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The Uracil C(5) Position as a Metal Binding Site: Solution and X-ray Crystal Structure

Studies of Pt' and Hg" Compounds

Markus HO'pp, Andrea Erxleben, Ingo Rombeck, and Bernhard Lippert*

Fachbereich Chemie, Univer&itBortmund, 44221 Dortmund, Germany

Receied July 7, 1998

1,3-Dimethyluracil (1,3-DimeU) reacts withans-[(CH3NH,),Pt(H0),] * to givetrans[(CH3NH,)Pt(1,3-DimeU-
CH(H20)]X (X = NOs7, 1a, CIO4~, 1b) and subsequently with NaCl to giveans(CHsNH,),Pt(1,3-DimeU-
C5)CI (2) or with NH;z to yield trans[(CH3aNH,),Pt(1,3-DimeUC5)(NH3)]CIO,4 (3). In a similar way, (dien)Pt
forms [dienPt(1,3-Dimel&5)] ™ (4). Reactions leading to formation @fand4 are slow, taking days. In contrast,
Hg(CHsCOO), reacts fast with 1,3-DimeU to give (1,3-DimeCB)Hg(CH;COO) 6). Both 1-methyluracil (1-
MeUH) and uridine (urdH) react with (dien)Pinitially at N(3) and subsequently with either (dien)er Hg(CHs-
COO) also at C(5) to give the diplatinated specreand9 or the mixed PtHg comple® C(5) binding of either
Pt' or Hg' is evident from coupling of uracil-H(6) with eithéP3Pt or 1°*Hg nuclei anc®J values of 4774 Hz
(for Pt compounds) and 1858197 Hz (for Hg compounds)J values of Pt compounds are influenced both by the
ligandstransto the uracil C(5) position and by the number of metal entities bound to a uracil ring. ZBaotid
5were X-ray structurally characterize@®: monoclinic system, space gro®2i/c, a= 15.736(6) Ab = 11.481-
(6) A, c =25.655 (10) AB = 145.55(33, V = 2621.9(28) &, Z = 4. 5. monoclinic system, space gro@a./c,

a = 4.905(2) A,b = 18.451(6) A,c = 11.801(5) A,p = 94.47(3}, V = 1064.77(72) R Z = 4.

Introduction

Metal binding to isolated nucleobases usually occurs via
endocyclic N or exocyclic O and N donor atoMmsThere are
few exceptions to this rule and these include (i) binding to a
ring C atom (with deprotonation) or (ij}? coordination to a
C=C bond. As to (i), the earliest findings of covalent mercury
binding to C(5) sites of cytosine and uracil as well as C(7) of
7-deazaadenine are from 1973 and 1975, respectivelyl-
lowed by scattered reports on C(8) metalation of 1,3,7-
trimethylxanthosine by Ru(lll3,0s(Il1),> and Hg(llf or C(5)
metalation of 1-methyluracil by Pt(l1}. Binding pattern (ii)
has been reported both for cationic (§RU' and (NH;)sOs'8
as well as the anionic [Rihedta)T (hedta= N-(hydroxyethyl)-
ethylenediaminetriacetafefpr a number of cytosine and uracil
ligands. With the exception of a diplatinum(lll) complex
containing both N(3),0(4) bridged and terminal and C(5)-bound
1-methyluracil ligand$, none of the uracil compounds men-

The compounds described here represent bioorganometallic
species in the strict sense, containing—M bonds with a
biomolecule. They therefore differ from a class of compounds
commonly also termed “bioorganometallic” but containing an
organometallic fragment bound to a biomolecule in a coordi-
native fashiorf?

Experimental Section

Preparation of Starting Compounds. The starting materiafsans:
(CH3NH>),PtCh,'* trans-[(CH3NH2),Pt(H,0).]%+ %2 [(dien)PtI]1,:® and
1-methyluracil (1-MeUHY were prepared as previously described. 1,3-
Dimethyluracil (1,3-DimeU), uridine (urdH) and-&/IMP were pur-
chased from Sigma and Hg(GEOO) from Flukal® trans(CHs-
NH2),Pt(1-MeUN3),-3H,0, 11, was prepared by reactinggans
[(CH3NHy)2Pt(H0)2](NO3), with 2 equiv of 1-MeUH at pH 8.2 (pH
repeatedly adjusted by means of NaOH)4al at 60°C and subsequent
slow evaporation. The yield of the white compound was 62%. Anal.
Calcd (found) for GoH26NsO/Pt: C, 25.7 (25.3); N, 15.0 (15.0); H,

tioned have been X-ray structurally examined. Here we report 4.7 (4.8). The purity of the compound was confirmed by NMR
the synthesis and characterization of a series of complexes ofspectroscopy.

Pt(11) and Hg(ll) with 1,3-dimethyluracil as well as other uracil

Preparation of the C(5)-Bonded Metal Compounds.trans[(CHs-

ligands and the X-ray single-crystal structure determinations of NH,),Pt(1,3-DimeUC5)(H,0)](NOs), 1a, was prepared by the reaction

two examples.
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of the diaqua species (NGalt) oftrans-(CHsNH2),PtChL with 2 equiv Table 1. Crystallographic Data and Experimental Details of the

of 1,3-DimeU (stirred at 68C for 23 d in stoppered flask, pH 3—4). X-ray Studies
The brown suspension was then concentrated to an oil by rotary 2 5
evaporation at 30C. After repeated extraction of the oil with 30 mL-
portions of CHC} or CHOH, 1awas obtained as a pale brown powder. ~formula GH1/CINJOPt  GH1N.OsHg
Although isolated yields were only ¥12%, according tdH NMR fw di 4%1%(83 3% 0.25 3928'7062 02
spectroscopy the product is formed in-6P0% yield. Anal. Calcd gzz: S;/rgtens, mm mbnoclinié : r'n:nobli;:ic :
(found) for GH19NsOgPt: C, 20.2 (21.0); N, 14.7 (15.0); H, 4.0 (3.7). space group P2,/c P2,/n
The perchlorate saltb was obtained analogously. a A 15.736(6) 4.905(2)
trans(CHsNH,),Pt(1,3-DimeUC5)Cl, 2, was obtained as pale yellow b, A 11.481(6) 18.451(6)
cubes by addition of an excess of NaCl to a concentrated aqueous® A 25.655(10) 11.801(5)
solution ofLaafter 1 h at 4°C (yield 60%). Anal. Calcd (found) for \ﬁ/ j';gg 2164251-5;(252 336177(3)72
CoHiN.OCIPE C, 222 (22.0); N, 13.0 (13.2); H, 4.0 (3.9) Nealcd), g G T (28) Jood. (72)
trans[(CH3NH2)2Pt(1,3-DimeUC5)(NH3)]CIO,, 3, was prepared by Z 4 4
reacting a solution dirans[(CH3NH_)2Pt(1,3-DimeUE5)(H20)]ClO,, u(Mo Ka), mm? 11.01 14.45
1b, with aqueous NKI(1 N, stirred at 22°C for 6 h in astoppered F(000) 1632 736
flask). After concentration to an oil and extraction with CkHGhe 26 max, deg 50 50
crude product was recrystallized from water &idolated as colorless ~ no. of reflcns measd 3849 2147
cubes. Due to very low yields3 was characterized by NMR  ho. of indep reflcnsi > 40(F)) 1123 707
spectroscopy, 1%Pt, 195Pt—1H HMQC) only. no. of variables 144 86
final R, R,? Ry = 5.3% Ry =5.4%

(1,_3-DimeUC5_)Hg(CH;COO), 5,_Was prepared as follows: to a Ru, = 13.8% Rz = 6.5%
solution of 1,3-DimeU (1.06 mmol in 60 mL of water) was added Hg-
(CHsCOOY (1.06 mmol) and the mixture stirred at 3G for 16 h. 2Ry = J||Fol — [Fll/ZIFol; Rur = (ZW(IFo| — [Fe)¥>wW|Fo[?)°3,
The solution (pH 3.5) was then concentrated to 3 mL. Afed at Ruz = (W(Fo> — FH Y w(Fo%)?)°%.
room temperature, colorless needlesSofvere removed from the
aqueous solution. Yield: 53%. Anal. Calcd (found) faHzN2O,- Chart 1
Hg: C, 24.1 (24.2); N, 7.0 (7.1); H, 2.5 (2.6). o
[dienPt(1-MeUN3)]NOs-H,O, 6, was obtained by reaction of N)j
[dienPt(HO)I(NOs). (1 mmol in 100 mL of water; obtained from o

[0}
HBC\N)E
&

CH3

|
[dienPtl]l and AgNQ) with 1 equiv of 1-MeUH and 1 equiv of NaOH. EH
After 2 d at 60°C the mixture was evaporated to 4 mL. After several 3
hours at #£C a white powder was filtered and then treated with excess 1-MeUH 1.3-DiMeU
MeOH to remove unreacted 1-MeUH. The residue was finally ’
recrystallized from water to give a white powder ®in 74% yield. ()

Anal. Calcd for GH2oNeOPt (found): C, 21.5 (21.7); N, 16.7 (16.7); (b)
H, 4.0 (4.1). o
Identification of C(5)-Bonded Metal Compounds by NMR HN
Spectroscopy. A number of compounds were prepared orldiNMR J\ |
scale only and identified byH NMR spectroscopy, yet were not O"™N

isolated, e.g. [dienPt(1,3-Dimed5)]*, 4, [dienPt\N3-(1-MeU)-C5) HOCH
Ptdienf", 7, [dienPt{N3-(1-MeU)-C5)Hg(CH;COO)T", 8, and [dienPt- %0
(N3-(urd)-C5)Ptdienf, 9 (cf. Results and Discussion).

Instrumentation. IR spectra (KBr pellets) were recorded on a HO OH
Perkin-Elmer 580 B spectrometetH, 19Pt, and'®®*Hg NMR spectra
(200.13, 42.95, and 35.79 MHz) were recorded on a Bruker AC 200 Uridine

instrument. Chemical shifts are given in ppm and are referenced to
internal TSP ¥H), external NaPtCk (195Pt), and external Mglg (2%

Hg), respectively. Assignment of the metaluclei satellites in proton
NMR spectra was made by 21Bi—1%Pt HMQC experiments, without
decoupling during acquisition. The sequence was optimiz&d(1e-
Pt—1H) = 61-74 Hz. With help of a nondecoupled®Hg NMR
spectrum of2, the 3J(***Pt—H) was determined as 197 Hz.

standard deviations fdt at low temperature were unsuccessful as the
crystals undergo a phase transition at low temperature.
Crystallographic data and experimental details are reported in Table
1 and Supporting Information Tables S1 and S2, final positional and
equivalent isotropic thermal parameters are listed in Tables 2 and 3.

X-ray Crystallography. X-ray data of compound® and5 were Results and Discussion
collected on a Nicolet R3m/V single-crystal diffractometer using
graphite-monochromated ModKradiation ¢ = 0.710 73 A). Unit The Ligands. The uracil nucleobases applied in this study
cell parameters were obtained from least squares fit ta?par(d 24 are presented in Chart 1. They include 1-methyluracil, 1-MeUH

(5) randomly selected reflections in the range 3520 < 30° as (a), 1,3-dimethyluracil, 1,3-DimeU (b), and uridine, urdH (c).
follows: 2, a=15.736(6) Ab=11.481(6) Ac = 25.655(10) A, and  Metal binding patterns of these compounds have been
B = 145.55(3y and5, a = 4.905(2) A,b = 18.451(6) A,c = 11.801- reviewed!’”~20 In the majority of cases, metal binding to

(5) A andp = 94.47(3). Intensity data were collected at room 4 \alyH and uridine is via N(3), following deprotonation of
temperature at variable scan speeds2@ scan). An empirical

absorption correction vig-scans was applied f&. No correction - -
was made for extinction. (16) (a) Sheldrick, G. MSHELXTL PLUS (Relle;_ase 3.4) fqr_NlcoIet R3m/V
. . Crystallographic SysteniJniversity of Gdtingen: Gdtingen, Ger-

The structures were solved by conventional Patterson and Fourier many 1987; (b) Sheldrick, G. MSHELX-93 University of Gdtingen,

methods and refined by full-matrix least square®te 5.2% ) and Gattingen, Germany, 1993.

R = 4.3% 6) using the SHELXTL PLUS and SHELX-93 systems of  (17) Lippert, B. Inref 1, pp 946.

crystallographic computer prograrfsFor 2, two crystallographically 883 (Ig;a?e’rI(')nB'Alréiger;r%emsﬁg% Cher1993 14, 63. (b) Gellert, R

independent molecules were found. The hydr(.)gen‘atoms were not W.; Bau, R.Met. lons Biol. S)g/§t1979 8 1. (c’) SWaminathan: V:;

determined. The scattering factors were those given in the SHELXTL Sundaralingam, MCRC Crit. Re. Biochemistryl979 6, 245.

PLUS program. Attempts to obtain a better data collection with lower (20) Goodgame, M.; Jakubovic, D. &£oord. Chem. Re 1987, 79, 97.




The Uracil C(5) Position as a Metal Binding Site

Table 2. Atomic Positional Parameters and Equivalent Isotropic
Displacement Coefficients @ for 2

atom X y z WU

Pt(1) 0.7592(1) -—0.0117(1) 0.22112(1)  0.028f1)
Pt(2) 0.1601(1) —0.0089(1)  0.19280(1)  0.029{1)
CI(1) 0.7453(4) —0.0385(4) 0.12160(4)  0.049(1)
Cl(2) —0.0766(4) —0.0407(5)  0.03217(4)  0.058{4)
Cc(11) 0.8429(27) 0.2544(24) 0.4411(24)  0.097(9)
Cc(12) 0.8000(16) 0.0398(18) 0.4326(17)  0.048(5)
C(13) 0.7377(29) —0.1719(28) 0.4118(28)  0.116(11)
C(14) 0.7580(16) —0.0880(16) 0.3330(17)  0.047(5)
C(15) 0.7751(14) 0.0137(14) 0.3018(14)  0.038(4)
C(16) 0.8024(20) 0.1189(21) 0.3396(20)  0.073(7)
C(23) 0.7001(16) —0.1508(16) 0.5491(16)  0.050(5)
C(25) 0.3633(13) 0.0141(14) 0.3283(13)  0.034(4)
C(26) 0.4041(13) 0.1249(12) 0.3653(13)  0.028(4)
C(100) 0.4407(16) 0.0596(17) 0.09990(16) 0.050(5)
C(110) 0.9538(16) —0.2231(16) 0.3139(16)  0.046(5)
C(210) 0.3874(17) 0.0118(17) 0.2122(17)  0.056(5)
N(11) 0.8121(13) 0.1305(14) 0.3995(14)  0.049(4)
N(13) 0.7609(13) —0.0708(14) 0.3899(13)  0.050(4)
N(100) 0.5599(11) 0.0722(12) 0.11791(12) 0.039(4)
N(110) 0.9629(11) —0.0950(11) 0.32407(12) 0.037(3)
N(200) 0.0701(11) —0.0791(12) 0.21628(12) 0.037(3)
N(210) 0.2379(13) 0.0678(14) 0.16055(13) 0.055(4)
0(12) 0.7989(13) 0.0618(15) 0.4754(13)  0.076(5)
0O(14) 0.7243(16) —0.1866(16) 0.3002(16)  0.098(6)
0(22) 0.7659(10) 0.0699(10) 0.6027(10)  0.043(3)
0O(24) 0.4231(11) —0.1843(11) 0.3646(11)  0.052(3)
N(21) 0.5452(12) 0.1449(12) 0.4601(12)  0.041(4)
N(23) 0.5899(11) —0.0512(12) 0.4800(11)  0.040(4)
C(21) 0.6008(17) 0.2649(16) 0.4969(15)  0.048(5)
C(22) 0.6449(11) 0.0537(11) 0.5180(11)  0.017(3)
C(24) 0.4462(14) —0.0792(15) 0.3848(15)  0.040(4)
C(200) 0.0479(19) —0.2147(18) 0.2016(18)  0.064(6)

aEquivalent isotropicU defined as one-third of the trace of the

orthogonalizedJ; tensor.? Anisotropically refined.

Table 3. Atomic Positional Parameters and Equivalent Isotropic
Displacement Coefficients @ for 5

atom X y z (U
Hg(1) 0.0148(2) 0.0973(1) 0.0824(1) 0.04%(1)
C(1) —0.6312(86) 0.2774(12) 0.3249(29)  0.072(13)
C(2) —0.2890(69)  0.1939(13) 0.4277(27)  0.062(7)
C(3) 0.0173(121) 0.1146(17) 0.5422(31)  0.126(27)
C(4) —0.0081(64) 0.1108(11) 0.3397(26)  0.051(6)
C(5) —0.1314(64) 0.1377(11) 0.2298(23)  0.047(10)
C(6) —0.3249(56) 0.1891(11) 0.2252(22)  0.045(5)
C(10) 0.4734(72)  0.0498(14) —0.2030(29)  0.068(7)
C(20) 0.3698(71)  0.0768(12) —0.0881(27)  0.049(5)
N(1) —0.4019(56) 0.2184(11) 0.3219(22)  0.060(5)
N(3) —0.1096(59) 0.1422(11) 0.4341(22)  0.060(5)
O(2) —0.3900(53) 0.2216(10) 0.52307(21) 0.079(5)
O(4) 0.1736(54)  0.0662(11) 0.3460(22)  0.082(6)
0(10) 0.1466(46)  0.0548(9) —0.0702(19)  0.061(4)
0(20) 0.5018(52)  0.1198(11) —0.0302(22)  0.083(10)

aEquivalent isotropicU defined as one-third of the trace of the

orthogonalizedJ; tensor.? Anisotropically refined.

this site (K4~ 9.8), or simultaneously via N(3),0(4) or N(3),0-
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Figure 1. *H NMR spectra (200 MHz, BD, pD, 3.8; aromatic region
only) of (a) 1,3-DimeU and (bla with %Pt satellites indicated (*).
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Figure 2. 19Pt—1H HMQC spectrum (RO) of 1awith 19Pt satellites
of H6 (*) and of the CHND, proton ().

Table 4. NMR Data (B;O) for
trans[(CHsNH,).Pt(1,3-DimeU-C5)X]" Compounds

compd X O(9Ptp  S(H6)P  3J(*°Pt-H6)F  pD
1 H,O —3126 6.98 74 3.8
2 Cl —3181 7.08 72 8
3 NH3 —3251 7.10 61 9.5

2ppm relative to [PtG]?". ® ppm relative to TSPS Hz.

Reaction oftrans-[(CH 3sNH,),Pt(H,0)]2" with 1,3-DimeU.
trans[(CHaNH,),Pt(1,3-DimeUC5)(H-0)]X (X = NOs, 1a;
ClOq, 1b) was prepared in aqueous solution (pH4 from
trans[(CHaNH,),Pt(H,0),]%" and 1,3-DimeU. Formation of
a C(5)-bound uracil species was first detected by us usihg
NMR spectroscopy. Addition of NaCl to aqueous solutions (pH
4) of la or 1b afforded pale yellowtrans(CHsNH)(1,3-
DimeU-C5)CI, 2, and reaction of NElwith 1b gave colorless
trans[(CHsNH>)-Pt(1,3-DimeUC5)(NH3)]CIO4, 3.

In all cases!H NMR spectroscopy indicates a 1:1 stoichi-
ometry between Pt and 1,3-DimeU (relative intensities o CH
resonances of 1,3-DimeU and methylamine), aPRPt—1H-
NMR correlations reveal the existence off& bonds. Typi-
cally, the H(6) proton of 1,3-DimeU is shifted upfield by ca.
0.5-0.6 ppm upon metalation and displaif8Pt satellites of
61—74 Hz, depending on the ligarticansto C(5). CH; protons
of 1,3-DimeU are hardly affected upon Pt binding (upfield shifts

(4),0(2)17:20 However, there is also clear evidence for exclusive of 0.02-0.04 ppm), and CEND, groups display%Pt satellites
metal binding via exocyclic oxygens of the neutral bede%
and that is why, at least for 1,3-DimeU, exclusive metal binding —3251 ppm 8), in a range expected for 'Paryl complexeg®

via one of two exocyclic oxygens could have been anticipated In Figures 1 and 2 examples are given, and Table 4 lists selected
also in our studies. On the other hand, theoretical calculations NMR data. 2J(*°**Pt—1H(6)) coupling values qualitatively agree

on the electron density distribution in uracils have revealed with expectations according to which in nucleobase complexes
similar electron densities at the N(3) and the C(5) ring they inversely correlate with theansinfluence of the X ligand

positions?* and susceptibility of the 5-position for substitution

reactions is well-knowi®

(21) Carrabine, J. A.; Sundaralingam, Biochemistry1l971, 10, 292.
(22) Goodgame, M.; Johns, K. W. Chem. Soc., Dalton Trank977, 1680.
(23) Goodgame, M.; Johns, K. thorg. Chim. Actal978 30, L 335.

of 47-51 Hz. 19%Pt resonances are betwee3126 (La) and

transto C(5), viz. O> Cl > N.Z7

(24) Pullman, B.; Pullmann, AProg. Nucl. Acid Res. Mol. BiolLl968 9,
342.

(25) Bradshaw, T. K.; Hutchinson, D. WChem. Soc. Re 1977, 6, 43.

(26) Pregosin, P. SAnnu. Rep. NMR Spectrost986 17, 172.
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Table 5. Selected Bond Lengths (A) and Bond Angles (deg)Zor

molecule A molecule B
Pt(1)-CI(1) 2.40(1) Pt(2)-CI(2) 2.38(5)
Pt(1-C(15) 1.90(4) Pt(2)C(25) 2.01(2)
Pt(1)-N(100) 2.02(1) Pt(2XN(200) 2.10(3)
Pt(1)-N(110) 2.05(1) Pt(2yN(210) 2.15(4)

N(110)-Pt(1-C(15)  90.4(9) N(210}Pt(2)-C(25)  90.8(9)
N(100)-Pt(1)}-C(15)  91.3(10) N(200}Pt(2)-C(25)  92.4(8)
N(100)-Pt(1)-N(110) 178.1(9) N(200}Pt(2)-N(210) 176.3(7)
Cl(1)-Pt(1)-C(15) = 178.0(6) CI(2Pt(2-C(25)  178.0(6)
CI(1)-Pt(1)-N(110)  89.2(7) CI(2FPt(2-N(210)  88.4(6)
Cl(1)—-Pt(1)-N(100)  89.2(5)  CI(2)-Pt(2)-N(200)  88.6(6)
PY(1)-C(15-C(14)  121.6(14) P{C(25-C(24)  120.1(13)
PY(1)-C(15-C(16)  126.1(20) P{2}C(251-C(26)  118.8(13)
C(14)-C(15)-C(16)  112.4(24) C(26)C(25)-C(24)  120.0(17)
C(15)-C(16)-N(11)  122.5(21) C(25YC(26)-N(21)  120.7(14)

When redissolved in D, 2 always gives rise to an additional
minor species (few percent of major species), which can be
assigned to the aqua compleix as a consequence of ClI
hydrolysis. This interpretation is supported by the fact that
addition of Ag™ (and AgCl precipitation) leads to an increase
in intensity of this resonance and the appearance of the
corresponding!®Pt satellites. Cl hydrolysis appears to be
considerably more pronounced than in related Cl, nucleobase-
complexes ofrans-(diamine)platinum(ll). We assume that this
is a direct consequence of the higtans-effect of C(5) as
opposedd a N donor typically found in nucleobase complexes.

X-ray Analysis of 2. The X-ray crystal structure analysis
of 2 has been performed. Salient structural features are listed
in Table 5 and a view of the two crystallographically indepen-

dent molecules is given in Figure 3. Despite the poor crystal _. ) . .
. . . - Figure 3. View of the two crystallographically independent molecules
quality and the relatively high standard deviations, the structure trans(CHsNH,),Pt(1,3-DimeUCE)CI (2) with the atom numbering

fully confirms the binding mode as determined from NMR gscheme.
spectroscopy. A packing diagram (supplementary material) _ _ _
reveals intermolecular H bonding between the carbonly oxygens Table 6. Possible Hydrogen-Bonding Interactionszh

ctm

of the nucleobase and the amine ligands (Table 6). The crystal cl(@2)-N(210} 3.21(3) N(100y-0(24y 2.81(2)
lattice is built up of layers in such away that the pyrimidine ~ N(110)-O(12p 2.98(3) N(110y-O(22) 2.93(3)
rings of moleculesA andB are stacked, respectively. N(200)-O(22y 2.91(4) N(210)-O(14y 2.89(3)

(dien)Pt" Binding to 1,3-DimeU. In a slow reaction, C|((2)—)N(2(10))—_C((21f;7‘ 89-3((19)) Czlogf}Ngloo)):OEM; 94.1((12))
dienPt(D:O)12* (and [dienPt(OH), respectively, K, = 6.8 N(100)-0(24)-C(24y 159.8(20) C(110¥N(110)-O(12f 103.8(15
g reacts( %vitrzll 3(-Dim[eU at p(D 7)2 to g?ve [diezPﬁi 3-DimeU- N(110)-O(12)-C(12p 134.3(13) C(110}N(110)-O(22} 95.3(16)

" ' e ' N(110)-0(22)-C(22f 116.9(19) C(200}N(200)-O(22F 98.0(18)
CH]*, 4. As a consequence of Pt binding and release of H  N(200)-0(22)-C(22F 148.9(19) C(210¥N(210)-O(14f 114.04(11)
the pD drops to ca. 5.0. Although the product was not isolated, N(210)-O(14)-C(14f 144.5(27)

C(5) binding in4 is evident from the H(6) upfield shift (6.88 a N o (Y o .
ppm) and'¥*Pt coupling (54 Hz). Thé%Pt NMR resonance () E))(/nlnfti{,?girflc{??a)(zx; f:'y JZF 1(2) —)z(I 12,2 ymz+l
of 4 is observed at-3294 ppm. Parallel to formation df,
isotopic H/D exchange at the 5-position takes place, leading to
a simplification of the spectrum (Supporting Information). In
addition, a minor, unidentified species (H(6), 7.20 ppm) forms.
Hg(ll) Binding to 1,3-DimeU. Colorless needles of (1,3-

DimeU-C5Hg(CH;COO0),5 were obtained from aqueous solu-
tion by reaction of 1,3-DimeU with Hg(C¥OO), at pH =

3.5. IH NMR spectroscopy permits an unambiguous assignment

of the composition of. The uracil H(6) resonance i& is H6
shifted upfield and display$®Hg satellites 3J) of 197 Hz
(Figure 4). In thé®**Hg NMR spectrum, a doublet, arising from L
coupling with'H(6) and centered at2668.5 ppm, is seen. . JUQ
Crystal Structure of 5. The molecule with atom numbering s & 7 6 s & 3 2 T ppm
scheme is shown in Figure 5, and selected interatomic distancesigyre 4. 1H NMR spectrum (200 MHz, BD, pD 4.5) of5 with 129
and angles are presented in Table 7. Hg satellites indicated (*).
(27) Raudaschl, G.; Lippert, Bnorg. Chim. Actal983 80, L 49 and Hg is bound to the nucleobase through C(5) and to the acetate
references cited therein. oxygen O(10). The HgC(5) distance of 2.07(3) A is in the
28) K, of H,O in [(dien)Pt(HO)]?" ca. 6.3, cf.: (a) Appleton, T. G.; ' . o
(28) ﬂ;”’ 3. RZI; Ra”[[,(h’ S.)F.;(Tho),]npsony c.s. Moﬁg? Cﬁgmlggg 28, range of Hg-N bond lengths typically found in Hg nucleobase

1989. (b) Arpalahti, J.; Lehikoinen, forg. Chem199Q 29, 2564. complexe® and also compares well with values observed in
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o2 C2

ClG) (a)

Figure 5. View of Hg(1,3-DimeUC5)(CHsCOO), 5, with atom
numbering scheme.

1700 ' 1500 8s0 700 cm’
(b)
Figure 6. Packing of5 with view along they axis.
Table 7. Selected Bond Lengths (A) and Bond Angles (deg)5or o
T \z C
Hg—C(5) 2.07(3) Hg-0(10) 2.11(2) 1700 1soo - 8s0 700
C(4)-C(5) 1.48(4) C(6Y-C(5) 1.34(4)
O(10)-C(20) 1.20(4) )
Hg—C(5)—-C(4) 118.2(17) HgC(5)—C(6) 120.7(20)
Hg—O(10)-C(20) 111.6(18) O(16}Hg—C(5) 177.6(18)
C(6)-C(5)-C(4) 121.0(23) N(1}C(6)—C(5) 119.7(24)
N(3)-C(4)-C(5) 114.8(22) O(10YC(20)-0O(20) 125.5(32)
Hg organyl compounds. The Hg(10) bond distance of 2.11- (c)
(2) A is also in the normal range. The pyrimidine ring and
acetate ligand are planar within the standard deviations, and
Hg does not deviate significantly from the mean planes through

the ligands. The coordination geometry of Hg is essentially
linear, with the O(10Hg—C(5) angle being 177.6(18) The _ g , i i
Hg—O(4) distance of 3.19(2) A clearly rules out additional 1700 1500 8so 700
interactions between the metal and the exocyclic oxygen of 1,3- Figure 7. Sections of IR spectra of (a) 1,3-DimeU, (®)and (c)5.
DimeU. Bonding interactions between Hg and the acetate
oxygen O(20) (2.88(3) A) can likewise be excluded. The by a metal electrophile causes characteristic alterations in the
nucleobase and the acetate ligand form a dihedral angle of 75.44R spectra, which are useful for diagnostic purposes. The most
(8). characteristic changes are observed in the double-bond stretching
The packing of the molecules in the crystal is depicted in modes. Thus, in 1,3-DimeU two intense bands at 1705 and
Figure 6. The crystal lattice is built up of layers parallel to the around 1650 crm! are observed, which are dueit(C=0) and
crystallographic a plane and the nucleobases are stacked along(C=C) modes®? The two bands are characteristically shifted
the y-axis. Short contacts are observed between Hg and O(10)o lower energies, to 1670 and 1600 chrespectively (Figure
at—x, —y, —z(2.91(2) A) and between Hg and O(20yat 1, 7). These changes are primarily a consequence of nucleobase
y, 2 (2.75(2) A). deprotonation. Irb, the acetate modes are superimposed with
IR Spectra of 1-3 and 5. Characteristic IR spectroscopic the lower energy mode. A second characteristic feature in the
changes of 1-MeUH upon N(3) deprotonation and subsequentIR spectra occurs in the 7520 cnt ! range. The two intense
metal binding to this site as well as O(4) have been de- and sharp bands at 755 and 815 énassigned t@oop CH(6)
scribed®©:31 Similarly, the effects of metal binding to O(4) of ~ anddp CH(5) modes? are lost and replaced by weaker bands
a neutral 1,3-DimeU ligand on the ring vibrations have been at 755 and 775 crt (Pt compounds) and 750 and 765, 770
reportec?223 Displacement of the H(5) proton in 1,3-DimeU cm! (5).
2-fold Platination at N3 and C5. When [dienPt(1-MeU-

(29) See, e.g.: (a) Kosturko, L. D.; Folzer, C.; Stewart, RBiechemistry N3)]* (6) is treated with a 2-fold excess of [dienPsD)]?+ at
1974 13, 3949. (b) Poojary, M. D.; Manohar, Hnorg. Chim. Acta
1984 93, 153 and references cited therein. (c) Menzer, S.; Hillgeris,

cm’

E. C.; Lippert, B.Inorg. Chim. Actal993 211, 221. (32) (a) Wierzchowski, K. L.; Litonska, E.; Shugar, D.Am. Chem. Soc.
(30) Lippert, B.; Neugebauer, Dnorg. Chim. Actal98Q 46, 171. 1965 87, 4621. (b) Bandekar, J.; Zundel, Gpectrochim. Acta983
(31) Guay, F.; Beauchamp, A. L.; Gilbert, C.; Savoie(Jan. J. Spectrosc. 39 A 337.

1983 28, 13. (33) Bandekar, J.; Zundel, Gpectrochim. Actd982 38 A 815.
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Table 8. NMR Data (D:O) of (1-MeUN3)/(urd-N3) and
(1-MeU-N3,CH/(urdN3,C5 Compounds

compd O(H5)2 S(HE)2 S(19PtP 3J(19Pt—H6)° 3J(19Hg—H6)* pD

6 5.68 7.42 2840 7.1

7 6.75 —2818 53 5.6
—3301

8 7.28 —2830 185 5.9

9 5768 7.67 nr 7.2

10 6.89 nf 47 7.2

appm relative to TSP? ppm relative to [PtG]?. ¢ Hz. ¢ Doublets
each,3J(H5-H6) ~ 7.5 Hz.¢ Not recorded.

65 °C for several days and the reaction followed by NMR

spectroscopy, the appearance of a new H(6) singlet at 6.75 pp
displaying%Pt satellites of 53 Hz indicates formation of a C(5)
platinated species (Scheme 1). The assignment of the new

species [(dienPf)1-MeUN3,C5]2" (7) to a diplatinated species

rather than a monoplatinated C(5) compound is on the following
grounds: First, the chemical shift of H(6) is substantially upfield

from that of the triamine comple® (7.10 ppm, cf. Table 4).

Second, théJ coupling is significantly reduced, from 61 Hz in

3to 53 Hz in7. Third, the®Pt NMR spectrum displays two
resonances in a 1:1 ratio at3301 and—2818 ppm that could

be assigned to C(5) and N(3) Pt binding, respectively. Reso-

nances due to unreacted di¢hBnhd [dienPt(1-MeUN3)]* (6)
occur at—2420 and—2840 ppm in the'*3Pt NMR spectrum.
The reaction leading t@ is slow: Within 10 d, approximately
only one-third of6 has reacted to givé. During this time,
isotopic H/D exchange at the 5-position of the 1-MeU6adk

extensive (Supporting Information). Relevant NMR data are

compiled in Table 8.

In an analogous way, uridine (urdH) was treated with a 3-fold

excess of [dienPt(ED)]>" at 65°C and pD~ 7 and the reaction
studied by'H NMR spectroscopy. Initially formation of the
N(3) bound product [(dien)Pt(urd3)]* (9) is observed, fol-
lowed by formation of the N(3),C(5) diplatinated speciés
The latter has its H(6) resonance at 6.89 ppm (WitA%Pt—
1H(6) coupling of 47 Hz) and Hlat 5.87 ppm (pD 7.15).
Mixed Pt—N3, Hg—C5 Binding. Reaction of6 with Hg-
(CH3COOQ), (D20, pD 5, 40- 50°C) leads to a fast (2 h) and
almost quantitative formation of a new spec&gScheme 1).
It is assigned to [dienRA¥3-(1-MeU)-C5Hg(CH,COO)* on
the basis of%Hg coupling with H(6) of 1-methyluracil (7.28
ppm;3J = 185 Hz) as well ag%Pt NMR spectroscopy: The
19t NMR resonance d (-2840 ppm) is slightly shifted upon

Hopp et al.

1
n

12

1
1

Figure 8. *H NMR spectra (200 MHz, BD, pD~ 4; aromatic region
only) of reaction oftrans(CHsNH,).Pt(1-MeUN3),, 11, with excess
trans[(CH3NH2)-Pt(D,0);]>": (a) after 40 min; (b) after 3 h; (c) after
5 d; (d) after 11 d. The insert shows a 2D-COSY¥-NMR spectrum
of solution a with the two unusually shifted 1-MeU doublets X.

addition of 1 equiv of Hg(CHCOO), to —2801 ppm, and
appears at-2830 ppm in8. The Pt entity clearly reamains
bonded to the uracil ring initially. Only with longer reaction
times > 4 h at 45°C), 8 undergoes changes which result,
among others, in a displacement of diehPThus, in thel%Pt

mNMR spectrum a new resonance aR500 ppm grows in

(Supporting Information), which can be assigned to [dienPt-
(CH3COO)". The signal/noise ratio of tht¥#Pt NMR reso-
nances does not change during this process, strongly suggesting
that all Pt remains dissolved. At the same time, tHeENMR
resonances of the nucleobase decrease in intensity and a
colorless precipitate starts to form. The identity of this
precipitate is as yet unclear, but we can rule out that it is Hg-
(1-MeU-N3),.34 Finally, during these changes, a n&NMR
resonance close to the methyl resonance of the original acetate
develops, which is due to acetate coordinated to die#Pt
Speculations on the Formation of the Metal-C Bond.
Displacement of H(5) and formation of the metakrbon bond
is feasible as a result of an electrophilic attack of the metal
entity on the heteroaromat. Alternatively? binding of the
metal entitiy to the C(5)C(6) double bond might activate the
C(5)—H bond prior too bond formation, as found for many
arene® and even for the reaction of (Nj4OS' with 2,6-
lutidine®” and its protonated form, respectivéfy. While we
cannot contribute anything with regard to the mechanism of
formation of compoundd and5 at this stage, we made an
interesting observation during the reactiortrains-(CH3NH) -

(34) An authentic sample was prepared and analyzed in analogy to the
corresponding 1-methylthymine complex reported by: Kosturko, L.
D.; Folzer, C.; Stewart, R. Biochemistryl974 13, 3949.

(35) Confirmed by reaction of [dienPtl]l with 2 equiv of Ag(GEOO):
CHs-resonance of ionic acetate at 2.1 ppm, of coordinated acetate at
2.0 ppm (BO, pD 5-6).

(36) Parshall, G. WHomogeneous Catalysi®Viley-Interscience: New
York, 1980; Chapter 7.

(37) Cordone, R.; Taube, H. Am. Chem. S0d.987, 109, 8101.

(38) Cordone, R.; Harman, W. D.; Taube, 1. Am. Chem. Sod 989
111, 2896.
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Pt(1-MeUN3),, 11, with trans[(CH3NH2),Pt(D,0),])%" (pD 4). as a consequence afback-bonding: For example, (N)4-
This reaction eventually leads tans[(CH3NH,),Pt(1-MeU- Od' typically causes upfield shifts 2 ppm for the adjacent
N3)(D,0)]™, 12, as the major product as well asttans-[(CHs- protons?®:37and for RU species binding in &2 fashion (C(5),C-
NH,).Pt(1-MeUC5)(D,0)]*, 13, as a minor one. Assignment (6)) to uracils, upfield shifts of 0:71.4 ppm for H(5) are
of 13, is based on the chemical shift of its H(6) resonance (6.80 common?

ppm) and its*J coupling constant witA%Pt (72 Hz), which is
close to that ofl, yet considerably larger than the 53 Hz
observed for diplatinated\N@3,C5 7. At an early stage of the
reaction, a set of uracil H(5) and H(6) doublets is observe
which has undergone a dramatiownfieldshift as compared
to free 1-MeUH or Pt(1-MeWN3), by ca. 1.6 ppm for H(5)
and ca. 0.5 ppm for H(6) (Figure 8). We have only once seen
a similar phenomenon and assigned it to a “faback”
arrangement of two Ptentities bound to N(3) and O(4) of
1-MeUS2? In this orientation, the filled g orbital (and the empty

6 p, orbital) of the O(4) bound Ptare pointing toward H(5).

In the present case, these unusual resonances are visibl
throughout the reaction. Since they appear prior to formation
of the C(5)-bound speciek3, we propose that binding of the
“back-oriented” Pt entity at O(4) precedes C(5) binding
(structurel). We favor this view over one that impliesig-

Summary

In this work we have established basic features of the
d formation, structure and NMR spectroscopy of uracil nucleo-
bases containing Ptor Hg' covalently attached to the C(5)
position of these ligands. Our result extend the pioneering work
of Dale et a on mercuration reactions of cytosine and uracil
nucleobases as well as limited own work on C(5)-platinated
uracil’ and add a structural component to this work. The fact
that synthetic routes to the important class of antiviral 5-sub-
stituted pyrimidine nucleoside analogues frequently involve
g(S)-metaIated intermediatésand recent suggestions on the
possible role of 5-substituted uracils for the transition from the
RNA to the DNA-protein worl@ makes this research interesting
also from a mechanistic point of view. We plan to continue
this work and in particular to study reactivity aspects of these

compounds.
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(40) See, e.g.: (a) Bergstrom, D. E.; Ruth, J. L.; Warwick].®rg. Chem.

bound precursor at the C(5(6) double bond since the latter

should produce significant upfield shifts of the olefinic protons 1081, 46, 1432. (b) Bergstrom, D.; Beal, P.; Husain, A. Lind, R.;
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