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cis-{ Pt(NH3),(L)} 2+ (L = CI, H,0, NH3) Binding to Purines and CO:

Does s&-Back-Donation Play a Role?
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The ability of cis-{ Pt(NHs)2(L)}#**, a molecular fragment of the
anticancer drug cisplatin, to bind to purines and CO by s-back-
donation from Pt to the ligand was examined computationally.
Optimized geometries and computed vibrational frequencies
suggest that cis-{ Pt(NH3),(L)} >+ (L = Cl, H,0, NHs) is a poor
sr-donor and that sz-hack-donation does not play an important role
for Pt(Il)-ligand interactions in general.

Cisplatin is a potent anticancer diuthat is widely used
to treat testicular, ovarian, head, and neck cahdéuch is
known about its mode of actioif, and guanine (G) in

genomic DNA has been identified to be the primary cellular

target. Initial electrophilic attack at the N7 position of G is
followed by a reaction of the Pt-center with an adjacen

Recently, wé' and other® 18 have presented a number
of theoretical studies aimed at identifying new leads to
rational drug design. Detailed MO-studies revealed the\Pt
bonding to be unusually complicatétln good agreement
with experimental data, the calculated bond strength
is notably greater in the cisplatin-G adduct than in its adenine
(A) analogu€'® 2 Whereas there is no controversy over the
relative energetics of cisplatirpurine interactions, some
disagreement exists about which electronic features are
responsible for this behavior. Given the similarity of the two
purine bases, the main character of binding is probably
identical in both adducts, and the distinction stems from smalll
differences of the purine-based molecular orbitals that
promote Pt-binding. Recently, we found that a combination

t of differences in the strength of hydrogen-bonding and the

purine base to give a 1,2-intrastrand cross-link, which leads ?-0ond component is at wofR,whereasz-back-donation

to bending and unwinding of DNATNhis lesion suppresses
DNA replication and transcription, ultimately leading to cell
death® Despite much effort to optimize the drug by varying

from the occupied metal d-orbital to the ligand-based
orbital does not play an important rafeWe concluded that
the distortions in ther-orbital subspace upon platination are

the ligand composition, only three Pt-based drugs have beerflu€ t0 relaxation effects that do not involve the-Rtbond

FDA-approved, namely cisplatin, oxaliplafii,and carbo-
platin 210

directly. Another study? however, proposes that such
interaction is present and important for the binding of
cisplatin to purine bases. Conceptually, it is reasonable to
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principle be able to interact favorably with the low lying O

sr*-orbital of the purine ligand. Ther*-orbitals of G and A 1

differ slightly owing to the keto and amino groups atthe C6 o/ @”_33

position in G and A, respectively. Thus, on first sight, , 18984

m-back-donation is a promising distinctive feature that might @  riooo ik

provide insight into why the platinum binding to these two e 11

purine bases is different. It is difficult, however, to provide @)—@—@ \C‘-‘”g‘
an unambiguous answer to the question of whether this poy-co: 1791 A

electronic feature is present. The complexity of the molecular PHll-CO: 1.903 A

orbital mixing in this intrinsically asymmetric molecule Figure 1. Optimized Stfuctureéz %t/g\e three hypothetical Pt complexes,
makes it impossible to attribute MO-deformations cleanly € carbon monoxide, and-PC '
to a simple and unbiased feature.

As a part of our ongoing effort to derive a thorough TH3—|2®
characterization of the electronic properties that determine s PN =0
the binding of cisplatin to purine bases, we examined how e ] NHs
the Pt-center in cisplatin interacts with a typigahcid ligand, PN R=Co Ny 20
carbon monoxide. c . F',t o

In experimental organometallic chemistry, the vibrational n-backdonation ’ S,

stretching frequency of the carbon monoxide ligand is com-
monly taken as a reliable reporter for the extentrdfack-
donation in metal carbonyl complex&s?* As a result of
partial occupation of the €0 s*-orbital, notable shifts of
the vibrational frequency from its unperturbed value of 2143

cm™! are observed. In addition,-€0 bonds in these com- S § 888
plexes are expected to be longer than 1.128 A, which is foundFigure 2. Computed vibrational stretching frequencies of theGCligand
in free carbon monoxid®.Inspired by the use of this experi- in putative Ptcarbonyl complexes compared to free CO and Cr@CO)
mental probe, we applied the same logic to test the ability
of the cis{ Pt(NHs)2(L)}?"* (L = Cl, H,O, NHz) fragment

to serve as a-donor in general. Thus, we computéthe

Cr(CO),
Pt(CO)"

Vib. Freq. / cm’!
I
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N
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theoretical frameworR These trends are in good agreement
with C—O distances of 1.130 and 1.103 A found experi-

Lo . . mentally incis{Pt(SGQF)(CO),].?” When compared to free
vibrational frequencies of the three hypothetical complexes CO the stretching frequencies of all three calculated com-

i + i + oo
cis{Pt(NH;)CI(CO)J*, cis{Pt(NHs)(H.0)(CO)F*, andcis plexes, presented in Figure 2, do not show a shift to lower

2+ i
[PYNHs)|(CO)". Since to the best of our knowledge none energies. Instead, they shift to higher wavenumbers, which
of these three carbonyl complexes has been successfully

. . means that the €0 bond becomes stronger upon binding
prepared, we cannot compare the computed energies directl . )
. . o the Pt center. This trend is easy to understand and relates
with experimental data. Nevertheless, the molecular struc- ; " .
to the fact that the lone-pair orbital on carbon promoting

gsqs T\er;(deg;:asj[/gr(e;t;oFg(l);;zr]ogl(es:oLthgIresla(\;elz:c; E';(\I/I)ect?:;(r)]nyl the donor-acceptoro-bonding between CO and the metal
b 2 Y center is antibonding with respect to the carbon and oxygen

stud|ed_ previousk/ and serve as benchmarks. for our atoms. Partial removal of electron density from this orbital
calculations. . . ) . L
Fiqure 1 shows the optimized geometries of the three in forming the P+C bond weakens this antibonding interac-
con;gllje s congdered r?lthlsz ot g For Icom arison thetion and strengthens the—<® bond. Experimentally, the
piex ! ! IS study. parison, C—0 stretching frequencies ofs{Pt(SGF),(CO),] andcis-

optimized C-0O distance of free carbon monoxide and the [
o . . ) PtCIl(CO),] are observed at 2202 and 2171 ¢prespec-
m m +/0

optimized geometries of PY(CBJ™™ with three different tively, which are similarly shifted to higher wavenumbers

OX|dat|9n.states of platlnzglrf are also included. TheCG when compared to that of free CO at 2143¢m

bonds incis{ Pt(NHs)2(L)} complexes range from 1.130 Th It t that tig< Pt(N L)} 2++ f

to 1.136 A and are therefore slightly shorter than the value ese results suggest tha 84 PUNF)2( .)} rag-
f1.138 A ted for f b ide in th ment is a poorr-base and thatr-back-donation does not

o computed for free carbon monoxide in the same play a significant role in binding these compoundstacids.

(22) Cotton, F. A.; Kraihanzel, C. S. Am. Chem. Sod962 84, 4432, As a typical e.xar_nplle of a transitiqn metal complex where
(23) Kraihanzel, C. S.; Cotton, F. Anorg. Chem.1963 2, 533. m-back-donation is important, we list the textbook complex
(24) ;1“3b2bard' J. L.; Lichtenberger, D. . Am. Chem. Sod 982 104 Cr(COY)s, where the first IR-active €0 stretching frequency
(25) Barnes, L. A.; Liu, B. W.; Lindh, RJ. Chem. Phys1993 98, 3972. is calculated to be at 2103 cthin our theoretical frame-
(26) All calculations are carried out using the program sultaguar4.1; work.2® We considered the simple systems Pt(CO), Pt(CO)
R3LYP fancional (F’L‘)eré'f"g"T?Fi’azn%?(\)/v_m‘isﬁaﬁ'cﬁ_""é'ﬁy”j uilizedthe and PY(CO3", thus varying the oxidation state of Pt from 0

1988 37, 785. Becke, A. DJ. Chem. Physl993 98, 5648.) together
with the LACVP** basis set (Hay, P. J.; Wadt, W. R.Chem. Phys. (28) Our computed CO bond length of 1.138 A is 0.01 A longer than the

1985 82, 270.). Computational details are given in the Supporting experimentally observed 1.128 A confirming the tendency of the
Information. B3LYP functional to give slightly longer bonds compared to experi-

(27) von Ahsen, B.; Wartchow, R.; Willner, H.; Jonas, V.; Aubkelrerg. mental values. Similar results were also obtained for CO with
Chem.200Q 39, 4424. correlated wave function methods (ref 25).
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to +2. The question of whether there israback-donation is no such interaction in cisplatifpurine adducts. In
component to the binding of a carbonyl to a Pt(0) center addition, the relationship between-© stretching frequen-
has been discussed in the literature in a different cortékt.  cies and the electronic structure has recently been discussed
Our calculations indicate that the-© stretching frequencies to be more complex than outlined here for conceptual
in both Pt(COJ and Pt(COJ" are shifted to higher wave-  simplicity.3>37 However, if taken together with the results
numbers compared to free CO, whereas the neutral Pt(CO)of the more detailed MO-analysis presented elsewHexed
displays a CO stretching frequency of 2138 ¢nwhich is the trends observed in general for square planar Pt(ll) systems
71 cnt! lower than that computed for free CO. The to form nonclassical carbonyl complexes, as mentioned
optimized C-O bond length in Pt(CO) is 1.155 A, further above, it is evident that the Pt center in cisplatin is a poor
providing evidence for a weakening of the-O bond upon m-base and gives rise to only a weak ormdack-donation
binding to the Pt center. Thus, Pt is in principle able to tos-acids. Thus, the presence of such an interaction between

participate in metatligand bonding includingz-back- the purine bases, which are weakeacids than the CO-
donation, but does so to a notable extent only in the zeroligand, and the Pt-center in cisplatin seems improbable. This
oxidation state, if the bare Pt atom is considered. conclusion suggests that there is little electronic driving force

Comparing the bond lengths and vibrational stretching for a coplanar arrangement of the cisplatin moiety with the
frequencies of the CO ligand attached to the bare platinum molecular plane of the purine base. Thus, both the nearly
metal with those attached to the cisplatin fragment, it is clear orthogonal arrangement of the cisplatin unit in the bifunc-
that the ligands have a profound effect on the electronic tional adduct that is observed experiment#lland the
behavior of the Pt center. Although the platinum center in computationally suggested noncoplanar arrangement of the
cis{Pt(NHs),(L)}?** is formally in an oxidation state of = monofunctional addu€tare electronically not strained with
Pt(Il), the C-0 bond length of~1.13 A and the vibrational  respect to the metaligand zz-interaction. The lack of such
frequency of~2250 cntt are closer to the values obtained a directing electronic effect is important for understanding
for the Pt(I)CO model than to Pt(I)CO. Clearly, the ligands the kinetics of the second electrophilic attack to form the
in thecis{ Pt(NHs)2(L)} 2" fragment donate electron density  bifunctional adduct, which necessitates a significant rotation
into the metal center, rendering it a better base than the bareof the cis-{ Pt(NHs),} 2" unit around the PtN7 vector from
Pt(ll) center. However, the set of ligands in cisplatin is not the monofunctional precursor. The exploitation of this
able to make the Pt center sufficiently basic to give rise to electronic detail for the conceptual and rational design of
a notablerr-back-donation component in the metéigand new drug candidates is a challenge for future studies.

bonding. Thus, the hypothetical-Ptarbonyl complex dis- Acknowledgment. This work was supported by grants
plays the characteristics of a nonclassical metal carbdnil, from the NIH to R.A.F. (GM 40526) and to S.J.L. (CA
where thes-component dominates the bonding. 34992).
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