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Synthesis and Molecular Structure of the First Experimental Section
Metal Comp'lex'of an Analogue of Guanine with Preparation of Complexes. All reagents were of analytical grade
Pd" —C(8) Binding and were used without further purification. The ligand 8-(methylthio)-

theophylline (abbreviated hereafter as HL) was prepared as described
in the literature!

Antonio Romerosa,*' JoseSuarez-Varela? (a) trans-[PACI(L)(PPh3)7] (1). A suspension ofis-[PdCL(PPh),]
M. Angel Hidalgo,® J. Carlos Avila-Rosm," and (0.15 g, 0.21 mmol) in 10 mL of ethanol was added to a stirred solution
Enrique Colacio** of HL (0.1 g, 0.44 mmol) and NaOH (0.018 g, 0.45 mmol) in 3 mL of
water, and the mixture was heated at reflux for 2 h. The resulting red
Departamento de Quica Fsica, Biogimica y Quimica solution was filtered through silica and left to stand at room temperature.

Inorganica, Facultad de Ciencias Experimentales After several days, brown prismatic crystals suitable for X-ray analysis
Universidad de Alméa, 04071 Almei, Spain, " were obtained (yield 37%). Anal. Calcd fou/ElaN.O.P,SCIPd: C,

Departamento de Qumuica Inordgaiica, Facultad de Ciencias, 59.27,H, 441, N, 6.28; S, 3,60, Pd, 11.93. Found: C, 59.07; H, 4.32;

) e . N, 5.71; S, 3.23; Pd, 12.36!H-NMR in CDCl; (6, ppm): 2.23 (s,
Universidad de Granada, 18071 Granada, Spain, 3H, S-ChHy), 3.14 (s, 3H, N(3)-CHs), 3.15 (s, 3H, N(1}- CHy). 7.75~

Servicios Tenicos de Apoyo a la Investigacip 7.30 (m, 30H, PPY). 3P-NMR in CD,Cl, (3, ppm): 21.85 (s).
Universidad de Granada,_ 18071 Granada, _Spa|_n, and (b) [PA(L)(L")(PPhy)s] (2). A solution of NaOH (0.007 g, 0.0175
Departamento de Qmica Analtica, Facultad de Ciencias,  mmol) in water (14 mL) was added to a red solutiorLg®.1g, 0.0112
Universidad de Granada, 18071 Granada, Spain mmol) in CLCH, (14 mL), and the mixture was stirred and heated at
reflux for 6 h. After cooling, the mixture was extracted with two 15
Receied Naember 6, 1996 mL portions of C}CH,. Organic extracts were washed with two 5
mL portions of water, dried over MgSQconcentrated to one-third
] volume, and passed through a silica column. Two major bands
Introduction developed. From the first orange band was obtained a red-orange

. . ) solution, which, kept at room temperature, provided orange, needlelike,
The interaction of metal complexes with nucleobases has beenx.ray-quality crystals (yield 25%). Anal. Calcd forsElsNsOsPs-

extensively studied with the aim of determining the mode of sSpd: C, 59.16; H, 4.48; N, 10.82; S, 3.10; Pd, 10.20. Found: C, 58.87;
action of these metal complexes as antitumor agents, as usefuH, 46.63; N, 10.51; S, 2.86; Pd, 10.46H-NMR in CDCls (6, ppm):
tools for molecular biology, and as regulators of gene 3.08, 3.21, 3.24, 3.27 (s, 3H, 3H, 3H, 3HCH;), 2.31 (s, 3H,
expressiort5 Many of these studies have focused on modeling S—CHa), 7.75-7.30 (m, 30H, PP}, 15.75 (s, 1H, N(7yH). *P-NMR
the bonding of transition metals to the DNA polymer in an effort N €l2CD2 (6, ppm): 18.50 (s). The second band, which was red,
to ascertain the preferred metal-binding sites. Of all the contaln_ed a mixture of prodgcts that could not be identified.
recognized metal-binding sites on DNA nucleobases, N(7) of Physical Measurements. Microanalyses antH- and*P{*H}-NMR
S . s spectra were obtained as already descriSed.
guanine is the site preferred by most m?ta' species, although X-ray Crystallography. Single-crystal data collections were per-
examples of metalation at other donor sites are knbwrin formed at 294 K with a Stoe-Siemens AED diffractometer, using
particular, site C(8) in purines has been observed to coordinategraphite-monochromatized ModKradiation ¢ = 0.710 69 A). The
only for caffeine (a 6-oxopurine with no NH free groups) in unit cell parameters were obtained from least-squares refinement of
the complexes [(caf)GINH3z)Ru]CI-H,08 and [(caf)(NH)sOs]- 25 well-centered reflections (25 6 < 35°). Crystal data forl,
Cl3*2H,02 Interestingly enough, in the course of our studies CasHseN4OSR.CIPd (MW = 891.6): monoclinicP2y/n, a = 14.112-
on purine-metal ion interaction® we have succeeded in (3 AvE: 16.208(3) Ac= 18.054(4) Aﬁ:99-921(37vV:4065-5'
obtaining from an N(7yPd' precursor a C(8)Pd' purine (15) A%, Z = 4, peac = 1.547 g cm®, u = 0.684 cm*, F(000) = 1824,

PR .. . 4345 unique reflections and 1666 as observed Wwith 60(Fo), 507
complex. The structure of the latter is significant because it is parametersR(F.) = 0.0498 R.(F.) = 0.0487, and S 1.05. Crystal

the first structural example of a C@Pd' purine complex and data for2, CsiHaNsO:SPPd (MW = 1035.4): monoclinicCm a =
because the purine contains an acidic proton. This paper is1g 41(5) Ab = 14.788(5) Ac = 10.507(3) A8 = 123.06(2), V =
devoted to the synthesis and characterization of both complexes2247.5(13) & Z = 2, pea = 1.416 g cm®, u = 0.545 cnvl, F(000)
= 1064, 3652 unique reflections and 2202 as observed kith 50-
(Fo), 344 parameterf(F,) = 0.0454,R,(F,) = 0.0498, and S= 2.89.

T Universidad de Alméa.

* Departamento de Qmica Inorgaica, Universidad de Granada. The data were collected by the—-26 scan mode (3 26 < 65°) and
§ Servicios Tenicos de Apoyo a la Investigdcip Universidad de were corrected for Lorentz and polarization effects and for absorption.
Granada. The structures were solved by a combination of Patterson and Fourier

' Departamento de Quiica Analtica, Universidad de Granada.
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at either N(7) or N(9), thus indicating that coordination of the
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Figure 1. Molecular structure ot in the crystal. Selected bond lengths  Figure 2. Molecular structure o2 in the crystal. Selected bond lengths
() and angles (deg): PeP(1) 2.353(5), PetP(2) 2.355(5), PetN(7) (A) and angles (deg): PeP 2.344(3), PeN(7) 2.03(2), Pe-C(8)
2.02(1), Pd-Cl 2.291(4), N(7)-C(8) 1.32(3), N(9)-C(8) 1.35(2); P(Ly 2.01(1), N(7)-C(8) 1.33(4), C(8Y-N(9) 1.37(2), N(7)—C(8) 1.41(3),
Pd-P(2) 170.9(2), P(£)Pd-Cl 89.5(2), P(1)-Pd—N(7) 91.7(4), C(8)—N(9) 1.30(3); P-Pd—N(7) 89.3(1), P-Pd—C(8) 91.1(1), N(7)-

N(7)—Pd—Cl 175.1(4), N(7)-Pd—P(2) 89.1(4), P(2yPd—Cl 90.5(2), Pd—C(8) 175.4(11), P-Pd—P 169.9(4), C(5)-N(7)—C(8) 105.0(17),
C(5)~N(7)—C(8) 103.7(14), N(7C(8)—N(9) 117.0(16), C(8)y N(9)— N(7)—C(8)—N(9) 112.9(24), C(8yN(9)—C(4) 103.6(20), C(5—
C(4) 100.0(15). N(7')—C(8) 107.0(25), N(7)—C(8)—N(9') 108.4(15), C(§—N(9)—

C(4) 107.5(25).
purine ligand must occur through one of the imidazole nitrogen
atoms, possibly N(7), to avoid the steric hindrance from N(3)  for 1 and2, respectively) in order to minimize steric repulsions
CHs. The lack of coordinated chloride on going frdinto 2 is with the bulky triphenylphosphine ligands.
suggested by the absence, in the IR spectrum, of any band Bond distances and angles for the N(7)-bonded 8-(methyl-
assignable to a PeCl stretching vibration (Pd—Cl) = 330 thio)theophyllinato ligands it and2 are similar to those found
cmLfor 1). Integration of théH-NMR spectrum of indicated in other N(7)-bonded purine complex¥sWhen compared with
the absence of the SGHjroup in one of the purine ligands, the case of the latter complexes, C(8)-coordination of the
which is consistent with the presence of both 8-(methyithio)- theophyllinato ligand in2 causes significant changes in the
theophyllinato and theophyliinato anions in the compound. In imidazole ring bond angles. Thus, the N(7C(8)—N(9) bond
good accord with this, the methyl groups at N(1) and N(3) are @ngle decreases whereas the two adjoining angle§-€6r')—
seen as four singlets as a result of the nonequivalence of theC(8) and C(4)—N(9)—C(8), undergo a similar overall change
purine ligands. Noteworthy is the appearance of one signal duein the other direction. The smallerN—C angle at the
to N(7)—H or N(9)—H in the low-field region (15.7 ppm), depro_tonatlon site can be ascribed to the greater repulsion
which, together with the absence of any G¢8) signal, points ~ €XPerienced by the adjacentC bonds from the C(8) lone

to C(8)-coordination of the theophyllinato ligand. THE-NMR pair no longer retain’ed along the C{&3(8) bond. The N(j—
spectra ofl and2 exhibit a single resonance consistent with a ¢(8) and C(8)—N(9) bond distances of 1.41(3) and 1.30(3)

; ; ; A, respectively, which are opposite in order to those found in
square-planar geometry with two equivaleérgns phosphine ’ '
Iigands.p g y d PHesp N(7)-bonded 8-(methylthio)theophyllinato complexes, clearly

indicate that the double bond is localized between'C48d

The results of X-ray structure determinations fband 2 N(9). This fact confirms that N(7) is protonated even though
confirm the above proposed structures for these complexes. Botft:

truct ist of di t tiall I ; his H atom could not be found in the structural refinement.
structures consist ot discrete, essentially square-planar neutra inally, it should be noted that, unfortunately, neither N(7) nor
molecules. The results of the crystal structure analyseg for

; . ) N(9) is involved in hydrogen bonds, which would provide
and2 are summarized in Figures 1 and 2, respectively. definitive evidence of the imidazole NH location.

In 1, the palladium atom is coordinated by twrans PPh The only remaining question regards the reaction pathway
molecules, one chloride anion, and one N(7)-bonded 8-(meth- |eading from1 to 2. It should be pointed out that 8-(methyl-
ylthio)theophyllinato ligand. It should be noted that,Anthe thio)theophylline does not lose the SEhroup when a KO/
chloride anion has been substituted by a C(8)-coordinated CI,CH, mixture containing 8-(methylthio)theophylline and
theophyllinato anion. Because of tl& symmetry of2, both NaOH is refluxed for 6 h. Then, it seems that, for such
purine ligands are constrained to lie on the symmetry plane. elimination, the presence of Pd is needed. In addition, the
Within the palladium coordination spheres, bond lengths and reaction of theophylline wittcis-[PdCh(PPh),] leads to the
angles exhibit normal values; the deviation of the palladium N(7)-bonded complex [Pd()o(PPh),]. These results seem to
atom from the mean coordination plane being 0.048 and 0.081indicate that complex2 can only be prepared frorh. It is
A, for 1 and2, respectively. The PN distance ir2 is longer interesting to note that the reaction bfwith adenine, in the
than in1, reflecting the greateransinfluence of imidazolate presence of base, gives riseZinstead of the expected mixed
carbon relative to chloride. The essentially planar purine ligands purine complex. In view of all this, the process leading from
are twisted away from the coordination plane (85.9 and“¢3.7 1to2 might be, in a sense, similar to the well-known activation
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of the C(8)-H bond in purine nucleosides upon coordination In order to gain insight into the reaction mechanism, reactivity

of CHsHg"™ to N(7), to give rise to C(8)-bound GHg" studies on PH-N(7)-bonded complexes with 8-substituted
species? Finally, the reaction was monitored ByP-NMR purine derivatives other than HL are planned for the future.
spectroscopy at 60C. The spectrum exhibits two wide and

not significantly shifted with time. These results seem to financial aid from the Junta de Andalucia.
indicate that2 is involved in a rapid equilibrium with another
species which might be an intermediate in the conversidh of
to 2.
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