determined from the decrease in the total area of the
CH signal. This area is proportional to [2(H,complex)
+ (HDcomplex)]. Assuming that the over-all rate of
H, complex — HDcomplex is twice the rate of HD-
complex — D,complex, it can be shown that k., = k,/2.
Thus, k, = 2k, is somewhat greater than k. Since
deprotonation in D,0O invariably leads to racemization,
k, so calculated corresponds to k, in the above scheme.
The only condition under which &, could be as great as
k, would be if k;, > k;,’, so that inversion would in-
variably accompany removal of the first proton. If
H-1-Pt-L~ ever captures a deuteron, exchange occurs
without inversion. The fact that k,/k, = 0.7, rather
than 0.5, suggests that inversion of H-L-Pt-L ™ probably
occurs more than half of the time before a proton is
recaptured. This requires some preference for H-L-
Pt-p~ over H-L-Pt-L~, which does not seem unreason-
able in view of the higher symmetry of H-L-Pt-D~ with
its bulky, negatively charged CH,CH,CO, "~ groups on
opposite sides of the coordination plane. Unfortunately,
the complexity of the system precludes a more complete
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analysis, which could lead to relative values of k;, and
to the equilibrium constant for the reaction

2p-Pt-L & p-Pt-D + L-Pt-L

Attempts to study this equilibrium by observing the
relative areas under peaks of diastereoisomers in the
proton nmr spectrum® were also unsuccessful, since both
species had essentially identical spectra, even at 100
MHz!!

Measurably fast C-H proton exchange was also ob-
served in several other complexes at high pH, but diffi-
culties associated with maintaining constant pH made
it impossible to obtain data of comparable accuracy.
Nevertheless, the rate of exchange is comparable to that
of 3 and to other a-carbon protons of chelated amino
acids®~® for 1 and 2 as well as for Pt(L-Glu)Cl,%",
Pt(L-Asp),2~, and Pt(L-Asp)Cl,2".
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Abstract:

Rates of N-H proton exchange of 1 and 2 were determined (a) by analysis of line-shape changes of H,O

solutions at high pH and (b) by analysis of slow spectral changes of D,0 solutions at mid pH. The exchange reac-
tions are OH ™ catalyzed. However, intramolecular catalysis by acetate fragments is also important in the mid-pH

range.

Rates of inversion were determined by line-shape analysis of the acetate methylene AB quartet at high pH.

Inversion rates were found to be less than N-H proton exchange rates by a factor of 70. The rate of inversion of
the deprotonated nitrogen of Pt(NH;),(EDDA) was determined to be 105-106 sec™! at 39° on the basis of an
nmr-determined N-H acid dissociation constant, X, =2 0.01K,,. Activation energies for inversion of 1 and 2 are

14-16 kcal.

In an accompanying paper* we have discussed the nmr
determination of N-H exchange rates of Pt(Gly)Cl,~
and Pt(Sar)Cl,~. This paper reports similar studies of
two other amino acid complexes, 1 and 2. For these
complexes, asymmetry at the coordinated nitrogen also
permitted evaluation of rates of inversion and, therefore,
a comparison of the rates of N-H exchange and inversion
as reported by Buckingham, Sargeson, and coworkers
for Co(III) complexes® and by Haake and Turley for
Pt(II) complexes of N,N’-dimethylethylenediamine.®’
Compounds 1 and 2 differ from the glycine and sar-

M A portion of this work was reported at the 156th National Meet-
ing of the_Amerlcan Chemical Society, Atlantic City, N. J., Sept 1968.

(2) National Science Foundation Undergraduate Research Partici-
pant, summer, 1967.

(3) National Science Foundation Undergraduate Research Partici-
pant, summer, 1968.

(4) L. E. Erickson, A.J. Dappen, and J. C. Uhlenhopp, J. Am. Chem.
Soc., 91, 2510 (1969).

(5) References 1-4 of ref 4,

(6) P. Haake and P. C. Turley, J. Am. Chem. Soc., 90, 2293 (1968).

Conformational implications of nmr parameters, including Jp, —y, are also considered.

CH,CO,
+
NH NH NH N
3\ / 3 3\ / H
AN A
NH N NH, N
cfl, “CH,CO, CH,CO;
1 2

cosine complexes in another important respect. Both
have free acetate fragments which might be expected to
participate in intramolecular catalysis of N-H proton
exchange.

Since the EDDA complex has two asymmetric centers,
both meso and d,/ forms are possible. The two isomers
would be expected to have somewhat different spectra,
so as to permit evaluation of the isomer ratio. Signif-

(7) It should be noted that a similar study of KPt(Sar)Cl, was
unsuccessful because of rapid hydrolysis of the ligand in the critical pH
range.
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Figure 1. Proton nmr spectra of D,0 solutions at pD 7-9 showing

assignment of methylene AB quartets to major species and to
upfield and downfield side bands: (A) Pt(NH;),(EDDA); (B)
Pt(NH;)s(Sar)*. Dotted lines indicate calculated effective chem-
ical shifts for each quartet.

icant deviation of this ratio from unity would be expected
if the acetate fragments exhibit a strong conformational
preference. The conformational implications of *9°Pt—
'H spin coupling constants for both 1 and 2 have also
been considered.

Experimental Section

Preparation of Complexes. Sarcosinatotriammineplatinum(1l)
chloride (1) was prepared by heating KPt(Sar)Cl, with excess
concentrated aqueous ammonia (~10 ml of NHz;/mmol of com-
plex) and evaporating to dryness. Samples for kinetic runs were
prepared from a stock solution of this solid by evaporating an
amount containing 0.5 mmol to dryness and subsequently dis-
solving the solid in 1.0 ml of solvent, containing an appropriate
buffer or other reagent.

Pt(NH,),(EDDA) was prepared from H,Pt(EDDA)CI, by treat-
ment with excess aqueous NH3,® followed by titration with KOH
and evaporation to dryness. No attempt was made to isolate
H,Pt(NH,),(EDDA)CI,, which would have required subsequent
titration with KOH to yield a KCl-containing solution identical
with that obtained from H,Pt(EDDA)CI, without prior isolation.
The spectrum was identical with that of the product of the reaction
of excess ammonia with tetradentate Pt(EDDA).

Kinetic Studies. The procedures employed in solution prepara-
tion and kinetic studies were the same as those already described.*

Results

Analysis of Spectra of Pt(NH,),(EDDA) and Pt(NH,),-
(Sar)*. Spectra of D,O solutions of 1 and 2 at pD 7 are
shown in Figure 1. The spectrum of each compound
consists of a single AB quartet, flanked by Pt side
bands, for the acetate (ac) methylene protons and a
second absorption region at higher field for the ethyl-
endiamine (en) or methyl protons and their !°°Pt side
bands. For Pt(NH,),(EDDA) there is no evidence of

(8) C. F. Liu, Inorg. Chem., 3, 680 (1964).
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Figure 2. Central part of acetate methylene spectrum of 2 in
D,0 as a function of pD.
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Variation in spectrum of H,O solutions of 1 with pH
due to changes in rate of N-H proton exchange.

Table I. Proton Nmr Data? for Pt(NH;)s(Sar)*
and Pt(NH;),(EDDA) at pH 7

Configuration Parameter Pt(NH;);(Sar)* Pt(NHs),(EDDA)

NHxCH HzCO,~ Jap 16.7 16.4
Jax 8.0 4.2
Jex 4.9 6.9

NHCH, - cu, 6.1

PtINHCH,HECO,~ Jpi—u, 25 30
Jpi-np 55 32

PtNCH; th_cHa 37.2

PtNCH, Jpi—en— cH, 32.5°

NH;xCH,H;CO,~ 3,4 3.57 3.65
dg 3.49 3.44

NHCH, Scu, 2.76

NHCH, Ben—cu2 2.90

2 Spin coupling constants, J, are in Hz; chemical shift, 3, in
parts per million downfield from internal NaTMS. ° Average value
from side band splitting at high pH.

a second species, implying either (a) that the meso or
the d,/ configuration dominates or (b) that the two
species have almost identical proton spectra.’ The two
compounds contrast sharply in the appearance of Pt side
bands. For 1, the downfield side band is more spread

(9) A third possibility, that the interconversion of the two forms is
rapid on the nmr time scale, at pH 7, is ruled out by the subsequently
described kinetic results.
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Table II. Rate Constants for N-H Exchange and Inversion of 1 and 2 at 39° and Ionic Strength 1.0¢

pH meter k', =k/(OH"),
Compd, process Medium® reading(s) Method of analysis k, sec™! 1. mol~* sec™!
1, exchange KHP, D,0 5.65 Slow spectral changes 1.4 x 104 2.5 x 10¢
1, exchange Phosphate, D,0 6.25 Slow spectral changes 1.6 x 104 6.8 x 10°
1, exchange Phosphate, D,O 7.00 Slow spectral changes 3.3 x 1074 2.5 x 10°
1, exchange Phosphate, H,O 10.96-11.56 Line shape: CH; doublet 9-40 3.5 x 103
1, inversion NaOH, H,0 0.49-0.98 M NaOH  Line shape: CH, AB quartet 2844 50
2, exchange KHP, D,O 3.9 Slow spectral changes 9 x 10-4 9 x 10¢
2, exchange Borate, H,0 9.29-9.51 Line shape: CH; part of ABX 15-23 2.8 x 10°
2, inversion Phosphate, H,O 11.40-12.08 Line shape: CH, AB quartet  5.5-35 3.9 x 103

@ Except for inversion rate of 1, for which the ionic strength ranged from 1.0 to 2.0. ° Total buffer concentration was 0.05 M, except

for borate (0.025 M); complex concentration was 0.50 M and KCl was the inert electrolyte.

out than the parent quartet. This implies substantial
differences in Pt-H spin coupling to the CH, protons.
By contrast the side bands of 2 are almost mirror images
of the parent quartet, implying almost equal coupling
between Pt and the two methylene protons. Analysis
of the AB parent quartet and the ABX side band pat-
terns yielded the spin coupling constants (J,p5, Jp—ua,
Jp.—nup) and chemical shifts (84 and 8g) given in Table I.

Although the pH 7 spectrum of Pt(NH;),(EDDA) in
D,0O can be accounted for in terms of a single species
(d,] or meso), the presence of both configurations is
suggested by the slight splitting of the downfield com-
ponent of the two strong central AB lines. The splitting
increases at low pH where the acetate carboxyl groups
are partially protonated. The effect of complete pro-
tonation is to shift the methylene quartet downfield
about 0.5 ppm and to decrease the chemical shift dif-
ference between methylene protons to the point where
only a single peak is observed. However, as shown in
Figure 2, at pH 3.2, where only about one-half of the
CO,~ groups are protonated, the strong central com-
ponents of two overlapping AB quartets are clearly
visible. Since proton exchange rates are too slow at
low pH to permit a shift in the d,/~meso equilibrium
ratio upon protonation, this observation requires that
the two configurations are present in approximately equal
amounts for Pt(NH,;),(EDDA).1°

In H,O solutions at pH <8, spectra of 1 and 2 are
further complicated by spin coupling to N-H. As
illustrated in Figure 3 for 1 (pH 11.2 trace), the two
strong central lines of the CH, AB pattern are thereby
split into the four lines (two overlapping) expected for
the central components of the AB portion of an ABX
pattern (where X = N-H). Under these conditions, the
upfield CH, or CH, signals are also further split by
NH. A complete summary of spectral parameters is
given in Table I.

N-H Exchange Rates of Pt(NH;),(EDDA) and
Pt(NH;);(Sar)*. The effect of pH changes on the
appearance of the spectrum of H,O solutions of
Pt(NH,);(Sar)* is shown in Figure 3. Near pH 11.4,
the methyl doublet and its side bands collapse to single
lines. Simultaneously the CH, pattern collapses to the
AB quartet and Pt side bands characteristic of D,0
solutions. Similar changes in ac methylene absorption
are observed near pH 9.4 for H,O solutions of Pt(NHj;),-
(EDDA).

(10) This experiment required rejection of tentative conclusion a,
which was given in the earlier report of this work.!

Rate constants for N-H exchange of Pt(NH,);Sar*
were determined from the line shape of the CH; doublet
for several traces near coalescence.* It is of interest
that the minimum in the CH, doublet (6.1 Hz) disappears
at slightly higher pH that the more closely spaced pair
(4.7 Hz) and at slightly lower pH than the more widely
spaced pair (6.8 Hz) in the CH, pattern. This observa-
tion was employed to determine rate constants for N-H
exchange of Pt(NH,),(EDDA) where only the corre-
sponding four ac CH, lines showed changes that could
be used for quantitative evaluation of rates. The
separation between pairs of peaks that coalesced (3.0
and 5.5 Hz) was considered to be the doublet splitting
for calculating line shapes from which T near coalescence
was determined. 7, values for calculation of spectra
were determined from line widths of low pH traces and
were generally taken to be about 0.5 sec.

Values for k., and for k.,/(OH™) = k.,’, obtained by
this approach, are included in Table II.  Pt(NH,),(Sar)*
data were obtained for 0.05 M phosphate buffer solutions;
Pt(NH,)EDDA) data, for 0.025 M borate buffer solu-
tions. Preliminary runs in unbuffered systems indicate
that the presence of the buffer has no significant effect
on the observed rates in the pH range studied.

Intramolecular Catalysis of N-H Exchange of 1 and 2.
After determining proton exchange rates for 1 and 2
from line-shape changes at high pH in H,O, some runs
were made at pH 4-7 in D,0, assuming that the rate
would be decreased sufficiently to follow the slow spectral
changes resulting from N-H replacement by N-D, -as
reported for Pt(Gly)Cl,™, etc.* However, for both 1
and 2, low-pH exchange rates in D,0 were considerably
greater than expected on the basis of the second-order
rate constants for OH™ catalysis determined at high
pH. If the rate law is

rate = k,(N-H) = [k, + kop-(OD7)IN-H) (1)

a plot of k., vs. (OD7) should be linear with slope
kop- and intercept k,., the first-order rate constant for
the intramolecular process, presumably catalysis by
acetate fragments. Treatment of the data for 1 in this
way vyields k,. = 1.3 x 107% sec™! and kgp- = 1.6 %
10% 1. mol~?! sec™?, as compared to 3.6 x 10% 1. mol~!
sec™! for koy- at high pH. For 2, only one experiment
at low pH was completed (pH 3.9). Assuming negligible
contribution from OD ™ catalysis at this pH, k,. = 9 x
1074 sec™ 1.

Inversion Rates of Pt(NH,),(Sar)* and Pt(NH,),-
(EDDA). At high pH in both D,0O and H,O, the

Evrickson, Fritz, May, Wright | Pmr Studies of Pt(II)-Amino Acids
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Figure 4. Variation in spectrum of D,O solutions of 2 with pH
due to changes in rate of inversion at coordinated nitrogen.

methylene AB quartets of 1 and 2 collapse further to
single lines, flanked by Pt side bands.. Changes in line
shape near coalescence, illustrated for 2 in Figure 4,
confirm the earlier cited spectral assignments. For 2,
side-band and parent ac methylene quartets all coalesce
at approximately the same pH. By contrast, for the
ethylene portion of the spectrum, the downfield side-band
collapse precedes the collapse of the parent AA'BB’
pattern, while the upfield side band collapse follows it.
Similarly, for 1, the compressed downfield side band
(Figure 1) collapses before the parent AB quartet while
the more spread out upfield side band collapses after
the parent quartet.

Inversion rates were determined from line shapes at
pH values near coalescence of the AB quartet. The
equations of Alexander!! as employed by Biffin, et al.,!?
were used for calculation of line shapes for comparison
with observed spectra. A rate constant for the inversion
process, I.e., for the process designated by eq 2, was

N-H :(_—>'_ H-N @
calculated from t for each trace (k;,, = 1/2t) near
coalescence, where 1 values were assigned by matching
observed and computer-generated spectra.

The second-order rate constants k;," = k,,/(OD7) or
k;,/(OH™) given in Tables II and III were determined

(11) S. Alexander, J. Chem. Phys., 37, 967, 974 (1962).

(12) M. C. Biffin, L. Crombie, T. M. Connor, and J. A. Elvidge, J.

Chem. Soc., B, 841 (1967).
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Table III.  Temperature Dependence of Inversion Rates
of 1 and 2 in D,0O
pH (meter) range k',
Compd £°C or(OD"), M kin, sec™! 1. mol~1* sec™!
1 39 0.56 21 38
1 45 0.56 36 65
1 48 0.56 41 73
1 51 0.56 48 85
1 53 0.56 54 97
2 24 12,51-12.78 16-27 1.1 x 103
2 39 11.40-12.08 5.5-35 3.9 x 103
2 50 10.96-11.37 18-27 11 x 10®

Table IV. Activation Parameters for Inversion of 1 and 2
Compd E,, kcal AH*, kcal/mol AS*, eu
1 14 + 2 13.4 -8+ 7
2 16 + 2 15.4 +8+7

as the slopes of plots of k;, vs. (OD7). At least four
different pH values were used for each plot. Data are
reported for H,O solutions of 1 and D,O solutions of
2. However, a single value determined for a D,O
solution of 1 (Table III) and earlier work* suggest that
very similar results would have been obtained in either
solvent.

Activation Energies. Arrhenius activation energies for
the inversion process were determined from the tem-
perature dependence of k;, . Since the pH meter
reading and K, also vary with temperature, changing the
temperature of a single sample produces a very rapid
change in both spectrum and measured pH with a
resultant very large uncertainty in k;,’ at each tem-
perature. Therefore, for 2, traces were recorded for
separate samples over a narrow pH range near coales-
cence at each of three temperatures, and k,,’ for each
temperature was calculated as the slope of the ky, vs.
(OD ™) plot. For 1, where the (OD ™) was 0.56 M, and
therefore almost independent of temperature, the change
in line shape of the AB quartet was used to evaluate the
rate at several temperatures using a single sample which
was below coalescence at the lowest temperature investi-
gated. The data obtained in this way are summarized
in Table 111 and the resultant activation parameters are
given in Table IV,

Discussion

Comparison of Inversion and Exchange Rates. In
contrast to the Pt(II) compounds studied by Haake and
Turley, for 1 and 2 the rates of N-H exchange sub-
stantially exceed the rates of inversion. The ratio of
koy- to k;,’ at a given pH is about 70 for both com-
pounds. A summary of available literature data for
Co(III) and Pt(II) complexes is given in Table V. The
10%-fold variation in koy-/ki," = r for the seven com-
plexes can be attributed to either (a) unusually large
koy- for the complexes for which r is large, (b) unusually
large k;,’ for complexes for which r is small, or (c) some
combination of a and b. The following analysis suggests
that factor a is responsible for the variation for at least
some of the complexes.
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Table V. Rate Constants for N-H Exchange and Inversion of Metal-Coordinated Nitrogen Donors
Complex kou-, 1. mol~tsec™! k', l.mol~1sec™? r ks Ref
Pt(NH,)3(Sar)* 3.5 x 10° 50 70 This work
Pt(NH;),(EDDA) 2.8 x 10% 3.9 x 103 70 6 x 10° This work
Pt(NH3)2(N,N’-dmen)?* 4 x 10* 4.6 x 10° 10 5 x 105 b
Pt(bipy)(N,N’-dmen)** 1.3 x 107 4 x 108 3 g
Co(NH;)4(N-meen)3+ 1 x 107 1 x 102 108 4
Co(NH,)(Sar)** 6 x 107 2 x 104 3000 ¢
Co(NO;),(N-meen), * 1 x 10* 1 x 10° 10¢ €

¢ Probably significantly less reliable than other values given.

89, 825 (1967).

If we assume that the mechanism of inversion is as

k
N-H + OH- == N:- + H;0 3)
k2
_ k3 -
N:- 5N @)

given in eq 3 and 4, where N: ™ represents the deproton-
ated nitrogen, the rate law for inversion can be written
as in eq 5, where k; is the first-order rate constant for

rate = k;,(N-H) = k;(N:7) %)

inversion of the deprotonated nitrogen. From (5), it

follows that
kio/(OHT) = k' = k3K, /K, (6)

If we further assume that kqy- values can be related to
N-H K, values for the series by a simple Bronsted
relation,!? i.e.

kow- = G(Ka)B (M
where G and B are constants, it follows that
r= kOH'/kinl = KwG(Ka)B-l/kS (8)

Equation 8 requires that r depends on both &, and K,
as well as on the constants G and B. For example, if
ks is constant for a series, r should decrease as K,
increases, since B is typically <1; i.e., the ratio should
be smallest for the most acidic complexes.

Values of K,/K,, for 2 and Pt(NH,),(N,N’-dmen)?*
(0.007 and 0.01, respectively) have recently been obtained
from the effect of high OH™ concentrations on chemical
shift of ligand protons.!* These have been used to cal-
culate the k, values from eq 6, which are given in Table
V. Since K, and k;, are essentially equal for this pair,
the factor of 10 difference in » must be attributed to a
failure of the simple Brensted relation to hold precisely.
This is certainly not unreasonable, but it does seem
surprising that OH™ is relatively more effective in re-
moving the proton from 2, which has protruding nega-
tively charged acetate fragments, than from Pt(NH,),-
(N,N’-dmen)?*, which has a net positive charge and no
acetate fragments. The recent isolation of potassium
salts of Co(III) complexes of chelated amino acids from
liquid ammonia-potassium amide!® suggests that Co-
(NH,),(Sar)** should also be fairly acidic in water. For
example, if X, = 0.01K,,, k; = 10°-10%, comparable to

(13) R. P. Bell, “The Proton in Chemistry,” Cornell University
Press, Ithaca, N. Y., 1959, p 160.

(14) To be described in detail in a subsequent publication.

(15) G. W. Watt and J. F. Knifton, Inorg. Chem., 7, 1159 (1968).

Revised value will be included in ref 14,
A. M. Sargeson, and K. R. Turnbull, J. Am. Chem. Soc., 88, 4630 (1966).
¢ D. A. Buckingham, L. G. Marzilli, and A. M. Sargeson, ibid., 89, 3428 (1967).

b Reference 6. °B. Halpern,
4D. A, Buckingham, L. G. Marzilli, and A. M. Sargeson, ibid.,

R R
H H
MESO
Figure 5. The two possible configurations (d,/ and meso) of
Pt(NH,),(EDDA). R designates CH,CO,".

[ofF3 H3
He

AXIAL

EQUATORIAL

Figure 6. Conformational representation of Pt(NH;),(EDDA)
looking down one of the ac-carbon-nitrogen bonds, Axial and
equatorial refer to the conformation of CH,CO,~ fragment with
reference to the en ring.
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Figure 7. Rotamers of Pt(NH;);(Sar)*.
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the values obtained for the two Pt(II) complexes. Fur-
ther consideration of differences in r for the seven com-
plexes will be possible when K, values for more of them
have been determined.'*

The values determined for k; for these Pt(II) com-
plexes are very similar to rate constants for inversion of
several other tertiary amines, including piperazines'® and
acyclic amines,!” among others.!® Haake and Turley
proposed a pseudo coordination number 5 transition
state for the inversion of Pt(II) complexes.® However,
the similarity between rate constants and activation
energies for inversion of Pt(II) complexes and organic
amines suggests that the inversion process is similar in
the two kinds of compounds and that there is no experi-
mental basis for the proposed transition state.

Conformational Implications of Spectra. meso and
d,l configurations of 2 have been shown to be equally
probable and to have essentially identical spectra. Both
conclusions can be accounted for in terms of the con-
formational preference of the acetate fragments. As
shown in Figure 5, the 4,/ configuration should pre-
dominate if acetate groups strongly prefer either the
axial or the equatorial conformation, since both acetate
fragments can be so located in the d,/ configuration. On
the other hand, if the acetate groups exhibit no prefer-
ence for axial or equatorial conformations, both 4,/ and
meso isomers should be equally probable. Therefore,
the observation that meso and d,/ configurations are
equally probable implies no preference for axial over
equatorial conformation and accounts for the close simi-
larity in spectra of the two configurations at mid pH.!®
Similar arguments have recently been used to account
for the fact that a single species, presumably the one

(16) J. J. Delpuech and Y. Martinet, Chem. Commun., 478 (1968);
J. L. Sudmeier and G. Occupati, J. Am. Chem. Soc., 90, 154 (1968).

(17) M. Saunders and F. Yamada, ibid., 85, 1882 (1963).

(18) J. J. Delpuech and M. N. Dechamps, Chem. Commun., 1188
(1967); F. A. L. Anet and M. A. Brown, Tetrahedron Letters, 4881
(1967); J. E. Anderson and J. M. Lehn, J. Am. Chem. Soc., 89, 81
(1967).

(19) In terms of the Corey and Bailar conformational designations,
k and k’ conformations of the en ring are energetically comparable for
both d/ and meso configurations. See E. J. Corey and J. C. Bailar, Jr.,
J. Am. Chem. Soc., 81, 2620 (1959).
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with methyl groups trans, is observed in the nmr spectrum
of Co(NH,),(N-methyl-L-alanine)?*.2°

Information about the preferred rotational conforma-
tion of the acetate fragments of 2 can also be inferred
from the spectra. Figure 6 shows a projection of the
structure onto a plane perpendicular to one of the ac
carbon-nitrogen bonds. Since a given acetate fragment
can be either axial or equatorial, six rotamers need to be
considered, three rotamers (as shown in Figure 7) for 1
for each conformation. The approximate dihedral angle
dependence of vicinal platinum—-proton coupling con-
stants of Pt-N-C-H fragments has been established with
Jirans = 60 and J,,.,. = 10 Hz.2' These values and
Jirans = 11 and Jyg,. = 3 Hz for vicinal proton—proton
coupling constants®? indicate about a 1: 2:1 distribution
among the three rotamers for each conformation, that
is, such a distribution yields Jp,_y, = Jp,—uyg = 35 Hz
and J,x and Jgx = 7.0 and 5.0 Hz. The values found
for Jp,_y are 30 and 32 Hz; for Jiy, 7.2 and 4.4 Hz.

Similar arguments require that 1 has a strong pref-
erence for rotamer C (Figure 7). In rotamer C, the
methylene proton designated Hg is trans to Pt and
gauche to Hy, corresponding to the observation that
the methylene proton which is coupled more strongly
to Pt is coupled less strongly to Hy. It should be
emphasized that knowledge of proton coupling constants
alone would not have indicated which methylene proton
is coupled more strongly to N-H. Therefore, it would
not have been possible to determine whether B or C is
the preferred conformation.
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