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Summary 

The tridentate monoanionic ligand o,o’-(Me,NCH,),C,H, (NCN’) has been 
used to synthesize novel aryl-palladium(I1) and -platinum(H) complexes 
[PtR(NCN’)] and [MX(NCN’)] (M = Pt, Pd). Three synthetic procedures are de- 
scribed, namely: (i) reaction of the cationic complex [M(NCN’)(H,O)]+ with KX 
or NaX to give [MX(NCN’)] (X = Cl, I, O&H, NCS, NO,, NO,); (ii) displacement 
reactions using AgX with [MBr(NCN’)] to give [MX(NCN’)] (X = CN, O,SCF,: 
O&Me, O,CCF,) and (iii) transmetallation reactions of [PtBr{C,H,(CH,NMe,),- 
o,o’}] with organolithium to give [PtR{C,H,(CH,NMe,),-o,o’}] (R = Ph, o-, m-, 
p-tolyl, GCPh, GC-p-tolyl). All the complexes have been characterized by elemen- 
tal analysis, and IR, ‘H and 13C NMR spectroscopy. 

An X-ray diffraction study has shown that [PtBr{C,H,(CH,NMe,),-o,o’}] (2) 
has a square-planar structure, in which the tridentate ligand is bonded via C(ipso) 
(Pt-C 1.90(l) A), and two mutually truns-N donor atoms (Pt-N(1) 2.07(l), Pt-N(2) 
2.09(l) A). The fourth site trans to C(ipso) is occupied by bromine (Pt-Br 2.526(2) 
A). The two chelate rings (N-Pt-C(ipso) 82.9(5) and 8135)“) are distinctly 
puckered, with the two NMe, groups on opposite sides of the aryl plane. The Pt-C 
bond in 2 is shorter than analogous bonds in other arylplatinum(I1) complexes, as a 
result of (i) the rigid structure of the tridentate ligand and (ii) the presence of two 
hard N donor atoms trans to one another across the platinum centre. 

* To whom correspondence should be addressed. 

0022-328X/86/$03.50 0 1986 Elsevier Sequoia S.A. 



402 

Introduction 

There is much interest in tbe coordination properties of tridentate monoanionic 
ligands which have substituents containing donor groups such as PR,. NR, or SR 
in both positions ortho to C(ipso) [l] (see Fig. 1). and in metal complexes derived 
from such ligands. Since these ortho-substituents are bonded to a rigid aryl group 
the ligand coordinated to the metal has a specific arrangement in which the two 
donor atoms are located tram to one another across the metal, with the arvl ring. 
the two donor atoms. and the metal centre situated in one plane. Tn many cases nem 
types of (rigid) organometallic complexes have been generated by regioseleetive 
metallation of the free protonated ligands (i.e.. the nzefa-disubstituted arenes) at the 
carbon atom ortho to both substituents [I]. 

However, for the compound m-(Me,NCH,),C,H,, which we selected for study, 
direct metallation is not selective. For example metallation of nz-( Me2 NCHz ) >CbHb 
with n-BuLi gave inseparable mixtures of isomers. viz. [Li{C,fi,(CHLNMe2 )2-o.o’}] 
(86%) and [Li{C,Hz(CH,NMe,)2-o,@}] (14%) [2,3]. Similarly, Trofimenko et al. 
have found that palladation of the closely related ethyl analogue m-(Et,NCH7 )?C’, - _ 
H, with PdCld2- afforded a mixture of palladium compounds [ 1 fj. 

In order to obtain exclusively o,o’-(Me,NCH, )*C6 H,-metal complexes for our 
studies we devised a suitable route involving lithiation of the bromo derivative 
o,a’-(Me,NCH,),C,H,Br, followed by a transmetailation reaction with the ap- 
propriate metal halide. By this method we have obtained many metal complexes 
involving Sn [2], Ni [4], Pd, Pt 151, Fe [6], Co. Rh and Lr [7]. 

The dK metal complexes of Ni. Pd and Pt have a square-planar structure in 
which the o,o’-(Me,NCH,),C,H, monoanion (frequently denoted throughout this 
paper as NCN’) is bonded as a tridentate ligand. Accordingly the remaining 
potential coordination sites at the metal are well-defined: i.e. (i) one position truns 
to C(@so) and (ii) two positions cis to C(ipso) in a plane perpendicular to that of 
the ligand. During our earlier studies it appeared that the coordination of the truns 
positioned NMe, amino ligands enhances the basicity of the d”: metal centres to 
such an extent that these complexes show entirely different reactivity from that of 
the analogous complexes containing PR, donor groups. Examples of this special 
reactivity are (i) the formation of stable hetero-dinuclear complexes [Pt- 

X= PMe,, P(t-BuJ2 Me 

PPh2 , S(t-Bu) X = NEt2 , CH2SMe 

Fig. 1. Representative o,o’-disubstituted monoanionic aryl ligands with variou:. combinations of donor 
atoms. 
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{C,H,(CH,NMe,),-o,o’}{ p-( p-tol)NYNR}HgBrCl] (Y = CH, N) [8,9], (ii) the 
oxidative addition leading to the unusual arenoniumplatinum(I1) complex [Pt( o- 
tolyl){MeC,H,(CH,NMe,),-o,o’}]I [lo], (iii) the coordination of SO, to Pt” lead- 
ing to [PtBr{C,H,(CH,NMe,),-o,o’}(rI1-SO,)] [ll], and (iv) the formation of re- 
markably stable organonickel(II1) compounds, e.g. [NiX,{C,H,(CH,NMe,),-o,o’}] 
(X = halogen, pseudo-halogen) [12], by oxidation of [NiX{C,H,(CH,NMe,),-o,o’}] 
with halogens, Cu” salts or by substitution. 

In this paper we describe the synthesis and characterization of a new series of 
complexes obtained by replacement of the ligand X tram to C(@o) in palladium 
and platinum complexes [MX{C,H,(CH,NMe,),-o,o’}] by various organic one 
electron ligands. Some of these complexes were, in fact, previously used as starting 
materials for the preparation of species mentioned above. In order to gain insight 
into the effects that the special orientation of the aryl ring to the coordination plane 
may have on the nature of the metal-C( ipso) bonding, as well as on the reactivity of 
the metal centre in these new complexes, the 13C NMR spectra of the 
(diorgano)platinum(II) compounds [PtR{C,H,(CH,NMe,),-o,o’}] (with R = aryl 
and GC-aryl) have been studied. The results are discussed in the light of earlier 
observations on analogous nickel complexes [4] as well as the ultraviolet photo-elec- 
tron spectra of the series [MX{C,H,(CH,NMe,),-o,o’}] with M = Ni, Pd, Pt and 
X = Cl, Br, I [13]. Finally, the complex [PtBr{C,H,(CH,NMe,),-o,o’}] (which in 
many respects can be regarded as the parent species for many of the other 
complexes made) has been the subject of an X-ray structural analysis. 

Experimental 

Reactions involving lithium reagents were performed under dry nitrogen using 
Schlenk tube techniques, and freshly-distilled, rigorously dried solvents. ‘H NMR 
spectra were recorded on Varian T60 and Bruker WM 250 spectrometers. The 13C 
NMR spectra were recorded on a Bruker WM 250 spectrometer usually with noise 
modulated proton decoupling. Infrared spectra of samples either as Nujol mulls, 
KBr pellets or C,H, solutions were measured on Perkin-Elmer 283 and Nicolet 
7199B FT IR spectrophotometers. Elemental analyses were carried out at the 
Institute for Applied Chemistry, TNO, Zeist (The Netherlands). Most reagents were 
obtained commercially and were used without further purification. cis-PtCl,(SEt,), 
was prepared as described by Kaufmann et al. [14]. The preparatxons of 
[MX{C,H,(CH,NMe,),-o,o’}] (M= Pt, X= Cl (l), Br (2), I (3), O,CCH, (4); 
M = Pd, X = Cl (5), Br (6), I (7)) and [M{C,H,(CH,NMe,),-o,o’}(H,O)]BF, 
(M = Pt @I), Pd (9)) and of [Pt(C6H3(CH,NMe,),-o,o’}]O,SCF, (10) have been 
described previously [5]. 

Procedures 
The following routes (A-C; see Scheme 1) are representative of the method used 

for the preparation of the various organoplatinum(I1) complexes. The analytical 
data, synthetic method, and yield are given in each case in Table 1. 

Route A. Synthesis of [Pt(NO,) { C,H,(CH2NMe,)2-o,o’}]. To a stirred solution 
of the cationic aquo complex [Pt(C,H,(CH,NMe,),-o,o’}(H,O)]BF, (123 mg, 0.25 



[l’t(O~C‘<‘F:)(C‘,H;(C’II,SMe,),-n.ii’~](17) 13 

iPttOICII){(‘,,H,((‘H,NMc~),-,,.~,’i/ (181 A 

[f’t(C‘,II,){(‘,~i,(<‘~-IzNMe,)~-i,.!l’)~ (19) (‘ 

[Pd(O,(‘Me){(‘,II,(i‘H,NMel)Z-o.’~’jl I3 
-O.:5H,O (26) 
[rJdt02(‘FI:;)i(‘,,II;(<‘HINMr~,i-i~.,~’i!(27) R 

mmol) in H,O (10 ml) was added a tenfold excess of KNO, (252 mg), This resulted 
in the separation of a white solid. After 30 min stirring the solid uxs filtered off and 
dissolved in CH,CI,. and the solution was dried over MgSO, then filtered. The 
filtrate was concentrated to 2 ml, and pentane (10 ml) n-as then added to give white 
crystals of [Pt(NOI)(C,H,(CH2NMe,).-o,o’)] (13). Yield 68%. 

Route B. S~xtheris of’ /PtIO,C'CF,) j-C,Il~iCH,~‘M~,),-o,o’ ) 1, Onto equivalent 
of AgO,CCF, (55 mg) was added to a solution of [PtRr{C,H,(CH,NMez)2-(~.0’}] 
(116 mg, 0.22 mmol) in acetone (5 ml) and the mixture was stirred overnight. The 
precipitate of AgBr was then filtered off and the filtrate ww evaporated in vacua. 
The residue was dissolved in CH :Cl, (5 ml) and the solution filtered through Celite. 
Addition of pentane to the filtrate produced a white precipitate. vvhic1-i was filtered 
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off, dried in vacua, and identified as [Pt(O,CCF,){C,H,(CH,NMe,),-o,o’}] (17). 
Yield 70%. 

Route C. Synthesis of [Pt(C-CC,H,) {C, H,(CH2 NMe,)2-o,of}]. A solution of 
lithium phenylacetylide (3.8 mmol in 2.5 ml of diethyl ether) was added to a 
suspension of [PtBr{C,H,(CH,NMe,),-o.o’}] (932 mg, 2 mmol) in dry diethyl 
ether (5 ml) at 223 K. The mixture was stirred at room temperature for 20 min; the 
white precipitate was filtered off, washed with cold pentane (5 ml), and extracted 
with benzene (10 ml). Concentration of the extract to 2 ml followed by addition of 
pentane gave a white solid, which was recrystallized from CH,Cl,/pentane to give 
white, crystalline [Pt(CSC,H,){C,H,(CH,NMe,)?-o,o’}] (23). Yield 58%. 

Reaction of [PdBr(C,H,(CH,NMe,),-o,o’}] with LiC-C-p-tolyl 
A solution of lithium p-tolylacetylide (0.3 mmol in 2 ml of diethyl ether) was 

added to a suspension of [PdBr{C,H,(CH,NMe,),-o,o’}] (0.3 mmol) in dry diethyl 
ether (5 ml) at 223 K. The mixture was stirred for 20 min then warmed to room 
temperature, when the colour of the solution darkened. The precipitated palladium 
metal was filtered off, and the organic products isolated by evaporation of the 
filtrate in vacua. One of the organic products was identified by ‘H NMR spec- 
troscopy as the coupling product o,o’-(Me,NCH,),C,H,C%C-p-tolyl; ‘H NMR 
(CDCl,: 6 (ppm)), 7.30 (m, aryl, 7H); 3.67 (s, CH,, 4H); 2.30 (s, NMe,, 121-I); 2.35 
(s, CH,, 3H). 

Synthesis of [Pd(o-tolyl) { C, H,(CH,NMe,)2-o,o’}] 
A solution of o-tolyllithium (0.29 mmol in 2 ml of diethyl ether) was added to a 

suspension of [PdBr{C,H,(CH,NMe,),-o,o’}] (0.4 mmol) in dry diethyl ether at 
188 K. The mixture was stirred for 20 min then warmed to room temperature. The 
grey precipitate was filtered off, washed with cold pentane (5 ml), and extracted 
with benzene (10 ml). Concentration of the extract followed by addition of pentane 
gave a grey precipitate. Recrystallization from CH,Cl,/pentane gave a grey prod- 
uct, which was identified by ‘H NMR spectroscopy as [Pd(o-tolyl){C,H,- 
(CH,NMe,),-o,o’}J; ‘H NMR (C,D,; 6 (ppm)), 7.32 (m, aryl, 7H); 3.52 (s, CH,, 
4H); 2.32 (s, NMe,, 12H); 2.17 (CH,, 3H). Attempts to purify the product further 
were unsuccessful. 

Determination of the crystal structure of [PtBr( C, H,(CH2 NMel)2-o,o’ }] 
Crystals of the title compound (C,,H,,BrN,Ptb are monoclinic, space group 

P2,/c, Z = 4, a 12.630(7), b 9.846(4), c 11.742(3) A, /3 110.61(2)“, V 1366.7(9) A, 
D(calcd) 2.27 g crne3 and F(OO0) = 872 electrons. A total of 1314 reflections with 
intensities above the 2.5a(I) limit were measured on a Nonius CAD 4 diffractome- 
ter using graphite-monochromated MO-K, radiation *. 

The positions of Pt and Br were derived from an E2-Patterson synthesis and the 
remaining non-hydrogen atoms were found from subsequent A F-syntheses. After 
isotropic block-diagonal least-squares refinement an empirical absorption correction 
was applied [15]. Subsequent anisotropic refinement converged to R = 0.028 (R, = 
0.044). A weighting scheme w = (5.18 + F, + 0.055F,2))1 was applied. The anoma- 

* Lists of thermal parameters and structural factors are available from the authors. 



406 

TABLE 2 

ATOMIC C‘OORDINATES FOR [PtHr(C‘,H ,(CHINMcl,),-o.o’ i] 

,4tom \ !’ 

I’t 
131 

N(1) 

N(2) 
(.(I) 
C’(2) 

((3) 
C‘l‘l) 
C(S) 
C‘(W 
C‘(7) 
C( x ) 
(I% 
C( 10) 

(‘(11) 

c’C17) 

H(3) 

H(4j 

H(C) 

II(71) 

I1(72) 

H(XI ) 
H(Q) 

H(N) 

H(Y:) 

Ii(Y3) 

b1( 101 ) 

H(102) 

H(loy 

H(ll1) 

H(112) 

11~111) 

H(111) 

H(l?‘) _I 

fi(1’3) 

0.19877(5, 

0.:141 71 ‘I -,- 
Ci.l51(1, 

0 X0( 1) 
0.316( 1 t 
O..N7( 11 
0.3Yl(l) 

0.4X3( 1 ) 
0 4%( 1 j 
041111) 

0.103( 1 I 
i! 404(I) 

O.'Oh(.!, 

0 02')(l) 

0 27X(1, 

0 234(Z) 

(1.3’1(1) 

0 44( 1 j 
0.55(2) 
0.31(2) 
().14(L) 

0.33(2j 

0.45Q) 

0 lY(2) 

0.3X(ZI 

0 17(l) 

(X()1(2) 

0.0212) 

0 ()3(2) 

0.?4(2) 

I).lO(?) 

0.31(21 

0 13(Z) 

0.23(21 

0.2612) 

().487X4(5) 

0.4781(2) 

0 324( 1) 

0 hSY( 1 ) 
0 504( 1 i 
0 427( 1) 

0 415(L) 

0.517(7; 

0.504( 3 , 
(1 5X7( I, 
0.34X(i) 
o.c57t_l,! 

(J 196(‘1 

O.?Y_!(2j 

(J.669(1) 

().7X1(1) 

0?7(1 j 
0.02( 1) 

(J.&(2) 

(m(2) 

0.40(2) 

0.75(2) 

1).5X(2) 

O.lY(1) 

0.11(7) 

(!.li(L) 

0 ?6(2’) 

0.27(2) 

0.23(2) 

O.SY(2) 

0.67(2) 

0 74(2) 

0.78(2) 

0.X0(2) 

O.M( 2) 

lous dispersion of Pt and Br was taken into account and an extinction correction 
was applied. The programs used were from XR4Y 76 [16]. 

Results and discussion 

Generul 
The mononuclear organometallic complexes [MBr{C,H,(CH,NMe,) ,-o,o’ )] (M 

= Pt (2), Pd (6)) were first obtained by reaction of the lithium co&p&nd o.o’- 
(Me,NCH2),C,H,Li with [PdBr,(COD)] (COD = l.S-cyclooctadiel?e) and cis- 
[PtCIZ(SEt,),] [5a]. The cationic complexes [M{C,H,(C‘H,r\iMe,),-o.(,‘I(H,O),~]Y - _ 
(M = Pt: n = 1, Y = BF, (8) [5a], II = 0. Y = O,SCF, (10) [loj: -,M == I’d; t7 = 1, 

Y = BF, ((9) [5a], II = 0. Y = O,SCF, (II)) were then prepared t-h treating 2 and 6 
in an acetone/H,0 mixture with .4gBF, or AgO,SCF:. 
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B 

- NaX or KX,H20 
BF4 

AgX, acetone 1 
-AgBr 

RLi , Etfl 
‘Li Br 

WMe2 

NMe2 

1 
R-R 

t 
NMe2 

SCHEME 1 

The complexes [MBr{C,H,(CH,NMe,),-o,o’}] (2) and (6) were also be made by 
treating the appropriate corresponding cationic complexes with NaBr [5a]. The 
latter method (route A in Scheme 1) prevents contamination of the final products 
with other anions and is very useful for the syntheses of a series of new, neutral 
organopalladium(I1) and platinum(I1) products [MX{C,H,(CH,NMe,),-o.o’}] (M 
= Pt, Pd; X = Cl, Br, I, NO,, N,, 0,CH; M = Pt, X = NO,, NCS). The success of 
the method relies on the insolubility of the neutral complexes in acetone/H,0 and 
the good solubility of the cationic complexes and KBF, in this solvent mixture. All 
these neutral complexes are white (Pt) or off-white (Pd), and are soluble in C,H,, 
CH,Cl,, and CHCl,. The complexes are air stable, except for [Pt(O,CH)- 
{ C,H,(CH,NMe,),-o,o’}], which decomposes slowly at room temperature. 

A special case of route A is the reaction of [M{C,H,(CH,NMe,),-o,o’}(H,O)]BF, 
with KCN. Instead of the expected neutral compound [Pt(CN){C,H,(CH,NMe,),- 
o,o’}], the homodinuclear, mono-bridged CN complex [ {PtC,H,(CH,NMe,),- 
o,o’}~(~-CN)]BF~ was isolated. A schematic structure of this complex is shown in 
Fig. 2. This and related complexes with mono-atomic bridge complexes will be the 
subject of a forthcoming paper [17]. 

Another method for the synthesis of neutral palladium and platinum complexes 
involves halide abstraction from complexes 2 and 6 with appropriate silver(I) salts, 
i.e. route B in Scheme 1. This reaction gave the new complexes [MX{C,H,(CH,- 
NMe,),-o,o’}] (M = Pd, Pt; X = O,SCF,, CN, O,CMe, O,CCF,). This method is, 
however, limited to Ag’ salts which are soluble in organic solvents. 
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NMe2 I Me2N -----, -I+ / \ 0 1 
Pt -c 
4 

N- 
C --+ Pt / \ 

T f 
-- i 

L-- NMe? Me2Nd 
i 

The reactions of [PtBr{C’,H,(CH,NMe,),-o,o’)] with I arinua organolithium 
reagents, which are described here for the first time, leads tc> xtable his(organo)- 
platinum(I1) products [PtK( (,II,(C‘H,NMe,),-o.o’)] (R =- Ph. o-tolyl. /,I-toI>]. p- 
tolyl, CSPh, CC-r?-tolyl). I.C. route c’ in Scheme I. The alk~llithium reagents alxo 
reacted with 2. but in all ~‘ases the products [Pt(Ltlkyl){ C‘,II,(C‘H,NMe, ),-KC) }] - _ 
decomposed readily, and atten1pt.s to isolate these mixer! (ar~l)(alb~l)platinunl 
compounds were unsucce.ssful. All the isolated dicrrganopltttiniIrn c~mpiexeb are 
white. air stable, and readily soluble in C’HCI;. C’H,C‘l, xd C’Ji,. 

The palladium products [Pd(aryl)(C,H ;(CH?NMel),-l,.o’ ij are not thermally 
stable and when route C is used, these compounds are xcompanicd b> decc>mposi- 
tion products. namely black palladium metal and organic producth. In the cease of 
[Pd(o-tolyl):(‘,H,(ClI,NMe, )I-o,,,‘}] an ‘H NMR spectrum could be recorded 
before the product decomposed. and this showed ;1 similar ‘f-t NMR p:r!ta-n to that 
for the corresponding [Pt( r~-t~~l~l){C’~,tI,(C’H3NM~~ )‘- (j,ol }] (vi& rnfra). The reac- 
tion of lithium p-tol~lacetylide with [PtBr{ C‘,H,(CH,NMc, :,-r1.o ;] ga\i: the ax\m- 
metric coupling product o,~‘-(Me,NC’H, )lC;,I-i,C’-~(‘-/)-tc,l~l M hich ~.a identified & 
by ‘H NMR spectroscopy. 

In the crystal structure of 2 four discrete molecules are p&&t in the monoclinic 
unit cell. The molecular geometry and numbering scheme arc’ shown in Fig. 3. and 
relevant bond distances and bond an& arc: given in Table 3. Each Pt” cxxitre i5 
coordinated in :I slight]> distorted square-planar fashion h> two N #atoms. the 
C( ipso) atom of the anionic tridentatc ligand svstcm .mci the Br .ltom. The 
C(;$so)- Pt--Br bond angle i> 17’7.4(4)“, and the t\xo-N donor :~totnr arc in mutually 
trms positiom with the N( 1 ) opt -N(Z) bond angle of 164.4(4)” +owing an angular 
deviation of 15.6” from exact tn2I.C coordination. This distofticxi from the ideal 
square-planar arrangement ih the result of the small N-- Pt 6‘~ ;/?_u> ) bite ~ngfrs in the 
tuo five-membered chelatc rings of X2.9(5) and 8 I _5( 5)“. rcspectivel?. 

These chelate ring> have clear puckering (see Fig. 3b I which ma> he described a\ 
of it . tlvo-fold axis’ t>pe. A cllarxteristic feature of thi:, puckcrinp i\ the pc’sltinn of 
the two NMe, groups on opposite sides of the ar-yi plant. A simllur puckering is 
found in octahedral complexes such as [PtCI; (C,lH ,(C’H, N klr, I .-O.O j ] nnd 
[PtI,( p-tol~l){C,H;(CH~~;1Cle,).-o.~.)’}] [1X]. In the fi\c-c(,~)r.ji,,~~t~ iquare-p>ra- I _ 
midal complexes jhl’“XL((‘,H,((‘l~i,NI\ile,),-,,./,’i] (M T FLY. Ni .~nd X = Cl, I) 

_ _ [4,6] the puckering i> differeni. ,.~nd of a niirror plane 4> mnietr-y t>pr. charactcrixd 
hy N donor atoms on the SLI~C side of the ;rryI plane aw~h) from the apical ligand. 
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(a) 

Fig. 3. (a) ORTEP drawing showing the molecular structure of [PtBr(C,H3(CHzNMez)z-0,0’}] (2) with 
the atomic numbering. Thermal ellipsoids for non-hydrogen atoms are given at the 50% probability level. 
(b) PLUTO drawing of the projection along the Pt-C(1) axis showing the puckering in the five-mem- 
bered chelate rings of 2. 
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TABLE 3 

INTERATOMIC BOXD DISTANCES (A) AND AN’(iLES (“) 01’ ~I’~B~(C~,H:I(‘H_NCIZ~),-,,.,,‘)~ 

I’l-Br 
P-N(l) 
Pt-N(2) 
r%C(l) 
c(l)-~C(2) 
c’(_?)mC(6) 
c‘(2)--C(3) 
c‘(2)Fc‘(7) 
C‘(3)--<‘(4) 

srm Pt-Fi( 1) 
BrFP- X(21 
Br-Pt~ql) 
N(l)mPt-N(l) 
X(1 )Fr+C(l) 
N(?.)--PtFC(l) 
Pt-N(l)-~C‘(7) 
Pt-N(l)-C(9) 
l’t~N(1)-C(io) 
C‘(7)~K(l)kC(‘)) 
C‘(7)--N(l j-0 10) 
C‘(Y)~N(I)-C‘(lo) 
I’t-mN(Z)~mC(Xj 
Pt-N(J)- C( 11) 
WN(Z)~C‘(l2) 
c‘(X)pK(lj-C(ll) 

The Pt-C bond (1.90( 1) .A) in 2 is short when compared with analogous bonds in 
other Pt” -aryl compounds. for which distances lie in the range 1 .9X to 2.08 ,b, 
[19--211. 

Spectroscopic meuswwnent,~ 

Irlfrared spectru 
The IR spectra of [PdCI{C,H,(CH,NMe2)2-~~,~‘}] and [PICl{C,H,((‘HzNMe, ),- - _ 
o,o’}] show v(M-Cl) values of 235 (Pd) and 262 cm ’ f Pt). SW Tahk 3. These 
values are as expected for complexes in which the halogen is IWIIS to a iignnd with a 
strong truns influence [22]: cf. the values of v(M--Cl) in [MCI(PC’P’)]. (PCP’) = 
~.o’-(Bu’,PCH,)~C~H~) 272 (Pd). and 2X3 cm ’ (Pt) [la] and I~(M C’l) in ~rr~n.s- 
[Pt( o-tolyl)Cl(SeEt z)2] 262 cm ’ [X3]. The assignments of rj(M --Br) and v(M I) in 
Table 4 were made by comparison of the IR data kvith thohe for the analogous 
nickel(H) complexes [4]. 

The 1R spectra of the cutionic species 8 and 9 shou broad bands in the region 

900 to 1200 cm ’ which arc characteristic of the uncoordinated Bl, anion [24]. The 
number and positions of v(W) banda for O,SCF> in the complexes IO and 11 (WC 
Table 4) are indicative of an oxygen-bonded anion [24j. 

From published IR data 1251 it can be concluded that the anicma ?( -=- N:. SCN. 
or NO, in the complex> [MX{C‘,H?(CH:NMe, )l-o.~/ ;] are nitrc,gen-hondej. 
while the complexes in 1% hich X = 0,CMe. O,fCkT. or 0,C’f-l contain 5ingle _ 
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oxygen-bonded ligands. These data are in agreement with the IR data for the 
corresponding nickel derivatives and with the X-ray structure of [Ni- 
(O,CH){C,H,(CH,NMe,),-o,o’}] which contains an oxygen-bonded format0 group 
[4]. For [Pt(NO,){C,H,(CH,NMe,),-o,o’}] the characteristic absorption bands of 
NO, were partly obscured by absorption bands of the tridentate ligand. However, 
we suggest that this anion is oxygen-bonded, as it is in the related compound 
[Pd(NO,){C,H,(CH,PPh,),-o,o’}], the crystal structure of which is known [26]. 

The platinum(I1) cyanide complex [PtCN{C,H,(CH,NMe,),-o,o’}] showed one 
specific Y(CN) band at 2093 cm-‘, which points to a carbon-bonded cyanide ligand. 
This latter value is significantly lower than the v(CN) value of 2135 cm-’ observed 
for the dimeric platinum complex [{Pt(C,H,(CH,NMe,),-o,o’},(p-CN)]BF, [17], 
in which the CN anion is thought to bridge linearly via carbon and nitrogen to two 
Pt{C,H,(CH,NMe,),-o,o’} cationic moieties. Compounds with a single linear 
cyano bridge are well documented, and give v(CN) values in the range 2085 to 2168 
cm-’ [25,27,28]. 

‘H NA4R spectra 
The 60 MHz ‘H NMR spectrum of the parent aryl bromide o,o’-(Me,- 
NCH,),C,H,Br shows a multiplet pattern centred at 6 7.25 ppm for the aryl 
protons. The CH, and NMe, protons appear as two singlets at S 3.48 and 2.10 
ppm, respectively. This pattern of the various protons in the ligand is of particular 
interest because it can readily be recognized in the ‘H NMR spectra of the 
organometal(I1) complexes. 

The protons of the CH,NMe, groupings, which are close to the metal, exhibit 
pronounced downfield shifts on coordination, whereas the aryl protons undergo 
upfield shifts. For example, the ‘H NMR spectrum of [PdBr{C,H,(CH,NMe,),- 
o,o’}] shows two singlets at S 4.00 and 2.97 ppm for the CH, and NMe, protons, 
respectively, while the aryl protons give a multiplet centred at 6 6.85 ppm. Rigid N 
donor atom coordination in these complexes is indicated by the ‘H NMR spectra of 
the platinum(I1) complexes; in these spectra the signals of the CH, protons and the 
protons of the NMe groups show sharp 195Pt (I = l/2, 34% abundance) satellites 
with substantial J(‘95Pt, ‘H) couplings. For example, signals are found at 6 4.02 
(CH,) and 3.13 (NMe,), with J( 195Pt ‘H) of 46 and 38 Hz, respectively. Similar , 
changes in the chemical shifts of the ligand are observed for the other complexes 
whose NMR data are given in Table 4. In the case of the halide complexes 1, 2, and 
3 there is an evident trend in the chemical shift of the NMe, protons, the order of 
increasing 6 values being Cl < Br < I. 

The coordination of the CH,NMe, groups to the metal in [MX{C,H,- 
(CH,NMe,),-o,o’}] (vide supra) blocks the pyramidal inversion process, which 
takes place at the uncoordinated nitrogen atoms. As a result prochiral nitrogen 
centres with a stable tetrahedral configuration are created, and these may or may 
not coincide with a molecular plane of symmetry depending on the overall symme- 
try of the complex determined by the X group. Accordingly the protons of both the 
CH, and NMe, groups can be either enantiotopic or diastereotopic. In the latter 
case the coordination plane of the molecule is not a molecular plane of symmetry, 
and hence contains prochiral carbon centres which are characterized by inequivalent 
chemical shifts and magnetic couplings of the CH, protons in the CH,NMe, arms 

191. 
(Continued on p. 415) 
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The ‘H NMR spectrum of [Pt(o-tolyl){C~H~(CH~NMe~)~-o,~‘}] (20) (measured 
at 308 K) showed an A3 pattern at S 4.23 and 4.21 ppm for the CH, protons, with 
J(‘95Pt, ‘H) and J(‘H, ‘H) of 44 and 13 Hz, respectively. The protons of the NMe, 
groups were found as two singlets at S 2.93 and 2.95 ppm, with J(19’Pt, ‘H) of 45 
Hz. These data indicate that the coordination plane in 20 is no longer a molecular 
plane of symmetry, and this is consistent with a structure in which the o-tolyl group 
is locked in a position perpendicular to the coordination plane of the complex. 
Further support for this structure comes from the downfield chemical shifts of the 
ortho methyl groups of the o-tolyl ligand. The signal from these methyl protons 
appears as a singlet at 6 2.82 ppm, (J(ly5Pt, ‘H) 8 Hz), cf. c?(Me) of toluene 2.32. 
Similar chemical shifts are encountered for other o-tolyl complexes in which or~ho 
methyl groups are in close proximity to a metal, e.g. in transco-tolyl)(trichloro- 
vinyl)bis(triethylphosphine)nickel(II) S 2.88 [29], [NiBr(o-tolyl)(PMePh,),] 2.68 
1301, and in [PtI(MeC,H,(CH,NMe,),-o,o’}(H,O)]BF, 6 3.13 ppm [5]. Another 
significant downfield shift was observed for the ortho proton of the o-tolyl ligand in 
20. This proton gives a doublet at 7.67 ppm with J(‘95Pt, ‘H) of 28 Hz, while the 
remaining aryl protons give a multiplet at 6.90 ppm. The ‘H NMR shift data for 
[Pd( o-tolyl){C,H,(CH,NMe2)2-0,0’}] are similar, though in contrast to the platinum 
case the NMe, protons give one broad singlet. 

The rH NMR (C,D,) spectrum of ~Pt(O~CH)~C~H~(CH*NMe~)~-~,o‘~] showed 
a well-defined pattern for the NCN’ ligand, viz. S(C,H,) 6.65 (m), 6(CH,) 3.23 (s) 
ppm with J(‘95Pt, ‘H) 49 Hz and S(NMe) 2.60 (s) with J(‘95Pt, ‘H) 39 Hz. In 
addition a signal was found at low field 6 9.78 ppm with J(‘95Pt, ‘H) 52 Hz, which 
is consistent with the presence of a M-O-C(H)=0 grouping. These data, which are 
consistent with those found for the analogous nickel compound [4], support the 
earlier conclusion (see discussion of the IR spectra) that the 0,CH group is 
oxygen-bonded as 0-C(=O)H to the platinum centre. 

The r3C NMR data (62.89 MHz, CDCI,) PtX{C~H~(CH~NMe~)~-o,o’}] (X = Cl, 
Br) and PtR{C,H,(CH2NMe,),- o,o’}] (R = aryl or C%CR) are given in Table 5. 
The 13C resonances of the platinum complexes at high field could be assigned to the 
carbon atoms of the CH,NMe, substituents. For compound 2 the CH, carbon 
atoms appeared as a singlet at 6 76.8, and the NMe, carbon also as a singlet at 6 
54.5. This pattern is consistent with a C, symmetry for the molecule. The t3C NMR 
spectrum of [Pt(o-tolyl){C,H,(CH,NMe,),- o,o’}], however, showed two signals for 
the NMe, carbon atoms at S 54.8 and 54.1 ppm, which indicates a non-equivalence 
of the methyl groups. This can be accounted for in terms of a structure for 
[Pt(o-tolyl){C~H~(CH~NMe~)~-o,o’~] involving restricted rotation of the o-tolyl 
group around its Pt-C(ipso) bond, which results in a non-equivalence of the space 
above and below the Pt-coordination plane (see also discussion of the lH NMR 
spectrum). 

The assignment of the remaining part of the 13C NMR spectra of 1,2 and 19-24 
was made by comparison of the data with those for the related aryl- and acetylide- 
platinum(H) complexes [31,32]. The orrho and C(ipso) carbon atoms in the tri- 
dentate ligand could be distinguished from the meta and para carbon atoms on the 
basis of their relative intensities. Further support for the assignments comes from 
the mag~tude of the J(‘95Pt, 13C) coupling constants, see Table 5. In the case of the 
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pura carbon, the values of J(“‘Pt, “C) were too small to be measured accuratei>. 
For 19-22 we could not unambiguously assign the signals of the two C( fjord ) atoms. 
but constancy of one signal ( - 172 ppm with J( 19’Pt. “C”) - 585 I-17) strongi? 
suggests that that this is associated with the in\,ariani tridentatc ligand, and it ha.s 
been so assigned in Table 5. 

The 13C NMR data reveal that the ligand furls to the aryl mc,iety of the 
tridentate ligand has a relatively large influence on its I7 c‘( rpsn ) c:iirn~icai shift. the 
values of 6 ranging from 144.5 to 172 ppm. The shieldings of the WY/W, r?rerrr and 
pura carbons of the ar>i moiety change within much smaller ranges (liz.. 8 
142.7--145.1 (m-rho). 11X.6 118.1 ( rnrru). 122.6 122.4 ppm ( pci’w 1). Similar scnsitiv- 
ity to the truns X group is found when the .l(‘45Pt, ’ ‘C) coupling constants of the 
tridentate l&and signals are compared. The J( loiPt. “C) of C‘(~J~,W~ spana the range 
587.-1002 Hz. whereas for the or&. mrt~a and pm carbon atoms there are much 

smaller ranges of 54--77 Hz (‘J(‘“‘Pt. “C)) and 16 35 Hz (i./(“)‘Pt. ‘-‘c‘)). rcspec- 
tively. Such a tram influence on the 17C chemical shifts ha> been observed for other 
arylplatinum and methylplatinum complexes 1321. 

The value of .1(lq5Pt, I’(‘) of 1000 Hz found for [PtXjC,H,(CI-IINILlez),-o.o’}J 
(X = Br. Cl) is relatively high (cf. this couplin, 0 in trcltl.c-[Pt(Ar\il)(As(Me);),Cl] of 
X58 Hz 1311). This suggests the presence of an arylLplatinum ‘i; in&t-action. which 
may contribute to the P--C bonding. Support for this view cc,meh from the 
ultraviolet photoelectron spectra of a series of [MX{C,>H,(C’H ,NMe, ) .-0.0 )] com- 
plexes (M = Ni, Pd. Pt: X = Cl. Br, I) [13]. It was observed tkt ~ikr.~z iri a strong 
interaction between the 7: levels on the phenyl part of the tridentate ligand and 
metal d-orbitals. The fact that the plane of the aryl rin, 0 and the metal cL>ordination 
plane are close to coplanar is important. beca~~sc this allows mixing of the filled 
Pt-d,, with the empty VT* orbit& on the aryl ring. Recently. a value of J(‘“‘Pt. 
“3C(ipso) of 1174. 5 Hz [70] was reported for the rigid quare-planar complex 
cis-bis(2-phenylpyridine)platinum(II). It is noteworthy that in this complex the 
plane of the aryl ring is also coplanar with the platinum coordination plane. 

For the truns-diorganopiatinum(I1) compleses 19 -22 values of J( ‘“‘Pt. “C( ipso)) 
are much lower. This may be the result of the stronger mm influence of the second 
aryl group compared with those of the halide ligands in I and 2. 
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