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Abstract 

Squa-planw Pt( 11) and octahedral Pt( IV) ionic complexes [ HzMelppzl” + [ITI,]‘- (1). [PtC1.~(H2Meppz)]2[H3Me~ppz]‘“- 
[PtCl,]‘~ -2H@ (2) and [ H2Mezppz]‘+ [ PtCl,]“- (3) have been synthesized and their molecular structure and geometry investigated 
through X-ray diffraction. The N-methylpiperazinium( -4 I ) ligand bound to Pt( II) in complex 2 and the dipositive N,N’-dimethylpiperazin- 
ium( -1-2) cation in complexes 1, 2 and 3 are always present in the enerGetically favoured chair conformation. Moreover the crystals of 
complex 2 show an unusual 8iturrtion containing at the same lime I PtCl,( H?Mepg%) ] I amphiionic molecules and [ H2Me,ppzl ’ * [ PtCl, I ’ 
ions. Q lW8 Blsevier Science S..4. All rights rwervcd. 

Kwwc~rrt.r, Cryw1 mlrlurr:i: Pllrllrruln cernplwxn: Pipnleillc conrplcx~a 

In the first part of this research [ I 1 we have presented three 
complexes formed by Pt( II) with the positively charged N- 
methylpiperazinium( + 1) cationic ligand, [ HzMeppa] *, or 
with the neutral N,N’-dimethylpiperazine ligand, Me*ppz. 
The former ligand bi:r& to Pt( II) as monodentate at the N- 
H nitrogen site with piperazine ring in the usual chair con- 
formation, whereas the latter ligand binds to Pt( II) as chelate 
through the methylated nitrogen atoms of neutral piperazine 
ring in the rare boat conformation. Here we present some 
chemical results, including X-ray molecular structures, on 
ionic camplexas formed by N,N’-dimethylpiperazin- 
ium( + 2) cations and by [ PtC&]’ - or [ PtCl,] ’ - anions. In 
particular, compound 2 is interesting as it is formed by 
[ PtCLJ H,Meppz) ] amphiionic molecules and [ H2Me2- 
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ppz] 2 -’ [ PtC&] 2 ions; thus it is at the same time a molecular 
and an ionic crystal. The compounds can be formulated 
as [ Wl,Mssppz]“” [PtCl,Ja ~~ (l), [PtCl>(HaMeppzI Jz- 

[HzMezppz]‘“[PtC14]“” .2&Q (2) and [HaMeappzl” I-- 
[PtCIJz- (3). 

2. Experimental 

2. I. Materials and instruntents 

Cotnmercial reagent grade chemicals N,N’-dimethylpiper- 
azine, Me,ppz, (98% Aldrich) and potassium tetrachloro- 
platinate( II) ( KLPrC&) and hexachloroplatinate(IV) 
( K,PlCl,) (Pluka) were used without further purifications. 

Far-IR spectra (400-50 cm - ’ ) were recorded for Nujol 
mulls on a Nicolet 5Sxc FT-IR (20 far IR) spectrometer. X- 
ray data were collected on a Philips PW 1100 diffractometer 
equipped with graphite-monochromated MO Ka radiation. 



420 A. Ciccat~~ et ul. /tmcqaniccz Chimica Acta 275-276 (1998) 419-f26 

2.2. Syaksis of the crwplexes 

2.2.1. [H_$4eJ ppz:l’+[PtcI,l-’ - (11 
This compound was obtained by (a) direct reaction of 

K,PCl, with diptotonated NJV’-dimethylpiperine. 
H,Me2ppz, or (b) as br product in the formation of cis- 
[ PM&( Me,-) ] &elate complex starting from K#tCl+nd 
an excess dizamine which also causes the reduction to Pt( II ) 

[II. 
(a) Me,ppz (0.050 cm3, 0.36 mmol) dissolved in water 

( IS cmJ) and reacted with HCI 1 N (0.72 cm”. 0.72 mmol) 
WE4 to 25 cm3 of an aqueous solution of KrPtCIJ 
(0.149 g, 0.36 mmol). Red crystals which separatedon slow 
concentration of the solution were collected, washed with 
EtOH. l&O. and dried under vacuum. Yield 0. I 1 I g, 68%. 
Ad. C 15.7: H, 3.4; N, 6.U. Cl. 31.1. Calc. for 
C,H,* (1): C, 15.9; H, 3.6, N, 6.2;Cl. 31.3%. 

(b) Mqppt (0.050 cm’, 0.36 mmol) dissolved in water 
(15 and reacted with HCI 1 N (0.72 cn?, 0.72 mmol) 
WBS to 25 cm3 of an aqueous solution of K#tCI, 
(0,l .36 mmol) at 55°C A yellow-orange compound 
ptecipiti cofrespondin to[H~Mel~2]‘9[PtCI,]‘Eand 
subsequently identified as nd 3, After 24 h, the addi- 
tion of a second quivalent of free base Me2ppz (0.050 cm’. 
0.36 mmol) to the solution dissolved the above-mentioned 

colour of the .solution to yellow, The 
heated while stirring at 55°C for 4 h 

with MCI I N (OJ6 cm’, 0.36 mmol b 

T. Tk yellow solution 
ut I0 cm” and let? at mm tempera- 

ture. After 4days yellow-orange crystals were obtained. 
They were filtered, washed with water, EtOH, Et,O, and dried 
under vacuum. YieldO.160 g, 85%. Anal. Found: C, 13.8; H, 
3.1; N, 5.3; Cl, 40.5. Calc. for C,H,,N,ClbR C, 13.7; H. 3. I; 
N, 5.4: Cl, 40.6%. 

2.3. X-my crystallographic procedures 

Crystal data, data collection and refinement parameters for 
compounds 1-3 are summarized in Table 1. The same pro- 
cedure described in Part I [ I ] has also been used for the X- 
ray data collection and refinement of the present three 
compounds except that (i) the absorption corrections were 
applied using the X ABS2 program [2] after several least- 
squares cycles with isotropic thermal parameters, and (ii) 
the intensities of compound 2 were corrected for a slight 
increase with time as pointed out by the three standard reflec- 
tions. Hydrogen atoms were introduced in idealized positions 
for the calculation of s?cture factors prior to least-squares 
cycles wit! C-H = 0.97 A for methylene hydrogen atoms, N- 
H -0.9 I A for amine hydrogen while the C-H methyl hydro- 
gen distance was restricted to 0.96 A with an e.s.d. of 0.02 A. 
All crystallographic calculations were performed with the 
SHELXL-93 [ 31 and PARST 141 programs and molecular 
graphics with ORTEPII [5] or 0RTF.X [6] programs. Bond 
lengths and angles for the three crystal structures, along with 
their e.s.d.s, are listed in Tables 2-4. 

3. I1 Mdmthrv strt46’tt44v qf’complw,u 14 

Here, the common structural features of compounds IJ 
are discussed, while their specillc characteristics will be 
reported Inter. The R re substantially constant 
differing at the most by m the mean value of 
2.3 I%( 3 ) A, which is co ble with vulues found in sim- 
ilar complexes with or without CL small structural trms 
inlluence. 

A particular discussion is devoted ts the ]‘- anion 
present in complexes I and 2. The mean distances. 
2.303( 3 1 A in I and 2.302(7 1 A in 2, practically coincide or 
are comparable with the values observed in similar com- 
plexes, namely 2.292(2)-2.29!91;9( 2) ,h in [ C,,,HIJN$I ] 

(I) A in [PtC11(C~H,,,N5)] 
(man) in (Hthiumin) [PtCI,] [S] 
A in (C,oPf:JNJP.~)3[PtClJ] [IO]. 

The IPtCl,,]” anion found in both 1 and 2 has the 1%1 atom 
on a ccntre of symmetry and an extensive hydrogen 
network as frequently shown by such an anion. 

Another eharacterisrie of the tetrachloroplatinate( II) anion 
rktly planar even if it is not placed on a centre 

of symmetry. 
The unique Pt( Ilk-N distance of 2.09( I ) A found in 2 is 

nearly in agreement with that of 2.08(2) k, observed in 
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Table I 
Crystallographic data of I H,Me,ppz]’ + I PtCl, i ’ - ( 1). 1 RCI,,( H,Meppz b ] 2 [ H&legpz I ’ + I RC1.J 2 .2HJ0 (2) and [H,Megpz]-“ (WI,] (3) 

Complex 1 2 3 

Formula 

Molecuku weight 
Crystal size (mm ) 
Crystal colour 
Crysml system 
Spuce group 
0 cK, 
b(A) 
c (A, 
B(", 
v(A', 
z 
0, (8 cm .') 
A (A).p (Mo Ku) (mm ‘) 
Reludve rmnsmission factors 
Tempemrure ( K I 
F (Ooo) 
2Brmge (“) 
No. measured reflections 
No. unique reflecdons I II ) 
Indices of observed rellecrions 
Reflections with I> 2u(l) 
No. purameters retinrd (1)) 
RI” s*H2”(ll>20(/)]) . 
/xl, WE 
Goodness-of-lit ’ 
fi is wcighriug scheme ” 
Meun shill (e.s.d. 1 
Highcsr peuk. hole (e A ’ I 

[C,H,,N,]” [F’tCl,]- 

453.10 
0.10x0.15x0.20 
red 
monorlinic 
CWc (No. 15) 
13.737(3) 
7.901(2) 
12.898(j) 
115.60(6) 
1262.5(8) 
4 
2.384 
0.7107; I I .92 
0.82-l .OO 
293( 2) 
848 
6.12-49.98 
“73 ___ _ 
1116 
/I( - 16114). k(O19). /(O/15) 
936 
61 
0.0387.0. IO32 
0.045 I, 0. I OH7 
0.957 
0.1189 
0.001 
1.70, - 1.85 

[PtCI,(C,H,,NZ,],(C,H,,N,]“- 
[F’tCI,]’ .2H>O 
1294 
0.20 x 0.30 x 0.30 
red-brown 
monoclinic 
k’2,lo (No. 14) 
25.774(9) 
8.427(3) 
8.345(3) 
98.77( 10) 
1791.3( 1.1) 

-I 
& 

2.400 
0.7107: 12.46 
0.87-I .OO 
293(?, 
I208 
4.94-50.02 
3x14 
3114 
/I( -30/30).R~0/10~.1(0/9, 
2470 
187 
0.0653.0.1639 
0.0926; 0.1747 
0.979 
0.1533 
0.006 
2.00, - 2.00 

JC,H,,N,]-“ [PtCI,]’ 

524.00 
0.10x0.10x0.10 
yellow-orange 
OlthOihnkti~ 

Pnnm (No. 58) 
9.606(2) 
9.1 l3(2) 
8.717(2) 

763.1( 3) 
2 
2.28 I 
0.7107: 10.22 
0.91-1.00 
293(?) 
492 
6 16-55.98 
1100 
984 
/1~0/12).k~0/12)./~0/11) 
764 
46 
0.0217.0.0552 
0.0368,0.0590 
I.013 
0.0447 
0.001 
I m, - 0.N‘~ 

Tublo ? 

R-61( I I 2.305(3~ @I( I l-PI-Cl(?) 90.43( IO) 
Pbac2r 1.301(2) a( I ka-a(2) X9.57( 10) 
N~Ib-Ccl, 1.50U(R) C(I)-N(IM”(2, 11 I .oc 5 1 
N(IkC(2) 1.477(H) C(I)-N(IkC(3) 111.2(6) 
N(IkC(3) 1.495(11) C(2)-N(Ik=C(3) 111.7(7) 
C(l)-C(2)” 1.502(9) N( I )-C( I k-C( 2)” I 10.9( 5 ) 

N(IkJ.D2kC(I)” I llS(5) 

Torsion unglcs 
N~Ik=C(l)-C(2)“-N~ I I”- --%x6(7) 

Angles between LQS planes 
C( I)-N( I)-C(Z)“C( I kC(?,-c( I )“-C(2)“= I29.8(4) 

AI&S between LQS lines 

Symmetry t*l~sf~Inniltiolls used to ycucmte equivaleut utoms: ’ = ( -.r, y y, 
-; * )’ II =(1/2-x. - I 12 .- y. “.. : ) . 

[ PtCl,( HaMeppz) ] anddiffers by only 0.03 ,& from the mean 

value of 2.06( I ) A found for all platinum piperazine com- 
plexes already described [ I 1. Furthermore, it is comparable 

with lhr vducs thmvrd ftw tdw platinumt II ) amine 
complexes: 2.(155( 1) 8, (mean) in I (cis-Pt( NH,j)a)trt pd- 
ead,]~’ + 1 I I], 2,055(4) W in IPt(NHI)~]“’ [ 121, 
2.034(O) W in [pt(en)s]?’ (en=ethylenediamine) [ 131, 
2.0.55(6) A in [Pt(pn)z]’ + ( pn = propanediamine ) ( I4 1 
and 2.084( 9) A in [ cis- [ PtCI,( NH,{ ) ( etanidazole ) ] J [ I5 1. 

The conformations of the piperanine ring, in piperaaine 
itself, in N-methylpiperazinium( + I ) or in N-methylpipera- 
zinc, have been extensively discussed in Section 3. I of Ref. 
[ I 1. Naw we discuss the theoretical conformations of N.N’- 
dimethylpiperrrzinium( + 2 ) cation (but also N,N’-dimethyl- 
piperuzine) which can. in principle, exhibit three possible 
chair conformations [ I6 ] in which N-H (or N-lone pair 1 
and N-CH> bonds may respectively be: (a) equatorial and 
axial for both the nitrogen atoms with a 2/m point group; ( b 1 
axial and equatorial for one nitrogen atom and vice versa for 
the other one with only an ~1 point group; (cl axial and 
equatorial for both the nitrogen atoms with again a 2/m point 
group. The N,N’-dimethylpiperazinium( t- 2) cation was 

found to be always in the (c) conformation. This is a con- 
sequence of the higher steric hindrance of methyl group with 
respect to the hydrogen atom. Moreover. axial hydrogen 
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(A) endna&s (9 for IPtClr(HIM~z)1,fH,Me2ppzl z + [ PtCI,] ’ - . 2Hz0 ( 2) with e.s.d.s in Parentheses 

la W’MYMCPPZ)~: 
Pt(l)-cI(I) 2.320( 5, 
RI I bcI(2) 2.315(54 
R(l)C1(3) 2.313(t) 
Pt(IkN~l) 2.09(I) 
Ntt)-C(t) 1.4%2) 
N( 1)-C(4) 1.4613) 

CI(IbPt(I)-N(l) 175.6(4) 
Cl(S)=Pt( I )-N(l) 93.2(4) 
cR3)-R(I)-N(l) 86.5(4) 
CI(l)-R(I)-cl(2) 89.8(2) 
cI(I)-Pt(I)-cll3) 90.8(2) 
Cl(2)-R( I )c1(3) 176.0(2) 
R(1b-N(l)C(l~ ll2.2(1.0) 
IW I )=N( I )-e(4) ll6.8(l.2) 

Torsion an&~ inside the coordinated pipcrptine ring 
N(I)=C(l)=C!l2)-N(2)=-56.0f2.1) 

N(2P32) 1.54(3) 
N(2)+3) 1.50(2) 
N(ZWJ(5) ISO 
a 1)-c(2) lSl(3) 
C(3)-c(4) 1.53(3) 

C(l)-N(l)C(4) 
N(I)C(l)-C(2) 
N( I)C(4)C(3) 
c(1)-C(2)-N(2) 
C(2)-Nt2)-C(3) 
C(2)-N(2W15) 
C(3)-N(2)-CY5) 
N(2)-C(3)-C(4) 

lIO.3( 1.4) 
ll2.3( 1.4) 
lll.0(l.6) 
109.9( 1.5) 
I lO.2( 1.4) 
llO.8( 1.6) 
ll2.7( 1.5) 
111.2~1.5) 

Deviations (Ax 18”) in square breckata Wn the weighted least-square Plane through the stiurrd atoms 
pi(I) * [-2ll;Cl(I) * [ -19];CI(2) * [58];61(3) * [59];Ntl)’ I-147l;N(2) I3361;ClS) 1179j;C(l) III661;C(2) 110373:6(3) I-9701; 
C(4) [ +311 
R(l) * [ -33];Cl(l) * [281:CI(2) * [433;Cll3) * [SOl:N(i) * L -213];CM14*~113]:CM23*[-88~;N(2)*[1%];6(5)*[21;C~l) 
fIoU];C(2) [9171;6(3) [ -iO931:C(4) [ -8581. 
[CM!_4 and CM23 ate tha midpoints between C( I )-C(4) and C( 2 )-C( 3 1 resp@xively 1 

ler, lmtwm l&s pllutas 

n&with 
le. 

by compounds 1 and 
are one or two hydrogen 

utoms with I% *+l distances: k2.113 and 2.% A: 2.3 I2,3.24 
and 3.02 A. 

Finally, in these complexes the 
shows the highest possible protonat 
conditions used lead to the formation afpiperaziniumc8tions. 
In compound 2, the ~-~thyl~i~razinium( f I ) ion, even if 

, is capable of coordinating the plati- 
num(II) atom, a situati dy fiund in The donor 
properties of positive1 y ligands have n discussed 
since I%9 Il9-201. 

Bond lengths and angles of complex 1 are reparted in 
Table 2. The crystal contains discrete [ HzMezppz]’ * dipro- 

cations and [ FtCl,,]’ - anions (IS illustrated in Fig. 1. 
The R atom is situated on the cenm of symmetry at (0, 0,O) 
while the centre of the dipositive piperazinium cation coin- 
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Fig. 1. ORTEP diurnm f& [N.N’-dinrothylpipcrrwinium( + 2) 1 1 tetm- 
chloroplrtinate( II) 1, [ H2Me2ppz] ’ ’ [ PtCI, 1’ ( 1) with the atomic num- 
bering scheme used. The hydrogen bonds UTC indicated by broken lines. The 
displacement ellipsoids are drawn ut the 50% probability level and the 
selected H atoms are shown us spheres of urbitmry radii. 

tides with the crystallographic centre of symmetry at ( I/ 
4. - l/4,0) so that the C2/c monoclinic cell contains four 
[ PtCl, ] ’ - anions and four 1 C,H ,,,N? 1’ ’ cations. 

The two independent distances are 2.30% 3 ) and 
2,301(2) A, respectively le 2) and they are quite nor- 
tni’l (see general discussion on [ RC’14] ’ ._ ). The dipositive 
piperazinium cation possesses a six-membered ring in it 
chair conformation with the tetrahedral nitrogen atoms 

O.628(8) ~outoftheplaneofthefourC(I),C(2),C(l)’ 
d C(2)’ carbon atoms; ‘=J( l/2-x, -1/2-y, -.:I. 

Moreover, as already pointed out in the general discussion. 
thr N-H bend is axial and the N-CH 1 bond is equntoriirl for 
bath the nitrogen atoms. 

The fhrec %( sp’ I.-N ’ ( sp ’ 1 buud~ ( nvoruye 1 A9 I ( 9 ) A ) 
the velure of I ,479(6) A found in 
* I=&0 [ 211 but significantly longer 

itself(lA67dj) 122),The@(sp-‘)- 
C’( sp’) bond of 1.50%( 0) $r is slightly longer than the value 
fourad in the above-mentioned compound ( I .495(6) A) 
[ 213 but shorter than that found in iV,N’-dimethylpiperazine 
( 1.52 1 A> [ 231, in cis-DDP ( 1.535 &> [ 241, in trans-DDP 
( 1.5 17 A> [ 251 or in trains-2,5-dimethylpiperazine 
( 1.521 A> [26]. All interior angles are approximately 
tetrahedral and average I I I .3( 6)“. 

Crystal packing is dominated by an N ’ -l=i~~K4 1) hydro- 
gen bond of 3.170(7) A with an N”-Ha-*C-1( 1) angle of 
162.1(a)“. This hydrogen bond connects N,N’-dimcthylpi- 
perazinium dipositive cations with [ PtCl.‘]’ anions forming 
infinite chains of the type * * - [ PtCI, ] ’ a * * ( CH.,-N ’ H--C.,H,- 
Ni’H-CHB)~~~(PtCI,,]2- .*. running along the [I - I 01 
direction. Also in this case there are short contacts between 
the Pt atom and the hydrogen atoms along the 2 direction of 
the platinum(I1) d+ orbital: Pt*.*H( 1)‘=2.83( I) A (‘= 
-x. -y. -z) and Pt..*H(2)B”=2.95( I) A (‘I= -l/2 
+x, I /2 + y, z). All other intermolecular contacts are in the 
normal van der Waals range. 

3.3. Single crystal structure of [PtCl.dH,Meppz)],- 
[H_Mez ppzl-’ + [PtClJ- - - 2H,O (2) 

Table 3 reports the bond lengths and angles of bis- 
[ RCl,( monoprotonated N-methylpiperazinium( + 1) ] [ di- 
protonated NJV-dimethylpiperazinium( + 2}]’ ?? tetra&lo- 

roplatinate(II) diiydrate (2). The X-ray diffraction study 
demonstrates that the cell with space group f&/a contains 
four [ PtQ( monoprotonated N-methylpiperazinium- 
( + 1) > 1 neutral molecules in general position, two 
[ PtC1.J ’ - anions with the Pt atom situated on the centre of 
symmetry at (0, 0, 01, and two stand-alone centrosymmetric 
CH3-N + H-( CH, JAN + H-CH3 dipositive cations SiNi3ted at 
( l/2,0, l/2), so that crystals are a mixture of the [ RC&( H, 
Meppz) 1 complex already reported in [ 1 ] and of the com- 
pound 1 of this work with a 2: 1 molar ratio. Fig. 2 shows the 
mutual disposition of the two compounds. In spite of the 
difficulties encountered during data collection and stmcture 
refinement owing to instability of crystals under the X-ray 
beam and to disorder at the stand-alone piperazinium dipos- 
itive cation, several conclusions can be made about the geom- 
etry of such a molecule. The [ PtCl,(monoprotonated 
N-methylpiperazinium( =t 1) ] moiety is very similar to that 
already reported for [ PtCIS(HzMeppz)] alone [ 1 I. The 
piperazine ring is in the chair conformation with the N( l)- 
C( 1 )-C(2)-N( 2) and N(2)-C(3)-C(4)-N( 1) riug tor- 
sion angles of - 56.0 (2. I ) and 57.7 ( 2.1)“. respectively. 
The N( 2)-Q 5) and Pt( 1 )-N( 1) bonds are in the equatorial 
position as indicated by LQS lines in Table 3. Moreover, the 
whole molecule shows a very approximate mirror plane pnss- 
iug nearly through &( I ), CI( 1). Cl(Z), Cl(.S), N( I) and 
ncnrly bisecting the piperazine ring; in fact the angle between 
the coordinntion phmc and the mirror plnne bisecting the 

Pig. 2. BRTEP dinyrnm for his1 N.methylpipratiniunt( + I hi- 
chloroplrtinote( U) 1. [ N.N’-dimethylpipemrinium( -f= 2 ) ) [ tetrxhlorn- 

plutinate( II)] dihydrate, [PtCl,( &Meppz) I21 HtMe2ppz]’ ’ I PtC141’ * 
214&I (2), with the utomic numbering scheme used. The hydrogen bonds 
are indicutcd by broken lint% Although the N,N’-dimethylpiperaain- 
ium( + 2) cation ir disordered, for clarity the figure is drawn including only 
rhe C( 6) und C( 7) atoms whose hydrogen DIOI~R have been obtained by 
yeometricul ctdculPons. The displncement ellipsoids are drawn ;1t the 5O’!J 
probubility level und the selected H atoms are shown as sphcrca of urbitr4ly 
radii. 
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is 35.7 ( 1.7 )” (Table 3 ) . As already observed 
for complex 1, the H( 1)N hydrogen atom is involved in a 
stabilizing intramolecular hydrogen bond N( 1)-W 1 I- 
NaaCl(3) whose distances and angle are N( l)**eCl(3) 
= 3.02( 2) .& and H( 1 )N.eCl( 3) = 2.78( 2) 8, and N( 1 I- 
H( l)N.oCl( 3) =%.4( 1.4)“. respectively. The value found 
for the Cl(3)-Ft( 1)-N(l) angle (86.5(4)“) supports the 
pr&ws finding [ 11, being smaller than 90”. 

The data demonstrate that along the 2 direction (2 per- 
pet&c&u to the coordination plane of the Pt atom) Pt( 1) 
has two short contacts: Pt( l)*+*H(2)N’=3.12(2) A, 

3.24(2) A. Pt(2) also has two short 
contacts: 8(2)*s*H(3)B’=3.02(3) (‘=1/2-x, -l/2+ 
Y. -;). Abointhiocrystirlintermol~ularN ‘-H**$lhydro- 
gen bonds are formed: N(2)**Cl( 1)‘=3.21(2) A (angle 
N(2)-H(2).*Ci(l)‘= 151.4( 1.7)“). N(2)..*Cl(2)‘= 
3.39(2) A (angle N(2)-H(2)**Cl(2)‘= 127.6(1.6)“); 
N( l)*~Cl(4)‘=3.36(2) 8, (angle N( I)-H( l)**C1(4)‘= 
169.6( 1.6)“), where ‘=1/2-x, 1/2+y, -2. The water 
molecule forms a rather strong hydrogen bond with the dipos- 
itive piperazinium cation: N( 3) *s*D( 1) W” 
(angleN(3)-H(3)***0( 1)W” 
l/2 - y, 19 z). Furthetmor@, the water molecule is weakly 

n bonded to the bulky [ PtC14 1’ _ anion with a dis- 
tance Cl(5)~@0( 1)W”’ 3.13(2) A (“‘== -x, -Y, =-:I. 
The stand=alone dipositive cation shows achairconformation 
but its disorder does not allow a detailed discussion about 
molecular dirncnsion, The I41 2 = anion has normal dis- 
tances (RI and R(2)=CI(5) 
2.296( 6) w , 

zed by us. This behaviour 
n methyl group bound 

is l&and bound to Pt( II). Such a hin- 
not removed when piperazine assumes 

piprtlrine complexes [ 1,281 show that the methyl groups 
a@ still invdvd in short contacts with the cis @and. In 
addition, as @h’eady discussed [ 1 ], the presence of the N-H 

mean single R-N bond 
C&-N. Tl~e dissociation energy 
platinum and the N(7) atom of 
found to be 217 ki mol - ’ 

higher ( A&,, = 285 kJ mol - ’ ) [ 301. All these factors make 
it possible that -CHJ behaves as a leaving group. 

3.3.1. Disorder of the stand-alone dipositive piperazinim 
cation 

The piperazinium cation possessing the chair conformation 
is centrosymmetric and has its molecular centre of symmetry 
at ( l/2 0 112). Moreover, this stand-alone dipositive piper- 
azinium cation is disordered but only at the C( 6) and C( 7 ) 
atoms whereas N( 3) and C( 8) are completely ordered. In 
fact, the anisotropic refinement iridicates very large CJ,, 
(0.138-0.292 A’) or U,, (0.137 A’) thermal factors only for 
C(6) and C(7) and also suggests splitting of these atoms. 
The refinement was then continued with C( 6) and C( 7) split 
inC(6)AandC(Q)BandC(7)AandC(7)B,respectivcly. 
This model indicates for these atoms very large Uzz or U,, 
thermal factors (Table 8S, Supplementary material). Then, 
an isotropic refinement was undertaken with C( 6) split again 
in C(6)A and C(6)B atoms and C(7) split in C(7)A, 
6(7)B,C(7KandC(7)Datoms(assuggestedbySHELXL 
93 [ 31) but with different fractional occupancies (Tables 4s 
and 6s. Supplementary material ) . 

Taking into account that (a) these six atoms differ mainly 
in Y and z coordinates. (b) the U,? and i/,, thermal factors 
of C( 6) and CI 7 ) are very large during the anisotropic refine- 
ment, (c) N(3) and Ci8) do not suffer OF any form of 
disorder. and Id) rhc N(3 )-C(8) bond is practically posi- 
tioned along the 1 I 0 - I] axis (having direction cosines: 
0.646 y 13); 0,091 (24): _- 0.757 ( 12) ), WC can conclude 
that the disorder is likely due to the rotational motion of ths 
dipositivo pi~~ra~in~un~ cation, RR a rigid group, around the 
N(3)=C(8) axis. 

Table 4 reports the bond lengths and angles of [NJ+!‘- 
dimethylpiprazinium( =I= 2) hexachleroplatinate( IV) ] (3). 
Systematic extinctions indicated two possible space groups 
Pnn2 (No. 34) and P,r~rn (No. 58); we have used the second 
space group since it is ccntrosymmetric. This choice was 
subsequently confirmed by the final R factor of 0.02 17. The 
structure consists of dipositive N,N’-dimethylpiperazin- 
iumQ + 2) cations, [C&il,Nz]” ’ and hexaehloroplatin- 
ate( IV) anions, [RCl,]-” -, as illustrated in Fig, 3. The 
dipositive cation possesses a chair conformation as indicated 
by the endoqclic C-C torsion angle (57.7(4)“) and by the 
circumstance that its centre of symmetry coincides with a 
crystallographic centre of symmetry. The [ PtCl,] z anion 
has the Pt atom on the centre of symmetry at (0, 0, 0). in 
such a way that each [ Pttsl,] ‘- anion is octahedrally sur- 
rounded by six [C,H,,N,]” cations and that each 
[C&I’oN~]” * cation is octahedmlly surrounded by six 
[ PtCl, 1’ I anions. Momover. the octahedron is compressed 
along the Q axis ( i.c. the anion-cation distances are closer) 
because there is a strong bifurcated hydrogen bond running 
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Fig. 3. ORTEP diagrunr for [ N.N’-dimerhyIpiptra7illiumt + 2 ) 1 [ha- 
chloroplatinrtet IV 11. [ H2Me,ppe] ’ ’ 1 PtCl,.] ’ t 3 1 with the atomic num- 
heting scheme used. The displncetnent ellipsoids are drnwn at the 50% 
pmbahility level and the s&ckd ti atoms are shown as spheres of arbitrary 
rndii. 

along the o axis (see scheme and further details reported in 
the text ). 

The endcsyelii: C-C ( l.SlO(9) A) and C-N (1.495(5) 
8) distances and the cxocyclic C-N distance ( 1.492( 8) A) 
cotngare well with the known cxanplss of the dipositive 
N,N’-dinwthylpil9cr;Izinium cation as, for exmple. in N.N’- 
dimethylpiperazinium bis( aqua-trichloro-copper( II ) ) [ 3 I 1: 
C-C- 1.5Ol(t3) fi, C’-N,r,q,4,m 1.503(7) ii u19d C-N ,,,,, 
= l.523(9) x or in bis( Iv-mcthylpipera;zinium) N-mcthyl- 
pipcrezinc his{ letmcanrhoi~ylcohi~lt ) [ 311: C-C = I ..4 1% 8) 
& C=N,w,t,, * I .478( 8) # and C-N ,,,,, = I .480( 9) A, 

The [ PtCI,]’ union is very sin9ilur to that found in pipcr- 
nzinium( + 2 1 hexachloropletinate( IV 1 [ 3.4 1, in fact the PI- 
Cl( I ) and Pt-Cl( 2) distances found in the present case 
(2.323( 1) and 2.32% 2) 8. respectively) are comparable 
with those already reported (2.320( I ) and 2.308( 1) A, 
respectively). A strong bifurcated hydrogen bond system, 
running along the Q axis, connects I PtCI,]’ ., \C,H,,N.,]’ ’ , 
[PtCl,]' , [ C,H,,Nz] ‘-I ions. In fact a N-H group posi- 
tioned on the mirror plane at := I /2, is linked with two 
nlirrored Cl atoms forming a four-atom cycle of the type: 

..‘( ,c‘!,,, 
mirrur-_N-II.:- Yc-- II-N-mlrr~r 

“.(,I/ \ /” 

The geometricyl parameters are: N( I )-H( I ) = 0.91 A: 
N( I )a XX I 1’ = 3.227(4) 8; N( I b-H( I )***CI( I )’ = 
137.2(3)O (‘- -1/2-t-~. l/2-y, l/2-.s). The shortest 
distance between Pt(lV) and hydrogen atom is very long, 
3.456( 5) bi, which is a consequence of the octahedral coor- 
dination geometry at the platinum centre and is thus different 
from the behaviour observed in I%( II) piperazine complexes 

reported in Part I [ 11. and in the complexes reported by 
Borchers and Weiss [ 331. Two other possible but very weak 
hydrogen bonds are present, one C( 1 )-H( I )Aa.Cl( I )’ 
(C( l)..Cl( 1)‘=3.427(4) A) running again along the a 
axis and a second C(I)-H(l)A..-Cl(2) (C(l)..Cl(2) 
=3.821(5) ~),runningalongthebaxis. 

4. IR spectra 

IR measurements of compounds l-3 in the 400-50 cm ’ 
region integrate the data observed for Pt( II ) pipernzine com- 
plexes reported in Part I [ I ] and are partially consistent with 
the data reported by Ivanova et al. [ 341 forPt( II) and Pt( IV) 
piperazine complexes. The far-IR spectra of neutral N-meth- 
ylpiperazine and N.N’-dimethylpiperazine display an absorp- 
tion band at 327s and 359s cm-‘, respectively. Fukushima 
et al. 135,361 assigned these absorption bands to the skeletal 
deformation of the hexaatomic ring. In the spectra of dipro- 
tonated hi-methylpiperazinium( + 2) and N,N’-dimethylpi- 
pera%inium( + 2) dichloride such absorption shifts to 364s 
and 375bm cm _ ‘, respectively. Since in the 400-250 cm ’ 
region only one broad strong absorption band, centred at 
320 cm ~ ’ and consisting of more peaks, is detectable for 
compounds l-3 it is reasonable to believe that this strong 
absorption is mainly due to the skeletal deformation of the 
pipernzinium( + 2) ring. However, in compound 1, 
[ H,Melppz]’ ’ [ PCI.,]’ , two I)( Pt-C.1) stretchingfrequen- 
tics of the D.,,, square-planar ( PtCl, 1’ are detectable at 326s 
and 204sh cm ‘, partially obscured b:l rhe broad band at 
320 cm ‘, In compound 2, I PICI ,( M+leppz) I >I H2Me2m 
ppx I 2 ’ I PtCl., I ? s 2H20, which contains neutral I PlCl I- 
( HzMcppz) jz molecules in addition to I HaMe~ppz I’ ’ = 
1 PtCI.,] ’ , the U( Pt-Cl ) of the B.,,, square-planar I PtCl.+ 1’ 
anion and of the 1 PICI ?N] group is overlapped by the ahove= 
tnentioned broad band at 320 cm ‘, whereas a weak hnnd 
occurs at 267 cm ’ prob;rbly due to the I)( PI-N 1 stretching 
vibration of the [ PtCl,( H,Meppz) 1 species. Finally, ax 
expected and consistent with the high octahedral symmetry 
( 0,,) of the [ PtCl,]’ anion present in compound 3, only 
one v( Pt.-Cl) stretching mode is observed near 325 cm ’ 
partially masked by the strong piperazinium( + 2 ) ringdefor- 
matioll as already pointed out. 

5. Supplementary material 

Fructianal atomic coordinates and equivalent isotropic dis- 
placement coefticients ( a/,,,), fractional atomic coordinates 
of H atoms and isotropic displacement coefficients ( U,,,,), 
and anisotropic thermal coefficients for compounds l-3 are 
deposited as Supplementary Material ! Tables I S-l 1 S 1. 
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