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Heatingcis-[PtCl,(Me,C=0H),] in molten 2-propanone oxime affords the cationic complex [PtCHBAeNOH)]-

Cl. This compound reacts with 1 equiv of NaOH to give the neutral congteletCl(Me,C=NO)(Me,C=NOH),]

(1). Further, the reaction of [PtCI(ME=NOH);]CI with 2 equiv of AQNG; and successive addition of excess
oxime and NaSb§afford the chloride-free cationic complex [Pt(M&=NO)(Me;C=NOH);](SbF;). When a
solution of NaOH, instead of NaSkRvas added to the reaction mixture, the neutral compound [BG#¥BIO),-
(Me;,C=NOH),]-2H,0 (2) was isolated. The homoleptic complex [Pt#@e=NOH),]Cl, (3) was prepared both

by addition of excess HCI to [Pt(ME=NO),(Me,C=NOH),] (87% yield) and by prolonged heating of [PtCI-
(Me,C=NOH);]Cl and excess 2-propanone oxime, although in the latter case the conversion of the starting complex
did not exceed 510%. 1—3 were characterized by X-ray diffraction. All three compounds display interesting
hydrogen-bonding modes. &, two crystallographically independent molecules @$-[PtCl(Me,C=NO)-
(Me;C=NOH);] form the repeat unit for a novel type of self-assembly that produces infinite one-dimensional
polymeric chains held by strong H-bondg, as compared teic-dioxime Pt(ll) complexes, displays stronger
intramolecular hydrogen bonds and shows the absence of columnar stacking. In addition, the sob@tion H
molecules connect the Pt(Il) building elements by intermolecular H-bonds to form a layered two-dimensional
network. In3, the counterion is involved inug-Cl~)-cis-[(+=*H—0—)(--*H—CH,—),] hydrogen bonding, thus
forming the caged complex. Another interesting structural featugdthe interaction between methyl hydrogens
and platinum.

Introduction supramolecular coordination compounds based on the
The hydrogen bond is frequently used in designing supra- COPPer(l) complexes [CulX (L = 3-cyano-6-methyl-2(#)-

molecular array$. A great deal of progress has been done in Pyridinone; X = ClOs, BFs, PR, CRSQO;) with a three-

the construction of organic aggregates held by H-bdn@ighe _dlmen5|onal framework of tetrahedral Cutslent_ers linked by

use of transition metal complexes for assembly or self-assembly/ntermolecular hydrogen bonds through pyridone N and O

by hydrogen bonding has received much less attention, although2l0ms: & tetrapyridylstannane complex containing four pyridone

several elegant works in this area are well-known. These functionalities linked to neighboring molecules by pyridene

examples include aggregates formed by cocrystallization of Pyridone interactions involving hydrogen bondihgrgano-
metal complexes with complementary organic molectiles, ﬁlatlnum complexes possessing hy(;l]rogen-bc;ng donlor ?nd
supramolecular assemblies involving organometaliic free &cids, NYdrogen-bond acceptor groups at either end of the molecules,
separated by a rigid aryl spac@and the platinum(ll) complex
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was also found that water molecules can connect some oxime/spectra (40086220 cnt?) were recorded on a Perkin-Elmer 1650 FT-

oximato Pt(ll) building elements to form a layered two-

IR instrument, using Nujol and perfluorohydrocarbon oil mulls between

type of hydrogen bonding.e. (u4-Cl7)-Cis-[(++*H—O—)5(**+*H—
CH,—),] within an oxime complex. All the above mentioned
results are included in the paper.

In this study, we have used the tris(2-propanone oxime)
complex of platinum(ll), [PtCI(MeC=NOH)3]*, as a starting
material for building elements to design polymeric chains of
complexes. This complex was selected for the following
reasons: (i) ThéN-coordination of 2-propanone oximeKpin
water is 12.8) to a platinum(ll) center leads to a dramatic
decrease of iy, values (by 4-8 unitst®) and brings about easy
transformation of the oxime ligand into oximato species. Thus,

the conjugate acid and base, which are coordinated to the Pt-

(1) ion, may be present in the same complex. Therefore, the
formation of H-bonding between protons of the OH groups of
coordinated oximes and oximato oxygen(s) can be expected

on Bruker AMX-300 and JEOL JNM-LA300WB instruments.
Synthetic Work and Characterization. [PtCl(Me,C=NOH)3]CI.
A finely ground mixture ofcis-[PtCL(Me,C=NOH),] (1.98 g, 4.8
mmol) and 2-propanone oxime (1.40 g, 19.2 mmol) and 1 mL of
nitromethane are placed in a 50-mL round-bottomed flask, equipped
with a Teflon-coated magnetic stirring bar and reflux condenser
connected to a Cagtube. The mixture is stirred for 15 min, while
the temperature is raised from 25 to 100, and the bright yellow
suspension of the starting materials is gradually transformed into a
yellow solution, followed by immediate formation of a precipitate.
Sometimes, the formation of the solution is not observed and the starting
suspension is directly converted into a new one.
The reaction mixture is then kept at 100 for 30 min and cooled
to 20—-25 °C. After that, a mixture of 10 mL of chloroform and 10
mL of hexane is added and the suspension formed is stirred at room
temperature for 15 min. The white precipitate is collected on a filter,

‘washed with two 3-mL portions of chloroform and two 5-mL portions

Indeed, the negative charge on the oximato oxygen atoms placesy giethyl ether, and dried in air at room temperature. The yield of

these compounds in one of the three fundamental #pefs
strong and very strong hydrogen bond®. the so-called
negatve charge assisted hydrogen bondingi) The complex
[PtCI(Me;C=NOH)3]|Cl [Ka1 = (3.0 £ 0.2) x 104 andKg =
(1.94 0.2) x 1074 Kzzwas not determinéd] is deprotonated

in a pH range where the compound is stable toward hydrolysis.
(iii) In contrast to the structurally rigid coordinateit-dioxime
ligands, 2-propanone oxime has flexibility around the-Rt
bond. This, in turn, might lead to (a) increased tendency toward
the formation ofinter- rather thanintramolecular hydrogen
bonding and (b) decreased probability for the columnar stacking
of complexes in the crystaithe characteristic phenomenon for
complexes with coordinatedc-dioximes314—due to the steric
hindrance of the=CMe, groups. (iv) [PtCI(MeC=NOH);]CI
offers broad possibilities for derivatization by deprotonation and
substitution reactions of coordinatedClI

Experimental Section

Materials and Instrumentation. K[PtCly] was recrystallized from
water before use.cis[PtClL(Me,C=NOH);] was synthesized by the
published methdd from K;[PtCly] and excess M.C=NOH. All other

[PtCI(Me;C=NOH);]CI is 1.64 g, 70%. Anal. Calcd for &ls-
CIN3OsPt: C, 22.28; H, 4.36; N, 8.66. Found: C, 22.30; H, 4.34; N,
8.40. FAB"-MS, m/z 450 ([PtClI(MeC=NOH)s]*). The complex is
obtained as a white powder. [PtCI(M&=NOH);]Cl decomposes
partially on dissolution in acetone or nitromethane at room temperature
in the absence of excess ligand, to givens[PtCl,(Me,C=NOH),]
and free 2-propanone oxime. An aqueous solution of [PtCl-
(Me,C=NOH);|CI (ca. 1072 M) is stable for a few hours, but slow
release of fine needle-like yellow crystalst@ns[PtCl(Me;C=NOH),]
is observed after 2 days of standing at room temperature. When [PtCI-
(MeC=NOH);]CI is heated in the solid state at 17075 °C,
elimination of one oxime ligand and formation dfans[PtCl.-
(Me,C=NOH),] are observed. Principal features of DTA/TG (heating
rate 2°C min™Y): 165-175 °C endothermic peak (mass loss 15.3%);
calcd mass loss for the elimination of one 2-propanone oxime ligand
is 15.1%). IR data, cnt: 1671 wv(C=N), 342 sy(Pt—Cl). *H NMR
in DO, 0: 2.21 (3 H), 2.22 (6 H), 2.60 (3 H), 2.66 (6 HfH NMR
in D,O/CRCOH, 6: 2.29 (9 H), 2.66 (3 H), 2.71 (6 H).

cis[PtCl(Me ,C=NO)(Me,C=NOH),]. A 1.1-mL portion of 1 M
NaOH is added at room temperature to a solution of 0.53 g (1.1 mmol)
of [PtCI(Me;C=NOH);]Cl in water (12 mL). The white solid, which
appears a few seconds after the addition, is collected on a filter, washed
with two 1-mL portions of water, and dried in air. The yield @$-

chemicals and solvents were obtained from commercial sources and[PtCl(Me,C=NO)(Me,C=NOH),] is 0.28 g, 58%. In contrast to [PtCI-
were used as received. C, H, and N elemental analyses were carriedMe,C=NOH);]CI, cis{PtCI(Me,C=NO)(Me,C=NOH),] is poorly

out by the Microanalytical Service, Osaka City University. FAB and
El mass spectra were obtained with VG Autospec and JEOL JMS-
AX500 instruments. Melting and decomposition points were deter-
mined in capillary. DTA/TG measurements were performed in air on
Perkin-Elmer DTA 7 and TGA 7 instruments. For TLC, Riedel-détae
60 F 254 SiQ plates with layer thickness 0.2 mm were used. Infrared
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soluble in water at room temperature but readily soluble in methanol.
Anal. Calcd for GH20CIN3OsPt: C, 24.09; H, 4.49; N, 9.36. Found:
C, 24.62; H, 4.59; N, 9.46. EI-MSn/z 449 (M)". Mp = 163-165
°C. TLC on SiQ, CHCkL:Me,CO = 1:1: R = 0.62. IR data, cm
1676 m, brv(OH), 1614w , 1544 m, 1537 m(C=N), 344 w, 337 w
v(PtCI). 'H NMR in CD;OD, : 2.05 (3 H), 2.12 (6 H), 2.21 (3 H),
2.53 (6 H). IH NMR in CDsOD/CRCO,H, 8: 2.22 (6 H), 2.23 (3 H),
2.63 (3 H), 2.68 (6 H). A crystal for X-ray study was obtained by
slow evaporation of an aqueous solution.
[Pt(Me,C=NO)(Me,C=NOH)3][SbF¢]. Silver nitrate (0.37 g, 2.2
mmol) is added to a solution of [PtCI(Mé=NOH);]CI (0.51 g, 1.1
mmol) in water (12 mL), and the reaction mixture is stirred in the dark
at room temperature for 48 h. AgCl is filtered off, and 2-propanone
oxime (0.77 g, 10.5 mmol) is added to the filtrate, whereafter the
solution is left to stand at room temperature for 24 h. Solid sodium
hexafluoroantimonate, NaSpk0.54 g, 2.1 mmol), is then added to
the reaction mixture, and the white precipitate formed is collected on
a filter, washed with three 0.5-mL portions of water, and dried in air.
The yield of [Pt(MeC=NO)(Me,C=NOH);][SbF] is 0.59 g, 77%. The
complex can be recrystallized from hot (890 °C) nitromethane. This
operation should be carried out rapidly to prevent decomposition. Anal.
Calcd for GoH.7FeN4O4PtSh: C, 19.96; H, 3.77; N, 7.76. Found: C,
19.45; H, 3.61; N, 7.55. FABMS, m/z 486 ([Pt(MeC=NO)-
(Me;C=NOH)3]"). The complex crystallizes from nitromethane in the
tetragonal space grol/nmmwith a= b = 20.827(2) Ac = 6.753-
(3) A, v =2929(1) B, Z= 4, andpcaca= 1.63 g cmi3, but disorder
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prevented a satisfactory structure solution. The compound has noTable 1. Crystal Data and Structure Refinement for

characteristic melting point. On heating in capillary it decomposes
above 190°C. TLC on SiQ, CHCk:Me,CO = 1:1: Ry = 0.56. IR
data, cmt: 1667 my(C=N), 654 vsv3(Sbk ™), 294 s, 286 %4(Sbk™).
H NMR in CD;0D, 6: the spectrum displays two groups of signals
of equal intensities. Each group consists of four singlets: 2.172, 2.178,
2.186, 2.193 and 2.471, 2.477, 2.485, 2.49R NMR in CD;OD/
CRCOH, 6: 2.29 (12 H), and 2.62 (12 H).
[Pt(Me2C=NO),(Me,C=NOH),]-2H,0 and [Pt(Me,C=NO),-
(Me2C=NOH),]. [Pt(Me,C=NO),(Me,C=NOH),]-2H,0 is prepared
analogously to [Pt(Mg&£=NO)(Me;C=NOH);][SbFs]. Addition of 2
equiv of NaOH, instead of NaSkHollowed by slow evaporation of
the solvent up to half the initial volume, results in release of
[Pt(Me,C=NO),(Me,C=NOH),]-2H,0 as colorless prismatic crystals.
The yield is 74%. Anal. Calcd for GH3zoN4OgPt: C, 27.64; H, 5.80;
N, 10.74. Found: C, 27.89; H, 5.73; N, 11.01. IR data (Nujol);tm
3506 vs, 3412 v8(OHy), 1649 md(OHy), 1792 w, brv(OH), 1622 m,
1603 sy(C=N). A crystal for X-ray study was obtained directly from
the reaction mixture. The powdered sample loses the crystallization
water molecules, in a vacuum desiccator over silica, to give anhydrous
[Pt(Me;C=NO)(Me,C=NOH),]. Anal. Calcd for the anhydrous
sample, GH2eN4O4Pt: C, 29.69; H, 5.40; N, 11.54. Found: C, 29.60;
H, 5.44; N, 11.47. EI-MSm/z 485 (M)". The compound has no
characteristic melting point. On heating in a capillary, it decomposes
above 225°C. TLC on SiQ, CHCE:Me,CO = 2:1: Ry = 0.55. IR
data, cmi®: 1804 w, bry(OH), 1621 m, 1600 $(C=N). *H NMR in
acetoneds, : 2.04 ey = 10 Hz; 12 H), 2.19 i = 10 Hz; 12 H).
[Pt(Me.C=NOH),]Cl,. Concentrated hydrochloric acidd, 35%,
3 mL) is added to a solution of [Pt(ME=NO),(Me,C=NOH),] (0.20
g, 0.39 mmol) in water (2 mL) acidified by three drops of concentrated
HCI. The precipitated [Pt(M€=NOH),]CI; is collected on a filter,
washed twice with 1-mL portions of water, and dried in a vacuum
desiccator over silica. The vyield is 87%. Anal. Calcd for
Ci2H2sClIN4O4Pt: C, 25.81; H, 5.05; N, 10.03. Found: C, 25.47; H,
5.15; N, 10.12. FAB-MS, m/z 486 ([Pt(MeC=NOH),] — H)*. When
this compound is heated in the solid state at-1680 °C, elimination
of two 2-propanone oxime ligands and formation todns[PtCl,-
(Me,C=NOH),] are observed. Principal features of DTA/TG (heating
rate 2°C min™Y): 163 and 179C, endothermic peaks (mass loss 26.5%;
calcd mass loss for elimination of two 2-propanone oxime ligands is
26.2%). IR data, cm: 2854 s, 2810 s, 2753 8(OH), 1654 ms
»(C=N). H NMR in DCI (20%)/D;0, 6: 2.31 (12 H), 2.66 (12 H).
X-ray Structure Determination of cis-[PtClI(Me,C=NO)-
(M82C=NOH)2] and [Pt(M82C=N0)2(M62C=NOH)2]‘ZHzo. (Data
for the latter compound are given in parentheses.) Diffraction data
were collected on a Rigaku AFC7S diffractometer. Cell parameters
and orientation matrix for data collection were obtained from a least-

squares refinement using the setting angles of 25 carefully centered

reflections in the range 29.56< 26 < 29.96' (29.33 < 26 < 30.0T);
9010 (2897) independent reflection®,[ = 0.040 (0.019)] were
measured up to 60by the w—26 scan technique; 9457 (3092)
reflections were collected. Rangelufl: h =0 to 14,k = 0 to 23,1
5t018 h=01to 10,k =0to 18, = —14 to 13). The intensities

of three representative reflections were measured after every 15

reflections. Over the course of data collection, the standard intensities
decreased by 1.8% (2.7%), and a linear correction for decay was applied

The data were corrected for Lorentz and polarization effects. An
absorption correction using an empirigascan method in the program
TEXSAN!¢ resulted in transmission factors ranging from 0.55 to 1.00
(0.60to 1.00). All calculations and refinement were performed by using
TEXSAN softwaret® The structures were solved and expanded by
using Fourier techniqués$. The non-hydrogen atoms were refined
anisotropically. H atoms were included at calculated positions but not
refined for [PtCI(MeC=NO)(Me,C=NOH),]. (The H atoms corre-
sponding to the water molecules in [Pt(Me=NO),(Me;C=NOH),]-

(16) TEXSAN: Single Crystal Structure Analysis Softwarersion 1.6;
Molecular Structure Corp.: The Woodlands, TX, 1993.

(17) Beurskens, P. T.; Admiraal, G.; Beurskens, G.; Bosman, W. P.; Garcia-
Granda, S.; Gould, R. O.; Smits, J. M. M.; Smykalla,T®@e DIRDIF
Program Systenilrechnical Report of the Crystallography Laboratory;
University of Nijmegen: Nijmegen, The Netherlands, 1992.

[PtCI(Me;C=NO)(MeC=NOH),] (1),
[Pt(Me;C=NO),(Me,C=NOH),]-2H,0 (2), and
[Pt(Me,C=NOH),ICI, (3)

1 2 3
empirical formula  @H20CIN3O3Pt  CioH3zoN4OePt  CioH2gCloN4O4Pt
fw 448.81 521.48 558.37
color; habit colorless; prism colorless; prism colorless; cubic
cryst syst monoclinic monoclinic monoclinic
space group P2;/n (No. 14) P2i/n(No. 14) P2i/c(No. 14)
a A 10.533(2) 7.458(2) 9.922(2)

b, A 17.075(4) 13.298(2) 12.205(2)

c, A 17.131(2) 10.100(2) 17.241(3)

f, deg 102.79(1) 108.86(2) 100.35(3)

V, A3 3004.5(9) 947.9(3) 2053.9(6)

8 2 4

p(calcd), gcm?®  1.984 1.827 1.806

T, K 203+1 293+ 1 293+ 2

radiationi, A 0.7107 0.7107 0.7107

u, cmt 94.8 74.0 71.1

0 range, deg 230 2-30 2-25

no. of collcd 9457 3092 4150
reflens

no. of reflecns for 5164 2897 2568
calcns

Re 0.037 0.026 0.015 (R1L

RP 0.043 0.037 0.037 (WwRp

goodness of fit 1.09 1.13 1.08

AR=R1=3||Fo| — |Fcll/Z|Fo|- ® Ry = [XW(IFo| = [Fcl)73WFs]"2
CWR2 = [ZW(FDZ — FCZ)Z/ZWFOA]MZ.

2H,0 could not be located. All the other H atoms were found in a
difference Fourier map, and their positions were refined with a fixed
isotropic temperature factor.) Crystal size: 0.20.20 x 0.40 mm
(0.30x 0.30x 0.20 mm). Scattering factors were taken from ref 18.
Crystal data are given in Table 1, and bond distances and angles, in
Tables 2 and 3.

X-ray Structure Determination of [Pt(Me ;,C=NOH),]Cl,. Dif-
fraction data were collected on an Enraf-Nonius CAD 4 diffractometer.
Cell parameters were obtained from 12 centered reflections &vith
between 10 and 12254150 were collected, of which 2568 unique
observed reflectionsR,: = 0.040) withl = 30(l) were measured up
to 50° by the #—260 scan technique. Range bkl: h=0to 11,k =
0 to 14,1 = —20 to 20. Diffractometer data were processed by the
program PROFIT with profile analysis of reflections. The structure
was solved by means of a Fourier synthesis based upon the Pt atom
coordinates obtained from the Patterson synthesis using the SHELXTL
package® After that, all reflections withl < 3o(l) were excluded
from calculations. Refinement was done by full-matrix least-squares
procedures based df? using the SHELX-93 packagé. All non H
atoms were treated anisotropically. Hydrogen coordinates were found
from difference synthesis and refined isotropically. An extinction
correction was applied. Lorentz, polarization, and absorption correc-
tions were madé? Crystal size: 0.27% 0.21 x 0.16 mm. Tmin and
Tmax are 0.219 and 0.334, respectively. Scattering factors were taken

ofrom ref 18. Crystal data are given in Table 1, and bond distances

and angles, in Table 4.

‘Results and Discussion

Syntheses of Building Elements for Crystal Engineering.
The starting hypothesis for this work is that complexes of
platinum(ll) with 2-propanone oxime/oximato ligands should

(18) International Tables for X-ray Crystallographitynoch Press: Bir-
mingham, U.K., 1974; Vol. IV.

(19) Strel'tsov, V. A.; Zavodnik, V. EKristallografia 1989 34, 1369.

(20) Sheldrick, G. MSHELXTL User ManualRevision 3; Nicolet XRD
Corp.: Cupertino, CA, 1981.

(21) Sheldrick, G. M.SHELX-93 University of Gdtingen: Gitingen,
Germany, 1993.

(22) Axelrud, L. G.; Grin, Yu. N.; Zavalii, P. Yu.; Pecharsky, V. K;
Fundamensky, V. S. CSBuniversal program package for single
crystal and/or powder structure data treatméllected Abstracts
12th European Crystallographic Meeting, Moscow, Aug 1989; USSR
Academy of Sciences: Moscow, 1989; p 155.
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Table 2. Bond Lengths (A) and Angles (deg) for
[PtCI(MexC=NO)(Me,C=NOH),]

Kukushkin et al.

Table 4. Bond Lengths (A) and Angles (deg) for
[P{(Me,C=NOH),ICl,

Pt(1)-CI(1) 2.288(2) Pt(1)yN(1) 1.993(7)
Pt(1}-N(2) 2.022(7) Pt(1)yN(3) 2.032(7)
Pt(2)-CI(2) 2.291(2) Pt(2yN(4) 1.992(7)
Pt(2-N(5) 2.033(8) Pt(2)N(6) 2.029(7)
O(1)—-N(1) 1.365(8) O(2yN(2) 1.406(9)
O(5)—N(5) 1.391(10) O(3¥N(3) 1.396(9)
O(6)—N(6) 1.380(9) O(4yN(4) 1.368(8)
N(1)—C(1) 1.29(1) N(2)}-C(4) 1.30(1)
N(3)—C(7) 1.29(1) N(4y-C(10) 1.29(1)
N(5)—C(13) 1.27(1) N(6)-C(16) 1.30(1)
C(1)-C(2) 1.49(1) C(1yC(3) 1.49(1)
C(4)-C(5) 1.50(1) C(4yC(6) 1.46(1)
C(7)-C(8) 1.48(1) C(7-C(9) 1.51(1)
C(10y-C(11) 1.49(1) C(10¥C(12) 1.49(1)
C(13)-C(14) 1.51(1) C(13yC(15) 1.49(1)
C(16)-C(17) 1.50(1) C(16)C(18) 1.48(1)
CI(1)—Pt(1)-N(1) 90.6(2) Pt(2yN(4)—C(10) 129.1(6)
Cl(1)—Pt(1)-N(2) 176.6(2) O(4yN(4)—C(10) 117.7(7)
Cl(1)—Pt(1)-N(3) 90.7(2)  Pt(2y-N(5)—0(5) 115.7(5)
N(1)—Pt(1)-N(2) 87.0(3) Pt(2yN(5)—C(13) 126.8(7)
N(1)—Pt(1)-N(3) 176.3(3) O(5r-N(5)—C(13) 116.2(8)
N(2)—Pt(1)-N(3) 91.8(3) Pt(23-N(6)—0(6) 117.2(5)
Cl(2)—Pt(2)-N(4) 89.8(2) Pt(2)yN(6)—C(16) 128.4(7)
CI(2)—Pt(2)-N(5) 175.2(2) O(6)N(6)—C(16) 114.4(7)
Cl(2)—Pt(2)-N(6) 91.0(2) N(1)»C(1)-C(2) 121.0(8)
N(4)—Pt(2)-N(5) 85.4(3) N(1)-C(1)-C(3) 121.7(8)
N(4)—Pt(2)-N(6) 177.8(3) C(2yC(1)-C(3) 117.2(8)
N(5)—Pt(2)-N(6) 93.8(3) Pt(1)N(1)—0(2) 113.7(5)
Pt(1)-N(1)—C(1) 129.3(6) O(1yN(1)—-C(1) 116.8(7)
Pt(1)-N(2)—0(2) 115.3(5)  Pt(1¥N(2)—C(4) 130.1(7)
O(2)-N(2)—-C(4) 114.3(7)  Pt(1yN(3)—0(3) 117.6(5)
Pt(1)-N(3)—C(7) 128.7(7)  N(2}C(4)-C(5) 121.6(9)
O(3)—-N(3)—C(7) 113.4(8)  N(2)C(4)—C(6) 119.0(9)
Pt(2-N(4)—0O(4) 112.9(5) C(5rC(4)—-C(6) 119.3(9)
N(3)—C(7)—C(8) 123(1) N(4yC(10-C(11) 122.2(8)
N(3)—C(7)—C(9) 119.2(9)  N(4¥C(10)-C(12) 119.4(8)
C(8)-C(7)—-C(9) 117.3(10) C(1HC(10-C(12) 118.4(8)
N(6)—C(16)-C(17) 119.8(10) N(5yC(13-C(14) 121(1)
N(6)—C(16)-C(18) 120.5(9) N(5rC(13)}-C(15) 120.5(9)
C(17y-C(16)-C(18) 119.7(10) C(14)C(13y-C(15) 118.3(9)
Table 3. Bond Lengths (A) and Angles (deg) for
[Pt(Me,C=NO),(Me,C=NOH),] -2H,0?
Pt(1)-N(1) 2.036(5) Pt(1)yN(2) 2.023(4)
O(1)—N(2) 1.374(6) O(2yN(2) 1.361(6)
N(1)—C(1) 1.270(8) N(2)-C(4) 1.285(7)
C(1)-C(2) 1.476(10) C(1C(3) 1.493(9)
C(4)-C(5) 1.48(1) C(4)-C(6) 1.484(9)
N(1)—Pt(1)-N(1®  180.0 N(1)-Pt(1)-N(2) 92.7(2)
N(1)—Pt(1)-N(2)2 87.3(2) Pt(1yN(1)—-C(1) 130.5(4)
Pt(1)-N(2)—0(2) 113.5(3) O(2yN(2)—C(4) 117.3(5)
N(1)—C(1)-C(3) 121.6(7) N(2yC(4)-C(5) 120.3(6)
C(5)—C(4)—C(6) 118.9(6)  N(2yPt(1)-N(2)* 180.0
Pt(1)-N(1)—0(1) 112.4(4)  O(1yN(1)—-C(1) 117.0(5)
Pt(1)-N(2)—C(4) 128.9(4) N(1L)C(1)-C(2) 120.3(6)
C(2)-C(1)—-C(3) 118.0(7)  N(2)C(4)-C(6) 120.8(6)

a Symmetry operations used to generate equivalent atoms:x2

-y, 2—z

Pt-N(1) 2.014(4) N(3)-C(8) 1.267(6)
Pt-N(3) 2.021(3) N(4)-C(11) 1.277(5)
Pt-N(4) 2.022(3) c(1yc(2) 1.487(8)
Pt-N(2) 2.022(3) c(2yC(3) 1.488(8)
O(1)-N(1) 1.388(5) C(4y-C(5) 1.470(7)
0(2)-N(2) 1.394(5) C(5)-C(6) 1.489(6)
O(3)-N(3) 1.401(5) c(7y-C(8) 1.474(9)
O(4)-N(4) 1.385(5) C(8)-C(9) 1.500(7)
N(1)—C(2) 1.268(6) C(10yC(11) 1.479(7)
N(2)—C(5) 1.275(5) C(11)C(12) 1.480(7)
N(1)-Pt-N(3)  179.03(14) C(ABN@)-O@4)  113.2(3)
N(1)—Pt—N(4) 86.75(14) C(11YN(4)—Pt 129.9(3)
N(3)—Pt—N(4) 93.22(14) O(4¥N(4)—Pt 116.5(2)
N(1)—Pt-N(2) 93.46(14) N(13-C(2)-C(1) 120.8(5)
N(3)—Pt-N(2) 86.58(14) N(13-C(2)-C(3) 122.6(5)
N(4)—PtN(2)  179.30(13) C(1rC(2)-C(3) 116.5(6)
C(2-N(1)-O(1) 111.9(4)  N(2-C(5)-C(4) 121.1(4)
C2-N(1)-Pt ~ 129.6(3)  N(2-C(5)-C(6) 122.8(4)
O(1)-N(1)-Pt  117.7(3)  C(4yC(5)-C(6) 116.1(4)
C(G)-N(2)-0(2) 113.1(3)  N(3}C(8)-C(7) 120.8(5)
C(5)-N(2)-Pt ~ 130.0(3)  N(3}C(8)-C(9) 122.1(6)
O(2-N(@2)-Pt  116.6(2)  C(B-C(8)-C(9) 117.1(6)
C(8)-N(3)-0(3) 112.0(4)  N(4FC(11)-C(10)  119.8(4)
C(8-N(3)-Pt ~ 130.3(3)  N(4-C(11)-C(12) 122.6(5)
O(3)-N(3)-Pt  116.9(3)  C(10yC(11)-C(12) 117.5(5)

use this complex as a precursor for the stepwise preparative
deprotonation leading to mixed oxime/oximato complexes of
Pt(ll). We wished to prepare in this way a complex wiis
geometry and nonequivalent number of hydrogen-bond donor
and acceptor sites.e. cis{PtCl(Me;C=NO)(Me;C=NOH),].
This compound might be useful to analyze the formation and
direction of intermoleculass intramolecular hydrogen bonding.
(ii) We wanted to prepare a complex with equivalent numbers
of hydrogen bond donor and acceptor sites[Pt(Me;C=NO),-
(Me,C=NOH),]. This compound should be formally similar
to metal vic-dioximates. Comparison of these two types of
metal oximates would improve our understanding of the
structural requirements for the formation of nonstacked or
stacked complexes. Another interesting compound to disclose
its hydrogen-bonding mode is [Pt(M&=NOH),]Cl,, e.g.the
homoleptic dicationic complex which has four oxime ligands
as potential H donors and chloride counterions as potential H
acceptors.

The complexes [PtCI(ME=NOH);]Cl and [Pt(MeC=NOH),]-
Cl, are knownt2.23.24ht neither detailed synthetic methods nor
physicochemical properties (apart frodgvalued?) have been
reported. We have developed synthetic procedures for the
preparation of tris- and tetrakis(oxime/oximato) complexes of
platinum(ll) and report them in this paper (Scheme 1) along
with elemental and X-ray analyses and FABIS, EI-MS, IR,
and NMR data.

The cationic complex [PtCI(M€=NOH);]Cl was synthe-
sized by Babaeva and Mosyagfi#é* by prolonged heating of
cis-[PtCl,(Me,C=NOH),] with the oxime in acetone. We have

have strong hydrogen bonds and also might have an increasedbserved that this compound can be easily obtained by heating
tendency toward the formation dfiter- rather thanintramo-
lecular hydrogen bonding. In that case, they could be used asdition of a small amount of MeN©to the reaction mixture
building elements for designing complexes with extended arrays decreases the melting point of the oxime and allows the synthesis
whose shapes and bonding structures are controlled by theto be carried out in the liquid phase.

geometrical configuration of the building elements and direction

Cis[PtChL(Me,C=NOH),] in molten 2-propanone oxime; ad-

The treatment of [PtCI(ME£=NOH);]CI with 1 equiv of

and number of hydrogen bonds. Therefore, our strategy for NaOH gives the neutral complex ais geometry with one

the preparation of suitable starting materials for the construction

of polymeric oxime/oximato Pt(ll) complexes held by hydrogen (23) Babaeva, A. V.; Mosyagina, M. Alzo. Sekt. Platini Drugikh

bonding was the following: (i) We wanted to synthesize a

Blagorodn. Met., Inst. Obshch. Neorg. Khim., Akad. Nauk SI558
28, 203.

complex which contains neutral oxime ligands in the coordina- (24) karepina (Mosyagina), M. A. Ph.D. Thesis, IONKh AN SSSR,
tion sphere of platinum(il)e.g [PtCI(MeC=NOH);] ", and to

Moscow, 1956.
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Scheme 1. Studied Conversions of the Oxime Complexes
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oximato and two oxime ligandsgis-[PtCI(Me,C=NO)-
(Me2,C=NOH),], which was characterized by X-ray diffraction.
Further, the reaction of [PtCI(ME=NOH);]CI with 2 equiv

of AgNOs and successive addition of excess oxime and NaSbF
afford the chloride-free cationic complex [Pt(M&=NO)-
(Me,C=NOH)3](SbF;), with one oximato and three oxime
ligands. When a solution of NaOH, instead of Na§bkas
added to the reaction mixture, the neutral complex with two
oximato and two oxime ligands, [Pt(Me=NO),(Me,C=NOH),],

1 2HCI
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Figure 1. ORTEP plot ofcis-[PtCI(Me;C=NO)(Me;C=NOH),] with
atomic numbering. Thermal ellipsoids are drawn at the 50% probability
level.

pounds are relatively stable at room temperature both in aqueous
solutions and in the solid state. When they were heated in the
solid phase, elimination of one (former case) or two (latter case)
oxime molecules was observed in a DTA/TG study (see
Experimental Section). In both cases, the formatiotrafis
[PtCl(Me,C=NOH),] was verified by preparative experiments.

It is worthwhile to mention that, although solid-state thermal
displacement of the oxime ligands had not yet been reported, a
few examples of elimination of some other N-donor ligands
from platinum(Il) complexes are document&d.

Structure of cis-[PtCl(Me ,C=NO)(Me,C=NOH),]: Self-
Assembly by Hydrogen Bonding. The complexcis-[PtCI-
(Me,C=NO)(Me,C=NOH),] contains two crystallographically
independent molecules in the solid state. In each of these
molecules, three N atoms and one Cl atom form a slightly

was formed. The latter product was isolated as the bis(hydrate)diStorted square-planar coordination sphere around the Pt atom

and structurally characterized. The infrang@®H,) stretching
frequencies (3506 and 3412 chyindicate that the crystalliza-
tion water molecules are involved in weak hydrogen bonding.

(Figure 1).
All 2-propanone oxime/oximato ligands are planar and
coordinated through their nitrogen atoms. Although hydrogen

The weakness of these hydrogen bonds accounts for the facBtoms could not be located, it is clear from the molecular

that, when powdered, [Pt(ME=NO),(Me,C=NOH),]-2H,0

geometry (see below) that O(1) and O(4) atoms correspond to

loses the two crystallization water molecules, to give anhydrous ©Ximato ligands while the other oxygen atoms [0(2), O(3), (O5),

[Pt(M82C=NO)2(M62C=NOH)2]. Both [Pt(MQC=NO)2-
(Me;C=NOH);] and [Pt(MeC=NO),(Me,C=NOH),]-2H,0
show a weak broad band around 1800-¢that can be assigned
to the O-H stretching frequency of the intramolecular hydrogen-
bridged—0O~+-*HO— bond in oxime/oximato complexé&s.

Although CI" ligands in [PtCllg]* complexes (L ise.g, NH3
or pyridine”) are easily substituted by L, displacement of
coordinated Ct in [PtCI(Me,C=NOH)3]CI by Me,C=NOH
proceeds slowly even on refluxing in the presence of a 20-fold
excess of the oxime in nitromethane. After 10 h, the conversion
of [PtCI(Me,C=NOH);]Cl to [Pt(Me,C=NOH),]CI, does not
exceed 510% as observed byH NMR monitoring. Despite
low conversion, slow evaporation of nitromethane from the
reaction mixture gave some X-ray-quality crystals of [Pt-
(Me,C=NOH),]Cl,. This homoleptic complex was also pre-
pared according to the published metdaly addition of excess
HCI to [Pt(Me,C=NO),(Me,C=NOH),]. In turn, addition of
2 equiv of NaOH to [Pt(MgC=NOH)4Cl, regenerates [Pt-
(M82C=NO)2(M82C=NOH)2].

We have characterized the thermal properties of [PtCl-
(Me;C=NOH);]CI and [Pt(MeC=NOH)4Cl,. These com-

(25) Mikenda, W.J. Mol. Struct.1986 147, 1.

(26) Yoshida, N.; Furusaki, A.; Fujimoto, M. Chem. Soc., Dalton Trans.
1991, 453.

(27) Chernyaev, . I., EdSynthesis of Complex Compounds of Platinum
Group Metals(in Russian); Nauka Publishers: Moscow, 1964.

and O(6)] correspond to neutral oxime ligands, thus providing
the cis geometry of [PtCI(MeC=NO)(Me,C=NOH),]. The
arrangement of the oxime ligands is such that the oxygen atoms
0O(5) and O(6) [O(2) and O(3)] are situated above the coordina-
tion plane, while O(1) [O(4)] for the oximato ligand is below
the plane. The oximato oxygen atoms are intermolecularly
hydrogen bonded in a chelate-like way by two OH groups of
the oxime ligands from a neighboring molecule. The distances
O(4)y--0(2) and O(4¥-O(3) are 2.576(9) and 2.522(9) A,
respectively, while O(2)-O(5) and O(1)--O(6) are 2.527(8)
and 2.500(9) A, correspondingly. As expected for negative
charge assisted hydrogen bondi#dghese distances are in the
range of strong hydrogen bonds, in agreement with the appear-
ance ofy(OH) at 1676 cm' in the IR spectrun®?

Two crystallographically independent moleculeisf[PtCl-
(Me,C=NO)(Me,C=NOH),] form the repeat unit for the infinite

(28) (a) Davies, J. A.; Hockensmith, C. M.; Kukushkin, V. Yu.; Kukushkin,
Yu. N. Synthetic Coordination Chemistry: Principles and Practice
World Scientific: Singapore, 1996; p 399. (b) Appleton, T. G.; Bailey,
A. J.; Barnham, K. J.; Hall, J. Rnorg. Chem 1992 31, 3077. (c)
Kukushkin, Yu. N.; Postnikova, E. Eh. Prikl. Khim 1969 42, 2845.
(d) Van Beusichem, M.; Farrell, Nnorg. Chem 1992 31, 634. (e)
Favero, G.; Peloso, A.; Vettori, Unorg. Chim. Actal99Q 168, 189.

(f) Kukushkin, V. Yu.; Tkachuk, V. M.; Krol, I. A.; Starikova, Z. A.;

Zhadanov, B. V.; Kiseleva, N. FZh. Obshch. Khim1991 61, 51.

(g) Kukushkin, V. Yu.; Belsky, V. K.; Konovalov, V. E.; Shifrina, R.

R.; Moiseev, A. |.; Vlasova, R. Alnorg. Chim. Actal99], 183 57.
(29) Novak, A.Struct. Bonding (Berlinl974 18, 177.
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Figure 2. Molecular packing diagram otis-[PtCl(Me,C=NO)-
(M92C=NOH)2]

one-dimensional polymeric chains held by H-bonds (Figure 2).
Thus, thecis geometry of the complex as the building element
with one oximato and two oxime species plays an important
role in determining the shape and bonding structure of this
extended array.

The fact that the OH groups are involved in inter- rather than
intramolecular hydrogen bonds leads to long intramolecular
2---0 distances [0(2)-O(3) 3.74(1) and O(5)-0O(6) 3.87(1)

].

The hydrogen-bond rules for organic compounds state that

six-membered-ring intramolecular hydrogen bonds form in
preference to intermolecular hydrogen bonds and that the bes
proton donors and acceptors remaining after intramolecular
hydrogen-bond formation form intermolecular hydrogen bonds
to anothe? Nevertheless;is[PtCI(Me;C=NO)(Me;C=NOH),]
does not form an intramolecular hydrogen bond between an
oxime and an oximato ligand (as in the case of [PH{&4eNO),-
(Me;,C=NOH),]-2H,0; see below); but on contrary, it forms
only intermolecular hydrogen bonds.

It is also worthwhile to discuss the structural characteristics
of the building elementis-[PtCl(Me;C=NO)(Me;C=NOH),].
The negative charges on the oximato ligands make them bette
donors, and the PiN(oximato) distances [1.993(7) and 1.992-
(7) A] are shorter than the PN(oxime) distances [2.022(?)
2.033(8), average 2.029 A; see Table 2]. Indeed, the Pt
N(oxime) distances are very close to those found in
[Pt(Me;C=NOH).]Cl, [2.014(4)-2.022(3) A; see below]. The
loss of a proton on going from oxime to oximato ligands should
also affect the ligand geometry. Thad initio molecular orbital
calculations indicate that deprotonation of the OH group in
CH,=C(H)OH leads to a shortening of the<«® bond and a
lengthening of the &C bond If we assume a similar
behavior for coordinated oximes, we would expect that depro-
tonation would shorten the-NO distance and increase the=N

(30) Boyd, S. L.; Boyd, R. J.; Bessonette, P. W.; Kerdraon, D. I.; Aucoin,
N. T.J. Am. Chem. Sod.995 117, 8816.

t
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Figure 3. ORTEP plot of the centrosymmetric [Pt(M&=NO),-
(MezC=NOH),] molecule in [Pt(MgC=NO),(Me,C=NOH),]-2H,0O
with atomic numbering. Thermal ellipsoids are drawn at the 50%
probability level.

bond length. The structure of [PtCI(ME=NO)(Me;C=NOH);]
contains both oxime and oximato ligands, and the-QN
(oximato) distances [1.365(8) and 1.368(8) A, average 1.367-
(8) A] are shorter than the NO(oxime) distances [1.380(9)
1.406(9) A, average 1.393(9) A; see Table 2], although the
difference is not significant. The average-®(oxime) distance

in [Pt(Me;C=NOH),]Cl, is 1.392(6) A (see below). The
prediction that the &N bond should be longer for oximato
than for oxime ligands cannot be confirmed because of the
relatively high standard deviations. Nevertheless, the infrared
spectrum otis[PtCl(Me,C=NO)(MeC=NOH),] shows bands

at 1544 and 1537 cni that can be assigned t¢C=N) of the
oximato ligands, while a weak band at 1614 Enprobably
corresponds ta(C=N) of the neutral oxime ligands. These
values point to stronger-€N bonds for oxime than for oximato
ligands. In both crystallographically independent molecules,
the dihedral angles between the }@e=NO planes and the
coordination plane are in the ranges—8%° for oxime and 88

90° for oximato ligands.

Structure of [Pt(Me ,C=NO),(Me,C=NOH);]-2H,0: For-
mation of a Two-Dimensional Network. In the [Pt-
(Me;C=NO),;(Me,C=NOH),]-2H,0 complex, the Pt atom lies
on an inversion center and four N atoms form a slightly distorted
square-planar coordination sphere around the Pt atom (Figure
3).

All the ligands are planar and bonded to the Pt atom through
their nitrogen atoms. The oxime and oximato ligands form six-
membered rings involving very strong intramolecular hydrogen
bonds [O(1):-O(2) 2.445(6) A].

Bearing in mind that very strong-€H---O hydrogen bonds

fendto be symmetrié! we would expect that ligands should

have mixed oxime/oximato character. In agreement with this
expectation, and in contrast to the structure of [PtCHB4eNO)-
(Mex,C=NOHY),], there are no notable geometrical differences
between oxime and oximato ligands (see Table 3). For this
reason, no infrared bands below 1550¢man be assigned to
v(C=N) of the oximato ligandscf. 1544 and 1537 cri for
[PtCI(MeC=NO)(Me,C=NOH),]). Nevertheless, the complex
[Pt(Me,C=NO),(Me,C=NOH),]-2H,O shows two v(C=N)
vibrations at 1622 and 1603 crh which suggests that the two
sets of ligands have unequal contribution of oximato and oxime
ligand character and, indeed, the intramolecular hydrogen bond
is not symmetric [O(2¥H(13) 1.01(7) A; H(13)-O(1) 1.52-

(7) A; O(2)-H(13)---O(1) 150(6y]. Eventually, the building
elements containing intramolecular hydrogen bonds are con-
nected by intermolecular hydrogen bonds with two crystalliza-
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Figure 4. Molecular packing diagram of [Pt(ME=NO),-
(M82C=NOH)2]’2H20.

tion water molecules [O(1)O(3) 2.879(8) A; O(2¥-0O(3)
2.775(8) A] to form a layered two-dimensional network (Figure
4).

For the formation of this network, the conformation of all
four ligands around the Pt(ll) centewhich is controlled by
two strong intramolecular hydrogen bonesnd the hydrogen
bonding ability of the four O atoms of the ligands with®
molecules are important factors. The similarity between the
IR spectra of [Pt(MgC=NO),(Me,C=NOH),]-2H,O and [Pt-
(Me;C=NOQO),(Me,C=NOH),], and the weakness of the inter-
molecular hydrogen bonds with ;B in [Pt(MeC=NO),-
(Me,C=NOH),]-2H,0, which allows easy dehydration, suggest
that the anhydrous material also has similar intramolecular
hydrogen bonding.

In contrast to those dfis-[PtCI(Me,C=NO)(Me,C=NOH),]
(see above) and [Pt(ME=NOH),]CI, (see below), the ligand
planes are strongly twisted relative to the coordination plane.
The dihedral angles between the }@e=NO planes and the
coordination plane are 51.36 and 5328 a result of the
compromise between shortening the O(1)(2) distance and
reducing the steric hindrance between the methyl groups.

It is interesting to note that whileic-dioxime complexes of
Ni(ll) have short intramolecular ©H---O hydrogen bonds, the
O:--O distances increase on going from Ni(ll) to Pd(ll) and
Pt(ll) complexes, probably due to the increase in—M
distance’® Furthermore, the bidentate bite angle foic-
dioximes coordinated to Pt(Il) is about 8Ghus forcing the
N—Pt—N angle in the hydrogen-bonded PtNGHDN ring to
open up from 90 to about 10031 and preventing the oxygen
atoms from being closer. Therefore, the intramolecular hydro-
gen bonds invic-dioxime Pt(ll) complexes cannot be very short.
Indeed, @:-O distances in the range 2:68.03 A have been
reported for this kind of compounds. On the other hand, in
Pt(l) complexes withksimpleoxime and oximato ligands, such
as [Pt(MeC=NO),(Me,C=NOH);]-2H,0, the N-Pt—N angle
in the hydrogen-bonded PtNOHON ring is smaller than 90

(31) (a) Frasson, E.; Panattoni, C.; Zannetti,ARta Crystallogr.1959
12, 1027. (b) Ferraris, G.; Viterbo, DActa Crystallogr.1969 B25
2066. (c) Endres, V. H.; Bembg M. M.; Keller, H. J.; Weiss, J.
Acta Crystallogr.1976 B32 457. (d) Béombe M. M. J. Solid State
Chem.1979 27, 389. (e) Pritzkow, HZ. Naturforsch1976 31hb 401.
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Figure 5. ORTEP plot of [Pt(MeC=NOH),]CI, with atomic number-
ing. Thermal ellipsoids are drawn at the 50% probability level.

[87.3(2F] to allow a closer approach of the hydrogen-bonded
oxygen atoms [O(1)-O(2) 2.445(6) A]. Therefore, it is clear
that [Pt(MeC=NO),(Me,C=NOH),]-2H,O has a stronger
intramolecular hydrogen bond than Pt(ll) complexes witt
dioximes.

Structure of the Caged Complex [Pt(MeC=NOH),]Cl..

In the homoleptic [Pt(MgC=NOH)4]Cl, compound, four N
atoms form a slightly distorted square-planar coordination sphere
around the Pt atom as shown in Figure 5.

All 2-propanone oxime ligands are planar and bonded to the
Pt atom through their nitrogen atoms. The distances of the
bonds PN [2.014(4)-2.022(3) A], N-O [1.385(5)
1.401(5) A], and N-C [1.267(6)-1.277(5) A] are normal. The
dihedral angles between the M@&=NO planes and the coor-
dination plane are in the range of-880°, and the arrangement
of the ligands is such that the oxygen atoms O(1) and O(2)
from two of the 2-propanone oxime ligands are situated above
the PIN(1)N(2)N(3)N(4) plane, whereas O(3) and O(4) from
the other two ligands are below the plane. Both @bunterions
are hydrogen bonded (in a chelate-like way similar to that found
in cis[PtCI(Me;C=NO)(Me,C=NOH);]) by two OH groups
of the 2-propanone oximes, with-©CI~ distances in the range
2.92-2.97 A. According to Well§2 distances within the range
2.95-3.4 A are found for G-H---CI~ hydrogen bonds (for
Cl—++-H;0™ the distance is 2.95%). Therefore, the H-bonds
in [Pt(Me;C=NOH),]CI, are among the shortest----Cl~
hydrogen bonds reported, although a shorter bond (2.89 A) was
reported recently® The infrared spectrum also agrees with the
existence of strong ©H---Cl~ hydrogen bonds, because the
appearance of(OH) at 2854, 2810, and 2753 cf indicates
O---ClI- distances well below 3 A234

The structure of [Pt(MgE=NOH),]CI; is in some respects
similar to that reported previously for dichlorotetrakis(acetal-
doxime)nickel(11)3% A significant difference, however, between
both structures is that, although in the nickel complex the ClI
atoms are coordinated to the metal atom-i8i, 2.441(1) A],
giving rise to an octahedral structure, in the platinum complex
the CI ions are not coordinated to the platinum atom but held
only by hydrogen bonds. The lack of coordination is demon-
strated not only because the-+€l distances [Pt-Cl(1)
3.794(2) and Pt-Cl(2) 3.792(2) A] are longer than the sum of

(32) Wells, A. F.Structural Inorganic Chemistnbth ed.; Oxford University
Press: Oxford, U.K., 1986; pp 357, 692.

(33) Brasch, N. E.; Buckingham, D. A.; Clark, C. R.; Simpsonindrg.
Chem.1996,35, 7728.

(34) Nakamoto, K.; Margoshes, M.; Rundle, RJEAmM. Chem. Sod955
77, 6480.

(35) Stone, M. E.; Robertson, B. E.; Stanley, E.Chem. Soc. A97],
3632.
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although the authof? did not mention the H-Cl hydrogen
bonding. Of course, these hydrogens are more acidic than the
methyl hydrogens in [Pt(ME€=NOH),]ClI..

Unless short (€)H---Pt distances are the fortuitous result
of other interactions, their origin can be assigned to either three-
center two-electron (agosti®) or three-center four-electron
(hydrogen-bondind¥ interactions. Whereas in the former
interactions the metal atom accepts electron density from the
C—H bond, in the latter interactions the electron-rich transition
metal acts as hydrogen-bond acceptor. Therefore, the electron-
rich Pt(ll) is more likely to be involved in hydrogen-bond-like
interactions. Indeed, hydrogen bonding with transition metal
centers was briefly reviewed recentfi/i* and several Pt(ll)
complexes display €H---Pt or N—H---Pt interactions of this
Figure 6. Ball and Stick view of [Pt(MeC=NOH),]Cl, indicating type2045 Also, O—H---Pt hydrogen bonds have been re-
hydrogen bonds with Cl(solid lines) and H-Pt interactions (dashed ported4647 Crabtree and co-workers have reviewed the geo-
lines). metrical features of NH-+*M and C—H---M interactions in 8

van der Waals radii [Pt(1.75} CI(L.75)=3.50 A¥] butalso ~Square planar complexés.They concluded that the-AH---M
because the NPt--Cl angles deviate significantly from 90 interactions are_best regarded as_hydrogen bonds, but the nature
(average deviatiora 17°) while in the nickel complex the of the C-H---M !nteractlon§ remains unclear, although a weak
maximum deviation was 1°55 In agreement with the lack of ~ Nydrogen bond is perhaps involvéd.On the other hand, Braga
Pt—Cl bonds, the infrared spectrum shows the disappearanceet al. consider that short (C)++M separations associated with

of the »(Pt-Cl) band at 342 cm! on going from [PtCI- large C-H-M angles (>:}100°) most likely correspond to
(Me,C=NOH);]CI to [Pt(Me;C=NOH),ICl>. C—H-+-M hydrogen bondé!
A further analysis of the structure of [Pt(M&=NOH),]Cl, Although there seems to be almost no doubt about the

revealed the presence of other short contact distances betweeRresence of strong ©H---CI™ hydrogen bonds in [Pt-

one hydrogen atom from every Gigroupcis to the platinum (Me,C=NOH)4]CI,, we may wonder w_hether the relatively short

atom and both the Clcounterion and the Pt atom, Figure 6. (C—)H:+*Cland (C-)H---Pt contact distances are the result of
Although X-ray diffraction experiments may allow the attractive interactions involving the methyl hydrogen atoms or

location of the hydrogen atom'slectron cloudwith limited just the fortuitous result of other interactions. Thus, the
accuracy, neutron diffraction determines accurately the position 9¢ometry of the oxime ligand forces the-PC(cismethyl)
of the hydrogen atom’s nucleds. For that reason, €H distances to be around 3.34 A. Furthermore, theH>-Cl

distances determined by X-ray diffraction are systematically Nydrogen bonds may be responsible for the orientation of the
shorter than those determined by neutron diffraction, and an li9ands, thus determining the position of all the non-hydrogen
analysis of the hydrogen bond geometry is best done after@toms of the oxime ligand and forcing the methyl groups to
correction of H atom positions to neutron normalized values @PProach the other Clion. Bearing in mind that there may be
with C—H distances of 1.08 A% After these corrections, the ~ frée rotation around the-€CHs bond, the question is whether
four H---Cl and H-+Pt contact distances are in the ranges 2,72 ©ne H atom is looking for the Clion, for the Pt atom, for both
2.79 and 2.672.81 A, respectively. All the normalized ©F On the contrary, is trying to avoid both of them. The results
distances are shorter than the sum of van der Waals radii [2.950f molecular modeling by use of the ChemDraw 3D program
A for both H--Cl and H--P£%. The angles &H---Cl and indicate that, in order to minimize the-HPt distances, the
C—H-++Pt are in the ranges 15162 and 116-12C°, respec- methyl groups should be rotated in the direction opposite to
tively. Although less studied than-@4---O hydrogen bond%:3° that which minimizes the H-Cl distances. Indeed, the experi-
C—H-+-Cl hydrogen bonds are relatively well-documerfe#-41 mentally determined positions are quite close to those that
While a short intermolecular-€H-+-Cl hydrogen bond has been ~ Minimize the sum of the H-Pt and H--Cl distances. Taking
reported for [PtQICeH(CHNMe,),-2,6-(C=CH)-4} 1,8 Taylor into account that a rotation of about®@ould be necessary to
and Kennaré? noted a tendency for (€)H atoms to form short ~ ke€ep the methyl hydrogens as far apart as possible from the Pt
contacts of the type (€)H-:-Cl~ rather than (€)H:--CI—R,

and this indication gives a favorable argument for the existence

(42) (a) Brookhart, M.; Green, M. L. H.; Wong, L.-Prog. Inorg. Chem.
1988 36, 1. (b) Crabtree, R. H.; Hamilton, D. G\dv. Organomet.

of C—H---Cl hydrogen bonds in [Pt(ME€=NOH)4Cl,. An- Chem.1988 28, 299.
other important factor in the formation of-@4---X hydrogen (43) (a) Brammer, L.; Zhao, D.; Ladipo, F. T.; Braddock-WilkingAtta
bonds is the acidity of the €H group§,8b and C-H---ClI~ Crystallogr. 1995 B51, 632. (b) Canty, A. J.; van Koten, G\cc.

X Chem. Res1995 28, 406.
hydrogen bonds in [Pt(ME=NOH),]CI are not expected t0  (44) Braga, D.; Grepioni, F.: Tedesco, E.; Biradha, K.: Desiraju, G. R.

be strong. In the related compound dichlorotetrakis(acetaldoxi- Organometallics1997, 16, 1846.

me)nickel(1N3% H---Cl distan f 2.652.67 A for th (45) (a) Hedden, D.; Roundhill, D. M.; Fultz, W. C.; Rheingold, A. L.
e)nickel(ll); Cl distances o 652.6 or the Organometallics1986 5, 336. (b) Albinati, A.; Anklin, C. G.;

(N=C)—H hydrogen atoms are indicative of hydrogen bonds Ganazzoli, F.; Regg, H.; Pregosin, P. S10rg. Chem1987, 26, 503,
(c) Albinati, A.; Arz, C.; Pregosin, P. $3norg. Chem1987, 26, 508.
(36) Bondi, A.J. Phys. Cheml964 68, 441. (d) Wehman-Ooyevaar, I. C. M.; Grove, D. M.; Kooijman, H.; van
(37) (a) Cotton, F. A.; Luck, R. Linorg. Chem.1989 28, 3210. (b) der Sluis, P.; Spek, A. L.; van Koten, G. Am. Chem. Sod 992
Aakergy, C. B.; Seddon, K. RChem. Soc. Re 1993 397. 114, 9916. (e) Albinati, A.; Lianza, F.; Pregosin, P. S.;'I\u, B.
(38) (a) Desiraju, G. RAcc. Chem. Red996 29, 441. (b) Desiraju, G. Inorg. Chem1994 33, 2522. (f) Casas, J. M.; ForrgeJ.; Martn, A.
R. Acc. Chem. Red.991, 24, 290. J. Chem. Soc. Dalton Tran$997, 1559.
(39) Taylor, R.; Kennard, QJ. Am. Chem. S0d.982 104, 5063. (46) Casas, J. M.; Falvello, L. R.; FofsieJ.; Martn, A. Inorg. Chem.
(40) Brammer, L. B.; Charnock, J. M.; Goggin, P. L.; Goodfellow, R. J.; 1996 35, 6009.
Orpen, A. G.; Koetzle, T. Fl. Chem. Soc., Dalton Tran991 1789. (47) Cini, R.; Fanizzi, F. P.; Intini, F. P.; Natile, G.; Pacifico, lborg.
(41) (a) Aakerg, C. B.; Seddon, K. RZ. Naturforsch.1993 48B, 1023. Chim. Actal996 251, 111.

(b) Andrews, M. A,; Gould, G. L.; Klooster, W. T.; Koenig, K. S.; (48) Yao, W.; Eisenstein, O.; Crabtree, R.IRorg. Chim. Actal997, 254,
Voss, E. JInorg. Chem.1996 35, 5478. 105.



H-Bonding Patterns in Oxime/Oximato Pt(ll) Species Inorganic Chemistry, Vol. 36, No. 27, 1995165

and Cl atoms, we believe that the<{¢H---Pt and (C-)H---Cl chelates. In addition, the steric hindrance due to the bulky
interactions, although weak, are real attractive interactions that=CMe, moieties prevents these polymeric structures from
could be considered to give rise to bifurcated hydrogen bonds stacking and gives rise to long-PPt separations. Thus, in
as indicated in Figure 6. To the best of our knowledge, this [PtCl(Me,C=NO)(Me,C=NOH),] the closest Pt-Pt distance
kind of interaction had not been reported previously, although between chains is 7.83 A, while in [Pt(IM&=NO),-
it is similar to the so-called “intermolecular multicenter het- (Me,C=NOH),]-2H,0 all layers have a PtPt separation of
eroacceptor (IMH) hydrogen bond®*. In our case, however, 7.46 A. In contrast, irvic-dioxime Pt(ll) complexes, the flat
the (C-)H---Pt interaction is intramolecular and the electro- complex units are stacked one on top of the other, giving rise
negative atom (Cl) is not coordinated to the Pt atom. In any to columnar structures with PtPt distances in the range 317
case, the modeling suggests that the molecules always pack ir8.50 A3t
such a way to minimize the total energy, and to obtain this, the  (ii) The empirical hydrogen-bond rules for organic compounds
number of weak dipolar attractive interactions is maximized. state that (a) all good proton donors and acceptors are used in
Admittedly, these conclusions are based only on the positions hydrogen bonding, (b) six-membered-ring intramolecular hy-
of hydrogen atoms that are determined with low accuracy by drogen bonds form in preference to intermolecular hydrogen
X-ray diffraction, and it would be desirable to obtain neutron bonds, and (c) the best proton donors and acceptors remaining
diffraction data on this compound. Also, we are currently after intramolecular hydrogen-bond formation form inter-
involved in the preparation of [Pt(ME=NOH),]X, complexes molecular hydrogen bonds to anotRerCoordinated neutral
with different counterions X in order to investigate their  oximes are good proton don8ind coordinated oximato groups
structural features. are good proton acceptors. Therefore, in [Pt{@eNO),-
Desiraji#82 has pointed out that crystal structures cannot be (Me,C=NOH),]-2H,0, oxime and oximato groups form six-
rationalized from consideration of strong hydrogen bonding membered-ring intramolecular hydrogen bonds, while the water
alone and that all possible interactions of a molecule must be molecules form weak intermolecular hydrogen bonds with
taken into account. For that reason, the Cbunterions may oxime/oximato groups. The expected trend, however, is not
be considered to be involved in unusuak-Cl~)-cis-[(---H— followed by [PtCI(MeC=NO)(Me,C=NOH),], which forms
O—)z(---H—CH,—),] hydrogen bondingi.e., they are situated inter- rather tharintramolecular hydrogen bonds. Apparently
at the vertex of an irregular square pyramide with a basal planethe adopted structures of [Pt(M&=NO),(Me,C=NOH);]-
formed by two hydrogens from the OH and two hydrogens from 2H,0 and [PtCI(M@C=NO)(Me,C=NOH),] are the result of
the CH; groups, thus forming a caged complex, Figure 6. Itis optimizing the number and strength of hydrogen bonds. The
worthwhile to mention that Stonet al3® indicated only strongest hydrogen bond is intramolecular, and it is formed for
hydrogen bonding between the OH groups of aldoximes and [Pt(Me;C=NO),(Me,C=NOH),]-2H,0, where there are the
Cl atoms in the structure of dichlorotetrakis(acetaldoxime)- same number of donor and acceptor siteg,two OH groups
nickel(ll). However, the distances between hydrogens of the and two negatively charged O atoms. For [PtCIgeNO)-
—C(H)= groups and the Cl ligands (2.65 and 2.67 A) indicate (Me;C=NOH),], there are two H-donor sites and one H-acceptor
a similar (4-Cl)-cis-[(++*H—0O—)(+-*H—C),] hydrogen bonding site, i.e. two OH groups and only one negatively charged O
in [NiCl,(MeCH=NOH),]. Although the methyl hydrogensin  atom. Therefore, the compromise between number and strength
[Pt(MeC=NOH)4]ClI, are not acidic enough to be involved in of hydrogen bonds gives rise to two strong intermolecular
strong hydrogen bonds, perhaps the soft character of the methylH-bonds rather than only one very strong intramolecular H-bond.
groups enhances the interaction with the soft Cl and Pt This remarkable behavior points to the need for a better
centers’82.49 Nevertheless, it should be pointed out that Cotton understanding of the factors affecting the preference of inter-
et al.recently called for caution against the relaxed definitions wvs intramolecular hydrogen bonding in oxime/oximato Pt(ll)
that do not distinguish between a hydrogen bond and a classicalcomplexes.

van der Waals interaction. The present study points to a rich structural chemistry of
) oxime/oximato Pt(Il) complexes that could be useful for crystal
Concluding Remarks engineering. Nevertheless, more studies are necessary to

Several conclusions can be drawn from this study. (i) The confirm this potential use.
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