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Anionic complexes with the molecular formula [NBfPt(CsFs)sL] (L = 8-hydroxyquinoline, GH;NO, (1);
8-hydroxyquinaldine, @H10NO, (2); 7,8-benzdfijquinoline, G3HgN, (3); 8-methylquinoline, GHgN (4)) were
prepared by cleavage of the pentafluorophenyl bridging system in fMBiy(«-CsFs)2(CsFs)4] with L (1—4) or

by substitution of the chloride ion by the ligand L in [NB[Pt(CsFs)sL] (1 and4). H NMR spectra ofl—3
show the presence of a-PH interaction in solution withJ(Pt,H) of 69 (), 88 @), and 22 Hz 8). For4, no
Pt—H coupling is observed. Structures of compleRes1d4 were determined by single crystal X-ray diffraction.
For 2 a Pt-H distance of 2.19 A was determined, whereas4ftite methyl hydrogen atoms were not located and
a Pt-H distance in the range of 2:3.6 A was calculated geometrically. Compo@¥Cs4HasF1sN20PY) crystallizes

in the monoclinic system, space groBp./c: a= 18.376(6) Ab = 11.786(4) A,c = 20.473(7) A3 = 102.88-
(6)°, V= 4322(3) B, Z= 4. Compound! (Ca4HasF1sN2Pt) crystallizes in the triclinic system, space grap
a=12.125(2) Ab=13.152(2) Ac = 14.795(7) Ao = 88.20(3}, 8 = 68.15(3}, y = 86.37(1}, V = 2185.2-

(5) A3, Z = 2. The existence and nature of the-Rt interactions both in solution and in the solid state are
discussed.

Introduction bonding modes produce some interesting spectroscopic differ-
ences.

In recent years we have reported the preparation of a large Nevertheless, from our previous research it is known that the
number of anionic pentafluoro- and pentachlorophenyl com- reactions of the pentahalophenyl complexes of platinum(ll) with
plexes of platinum(ll). The basicity of the metal center in these Strong acids HX lead to the cleavage of the-Btbond and
complexes allows their use as precursors in the synthesis offormation of GFsH but not to the formation of the hydride
heteropolynuclear complexes containing donor-accepter Pt complexe$. This reactivity indicates that it would be advisable
M (M = Ag,22Sn3 Pb# Hg? TI®) bonds in which M behaves 0 use substrates containing hydrogen atoms with a more
as a Lewis acid. In light of these results, we have been moderate acidic character. This can be achieved by using
prompted to investigate the possibility of formation of similar ligands containing hydrogen atoms suitable from the point of
Pt — H bonds. M— H interactions of this kind have been View of both their structure and their acidic properties (see Chart
described only recentlyand are substantially different fromthe 1). We have chosen four quinoline type ligands (see Chart 2)
well-known “agostic interactions®. Whereas in the latter the ~ in which there are hydrogen atoms (in bold) with these
electron density of the €H bond is donated to the metal center characteristics.

(3 centers-2 electrons, 3c-2e), the M- H interactions can be -
regarded as “hydrogen bonding” interactons (3 centdrs () () Bramer, . Chamok, U Goon, B L Goodilon, .
electrons, 3e-4e) in which the metal center is the donor of the (b) Wehman-Ooyevaar, I. C. M.; Grove, D. M.; Kooijman, H.; van

electron density toward the more or less acidic hydrogen. These  der Suis, P.; Spek, A. L.; van Koten, G. Am. Chem. Sod 992
114, 9916. (c) Calderazzo, F.; Fachinetti, G.; Marchetti, F.; Zanazzi,

P. F.J. Chem. Soc., Chem. Commu®81, 181. (d) Brammer, L.;

® Abstract published iAdvance ACS AbstractSeptember 1, 1996. McCann, M. C.; Bullock, R. M.; McMullan, R. K.; Sherwood, P.
(1) (a) Usm, R.; Fornis, J.Adv. Organomet. Cheni988 288 219 and Organometallics1992 11, 2339. (e) Cecconi, F.; Ghilardi, C. A;
references therein. (b) UspR.; Fornis, J.; Toma, M. J. Organomet. Inocenti, P.; Mealli, C.; Midollini, S.; Orlandini, Anorg. Chem1984
Chem.1988 358 525 and references therein. 23, 922. (f) Albinati, A.; Lianza, F.; Pregosin, P. S.;"Iar, B Inorg.
(2) Usm, R.; Fornis, J.Inorg. Chim. Actal992 198-200Q 165 and Chem.1994 33, 2522. (g) Brammer, L.; Zhao, D.; Ladipo, F. T;
references therein. Braddock-Wilking, J.Acta Crystallogr., Sect. B995 51, 632. (h)
(3) Usm, R.; Fornis, J.; Toma, M.; Usma, |. Angew. Chem., Int. Ed. Canty, A. J.; van Koten, GAcc. Chem. Red995 28, 406.
Engl. 199Q 29, 1449. (8) (a) Brookhart, M.; Green, M. L. Hl. Organomet. Chen1983 250,
(4) Usm, R.; Fornis, J.; Falvello, L. R.; Uso, M. A.; Ust, I. Inorg. 395. (b) Brookhart, M.; Green, M. L. H.; Wong, Prog. Inorg. Chem
Chem.1992 31, 3697. 1988 36, 1, and references therein. (c) Crabtree, RARgew. Chem.,
(5) Usm, R.; Fornis, J.; Falvello, L. R.; Ara, |.; Usg I. Inorg. Chim. Int. Ed. Engl.1993 32, 789.
Acta 1993 212 105. (9) (a) Usa, R.; Fornis, J.; Toma, M.; Fandos, R]. Organomet. Chem.
(6) Usm, R.; Fornis, J.; Toma, M.; Garde, RJ. Am. Chem. S0d.995 1984 263 253. b) Uso, R.; Fornis, J.; Martinez, F.; Torga M;
117, 1837. Reoyo, |.Organometallics1983 2, 1386.
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Chart 1 Analytical and Spectroscopic data. [NBu][Pt(CeFs)s(hqg)] 1.
: Anal. Found (calcd): N, 2.55 (2.58); C, 47.71 (47.65); H, 3.83 (4.00).
H/\ IR: CgFs X-sensitive 805 (s), 787 (w), 772 (s)sks others 1632 (m),
4 1605 (m), 1500 (vs), 1057 (vs), 957 (vs); hq 1617 (m), 1597 (m), 1581
R\ / L (m), 1405 (m), 1378 (m), 1265 (m), 1212 (m), 1172 (m), 1099 (m),
827 (s), 779 (s), 760 (m), 744 (m), 565 (m); NB®B88 (m). 'H NMR
/ \ (CDCls, room temperature), ppm: hqg 7.04 (dd, 1H), 7.22 (dd, 1H),
R R 7.26 (dd, 2H), 7.35 (dd, 1H), 8.06 (dd, 1H), 9.74 (dd, 1H, J(PtH)
30 Hz), 12.22 (s, 1HJ(Pt,H) = 69 Hz); NBu* 0.96 (t, 12H, CH),
Chart 2 1.43 (m, 8H,a-CHy), 1.69 (m, 8H,3-CHy), 3.25 (m, 8H,y-CHy). 1%F
NMR (CDCls, room temperature), ppmo-F —118.15 and—119.20
X X (broad signals with poor resolution);120.25 (4F Jer = 345 Hz);
m-F —165.86 (4F),—166.70 (2F);p-F —164.94 (2F),—168.16 (1F).
Z F [NBu4][Pt(CeFs)s(hg’)] 2. Anal. Found (calcd): N, 2.43 (2.55);
CHs C, 48.37 (48.13); H, 4.11 (4.13). IR: ¢k5 X-sensitive 806 (s), 788
OH OH (m), 774 (s); GFs others 1636 (m), 1499 (vs), 1055 (vs), 954 (vs); hq
1608 (s), 1573 (s), 1518 (s), 1342 (m), 1316 (m), 1287 (m), 1263 (s),
1214 (m), 1173 (m), 1150 (m), 1107 (s), 832 (s), 752 (m), 742 (m),
572 (m); NBu* 881 (m). 'H NMR (CDCls, room temperature), ppm:
hq 3.47 (s, 3H), 7.00 (dd, 1H), 7.15 (d, 2H), 7.29 (t, 1H), 7.93 (d,
‘ A N 1H), 12.34 (s, 1HJ(Pt,H) = 88 Hz); NBw" 0.92 (t, 12H, CH), 1.37

8-hydroxyquinoline 8-hydroxyquinaldine
(hq) (hq')

(m, 8H,a-CHy), 1.63 (m, 8H-CHy), 3.17 (m, 8H,-CH,). °F NMR
N/ > (CDCl;, room temperature), ppno-F —118.80 (1F Jpr—r = 562.9 Hz),
N —119.35 (4F Jpr = 304.4 Hz),—120.22 (1F Jprr = 433.6 Hz))m-F
—166.25 (4F),—167.22 (1F),—168.32 (1F);p-F —165.18 (2F),
—166.87 (1F).*C NMR (CDCk, room temperature), ppm: hj62.73,
152.66, 138.31, 133.85, 129.52, 126.42, 123.03, 118.65, 116.01, 31.01
(Jre-c = 52 Hz); NBw" 58.36, 23.49, 19.23, 13.12.
[NBug4][Pt(CsFs)s(bq)] 3. Anal. Found (calcd): N, 2.97 (2.51); C,
50.48 (50.50); H, 4.15 (4.06). IR: &5 X-sensitive 807 (s), 789 (m),
Experimental Section 769 (s); GFs others 1628 (m), 1602 (m), 1496 (vs), 1056 (vs), 956
(vs); bg 1590 (m), 1399 (m), 1314 (m), 1277 (m), 1173 (m), 1164
(m), 838 (s), 785 (m), 752 (s), 740 (s), 699 (m), 469 (m); WBB8S
(m). *H NMR (HDA, room temperature), ppm: bg 7.8 (several
signals, 6H), 8.45 (d, 1H), 10.13 (d, 1B(Pt,H) = 28 Hz), 13.39 (d,
1H, J(Pt,H)= 22 Hz); NBw" 0.95 (t, 12H, CH), 1.36 (m, 8Ha-CH,),
1.80 (m, 8H,5-CHy), 3.41 (m, 8H,y-CH,). 3C NMR (HDA, room
temperature), ppm: bq 155.19, 146.94, 138.26, 135.28, 130:34 (

H CH;3

7,8-benzo[h]quinoline 8-methylquinoline
(bq) (mq)

General Procedures. C, H, and N analyses were done with a
Perkin-Elmer 240B microanalyzer. IR spectra were recorded over the
range of 4006200 cnt! on a Perkin-Elmer 883 or 1710 FTIR
spectrophotometer using Nujol mulls between polyethylene sheets. The
1H, 13C, and'®F NMR spectra were recorded on a Varian XL-200 or a
Unity-300 spectrometer in CD&br HDA solutions. [NBU][Pt(CsFs)s-

Cl]°8 and [NBuw]2[Ptx(u-CsFs)2(CsFs)4]1° were prepared as described
elsewhere. 8-Hydroxyquinoline, 8-hydroxyquinaldine, 7,8-befjzo[ = 28 Hz), 129.90, 129.52, }29'41' 128.79, 127.76, 126.74, 125.87,
quinoline and 8-methylquinoline were obtained from commercial 121.84 (p-c = 31 Hz); NBu* 59.16, 24.11, 20.06, 13.49.

sources and used as delivered. All of the reactions in which a silver  [NBugJ[Pt(CeFs)s(ma)] 4. Anal. Found (calcd): N, 2.62 (2.59);

reagent was used were carried out under exclusion of light. C, 49.03 (48.85); H, 3.98 (4.19). IR: ¢k X-sensitive 803 (s), 782
Preparation of [NBu4J[Pt(CsFs)sL] (L = hq (1), hq (2), bg (3), (s), 769 (s); GFs others 1633 (m), 1607 (m), 1499 (vs), 1056 (vs), 955
mq (4). To a solution of 0.278 g (0.148 mmol) of [NBJu[Pt:(u-Ce- (vs); mg: 1601 (m), 1093 (m), 828 (s), 743 (m); NBB82 (m). 'H

Fs)2(CsFs)4] in 20 mL of CH,Cl, was added 0.296 mmol of 11(0.042 NMR (CDCl;, room temperature), ppm: mq 4.10 (s, 3H), 7.19 (m,
g of hg; 2, 0.047 g of hg 3, 0.053 g of bg4, 40.0uL of mg). The 1H), 7.30 (t, 1H), 7.50 (t, 2H), 8.06 (d, 1H), 10.13 (d, 1KPtH) =
mixture was stirred at room temperature foh and the solvent was 25 H2); NBu* 0.95 (t, 12H, CH), 1.37 (m, 8Ha-CH;), 1.60 (m, 8H,
evaporated to dryness. The residue was treated' RiH rendering ~ A-CHg), 3.12 (m, 8H,y-CH,). **C NMR (CDCk, room temperature),
complexesi—4. Yield: 85% (1), 60% @), 87% @), 87% (). ppm: mq 156.43, 147.36, 139.26, 137.45, 133.70, 131.20, 127.50,
Complexesl and4 can also be prepared as follows: To a solution 127.07, 120.73%+-c = 30 Hz), 21.77; NBy" 59.08, 24.08, 20.03,

of 0.300 g (0.247 mmol) of [NBJ[Pt(CsFs)sCl] in THF (20 mL) were ~ 13-50:

added equimolar amounts of 11,(0.036 g of hq4, 33.0uL of mq) [NBug][cis-Pt(CeFs)2(hq7)] 5. Anal. Found (calcd): N, 2.81 (3.06);
and AgCIQ (0.051 g, 0.247 mmol) precipitating AgCl instantaneously. C, 47.99 (48.53); H, 4.91 (4.62). IR: ks X-sensitive 800 (s), 810
The mixture was stirred at room temperature for 20 min. The (S); GéFs others 1635 (m), 1606 (m), 1500 (vs), 1059 (vs), 956 (vs);
precipitated AgCl was eliminated by filtration and the resulting solution hg~ 1587 (m), 1573 (s), 1405 (m), 1323 (m), 1288 (m), 1228 (m),
was evaporated to dryness. The oily residue was washed with 15 mL 1152 (m), 1115 (m), 821 (s), 785 (m), 747 (m), 741 (m), 518 (m);

of 'PrOH giving1 and 4 as white solids. Yield: 70%1j, 75% @). NBus* 880 (m). 'H NMR (CDCl;, room temperature), ppm: .78

Preparation of [NBug[cis-Pt(CeFs)2(hq™)] (hq~ = 8-Hydrox- (d, 1H), 6.86 (d, 1H), 7.14 (dd, 1H), 7.32 (t, 1H), 8.00 (d, KRt,H)
yquinolinate, 5). A solution of [NBw][Pt(CsFs)s(hq)], 1, in 30 mL of = 30 Hz), 8.19 (dd, 1H); NB«f 0.77 (t, 12H, CH), 1.09 (m, 8H,
CHCl; was refluxed for 10 h. The solvent was evaporated to dryness @-CHz), 1.30 (m, 8Hf-CH), 2.90 (m, 8Hj-CHj,). *F NMR (CDCk,
and the yellow residue was treated WROH rendering (yield 95%). room temperature), ppno-F —118.88 (2F, g = 502.3 Hz),~119.55

Preparation of Crystals for X-ray Structure Determinations. (2F, b = 536.8 Hz)m-F —166.23 (2F)~166.66 (2F)p-F —165.09

Suitable crystals for X-ray purposes were obtained for both complexes (1F), —165.64 (1F).

2 and 4 by slow diffusion of n-hexane into a solution of 0.02 % ( X-ray Structure Analysis of 2. Important crystal data and data
0.016 mmol:4, 0.018 mmol) of the corresponding complexes in,CH  collection parameters for compl@are listed in Table 1. The complex
Cl> (3 mL) at—30°C. [Pt(GsFs)s(hq)]~ crystallizes as the tetnabutylammonium salt in space

groupP2,/c with Z = 4. A platelike crystal mounted on the tip of a
(10) () Uso, R.; Fornie, J.; Toria, M.: Navarro, R.; Casas, J. M. glass fiber YVIth epoxy _cemer_1t was used for geometric and intensity
Chem. Soc., Dalton Tran989 169. b) Usa, R.; Fornis, J.; Toma data collection. Four circle diffractometer data were taken E23.1
M.; Casas, J. M.; Cotton, F. A.; Falvello, L. R.; Llusar, G[gano- + 0.1 °C. Lattice dimensions and type were determined by routine
metallics1988 7, 2279. procedures and verified by oscillation photography. Cell constants were
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Table 1. Crystallographic Data for Complexes
[NBu4][Pt(CeFs)s(hd)] (2) and [NBu][Pt(CeFs)s(ma)] (4)
2 4
formula C14H45F15N20Pt Q4H45F15N2Pt
molecular weight 1097.928 1081.929
space group P2,/c P1
a A 18.376(6) 12.125(2)
b, A 11.786(4) 13.152(2)
c A 20.473(7) 14.795(7)
a, deg 90 88.20(3)
B, deg 102.88(6) 68.15(3)
y, deg 20 86.37(1)
Vv, A3 4323(3) 2185.2(5)
A 4 2
Oealc, g cnr3 1.69 1.64
u (Mo Ka) cm™?t 33.77 33.37
temperature;C —123.1+ 0.1 20+ 1
R 0.036 F-9)? 0.036 )2
Ry 0.081 E,2)° 0.036 Fo)° _
AR = J[|Fo| = IFell/SIFol. ®Ry = [SW(Fo? — FAFFW(F2)AY2 TN o s 6 T oo
° Ry = [3W(IFol — IFel)¥Zw|Fol7"2 Figure 1. 'H NMR spectrum of complex [NBI{Pt(CsFs)s(hq)] (1) at

300 MHz.

refined from 2 values of 48 reflections including Friedel pairs (20.3 Results and Discussion

< 20 < 32.0°). During intensity data collection, three standard )

reflections were measured at regular intervals. These check reflections Synthesis of Complexes [NBy][Pt(CeFs)sL] [L = 8-Hy-

did not vary appreciably in intensity during the course of data collection. droxyquinoline (hq), 1; 8-Hydroxyquinaldine (hq'), 2; 7,8-

For the diffractometer data, a measured absorption correction wasBenzoh]quinoline (bq), 3; 8-Methylquinoline (mq), 4]. The

applied, based on 10 complet¥-scans of reflections with the addition of ligand L to a yellow solution of [NBfp[Pty(u-

diffractometer anglg near 90. Since the Iocalizatiqn of the hydrogen CsFs)2(CsFs)4] in CH.Cly in a 2:1 molar ratio produces its

atoms was to be attempted, the weak reflections were measuredgiscoloration afte5 h of stirring, thus indicating the cleavage

carefully. Data were taken tof2= 50°. of the -CeFs) system and the coordination of L to the metal
The structure of compoun was solved by direct methods and  gnter. Evaporation of the solvent leads to a solid whose

developed and refined in a series of alternating difference Fouriermapsana|ytica| and spectroscopic data are in accord with the

and least squares analyses using all of the data and the program - -
SHELXL-931! All non-hydrogen atoms were refined anisotropically. appropriate formulation [NBPY(CeFs)sL] (eq 1). Complexes

The positions of all the hydrogen atoms were obtained from difference CHyCl,
density maps. Weak similarity restraints were applied to some of the [NBush[Pta(u-CeFs)p(CeFs)al + 2L —— 3= 2 [NBug][Pt(CFs)sL] (1)
hydrogen atomsthe C—H distances within each of the three methyl (L = hg, hq, bg, mq)

groups and one of the methylene groups were thus restrained. The
isotropic displacement parameters of the hydrpgen atoms within each1 and4 can also be obtained by substitution of the halide in
of three methyl groups of the cation and within the methyl group of [NBu]2[Pt(CeFs)sCl] by the corresponding L ligand. The
the hd ligand were constrained to be equal. The isotropic displacement gddition of AgCIQ to a solution of [NBu]2[Pt(CsFs)sCl] and
parameters of H(1) and H(23) were set to 1.2 times the equivalent | i, atrahydrofuran (molar ratio 1:1:1) causes the precipitation
isotropic displacement parameters of their respective parent atoms.Of AaCl and the licand L occubies the coordinative vacanc
Residuals and other final refinement parameters are listed in Table 1. 9 9 P L Y-
After removal of the AgClI, the solution is evaporated to dryness

X-ray Structure Analysis of 4. Table 1 summarizes key informa- . :
tion pertinent to data collection and structure refinement. A blocklike rendering the corresponding [NB[Pt(CeFs)sL] (eq 2). The

crystal was mounted on an Enraf-Nonius CAD4 diffractometer operating .

at room temperature. The unit cell and orientation matrix for data [NBugh[PCsFs);Cll + L + AgClO4 >

coIIt_action were determined frc_)m the Ieast-squ_ares refinement of the [NBug][P(CgFs)sL] + AgCl + NBuClOy  (2)
setting angles of 25 strong, high-angle reflections. One asymmetric (L=hq, mq)

fraction of data {-h,£k,%I) was collected byp — 26 scans at variable
speeds dependent on an initial prescan. There was no significant crystaljield in the preparation of these complexes is very similar for
movement or decay over the data collection period. both methods, nevertheless, the reaction time for the second

The structure of compound was solved by direct methods and  method is only 20 min, considerably shorter than that required
developed and refined in a series of alternating difference Fourier mapStqr the first one.

and _Ieazst-squa_res _analys_es. An empirical absorption correction was A CHCl, solution of 1 was refluxed for 10 h producing the
applied? following isotropic convergence. All non-hydrogen atoms

were refined with anisotropic thermal factors. The hydrogen atoms, d_eprotonatlon of the ligand 8-hyd_r0xyqum0||ne a”d th_e forma-
except for those of the C(28) methyl group, were placed in calculated 0N Of [NBUal[P(CsFs)o(hq)] (hq™ = 8-hydroxyquinolinate,
positions and refined as riding atoms«8 = 0.96 A) with acommon  5) and GFsH. The anionic hq ligand is coordinated in a
thermal parameter. The computer program package SHELXTL BLUS chelating fashion. This reaction shows the moderate acidic
was used for all crystallographic work. Residuals and other final character of the hydrogen of the hydroxylic fragment, which is

refinement parameters are listed in Table 1. able to cleave the P{C bond only in more extreme reaction
conditions such as reflux temperatures.
(11) Sheldrick, G. MSHELXL-93 Program for Crystal Structure Refine- NMR Studies. The*H NMR spectrum ofl (room temper-
ment University of Gdtingen: Gatingen, Germany, 1993. ature, CDCYJ) is shown in Figure 1. The most striking feature
(12) walker, N. G.; Stuart, DActa Crystallogr., Sect. A983 39, 158. of this spectrum is the existence of a signal at high frequency,

(13) SHELXTL-PLUS Software Package for the Determination of Crystal . .
Structures Release 4.0; Siemens Analytical X-ray Instruments, Inc.: 12.22 ppm, corresponding to the hydroxylic hydrogen of the

Madison, WI, 1990. 8-hydroxyquinoline ligand. This signal is found in the spectrum
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of the free ligand at 8.52 ppm, 3.70 ppm lower in frequency
than in the spectrum of complek Besides, for complex,

Casas et al.

coupling is produced through a-PH—C interaction, but it is
transmitted through the aromatic ring as previously observed

this signal shows platinum satellites with a coupling constant in other Pt complexes containing 2-methyl-4-R-pyridine ligaids.

of 69 Hz. This value is too high to be only a consequence of

In complex3, the ligand 7,8-benzh]quinoline shows some

the transmission of the effect through the ligand skeleton. The differences to those previously described. The presence of a
displacement of the signal to higher frequencies and, more third condensed ring increases the rigidity of the skeleton

important, the presence of the coupling with Pt indicate the
existence of a Pt,H interaction in solution. One of the
characteristics of the M~ H hydrogen bond is the displacement

constraining considerably the position of th&ydrogen atom
(see Chart 2) with respect to the hg and hgands. On the
other hand, the polarity of the-€H bond is much less than

of the signal of the interacting hydrogen to higher frequencies that of the G-H-bond, and thus this hydrogen atom is less

in the'H NMR spectrun?. This displacement seems to be due

acidic. The signal due to Happears at 13.39 ppm, 4.42 ppm

to the deshielding of the proton that is produced by the electron higher in frequency than in the spectrum of the free ligand, and
density belonging to the metal center that is donated to the shows platinum satellites with(Pt,H) = 22 Hz. This value

hydrogen atom. In the case of Pt(ll), this electron density is
located in the g orbital, perpendicular to the molecular square
plane. This behavior in théH NMR spectrum differentiates
the M — H hydrogen bond from the agostic model in which
the signal of the hydrogen involved in the interaction moves to
lower frequency with respect to no interactforihe magnitude

of the signal displacement in the spectrumlds significant,

indicates that, in this case, the strength of the-Htinteraction
in solution is smaller than for complexek and 2. It is
noteworthy that despite the reduced acidic character®ahel
interaction still exists, and this could be due to the rigidity
imposed by the ligand skeleton. Albinati and co-workers have
reported the synthesis of the complexes [RiQ(bq)] (L =
PEs, PPh, PTobk) in which coupling constant¥{Pt,H) ranging

larger than the one reported by Albinati and co-workers for some from 14.1 to 16.2 Hz have been obser#étl.In the 13C NMR

platinum complexes for which a #tH interaction has been
invoked!* Moreover, the coupling constant is one of the largest
found in the literature for this kind of interaction. Only in van
Koten’s complexes [PtKL-CioHe(NMey)-8-C,N}H{ 1-CyoHe-
(NHMey)-8-C,H}] (X = CI, Br, OOCCEF;) and [PtBf CgH,CH-
(R)(NR2)-2-C,N}{ CeH4CH(R)(NHR )-2-C,H}] (R, R = Me,
Et)? is the value of the coupling constant largea (170 Hz)
indicating a stronger PtH interaction. This is probably due
to the very acidic nature of the hydrogen atom involved in the
interaction, belonging formally to an ammonium fragment. In
our complex1 a lower acidity of the hydrogen is expected.
These results seem to indicate that the-MH interactions have

a clear electrostatic component.

spectrum of3 the signal corresponding to the carbon atom
bonded to H appears at 130.34 ppm and shows coupling with
the platinum atomJpic = 28 Hz].

In the 'H NMR spectrum of complex (room temperature,
CDCl), only one signal is observed for the three methyl
hydrogen atoms, 4.11 ppm, indicating that the methyl group
freely rotates on the NMR time scale. No-# coupling is
observed and the signal is moved only 1.28 ppm to higher
frequency with respect to the free ligand. The same spectrum
measured at-55 °C does not show significant alterations. For
the family of complexes [Pt@IL)(mq)] (L = PE&, PPh, PTok,
CyHa, PhCH=CH,), also containing the 8-methylquinoline
ligand, coupling constanty(Pt,H) in the range of 11:212.7

19%t,H coupling constants of considerable magnitude have Hz have been reportéd In the 13C NMR spectrum of4 at

also been found in complexes containing clearly agostichPt
interactions. For example for the complex [P#{z;)(‘Bus-
PGH4PBU,)][BPhy], in which the signal of the agostic hydrogen
appears at-1.05 in the'H NMR spectrum, a coupling constant
of J(Pt,H)= 136 Hz is observed’ Thus, the value of the Pt,H
coupling constant is indicative of the strength of the metal
hydrogen interaction, but not of its nature.

The IH NMR spectrum of2 (room temperature, CDg)lis
similar that of1. In this case the signal due to the hydroxylic

room temperature the signal due to the methyl carbon atoms
equally does not show any kind of coupling. All of these data
suggest that in solution there is no-Ftl interaction for complex
4 or, if there is, that it is very weak and is continuously formed
and broken faster than the NMR time scale. This result can be
rationalized by considering that the polarity of the-B bond
is very small and the hydrogen atoms of the methyl group have
the freedom to rotate around the-C bond.

For complexesl and 3—5, coupling betweer®®Pt and the

hydrogen appears at 12.34 ppm and shows platinum satelliteshydrogen at position 2 of the ligand is observed. This coupling

with J(Pt,H) = 88 Hz, slightly larger than fod. The only
structural difference between the ligands 8-hydroxyquinoline
(in 1) and 8-hydroxyquinaldine (i2) is the presence in the
latter of a methyl group in position 2 of the double ring. It

(with a coupling constants af. 30 Hz) is transmitted throught
the Pt-N bond and the skeleton of the ligand, and it is not
indicative of any kind of Pt-H interaction* Displacement of
the signal of theortho hydrogen atoms i, 3, and4 and the

might have been anticipated that the location of these methyl methyl hydrogen atoms of the htigand in 2 to lower fields

protons in2 resulted in some kind of interaction with the metal
center. However, théH NMR spectrum does not show any

are also observed in théid NMR spectra due to the deshielding
produced by the electron density belonging to the metal center,

evidence of the existence of such an interaction. Only one signalas mentioned above.
is observed for the three hydrogen atoms indicating free rotation The 19 NMR data for complexed-4 are given in the

of the methyl group on the NMR time scale. No--FH
coupling, but a displacement of the signal by 0.76 ppm with

Experimental Section. Two different types oktHFs groups
(intensity 1:2) are to be expected; however, the analysis of the

respect the free ligand, is observed probably due to the metalspectra cannot be carried out unambiguously in all cases. In

electron density. Thé&*C NMR spectrum of (room temper-
ature, CDCJ) shows platinum satellites in the signal of the
methyl carbon atomJé—c = 52 Hz). It is unlikely that this

(14) (a) Albinati, A.; Pregosin P. S.; Wombacher,IRorg. Chem.199Q
29, 1812. (b) Albinati, A.; Anklin, C. G.; Ganazzoli, F.;'Rgg, H.;
Pregosin, P. Snorg. Chem1987, 26, 503. (c) Albinati, A.; Arz, A,;
Pregosin, P. Sinorg. Chem.1987, 26, 508.

(15) Carr, N.; Dunne, B. J.; Orpen, A. G.; Spencer, JJLChem. Soc.,
Chem. Commuril988 926.

general, the resolution of the signals is poor, especially for the
o-F atoms, even at low temperature. Taking into consideration
the shape of the ligands L, this fact could probably be due to
the proximity of the substituents at the 8 position of the quinoline
ligands to the fluorine atoms, the closest of which aredite
atoms (see Chart 2). F@rthe NMR spectrum is clear enough

(16) Albano, V. G.; Braga, D.; De Felice, V.; Panunzi, A.; Vitagliano, A.
Organometallics1987, 6, 517.



Pentafluorophenyl Complexes of Platinum

Figure 2. Drawing of anion from the crystal structure of [NBPt-
(CeFs)s(hd)] (2) showing the atom labeling scheme. Heavy atoms are
represented by their 50% probability ellipsoids.

Table 2. Selected Bond Distances (A) and Angles (deg) and Their
Estimated Standard Deviations for Complex [NBBt(CsFs)s(hd)]
)

Distances

Pt=C(1) 2.008(5) PtC(7) 2.061(5)

Pt—=C(13) 2.070(5) PtN(1) 2.126(4)

Pt--O 2.975(4) Pt+H(1) 2.19

O—H(1) 0.82

Angles

C(1)-Pt=C(7) 91.1(2) C(1yPt=C(13) 89.9(2)
C(1)-Pt=N(1) 178.0(2) C(7yPt=C(13) 178.3(2)
C(7)-Pt=N(1) 87.1(2) C(13yPt—=N(1) 91.9(2)
Pt=N(1)—C(19) 123.0(3) P£N(1)—C(27) 116.8(3)
Pt--H(1)—-O 160 C(20-0—-H(1) 109(7)

to identify two different signals (1:2 intensity) duepeF. The
CsFs groupscis to L show only one signal for thex-F atoms
and one for th@-F atoms whereas for the othegkg group the
two o-F andm-F atoms are inequivalent.

Crystal Structure of [NBu 4][Pt(CéFs)3(hq")], 2. The struc-
ture of the anion of comple with the atom numbering scheme

Inorganic Chemistry, Vol. 35, No. 21, 1996013

Figure 3. Drawing of anion from the crystal structure of [NB{Pt-
(CeFs)3(mq)] (4), showing the atom labeling scheme. Heavy atoms are
represented by their 50% probability ellipsoids. The hydrogen atoms
on C(28) are in calculated positions and their contributions were not
included in the crystallographic model.

(7) A, but in all other respects the refinement was routine. In a
second route to the localization of the hydrogen atom, th¢lO
distance was fixed at 0.82 A, and the hydrogen atom was
constrained to ride in a circle about the extension of theOC
bond. The initial value of the torsion angle C(213(20)-
O—H(1) was set by an annular difference Fourier calculation
which, as it turned out, gave a clear result. We also checked
the localization of the hydrogen atom by making contoured
sections of a difference map. The results of all of these
approaches were essentially identical.

The position of the hydrogen atom of the OH group points
to the presence of a PtH interaction since the ©H(1) vector
is directed toward the platinum atom. If the-®I(1) distance
is allowed to refine to 0.61(7) A, the PtH(1) distance is 2.39-
(7) A and the Pt+H(1)—0 angle is 163(6) When the G-H(1)
distance is fixed at 0.82 A, more in line with common
expectation, we obtain a P#H(1) distance of 2.19 A and the
Pt--H(1)—0O angle is 160.

is shown in Figure 2. Important crystallographic data and data A longer distance, 2.69(8) A, is found between the platinum
collection parameters are summarized in Table 1. Selected bondcenter and one of the hydrogen atoms of the methyl group of

distances and angles are listed in Table 2. Since an attempt tahe ligand [H(28a)].

As the C(28)H(28A) vector is not

locate the hydrogen atoms was to be undertaken, we gatheredlirected toward the platinum atom [C(28)1(28A)—Pt= 112-
data at a low temperature (150 K) and attempted to spend(6)°], we think that in this case there is no-#H interaction.

sufficient time with the weak reflections to have reliable
measurements for them. Data were taken from 4 to ZD
(Mo radiation).

Finally, there are relatively short distances 269 A)
between theo-F atoms of the pentafluorophenyl ringss to
the hd ligand and the hydrogen atoms of both the methyl and

As can be expected, Pt lies in the center of a square planarthe hydroxy groups. These distances could help to explain the

environment. The PtC and PtN distances are in the range
found for other similar compounds:1417 The three @Fs rings

unusual patterns seen in tHe NMR spectra of complexes-4.
Crystal Structure of the Complex [NBu4][Pt(C sFs)3(maq)],

are not perpendicular to the molecular plane (dihedral angles4. The structure of the anion of complek with the atom

of 55.2, 58.¢%, and 62.5).
All of the hydrogen atoms were located from difference

numbering scheme is shown in Figure 3. Important crystal-
lographic data and data collection parameters are summarized

density maps. We took several parallel paths to the localization in Table 1. Selected bond distances and angles are listed in
and refinement of the hydrogen atom that is suspected to interactTa@ble 3. The platinum atom is located in a square planar envi-

with the platinum center. In all cases, we used all of the X-ray
data and refined of,? using the program SHELXL-95. In

the first effort, the hydrogen atom was located in a difference
Fourier map (G-H distance equal to 0.82 A) and refined. The

O—H distance turned out slightly shorter than expected, at 0.61-

(17) Neve, F.; Ghedini, M.; De Munno, G.; Crispini, Arganometallics
1991 10, 1143.

ronment, typical for Pt(ll) complexes. The-RCi,s, distances

are in the range found for similar pentafluorophenyl com-
plexest? and as for2, the shortest PtC distance is that to the
Cipso Of the GFs grouptransto the neutral ligand due to the
transinfluence of the N-donor ligands. The pentafluorophenyl
rings containing C(7) and C(13) and the quinoline double ring
are almost perpendicular to the molecular square plane [86.7-
(4)° and 82.8(3), respectively]. However, the dihedral angle
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Table 3. Selected Bond Distances (A) and Angles (deg) and Their coupling constant is 22 Hz. For complex no coupling

E43timated Standard Deviations for Complex [NBBt(CsFs)s(mq)] constant, and thus no interaction, is observed.

@) : The formally negative charge on the platinum center must
- » 058 1El)'5tanceSP+C . » 031(10 play a decisive role in the establishment of these-Rt
Pt—Cglg%) 1'990((8)) PfNElg 2'140((8) ) interactions” With this in mind, the strength of these interac-
Pt--C(28) 3.174(9) ' tions in complexesl—4 can be rationalized in terms of the

electropositive character of the hydrogen atoms and the rigidity

Angles of the skeleton of the ligands. For the ligands 8-hydroxyquino-
gﬁgiﬁﬁiﬁgg 1;2.'938)) g{%;ﬁ::gﬁg; 2;:2% line and 8-hydroxyquinaldine (complexégand2), the hydrogen
C(7)-Pt=N(1) 88.0(3) C(13¥Pt—N(1) 177.0(3) atom belongs to a hydroxylic fragment, and therefore it has
Pt—N(1)—C(19) 110.6(7) P£N(1)—C(27) 129.6(6) moderate acidic characteristics. For the ligand 7,8-bénzo[

quinoline (complex3), the hydrogen atom should not be so
between the molecular square plane and the ring containing C(1)electropositive; but the rigidity of the three condensed aromatic
is 68.0(3). This fact could be explained by the disposition of ring system forces the orientation of kbward the platinum

the 8-methylquinoline ligand, as is described below. atom. The result is the presence of a-ft interaction but
The PtN distance, 2.140(8) A, is similar to those found in  weaker than that fot and2 based on the value &fPt,H). For
the literature for other Pt(Il) complexes with quinoline ligakts. the ligand 8-methylquinoline (compleX, the low polarity of

The angles around the N atom of the ligand are not’126 the C—H bonds and the possibility of free rotation of the methyl
might be expected for $fybridization; they deviate from this  group seem to preclude any kind of-PH interaction. Van
idealized value by about 20(see Table 3). Moreover, the Koten and co-workers have also observed a decrease in the value
methyl carbon C(28) is not coplanar with the quinoline double of the coupling constardi(Pt,H) in the complexes [PtX(IG,N)-

ring; it deviates by 0.28 A. These distortions lead C(28) to be (LH-C,H)] in which the ligands are not so rigfd. These
more distant from the Pt atom and closer to the pentafluoro- conclusions are in agreement with theoretical studies carried
phenyl ring containing C(1) than in an idealized situation. The out by Dedieu and van Kotéhin which it is revealed that the
proximity of the methyl carbon atom C(28) is consistent with  main character of the M-H—X interaction is electrostatic in
the larger dihedral angle of the C(1) ring with respect to the nature with a minor covalent contribution in which a/56s
molecular square plane. These features are not observed imybridization is required in the case of Pt(ll), the latter being a
complex2 and are probably caused by the presence of the necessary condition for direct through-bond-Pt coupling.

methyl group in the 2 position of the quinoline double ring. In the solid state, the crystal structure 2fhows that the
The C(28) atom sits above the coordination plane; the Pt qrogen atom is pointing towards the platinum center with a

_C(28) distance is 3.174(9) A. This d|st§1nce isin t_he range found pi...H gistance of 2.19 A. Since the hydroxylic atom prefers

in complexes of Pt(lll)4?7nd Ir(l) for which a MH Interaction this orientation to any of the others possible, the existence of a

has been postulatét:*1” Unfortunately, due to the quality of  py... 14 interaction is quite clear. In the case of complethe

the crystallographic data, it has not been possible to locate andquality of the crystallographic data does not allow the location

"Tf'nte thg pog,tmon of tk{; metlhyl hyd:ogerzhatoms .glorl-r;)tthe of the methyl hydrogen atoms to be determined and thus it is
electron density maps. Ve only can study the possibte not possible to measure a value for the-#t distance. Given

?r:zttinlcersom tﬂ)iaiiseseg%tgt?c(::ﬁfetrr?gthCgpgogr:]]zttlgrr:s of the the position of the carbon atom and considering the possible
yl group, Ing 9 caty yarog KiC conformations of the methyl group, we have calculatec-Rt

_?_ﬁ;agff: L?é?aenééggb_taci:naer:jdfg_n?%i ?}:glﬁcs) dagfg?nl&ge?%an e distances between 2.3 and 2.6 A, in the range reported in the
9€ |iterature for Pt--H interactions. From these data the existence

from 2.28 0 2.60 A These distances are short and are in theof such an interaction in the solid state could be possible.

range in which M-H interactions have been reported in the " . .

; 8b14 Ae S Nevertheless, it is necessary to be cautious since the geometry

literature®*14 As in complex2, in this study we also have found . ; -

o-F-H distances in the range of 2:8.0 A. of the ligand has been chosen precisely to for.ce the prQX|m|ty
of the hydrogen atoms and the metal. We think that with the

Concluding Remarks available data it is not possible either to confirm or to discard

the presence of a PtH interaction in4.
Here we report the synthesis and characterization of jf{¥Bu

[Pt(CsFs)sL] complexes containing ligands L with hydrogen Acknowledgment. We thank the Comisio Interministerial
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spectra, and in all cases we have detected a significantInvestigador (FPI) grant to A.M.

displacement toward hlgher frequt_ency of the_ Slgnal_ of the Supporting Information Available: Tables of crystallographic
hydrqgen that could ,be ,'nVOIVed in the-PH |r}teractlon. . data, full atomic positional and equivalent isotropic displacement
Despite the fact that this displacement has sometimes been Citeqyarameters, anisotropic displacement parameters, full bond distances
as evidence of the PtH interaction] we think that the shiftin  and hond angles, and hydrogen coordinates and isotropic displacement
the signal is not sufficient proof of a significant -PH parameters fo? and4 and, for the structure of compleX annular
interaction since the shift could in principal also be caused by difference Fourier calculation near O atom used to find the electron
the anisotropic deshielding effect of thebdrbital electron density corresponding to H(1) and its graphic representation and
density. The presence of coupling between the metal centercontoured sections of a difference map showing the electron density
and the hydrogen atoms seems to be much more conclusivegorresponding to H(1) (19 pages). Ordering information is given on
We have observed this coupling for complefeg, and3. For any current masthead page.

complexesl and2, the value of the coupling constant J(Pt,H) 1C960118+

is one of the largest reported for this kind of interaction, around

80 Hz, indicating a strong PtH interaction. In3, the strength (18) Wehman-Ooyevaar, I. C. M.: Grove, D. M.; de Vaal, P.; Dedieu, A.;
of the interaction seems to be smaller since the observed van Koten, GInorg. Chem.1992 31, 5484.




