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A series of pyrazine (pz) complexes containing cis-(NHs),Pt", (tmeda)Pt" (tmeda = N,N,N',N'-tetramethylethylene-
diamine), and trans-(NHs),Pt" entities have been prepared and characterized by X-ray crystallography and/or 'H
NMR spectroscopy. In these compounds, the pz ligands act as monodentate (1-3) or bidentate bridging ligands
(4-T7). Three variants of the latter case are described: a dinuclear complex [Pt'], (4b), a cyclic tetranuclear [Pt"]y
complex (5), and a trinuclear mixed-metal complex [Pt;Ag] (7). Mono- and bidentate binding modes are readily
differentiated by *H NMR spectroscopy, and the assignment of pz protons in the case of monodentate coordination
is aided by the observation of %Pt satellites. Formation of the open molecular box cis-[{ (NH3),Pt(pz)} 4)(NO3)s*
3.67H,0 (5) from cis-(NH3),Pt" and pz follows expectations of the “molecular library approach” for the generation
of a cyclic tetramer.

Introduction has been another area of topical researab,has been the
fluxional behavior of this ligand.In recent years, the use of
By now, pyrazine (1,4-diazine, pz) can be considered a y; a5 a ditopic donor molecule has become common in the
“classical” ligand in transition-metal chemlst.ry. To give a generation of coordination networks and metal-based su-
few examples, the so-called CreufFaube cation [(NH)s- pramolecular architecturé$.Finally, pz-bridged dinuclear

Rd'(pz)RU"(NH3)5]5+ W'th_ th? bridging pz ligand was complexes of Ru and Pt have been prepared and studied with
mstrqmeqtal in understanding intramolecular eIectrqn transfer regard to their antitumor activity.

(ET) in mixed-valence-state compoundsater, pz-bridged

metal complexes were applied in order to investigate possible

magnetic exchange interactions between dinuclear metal ®) jogri)fa&%gSseg(:légé%cgdifgf(%()jdfibz;,_?Piﬂgdggpf';cﬁgﬂe’ H.
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Our interest in the pz ligand stems from its usefulness as6.8; H, 2.3; N, 12.2. IR (KBry/cm™1): 3301 s, 3169 vs, 3099 vs,
a building block to generate distinct molecular architectures 3073 vs, 3017 m, 1560 m, 1438 s, 1361 s, 1320 s, 1174 s, 879 m,
in combination with suitable transition-metal ions. A few 835, 525s, 341 m.
examples of such compounds exist, e.g., open Re boxes with Upon the addition of a concentrated aqueous solution of NaCIO
luminescence propertié$a mixed-valence CreutzTaube (10 M, 45yL) to thg filtrate, fiyellow microcrystallline material,
box, [(cyclen)Ru(pz)]%* 1 a titanocene bo¥,and molecular 4b, precipitated, which was filtered off, washed with ethanol and

: ; ; | 12a ; ] ether, and dried in aidb was isolated in 7.9% yield. Elem anal.
g‘mgges obtained frontis-(PMe;),Pt! 22 and cis-(PPh). Calcd (%) for GH1N¢OsClsPb (808.18): C, 5.94; H, 2.00: N,

10.40. Found: C, 6.3; H, 2.2; N, 10.5. IR (KBrlcm™%): 3302 s,
3218 s, 1636 m, 1559 m, 1433 s, 1339 s, 1312 s, 1084 vs, 832 s,

Experimental Section
P 625 m, 338 m19pPt NMR (DO, o/ppm): —2319.

Materials. cis-(NH3),PtCh,'3 (tmeda)PtCGi* (tmeda= N,N,N’,N'- Synthesis of cis-[{ (NH3)2Pt(pz)} J(NO3)s:3.67H,O (5). cis-
tetramethylethylenediamine), atrdns-(NH3),PtChL*> were prepared (NH3),PtCh (502 mg, 1.67 mmol) was suspended in water (35 mL),
as reported. Pyrazine (pz) was of a commercial source. and AgNQ; (563 mg, 3.31 mmol) was added. After 15 h at°@D

Synthesis ofcis-[(NH3):Pt(pz)2](NO3)2 (1). cis-(NH3).PtCh (203 in a stoppered flask and with daylight excluded, AgCl was filtered

mg, 0.676 mmol) and AgN§X227.5 mg, 1.339 mmol) were stirred  ff and pz (134 mg, 1.67 mmol) was added. After 2 days @0

in water (25 mL) in a stoppered flask with daylight excluded for  the sample was brought to dryness by rotary evaporatiorf @40

15 h at 40°C and then filtered from AgCl. pz (216.7 mg, 2.706 50 mbar), then washed with a small amount of water, and dried at
mmol) was added to the clear filtrate and stirred for 3 days atroom 50 °cC. Yield: 53%. The pale-greenish precipitate was then
temperature. The solution was then evaporated to dryness. Undefecrystallized from water to give crystals suitable for X-ray analysis.
the conditions applied (46C, 50 mbar), excess pz is evaporated Ejem anal. Calcd (%) for GHazsN240276P4 (1799.1): C, 10.7:
from the mixture. The residue was then washed with a small amounty 2 7: N, 18.7. Found: C, 10.8; H, 2.6; N, 18.8. IR (KBfcm™2):

of water and EtOH to dissolve unreacted Pt starting material. Finally 3420 mb, 3210 sh, 3106 s, 3070 s, 1588 m, 1455 s, 1352 vs,
the sample was dried at 3C. Yield: 81%. Elem anal. Calcd (%) 1171 s, 1125 s, 976 w, 819 s, 522 8Pt NMR (D;0, 8/ppm):

for CgH1NaOePt (513.33): C, 18.7; H, 2.8; N, 21.8. Found: C, _ o535,

18.6; H, 2.6; N, 21.5. IR (KBry/cm™Y): 3435 mb, 3220 s, 3161 Synthesis of { (tmeda)Pt(pz} (NO3),-0.75H,0], (n = 3 or 4)

S, 1572 m, 1424 s, 1362 vs, 1224 w, 1158 m, 1120 m, 1080 m, 5y An agueous suspension (15 mL) of (tmeda)R(B00 mg, 1.31

881 w, 808 m,_661 w, 481 Pt NMR (D0, 6/ppm): __2540' mmol) and AgNQ (440 mg, 2.59 mmol) was stirred for 24 h at 40
Slow evaporation of a concentrated aqueous solutiahysélded °C with daylight excluded. The resultant AgCl precipitate was

cqlorles§ crystals suitable for X-.ray analysis. The CIF for compound filtered off, pz (105 mg, 1.31 mmol) was added to the clear filtrate,
1 is available from the Ca-1mbr|dge Crystallographic Data Centre 5 this solution was stirred at room temperature for 24 h. Volume
(CCDC No. 252454), http://www.ccdc.cam.ac.uk. reduction to 5 mL at 40C on a rotary evaporator yielded a white
Synthesis of [(tmeda)Pt(pz](NOs)2-H0 (2). The compound o cinitate. which was filtered and washed with colgDH5 mL)
was prepared in analogy t Yield: 58%. Elem anal. Calcd (%) and dried at 40°C. Yield: 56%. Elem anal. Calcd (%) for
fOI’ C14H26N807Pt (613.57) C, 27.4, H, 4.3, N, 18.3. Found C, clOH21.§\1606.7d:)t: C, 2277 H, 411 N, 159 Found C, 223’ H,
27.1;H, 41, N, 18.5. IR (KBry/cm™): 3447 vs, 3095 m, 3004 3 9.\ 159 |R (KBr,v/cm-Y): 3438 sb, 3088 m, 3004 m, 1637
m, 2922 m, 1637 m, 1384 vs, 1165 m, 1121 m, 1089 m, 824 m. \, 9456 m 1386 vs, 1426 s, 1161 m, 1120 m, 1036 m, 994 m
Synthesis oftrans-[(NH3)2Pt(pz);](NOs), (3). This compound 947w 812 m. 750 w. 524 m. ’ ' ’ ’
was prepared in analogy tostarting fromtrans-(NHs),PtCl, and L X '
. . ) Synthesis of { (tmeda)Pt(pz)} ,Ag](CIO 4)s:2H,0 (7). Crystals
isolated in 85% yield. Elem anal. Calcd (%) fogHEsNaOs Pt of th)i/s compourf(g were )gro(vF\)/n)Zf}rén?]a(m aq‘gseous2 so(lu)tioa)éﬁf.OI
(hemihydrate, 522.34): C, 18.4; H, 2.9; N, 21.5. Found: C, 18.0; mmol in 2 mL) and AgCIQ (0.06 mmol) upon cooling (3C) for

H, 2.7; N, 21.5. X-ray crystallography showed the compound to . i i
be anhydrous. IR (KBry/cm): 3180 s, 3128 s, 3082 s, 3014 m, Isoegvriﬁ:jays. The compound was characterized by X-ray crystal

1599 m, 1430 s, 1384 vs, 1328 vs, 1163 m, 1080 s, 824 m, 501 m. . 19
195pt NMR (D,0, d/ppm): —2534. Spectroscopy and Other Measurt_aments.H and 195Pt NMR

Synthesis ofcis[{ (NHs):PtCI} (p2)]Xs [X = Cl (4a), ClO, §pectra were recorded on a Vanefm Mercury 200 FT NMR
(4b)]. cis-(NHs),PtCh (500 mg, 1.67 mmol) and pz (63.4 mg, 0.79 instrument with sodium 3-(tr|methyIS|IyI)propanesquonate (TSP)
mmol) were stirred in water (20 mL) at 4 for 3 days. After and Na[PtCl] used as internal references & 0). The pH

. . :

filtration of some elemental Pt, the solution was concentrated to a (uncorrt_acted pH*) was ?dJUSted by adding NaOD and RNO
volume of 3 mL under a steady flux of,NA bright yellow powder respectively, 10 BO solutions of the samples and measured by

(446 mq) was filtered off, washed with ethanol and ether, and dried means of a glass electrode. To determine tKg @‘*pz by pH-
under vacuum to givda. Yield: 79%. Elem anal. Calcd (%) for dependentH NMR spectroscopy, uncorrected pH* values were

CaH16NeCLPb (680.18): C, 7.06; H, 2.37; N, 12.36. Found: C converted into P values by adding 0.4 to the pH meter reading.
o ¢ R " 7' pKyvalues were evaluated with a NewteGaus$® nonlinear least-
(10) (a) Slone, R. V.; Hupp, J. T.; Stern, C. L.; Albrecht-Schmitt, T. E. Squares fit method. The obtainepvalue for DO was then
Inorg. Chem1996 35, 4096. (b) Rajendran, T.; Manimaran, B.; Lee, transformed to the value valid for,® according to the literaturg.

g(-)'gd? |3_§e2'c()31'éH'; Peng, S.-M.; Wang, C. M.; Lu, K.-Inorg. Chem. IR spectra (KBr pellets) were recorded on an IFS 28 FT spectrom-

(11) Lau, V. C.; Berben, L. A.; Long, J. R. Am. Chem. So2002, 124, eter.
9042. ‘ _ _ X-ray Crystallography. Crystal data (Table 1) for compounds
(12) (a) Schweiger, M.; Seidel, S. R.; Arif, A. M.; Stang, P.Ahgew. 1, 3, 4b, 5, and7 were collected on an Enraf-Nonius-Kappa CCD

Chem., Int. Ed2001 40, 3467. (b) Yu, X.-Y.; Maekawa, M.; Kondo,
M.; Kitagawa, S.; Jin, G.-XChem. Lett2001, 168.
(13) Raudaschl, G.; Lippert, B.; Hoeschele, J. D.; Howard-Lock, H. E.; (15) Kauffman, G. B.; Cowan, D. Anorg. Synth.1963 7, 239.
Lock, C. J. L.; Pilon, Plnorg. Chim. Actal985 106, 141. (16) Tribolet, R.; Sigel, HEur. J. Biochem1987, 163 353.
(14) Dhara, S. CIndian J. Chem197Q 8, 193. (17) Martin, R. B.Sciencel963 139, 1198.
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Table 1. Crystallographic Data for Compounds 3, 4b, 5, and7

1 3 4b 5 7
chemical formula E@H14NgO6Pt CgH14NgO6Pt CiH16Cl4NOgPL Ci6Ha7.3N24027.6P4 CagH4sClsN12022AgPL
fw, g mol~* 513.36 513.36 808.21 1799.05 1580.08
space group P2:/n (No. 14) P2:/n (No. 14) P1 (No. 2) C2/c (No. 15) C2/c (No. 15)

a, A 5.810(1) 7.860(2) 10.429(2) 22.287(4) 34.927(7)
b, A 15.870(3) 11.126(2) 10.488(2) 18.922(4) 10.663(2)
¢ A 16.473(3) 8.955(2) 10.575(2) 32.188(6) 13.479(3)
a, deg 90 90 93.30(3) 90 90
B, deg 95.61(3) 103.41(3) 118.70(3) 98.76(3) 98.82(3)
v, deg 90 90 116.29(3) 90 90
V, A3 1511.6(5) 761.7(3) 854.2(3) 13416(4) 4960.6(17)
4 4 2 2 12 4
T,K 293(2) 293(2) 163(2) 100(2) 120(2)
A, A 0.71073 0.71073 0.71073 0.71073 0.71073
Decalca g CNT 3 2.256 2.238 3.142 2.682 2.116
u, mmt 9.329 9.256 17.032 12.592 6.374
final Rindices R1=0.0396, R1=0.0178, R1=0.0208, R1=0.0395, R1=0.0304,
[I > 20(1)]2 WR2=0.0940 wR2=0.0372 wR2=0.0510 wR2=0.0467 wR2=0.0531
Rindices (all datad R1=0.0620, R1=0.0395, R1=0.0238, R1=0.1623, R1=0.0534,
wWR2=0.0975 wR2=0.0397 WR2 = 0.0522 wWR2 = 0.0593 wWR2 = 0.0593

3R1 = Y||Fol — [Fell/Z[IFol; WR2 = [TW(Fo? — FAHFW(F?)?*2,

diffractometet® using graphite-monochromated Maxkradiation

(A = 0.7107 A). For data reduction and cell refinement, the
programs DENZO and SCALEPACK (Nonius, 2080)ere used.
Absorption corrections based on the multiscan technique were
applied for4b and5 using SADABS?° The structures were solved

by conventional Patterson methods and subsequent Fourier syn-
theses and refined by full-matrix least squares Férusing the
SHELX progran®! The positions of all non-hydrogen atoms were
deduced from difference Fourier maps and refined anisotropically.
Hydrogen atoms were included in calculated positions and refined
with isotropic displacement parametersZ7irone of the perchlorate
anions (CI3) is disordered over two positions, with one of the
oxygen atoms lying on the 2-fold axis.

B N4b

O4n

N4a
Figure 1. View of 1. Selected structural details (distances in A and angles
in deg): P+N1, 2.048(6); Pt N2, 2.065(6); P+Nla, 2.022(5); PtN1b,
2.040(4); NE-Pt—N2, 88.5(3); N1aPt—N1b, 89.6(2).

Results and Discussion

pz as a Monotopic Ligand.Three compoundd,, 2-H,0,
and 3, which contain pz as a monotopic ligand, were
prepared. X-ray crystal structure analyses were performed C3 c2 N11a Céa  Csa

for 1 and3. The cations ofl and3 are depicted in Figures = N

g @ =)
. : . e ¥ Nia ~\
1 and 2, and salient structural features are listed in the NWQ }P jj ) >N4a
—
2 & 9

legends. Inl, the Pt coordination geometry is close to ideal ;/

square-planar as far as angles are concerned\ tstances = ) O
are normal. The pz planes are tilted with respect to tha PN 05 CE NI Cza  Ca
planes with angles of 50.5(‘21ring a) and 66.2(2) (ring Figure 2. View of 3. Selected structural details (distances in A and angles

b). The angle between the o pz fings is 73.6(@here " 0e9) PENLL 2.011(3) PENL, 2041(3); NIEP-NL, 88.98(12).
are no unusual features in the pz rings. Expectedly, the 5.0 3 583(9) A, whereas they are 3.264(8) A between b rings.

in_ternal ring angles at N1 anq N4 of .the pz ligands are Although these distances are relatively long and clearly
different and larger for the N1 sites carrying the heavy metal. longer than those in hemiprotonated phenanthrdfribey

bCatignsbo? intera:ﬁt through vx:jgak tgentr_osymmtetric hfydro?\Ie: can still be considered hydrogen boréi&'As a consequence
03 t‘; ehvvteen € n?pcoortlna mgtzng 't{?l omo pfh( ) of these interactions, cations dform a zigzag chain along
an € heteroaromatic protons in teposition (seg € the z axis and Pt centers are lined up along thexis
Supporting Information). Between a rings, these dlstances[5_819(1) Al The nitrate anions are located between the

(18) KappaCCD packageNonius: Delft, The Netherlands, 1997. zigzag chains and form multiple H bonds to NBroups

(19) Otwinowsky, Z.; Minor, W. DENZO and SCALEPACKVethods and long contacts to Pt centers, e.g., 3.581(5) A between Pt
Enzymol.1997, 276, 307.

(20) Sheldrick, G. M.SADABS Bruker AXS Inc.: Madison, WI, 2000.

(21) Sheldrick G. MSHELXTL-PLUS (VMS)Siemens Analytical X-ray (22) Maresca, L.; Natile, G.; Fanizzi, F. B. Am. Chem. S0d.989 111,

Instruments, Inc.: Madison, WI, 1990. Sheldrick G. SHELXL-93, 1492.

Program for crystal structure refinementniversity of Gdtingen: (23) Desiraju, G. R.; Steiner, TThe Weak Hydrogen BondDxford
Gottingen, Germany, 1993. Sheldrick G. MHELXL-97, Program University Press: Oxford, U.K., 1999.

for the refinement of crystal structure®niversity of Gdtingen: (24) Sigel, R. K. O.; Freisinger, E.; Metzger, S.; Lippert,J BAm. Chem.
Gottingen, Germany, 1997. S0c.1998 120, 12000.
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024 023

\TNM
N41 Jou

Pl Nac Y— N1o
o11 ) N42 N

Figure 3. View of 4b. Selected structural details (distances in A and angles Figure 4. View of the cation of open pz bo%. Only one of two
in deg; see also the text): PtCI11, 2.292(2); Pt2CI21, 2.299(2); N1+ crystallographically independent cation$ is depicted.

Pt1-N12, 88.9(2); N4-Pt1-CI11, 90.8(1); N2+ Pt2—N22, 89.5(2); N
Pt2-Cl21, 90.5(1).

and O2nx + 1,y, 2). The presence of nitrate anions prevents
any stacking between pz ligands.

There are no unusual features with the catiorBoThe
pz ligands form angles of 70.9C1with the PtN, plane.
Cations form columns extending along tlzeaxis, with oo o .
distances of 7.7 A between pz rings. Pairs of nitrate anions £X@mple, upon mixingis-[(NHz):Pt(pz}]*" andcis-{(NHs).-
are located between the cations and form bifurcated hydrogenPt(C20)2*", and identified by its characteristic singlet
bonds with NH ligands of two different cations. In addition, "€Sonance in théH NMR spectrum (see below). It is
the remaining proton of each NHigand forms an H bond  interesting to note that Stang and Cao did not observe the
with the nitrate-O1 of an adjacent column. The lengths of formation of a cyclic tetramer when employing (dppg)Pt
the NH+-O bonds vary between 2.953(4) and 3.018(5) A. [dppp= 1,3-bis(diphenylphosphino)prop&fgnstead ofcis-

pz as a Bridging Ligand. The reaction of pz with an (NHa),Pt', which the authors attributed to both electronic
excess otis-(NH3),PtCh yielded the dinuclear complea, and steric factors. However, as mentioned in the Introduction,
and subsequent recrystallization in the presence of NaClO with cis-(PMe;):Pt', a triangular complex can be isolated.
gave the corresponding perchlorate sah)( the structure ~ Compoundb crystallizes with two independent catiohsnd
of which was established by X-ray crystallography. A view II. Figure 4 gives a view of one of them)(In I, the four
of 4bis given in Figure 3, and selected interatomic distances metal ions Ptt+Pt4 are essentially coplanar. The pz rings
and angles are listed in the legend. The coordination spheresare inclined with respect to the Pt4 plane as a whole and to
of the two heavy-metal atoms do not show any peculiarities. individual Pt coordination planes. Dihedral angles (average
Pt=N (pz) distances are identical within standard deviations for two adjacent Pt coordination planes each) are 6824(3)
and on average 2.025(5) A. The same is true forMits  for ring a, 78.9(3) for ring b, 61.2(3) for ring ¢, and 69.7(3)
distances [average 2039(5) A] There is no structural transfor ring d. We propose to use the term “open box” and not
influence of the Cl ligands on PNH; bond lengths versus  «square” in order to reflect the three-dimensional nature of
the pz ligand. As expected, 2-fold Pt binding leads to this object rather than the two-dimensionality generally
identical internal ring angles at N1 [117.4(bjand N4 associated with the term “square”. The latter relates to the
[117.7(5)] of the pz ring. The angles between tie-(NHs).- arrangement of the four metals only. It also ignores the fact
Pt! units and the pz plane are different for Ptl [83.4(3) 5 there are indeed squares with all atoms, hence both the
and Pt2 [69.3(4). As a result, the angle between the tWo ¢, metals and all atoms of the bridging ligands, being in
PtN;Cl planes is 27.4(8) There is extensive intermolecular a plane. P#-Pt distances along the sides are between 6.79-
hydrqgen bonding between pairs of cations involving Cl and (1) and 6.81(1) A, and the separations across the diagonal
;N\HS ligands [N22--CI11, 3.530(8) A; N22-CI21,3.403(6) o g 5o(1) (Pt2-Pt3) and 9.66(1) A (Pt2-Ptd). The second

] as well as multiple hydrogen bonds between oxygen . N
atoms of the CIQ- anions and Ni groups [distances Fetrangclear_ cationll(), whlgh is located at a c_enter of

inversion, displays rather similar structural details, except

2.84(2)-3.39(2) A]. In the Supporting Information, two _ .
; . . ; ; for dihedral angles between pz rings and the Pt4 plane. These
views of a pair of cations (with hydrogen-bonded anions
P ( yerog are 68.8(3) for ring f and 89.3(3) for ring e. The size of

omitted for clarity) are provided, which reveal that the two o

pz rings are parallel, yet do not overlap. The closely related (€ 0Pen pz box of thus is slightly smaller than those of
Compounct:is-[{(NH3)2PtCﬁg(pz)](N03)g has been reported the RU;RU" (696 A)ll and Ti (720 A)7' boxes yet Clearly
before® but its cation is centrosymmetric; hence, the Cl
ligands are pointing in opposite directions, unlike those in (25) (a) Stang, P. J.; Olenyuk, Bcc. Chem. Resl997 30, 502. (b)
4b. Pt=N and PtCl bonds are very similar in the two %Igﬂgulkég%;1$8$hte”mr’ A.; Stang, P. JJ. Chem. Soc., Dalton

compounds. (26) stang, P. J.; Cao, D. H. Am. Chem. S0d.994 116, 4981.

pz Box. Consistent with expectations following the “mo-
lecular library approach? a tetranuclear pz bo% was
obtained and isolated upon reacticig-[(NH3),Pt(HO)2] %"
and pz in a 1:1 ratio. Formation &fwas also observed by
H NMR spectroscopy in a number of other cases, for
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Figure 5. Detail of the interaction of catiohof 5 with nitrate anion N30,
which is partially inserted in the open pz box. Oxygen atom 033 is pointing
toward the center of the box, while O31 makes contact with a Pt from a
neighboring cation. T
@ l
larger than that of the related Pt4 uracil 5&xn which the :%/4
Pt—Pt distances along the edges are shorter by almost 1 A. ~
Pt—NH3; and Pt+N(pz) bond lengths irb are on average QY | Pt1* Om?
2.04(2) and 2.02(2) A, respectively, and thus in the normal ‘ w_,f’g
range. Angles about the Pt atoms deviate by up to 2.1(4) 0 4
from 9C°, which is likewise normal. v\“rja\a

Cations of5, nitrate anions, and water molecules (5.5
molecules per 1.5 formula units) form a tight network of

hydrogen bonds involving the NHigands. There are also  the N4b sites of the pz ligands form long contacts of 2.586(4)
weak contacts between oxygen atoms of nitrate anions andA with the Ag ions of adjacent cations, which results in the
aromatic pz protons (3-€3.4 A). One of the nitrate anions  appearance of infinite open#Ayz, boxes. The four metals
(N30) is unique in that one of its oxygen atoms, O33, is are planar. Angles at the Ag centers are 79%7(ahd
partially inserted in the cavity provided by the four pz rings 100.3(1}, and at the Pt centers, they vary between 85°1(2)
in cation| (Figure 5). It is thus a situation different from  (N1e—Pt1—N2e) and 93.7(2)(N2e—Pt1—N1b). Within the
that seen in larger cavities of metal ho¥tsThe nitrate  heteronuclear box intermetallic distances are 9.780(2) A
oxygen atom that protrudes furthest from the box, 031, (Ptic--Ptle), 10.663(2) A (Agla-Aglb), 7.118(1) A
makes a weak axial contact with a Pt atom [Pt2a, 3.51(1) (Ptla-Agla), and 7.349(1) A (AgtaPtlb).
A] of an adjacent box. The angle formed between the nitrate  The polymeric arrangement of the open pz boxes leads to
anion and the Pt4 plane is 84.8{4)one of the other nitrates  a tape structure with a highly hydrophobic surface generated
behaves analogously. by the CH groups of the pz ligands as well as the,@Hd
In analogy tdb, complex6 was obtained from (tmeda)Pt  CHs; groups of the tmeda ligands, which is interrupted by
and pz. It is presently unclear whethefs indeed a cyclic  “holes” in the center of the boxes and between the Pt atoms
tetramer or a cyclic trimer only (see below). lined up at the periphery of the tape (Figure 7). Piles of such
Mixed Pt,Ag Polymer. Cocrystallization of2:-H,O with tapes are at a distance of 6.7 A (between metal planes) and
AgClO, gave?. In the cation of7, a Ag* ion cross-links the  are shifted in such a way that each'Agf one tape is located
N4 sites of one pz ligand of catiod in a linear fashion, above the center of the Ay, box of the adjacent tape.
with Ag—N4 distances of 2.320(4) A (Figure 6). These Similarly, the Pt atoms at the periphery of the tape are on
distances are identical with those observed in a relatedinterstitial sites. The repulsion between the positively charged
heteronuclear complex of type €pz—Ag—pz—Co2° The tapes is minimized by perchlorate anions. 041 of GI1®
overall shape of the cation éfis thus that of a Z. The Pt inserted into the “hole” within the RPAg.;; box and, hence,
N1 (pz) distances are normal [average 2.029(4) A], and the is involved in a host guest interaction with the cationic box
separations between the heavy metals amount to 7.118(1) AFigure 8), while one of the other oxygen atoms, 031, forms
for Ptl---Agl and to 14.237(2) A for Pt1-Ptl* as aresult  a weak contact of 2.920(4) A with the Agion above.
of the centrosymmetry. The most interesting featur@ f Similarly, 022 of CI2Q~ has a long contact with Pt via an
the way in which individual cations interact (Figure 7). Thus, axial position [3.793(4) Al.
— . The other disordered CIO anions (cf. the Experimental
@n ggcsf‘;;ir'ﬂé "('S'yg_er('ﬁj %a%iéfrﬂ?;bﬁﬂig%r’isL,lpg.eg'.?Bﬁ?prgérct,h?' Section) are positioned between individual piles.
Chem. Soc., Chem. Commur@92 1385. IH NMR Spectra. As expected, théH NMR spectrum
(29 ) Sesec R B Frosnger il prr 80 A0 hm, o fre pe consists ony of a single (8,64 ppD 1D
Schneider, A.; Freisinger, E.; Hothenrich, D.; Erxleben, A.: Albinati, 3—9). Below [ ~3, the resonance moves downfield because
A.; Zangrando, E.; Randaccio, L.; Lippert, Balton Trans.2003 of protonation of the ring N atoms, with a shift 9.2 ppm
2533, reached at P ~0.4. The K value determined fromp-

(29) Bing, X.; Dong, C.; Wenxia, T.; Kaibiei, Y.; Zhongyuang, &cta .
Crystallogr. 1991, C47, 1805. dependentH NMR spectra was 0.9 0.1 (D,O), which

Figure 6. View of centrosymmetric catioid.
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Figure 8. Partial insertion of perchlorate anion ClZ0in the PtAgz
box. The oxygen atom sticking furthest out of the box (031) forms a long
contact with an Ag ion in the tape above.

corresponds to 0.5 0.1 for water. This value is in good
agreement with literature daté.

The 'H NMR spectra of complexes containing pz bound
in a monotopic fashion to Ptare complex because &fl—
IH coupling in an AABB' system. Consequently, the four
pz protons irl, 2, and3 are split into two multiplets because
of vicinal and long-range coupling (Figure 9).

Moreover, both sets of resonances dispi#t coupling
of different magnitude, which permits an assignment of the
protons. Thus, the set displaying the larg&Pt coupling
constant {J, ca. 40 Hz) is assigned to H2 and 'H#otons
in positions ortho to Pt, while the set showing smaller
coupling (J, ca. 11 Hz) is assigned to the protons in meta
positions, H3 and H3

A comparison of the chemical shifts (center of each
mutiplet) of the cis and trans isometsand 3 reveals H3

(30) Literature value 0.6. Compare: Toma, H. E.; Stadlein&rg. Chem.
1985 24, 3085.
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Interactions of Z-shaped cations Bfto produce an extended structure of open pz boxes. The views are perpendicular to the array of boxes.

and H3 resonances slightly upfield (ca. 0.1 ppm) in the case
of the cis compound, which probably is a consequence of
the ring current imposed by the other pz ligand (Table 2).

The'H NMR spectrum oftb is again very simple, having
a sharp singlet at 9.04 ppm {D) and well-resolved®Pt
satellites of 36 Hz. This coupling constant is at the upper
end of neutral compounds of compositidranstrans
[{ PtCL(R,SO} 2(pz)], which display?J values of 28-35 Hz
in CDCL.%! The open bo likewise displays a singlet, which
occurs at 9.18 ppm (D, pD 4.3) and has two sets %Pt
satellites due tdJ coupling (5 Hz) and®J coupling of 32
Hz (Figure 9). The singlet nature of the pz protonaé
consistent with a ditopic bridging mode, and the relative
intensities of tmeda and pz resonances unambiguously
confirm a cyclic structure. We tentatively assign a tetra-
nuclear structure t6, although we note that the pz singlet
is substantially shifted to lower field (9.497 ppm) as
compared tdb. If the cisaPt(pz) compoundsl and2 are
taken as a reference (mean of H2 Hhd H3,H3), the
downfield shift in5 is 0.16 ppm, yet 0.50 ppm in the case
of 6. This difference may point to a cyclic structure ®f
other than that of a tetramer, e.g., of a trimer. Unfortunately,
our attempts to confirm or disprove this suspicion by an
X-ray structure analysis or by mass spectrometry were
unsuccessful as yet.

Unlike in pz complexes carryingansPtCLL entities with
L = phosphine or ethylend,in the compounds described
herein, no dynamic processes were observed in solution.

(31) Priqueler, J. R. L.; Rochon, F. horg. Chim. Acta2004 357, 2167.
(32) Albinati, A.; Isaia, F.; Kaufmann, W.; Sorato, C.; Venanzi, L.INbrg.
Chem.1989 28, 1112.



Pyrazine as a Building Block for Molecular Architectures

H2, H2' H3, H3'
1
e — |
H2, H2' H3, H3'

e —
4b
5
A

L B e e B T B e e

: e
9.4 9.3 9.2 9.1 9.0 8.9 8.8 8.7 8.6

8/ ppm

Figure 9. Aromatic regions ofH NMR spectra (O) of 1 (pD 5.9), 3
(pD 3), 4b (pD 5), and5 (pD 4.3). 19t satellites are pointed out.

Table 2. H NMR Data of pz Complexes in D (pD 3—5)

6(H2,H2),2  5(H3,H3),2 O(CH), O(CHy),

compd J(9Pt—1H)PC  J(9Pt—1H)bd  J(195Pt—iH)bC  J(195Pt—1H)be

1 8.968, 39 8.778,12

2 9.154, 39 8.835, 11 3.151, 26.4 2.818, 33.6

3 9.004, 42 8.873,11

4b 9.036, 36°

5 9.170, 3¢ 5bd

6 9.497 3.107 2.697

an ppm; center of the multiple In Hz. ¢3J coupling.94J coupling.
€ 195pt satellites not observed.

Preliminary NMR studies indicate that the pz béxis

remarkably inert toward nucleobases when kept in an

agueous solution.

LN S B e e S L

Compound 5 and Anions. Considering the solid-state
structure of5 (Figure 5) and following up on an earlier
finding that cationic Pt containing cycles with heterocyclic
ligands can act as anion recept$¥s® H NMR spectroscopy
of 5in D,0 in the presence of increasing amounts of alkali
salts (HRPOQ,~, SO?, and F) was performed. However, they
did not provide any indication of anion binding in water
considering the insensitivity of the pz resonance.of

Related pz CompoundsIn addition to the pz complexes
described above, we have observed the formation of related
compounds in solution in a number of cases. The identifica-
tion of compounds was straightforward on the basistbf
NMR spectroscopy. For example, [enPt@?%) is identified
by its pz multiplets centered at 8.94 ppfd(}°Pt—1H), 37
Hz] and 8.00 ppm3P(***Pt—1H), 9 Hz] and its CH resonance
at 2.85 ppm JI(*5Pt—1H), 44 Hz]. [enPd(pz)>" has its pz
multiplets at 8.94 and 8.84 ppm and the Qidsonance of
the en ligand at 2.94 ppm.

Summary

The compounds prepared in this work confirm the good
ligating properties of pz for Pt which is somewhat
unexpected considering the low basicity of the pz ligand
itself. Both complexes with monotopic and ditopic (bridging)
metal-binding patterns have been isolated. The formation of
the cyclic tetramer5 conforms to expectations of the
“molecular library approach”, which predicts a molecular
box when two ditopic building blocks with 90and 180
angles, respectively, are combined.
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