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Abstract 

The 4-, 5- and 6-coordinate complexes [( q-l-EtOOCC,H,)Pd(tmeda)lBF,, [(q-l- 
EtOOCC,H,)Pd( q-C,H,)] and [(q-l-EtOOCC,H,)RuCl(-&H~)] have been pre- 
pared and characterised, and a crystallographic study of the first undertaken. 
Crystals are triclinic, Pbacl, with two ion pairs in a cell of dimensions a 7.3076(23), 

b 8.0643(23), c 15.632(4) A, (Y 89.255(22), p 78.834(22) and y 76.812(20) o at 185 K. 
Using 4429 observed data the structure has been refined to R = 0.0452, and reveals 
asymmetry in the Pd-ally1 bonding such that the substituted carbon atom is nearer 
to the me_tal, Pd-C(1) 2.124(4) A, than is the unsubstituted ally1 terminus, Pd-C(3) 
2.131(4) A. To emphasize the significance of this unusual result the structure of the 
dimeric precursor [(q-l-EtOOCCsH,)PdC1]2 has been determined. At 291 K one 
molecule of the dimer crystallises in space group Pbarl in a cell of dimensions a 

4.9800(18), b 6.174(3), c 14.080(3) A, (Y 86.25(3), /I 80.84(3) and y 89.44(4)“ (C; 
symmetry imposed). The model has been refined to R = 0.0499 for 2239 observed 
data. In the dimer Pd-C(1) is 2.100(7), Pd-C(3) 2.131(8) A. 

Introduction 

In the first paper of this series [l] we outlined the necessary requirements for a 
systematic study of asymmetrically bonded v-ligands, and reported three crystal 

* For part I see ref. 1. 
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structures of (q-I-PhC,H,) complexes in which the substituted allylic carbon atom 
was significantly further from the metal (hinged away) than was the other terminal 
carbon. From an analysis of the contacts within and between molecules we 
concluded, certainly for [( y-C,Hs)Pd( q-1 -PhC, H, )] and probahl\, for j ( ?I- l- 
PhC,H,)Pd(tmeda)]BF,, that the asymmetric metal-ally1 hondlng uas clectroni- 
tally induced and not simply a consequence of the bulk of the phenyi subslituent. 

With the implication that the electronic properties of the substituentb terminal to 
the ally1 ligand are in some way responsible for its asymmetric eaordinatlon 1%~ lzavc 
attempted to extend our studies to complexes with ally1 ligands containing electroni- 
cally diverse substituents. Herein we describe the syntheses of three ethoxycarbonyl- 
ally1 complexes, an accurate. low-temperature structural study of [( 1~-i-P:10Oc‘- 
C,H,)Pd(tmeda)]BF, and the room temperature molecular structure of the known 
dimeric species [(~-1-EtOOCC’,H4!PdC1]_. 

Experimental 

Syntheses 

Schlenk tube techniques were used throughout. The solvents were thoroughly 
dried and distilled under nitrogen, and degassed before use. The complexe:, [(7-l- 
EtOOCC,H,)PdCl], [2] (1) and [(q-C,H,)RuCl,], [3] were prepared by literature 
methods. ‘H NMR spectra were run on Bruker WPROSY and WP2OOSY spectrome- 
ters, chemical shifts being referenced with respect to those of residual solvent 
protons known relative to SiMeb, positive shifts to high frequency. IR spectra were 
recorded on a Perkin-Elmer 598 spectrophotometer, either as a lieat liquid or as 
KBr discs, and melting points, where given, were measured m sealed. evacuated 
tubes on a Kofler hot stage microscope. C. H, and \i microanalyses were dr- 
ternlined by the departmental service. 

Synthesis of [(rl-I-EtOOCC,Ii,)Pd(trnedu)JB~~ (2) 
In the procedure described by Schrock and &born [4], solid AgBE-, (0.19 g. 1 

mmol) was added to a solution of 1 (0.255 g, 0.5 mmol) in CH,Cl L (1CJ ml). and 
after ca. 5 min stirring at room temperature tmeda (I.5 mi, 1 mmol) ~ttas added. 
After ca. 1 min the mixture was filtered and the residue of 4gCl washed with 
CH,Cl, (2 x 5 ml). Addition of Et20 (ca. 100 ml) to the combined filtrate and 
washings gives [(q-l-EtOOCC~H,)Pd(tmeda)]BF~ (2) as a white solid Thi:, was 
recrystallised from Me2CO/Et,0 (l/3 solvent diffusion at -- 30 * Cj to give dlffrac- 
tion quality crystals; yield 0.35 g, 83%: (Found: (‘. 34.1: W. 0.1: K’. 6.8. 
C,,H,,BF,N,Pd talc.: C, 34.1, H, 6.0; N, 6.6%): rn.p_ 124- 126°C: ~~~~~~~~ (KBr disc) 
at 2985, 2900, 1704, 1600. 1510. 1465. 1365, 1313, I280: 2248. 1155. 1040hr. 955. 
865, 805 and 770 crn.~‘. ‘H NMR spectrum [(CD,j:CO. 298 K]: fi 1.3ljt. 7.1 Hz. 
3H, CH,CH,, 2.66(s, 3H, MeNj. 2.92(s, 3H. MeN). 2.9-~.~,2(m. 4H. --CH--C’H, -J. 
3.06(s, 3H, MeNj, 3.12(s, 3H, MeN), 3.70(d, 13.3 Hz, IH, H3a). ?.72(d. 10.3 HL. 1H. 
Hla), 4.25(q, 7.1 Hz, 211. CH:CH, ). 4.27(d, 7.5 Hz. IH. I-Us) and h.27(d of d c>f’ d. 
73.3, 10.3, 7.5 Hz, lH, H2s) ppm. 

Synthesis of [(~-l-EtOOCC_I H,)Pd(q-C1,H,)] (3) 

111 an established procedure 151, a thf solution of Na[C,HiJ (5.0 ml, 0.2 M) uas 
added to a solution of 1 (0.25 g. 0.5 mmol) in thf. After IO min stirring the solution 



405 

was concentrated to ca. 5 ml and the residue distilled (50 o C, 0.1 Torr) on to a cold 
finger (-78°C) to afford [(q-l-EtOOCC,H,)Pd(n-C,H,)I (3) as a deep red-purple 
viscous liquid; yield 0.15 g, 53%; vmax (neat) at 3068, 3043, 2986, 2925, 2900, 2867, 
1710, 1638sh, 1613, 1477, 1463, 1441, 1388, 1365, 1340, 1306, 1265, 1252, 1217, 
1183, 1156, 1096, 1046, 1014, 982, 917, 864, 833, 771 and 735 cm-‘. ‘H NMR 
spectrum (CDCl,, 298 K): 6 1.26(t, 7.1 Hz, 3H, CHsCH,), 2.49(d of d, 11.4, 0.9 Hz, 
lH, H3a), 3.17(d, 9.3 Hz, lH, Hla), 3.74(d, 6.5 Hz, lH, HIS), 4.15(q, 7.1 Hz, 2H, 
CH,CH,), 5.73(2, 5H, C,H,) and 5.79(d of d of d, 11.4, 9.3, 6.5 Hz, lH, H2s) ppm. 

Synthesis of [(a-l -EtOOCC,H,)HgCI] (4) 
The procedure described by Nesmeyanov et al. [6] was used. A solution of 1 (0.51 

g, 1 mmol) in benzene (10 ml) was stirred vigorously with metallic mercury (10 g) 
for 1 h, after which the yellow colour had faded. The solution was decanted off and 
the mercury washed with benzene (2 x 5 ml). The combined solution and washings 
were evaporated to dryness in vacua to afford the white solid [(a-l- 
EtOOCC,H,)HgCl] (4); yield 0.32 g (92%); m.p. 88-90 o C; vmax (KBr disc) at 2953, 
2910, 2850, 1702, 1623, 1467, 1446, 1388, 1363, 1318, 1198 and 1120 cm-‘. ‘H 
NMR spectrum (C,D,, 298 K): S l.O4(t, 7.1 Hz, 3H, CHsCH,), 1.33(d of d plus 

sat., 9.0,l.l Hz, J(H-Hg) 142 Hz, 2H, -CH,-HgCl), 4.08(q, 7.1 Hz, 2H, CHzCH,), 
5.48(d of t, 15.3, 1.1 Hz, lH, EtOOC-CH=CH-) and 6.62(d of t, 15.3, 9.0 Hz, lH, 
-CH=CH-CH,-) ppm. 

Synthesis of [(q-l -EtOOCC, H,)RuCl(q-C, H6)] (5) 
A solution of 4 (0.35 g, 1 mmol) in MeOH (10 ml) was added to a suspension of 

[(n-CgH6)R~C12]2 (0.25 g, 0.5 mmol) in MeOH/H,O (100 ml, 10/l) and the 
mixture was stirred for 16 h, as described by Nesmeyanov and Rubezhov [7]. The 
solution was then filtered and diluted with H,O (250 ml), and the product was 
extracted with CH,Cl, (5 x 50 ml). The extracts were dried over MgSO, then 

evaporated under reduced pressure. The residue was recrystallised from CH,Cl,/ 
n-hexane (l/3, solvent diffusion) to afford orange crystals of [(n-l-EtOOCC,H,)- 

RuCl(n-C6H6)] (5): yield 0.18 g, 55%; (Found: C, 44.2; H, 4.6. C,,H,,ClO,Ru 
talc.: C, 44.0; H, 4.6%); m.p. 210° C (dec.); vmax (KBr disc) at 3040, 2945, 2905, 
2853, 1675, 1487, 1433, 1364, 1300, 1215, 1145, 1047, 916, 868, 849 and 805 cm-‘. 
‘H NMR spectrum [(CD,),CO, 298 K]: S 1.25(t, 7 Hz, 3H, CHJH,), 2.32(d, 12 
Hz, lH, H3a), 2.37(d, 8 Hz, lH, HIS), 2.87(d, 10 Hz, lH, Hla), 4.21(q, 7 Hz, 2H, 
CHJH,), 5.12(d of d of d, 12, 10, 8 Hz, IH, H2s) and 5.60(s, 6H, C,H,) ppm. 

Crystallographic studies 
Complex 3 is a liquid at ambient temperature, and appears to freeze between 

- 20 and - 30 o C at 1 atm, since solid rapidly melts on removal from a freezer kept 
at - 30 o C. Although techniques for in situ crystal growth and low temperature 
X-ray diffraction are well developed at Edinburgh [8], we have not yet attempted to 
study 3 by this method. 

Crystals of 5 showed very poor optical properties under a polarising microscope, 
and did not yield discrete spots on a Weissenberg camera. No better crystals could 
be grown by numerous recrystallisations from a variety of solvents or solvent 

mixtures. 
In contrast, 1 and 2 form as well-developed single crystals, the former being 
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Table 1 

Crystallographic data for 1 and 2 
- ~____---- ___-~--.. ~--“_-_---l 

1 2 
ll__l__l 

Formula 

Mo1.w. 

Crystal size (mm) 

system 

Space group 

Temperature (K\ 

D $1 

h (A) 

c’ (A, 

ato) 

P(“) 

Yf”i 

I/ (‘&+j 

% 

U, tgcmU3) 
F(O’W 
~(Mo-~~~(cm~.‘) 
0 range for setting angles ( ’ ) 
@ range for data ( Of 

Sean speed range ( ’ min‘* ’ ) 
Reflections measured 

Total data 

Unique data 
H merge 

X-ray exposure(h) 

Data with F > 2.00(F) 

R 

u il allyi-II (I?) 

L’ metb~lene-~ (A’ j 

R,' 
s ii 

No. variables 

.Max. residual peak (ek-“) 

Min. residual trough (e,&- 3, 

Ci,H,,CI,OPd, 
510.0 

0.4x0.2x0.2 

triclinic 

Pi 

2Y7 i I 

4.9~~0(~~} 

6.17Jf3j 

14.080(3) 

8x5.25(3) 

SO.W(3) 

89.44J4) 

424.6 

I 
I.994 
:41: 
24.7 6 

14.0.-20.0 

1 .O- 30.0 

1.03-3.30 

t h_i;k+_l 

2607 

2440 

0.0166 

5.5 

2239 

0.00029 

0.08 

0.0499 

0.0582 

1.7051 

124 

1.55 

-. i.68 
~-. --.-_._ _--- --- 

” The isotropic temperature factor defined as expf - 8a2U(sin2B)/h2]. h R = ix} I-;_ - ; I-[ j/ i.YfJ, 
( R,=[Z’,$?lf;,- ~~;~~~,/&F;f]“‘,d S is the e.s.d. of an obserwtion of WI! wzighr. 

obtained by solvent diffusion ~C~~C~~/n-hexa~e, l/3, - 30°C). A single crystal of 
1 was glued to a thin glass fibre, whilst a specimen of 2 was sealed under N, in a 
Lindemann capillary with low temperature epoxy-resin adhesive. LFnit-cell dimen- 
sions were determined on an ~nraf-Nonius CAD4 ~~iffract~~~~~t~r bj the kast- 
squares refinement of 25 centred angles measured using grap~litc-mnnochrornated 
MO-K, radiation, h 0.71069 a. Table 1 lists crystal parameters, details c>f intensity 
data collection, and information relating to structure solution and refinement. 

In both cases data were collected by (1:: 28 scans in 96 steps ! w scan width 
0.8 i- 0.35 tan 8) at variable speeds dependent upon an initial prcscan. Constant 



remonitoring of check reflections ultimately revealed no significant movement or 
decay. Data from 2 were not corrected for X-ray absorption; those from 1 were 
corrected empirically [9] after isotropic convergence. After merging equivalent 
reflections, only those with F > 2.0a(F) were retained for structure solution and 

refinement. In both cases the centrosymmetric space group Pbarl was confirmed by 
successful refinement [for 1 the disordered model in Burl is preferred [lo] to an 
ordered one in Pl]. 

The structures were solved by Patterson (Pd. Cl) and iterative full-matrix 
least-squares refinement (on F) and AF syntheses. Data were weighted according 
to w-i - - [a*(F) + gF2]. Allylic H atoms were located from AF maps and position- 
ally refined, freely for 2 but with a common C-H distance (0.98(4) A at conver- 
gence) for 1. For 2 all other H atoms were set in idealised positions, riding on their 
respective C atom with C-H 1.08 A. For 1 the Et00 fragment is equally disordered 
over two sites. Like bond distances were restrained to the same values under 
refinement, converging at 1.195(15) A (C=O), 1.348(13) A (C-OEt), 1.469(17) A 
(0-C,H,) and 1.40(3) A (C-C). 

Refinements were cycled to convergence, and final A F maps were computed with 

all data. Programs and packages used were SHELX76 [ll], XANADU [12], CALC 
[13] and XRAY76 [14] for solution, refinement and molecular geometry calcula- 
tions, and ORTEP-II [15] and SCHAKAL [16] for plotting, all implemented on the 
Edinburgh Regional Computer Centre ICL 2972 computer. For Pd, coefficients for 
an analytical form of the scattering curve were taken from ref. 17, whilst inlaid [ll] 
neutral atom scattering factors were used for all other atoms. Refined positional 
parameters of 1 and 2 are listed in Table 2 and Table 3, respectively. Tables of 
thermal parameters, least-squares planes (for 2) significant non-bonded contacts 
(for 2), and lists of observed and calculated structure factors are available from the 

authors. 

Table 2 

Fractional coordinates of refined atoms in 1 

Atom x Y z 

Pd 0.22858(7) 0.13133(5) 0.41209(3) 

Cl 0.0527(4) 0.1853(3) 0.57711(12) 

C(1) 0.4339(U) 0.1244(12) 0.2700(5) 

C(2) 0.4216(15) 0.3395(11) 0.2985(5) 

C(3) 0.5260(15) 0.3836(12) 0.3809(6) 

C(4) 0.2652(18) 0.0597(13) 0.1984(5) 

O(l) 0.133(7) 0.178(4) 0.154(3) 

O(2) 0.357(6) - 0.135(3) 0.1695(21) 

C(5) 0.226(7) - 0.226(5) 0.095(3) 

C(6) - 0.041(7) - 0.291(5) 0.1321(20) 

00’) 0.091(5) 0.179(4) 0.176(3) 

O(2’) 0.276(6) -0.1571(19) 0.1873(17) 

C(5’) 0.112(5) - 0.238(3) 0.1190(15) 

C(6’) 0.269(6) - 0.288(6) 0.0314(23) 

Wl2) 0.600(11) 0.044(10) 0.279(5) 

W31) 0.478(15) 0.535(7) 0.394(5) 

w32) 0.673(12) 0.284(9) 0.393(5) 

W21) 0.312(13) 0.457(9) 0.274(5) 
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‘Table 3 

Fractmnnl coordinates of atom5 in 2 

Pd 

(‘(1) 
c‘(2) 

c‘(3) 

(‘(4) 
C‘(5) 

C(h) 

(I( 1) 
O(2) 
N(1) 
N(7J 

C(7) 
C’(8) 

c‘(9) 
(‘(10) 
c‘(11) 

(‘(I?) 

H 

F( 1) 

F(2) 
F(3) 

F(4) 

Ht 12) 
H(21) 

H(31) 

H(32) 

H(51) 

l-1(52) 

H(61) 

fi(62, 

H(M) 

H(71) 

F-1(72) 

H(Xi 1 

H(82) 

H(91) 
H(Y2) 

H(93) 

H(101) 

H( 102) 

H( 103) 

fI(111) 

H(I11) 

H( 113) 

H(121) 
H(122) 

l-1(121) 

- 
0.12041(4) 

0.106?(7) 
-. 0.0598(7) 

.- O.O.346( 8) 

0.0899(h) 

0.2658(7) 

0.4h72(10) 
-O.O5h2(5) 

0.259X4) 

0.1267(5) 

f).304Y(5) 

0.215X(13) 

0.3684(10) 

0.2307(9) 

0.0043( 8) 

0.4805(h) 

0.20hO17~ 

mhh?Y( 10) 

0.5947(6) 

0.75X5(X) 

0.7548( 17) 

0.5153( I’) 

U.2.wY) 
--(J.21 1(9) 

-1l.l26(9i 

0.133(91 

O.iPX2 

O.X?5 

0.3517 

0.495Y 
0.5847 

0.1069 

0.2715 

0.3846 

(I.41 S? 

0.3696 

0.23Y9 

0.12X6 

- 0.1237 

- 0.0530 

-0.1567 

u.4135 

0.5699 
0.5674 

0.0674 
0.2906 

0.1878 

0.16249(3) 

0.0791(5) 

0.0624(b) 

-0.032X(6) 

(! 199X(5, 

0.3038(7) 

L.2857( 10) 

0.2956(S) 

(,.1X60(4) 

G.1923(‘) 

0.3347(4) 

0.7399( 1 I) 
0.3416(9) 

0.0343( ‘I 1 
0 2412(7) 

11.77?0(? 

ii, WOO( 5 ) 
0 7441(T) 

0.6634(5 i 
0.6332t~h, 
U.R514( 14) 

0.X403( 10) 

~~ 0.02% 8) 

0.163(11, 

.- &029(8) 

-().144(XI 

0.?7!6 

0.433 I 
0 3012 
(!. ‘2W 
0.183 
0.4563 

II.3326 

0 2325 

0.4.570 

- 0.031 I 
0.0566 

- 0.043 I 
0.1 309 

0.1656 

0 3501 

0.2640 

0.363X 

0.1497 
0.5437 

0.5932 

0.4830 

Results and discussion 

Bridge cleav-age of [( ,q-l-EtOOCC,H,)PdCl], (1) with AgBF,,; tmeda or with 

Na[C,H,] has afforded the new complexes [(q-l-EtOOCC;H,~)Pd(tmeda)]BF, (2) 
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and [( n-l-EtOOCC,H,)Pd( q-C,H,)] (3) respectively, in moderate yields. The dimer 
is also cleaved by mercury to afford the u-bonded organomercury complex [(a-l- 
EtOOCC,H,)HgCl] (4) which acts as an efficient allylating agent in the synthesis 
of [(q-l-EtOOCC,H,)RuCl(~-C,H,)I (5) by bridge cleavage of [(n-C,H,)RuCl,],. 

Satisfactory elemental analyses were recorded for the solid a-bonded complexes 
2 and 5, and all new species show a characteristic C=O stretch in the IR spectrum at 

1700 + 25 cm-‘. ‘H NMR spectra of complexes 2, 3 and 5, with the allylic protons 
labelled as in the line diagram (6) are fully consistent with the presence of a 

H2s 

H3s X 

H3a Hm 

(6) 

1-syn-ethoxycarbonylallyl ligand. In the ‘H NMR spectrum of 4 satellites due to 
199Hg are clearly evident on the methylene signal, and the spectrum compares 
favourably with those of analogous u-bonded ally1 species [18]. 

Complexes 2, 3 and 5 satisfy the requirement [l] that an asymmetrically sub- 
stituted ally1 is bound to an otherwise symmetric metal fragment. Of these it has, 
unfortunately, been possible to study only 2 by a diffraction experiment, and, in 
keeping with the need for as accurate study as possible, this has been performed 
carefully, at low temperature, to a relatively high value of (sin 0)/x. 

The dimer 1 has been known for a considerable time [2] but has not before been 
studied crystallographically. Although, strictly, the molecular fragment opposite 
each ally1 ligand is not symmetric, (since it contains a deliberately asymmetric allyl) 
that portion of the molecule which constitutes the immediate metal coordination 
sphere is. Therefore we have also investigated 1 by a diffraction experiment. It has 
proved necessary to perform this at room temperature since cooling 1 to below ca. 
10 o C appears to cause a phase change which is accompanied by a severe reduction 
in crystal quality. 

A perspective view of a single cation of 2 is shown in Fig. 1, together with the 
atomic numbering scheme adopted. For comparative purposes numbering within the 
coordination sphere of the metal is the same as that [l] in the phenylallyl analogue 
[(n-l-PhC,H,)Pd(tmeda)lBF, (7). Interatomic distances and interbond angles are 
given in Table 4. 

A unit cell packing diagram is available from the authors. Anions and cations are 
reasonably well separated in the crystal, there being only four F - - - H contacts 
of possible importance, 2.31-2.45 A, all involving H atoms of the tmeda ligand. 

The PdNCCN cycle in 2 adopts the alternative skew conformation, relative to the 
substituted ally1 function, than it does in 7, with the CH,-CH, bond lying roughly 
parallel to C(l)-C(2). In 2 the disposition of the methylene carbon atoms with 
respect to the PdN, plane is quite regular, C(7) lying 0.30 A to one side and C(8) 
0.33 A to the other, but this is not the case in 7 (deviations of 0.51 and 0.18 A). The 
more symmetric arrangement in 2 evidently allows for a somewhat more compact 
tmeda ligand, since the N-Pd-N angles in the two complexes are identical to within 
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Table 4 

Interatomic distances (8) and interbond angles (O ) for 2 

Pd -A? 1) 

Pd-(‘(2) 

P&C(3) 

Pd--Nil i 

PDF-N(2) 

C‘(l)-C‘(2) 

C‘(Z) K(3) 

C( 1 )-C(4) 

C’(4,bO( 1) 
c‘(4)-O(2l 

(‘(5)-C(h) 

C(5,kO(2) 

C( 1 )- HI 12) 
<‘(2)bH(21) 

C(l)- Pd-C(2) 

C’(l)&Pd-C(3) 

C(l)--Pd-N(I) 

C’(l)-Pd.-N(Z) 

Ci2)-mPd-C(3) 

C(2)-f’d-N( I) 

C(Z)-P&?](2) 

C’(3)-P&N( I) 

(‘(3).-P&N(Z) 

N( l)-PDF-N(2) 

Pd-C’( 1 )&C(2) 

Pd -C( I )--C(4) 
(‘I ‘)- c‘( I )-C(4) 

PAC‘(Z)-(‘( I) 

Pd-C‘(2)pC(3) 
C(1 )-C(2)-C(3) 

PdmmC(3pT(2) 

C(l)-C(4)mo(1) 

C( 1 )&C(4) -O(2) 

O( 1 )-c‘(4)--O(2) 
C(h)p(‘(s)~m0(2) 

I’d-~C(I)-bH(12) 

IH(l?)-<‘(1)-C(?) 

t1(12)-mC‘(l)-C(4) 

I’&C(2)-H(21) 

C( 1 )-~C(2) mH(?l ) 
H(21 ,-C(2)-C(3) 

Pd.-C’(3)- H(31, 

Pd-C(3)-H(32) 

C(2)-C(3)- H(31) 

C(2)-C(3)-H(32) 

H(31 )-C‘(3)- F-1(32) 

C‘(S)- C(6)-H(61) 

c‘(5)-C(6)-mH(621 

2.124(4) 

2.128(4) 

2.i?l(4) 

2.125(!) 

:! lZ”i.ij 

1.40X(7) 
1 1xX(?) 

1.4M6) 

1.20416) 

1.32.h5j 

1.45x: I 1 ) 
I-46”‘< 0 , 

1.08(h) 

1.20(e) 

3X.hY( 18) 

68.3X19) 

167.541161 

106.(13( 1 i I 
38.03(2(l) 

133.34(171 

139.65(16J 

1(10.35(1X) 

l7I.x(lxl 

X4.67( !4) 

7O.S( 2) 
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H(U) 
O(1) 

H(61) 

Ht31) 

Fig. 1. Perspective view of the cation of [(q-l-EtOOCC,H,)Pd(tmeda)]BF, (2). 

1 e.s.d. yet the Pd-N distances in 2, internally equivalent, are ca. 0.01-0.02 A, 
shorter than those in 7. 

Parameters [/3, 7, a,, h, (i = l-3)] that describe the stereochemistry of a 
rr-bonded ally1 ligand have been described by others [19,20] and used by us in the 
previous paper in this series [l]. In 2 herein, r is 117.6” [identical to that in 71 and 
6, is 118.3” [120.5” in 71. The better agreement between T and 6, for 2 cf. 7 
suggests that in 2 the ally1 is bound more symmetrically across the metal coordina- 
tion plane, and this is confirmed by the similarity of h, and h?, 0.2315 and 0.2370 
A respectively (for completeness h, is -0.4056 A). These values in turn suggest 
little “rotation” of the ally1 about the Pd-ally1 axis, and consistent with this are the 
observations that the C-C ally1 bond lengths in 2 are more similar, 1.388(7) and 
1.408(7) A, than those in 7, and that the C(l)-C(2)-C(3) angle is less close to 120 “. 

The C(3)-H(32) bond appears to be abnormally long, 1.35(5) A, and we do not 
understand why. However, the elevation angles of the H atoms relative to the C, 
plane are as expected, with the SJVI H’s bent towards Pd, by 19.9” [H(21)] and 
15.0” [H(31)], and the anri H’s bent away, by 31.2” [H(12)] and 16.7O [H(32)]. 

In 2 the EtOOC substituent is oriented such that O(1) is syn to C(2) and 
C(5)-C(6) is roughly parallel to C(4)-O(2). There is a slight twist about the 
C(l)-C(4) bond (12.0”) such that O(1) is tilted towards, and O(2) away from, the 
palladium atom. There are no close interligand contacts within the cation, but O(1) 
and H(52) are involved in a doubly H-bonded cycle with each other across the 
inversion centre at (0 l/2 1) [0 - - - H 2.333(6) A, C=O - - - H 129.9(3)“, 
0 - - - H-C 175.8(6)“], and it is possible that this is at least partially responsible 
for the -C(l)-C(4)- torsion. 

The central ally1 carbon, C(2), is not nearer to the metal atom than the terminal 
carbons. This is reasonably unusual [19,20]; in other complexes where it has also 
been observed, e.g. [{Me,Ga(N,C,H,)(OCH,CH,NH,)}Mo(CO),(~-2-MeC,H,)1 
[21], [(+Z,H,)Mo(CO),(q-2-MeC,H,)] [22] and [(T&H,)Mo(RCN),{ V-RCN . 
C(CH2Bu’) . CNR}] (R = 2,6-Me&H,) [23] there is generally a substituent on C(2) 
which acts in a repulsive sense with other ligands. In 2 Pd-C(2) is the intermediate 

Pd-C distance. 
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Of considerable interest in a study of asymmetrically bonded T ligands is rhe 
observation that in 2 the carbon carrying the EtOOC’ substituent. C( 11. is actually 
closer to the metal atom, 2.174(Z) A, than is the other C terminus. C(3). 2.131(4) .A. 
resulting in an obtuse /? angle, 90.3”. We fully appreciate that the difference 
between the Pd-C( 1.3) lengths is not strictly statisticall>; significant. Nevertheless. 
we believe that this hingin, u towards metal of the substituted ,111yl ii rrlevan: for the 

following reasons: 
(i) Everything else being equal one might expect that intramolecular intrrligand 
contacts would cause hingin, 0 in the opposite direction. Although Fig. 2. :I space 

filling representation of the cation of 2. shows efficient pac.king of tmeda and 
EtOO<‘<‘zH,S ligands around the metal. calculation< weal n<: such l’ontacts within 
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Table 5 

Bond lengths (A) and interbond angles ( “) in 1 

Pd-Cl 
Pd-Cl’ 
Pd-C(1) 
Pd-C(2) 

Cl-Pd-Cl’ 
Cl-Pd-C(1) 
Cl-Pd-C(2) 
Cl-Pd-C(3) 
Cl’-Pd-C(1) 
Cl’-Pd-C(2) 
Cl’-Pd-C(3) 
C(l)-Pd-C(2) 
C(l)-Pd-C(3) 
C(2)-Pd-C(3) 
Pd-C(l)-C(2) 
Pd-C(l)-C(4) 
Pd-C(l)-H(12) 
C(2)-C(l)-C(4) 
C(2)-C(l)-H(12) 
C(4)-C(l)-H(12) 
Pd-C(Z)-C(1) 
Pd-C(2)-C(3) 
Pd-C(2)-H(21) 

2.3922(18) 
2.3917(18) 
2.100(7) 
2.095(7) 

88.85(6) 
170.02(20) 
132.79(20) 
101.05(21) 
100.88(20) 
134.64(20) 
169.09(21) 

39.1(3) 
69.1(3) 
38.3(3) 
70.2(4) 

115.2(5) 
102.3(38) 
119.6(7) 
115.6(38) 
120.6(38) 

70.6(4) 
72.2(4) 

117.1(38) 

Pd-C(3) 
C(l)-C(2) 
C(l)-C(4) 
C(2)-C(3) 

C(l)-C(2)-C(3) 
C(l)-C(2)-H(21) 
C(3)-C(2)-H(21) 
Pd-C(3)-C(2) 
Pd-C(3)-H(31) 
Pd-C(3)-H(32) 
C(2)-C(3)-H(31) 
C(2)-C(3)-H(32) 
H(31)-C(3)-H(32) 
C(l)-C(4)-O(1) 
C(l)-C(4)-O( 2) 
C(l)-C(4)-O(1’) 
C(l)-C(4)-0(2’) 
O(l)-C(4)-O(2) 
O(l’)-C(4)-O(2’) 
C(4)-0(2)-C(5) 
O(2)-C(5)-C(6) 
C(4)-0(2’)-C(5’) 
0(2’)-C(5’)-C(6’) 

2.131(8) 
1.405(10) 
1.486(11) 
1.388(11) 

118.4(7) 
125.9(38) 
114.4(38) 

69.4(4) 
121.0(40) 

92.5(39) 
106.5(40) 
112.5(39) 
135.7(55) 
126.4(18) 
106.9(13) 
120.3(16) 
112.1(11) 
123.5(21) 
124.8(19) 
116.0(23) 
110.5(27) 
116.2(18) 
112.9(22) 

the Van der Waals sums. 
(ii) Apart from F - - - H(tmeda), the only apparent intermolecular contacts are 
those of the H-bonded cycle involving O(1) - - - H(52), and H(63) to H(12) at 
(1 - x, y, 2 - z), 1.87(6) A. The direction of the 0 - - - H bond suggests that, if 
anything, these forces would lengthen Pd-C(1). The importance of the H - - - H 
contact is in some doubt since it is possibly only an artefact of an ill-defined C(6)H, 
function, treated as a rigid group in the X-ray study (H-C-H angles 109.47 o ), but 
refining to rather dubious C(S)-C(6)-H angles, 98.7, 90.4 and 136.6O to H(61), 
H(62) and H(63), respectively. 
(iii) The structural determination of the centrosymmetric dimer 1, Fig. 3, reveals 
hinging in the same sense. Although, as we have already pointed out, 1 is not a 
strictly valid example of a species with a symmetric non-ally1 ligand set, asymmetry 
in the metal-ally1 bonding is relevant to the structure of 2 because; (a) the two truns 
bonded ligands, Cl and Cl’, are equally bound to Pd; (b) the allylic conformation is 
the same as, and dimensions within the ally1 fragment are very similar to, those in 2; 
(c) there are no close intermolecular contacts in the crystal of 1. Molecular 
parameters for the dimer are listed in Table 5. Pd-C(1) is shorter than Pd-C(3) by 

0.031(11) A, i.e. A/a > 2.9. 
Thus, the implication that arises from the observed hinging of C(1) towards the 

metal atom in 1 and 2 is that the distortion is electronically induced. This 
phenomenon, together with the complimentary one of hinging of l-PhC,H, ligands 
in the opposite sense [l], will be the subject of a theoretical study in the third 
contribution in this series [24]. 
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