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ABSTRACT

Due to recent intereét in the role of heavy metals in
enzymes, oxygen-carrying molecules, and anticarcinogenic compounds,
the study of metal-protein bonding has assumed a new importance.
Studies have'been made utilizing platinum compouﬁdﬁ as anticarcino-
genic agents in several different types of cancerous activity. No
study of thc-ﬁecbanismp£y which PA(II) and PL(Il) compounds exhibit
_anticarcinogenic properties has been made to date.:

The purpose of this research was to investigate the nature
ef bonding p} PA(I1) end Pt{1I) Qith various dipeptides, which were
chosen in this study as a basic unit of protein-like material.

These camponnﬁs have the advantage of kKaving the bonding sites of
larger peptides. An amino group, peptide~linkage carbonyl and amide
grouy, and carboxyl group are available for bonding with metal ions
to form complexes., The ﬁosition of the doror atons on dipeptides
allow sterically for the formation of two five-membered rings in a
complex when other conditions are suitable.

When PdBr2 was refluxed in acetone with a dipeptide,
-dBra{XK)a {where XX is a dipeptide) resulted. Rending of the dipep-
tide to PA(IT) was through the amino nitrogen atom. Analogous com-

pounds were found to result when PtCl2 was refluxed in acetone with
a dipeptide.

Kgpdﬂlﬁ afforded a source of PA(1I) in which the dipeptide
could funetion as a bidentaste or tridentate ligand. At a pH near

13,0 the dipeptide was bound to PA{II) through the amino and depro-




tonated nitrogen atoms. At a pH near 7.0 the carboxylate oxygen of
the dipgptide was also bonded to Pd{Il). Infrared measurement showed
that the Amide I band of the dipeptide had shifted at least S0 cm-l
to lower energy upon coordination of the peptide nitrogen to PdQI;).
Flectronic studies.indicatéd that the A{max) was at a minimum when
the dipeptide was acting in a tridentate mode. There was a red
shift when the hydroxide ion replaced the carboxylate group in the
coordination sphere at pH values near 13.0. Nuclear magnetic
resonance spectra indicated tridentate behavior of glycylvaline with
PA(I1) at pD 7.11 but showed detachment of the carboxylate group
from the coordination sphere at pD 13.06.

Infrared analysie showed that there was no reaction of Pt(IIj
with the peptide lirkage when Ka?t614 was used at the Pt(II) source.

Zeise's salt was used as & third source of Pt{11). Infrared
analysis, molecular weight determination, and elemental analysis
indicated fissjon of the peptide bond and formation of compounds of
the formula (GaﬁéPtCIX)z, where X is an amino acid residue from the
dipeptide reacted with Zeise's salt. Both residues of each dipep-~
tide, ValVal, VallL:u, and LeuVal, were incorporated in the product
of Zeise's salt and the dipeptide. Infrared snalysis indicated’
N-trans—O-trans of the donor atoms of the amino acid residues with

respect to ethylene in the ValVal and LeuVal products, whereas Val-

Leu gave an N-trans——N-trans product.




Dedicated to Jann, ms' best half.
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CHAPTER I
INTRODUCTION

Due to a recent interest in the role of heavy metals in
enzymes, oxygen-carrying molecules, and anticarcinogenic compounds,
the study of metal-protein bonding has assumed a new importance.1’2‘3
Studies have been made utilizing platinum compounds as anticarcino=-
genic agents in several different areas. These researches with

platinum have been done on a pragmatic basis with no mechanistic

studies performed to date.

This research was conducted in order to investigate the
nature of bonding of Pd(II) and Pt(II) with various dipeptides,
which were chosen in this study as a basic unit of protein-like

material. These compounds have the advantage of having the bonding

sjites of larger peptides. An smino group, reptide linksge cardbonyl

and amide group, and carboxyl group oxygen are available for bonding

with metal ions to form complexes. The position of the cdonor atoms

on dipeptides sllow sterically for the formation of txo S-membered

rings in a complex when other conditions are suitable. The confor-
mation of a dipeptide will allow it to act as a ligand. Of signifi-

cant interest is the position of boading by the metal to the peptide

linkage ~-CO~=NH-~. Of the commercially available dipeptides, only
L-amino acid residues were chosen. In this study dipeptides are

written in abbreviated form., For example, glycylglycine, L-leucyl-
e valine are referred to as GlyCly, LeuLeu,

IL-leucine, and Levalyl-L-
1
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2
and ValVal, resrectively, with no reference to spatial configuration.
Compounds made from Zeise's salt and a particular dipeptide are
given labels aﬁch a8 ZS~-VV on spectra listed in figures in the
appendix. Pd(II) fprms a series of complexes with dipeptides that
are pH dependent. These are desigrated in tables and figures in a
form such as "PA(II)-GV at pH 7.11%. This refers to the particular
species presént when KanClh is reacteﬁ with glycyi-vaaiipe at pH
- 711, : A ¥

The conformation of Pd(II)-dipeptide complexes at acidic
and basic pH values as well as the various donor atoms to Pd(II)
were investigated in this research. The conformations of P4a(Il)-
dipeptides at neutral pH¥ values and Pd{II)wtriﬁeptides gt neutral
and basic pHB values has already been investigated by use of circular
dickroisn spectrascopy.’*’5 However, circular dichroisam specira run
in thz research presented here on -Pd{1I)~dipeptides at basic pH
values were fundamentally different from those obtained at tasic pH
values from Pd{II)-tripeptide complexes by Pitner, Wilson, and

3

Martin.

Novel dimer compounds in which Pt(IX) of Zeise's salt,
X E02543'013'P3» fissioned the peptide linkage of ValVal, Valleu, and
LeuV¥al were synthesized and characterized in this work. Two new
compounds, PdBr,(ValVal), and PtCl,(ValLeu),, in whick the dipep-
tides were bonded to Pd(II) and Pt{II) in a monodentate mode were
synthesized, No compounds resulting from a reaction of Pt{II) and
a dipeptide were found in a research of the literature.

Infrared anal}sis was used to determine donor atom attach-

ment to P4()YI) and Pt(II). In some Pt(II)'compauada infrared

,._._.w..,:‘:‘ e 2 ST
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analysis was also used to determine relative cis- trans~ stractures. k
§

Molecular weight determinations were made on Pt{(Il)-dipeptide com-

pounds that were_formed from Zeise'é salt and a dipeptide. Nuclear Ht
magnetic resvnante spectra, gltraviolet-visible spectra, and circular i}
dichroism spectra were run on solutions of Kan614 and various
dipeptides to investiggte whiéh bonding atoms were c¢oordinated to 4
Pd(II} and which particular conformations were present at various
PH values. FElemental analysis was performed on Pt(II) and P4d(II)

compounds to help determine structures and to indicate alternate

methods of synthesis.

AR e T e L An L

HISTORICAL BACKGROUND

In 1950 Klotz, gﬁ-g&.ﬁ suggested that dipeptides coordinate.
with Cu(II) only with termimal carboxylate and amino groups, givirg

rise to polymers as indicated by formula I: :i‘

o 0 ]
il il
=L ' e s e ® NH;z~ :
\Cu/ \Cu/ E;
.uPQN’/// \\\\owwcmm—-~H2N//// \\\\\oh”ﬁm
L 0 0_|
1

Manyak, et it pictured the complexes of glycylglycine

r with Cu(Il), Co(III), and ni{1l) as-involving interactions at the

amino nitrogen, peptide nitrogen, and the carboxylate group.




Dobbie and Kermacks studied the general features of the
reaatién of Cu(II)} with peptides in aqueous solution by means of
poténtiometric‘and visible spectrophotometric measurements. They
indicated the sites of coord;natidn to be the amino ni;rogen and
the deprotonated peptide nitrogen.
Datta, Leberman, and Rabing_made_potentiometri; studies of
complexea.of'ﬂi(II), Co{l1), Ca(lI), and Zn{)I) with dipeptides and
related compounds. Coordination wes postulated to be at the amino
nitrogen and pepti&e oxygen.

Li, et giglo stated that the coordination sites of glycyl-
glycine, glycylglycylglycine, and glycylglycylglycylglycine toward
Co{II) are probably the terminal amino group and the immediately
&djacent peptide oxygen. Irnfrared sPeétra were taken in ethanol.
The {requesncy of the Amide I band, due mainly to carbonyl stretch of
the peptide linkage, was lowered. They proposed'that the Amide I
tand would occur at higher frequency if coordination had taken place
at the peptide nitrogen. The formation constants of Co(II) conm-
plexes with the three glycyl peptides are sbout the same. This
wéuld seem to indiﬁate’that the carboxyl.group_is not involved in
bonding since the complexes would be 8, 11, and lb-membered, respec-

tively. Therefore, the formation constants would not be in the sanme

Ordei‘-
Penland, et‘sl.ll analyzed the infrared spectra of urea with

several metals. Their analysie indicated metal-to-nitrogen bon&ing
with Pt{I1) and PAa(II), and metal-to-oxygen with Cr(IIl), Fe(lII},
Zn(11), Cu(II). Similarities between Zn(II) and Co(II) led Li and

co-workers to believe that the peptide oxygen and not the peptide

=
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pitrogen was used in the cocrdination of peptides to Co(II).
Koltun, ggngﬁala reported that Cu(GlyGlz)+ iq.prdbahly
associated with the amino nitrogen and with the peptlde oxygen.
gim.and Hartelll3 studied Cu(Il) complexes of glycylglycine
at various pD values by ﬁeans of infrared,and_visihle-spectrbs-
copies and by potentiometric titration. They postulated structure

1 2t low pD values:

____ % R
!.
ot SN

N cu/ \?H’"
/ \o/c:'::o

Hz0

At higher pD values, structure I1 was indicateds

(;..____ N ‘Hal‘E /CH----C
\
/ c:H2 I < T
| c:':::.o / —
/ \\0 /

Hznw

. i

11
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6
Since the bond order of the peptide carbonyl is lowered due
to resonance, a lowering of the frequency of absorption of the
Amide I band was postulatéd and found in structure II.

At still higher pD values, structure III was indicated:

I () Tt fuw O -
h&.wC}{““”"-CQ::hl i H hkqwCﬂiéﬁ‘**E£wﬁ |
ro b [ e,
,;{,gff ‘\\\\\~ (:::C) | 7 ' c=0
FK)#KT//, ﬁ\\\\\(f,
111

The infrared absorption showed no frequency changes in the
carbonyl region of thLe spectrum with the loss of a proten from

structure II to form structure ITI.

Yhen the ligand-to-Cu(II) ratio is 2:1, other structures

can be drawn. One of these utilizes the peptide nitrogen and the

amino nitrogen as the principal donor atoms with carboxylate oxygen

atoms forming long bonds along the apical positions. This is shown :

3n structure IV:




0 X
, ?‘"‘C""?He
Ha? \c"u/ \fz
0= \N/ ' ,\Ng:HZ
Ha(!"*-c--é)
- 6 e
tIV

Datta, gﬁ_gl.9 made'potentiomeiric,studies on some Cu(II)
complexes of sarcosyl and leucyl ligande where the ligand-to-metal
ratio is 2:1. Two hy@rdgeﬂ_iops_per'ﬂu(II} were found for sarcosyl-
L-leucine, leucylglycine, and leucylglycylglycine. When the ligand-
to-metal ratio was 1:1, two acid ionizations per metal occured from
the complexes of the above peptides. Sarcosylsarcosine lost only
one hydrogen ion in the 1:1 combination, thereby giving credence to
the postulate that the second hydrogen ion tomes from the peptide
ritrogen.

Doran, et ﬁ&;lk constructed a molecular model based on the

following resonance structure:

o |
b { e I . H vy l
NH,CH,C=NCH,CO G =8> NH,CH, C~NCH,C OO0




' 8
They found that the peptide nitrogen and the carboxylate
oxygen could be used as coordination sites along with the amino
nitrogen. quever, if the amino nitrogen and the peptidé oxygen
were used, the carboxylate oxygen could not be used due to steric .
kindrance, |
Dissociation constants of glycylglycine, glycyl-L-alanine,
-glycyl-Luphénylalanine. glycyl-D~phenylalanine, and Lephenylalanyl-
glycine and stability constants of the Co(II) and Cu(II) complexes
of these ligands have been determined by potentiometric titration
by Biester and Ruoff.lS Variations in the stability constants
were discussed in relation to the structural differeénces in the
peptides. Substitution. on the carbon atom adjacent to the peptide
nitrogen produced small changes, thereas‘substitution on the carbon
atom adjacent to the amino group led to more pronounced changes in
the stability constant. Both electronic and stgric,effects were
produced by the structural changes. The variation in stability cen-
stents of‘camplexes can to some extent be ascribed to the clectron-
releasing or withdrawing character of the group attached to the
alpha~carbon; but steric interference may be more significant when
large side chains are preseant, especialiy when they are adjacent to
the yeptide bond.

6

Martin, Chamberlain, angd Edsalll found that solutions of
dipeptides such as glycylglycine in a ligandato-metai ratio greater
than 2:1 with Ni{II) when titrated gave two equivalents of acid in
addition to the hydrogen ion that could be neutralized from the

ligand alone. Solutions of glycylsarcosipe with Ni(II) gave no

indication of induced ionization caused by complexation. This




indicates the loss of a proton from the amide nitrogen in dipep~
tides not containing a sarcosyl carboxy~terminal residue. Hlue

complexes of Ni(II) with triglycine and tetraglycine turn yellow

upon titration of the amide hydrogens. Tetraglycine forms a 1:1

complex with Ni(IJ) which probably has adopted the square plapar
configuration upon induced ionization of the amide hydrogens. The
depratonateﬁ amide nitrogen falls further to the right in the
spectrochemical series than does the ordinary amide nitrogen.

Freeman, et g&.l? repdrted the structure of bis(biureto)
cuprate(II) tetrahydrate, 52[§u(NHCONHCONH}é]-- hﬂzo. The copper
atom in this complex is square~-coordinated by four amide ritrogen
atoms of the two biuret ligands. Two nitrogen atoms belonging to
neighboring compleres complete the usual elongated bonds above and
below the plane of the molecule.

Bryce and Gurd18 reported formatioa and jonization constants
for 1:1 Cu(II) complexes of glycylglycyl-L-alanine, glycyl-lL-
elanylglycine, L-alanylglycylglycine, and L-alanyl-Lealanyl-L~
alanine. They also reported visible absorption characteristics of
intermediate species.

Koltun, Roth, and Gurdla studied equiiibria between Cu(ll)
ions and diglycylsarcosine, triglycine, and glycylsarcosylglycine
by pbtentiométric titration. All the peptides except glycxlv
sarcosylglycine, vhich behaves like glycylsarcosine, foram complexes

with Cu(II) in which the first peptide bond hydrogen is displaced.

The potentiometric results, coupled with spectral and kinetic

measurezents on the rate of hydrolysis of B;nitrophenyl scetate by

complexes of the type CuGGOH“l with triglycine and tetraglycine




10
indicate that the addition of a third mole of alkali to 1:1 mix-
tures of Cu(II) with either of these peptides causes the ionization

of the second peptide bond hydrogen and not of—Hao from the coordi=-

nation sphere. A fourth mole of slkali added to tetraglycine

releases a hydrogen jon from the third peptide bond.

Blount, et g};lg crystallized (glyeyl-L~histidinato)Cu(II)
sesquihydrate from solution at pH 6.5, The copper atom has coordi-
nation number 5. The four closest donor atoms, which have an
approximately square planar arrangement about the copper, are the
amino~, peptide-, and imidazole-l-nitrogen atoms of one peptide
molecule and a carboxyl oxygen atom of another. The fifth donor
atom ¢of the square-pyramidal arfangement is the oxygen of a water
molecule. The copper also intéracts weakly with the second oxygen
atom of the carboxyl group to whick it is bonded. The additional
seni-molecnle of water participates in the hydrogen-bond network,

Michailides and Hartinzc reported that in the absence of

oxygen, glycylglycine undergoes a Co(Il)-promoted amide hydrogen

ionization near pH 10. TFor the 2:1 complex the two amide hydrogen

jonizations occur in a cooperative manner, ylelding a light blue

solution with a magnetic susceptidility of 4.1 BM. These results

and the absorption spectrum of the light blue solution suggest an
equilibrinm between high and low spin states in an octahedral com-

plex. Admission of oxygen to pink or blue solutions of octahedral

Co({II) complexes rapidly yields yellow or, at higher concentrations,

brown eolutions of binuclear oxygenated complexes. Depending on
the ligands, the complexes decompose at various rates to red mono-

nuclear Co(II) complexes. A mininmum of three nitrogen donors seems




11
to be required for the formation of éxygenated coxzplexes which are
necessary intermediates in the oxidation of Co(II) complexes by
molecular oxygen. The product Co(II) chelates appear to be derivead
from the binuclear oxygenated complexes hy filling the coordination
position voided by the departing peroxo group with an additional

. c¢helating group, if available, Otherwise, a hydroxo group will

substitute in the coordination sphere.
Tsangaris and Martinal showed that the magnitude of CD in E

Cu(II)~dipeptide complexes, Cu(X-X), may be accurately estimated by

adding the magnitude% of corresponding glycyl dipeptide complexes,

Cu{XG) and Cu(GX), indicating that the CD is an additive function

of independent contributions from amino and carboxyl terminal amino
acid residues. They found that hexadecant rule accounts for the
sign identity and ﬁagnitude of these complexes. Octant and quadrant
rules were not applicable. ’
Morris and Martinaz‘made Co(11) complexes of 18 dipeptides
which yielded four d~d transiti&ns: 1250, 1000, 610, ané 480 nm.
The first and third bands were assigned to the low-spin and the

second and fourth to the high-spin components of octahedral com-

plexes., Magnetic susceptibility and extensive titration results

were consistent with high-spine—low~spin eguilibrium. Large side

e s g L

chains on the carboxy terminal residue provided steric inhibition
to amide hydrogen ionization and oxygenation of the Co{11) com~ ;

plexes.

Viilson and Martinq reported the complexation of Pd(11) with

dipeptides with subsequent amide deprotomization. The spectra were

taken at mbout pH 6. They postulated bonding at the amino nitrogesa,




| 12
peptide aitrogen, and the carboxylate oxygen. Thé sum of the CD of
pd{6x)"L and Pa(xc)~Y were generally additive at 375 and at 320 nm.
Better addition results were obtained at the longer wavelength
band.

#ilson and Martin® identified four spin-allowed ligand
field bands in the solution e¢ircular dichroism of 2:)1 Nemethyl=L-
alsnine complexes of Cu{IX} and P4a(Il). Two spin-forbidden tran-
sitions were also reported in the PA(II) complex. Both wvicinal
effects of substituents and chelate ring conformation were stated
to contribute to the optical sctivity ip the ligand field bands of
N-methyleamino acids. -

Pitner, Wilson, and Martin5 showed a new circular dichroism
sign change from negativé to positive upon addition of base to the
quadridentate Pd(II) complex of glycylglyeyl-L-alanine. This was
identified as replacement of bound carboxylate by hydrcexide in the
tetragonal coordination plane. Nuclear magnetid-reaonance chemical
"shift nonequivalence of glycyl methylene protons observed in the
zwitterion form of L-alanylglycine does not occur in the terdentate
PA{11} complex, but appears upon displacement of the bound carboxy-
late group by hydroxide in Pd{en)(L-alanylglycine) where there are

four nitrogen donors around Pd(1I).
GENERAL STUDIES BACKGROUND

Infrared, circular dichroism, electronic, and nuclear mag-

netis resonance studies were performed on different compounds in

order to establish bonding sites and conformations. Background

material for ezch of these areas is presented in this section.

T IE Y, T GG e
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Infrared Studies'of Dipeptides

Studies show that primary and secondary amides exist in
the keto form and therefore show carbonyl absorption in the infra«
red spectrum. The freguency of this carbonyl absorption will

depend on the dipolar structure with which it can resonate:

O (9]
if é A
-—c---xr--— Rl ot ::?]m
H H

R gfoups attached to C and N will affect the absorption
frequency to some extent. ‘Phis absorption is called Amide I and is
a vibration of the whole peptide linkage. Tt is composed mainly of
a carbonyl stretching modes ‘however, it contains a contribution
from C-~N stretch and a small contribution from N-R deformation.

The freouency of the Amide I band'is dependent on the physical
state of the compound. Since it is affected by hydrogen bonding,
there ore fregquency shifts when passing from liquid to solid states.

Bydrogen bonding affects the N-H vibration; in concentrateqd
solutions both free and hydrogen bonded vibrations can be ohserved.
Dikctopiperazine shows five banda in the solid state, all of which
are believed to be associated with N-H stretching que5.23

The Amide I absorpition is at an appreciably lower freguency
than the carbonyl absorption of normal ketones due to the resonance

effect that is possidle in an amide. Contributions from form II of

AT o AT R
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the resuvnance structures above give the carbonyl éroup in an amide
& lower bond order than that of ‘the carbonyl group in a ketone.
Thié lowers the stretcﬁiﬁg frequency of the band.

The vapors of some of these compounds absorb at a much
higher frequency. The values suggest that the charged resonance -
form makes a smallef contribution in the vapor state than it does
in the so0lid state. '

Primary and secondary amides show another‘strong absorption
in the 1600-1500’cm'1 region, the ofigins of whishlare not defi-
nitely estaﬁlished. Therefore, it is not conclusive that the cause
éf-this band is the same for primary and secondary amides. This
band is called Amide II.

The intensity of the Amide II band is about one-half to one-
tbird that of the Amide I band. These Sands fall close enough
together in some cases for primary amides so that only one band is
observed. N-H deformation is likely io be the predominant factor
in the Amide II absorption for primary amides.

Research has been done on secondary amides which support
the N«H deformation =s the mode of vibration which is responsible
for the Amide II absorp_tion.zIt This includes the following:

1, Absence of the Amide II band in tertiary amides

2, Weakening of the band on deuteration

}.' Directions of frequency shift upon change of state

4., Polarization studies that indicate an in-plane N-H
deformation

Frazer and Pricezs assigned the Amide II band 25 a mixed

vibration of an out-of-phase combination of OCN and NH. The
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deformation of H 1s assigned to play a major part. They assigned
the corresponding in-phase mode that is primarily C-N stretch a=
the Amide IIT band, This band occurs in secondary amides in the
region 1305;1200 cm'l. It is usually weaker than the Amide I and
Amide II bands. The Amide III band has not been studied in great
detail.

There are two modes, Amide ]V and VI, that are of iittle

use for characteérization purposes. These are located at 620 cm'l

and at 600 cmfl, respectively, in secondary amides and are skeletal
modes of vibration. ) '

Mizushima et 35,26 have termed the out-of-plane NH defor-
1

mation that occurs near 700 c¢m = as the Amide V band., It is very

broad in the spectra of solids and concentrated solutions.

Folypeptides exhibit a common-pattern of bands, which are

as follows:
1. 3300 cm”lg hydrogen tonded N-H groups
2. 1680-1500 cm™'; Amide I and Amide II bende
%, Bands related to characteristic Re-group abserption.
The simple peptides have infrared structures that are com-
posed of bands from the peptide linkage as well as from certain R

groups, carboxyl and carboxylate groups, alpha-amino and protonated

»

alpha-aminc groups, and interactions from these groups. The zwit-
terion form +is important in Qipeptides, whick mekes the spectrum

more complicated than in some polypeptides.

X-ray studies have shown that glycylglycine is krown to

" 27
exist in opén-chain structure in the zwitterion form. ‘Thompson

28

et al. have shown that glyeylglycine has NH absorptions at 3300
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Gﬂﬁla.3080 cmwl‘ 1630 cm-l. 1575 cmnl, and 1240 Cﬂﬁld These bands - ‘
were indicated by deuteration studies. Thompson et 2£_28 gave the
firat two as N;H Btrutchiﬁg frequenciea and the 1540 cm'l band as
the Amide I band. The 1630 cam™ > and 1575 cm ' have parallals in #
the amino-acid I and II bands., {These bands are associated with
deformation of the NHS+—— group)f
The normal absorption for the peptide carbonyl (Amide I) E
band is 1655‘cm"1, Strong bands are found at 1608 cm"l and at ;
1400 cm'l, which are given the carboxylate {antisymmetric and
sygmetric) stretching modes as a probable assignment. [
The zwitterion structure is found to be less important in :
polyglycines. 'fhe 1400 qm-l band is aﬁsent in higher members., ,
There is a band at 3300 em™t that is assigned as an N-H stretching |

mode. All the polyglycines absorbed at 1015 10 cmﬁl. 1

Two groups of workers have studied mixed polypeptidesg3o‘31 o

The infrared spectra are similar but have interesting differences.

Glycine~leucine peptides show sbsorptions at 3400 cm'l, 3500 Cm'l,

PR S S SR

and 3380 ¢m'1. which indicates the presence of unbonded Rﬁa gEroups,
This suggests that the packing of crystals is such that some of the
NHZ groups are not hydrogen bonded.

The spectra of LLL and DDD peptides are alike but differ

from mixed forms. The differences mainly concern Amide I, Amide II,

and N-§ stretching modes.

Generzl Circular Dichroism Studies

To have optical rotatory activity a molecule will be devoid

of a center of inversion, a plane of symmetry, and an alternating
, : T ‘
rotation-reflection axis of synmetry. 2 The chromophore does not
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have to be a center of asymmetry in order that the molecule show
optical rotatory activity. A carbonyl group will show optical
activity in the ultraviolet region when located in a steroid that
has one or more asymmetric carbons. 4 c¢oordination complex that
possesses the proper asymmetry may rendef ligand field bands opti-
cally active,

‘Bryce and Gurézo feported.that all ionic species of glycyl~
L—alanylgiycing.ehow no extrema above 210 nm. Urry and Eyring}l
found that the ORD spectrum of L-histidine can be resvlved into
contributions from a positive Cotton effect centered at Z14% nm
attridbutasble to the n =i 117 electronic tramsition in the carboxyl
group, and a negative Cotton effect centered at 190 am due to some
other electronic transition in the amino or carboxyl group.

Pd{1I)~dipeptides show charge transfer in the electronic
spectrum starting around 275 nm, The cD peaks nearest this wave-

length are less reliable in terms of "pure" d-d electronic tran-

sitions.

General Flectronic Studies

PA{II) sguare-planar compounds do not usually yield a
detailed electronic spectrum. One peak is ordinarily observed.

Possible enerpgy level diagrams for P4(II) in D, sysmetry follow:

: | 2 2
T I — oy
.—.za w— XY ——

_— Xy - ——— X%y YZ
2
—_—— X%, ¥Z o XZy YT — 2
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The electronic structure will depend on the coordinating
ligand., If the symmetry is less than th thie degeneracy of the
dxz and dyz orbitals will be lifted. Three or four spin-allowed
electronic transitions are expected in the square planar arrange-
nent., The fourth electronic transition arises from the loss of
degeneracy of the Eg level (dxz, dyz).

The electronic transitions are not assigned within the
framework of LS couvling since this scheme does not hold very well
for heavy metals. The singlet-singlet giectrenic-transitions are
bégi described by an orbital =3 orbital method. For electronic
structure II1 the order of orbitals follows: zz(xz = Yzl Ly
(k?- ya. The following is the symmetry of these orbitals:
a'lg( eg(bzg( blg’ The electx"on transitions are described in

orbital form as follows:

The symmetry of the total electronic wave function is as followe:

1 _ y i

1 1
— B
Als 3

1 1
Ry = "By,

These electronic transitions are usually energetically similar and

form one peak of varying width.

e Gt il gy, £ 4 s

.
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General Buclear Magnetic Resonance Studies

Morlino and Martin32 studied 19 L~aminoacylglycine dipep~
tides. In most compounds the methyleme hydrogens of the glycine
residue absorbed as a singlet when in the cationie or-anionic form.
In the zwitterion form the methylene protons appeared magnetically
'nonequivalen§ ard farmed an A§ quartei. They were unable to find
any single unifying factor on the beta carbon that would account
far the magnitude of the splitting. The two methylene protons are
not related by a symmetry operationi; therefore, they are not equi-
valent and even rotation around the p;anar amide bond would not
make them so. The authors did not attach a great deal of signifi-

cance to rotamers as & cause of magnetic nonequivalence.

Nakamura and Jardetiky33 discussed the nonegquivasleunce of ;
the methylene protons in terms of the existence 6f preferred rota- . §
mers and of incomplete averaging of electric field gradienés in }
the presence of free rotation, They concluded that the oﬁserved i
noneguivalenae iargeiy reflects the restriction of rotation and
stated that this does not indicate a certein number af votaéeré
but rather "a range of probable and less probable rotamers'™.
Nakamura and Jardetzky reported chemical shifts of glycine methy-

lens protons (from DDS) in peptides as follows:

1. glyeylaminod acid cations 231.8 CPS
2. glycylamino acid zwittérion 228.8 CPS
3. glycylamino acid anions 199.0 CPS
4, aminoacylglycine cations 242.5 CPS
5. aminoacylglycine zwitterions 227.2 CPS
6. aminoacylglycine anions 225.0 CPS




CHAPTER II
EXPERIMENTAL
INSTRUMENTATION AND CHEMICALS

Infrared spectra were determined on Perkin-Elmer models 137
and 42) spectrophotometers. All samples were prepared for infrared
analysis in the KBr pellet form. Models 137 and 421 scanned 4000w
667 cn™! and 4000200 cm’l. respectively.

Circular dichroism and ult?aviolet spectra were run on a
JASCO J-10B spectrophotometer,

A1l nuclear magnetic resonance gpectra were recorded on a
Varian BA-1C0Q spectrometer.

A Fisher research model 320 Acumet pH.metér was used to
obtain pH and pD vaiues. For nuélear magnetic resocnance stadies a
microprobe combination glectrode (ecat. no. 13-639-92) was used for
samples as small és % ml. -For most other work a pH sensitive glass
electrode (cat. no. 13-639-3) and & calomel reference electrode
(eat. no. 13-639-51) were used. The electrodes were purchased
from Fisher Scientific.

All dipeptides were obtained from Nutritional Biochemicals
Cbréorntion, Cleveland, Ohio. PtCl, and PdBr, were supplied by
K and K Labaratories, Inc., Plainview, New York. KEPtCIA, DEO
(99.75% pure), a k0% solution of NaOD, end K E(CZ'HQ)Clﬁpt], were
purchased from Alfa Inorganics, Beverly, Mass. K, PdCl, was

obtained from Research Organic/Inorganic Chemical Corporation,
20
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Sun Valley, California._ All these chemicals were used without
further purification.
;1emqnta1 analyses and molecular weight determinations were

done by Schwarzkopf Microanalytical laboratory, Woodside, N. Y.

INSTRUMENTAL METHODS

Circular Dichroism Spectra

3 molar in each Pd{II)-dipeptide com~

Solutions 1.00 x 10~
plex were prepared by dissolving the dipeptide in about 50 ml of
wvater then adding KanClh3 Thé dipeptide and Kdeclk were added in
equal smounts of 1.00 x 10-# mole. The.solution was allowed to sit
for 1 hr to reach a minimum pH vai#c néar 3.0, The pH of each
sslutioﬁ was then set with HC1 or KOH solutions to values near.l.B,
7.15, 11.7, and 13.0. A fifth sampie with a.pH near 3.0 was made
with no adjustment with acid or base. Spectra were scanned from
500 to about 280 nm for each Pd(II)-dipeptide combination at pH
values mear 1.3, 3.0, 7.15, 11.7, end 13.0.

All circular dichroism data are shown as M versus A€{nm,

& ¢ is € —€q and is calculated as a molar quantity by the fol-
loving equation:

(1) (S)
g = (T)(dm)

S is the scale factor and was 0,002 for all determinaticns.
The concentration is given in terms of decimoles per liter (dm}. L
is the length of the light path in cem (a l-cm cuvette was used in
2ll determinations). H is the distance in cm from the base line to

the curve at any wavelength. A base line was runm every few samples.
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Stability of the base line depends upon the stability of the

instrument and the Xe-lamp light source.

Electronic Spectra

The electronic spectra of 1l:1 ratios of Kancin and of
éach dipeptide were run at pH values near 1.3, 3.0, 7.15, 11.7,
and 13.0. These were taken in conjunction with the circular

dichroism spectra.

Nuclear Magnetic¢ Resonance Spectra

The nuclear magnetic resonance spectra of GlyVal in zwite
terion form (pD 5.71) and of approxig&tely OC.1M GlyVal-K:PdClﬁ
solutions at pD values of 2.96, 7.11, énd 13.06.were determined.
These values were chosen to correlate with the pH values used in
the circular dichroism studies. Dzo was used as the solvent for
&8l samples. Tetramethylsilane served as an external reference.

A sweep width of 500 Hz with an offset of 80 Hz was employed.

pH was converted to pD by the following relationship:
rD = pH + 0.#1;5“ This relationship holds when the pH meter is
standardized with a reguvlar protonic buffer. If a deuterium
buffer system is used, the pH meter readings will be pd valués aﬁd
need no correction, By usipg a microprobe combination electrode,
PD values were determined for sample volumes as small as 2~3 ml.

GlyVal was prepared in zwitterion forms by saturating 3 =l
of 320 With.GlyVal; Grpenatein and Winitz}s related that pH
approaches pl (iscelectric pH) as the concentration of a simple

dipeptide increases. The pl of GlyVal is 5.71. A saturated .

solution of GlyVal gave a pH of 5.30 and a pbD of 5.71.

e

sy Lm



- 23
" Selutions of szdClkf-GlyVal were prepared by adding Gly-
Val {0.0174 g, 0.0001 mole) and then ?Czl’d('ﬂ,+ (0.0327 g, 0.0001 mole)

per ml of DBG' A pD of 2.96 was obtained for a 0.1 M selution of

the complex. Solutions were adjusted to pD vaiues of 7.11 and 13.06

by addition of & solution of XaOD in D,0.
PREPARATION OF COMPOUNDS

.Dibromohié(vaiylvaliné)paladium{II)

ValVal (0.108 g, 0.0005 mole) and PdBrE.(O.IEB g, 0.0005
mole) were refluxed in acetove for shout 24 hr, & yellow-brown
solution indicated that the reaction had gone tc completion. The
solution was filtered through fritted glass to remove excess ligand
or PdBr, and then allowed to’evaporate. It was extracted five
times into the ethyl acetate layer of an ethyl acetate-water mix-
ture. After drying, the precipitate wss redissolved in ethyl ace-
tate and reprecipitated by addition of petroleum ether. The com~
pound was again dissolved, precigitated, and placed in a vacuum
desiccator for 48 hr. Anal. Calcd for PdBrz(VaIVal)zz C, 24.37;
H, 5.78; Br, 22.86; N, 8.01; Pd, 15.23, Found: C, 34.50; H, 5.67;
Br, 22.66; N, 7.51; Pd, 15.60. mp: 153-157°C. Yield: 19%.

_Dichlﬁrobis(vaiyllencine)platinﬁm(II}

Ptclz_(0.133 g: 0,0005 mcle)} and Valleu {0.115 g, ©.0005
mole) were refluxed in acetone for about 24 hr, after which the
solvent attained a yellow color, indicating that the reaction was
essentially complete. The solution was slowly filtered to remove

unreacted or altered starting materials, then was gllowed to

ey e
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evaporate to dryness and was dissolved in ethyl acetate. Small
portions of the ethyl acetate solution were placed in a separatory

funnel and extracted three timea with water., The reaulting ethyl

acetate solution was allowed to evaporate to dryness and was redis-

solved in Ethyl acetate. The compound was precipitated from this

" solution by dropwise addition of petroleum ether. It was dissolved
and precipitated again before vacuum desiccation. Anal. Calcd for
ptC12(Va1Leu)2: c, 35.32; H, 6.08; €1, 9.76; K, 7.71; Pt, 29.72:
Found: C, 35.32; H, 5.72; C1, 10.51; N, 6,363 Pt, 29.72. mp:

174-280°C. vYield: 14%.

Potassium hydroxo(valylvalinato)p%llidate(ll) {Structure, p 27)
K2P601h(0}16§3 g+ 0.0005 mole) was added to 100 ml of Hao.A
ValVal (0.108 g, 0.0005 mole) was added to this solution. The
reaction mixture was titrated with O.1M KOE to pH 10.5, evaporated
to dryness in a “"rotovapor™ apparatus, then placed in a vacuum
deéiccator for 24 hr. Approximately 50 ml of 95% ethanol was added
to the flask to dissolve the complex and leave the KC1 that is dis-
placed by the ligand in the reaction. The solution was filtered
through a fritted glass funnel, evaporated to dryness, then tfeaﬁed
again with sbout 50 ml of 9% ethanol.
until the product gave a negative chloride test when treated with

0.1# of AgNO; solution. At this point it was assumed that the

ligands in the coordination sphere of Fa(I1) were hydroxo and the

dipeptide. The compound was precipitated by adding dropwise an

ethanolic scolution of product into petroleum ether. The product

was filtered, dissolved in 95% ethanol, and precipitated again by

TS R RN

This procedure was repeated
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adding dropwise to petroleam ether. It was then vacuum desiccated
for seven days_befare elemental analysis was performed. Anal.
Caled for K[OH(ValVal)Pd]: €, 31.89; H, 5.96; K, 10.%; N, 7.43;
Pd, 28.26. ¥Found: C, 37.82; H, 6.32; K, 6.28; N, 7.19; Pd, 25.19.

Dec: 205°C., Yield: 25%. s

Potassium hydroxo{valylleucinato)pallidate(II) (Structure, p 27)

The procedure for making this compound follows exactly that
for potassium hydroxo(valylvalinato)pallidate(II). KZPdCIh (0.1633
gy, 0.0005 mole) and ValLeu (0.115 g, 0.0005 mole) were used in this
aynthesis. Anal. Caled for'K[bH(?alLau)Pd]: C, 33.8: B, S.k33 ;
X, 10.01; N, ?.17; Pd, 27.25. Found: C, 35.69; H, 6.08; K, 6.65; !

W, 7.22; Pd, 24.97. Dec: 205°C. Yield: 53%.

Potassium hydroxo{leucylvalinato)pallidate(XI)} (Structure, p 27)

The procedure for making this compound follows exactly that
for potassium hydroxa{valylvalinato)pallidate(Il). K PdCl, (0.1633
g, 0.0005 mole) and LeuVal (0.115 g, 0.0005 mcle) were used in this
synthesis. Anal. Calcd for K[OH(LeuVal)Pd: C, 33.8; H, 5.43
K, 10.01; N, ?7.17; Pd, 27.25. Found: C, 35.68; H, 5.99; K, 5.633

¥, 8.67; Pd, 25.40. Dec: 220°C. Yield: 25%.

Potassium hydroxo{leucylleucinato)pallidate(II) (Structure, p 27)

The procedure for making this compound follows exactly that

for potaﬁsium'hydroxo(va}ylvalﬁhato)pallidate(II). K2P601“ {0.1633
g, 0,0005 mole) and LeuLeu (0.122 g, 0.0005 mole) were used‘in this

synthesis, Anal. Calecd for k{on(LeuLeuYpPd]: €, 35.6; H, 6.20;
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KA; -906?; N'f 6092‘ Pdg 26-31 Found: C, 36.12; H, 50“3; K. 6.21‘ v
N, 6.27; Pd, 24.32. Dec: 195°C. vield: 42%.

AN, - {N~trans-0-trans-va1inatn)-JL-(o—cis-N-cie-valinato)chluro
(ethene)vlatinum(ITI) {Structure, p 36)

Zeise's salt, K[}c2ﬂ4)6139£], (0.0714 g, 0.000185 mole)
was added to 200 ml of stirred water. Zeise's salt was allowed to
dissolve before ValVal (0.0k01 g; 0.000185 mole) was added. Needle-
like crystals began.to,form'over a 24-36 hr period at room tempera-
ture. These crystals were filtered and washed with distilled water
five times before vacuum desiccation for 48 hr, Anal. Caled for
above cmpd: C, 22.43; H, 3.77; Cl, 9.46; N, 3.76; Pt, 52.06; Mol
wt, 749.5. Found: C, 25.22, 22,02; H, 3.71, 3.75; C1l, 9.03, 9.06;

N, 3.91; Pt, 56.64; Mol wt, 846, 827. Yield: 19.5%. Dec: .170°G.

A¢-(N-trans-0~tfans~leucinato)~A¢~(9~cia-Nbglg—valinato}chloro

{ethene)platinum(II) (Structure, p 37)

Zeise's salt (0.0%28 g, 0.00085 mole) was added to 200 nl

of stirred water, Zeise's salt was allowed to dissolve before Leu-

Val (0.0197 g, 0.00085 mole) was added. Needle~like crystals began

to form over s 24-36 hr period ot room temperature. These crystals

were filtered and washed with distilled water five times before

being vacuum des.iccated for ‘{-8 hr. Anal. Calcd for abo_\'é cmpd:

¢, 23.59; H, 3.97; €1, 9.28; N, 3.67; Pt, 51.11; Mol wt, 7634,
¢, 2b.14, 23.22; H, 4.09, 3.93; €1, 5.9% 8.97; N, 3.89;
190%c. vield: 9.8%.

Found:

, 52.51; Mol wt, 839. Dec:
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L ~{N~trans-0-cis-valinato)-rse~(0-cis-N-trans-leucinato)chloro

(ethene)platinum(II) (Structure, P 38)

Zeise's salt (0.0639 g, 0.000162 mole) was added to 200 ml
of stirred water. Zeise's salt was allowed to dissolve before Val-
Leu was added. Feather-like crystals began to form over a 2L-36 hr
period at room temperature. These erystals were filtered and washed
with distilled water five times before being vacuum desiccated for
48 hr. Anal. Calcd for above campd: C, 23.59; W, 3.97; €1, 9.28;
N, 3.67; Ft, 51.11; Mol wt, 763.4., Found: C, 24,62, 24.13; H,
4,04, 3.98; €1, 8.56, 8.63 N, 3.67; Pt, 54.0h, 51.82; Mol wt, 763.
Dec: 188%¢., TYield: 19.5%.

R is isopropyl and isobutyl for valyl and leucyl residues,
respectively, in K[bH(XX}I%ﬂ compounds {(pp 24, 25). The general

structure is as follows:

e e+ L T+ -



CHAPTER III
RESULTS AND DISCUSSION

There is-suffici@ét difference between Pt(IX)- and Pa{I1})-
dipeptide studies to warrant their inclusion in separate sections
of this chapter. Certain Zeise's salt-dipeptide procedures are
also included here rather than in the preceding chapter since no
products resulted or since only an intermediate of doubtful purity

was isclated.
Pt(1I)~DIPEPTIDE STUDIES

The first compounds that were used as a source of Pt(il)
were-?tCla and sztclh' Both of these starting materials, when
¢combined with a dipeptiée, gave no infrared evidence for reaction
in the peptide region. There were no significant shifta of the
Amide I band in any of the products, whereas the KEPd014~dipeptide
complexes had a shift of at least 50 cm‘l toward lovier encrgy.

Infrared analysis (Figure 35) indicated that the amino
nitrogen of Valleu was attached to PL(II) in Pt¢12(Va1Leu)2 but
not to the peptide linkage nor to the carboxylate group. There
was & new pesk at 1720 cm-l due to the formation of CCOH from Cﬂo‘l
after migration of an "ammonium" hydrogen upon coordination of the
ligand. There was an N-H stretching freguency at about 150 en
in both Valleu and Pt012(ValLeu)2, Usvally S (N-H) is greater when

the nitrogen atens is bounded to Pt{iI) than when bonded to a proton.

28
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The Amide I band at 1680 em™d was essentially the same in the coa-
plex and in the ligand. FElemental analysis (page 24) and infrared
analysis indicate ?;012(?a1Leu12 as the formula for this compound.

Kaptblh was used in a second atteﬁpt to react Pt(II) with
the peptide linkage. There was again no indication of bonding at
the peptide linkage of the ligand.

1 mmole each of LeuLeu (0.244 g) and K,PtCl, (0.431 g)

were dissolved in 125 ml of water in aequence@ The pH of the Leu-

Leu solution was 5.60. After adding K,PtCl, the pH was essentially

IR e A —

the same. This solution was titrated with 1.00 ¥ KOH. There was

an equivalence point when 1.00 mea of KOH had been added, indicating

= et

the titration of'ihe “"ammonium®™ hydrogen of the aminé group. 3 meg
of KOH were added, which raised the pH to 11.952 This is essen-
tially the pH of 3 meq of KOH in 125 ml of H,0. There apparently
had been little reaction of hydroxide with KZPt014 or with LeuLeu
after the "“ammonium" hydr;gen had been neutralized. Infrared
analysis (Figure 38) showed no appreciable shift of the Amide I
band before or after extraction of the residue with ethanol,
AAt'?SQC.-a aixture of 1 mmole of ValVal and 1 emole of
KaPtﬁlk Was rendere& black in 45 min. The pure compounds KéPtClq
and KEPGCIh also decomposed when heated in water. An aqueous
solution of K,PtCl, decomposed after about 5 éays at room tempera-~
ture, KaPtCl# was not a promising Pe(1I1) sbﬁrce-for reaction with

dipeptides.
Since there had beem no indication of the bonding of Pt(II)

with the peptide region from PtCl, and K,PtCl,, a third source of

Pt(11) was selected. Zelse's salt.'KlEGzﬁk)Pt31£], was chosen due



30
%o the unusual reactivities of the cis~ and trans-chloro groups.
The chloro group trans to ethylene is much more reactive toward
substitution than are the cis-chloro groups. It was postulated
that the trans position would react with the amino nitrogen,
leaving the peptide region in near proximity of the cie-chloro
group for a second reaction. |
‘ Zeise's salt gave crystalline precipitates wiih ValvVal, Leu-
Val, and Valleu {procedures on pp. 26, 27). ValGly, LeuGly, GlyLeu,
GlyVal, and GlyGlf'did not give a precipitate with Zeise's salt.
With the exception of GlyGly, there was decomposition resulting in
a dark color of gl]l solutions in which the dipeptide.ﬁad glycine as
the first residue., Reaction mixtures of GlyGly, LeuGly, and ValGly
remained for weeks with no change in c;lor from the original yellow
s&oluation.
Solutions of Zeise's salt end ValVal, LeuVal, or ValLeu
(the dipeptides that did yield precipitates) began to develop a
dark color after sbout 24%-36 hr. The solution of the Zeise's salt
with ValVal was especially prone to decomposition. In some cases
decomposition began to occur about the sane time that the maexicum
yield took place; therefore, the crystals had to be removed before
darkening of the solution began.
Attempts to dissolve the crystals in acetone or ethanol to
reprecipitste with addition of water led to pewdery products of
Since the crystals were formed very slowly from

doubtful purity.

dilute solutions they were not recrystallized, but were filtered

from solution and washed five times with demineralized ‘water before

desiceation.

P

e
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The ¢rystals obtained froam Val¥al and LeuVal were needle-
like and in some cases were-ahoﬁt an inch in length. The product
of Zeise's salt and Valleu was feather-like, All three crystalline
naterials were soluble in acetons., The product of Zeise's salt
and ValVal was also scluble in ethanol. All three compounds were
inaoluhle‘in water and nonpolar solvente, Molecular weight deter-
minations and elemental analyses {pp. zé, 27) indicated that these

. products were dimers with the peptide linkage fissioned.
Several compounds of interest have been synthesized and

subjected to infrared analyaiﬁ,36’3? They are as follows:

"“"‘ -1
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The ihfrared spectra of 25-VV and ZS-LV (the products of
Zeise's salt and ValVal and Zeise's salt and LeuVal) are similar to
those of compounds IV and V as published by Fujita, Konya, and Naka-
moto.3$‘ This similarity would be expected of a dimer that is rela-
ted to both compounds IV and V, being b&th O-trans and Boggggé
with respect to ethylene. .

Compound I has bands.at.lska and 1575 cm'l that are similar
to the abs;rptions at 1660 and 1560 cm'l; 1660 and 1560 cm'lg and
1660 and 1565 cmﬁl for ZS-VV¥, 28-VL, and ZS-LV, respectively
{(Figures 38, 39, 40). Compounds IV and V exhibit these two absorp-
tions at essentially the same frequsnc;es as the compounds synthe=~
sized in this work. Condrate and Kaksmotos O give 1643, 1642, 1593,
and 1589 cm'l, respectively, for the trans compounds Pt(Gly),,
Pa(Gly},, Cu(Gly),, and Ni(Gly), as due to 2 (C=0) of COO-M. Naka~
moto 3&_3&«39 have made extensive measurements of CO0 stretching
frequencies of metal-amino acid complexes in D20 solution and in
In genersl the anti-

the hydrated snd anhydrous crystalline state.

symmetric frenuencies increase, the symmetric frequencies decrease,




and the separation between the two frequencies increases in the
following order of metals:

Ni(II) € 2a(II) ¢ Cu(II)  Co(II) ¢ PA(II) RS PH(II) ¢ Cr(III)

This 1siexplaineﬂ by assuming that the covalent character
of the M-X bond increases along the series leading to a more asym-
metrical carboxylate group. This regults in an increased fregquency
geparation of the twe band;. ) ;

Pt(Val)a and Pt(Leu)a have frequency separations for the
symmetric and antisyemetric COQ modes of vibration of 283 and 261
cm‘l,.respectively,“o' Y1 75-vv, 25-VL, and ZS-IV each have fre-
quency separations of 295 cm‘I* Both the compounds in this work
and compounds IV and V have =% [C=0) and .S(NHE_} at higher frequen-
cies than compourd I. Thise i6 commersurate with stronger bonding
of the amino acid to Pt{l1I) when PE{II) is also coordinated with

ethylene.

Glycine may also coordinate as a monodentate ligand with

v

Pr(II) with its amino nitrogen, leaving a free carboxyl group. In
cempouﬂdsiII and IIT the carboxyl~carbonyl group abscrbs at 1730

and 1708 cmnl, respectively. Compounds I, IV, V, and those pre.

pared in this work have no bands in this area, implying that the

carboxylate group is coordinzted with Pt{(II). In trans-

I?*‘Glf’ziﬂﬁs}é] the sntisysmetric stretching frequency of ionized
1 that s
1

€00™ s near 1610 cn 1.7 Pt(Gly), hes a band at 1610 ca”
assigned to § (Rﬂé).38 Phis corresponds to 1560, 1560, 1565 cm”
for .Zs‘_vv' ZS“"‘JL, ) rand KS*LV‘ r_especti?.@ly" Coml:lounds I, II‘ and

. -] _
IIT have this absorption at 1575, 1570, and 1576 cm ~. Fujita,
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Kaonya, éqd Nakamot'ﬁ? did not assign this band in compounds 1V and !
¥V (they aasign only V (Pt-Cl) as proof of structure).

'Bairf*z reports 1600-1622 ca~t as S(Nﬂeﬁ in Cua(Il) com-

B I

plexes of GlyGly, GlyLeu, LeuGly, and GlyGlyGly. As the strength
of the M~N bond increases, the N-H stretching frequencies. of

lx decrease, and the bendi;g-and.deformation frequencies are
ingreased-‘-*} The compounds synthesized in this work &nd compounds

¥(NE,

IV and V have ‘Sfﬂﬁaj at higher freguencies than compound I. This

[

is commensurate with stronger bonding of the amino acids in Zeise!
salt type compounds.

NHE stretching freguencies (Table 3) are higher than those

given for valine snd leuﬁiné.“e"l}l _Th’éy are 3132 and 3108 cm'l.

respectively. This behavior is expected since the N-H bend order

is lower in NH‘,)'t than in M%NHZ-—.

Chatt, et gl.hk_give 2920 and 3010 L ;N {G-E) for the
bounc ethylene of Zeise's galt., 2922 and 2018 c-m-]': 2930 and 3010
cm"'l; 2930' and 3010 s> s reported as ¥ (C~H) for the coordinated
_ ethylene in ZS5~VV, 2Z8-VL, and ZS-LV, respectively.

A11 ¥ (c-H) for Pt.(’fal}a,ao' 191:.(1«;11)2.]‘(1 and ZS=VV, 25-VL,
and 73-LV is reported in Table 3, along with frequencies for NH-
stretcking, coo ™ symrzetric and antisymmetric stretch, NH, scis-
‘soring, CH_}—-d'egenerat'e deformation, and Cﬁj-symn}etric deformation.

‘These series show the principal absorptions that relate to the

structures of the compounds synthesized in this work.
Chatt, et a'l_.!m relste that C=C stretching bands csnnot

be observed even in Zeise's salt. Asymmetrical olefins exhibit

: -1 . : i
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1504 en™t in Kl§t¢13(cﬁﬁéﬂ * H40., Since the C=C sxis is paraliel
to the plane af-Pt¢13, vaw:].?!..and,é'ah_ep;parwci"‘-5 attempted to assign
all bande observed in Zeise's salt on the basis of czv symaetry.
‘They concluded that the fundamental freguencies of ethylene change

little upon coordination.

Nakagawa, g&_gi.ho assign the bands from 1620-1200 cm‘l in

Pt(VaI)z’to CH3 degenerate and symmetric deformation vibrations end

to C~H bending vibrations cvorresponding to similar modes in DL~

1

valine. In the region from 1200 to 800 cm ~ the fundamental modes

for Pt(Yal)a are NH, wagging and twisting, Cﬂj rocking, and skele-
tal stretching vibrations. The Nﬁa rocking freguency is given by
Jackovitz and walterkl as 801 cm™ L, In Z8-VV and ZS-LV this corre-

sponds to 795 cm“l. In 28-VL, asgsignment is uncertain since bands

are at 770 and 820 cm *;

Absorptions oceur as follows for Z5-VV, ZS-VL, and Z5-LV:
342 and 358 cﬁ“lg 340 cﬁ"la 242 and 358 iy With the exception
of ZS-VL, two fresuencies for - (Pt-Cl) are observed. Compound I
shows doublet structure for - {Pt-Cl) since the PiCl, molety is in

a cis configuration, whereas compound 1I whows a singlet peak. Com-
-1
pounds I, 1I, and IXI have < (Pt~Cl) near 350 cm ™.

Compound I shows ¥ (Pt-0) at 388 P Compound I1I in

which glycine is bonded with Pt(II) through ornly the aminc nitrogen,

shows no absorpticn between 470 and 350 c¢m . Coumpound I1 shows

w?.{pt,o} at AG?*cm‘l, Compounds IV and V show peaks near 410 and
415 °mﬂlo.reapectivelya 75-VV, Z5-VL, and ZS-LV have absorption

o -1 : -]
pesks as follows: 387 and 399 cnm 1? 370 cm -, 384 and 399 em .

These bands are assigned to ¥ (Pt-0).
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There are strong absorption bands at 585, 605, and 589 em”t
for compounds I, II, and III, respectively. Compounds IV and V

1

have peaks near 530 and 610 em —. Condrate and Nakamoto38.have

carried out normal coordinate analysis of bia{glycine) complexes

of Pt{11)}, PA(II), Cu(II), mnd Ni{II). They showed that C=0
stretching, NH, rocking, M-N and M«0 stretching are metal-sensitive
and are shifted progressively to higher frequencies in the ?raer
NiCII) ¢ Cu(IE)}< PA{II) < 7¢(I1). They listed ~ (Pt-N) as 549
e in M-Pt-(el-y}a._' Peaks assigned to Q (Pt-N) in 25-VV, 25-VL,
and ZS-1V are given as 575 and 585 em™, 570 and 580 en}, 575 cn”t,

respectively. The structure for ZS-VV is given as followsy

fil
o—iets §
cl NHE C— ¢
pt’//, " fk\\wPf///,
H C N CH
CQ,_/ \O;..___ , (I;,_.-»Né \/ 2
CH, g “4 CH,
H

VI

This structure, # w(N-trans—0~tranﬁﬂvalinat°}“Jz‘{a'ﬁiﬁ’ﬂ“
cis-valinato)chloro{etheneﬁPlati““mfxr)‘ is consistent with ¢is-
trans sensitive modes of vibration as seen with doublet bands for
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J {Pt-Cl}), D {Pt-0), and ) (Pt-N). Spectra taken on a Perkin-
Elmer 137 instrument show ) (C=0) and § (NH,) as sharp peaks that
are very similar to those published for compounds I; IV, end V. ;
The compounds ail have glycine in a chelated form. An infrared
spectrum (Figure 37) of anlinxermediato of ZS-VV shows doublet
structure in the area of % {mz) absorption. This is probably due
to both § (NH,)} and Amide I absorption of the peptide linkage.
The bands of the intermediate are at 1540 and 1520 cm“l, whereas
'S'(NHE)'for Z5-V¥V is a sharp peak at 1560 pm“l.

The 3 (Pt-Cl) bands at 358 and 342 e compare with 360
of the N-trans isomer and 340 of the O-trans isomer of chloro-
{glyciro)(ethylene)platinum(II}, compoﬁnds IV and V. The doublet
structure of J (Pt~C) acd ‘:.) (Pt-N) also agree with this prediction.

28-LV, 4L ~{li~trans-0-trans-Ileucinato)-Al~ (Ow-cris—N-cia‘-

va_linato}chloro(ethene)platinuﬁ(II) is assigned the following, as
ﬁ structure:VII:
L i
o Mot
: (]-:Hz fi)
{
¢ *"’? C~—o . _a
AN / H AN /
Pt Pt
\ SN WL 4’
i i 2
0 Hie—C—CHy
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ZS-VL, M ~(R~trang-O-cis~valinato)- ~(Q~cis-N-trans-

leucinato)chloro{ethene)platinum(II), is assigned a structure

that has both amino acid units N-trans, as follows:

H
H3C—C—CH, O -
il i CH,
Nl-la——-c

C"""*"—-—- 0

N NPz

H N
%/\MM% &M@T\W
CH
2 il |
8] (’:l-b
Hsc— (;;-—-CHS_ *
- H
VIII

Structure VII has ) {Pt-Cl) absorption that is similar in
position and in doublet structure to that of structure ¥I, whereas
structure VIII has a single peak at 340 cm"l, Since structures VI
and VII have dcu§16t-§ (Pt-Cl) absorption and IV and V superimpose

to show the same, it seems reasonable that structure VI1Y is either

O-trans-—-0-trans or N-;trans——na.traps. Chenical evidence points to
the N-trans--N-trans configuration as the correct structure. For
example, reaction of glycine with Zeise's salt by Kieft and Naka-
mo_to% gave the N-trans isomer of chloro{glycino)(ethylene)platinum

{II) by direct treatment of Zeise's salt with glycine. In order to

make the O-trans isomer, l{[?telzﬁla was dissolved in a mipimum
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amount of 2 M HC1 anﬁ ethylene was passed through the sclution.
After working up, the O-irans isomer was obtained. Consequently,
it is seen that the natural order of reactivity is thrauéh the
irans position.

‘The formation of cleaved peptide bond compounds does not
occur immediately when Zeise's salt is reacted with a dipeptide.

It was possible to isolate an intermediate that h#d & free car-
boxyl group, as shown in the followiﬁg,proceduré:

Zeise's salt (0.0574 g, 0.000149 mole) and ValVal {0.0322
gy 0.000149 mole) were welpghed out in a 1:1 ratio. ValVal was
added to 30 ml of water and dissolved, then Zeise's salt was
stirred in. The reaction mixture was lefi in an ice bath 5 ain,
then placed in & water bath at h5°0, for another 5 min. The beaker
aﬁd'contents were allowed to come to room femperature and to git
for 1 hr. The solution was eveporated by wmeans of a "rctovapcgﬁ
apparatus and placed in a vacuvum desiccator, An infrared spectrum
was run which showed carboxyle-carbonyl absorption at 1720 cmhl but
no apprecisble change in the Amide I band.(Figure 37). These
results indicate that ValVal was scting asc a monodentate ligend,
coordinating with Pt(IX) st the amino nitrogen. When ethanol vas
addcd.to the dry products of the above reaction, a yellow solution
and a white precipitate of the displaced KCl resulted.

The effect of pH on the‘fOrmation of crystals from the
reaction of Zeise's sa}t aﬁd.YalVal gave the following results:

1. The initial pH of a solution made up as directed (p 26)

was 4,1 « 4,2, Crystals forméd’ovér a period of 24-36 hr. The

final pH vas 3.3.
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2. A solution of Zeise's salt and ValVal had its pH

 @adjusted with KOH from an initia) 4.16 to 10.4. No crystals

formed.

3. A solution of Zeise's salt end Val¥al had its pH
adjusted to 7.00. The pH dropped to 4.83 as crystals slowly
formed. ‘The crystals that formed at pH 7.00 and at 4.16 had
identical infrared spectra (Figure 38).

In view of the work presented here with Zeise’s salt and

dipeptides, several areas of further research become apparent. One

suck area would be the X-ray analysis of the érystals obtained from
the reaction of Zeise's salt with ValVal. Preliminaryfinvestigan
tion under polarized light has shown that this product-ﬁas suitable
properties for X-ray study.

Also of interest would be the investigation of the mecha-
niss for the reaction between Zeise's salt and dipeptides. This
éheuld be done with reference to size and relative position of R
groups on the dipeptides. pCl and pH versus time studies would be
of value here.

A logical extension of the work presented in this research
would be a study of the reaction between Zeise's salt and tripep-
tides as well as between Zeise's salt snd sulfur-containing di- and
tripeptides.

The investigation of Zeise's salt as a potential anticar-
cinogenic agent would be of particular interest. Studies have dbeen
done ghowing that Eigrdiamminedichlcroplatinum(xi) and cis-diammine-
tetrachloroplatinum{(IV) have anticarcinogenin'properéies. while the
1,2,3

trans isomers of these compounds do not. It is possible that
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the fissioning of the peptide linkage of ValVal, LeuVal, and Valleu

by Zeise's salt may be related to a Pt(II) protein reaction.
Pa(II1)-DIPEPTIDE STUDIES

The first compound that was selected'as a source of PA(iI)
for reaction with dipeptides was PdBra. This reacted with ValVal
in acetone to form.PdBrE(VaIVal)z. {The procedure for this syn-
thesis and the elemental'analysis-are given on p 23,)

The infrared spectrum of ValVal indicates the absence of

the carboxyl group since there is no absorption near 1730 cm-lv

1

However, PdBr2§Va1Val}2 has a strong absorption at 1730 cm = due

to the presence of the carboxyl group. This group arises from the
migration of a proton from tha'“ﬁﬁmoniﬁm" ritrogen of the dipeptide
to & carboxylate oxygen upon coordination of the amino group to
Pa(11).

Comparispn of N-H stretching frequencies of the ligand and
the complex indicates that the amino nitrogen ¢f ValVal is bonded
to PA(II) in PdBra(Va1Val)2. There are absorptions at 3220, 3125,
aud 3270 cm-l in PdBra(VaIValiz and comparable absorptions at 3170
and 3078 em™! in ValVal. N-R stretching freguencies are expected
to be higher in M—NHs~ than in HeKH -~ since the N-H bond order
is lower in the “ammonium" group. Nakagawa et gi.ﬁo assigned
3246 and 3115_cm'1 to NH, stretching modes in PdR,, where R is DL-
valine., N=H stretching modes in NH;;- of DL-valine were given as
3132 and 2570 cm~1.

The Amide 1 band of PdBr,(ValVel), was found at 1655 on~ L ;

-1
whereas absorption in ValVal occurred at 1680 cm ~. Even though
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there is a lowering of the frequency of the Amide I band by 25 Cﬂ-1
upon the complexation of ValVal, the peptide linkage is not bonded
to Pd(II). The Amide I band of amides is sensitive to hydrogen
honding.23 The difference in Amide I absorption is probably due
to differences in hydrogen bonding in the two compounds.

Primary and secondary amides show a strong absorption in
the 1600 - 1500 cm-l region, N-H deformation is likely to be the
predominant factor in this band.a5 The infrared spectrum of
PdBra(?alval)e has bands of equal intensity at 1547 and 1532 cnfl,
which are assigned as N~H deformation. 1In the case of ValVal there
is a great amount of structure in the 1600 - 1500 cm~t region;
consequently, assignment of bands is nbt a certainty. VaiVal has
strong absorptions at 1600 and 1515 cn™? that are probably due to
antisymmetric carboxylate stretch and to the Amide II band, respec-

tively. Bell&myks'assigned 1608 and 1400 em™ to antisymmetric

and symmetric‘carboxylate strétching in GlyGly.

ValVal hzs bands at 1405 and 1385 cm”l that appear as a

doublet. These probably have their origin in the C-H bending

vibrations of the gem-dimethyl groups. PdBra(Va1Val)2 has absorp-

tions at 1392 and 1360 cmnl with the same general band structure

as that given for ValVal.
Bairhg reported infrared fregquencies for GlyGly, LeuGly,

GlyLeu, and GlyGlyGly. She assigned the bands in comparison with

Gly, Leu, their complexes, and their amides. She did not assign
absorptions below 1400 em~1l because of the complex nature of the

spectra. Bands helow 1360 em™t are not assigned in research pre-

sented here. Tae infrared spectra of ValVal and PdBr,(ValVal),



are ligted'as Figures 2 and‘l in the Appendix,

While gttempting.to synthesize a e¢rystal for structural
studies, PdBr,(ValVal), was found to be in two forms--orange and
golden-yellow, PdBrQCVa1¥al)2 was dissolved in chloroform and
placed in a TLC c¢ell along with a ground glass adaptor. Tape was
placed around the 1lid of the cell so that evaporation could pro-
ceed very slowly, After about ten days, golden~yellow plateletis
and an orange precipitate had formed on the ground gless., Weissen-
berg studies indicated that the platelets had definite structure
but did not possess enough for X-ray determination. The two forms
gave identical infrared spectra in the 4000 - 666 cm”l range.

Since lowering of symmetry usuélly causes d-d electronic
transitions to be more probable, the cis form of’HXala is ordinarily
found to have a more intense color than the trans form. The orange
precipitate is probably the cis form since its color is more intense
than the golden-yellow platelets. Cis-trans isomerism seens to be
a likely explanation for the two compounds since their infrared
spectra are the samei but their colors, intensities of color, and
crystallization properties are different.

In 1971 ¥Wilson and Martink published a solution cirecular
dichroism study of PA(II)-dipeptide complexes obtained at 2 pH near
6. Their work showed that two hydrogen ions were removed from a
1:1 Na,PdCl, -GlyGly solution et pH 6 when titrated with a base.

They assigned the amino nitrogen, the amide nitrogen, and the car-
boxylate oxygen as donor atoms to Pa{I1) at pH values near 7. No

jnfrared measurements were made and no compounds were isolated.

g
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In this present work, an attempt was made to isolate and
characterize chelatéd compounds obtained from the raaction of
K,PdCl, with the dipeptides LeuLeu, LeuVal, Valleu, and ValVal at
PpH 1C.5 (pp 24-26). Elemental analysis foii@ﬁr{%ﬂal}?ﬂ .

K [0u(Leuval)Pd], K[OR(Valleu)Pd], and k[0OH(LeuLeu)Pd], aid not
irdicate pure compounds., Circular dichr&ism spectra showed no
isosbesfié‘points in the spectra of Pd(II)-dipeptide complexes at
pH values near 3, 7, 11.7, and 13.0.{Figures 10-13), indicating
that mixtures of complexes-are-present.iﬁ goluticn. It is doubtful
that pure compounds with the above formulas ¢an be isolated.

Tﬁa N~-H stretching frequencies of these complexes are
higher than those found for the free dipeptides. ‘The Amide I band
decreased at least 50 em™} with respect to the free dipeptide for
each complex. These infrared shifts indicate that both the amino
and amide nitrogen atoms are bonded to PA(II). These values are

reported as follows:

Apide 1 - (H-E) Amide I - (N-H)

K{0n(LeuLeun)rd] 1617 3290 LeuLeu 1667 3140

K[0u(Leuval) pd) 1610 3220 LeuVal 1667 3140
3180

K [OH(ValLeu)Pd] 1611 3200 Valleu 1690 3170

3200 |

'ValVal)Pd, 611 3180 ValVal 1680 3170

x [or(valva1)pd] 1611 gaw Pz

All further studies were done by ¢ircular dichroism, nuclear
magnetic resonance, and ultraviolet-visible spectroscopies on solu-

tions of Pd(II)-dipeptide complexes.

The results of nuclear magnetic resonance studies of the

switterion form of GlyVal and Pd(II) complexes of GlyVal (Pa{11)-GV)
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at various pD values are presented in conjunction with electronic
studies of PA(II}-VV, P&(II)-VL, PA(I1)=-LV, PA(II)-LL, PA(IX)-CL,
PA{II)~LG, Pd(IT1)-VG, and Pd(I1)-GV, each at pH values near 1.3,
3.0, 7415, 11.7, and 1%3.0. These studies show the different modes
of complexation of the dipevtide to PA(II)} at various pH values.
The circular dichroism study gives the three~dimensional configura-
tion of the ;igand when bound to the amino and amide nitrogen atoms
but npot to the terminal ¢arboxyl group. All speétra are listed in
the Appendix.

The methylene hydrogens of-fhe zwitterion form of GlyVal have
a chemical shift of 4.33 ppm. The chemical shift values are 4.01,
4,01, and 3.96 ppm fér the Pd(II)-GV complexes at pD values of 2.96,
7.11, and 13.06, respectively. These valﬁes are essentially con-
stant and irdicate that the mmino nitrogen of GlyVal is bound to
Pd(IX) at all of tﬁése pD values. The upfield chemical shift of
about 0.3 ppwm indicates that PA(II) is less deshielding on the
methylene group than is nt, |

Circular dichroism spectra show a A€ of zero for all PA(II)-
dipeptide combinations at pH 1,3-1,h. Electronic studies (Figure
30) indicate that the d-d transitions observed are those kelonging
to one or more species of Pd{Il)-chloro complexes. Consequently,
no complexes were formed at this low pH.

The alpha hydrogen of the valyl residue in GlyVai absorbed
as a doublet at 5.53 and 4.58 ppm. This signal is split by the

beta hydrogen of the valyl residue (J = 5 ¢ps). At pD 7.11 this

doublet was found at %.3%7? and 4.40 ppm in the complex. At pD 13.06

the doublet was found at 4,26 and 4.29 ppm, This upfield shift is

,,,,
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commensurate with ihe carboxyl group, having been displaced from
the coordination sphere by OD™ at pD 13.06. The alpha hydrogen is
less deshielded in the form —HC(R)COO™ than in the form —HC(R)COO™
Pa(Ir).

The two methyl groups of the isopropyl unit of GlyVal in
the zwitterjon form are mégnétically nonequivalent and are each
split into a doublet by the adjacent proton, giving a quartet struc-
ture (J = 7 epe). In PA(I1)-GV these absorptions merged to form a
triplet at pD values of 7.1l and 13.06. The triplet at pD 13.06
was upfield from the triplet found at 7.11. This indicates the
repiacement of the carboxylate group in the coordination sphere of
PA(IT) by OD .

A triplet 2nd a quartet were found for the complex at_pD
2.56. Anomglous.structufé of the alpha hydrogen doublet was also
found at pD 2.95. This indicates a mixture of complexes at this
pD. Wilson andrﬁartinh reported that Pd(II) induces ionization of
the amide hydrogen near pH 3.5. The amide nitrogen falls below the
" deprotonated amide nitrogen in the spectfochemical series. There-
fore, the greater )\ {(max) at pH 3.cbmpared to pii 7 may be due to
this.phenomenan.

There was much less circular dichroisa near pH 3.0 than at

pH 7.0. The molar extinction coefficient for PA(II)-GV is 685 at

pH 3.0 snd 870 at pR 7.25 (Table 1). At pi 13.0, € is 528. At pH

7.25 there are two N, one carboxylate O, and probably a mixture of

chlore and O from H,0 as donor atoms for Pa{I1), whereas there are

two N and two O denor atoms at PR 8.0,
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1f the carboxyl group were bonded to H' and to P4(IX), it

is believed that the chemical shift velues would fall much farther

downfield for ~-COOHY than is found experimentally. ‘Therefore, it
is probable that the anomalous chemical shift valt:tes at pD 2.96

are due to mixtures of complexes utilizing the dipeptide in a tri=-

dentate mode but having protonated and deprotonated amide nitrogen

atoms as donor atoms,

The center peak for the v;alyl residue heta hydrogen faor the
complexes is at 2.68, é.?O_, and 2.60 at pD values of 2.96, 7.11,
and 13.06, respectively. The upfield chemical shift from 2.70 to
2.60 ppm is still another indication of ‘ais'p-}.acgme_nt of the car~-
boxyl group from the coordination sphere.

At a pH near 1.3, _ihe N\ (max) of the electrenic spectra of
the K,PdCl, ~dipeptide solutions w«ere found to be near 450 nm with
€ from 168 to 207 (Table 1), These values were egssentially those
given in the literature for a Pd(II}-chloro complex st-udy.qg There
was no circular dichroisnm activity at this pH, indicating that the’
dipeptide had not formed a complex with PA{(II).

In a series of PA(II)-dipeptide complexes at pE values 3.0,
7.15, 11.7, and 13.0, it ‘-wa::s found that ) (max) was at a minisum and
€ was é’t a paximum near pH 7.15 (Table 1). .

Pitner, Wilson, and I-Iau:ﬂ;i._n:i3 showed that Pd.{j:;l_y(’&li.;r-'I..-‘u\ﬁxli.a\)m1
at pH 7.0 had a X\ (max)} of 299 nm and an € of 1250. At pi 12.8
M (max) had shifted to 311 nm and € had a value of ‘?20. However,
if the pH of this complex were raieed to 10.0 by addition of Nij,

M\ (max) became 297 nm and € became 840, commensurate with four

nitrogen donor atoms to PA(I1). The complexes had a red shift and
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a decresse in € vhen OH replaced €00 in the PA(II) coordination
sphere. There wsas a minimum value.in”)\(max) when all four donor
atoms around Pd{II) were;N (as found whén NH3 was added to Pd(Gly-
Giy-L-Ala)fljy These workers showed a chemical shift upfield of
0.12 ppm for the carboxy terminal methylene protons of PA{GlyGly-
61y)™) when the pD was raised from 7.0 to 12.0.

. In PA(II)-tripeptide complexes there are three nitrogen and
one carboxylate oxygen donor atoms at pH values near ?.0.5 In
PA(II)-dipeptide complexes near pH 7.0, there are two nitrogen, one
carboxylate oxygen, and probaﬁly chloride or water occupying the
fourth position.S. The fourth donor atom in a t;ipéﬁtide can be
controlled by adjustment of pH. In a Pd{II)~-dipeptide complex there
are two positions that can have variable donor atoms, Theaé‘aré
- the positioh left when the dipeptide is acting as a tridentate
’ligand and the position vacated by the carho?ylate group near pH
13.0, Consequently, a Pd{JI)-dipeptide solution contains more than
one complex at almost any pH.

In the present work done with Pd(I1)-dipeptides, it was
found that a red-shiff of 4.9 nm was encountered when the pH was
inereased from 7.15 to 13.0. Pitner, Wilson, and Martin5 found. a
‘red shift of 12 nm in the complex Pd(GlyGlynL-Ala)"l and 8 nm in
.Pd{Gly-L-Alaaly)“l-ig pH changes of ‘7.0 to 12.8 and 7.4 to 2.1,
respectively. The red shifts were greater for the Pd(II)-tripeplide
complexes than for the ﬁd{II)-dipeptide complexes. These workers
ghowed a chemical shift uéfield of 0.12 ppm for the carboxy ter-
minal methylene pfotoﬁs of Pd(GlyﬁlyGIy)-l when the pD was raised

from 7.0 to 12.8. 4n upfield chemical shift of 0.11 ppm was
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observed in this p;esent_resaarch,in tﬁe-alpha hydrogen doublet of
PA(1Y)-GV when the pP was increased from 7.11 to 13.06.

The ma#imum M {max) was observeé in the electronic spectra
of Pd{11)-dipeptide complexes at pH 13.0. However, in some cases
this iawelength had been reached by pH 11.?} Titration studies by
Wilson and Martinh of K,PdCl,~GlyGly solutions showed that OH was
evident as a ligand only after pH 8. Therefore, the red shift can
start to occur when OH begins to replace chloride and water in the
coordination sphere and also whenfOE" beging to replace the care

boxylate group as a ligand. 1In all cases € was less at pH 13.0

than at pH 11.7.

Pitner, Wilson, and.Martinﬁ reported CD -curves for Pd{Gly-

Gly-L-Ala)"Y and Pd(Gly—twklaGIy}"l that resembled verj closely

the CD curves of PA(II)-VV, PA(I1)-VL, PA(II)-LV, P4(IX)-LL, P4(II)-
GL, and P§(II)-GV when the former énd latter complexes are near pH
7:0. The CD curve of Pd{GlyGly-L-Ala)“l inverts in golution where
the pH is at 12.77. Electronic absofption studies showed that a

red shift of 12 nm occurred when the pH was raised from 7.0 to 12.8,
along with e change in the wolar extinction coefficient, € , from
1250 to 720. Nuclear magnetic resonance studies showed an upfield
chemical shift of 0.12 ppm for the carboxy terainal methylene hydro-
gens of'Pd(GlyGlyGly)“l when the pH was increased from 7.0 to 12.8.
These data are indicative of the displacement of the carh0x51&te
group by the hydroxyl ion with consequent rotation of the asymmetric

group in Pd(GlyGly-I-Ala)“l frem a negative to a pesitive hexadecant

sector.
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In corroboration with the former studies, Pitner, Wileor,
and Martin ngﬁd_that no such~inversign of the CD curve occurred
when ?d{Gly~L~A1aGly}'l was subjected to a change in PH from 7.0
to 12.1. ‘They also titrated equimolar solutions of ?dclkfa and
glycylglycyleL-alanineamide that yielded an end point after the
addition qflfour equivaleﬁis of base at 8.4. The complex absorbed
at 282 nm, which is consistent with four nitrogen donors about the
coordination plane. No electronic or CD spectral changes were
observed upon sddition of base to pH 12.7. After the fourth equi-
valent of hydrogen jons was added, the CD spectrunm became similar
to that of P&(Gly.sly-t.-.a.la)‘l,. |

Tsangaris an’d_ﬂa‘rtinzl found that the magnitude of CD in
Cul{l1)-dipeptide complexes,_Cu(xx), may be accurately estimated
by adding the magnitudes of the corresponding dipeptiées, Cu(GX)
and Cu(XG). This indicates that the CD is an additive function
¢f independent contributions from amino and carboxyl terminal
amino acid residues. Cu{ll) complexes of three tripeptides com-
posed of one L-Leucyl and-tws glyecyl residues yielded the value
obtained.eiperimentally for the complex of the tripeptide leucyl-
leucylleucine. These results ¢ould not be accounted for by any -
octant or guadrant rule. A hexadecant rule accounted for the sign
identity mnd magnitude additivity of these results for the Cu(ll)
complexes of dipeptides and tripeptides. Octant or gquadrant rules
were invalid, .

¥Wilson and biaftina found that the €D of P4{II) complexes of
dipeptides and tripeptides near pH 7.0 have additive properties

that arise from independent contributions of the smino acid residues.



el

51
They assigned D, mitrosymmetry to these complexes along with a
hexadecant sector rule. 7

The CD spectra of Pd{II)-dipeptide complexes did not invert
at pH 13.0 as did the Pd(Il)~tripeptide complexes of Pitner, Wilson,
and Martin, The net CD of the PA(I11)-dipeptide complexes were
negative even at pH 13.0. Apparently complete rotation of bulky
isopropyl or isobutyl groups out ﬁf a negative gector is not pos-
sible in & PA{II}-dipeptide complex where Leu or Val is in the
second amino acid residue. In the case of Pd(GlyGly-L-AIa}*l there
was rotation of the methyl group from a negative to a positive sec~
tor with an inversion of the CD_spectrum.5

Another important di‘ffer'e'nce ‘between the CD of PA(II)«
dipeptide and Pd(II)-tripeptide complexes was found to exist when
the carboxy terminal residue was glycine., FA(XI1)-LG and PA(II)-VG
hzad ap inversion of the positive peak near 300 no at pH 13.0. Pit-
per, Wilgon, and Martin found that Pd(Gly-L-ﬁlaGly}"l exhibited no
inversions and only «eakengﬁ in magnitude upon addition of base to
pH 12.1.° '

The first residue ¢f a PA(II)~peptide complex did not trans-
mit its optical activity through the amino nitrogen as readily as
did those groups near an amide nitrogen. Apparently the carboxyl
group is rotating into a negativé,sector and overriding the optical
activity of the asymmetric group of the first residue. 4 PA{II)-
tripeptide complex such as Pd(Gly;LuhlaGly}“l-at pH 13.0 has a CD
gpectrum similar to that of Pa{II)-G¥, Pd(II)-~GL, P&(I1)~VV, PA(II)~
VL, Pa(II}~LV, and PA{II)-LL near pH 7.0. The fact that'the CD of

PA(IT)~-CL and Pa(II)-GV complexes are similar suggests that the
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origin of the positive peak im dependent on both the first and
second residues of the dipeptide. That the origin of the negative
peak is largely dependent on the second residue can be observed in
: compléxés of PA{II)} with Glyleu and GlyVal when compered to those
of LeuGly and ValGl&.

It i8 suggested that the anomalous character of the CD
spectra of P4(II1)-dipeptide :émplexes at pH 13.0 where Leu or Val
is in the second residue and Gly, Leu, or Val is in the first
residue be explained as fﬁllows:- The new negative peak near 300 nm
is mainly due to thé carboxyi group rotated into a negative sector,
while the positive peak near 325 nm occurs along with ﬁhe large
negative peak near 375 nm when the asyﬁmetric group nf thé.sacond
residue is in a negative sector. The zsymmetric group of the
second residue is }arge and bulky and therefore does not completely
rotate out of the negative seqtqr. This partial rotation into a
positive secior correlates with the decrease of the absolute value
of & € at the peaks near 325 and 375 at a pH mear 13.0. Thie
anglysisﬂis based on the assunption that'th microcymmetry along
with a hexadecant sector rule still holds. Ai pH 13.0 the actual
microsymmetry is C,V. However, the Pa{Il)~tripeptide complexes -
maintained electronic'ﬂhh nicrosymmetry at high pH values.5

Pitrer, ¥Wilson, and Martin§ observed tight isosbestic
points in the CD curves of P_d(G}.yG_ly-L-Alsi)ﬂl at pH values of 7.0,
11.13, 11.7, and 12.77, indicating-two major species ir equilibria.
There are no tight isosbestic points in the CD spectra of the
dipeptide comﬁlexea; consequently, en equilibrium mixture of three

or more Pd{II)-dipeptide complexes is present in solution. It is
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apparent that isolation of a particular species of PA{I1)-dipeptide
complex would be difficult.

This research indicates that further resea;;h-investigation
of the originAof.circalar dichroism in Pd{II)-dipeptide complexes
be pursued. Wilson and Martinh suggested that the bands near 320

and 375 nm shown by Pd{II) complexes of di- and tripeptides near

" pH 7 have their origin in the dxz‘ dyz.___..dxg -2 and dx e

Y

d > _ 32_électronic.transitioas, respectively. A magnetic circular
dichroism study of the band near 320 nm would possibly confirm this-

assignment of bands,
SUMMARY

PdBratvaIVal)z is presented in this workjas an example in
which a dipeptide bonds only at its amino nitrogen to Pa(II}. A
detailed study of this compound was not pursued since bonding of
Pa(II) and Pt(II) to the peptide linkage was the main problem of
interest.

Bidentate and tridentate dipeptide complexes with Pd(II)
were ohtai#ed when KanCLQ was reacted with the appropriate dipep-
tides in water at room temperature. These complexes were studied
in snluficn to determine bonding sites and conformation at pi
values near 1,3, 3.0, 7.15, 11.7, and 13.0 by utilizing nuclear
magnetic nesohance, ultraviclet~visible, and circular dichroism
spectroscopies.

Infrared-aﬁalysis was pefformed on precipitated products of
the KZPdCla-dipepti&e reaction. These infrared spectra were

valuable in.determining that the amino nitrogen and the peptide
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pitrogen of the dipeptide were bonded to PA{II). This determina-
tion was made by observing the tréquency changes of the (N-H) and
the Amide I bands of the free and complexed dipeptides.
Ptc&a was found to react with Valleu to form PtCle(ValLeu}e.
In analogy to the reactions of K,PdCl, with dipeptides, K, PtCl,
was chosen iy an attempt to bond Pt(II) to the peptide Yinkage,
Infrared analysis indicated that‘there'was no bonding of Pt(1I)
to the peptide oxygen or to the peptide nitrogen when atteapts
were made to react KaPtCIk_with a dipeptide in wager-solution.
Zeise's salt, as a third source of Ft(I1), reacted with ValVal,
VzlLeu, and ieuVal to form compounds with the empirical formulas
(C,H,),01,(Val),Pt,, (C5H,),C1,(Val){LeujPt,, and (C,R),),C1,(Val) |
iLeu)Pta, respectively. The latter two compounds had the same
formula but different crysialline structures and different infrared i
spectra, Moleculsr weight determination and infrared analyses as
well as elemental analysis indicated that dimer compounds had been
formed in which the original dipeptide compound had been Tissioned
at the peptidellinkage. Infrared analyses indiceted K-irans—0O-

trans, N-trans—0-trans, and K-trans—N-trans struciures for the

products of the reaction of Zeise's salt with ValVal, LeuVal, and

VallLeu, respectively.



PA{1I)~dipeptide Electronic Speatra Data

Table 1
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Complex

PH Amax (nm) €
PA(II)-LeuLeu .40 450 185
o 2.98 329 680
7.25 327 807
13.0 352 532
Pd{11)~ValVal 1.40 440 212
3.0 Jey 655
7425 . 323 965
11.7 324 660
13,0 332 530
Pa{I1)~ValLeu 1.35 450 200
3.0 329 667
7415 324 860
11.7 325 735
13.0 332 514
PA(I1)-LeuVal 1.30 45k 168
3.0 327 667
7.80 326 860
11.7 332 580
13.0 332 547
PA(11)~GlyLeu 1.30 450. 207
' 2.80 331 687
7.15 329 637
11.7 333 617
13.0 333 500
PA(II)-Leull 1.4 45 203
RS 2.95 330 640
%15 328 640
1.7 665
13-9 0 328 31\!0
PA(I1)~GlyVal 1.30 450 205
S 3.0 - 330 685
7.25 225 870
11.7 333 565
13,0 334 528
d(IT)-ValGly 1.40 Lhs 206
T 4 3.0 329 637
?.25 287 805
1147 Pz 505
13.0 352 312
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Tadble 2

Chemical Shift Values

GlyVal

PA(II)-GlyVal

pD S.71 oD 2.96  pD 7.11 pD 13.06

Methyl hydrogens 1.32 {1.38) _

1.35 1.49(1.40) 1.53 1.49

1.39 1.56(1.45) 1.59 1.56

1.42 1.63(1.47) 1.67 1.63
Beta hydrogen 2.42

2.49

2.56

2.62

2.69

2.76 |
Beta hydrogen (center) 2.68 S2.70 2,60
Hethjlene hydfogens 4,33 b.01 4,01 3.96
Alpha hydrogen 4,53 .33 k.37 k.26

' 4,58 4,36 k4o 4.29
4,38
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Table 3

Infrared Frequencies of Metal Complexes of Leucine and Valine

.
[

Pt(Val), Pt(Leu), - 2S-VV 25-VL 2S-LV " Mode

32178 3217 s 3200 3200 3200
337 s 3120 s 3100 3102 3090 NH, stretching
' 3082

2962 s 2978

8 3019 3010 3010
2934 sh 2957 s 2980 2959 2959
2874 w 2937 & 2922 2930 2930 CH stretch
2913 8 2871 2910 2908
2871 m 2868 2872
1645 8 1640 s 1660 1660 1660 COD  asymmetric stretch
1604 8 1600 & 1560 1560 1565 Nﬁé scissors

1462 m 1569 m 1460 1460 1462  CH, deg def
1360 s 1279 s 1365 1365 1365 CO0O" sym str
1387 sh 1389 sh 1386 1382 1387 cnj sym def




™

4000 3000

l)J!!ll!ii

Ladalod

200

0

Y L R 19 DY OO P O

. 'ﬁeunz NO. ke
Pd Br, (VV),
1500 M 3090

i

100k

===3100

o
o

D
O

B
O

TRANSMITTANCE (%)

N
Q

e
' AN;

T

£ . % :
WAVELENGTH (MICRONS)

-19



FIGURE NO.

vV

4000 3000

lllnlllcxiilillll
- e g e ) 5 AL

1000

-3

’1?iil'!

@D

100

© -
{96} IDNVLLIWSNVL

10

4

8

7

WAVELENGTH (MICRONS)

59



60

(SNOUDIW) HIONITFIAVM

fret s

+
G0N FUEN SO

8

Z

oz}

O
™

ol

et SR SR TR P i
.- 4

O
=t

09F

<
O

o8k

{94} IONVILUWSNYSL

s :
o0

OO0l

g

——

& P og R 1

.m— -.._.~.w T 1 L)

-.—

3% Nl MRS Pl o el PP Y

Y ..-,-w.‘d.-‘—.

008

006 .

571 ~"12 P4 N
........m[....o..» NE.GE

0001 WO

0051

T Mh..—_—_m_.—._

00z

L) ._wﬂj._.:..

000€ 0OO¥




FIBURE NO.. %
Ko Pd ClpLY
4000 3000 2000 1500 M

L) s bl a_ls'!;lxlisit!lil i 1
;e et T T f, 3 2 - ..

1000 900 800 700
100 A ; : : B

bl d it lintl'll POl 8 P ST I
=100

o
()

"

N )

. S

o)
(=)

F.
=

TRANSMITTANCE (%)

- ends ; _ : ‘
20} L S _ ted20)
. i e i F, g 8 ! ol o 5 ' __

E‘ ‘: :,‘ ..’I, .,.. ._.l':. ,:.’. ,,, ,..%_,. ,.31 _..,_.E.. % ..i_ b gme W ool g g 2 AF.;
O i MR o it b Tib . . s o e

ldz :".'“;‘ P 0
3 4 5 6 7 8 9 10 n 12 13 i4 15
WAVELENGTH {MICRONS) ' - :

19



i

TRANSMITTANCE (%)

4000 30’90

FISURE NG, S
X, Pd Cl - VL

1000

900

Al

sl d

dod

800

vl P

00 g EERES R ST

o]
o

o
<2

80

3 : : 60
- : I e -y Bean
e i : j J
4 a Bl
20— -t b s ) ARHIY
Ea e P T P :_é.ﬂ.?
e 21E i R SRRt SR
0 1 - & i H

4 5 6 7 8 9 10

WAVELENGTH (MICRONS)

1

100

29



&3

([SNOUDIW] HIONITIAYM
ot 6

oz}

O
™

oL

o
~t

o
p el

%) IONVILIWSNVL

{

o
oo

001k

3 TR

e

i b R SR (1

L L

~—4001

008

L L

006

-am.. 1 -. H -.w4*.-w-—an-ﬂ 4_P-

0001 “WD 0051 0002

AA =15 pg 2o
IJ....-..OZ e HLIE]

ey ..L4w«:-n.:d

00QE 00CY




4

FIGURE NO.

Ly

T
e
- - ‘...
Larar
H
o N, ;
N~ -
; "
Y
E 1
1
i : +
-y H 14 'S -
s
b
EyRan
8 . - -
e a3 = o3
& : g
e r' 1
A B A QN SO, R T
' [T — ]
£ et
- r — =]
g wwr Gmen
] —r 40
o IO i
Ot} = o g
PO )
- ’ snsrfrarderr .‘-;..}.-
4 &L
T

cM

t

4000 3000

1000

1500

2000

]'
oo

INTRE RN

il

eyt 4
2 R o
== o gl
o B 30 B 48 b
i ?
it PR g 5
AR ot 006 M
g - ¢

G-
8 8 98§
JONVYEIOSEY

1 12 13 14 15

10

9
WAVELENGTH (MICRONS)

8

7




FIGURE NO,..8...
Lv
4000 3000 2000

1590 oM

TRANSMITTANCE (%)

1000 900 800 700
bt AT Lot P S TR FRWIE W IS K ST I W AT T
100 BT RSN 5N R R P WO N el i = . e e —H100
R A e S R S R A N i e e T
00 e 0 M i
. e "“'"V 1 N* S o0 [r
i O e e ] : cmpdin o] ,--.i:.“_' e
. ..:~\--‘.-‘-:- - ) -‘r- -: .i.‘. - .o .-f--.-.r '-,’;' —?.4..:“1
B LY s T B TR T 4T W L0
40 — /\g {: i I —ertreie {40
.. e ; : ii ..... _ -
0 i ; I ; {_ o o ! ______

8 ? 10 N 12 13 14 150

'WAVELENGTH (MICRONS)

89



66

{SNOUDIW) HLONTIIAVM

L

3
!:‘“"

ot 6 8

o0 1 Bk A

Peen

o S

oz}

. anafes
predfrrcaforeifiian

o
S

ort

09

o
<t

08

) IDNVILWSNVAL

{

[
lvs]

4 o PRt et : oot *
1 PR R P bty f g ot £ ! ! S| 7 i,
G sge el Sgioy b Ll L SURSIINY (PRI [T SO RO (TN
S % TrRg ST il WL T " il .
. ] S it 3 M i B 2 il
" ; - - 3
L L R R e s L 1 i T L TR TR Mol e o S LB R AL

008

006

H
0001 WO

A1
@ ON 3unsu

0061

000%

000€ 00O0Y




-

TRANSMITTANCE (%)

1

4000 3000 2000

007

,,,,

alcaae g i Lt OO0 4 [T RIS TN U . |

1500

e
FIGURE NO..2
VL
M
{

1000 900 800

i Llt e lllkb"ll(lii

=100

Q £
o

80

o~
o

60

'
Q T

40

i
A o

N
L]

20

6 7 8
WAVELE

; o 10 n 12
NGTH {MICRONS) '

13

14

L3



. e - —
< by v} '

ooo

FICURE No.__10__
Pd (1) - LL gt Varlous pH Values

5§
50 | conk:
s pH=2.98

2; pH=7.28 ——o

fﬂ- b L pH=IL70 ———— e

X ri pHﬁlaf_oo P

50 g

25 q

00 ¥

25 |

5O |
i

75

00 §

25 §

50 g

75 l‘:—.m:- T I A T T T e T R
200 250 300 350 400 450 500 850 600

X (nm)

89




FIGURE NoO... M
Pd (II) VV at Various pH Values
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FIGURE NO... 12 __

Pd(11) - LY at Various pH Values

CODE:

pH= 3,00 ———ere
pH= 7,80 —erem
pH» 1,70 —~——w e
pH=13.00 e

550 600

04




=3

n

N O
QO G OO

b
~]

&

R S T

FIGURE NO.

i3

[l

Pd (1) - VL. at Vorious pH Values

CODE !

pH=3.00 ———

pH27.18 ——e——
pH= 11,70 —==—
PH = 13,00 v

200

250

200 30 400 450 500 850
A (nm)

| €4



FIGURE NO...[4 .
P4 (1) with VV, VG, and 6V Nesr pH 3.00
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FICURE NO.__IS
Pd (O) with VV,VG,and GV Near pH 7.00
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FIGURE NO...16__
Pd (1) with VV and GV Near pH .70
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Pd () with VV,VG,end GV Near pH (3.00
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FIGURE NO.__18
Pd(I) with LL,LG, and GL Near pH 3.00
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FIGURE MO.._19__
Pd (1) with LL,LG, and GL Near pH 7.00
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FIGURE NO...29
P4(i1) with LL,LG, and GL Near pH I1.70
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FIGURE NO..2!
Pd (1) with LL,LG, and GL Near pH 13.00
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FIGURE NO,..2%

Pd (I} with VL end GL Near pH 1.70
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FICURE NO.
" PA(I) with VL,VG, end GL Near pH [3.00
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FIGURE NO.__26 _
Pd () with LV, GV,cnd LG Near pH 3.00
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FIGURE NoO..__27
Pd (II) with LV, 6Y, and LG Near pH 7.00
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FIGURE NO....29
Pd({Il) with LV, GV, and LG Near pH 13.00
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FIGURE NO. .30
Pd (I} - LL. ELECTRONIC SPECTRA
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" FIGURE N0..37 '

25=VY Intermedicte

]

4000

3000 2000
l'l‘il'll 1 3 i'lx
100p-

1500

W 1000 00 800
P i L staadaaa by sl

= | T A ;fl_rloo

(3 I

L Il 1.0 o1

ot
LA

: & A ¢ o L .
Sepn o e, pomm ek {._. R T T

o0
O

S Akl Ao LEE Moeed Ficry i el

o
<

.
(]

TRANSMITTANCE {%)

o
(=

;“ z
- _ 0
0 _ 4 5 ) 7 8 9 10 i 12 13 14 15

WAVELENGTH (MICRONS)

56



FIGURE Np. 38 _
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