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ABSTRACT. It has been studied that relations between electronic structure and anti-tumor activity
by variation of amine group in cis-diamminedichloroplatinum (II) complexes. We were also interested
in these Pt (II) complexes interaction with 1-methylcytosine of DNA base and the electronic structure
of these complexes in order to understand the mechanism of the metal-nucleobases interaction. The results
showed that net charge of center metal in Pt complexes effect anti-tumor activity. The mechanism of
the bonding between metal and ligands largely based on charge transfer from ligand to metal atom. Fur-
thermore, the established molecular orbitals showed that metal 6p-orbitals played an important role in
the bonding scheme for the interactions between platinum (II) complexes and 1-methyleytosine. We also
found that the stronger Pt-N3 bonding strength became, the better anti-tumor agents were.
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Fig. 1. Platinum(Il) Complexes calculated by SC-MEH
method.
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Fig. 2. Molecular structure and atomic numbering
scheme for the 1-methylcytosine (1-MeC).
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Table 1. Relativistic orbital exponents

ter®4] Dirac-Fock?] ¥9A9-5gr24e 78 + Atom Orbital n £ -Value
e, Nitrogen  2s 2 1.88288
7t atell g no} € %S Table 19 F1A 2l 2 2 1.69621
o * FA7F 9 AL j*=1—1 spin-orbit& Carbon 2s 2 1.57470
. . . 2p 2 1.41152
T A = 7"% =1+ - KN
gz, * 27 fle AL j=I1 1/2 spin OIjblt: Oxygen 2 5 5 18826
Jehdch B A4l A= non-relativistic orbitalS 2 P 1.97668
t}&-3} 7o) relativistic orbital2¥-E 3]k, Chlorine  3s 2 1.62594
3p* 2 1.36316
¢,(N.R)=1/3¢2+2/3 ¢, 3p 2 1.35630
da(N. R)=2/5¢2+3/5¢s 3N.R) 2 1.35859
Hydrogen 1s 1 1.00000
Hamiltonian®] W2t3} 31 & 8 2, or Hy)+ o3 Platinum 55(N.R) 2 2.62430
o] Zojxlct, 5p(N.R) 2 2.27918
5d* 2 1.55265
H; or H;=IP+EA—F+EL 5d 2 1.47275
. s - 5d(N.R) 2 1.50471
7| A = o] o] &3} ¥ gl go . .
o37] 111’] atomic orbltal«]o &3} Jolvi, E 6s(65 N.R) 5 L 11704
= x %] & ol ° ZF7H 1-
A Az o)1, Fe} E L& 27 ligand delocal_l 6p* 3 0.69967
zation factor2} atomic electronic terme]v}. o]2i’t 6p 3 0.62127
52 atomic chargeell #ABZE Hqe o3 6p(N.R) 3 0.64921
e oakrle g Filglm, N.R denotes Non-Relativistic
Table 2. Non-Relativistic orbital exponents and atomic orbital energies
Atom Orbital n € -Value A B C
Nitrogen 25 2 1.88288 65.802 228.060 293.893
2p 2 1.69621 60.894 191.560 102.938
Carbon 2s 2 1.57470 56.013 250.245 108.114
2p 2 1.41152 58.207 172.787 63.978
Oxygen 2s 2 2.18826 58.593 298.360 363.030
2p 2 1.97668 64.618 203.350 128.780
Hydrogen 1s 1 1.00000 221.056 213.013 115.417
Platinum 5s 2 262430 0.0 108.310 875.530
[Pt(NH3)Cl] 5p 2 2.27918 0.0 106.470 507.386
5d 2 1.50471 23.505 157.950 63.154
6s 3 1.11704 10.978 150.027 58.461
6p 3 0.64921 13.667 104.263 23.413
[PUNHp]2+ 5 2 2.62430 0.0 108.310 875.530
5p 2 2.27918 0.0 106.470 507.386
5d 2 1.50471 20.615 175.457 11.122
6s 3 1.11704 8.089 167.528 6.426
6p 3 0.64921 10.826 121.683 -28.614
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20 Folxd glew, A4k2 charge convergencer}
<0.0010] =€ w7}z ukE(iteration) Al 4sksd
o} 2|3 AAbel] A5l w220 ARAE Fig W (D 222 5hahd Fzo} gk Aleldd &
3d] Jel T, input data® A AHEE cis-platin 2] N3t HAAE d2A Fig lol T55 H=E9
ZA3gtzlo)e} A3zte X-ray dataZ €] Qg o Pt-Cl overlap population, %S hybridization®} Cl
Fig 43} 7t} )y, oinlzlel] dwld7|7} 23k atomic charge® Table 3| 23k T/Cx

complexel| A+= N-C2] AgZo)E 147A2 1HA| Cleare7} W F 255 sl st d& HYdh ac-
71 A opmlr] W3l wE Pt Uz MOE tivity 24°, o] k& setal 2 xel=®l tumor cellx}

v wstgde). &, cis-diamminebis{1-methylcyto- Ae]E A e tumor celle] AAZE AJ7ke] =|yh
sine) platinum(Il) 2} 718}t F2& Fig 59} 3bo) Fo] FAuE HAERZ Yeld leln], o] jle]
Head-Tail(H-T) #} Head-Head(H-H)<] ¥ ~}#|7} HETE o] £2& viehink

%S hybridizatione Pte} Cl7be] A)ru}23lel] A
a2t s-orbital 7]eixe] WEES dellle
Hox %S=5 0Ci(s)/0CIel oJafl Tl 5l e, of
. . 714 8CI(s)+= Pt} Cle] Agkell 4 chlorine s orbi-
/ Pt / tal& E&3}E overlap population®] §elal, & Cl

TN

Pt
N4 NG
Fig. 3. Coordination system for cis-{(NH3),PtL,). 02
02
{1.03 To
03' 87.0 -0 B
2.0 Fig. 5. Stereoview of the cis—[(NHz3);Pt{1-MeC),J2 * ca-
2.33 t tion A: Head-Tail form, B: Head-Head form; Interato-
91.9 mic distance (in Bohr) are 3.87(Pt-NHj). and
Cl Cl 3.43(Pt-N2), and N3-Pt-Nj angle is 90.0°. Interbase di-
Fig. 4. Molecular geometry for cis— [Pt{NH3),Cl,). hedral angle is 102.3°.
Tuble 3. Modified EH calculation results for cis=[PtA,Cly] system
Pt-Cl overlap % S Cl-atomic Pt-N overlap Pt-atomic
‘a
Compleces e population hybridization charge population® charge?
A=NH;4 3 0.2641 41.9 -0.4367 0.4504 0.7170
A=CH3NH, 14 0.2517 41.0 -0.4169 0.4221 0.6296
A=(CHg)yNH 25 0.2294 37.3 ~-0.4463 0.4204 0.5803
A=(CHg)3N 0.2352 41.5 -0.4561 (.3600 0.5090
A=CyH5NH, 14 0.2513 38.1 -0.4540 0.4210 0.5930
A=HOC,H4NH, 22 0.2586 38.2 -0.4461 0.4117 0.6353
A=i-C3H;NH, 33 0.2656 38.4 -0.4255 0.2288 0.3488
A=(C4H5NH, 33 0.2468 41.6 -0.4191 0.3969 (3.5651

aRatio of the weights of treated and untreated (Control) tumors obtained from ref. 5. #The Pt-N overlap population and
atomic charges in cis - [PtAg)2*.

Journal of the Korean Chemical Society



PR

2ol AukE ¢33 eis-Diamminedichloroplatinum(cis-DDP) %2} DNA baseg) 335
1-Methylcytosine®] Interactionel| #3}F

FAAEGFEY AT

Tuble 4. Net percent Atomic contributions of Pt atom for frontier orbital in cis-[PtA,]2+

Complexes Level 5d,y 5d,, 5d 2

5d 5d 2 -2 6s 6p 'y 6p, 6px

A=NHy4 LUMO  — — — - 50.5 - 9.7 - 10.4
HOMO 919 - 0.3 - — 0.1 0.5 - 0.5

A=NHsCHy LUMO  — - - - 49.8 - 6.4 - 6.9
HOMO 737 - 5.7 - 1.8 - 1.4 - 1.3

A=NH(CHy, LUMO  — - - - 48.8 — 5.3 - 5.6
HOMO 15.2 - 39.9 - - 12.6 0.1 — 0.1

A=N(CH3); LUMO — — - — 46.0 - 4.8 - 5.1
HOMO - 3.8 — 4.0 - - - - -

A=NHAC;Hsy LUMO  — - - - 51.4 - 5.1 - 5.5
HOMO  58.2 - 5.2 - — 4.1 0.3 - 0.3
A=NHy«(C;H,OH)LUMO 0.1 - - — 52.6 - 29 - 3.1
HOMO — 0.1 - 0.1 - - - - —

A=NHy(i-C3H;) LUMO 0.5 - 0.2 0.1 30.3 4.0 0.1 0.6 24
HOMO 1.0 - - 0.3 36.9 1.8 0.2 0.4 3.1

A=NHJ{C¢H9 LUMO  — — — — 439 — 3.8 - 4.0
HOMO 0.5 - 0.5 - - - - - -

2 Pte}e] AavpA3e E3Fsk= EE overlap po-
pulation®] 3telc}. Pt-Cle] ZA3HA ¢l #AI8k= Pt-Cl
overlap population® Cl atomic charge 18|31 %S
hybridizationS- #etAd=t 4 BAIZE EAEHA|
o3 glen® dekilg folejztzel ojded
(leaving ability) vFe & M®s}l7] oo} ez
oful7] W3lel| wWE S WFUALY HATFE
(electronic structure) 2 vlw3dt I gido] glrk
g, WFaEoe] Az AP}y YsAe
WA Zol &) 7krrt "ol A, cis-[PtA, 172 Hep R
2 F8 ZA4o| £3E DNA basest ZE 3
33}-—1 ol2gt e MF(ID) 2HE-ol 4 °}‘¥l71
Wstol ulzl Pt Uxbe] AApFERI} AFA FebA|
=742 viaslr] ¢lste] PN A37r=¢t atomic
charged Table 3o vfehiigiel 2 A+ ﬂ°“§°]
x242 Pt-Neo A=}t 73 AL 4 9
olw, =g wZYU=}e) atomic charge”t %"% 3}
stde]l A dehtn glermE, FAFSS s
¥ Aezh ool %S X USE &
Ak dubH e HMolggo)ol g=sel A3t
3 o a)7tso A F&datE Asle]F(charge tra-
nsfer)o) doldri® Table 45 LUMO =&
o) & Pt 99x}2] orbital 7| EE FEE7] $]5ked
frontier orbitalel] &t ¥ F 3] orbital 71AEE

e
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vebdch LUMO el 2] #2]+= 5d-orbitalx} 6p-or-
bital®] AA& A™, 53] 5deye. 6p.2F 6p,-0rbi-
tale] g7t=Zo g P wgsly glonz
23 intracellular target(DNA) 2} A3lel] gle]
] A zpakA (electron accepter)+= ©]2]%} orbital g
A AgHE oF 7 Uek ol £F
ule}l ¥ @b, LUMO o= &l A Pte] 5d4-2F
6p-orbital 7|oiEx wEr])7} HA xgL5EE o
AA=Y, HOMO oA EHNA = 5d-orbital]
719 %7} =24 Jepdd). CH,OH, i-C;H;, % CH;
717} 22 wjoll = 5d-9} 6p-orbital 71 %7} fron-
tier orbitale] sl A el glernz =&
FotdE Ad FEd+E LUMO q]ﬁ"]"f‘“ﬂ"ﬂﬁ
WZA7ke] 54-9} 6p-orbital 1A Er} F& HAE
). £3], LUMO A EH A 6p-orb1ta19—] 7]
Fot A 2 AAJAE BAFa
g, cis-platindll A F 2o dAaxEr o
cis-diammineplatinum(cis-PDA) % % #=z1¢) 1-
methylcytosine©] 234, cis-diamminebis(1-meth-
ylcytosine) platinum(Il) &] 7131349 2+ Fig.
5014 yepd 3, Head-Tail(H-T)2} Head-
Head(H-H) & 5§ 717 7}&3 el & 714 5 9ich
ol & ZHEol Wit el F2E HAA 7] A
total energys Table 59 vielgich H-THe+&
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Table 5. Stability energies and HOMO-LUMO transition energies of ¢7s — diamminebis(1-MeC)platinum(II) complexes

1-MeC cis’PDA Pt(1-MeC) Eapit- Eyansi-
Complexes V) V) ([NH3)2]2 N (6\2/) (th{;zsl (#trr;ris;)
HEAD-TAIL -842.28 -1348.71 -3264.16 230.89 2.10
HEAD-HEAD -842.28 -1348.71 -3217.42 184.15 2.42
Table 6. Valence orbital populations for cis —[PtAf1-MeC)zJ?+ complexes
Energy Pt
Complexes Level
(-eV) 5d,, 5d,, 5d, 5d,, 5d.2.y 6s 6p, 6p, 6p,
A=NH; 9.06 - - — - — - — - -
12.05¢ 0.5 0.1 16.4 - - 2.7 - - -
12.34 0.2 - 1.3 - 0.2 0.3 — 0.2 0.1
12.45 50.8 - 04 - - 04 - — -
12.86 5.0 0.3 21.7 - - 12.0 0.3 - 0.3
13.14 0.2 49.0 0.3 20.4 - - - - -
A =NH,;CH; 9.06 0.1 - - - - — — - -
11.91¢ 52 - 26.7 - - 5.7 — - -
12.24 45.2 - — - - — 0.2 - 0.2
12.74 1.2 0.2 1.0 - 03 0.3 0.3 0.2 0.2
12.92 8.5 0.2 18.6 1.1 - 10.7 0.2 — -
12.97 - 54.5 0.3 27.0 - - - - -
A =NH(CHy), 8.99 - - — - - - - - —
11.51¢ 52 - 41.7 - - 10.0 - - -
11.97 43.6 - 1.7 - - 0.2 0.3 - -
12.09 4.3 - 1.0 - - 0.3 0.2 0.1 0.5
12.36 14 1.6 114 - - 6.3 0.2 - -
A =N(CH3)3 8.73 — - — - — - - — -
11.022 2.9 — 41.7 - - 11.1 - - 0.2
11.07 - - 0.4 - 0.6 - 1.0 - 0.9
11.58 56.2 - 0.7 - - - - —
11.71 1.4 10.3 - 10.3 - - - — -

2The highest occupied level.

H-H¥ el 8} 47.75 eV o] £ b2 3ol 1]+ (stabi-
lization energy)Z 7}*3, H-T9} H-H3eie
HOMO-LUMO #elA#le®e 27 210 um~ '}
242 pm ol A BEE gle]lm2, H-THef7t H-HY
Bluct 412l WD AEe 727t "ok =23
Fig 5914 2 A, H-THEME H-HEE
el N(4H--0(2)¢ aZge] 7Fs3t=s H-T
e)7} HH3g o o & Aty AE 7HAA
522 cytosineo] wi$1E AHEE] MO A%-& H-
Taejol] s At wastgch 1-methyleytosine]
A WFEE9] A4 opglgt=el wd )7t
x2g Ao dsiAT FR=EART, 2 MO <Y

A Z2lol| thgt WZU=}be] atomic orbital 7]HEE
Table 62 vtehiigic}. AAR 2 BF(ID 2HE-)
A Z492)19] 5s-9} Sp-orbital e T & el
AFEAe] MOsA HAAS Jomg Table 69l
Vel z] siskch. Table 494 ®3kEo| cis-PDA%}
Eo| A& 5d-orbitale] HOMO U xEg] el 92%=
A=) 9l A%, 1-methylcytosine®} A3 W3
(ID#E, cis-diamminebis(1-methylcytosine) plati-
num(ID A AFEAAE(bonding molecular
orbital) o] 4 ™ & MOZ wiHAYE & 4 Uk
Table 61 7+ MOl di§t 2]7k=5-2] orbital 7]
g5 g vehdA] eokAw, HOMO oAuAEHdE
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Table 7. Lowdin overlap populations of cis — [PtAy(1- MeC)o2+ complexes
Nj Pt Population?
A=NH; A=NH;CH; A=NH(CHy; A=N(CHjys
4 2s 5d,s 0.1953 0.1894 0.1860 0.1871
52y 0.4349 0.4261 0.4165 0.4136
6s 0.4829 0.4786 0.4846 0.4791
6p, 0.3839 0.3657 0.3773 0.3624
2, da 0.1913 0.1867 0.1745 0.1810
Sy 0.9017 0.8832 0.8569 0.8486
6s 0.6777 0.6795 0.6836 0.6860
6p, 0.5059 0.4873 0.4838 0.4826
T 2py Sd,y 0.3885 0.3910 0.4118 0.4162
6p, 0.1782 0.1330 0.1713 0.1384

4Values of the order of 0.1 and smaller have not be included.

F2 =SS AU ES orbital2 0]
Folx gleom, eFz}+e] 54,,(Pt)-orbital 3} 6s(Pt)-or-
bital A1 Ze] &A%}t FA AH% (high occupied)
MO #9844 54(Pt)-orbital®] o)A &A= de
>dy>dp>d.01™, B=EZ0 2 wEl d,e-orbi-
tale o] ¥ MO9A #Hrj=Elo] ¢ 3(Table 69l
el A 9¥ghe), 6p-orbitale °]E MO 29|
W3 7|zt de=z Hrid 5 qick. HOMO
o )29 ol A 5d 2} 6s-orbital 7] £ E wEl7) 2
ol mel AHEd, oiuleitz=d sler]sl HA
2= ¢E o] % orbital 9 7| x7} dr}. ol o] E
orbitale] 1-methylcytosines} Z3sle gz ¢kAls}
HE Jehll 3, opnlzZt=rt NHa)l FElA 714
HAsES £ & Uk 2elx s e AxA
o]elliix] (electron transition energy)E XMuizl:
NH, 27t=g Ad 93(ID) o] 299eVE 714
A vehdoh

1-methylcytosine2] N39} Ptell o3t ZAgAe
Table 72 Jelgla, o] Pt-N34gHAde 224
Lowdin population[ (LP);= S CyCpN,] & AHg-3}o]
ol &S AU A7IA, Cutz MO Algeld,
Ne& A MO AH#-3 dxppelc). Pt-N3 Ag
AAL oo} nARE EF3L glo, Ut 2
§h& A]amtAgte| z, E3), virtual 6p-orbital-Z 5d-
orbitals §A| oo} 7AF )] Fa5HA Fdsla 9]
th. oiulg)Zt= Wstel] ule} Pt-N3 AFEE v
x3pg, Wd7)7) AR Ge e B 5
opl2|Zt=st NHy2l #EeA 713 735k 2g2
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AT ). &, Pt-N3Z@ o] 7slA] A=)
Ue HFUADFELTE YtAe] =88 8 F
glsitl. DNA based] 40122 wi¢lx base?)
TE JAE9] A3E-Z(charge distribution)ol] %
F& Atk AL o)) A UeiA glom Pt
(I) A&l 23 1-methylcytosined) As}2x &3
& Table 8 £°F3lit}. Free 1-methylcytosine}
F4o] 2o AjrE 1-methylcytosine?] HsHE-E ol
A A Wskers aasle] B o, Pr(l) ofol&-2
1-methylcytosine 9] N3 9=} #=k oluz}, N1, N4,
C2 UAERE HAS Fo] Grimzs A3
(neutralization) ¥]+= 7 ¥o] Qlr} gl o]z)d A
214 5-(electron donation)-& H59F H6UAFE =LA
7ldstz gledl, oJdd #EE H-NMR 23 E3 o
4] 1-methylcytosine 2] C5-H5¢} C6-H6 resonace”}
PtZA gt €3l downfield 2 chemical shiftd A3}
2 dARP. oplE7tEr) o Pt(ID AE-E3e]
Aol 2§ 1-methylcytosine2] H3EE Wz
o9 FAkRE AgS vellgich

Pt(Il) 2] 6p-orbitalel] <3t AslolFe A=E
7] $18te] Lowdin populationg ¥-43le] Table
9ol Jebliglc). Pte] "AP X = (Xe)5d%s' o] A qt,
6p-orbital®} 7]14-& 7] fs)A B A4t = 6p-
orbital= & dte] Aok AL A=, 5s-, 5p-,
5d- 3 6p-orbital®] valence population-& cis-PDAs|
1-methylcytosinee] Ads|x= A2l wv]L3}x]qt vir-
tual orbitalgl 6p-orbitalellA&= <F 02e 9] Hs}7}
27148 B 5 AS.BE, 6p-orbital S H5}e]Fol
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Table 8. Comparison of free 1-methylcytosine and bounded 1-methylcytosine in platinum complexes net charges by the
SC-MEH method

[PtAy(1-MeC)y)?+

Atom free 1-MeC A=NH, A-NO,CH,  A-NH(CHy;  A=NCHy);
N ~0.38 -0.29 -0.31 -0.30 -0.31
C, 0.32 0.33 0.33 0.33 0.33
N, -0.28 -0.26 026 -0.27 -0.26
Cs 0.05 0.05 0.05 0.05 0.05
H -0.07 -0.03 -0.03 ~0.03 -0.03
C, 0.20 0.21 0.21 0.21 0.21
Hg -0.06 -0.01 ~0.02 -0.02 -0.02
N, -0.16 -0.10 -0.11 ~0.11 ~0.11
C, 0.23 0.22 0.22 0.22 0.22
C, 0.41 0.46 0.47 0.47 0.47
0, 057 -0.56 -0.57 058 ~0.57

‘Table 9. Total valence populations of Pt atom by SC-MEH Calculations

Complexes Net Total Population

[PH{NH3),)2* 55(1.98) 5p(5.96) 5d(8.49) 65(0.69) 6p(0.15)"
[PtNH,CH3),)2* 55(1.99) 5p(5.97) 5d(8.61F 6s(0.64) 6p(0.17)7
[PHNH(CH3)p)o}2* 5s5(1.97) 5p(5.97) 5d(8.69) 6s(0.61) 6p(0.18Y
[PUN(CH3)3),)2 * 55(1.99) 5p(5.97) 5d(8.74)% 6s(0.64) 6p(0. 16)
[Pt(NH3)x(1-MeC),)2+ 55(1.99) 5p(5.97) 5d(8.42) 6s(0.70) 6p(0.39)
[PNH,CHa)y(1-MeC), 2+ 541.97) 545.97) 5d(8.44) 65(0.70) 60.38Y
[Pt(NH(CH)2)4(1-MeC),]2* 55(1.97) 5p5.97) 5d(8.46)m 6(0.68) 6(00.38)
[PtN(CH3)9)1-MeC)o)2+ 55(1.97) 5p(5.97) 5d(8.49) 65(0.68) 6p(0.37)

a1(1.98) va(1.99) 2X1.81) x21.99) x>-1%0.72). x(0.04) 20.04) 0.06). xv(1.98) vA1.99) 2X1.83) x2(1.99) r2-12(0.82).
440.06) W0.06) 20.03). ea(1.98) ¥21.99) 2X1.87) xA1.99) ¥¥-yX0.86). /¥(0.02) w0.05) H0.08). £xv(1.98) \2(1 99)
22(1.85) x2(1.99) ¥%=vX0.93). £(0.05) ¥0.05) 2(0.06). W W(1.86) 12(1.99) 22(1.81) x2(1.99) x2-3%(0.77). /x(0.15) 3{0.15) 2(0.09).
kxy(1.84) v2(1.99) 2X1.82) x2(1.99) x2%-v2(0.79). 1(0.14) 3(0.15) 2(0.09). "x(1.83) v2(1.99) 2(1.85) x2(1.99) x*-v ’(l).é%l))

7(0.15) ¥(0.15) 2(0.08). 9x1(1.83) v2(1.99) 22(1.85) xv (1.99) x2-v¥(0.83). 2x(0.14)%(0.14) 2(0.18)
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