factor,

Registry No. Pt(gly)Cl,", 17567-43-0; Pt(sarc)Cl, ",
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37047-42-0; Pt(dmala)Cl, =, 37047-43-1; Pt(aba)Cl, ", 21791-
02-6; Pt(meaba)Cl,~, 37047-45-3; Pt(dmaba)Cl, -, 37047-46-
4; P(gly)(NH,)s", 37047-47-5; Pt(sarc)(NH,);*, 37047-48-6;
Pt(ala)(NH;),*, 37047-49-7; (R,R)-Pt(meala)(NH,),*,
37047-50-0; (S,R)-Pt(meala)(NH,)5*, 37047-34-0; Pt(aba)-
(NH,);%, 37047-35-1; Pt(meaba)(NH;);*, 37047-36-2.
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