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Summary 

Seven new complexes of (q-l-Me-C,H,) and (q-l-Ph-C?H,) with symmetric 
metal ligand backbones have been synthesised and spectroscopically characterised. 
Crystals of three of them, [( q-l-Ph-C,H,)Pd(tmeda)]BF, (4) [( n-C,H,)Pd( q-l-Ph- 
C,H,)] (5), and [(phen)Mo(CO),(NCS)( q-l-Ph-C,H,)] *(8), were suitable for X-ray 
diffraction studies. 4 is or~orhombic, Pca2,, with four ion pairs in a cell of 
dimensions a 11.326(4), b 16.048(S), and c 9.950(3) A. Using 4431 data measured at 
185 K, R converged at 0.0311. Crystals of 5 are monoclinic, P2,/c, with a 
14.2255(19), b 5.8203(11), c 13.837(5) A, and /3 91.287(21”) at 185 K, 2 = 4. 3064 
amplitudes have been used to afford R = 0.0267. For 8 the monoclinic cell is a 
15.658(4), b 9.473(3), c 15.666(6) A, and p 113.95(3)“, P2,/a, 2 = 4. Low tempera- 
ture (185 K) data were collected, and 3734 used to refine the structure to R = 0.0362. 

The molecular structures of 4, 5, and 8 all reveal an n-I-s>>n-Ph-C,H, ligand that 
is asymmetrically bonded to the metal atom, such that M-C(l) > M-C(3). Analysis 
of intra- and intermolecular contacts strongly suggests that, at least for 5, the 
distortion in the metal-ally1 bonding is electronic in origin. 

Introduction 

Of the very many organometall~c reagents and intermediates that are of impor- 
tance in modern organic chemistry [1] n-ally1 transition metal complexes are of 
particular current interest [2,3]. Nucleophilic attack of a metal-ally1 complex, 

* tmeda = N,N,N’,N’-tetramethylethylenediamine, phen = l,lO-phenanthroline. 
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l-syn-ethoxycarbonylallyl ligands, and our attempt to understand the electronic 
origins of the observed asymmetries in metal-ally1 bonding by molecular orbital 
calculations at the extended Htickel level on model systems. 

Experimental 

Synthetic .studies 
All manipulations were carried out under an atmosphere of dry, oxygen-free 

nitrogen using standard Schlenk tube techniques, and all solvents were dried and 
distilled under nitrogen and deoxygenated immediately prior to use. Commercially 
available reagents were used as supplied, whilst others were prepared by standard 
literature methods. ‘H NMR spectra were recorded on Brucker WP8OSY, WP2OOSY, 
and WH360SY spectrometers, with chemical shifts referenced with respect to 
residual solvent protons relative to SiMe,, positive values to high frequency. IR 
spectra were measured as either KBr discs or CH,Cl, solutions on a Perkin-Elmer 
598 spectrophotometer. Melting points were recorded in sealed. 
Kofler hot stage microscope. Microanalyses were determined 
service. 

evacuated tubes on a 
by the departmental 

Bridge-cleavage reactions using AgBF, 
These reactions follow the method outlined by Schrock and Osborn [ 81. 

Synthesis of [(v-l -Me-C,H,)Pd(cod)]BF, * (1) 
To a solution of [(q-l-Me-C3H,)PdC1], (0.197 g, 0.5 mmol) in CH,Cl, (10 ml) 

was added solid AgBF, (0.19 g, 1 mmol). After stirring the mixture at room 
temperature for 5 min, cycle-octa-1,5-diene (0.12 ml, - 1 mmol) was also added. 
After a further 1 min the solution was filtered and the residue washed with CH,Cl, 
(2 x 5 ml). Addition of a large excess of Et 2O to the combined filtrate and washings 
afforded precipitation of [(TJ-~-M~-C,H,)P~(~~~)]BF~ (1) as a white, microcrystal- 
line solid. Recrystallisation by solvent diffusion (CH,Cl,/Et,O l/3 at - 3O’C) 
yielded diffraction-quality crystals; yield 0.29 g, 79%; (found: C, 40.0; H, 5.4. 
C,,H,,BF,Pd calcd.: C, 40.4; H, 5.4%); m.p. 168°C (dec.); v,,, (KBr disc) at 1950. 
1890, 1485, 1453, 1433, 1380, 1298, 1050br, 883, 850, 820, 760, 735, 695, 668, and 
524 cm-‘. ‘H NMR spectrum (CDCl,, room temperature): 6 1.77 (d, 6.3 Hz, 3H, 
CH,), 2.2-2.8 [m br, 8H, CH,(cod)], 3.60 (d, 13.0 Hz, lH, H(3a)), 4.67 (d, 6.6 Hz, 
lH, H(3s)), 4.87 (d of t, 6.3, 12.6 Hz, lH, H(la)), 5.4-5.6 [m br, lH, CH(cod)], 5.94 
(d of d of d, 13.0, 12.6, 6.3 Hz, lH, H(2s)), and 6.1-6.3 [m br, 3H, CH(cod)] ppm. 

Synthesis of [(q-I-Ph-C3H4)Pd(cod)]BF4 (2) 
By an analogous method to that affording 1 was synthesised [(q-1-Ph- 

C,H,)Pd(cod)]BF, (2), as its ca. O.SCH,Cl, solvate (as evidenced by microanalysis 
and NMR spectrum); white crystals; yield 0.30 g, 74%; (found: C, 46.6; H, 4.8. 
C,,H,,BF,Pd . O.SCH,Cl, calcd.: C, 45.6; H, 4.8%); m.p. 121°C; v,,, (KBr disc) at 
3010, 2935, 2890, 1515, 1490,1462, 1431, 1103, 1050br, 875, 757, and 686 cm-‘. ‘H 
NMR spectrum [(CD,),CO, 193 K]: 6 2.2-2.8 [m br, 8H, CH, (cod)], 3.86 (d, 13.0 
Hz, lH, H(3a)), 4.4-4.5 [m br, lH, CH (cod)], 5.05 (d, 7.3 Hz, lH, H(3s)), 5.79 (d, 

* cod = cycle-octa-1,Sdiene. 
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12.6 Hz, lH, H(la)). 5.80 (5. 1H. O.SCFI,Cl,), 6.3- 6.4 [m hr. ?H. C‘H (cod)]. 0.94 tci 
of d of d. 7.3. 12.6, 13.0 Hz. IH. H(2s)). and 7.4-7.9 (tn. SH. (“,,H.) ppm. 

$,xthc.cis of ((~-I-MC-(‘; H_,)f’d(~tmd~~~JBF~ (31 
The preparation of this complex has been reported pre\ionaly 191. In our hands an 

85’? yield was achieved. The complex ~~a.4 characteri>rd h> cc~mparison of it., ‘H 
NMR spectrum with that reported. 

A similar procedure to that used above \vas employed to synthesise [(q-l-F%- 
C‘,~-I,)Pditmeda)]HF, (4). as pale yellow crystals; yield 0.34 g. X0’;: (found: c. 43.1: 
H. 5.7: N. 6.X. C‘,~H,,BF,N>Pd calcd.: (‘. 42.1; 1-l. 5.9: N. 6.0:;): m.p. 164°C‘: 13 ,,,,,\ 
(KBr disc) at 3010. 7965, 2910. 1490. 1465. 1285. IOSObr. 950. 800. and 765 cm ‘. 
‘Ii NMR spectrum [(CD, ),CO. room temperature]: h‘ l.XX (.<. 7H. Me?l). 2.59 (Y 
3H. MeN). 2.6.-2.9 (m. 4H. CH,CH,). 1.X7 (s. ?H. MeN). 3.06 (5. ?k1. .llc?;). 3.36 td 
of d of d, 13.3. ( 1.0. i I.0 fIz. IH. H(3a)). 4.03 (d. 6.7 Hz.. 1H. H(?s)). 4.64 (d. 
11.X Hz. 1H. H(la)). 6.35 id of d of d. 12.3. 17.8. 6.7 Hz. IH. H(7>),. and ‘.75 -7.75 
(m, 5H. C,H, ) ppm. 

Synthesis of((q-CiH.FiPri(rl-I-Ph-C,H,)J (5) 
Following the method of Robinson and Shaw [lo]. solutions in thf of [(a-l-Ph- 

C,H,)PdCl], (0.25 g, 0.5 mmol) and Na[C,HS] (5.0 ml. 0.2 Lllr) lvere mixed. After 
stirring for 10 min the solvent was removed in vacua and the red residue extracted 
with hexane (20 ml). Cooling to - 30°C depoaited red crystals of [(a-C,H;)Pd(q-l- 
Ph-C?H,)] (5): yield 0.21 g. 73%: (found: C, 58.4: H. 5.1. C,,H,,Pd c&d.: C. 58.2; 
H, 4.9%); m.p. 50°C; v,,,,, (KBr disc) at 3040, 3010, 2910. 2840. 1593. 1480. 1449sh. 
1425, 1402. 1330. 1272, 1229, 1174, 1154sh. 1102. 1068. 1043. 100X. 979. 943. 318. 
907. 863, 830. 806. 753. 691. 614, 590, 582. 528, and 436 cm i, ‘H NMR bpectrum 
[(CD3 ),CO, room temperature]: S 2.35 (d of d. 10.6. 0.9 HI. 1H. H(3a)). 3.60 (d. 6.1 
Hz, lH, H(3s)). 4.14 id, 10.8 Hz, 1H. H(la)), 5.55 (d of d of d. !O.E. 10.6. 6.1 Hz. 
1H. H(2s)), 5.56 (5. 5H. C,H.). and 7.17.. 7.58 (m. 5M. C‘,H, 1 ppm 

The synthesis of this complex follo\vs the route established by Hay&r [ 111. Thus. 
a buspension of Mo(C‘O),. ( I.31 g, 5 mmoi) \vas refluxed in YleCN (20 ml) until it nc: 
longer sublimed out elf solution (approx. 2 11). The rehulting yellow solution \\‘a4 
cooled to room temperature and cinnamylchloride ( 1 .-1 ml. 7.5 mmoI) .lcldd. 
Refiuxing the mixture for a further 1X h yielded a red \nlution which. upon removal 
of solvent in vacua and uashing with Et-0 (10 ml) afforded 1.X g (92’;) of crude 
[Mo(CO)L(MeCN),(C1)( q-I-Ph-C,H,)]. ?<o a suspznsiotl of th13 (0.7X g. 2 mmol) in 
thf (20 ml) was added a freshly prepared solution of Li[C‘,H,] in thf (10 ml. 0.7 .1f i. 
and the mixture \r,as stirred for 16 h at room temperature. -I he \olution :\;I\ 
concentrated to ca. 5 ml and loaded onto an alumina column (2.5 b< 15 cm. 
Brockman Activity II). Elutlc>n with pentane afforded a !ell~~ hand. Removal 01 
solvent in vacua and slow evaporation of a 3,/ I Et ,O/,heptanc >olutian yielded 
yellow crystals of [( ?I-C’,H,)~~I~(C‘O),(~~-~-P~-C~H~~] (6); !izld ~.4c1 p* 7.35: (found: 
C. 57.3: H, 4.1. C,,H;,MoC), caicd.: c‘. 57.7; H. 3.1(;): 1tr.p. nc’t recorded: I’,,~,,, 
(CO) (CH,Cl_ solution) at 1940 and 1862 cm ‘, ‘tf UMR 3pccrrurii J(C’D~),C‘O. 
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room temperature]: 6 0.9 (d br, 10 Hz, lH, H(3a)). 2.48 (d, 10.4 Hz, lH, H(la)). 2.84 
(d, 7.2 Hz, lH, H(3s)), 5.13 (d of d of d. 10.0. 10.4, 7.2 Hz, 1H. H(2s)), 5.32 (s, 5H. 
C,H,), and 7.1-7.5 (m, 5H, C,H,) ppm. 

Synthesis of complexes [(L2)Mo(CO)JNCS)(q-1 -Ph-C, H4)] 
The experimental procedure has been established by Hull and Stiddard [12]. 
(u) L2 = bipy *. To a solution of [Mo(bipy)(CO),] (0.36 g, 1 mmol) in thf (20 ml) 

was added cinnamylchloride (2 ml) and the mixture refluxed for 2 h. The resulting 
brown precipitate of [(bipy)Mo(CO),(Cl)( q-l-Ph-C,H,)] was filtered off and washed 
with thf (10 ml). To a suspension of it in Me,CO was added KNCS (0.1 g, 1 mmol), 
and the mixture refluxed for 3 h. The resulting solution was filtered, added to H,O 
(200 ml). and extracted with CH,Cl, (4 X 50 ml). Extracts were dried over MgSO,, 
the solvent removed under reduced pressure, and the residue recrystallised from 
CH,Cl,/hexane to afford purple microcrystals of [(bipy)Mo(CO),(NCS)(q-1-Ph- 
C,H,)] (7); yield 0.37 g, 78%; (found: C, 54.4; H, 3.6; N, 8.9. C,,H,,MoN,O,S 
calcd.: C, 54.7; H, 3.5; N, 8.7%); m.p. not recorded; vmax (CH,Cl, solution) at 2090 
(NC), 1950 (CO), 1865 (CO), and 825 (CS) cm-‘. ‘H NMR spectrum [(CD,),CO, 
room temperature]: S 1.57 (d of d, 8.8, 1.9 Hz, lH, H(la)), 3.23 (d, 10.9 Hz, lH, 
H(3a)), 3.43 (d of d, 6.6, 1.9 Hz, lH, H(3s)), 4.14 (d of d of d, 6.6, 8.8, 10.9 Hz, lH, 
H(2s)), 6.85-7.25 (m, 5H, C,H,), and 7.47-8.90 (m, 8H, bipy) ppm, 

(b) L, = phen. Similarly, from [Mo(phen)(CO),] was synthesised mauve crystals 
of [(phen)Mo(CO),(NCS)(77_1-Ph-C,H,)I (8); yield 0.45 g, 89%; (found: C, 56.6; H, 
3.7; N, 8.2. C,,H,,MoN,O,S calcd.: C, 56.8; H, 3.3; N, 8.3%); m.p. not recorded; 
vmax (CH,Cl, solution) at 2087 (NC), 1949 (CO), 1864 (CO), and 845 (CS) cm-‘. ‘H 
NMR spectrum [(CD,),CO, room temperature]: 6 1.68 (d of d, 9.0, 1.8 Hz, lH, 
H(la)), 3.30 (d, 10.2, lH, H(3a)), 3.64 (d of d, 6.7, 1.8 Hz, lH, H(3s)), 4.16 (d of d of 
d, 6.7, 9.0, 10.2 Hz, lH, H(2s)), 7.2-7.5 (m, 5H, C6H,), and 7.8-9.9 (m, 8H, phen) 
ppm. 

Preliminary crystallographic studies 
Single crystals were either glued to a thin glass fibre, or sealed under N, inside a 

Lindemann capillary, using low temperature epoxy resin adhesive. Preliminary data 
were obtained using Cu-K, X-radiation and a Weissenberg goniometer. 
(1) Orthorhombic, a 8.6, b 14.9, c 10.9 A, U 1390 A3. D, 1.64 g crne3 for 2 = 4. 
Space group Cmc2, (g-fold), Cmc2 ** (g-fold) or Cmcm (16-fold). Structure must be 
disordered. 
(2) Poorly formed crystals which rapidly turn opaque at room temperature (solvent 
loss?). The use of alternative solvents afforded no improvement in crystal quality. 
(3) Body-centred tetragonal lattice, U 780 _k3. D, 1.55 g cme3 for 2 = 2. Structure 
must be disordered. 
(4) Primitive orthorhombic lattice, U 1810 A3. D, 1.56 g cme3 for Z = 4. Space 
group Pca2, (Cfold) or Pcam (g-fold). Data collection pursued. 
(5) Primitive monoclinic lattice, U 1160 A3. D, 1.67 g cmp3 for Z = 4. Space group 
P2,/c (6fold). Data collection pursued. 

* bipy = 2,2’-bipyridyl. 
** non-standard setting of Ama2. 
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(6) Very thin plates with poor optical properties (polarising microscope). Highly 
soluble in adhesive. 
(7) Microcrystalline. 
(8) Primitive monoclinic lattice. (’ 2200 A’. D, 1.53 g cm ’ E!N % = 4. Space group 
P~,/u * (4-fold), Data collection pursued. 

All crystal data are at 185 t 1 K. 
((n-1 -Ph-C, H, )Pdtmedu~]BFJ (4) 

Ct;vstui dutu. C,,H2)BFJS,Pd, M = 426.5. Orthorhomhic, (I 11.326(4~, 0 
16.048(5). c 9.950(3) A. C’ 1808.6 A3 (by least-squares refinement on ‘5 automati- 
cally centred diffractometer angles, 14.0” < 0 < 15.0”. h 1).7!069 A). space group 
PUI 2, ( c,‘, , No. 29). Z = 4. I), 1.566 g cm -‘. F(OO0) = MA. p~Mo-K,,) 10.5 cm ‘. 

l)urn collection und jwoce.wir~g. CAD4 diffractometer with 1.1 LPl low tempera- 
ture attachment operating at 185 i I K. (~l/‘38 mode \v ith w sc;tn \v.idth 0.8 1 0.35 
tar&. variable scan rate dependent upon initial prescan. vvrth oni! th<)se reflecttons 
with 13 OSa( I) rescanned such that final net intensity had i .i 5(),( I ) subject tir a 
maximum measuring time of 90 s. C;raphite-rnonc)chrc~~~l~~te~~ Mo-k,, X-radiation. 
5936 data measured. yielding 5206 unique data upon merging ( R:,,c.jp.t _ 0.06.3.3)~ 
Data ranges 1.0” < B < 30.0” and h.k,i> 0; h.k,l, .i- 9. 4431 dat,r had fi > 3.00( f:,) 
and were retained. No crystal decay or movement over the data col!ection period (ca. 
133 h). No absorption correction. 

Structure ana(ysis and refinement. Patterson synthesis (metal atom) followed by 
iterative full-matrix least-squares refinement and a F syntheses. ?jon-centrosymmet- 
ric space group suggested by E-statistics and confirmed by successfui refinement. 
hence no disorder required. Yo distinction between alternative enantiomeric models 
could be made. 

All non-H atoms allowed anisotropic thermal motion. Allylic hydrogen atoms 
located in a difference Fourier and thereafter positionally refined. Non-allylic 
hydrogens set in idealised positions. riding on their respectiv,c carbon atom. C -1-I 
1.08 A. All H atoms given fixed isotropic thermal parameter *,b. I. 0.06 A-‘. 
Refinement with the weighting scheme ~1’ ’ = [a’( F:,) + 0.01097F;~’ j. in which rr( fi:, ) 
is derived from counting statistics. converged at R == 0.031 1, R,, == 0.0554. and 
S = 0.6114, for 231 variable parameters. so peak greater than 1.76 nor trough 1c.s~ 
than -- 1.25 e A- ‘. Table 1 lists coordinates of the atoms. Solutic>n and refinement 
via SHELX76 [13] on the Edinburgh Regional Computer Centre ICI_2972 machine 
using inlaid neutral scatterin, 11 factors. For the metal. coefficients for an anaiy tical 
approximation were taken from ref. 14. Molecular geometry calculati<~ns \ ia 
XANADU [15]. CALC 1161. and XRAY76 [17]. Plotting vi;l ORTEP-II [18] and 
SCH.4K.4L, [19]. 

((17-CiUI,lPd(l7-I-Ph-C.~H,II (5) 
Ctyysrul duta. C,,H,,Pd. M= 288.7. Monoclinic. u 14.2255(19). h 5.X203(11). (’ 

13.837(j) A. ,0 91.287(21)“. C’ 1145.4 A’ (25 centred reflections. 15.0 < H < 16.0”. 3 

* Non-standard setting of P2, ,’ c. 
** The isotropic temperature factor drfmrd as eup( - Xr’C:Csm‘h’ ) /k’ ) 
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TABLE1 

FRACTIONALCOORDINATESOFATOMSWITHSTANDARDDEVIATIONSFOR4 

Atom x Y z 

0.39985(2) 0.77262(l) 0.25000 Pd 

C(1) 
C(2) 
C(3) 
CR(l) 
CR(2) 
CR(3) 
CR(4) 
CR(5) 
CR(6) 
N(1) 
N(2) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
B 

F(1) 
F(2) 
F(3) 
F(4) 
H(l2) 
H(21) 
H(31) 
~(32) 
HR(2) 
HR(3) 
HR(4) 
HR(5) 
HR(6) 
H(41) 
~(42) 
H(51) 
~(52) 
H(61) 
H(62) 
H(63) 
H(71) 
~(72) 
H(73) 
H(81) 
H(82) 
H(83) 
H(91) 
~(92) 
H(93) 

0.3467(i)' 
0.2473(4) 
0.2463(4) 
0.3612(3) 
0.4341(4) 
0.4476(4) 
0.3879(4) 
0.3183(5) 
0.3033(4) 
0.4377(3) 
0.5682(3) 
0.5686(4) 
0.6081(4) 
0.4044(5) 
0.3774(4) 
0.6506(4) 
0.5677(4) 
0.5136(4) 
0.5657(4) 
0.59580(21) 
0.4256(3) 
0.4646(3) 
0.3912(20) 
0.1999(21) 
0.1972(21) 
0.2816(21) 
0.4810 
0.5036 
0.3966 
0.2739 
0.2470 
0.6095 
0.5948 
0.7032 
0.5707 
0.4473 
0.4319 
0.3098 
0.3998 
0.2831 
0.4050 
0.6517 
0.6221 
0.7383 
0.5076 
0.6556 
0.5396 

0.65017(22) 
0.70400(25) 
0.78092(25) 
0.57353(18) 
0.51048(25) 
0.43501(25) 
0.4225(3) 
0.4854(3) 
0.56025(25) 
0.90184(19) 
0.75170(24) 
0.9038(3) 
0.8354(3) 
0.9564(3) 
0.9340(3) 
0.7112(3) 
0.6921(3) 
0.X227(3) 
0X121(3) 
0.84708(25) 
0.88201(17) 
0.74759(20) 
0.6593(20) 
0.6957(19) 
0.8229(19) 
0.7874(19) 
0.5201 
0.3867 
0.3644 
0.4765 
0.6081 
0.8953 
0.9632 
0.8361 
0.8458 
0.9343 
1.0196 
0.9547 
0.8958 
0.9324 
0.9974 
0.7642 
0.6606 
0.7163 
0.7139 
0.6874 
0.6317 

0.1792(4) 
0.1932(5) 
0.1281(5) 
0.2578(5) 
0.2084(4) 
0.2771(4) 
0.3988(5) 
0.4487(5) 
0.3801(4) 
0.2847(3) 
0.3413(3) 
0.3003(5) 
0.3930(6) 
0.1690(5) 
0.4051(4) 
0.2373(7) 
0.4548(5) 

-0.1405(4) 
-0.2631(4) 
-0.0463(4) 
-0.1497(4) 
-0.1002(4) 
0.0937(22) 
0.2525(22) 
0.1613(21) 
0.0353(21) 
0.1152 
0.2366 
0.4526 
0.5437 
0.4214 
0.2032 
0.3415 
0.3997 
0.4915 
0.0789 
0.1892 
0.1553 
0.4908 
0.3895 
0.4234 
0.1538 
0.2027 
0.2793 
0.5314 
0.4963 
0.4195 

0.71069 A), space group P2,/c CC,‘,, No. 14), 2 = 4, D, 1.674 g cmM3, F(OOO) = 576, 
~(Mo-K,) 15.4 cm-‘. 

Data collection and processing. As for 4 except; 7541 data measured over ca. 144 
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FRACTIONAL COORDINATES OF ATOMS WITH ST.ANDARD DEVIAIIOUS FOR 5 

Atom 

Pd 

C‘( 1) 

C(2) 

C(3) 

CR(l) 

CR(2) 

CR(3) 
CR(4) 

CR(5) 
CR(6j 

C(4) 

C(5) 

C(6) 
C(7) 

c’(8) 

C(4’) 

C(5’) 

C(6’) 

(‘(7’) 

C(8’1 

H(12) 

H(21) 

I-i( 11 ) 
F-1(32) 

HR(2j 

tlR(3) 

HR(4) 

HR(5) 

HR(6) 

H(41) 

Hi51) 
H(61) 
11(71) 
H(X1) 
H(41’i 

1-i ( 5 1’ , 
M(hl’) 
I-1(71’) 

H(YI’J 

x 
--_. ._________ 

O.lh303(1, 
0.22209(17) 

0.13038(20) 

O.O5891(2Oi 

0.30580(16J 

0.3X174(20) 

0.46061(19) 

0.46569(24, 

0.39087(241 

0.31 lSl(2.1‘1 

0.1887(7) 

0.1096(4) 

0.!416(7) 

0.237?(6j 

0.2675(Z) 

0.1655(53 

0.1052(S) 

@.1640(h) 

0.2558(5) 

0.2571(4) 

0.2iO(?) 

O.liO(.i) 

O.OOO(31 

0.05’(?) 

0.‘792 

0.5188 

0.5270 

0.3943 

0.2.iJ2 

0.1574 

0.0374 

0.09YR 

(1.2X25 

0.3370 

0.1439 

0.0294 

(I.1414 

0.31 57 

0.31&I 

i’ 

().59064(Z) - 

0.4954(4) 

0.4091(4) 

0.573315) 

0.3465(4) 

0.4177(4) 

0.2813(6) 

0.0709(5) 

--0.0030(5) 

0.1350(5) 

iI,8760(11) 

0.:376(14) 

0.5168(12j 
0.5064(,14) 
0,7291(173 

0.8735(9) 

0.6892(15) 

O.4998(10) 

0.554% 1 i J 
11.78611 I?, 

O.649( 8) 

:J.:X( -7 I 
0.533( 7) 
0.7.56(7) 

0.5828 

0.3409 

-- 0.0364 

-~ 0.1680 

‘I.0766 

1.0%2 
i).;o50 
0.3x07 
11.15x 
T1.772; 
I .0463 

ii.6946 

ii.34OY 

0.4415 

0.X781 
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TABLE3 

FRACTIONALCOORDINATESOFATOMSWITHSTANDARDDEVlATIONSFOR8 

Atom 

MO 
N 
C 
S 

N(1) 
N(2) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(l0) 
C(l1) 
C(l2) 
C(13) 
C(l4) 
C(15) 
C(1) 
C(2) 
C(3) 
CR(l) 
CR(2) 
CR(3) 
CR(4) 
CR(5) 
CR(6) 
CO(l) 
CO(2) 
O(1) 
O(2) 
H(l2) 
H(21) 
H(31) 
~(32) 
H(51) 
H(61) 
H(71) 
H(91) 
H(lO1) 
H(121) 
H(131) 
H(141) 

HR(2) 
HR(3) 
HR(4) 
HR(5) 
HR(6) 

x 

0.30636(2) 
0.26740(22) 
0.2400(3) 
0.19823(g) 
0.19621(21) 
0.16897(20) 
0.10701(25) 
0.2102(3) 
0.1387(3) 
0.0487(3) 
0.0310(3) 

-0.0610(3) 
-0.0759(3) 
0.00098(24) 

-0.0106(3) 
0.0659(3) 
0.1546(3) 
0.09192(24) 
0.3327(3) 
0.3028(3) 
0.3654(3) 
0.2787(3) 
0.3242(3) 
0.2776(4) 
0.1856(4) 
0.1395(4) 
0.1861(3) 
0.4187(3) 
0.3943(3) 
0.48563(23) 
0.44997(19) 
0.400(4) 
0.239(4) 
0.346(4) 
0.428(4) 
0.2801 
0.1539 

-0.0073 
-0.1197 
-0.1465 
-0.0796 
0.0580 
0.2146 
0.3962 
0.3137 
0.1495 
0.0672 
0.1497 

Y 

0.48136(3) 
0.6759(4) 
0.7869(5) 
0.94502(11) 
0.3833(3) 
0.5315(3) 
0.3926(4) 
0.3107(4) 
0.2408(4) 
0.2477(4) 
0.3285(4) 
0.3506(4) 
0.4342(4) 
0.4985(4) 
0.5882(4) 
0.6481(4) 
0.6157(4) 
0.4754(4) 
0.3496(4) 
0.2680(4) 
0.2546(5) 
0.3772(4) 
O&42(4) 
0.4690(4) 
0.4299(5) 
0.3642(5) 
0.3373(4) 
0.4750(5) 
0.5867(4) 
0.4756(4) 
0.6491(3) 
0.356(5) 
0.245(5) 
0.205(5) 
0.260(5) 
0.3056 
0.1822 
0.1923 
0.2989 
0.4534 
0.6093 
0.7198 
0.6617 
0.4766 
0.5195 
0.4502 
0.3339 
0.2844 

i 
0.75808(2) 
0.67882(22) 
0.6598(3) 
0.62706(9) 
0.62913(20) 
0.76321(20) 
0.62320(24) 
0.5630(3) 
0.4901(3) 
0.4846(3) 
0.55141(25) 
0.5475(3) 
0.6093(3) 
0.68492(25) 
0.7511(3) 
0.8191(3) 
0.8236(3) 
0.69226(24) 
0.8996(3) 
0.8187(3) 
0.7762(3) 
0.9561(3) 
1.0431(3) 
1.1002(3) 
1.0723(4) 
0.9867(3) 
0.9298(3) 
0.7308(3) 
0.8635(3) 
0.7175(3) 
0.92453(20) 
0.934(3) 
0.790(3) 
0.723(3) 
0.809(4) 
0.5659 
0.4388 
0.4301 
0.4937 
0.6020 
0.7479 
0.8691 
0.8792 
1.0655 
1.1671 
1.1169 
0.9643 
0.8639 
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jlpl~ell)~Zlo(cO),(~~~~s)~~~-i-PI~-c_:N,)~ (8) 
Cqvsrul datrr. C,,H,7Mc~N,02S. ;\I =z 507.4. Monoclinic. ~1 15.6_i8(4j. h 9.473t.3). 

(’ 15.666(6) ,k ,G 113.95(3)“. i’ 2123.9 ‘4’ (25 centred reflcctic)n. 12.03 c 0 < 13.0’. h 
0.71069 A). space group 1’2!,: (1 (C:l;,_ No. 14). ?‘= 4. D, l,jSy 3 cm ‘. K(()(W) = 
1024. ~(Mo-K,,) 7.18 cm mi_ 

Lhtu collec,tion md procc~s\itlp. As for 4 except: 8279 data meahured <>ver ca. 700 
h (no decay or movement) in two quadrants (iz r k & I). aff~miing 3734 unique dat;t 

( K nwrpc = 0.0219) of which 3014 were retained. F;, > ?.Oa( C<, ). 
Structure mu(j~.sis md refinetmwt. As for 4 except: space group un;lmbigu~w<: 

!I’ ’ = [ 0 ‘( F,> ) t 0.0005451;;~z 1: u = 0.0362. R ,I = O.U.399. S = 0.8699 for 292 \.ariii- 
bles: greatest reaidue and delspeht troug,h 0.43 and ~ 0.45 I’ A ’ re\prcti\ L’I\ : iitclITlii 

coordinates in ‘Table 3. 

Results and discussion 

Syntheses md characrerisutiot~ 

The new T-ally1 complexe> [( 77-l-Me-C3H,)Pd(cod)]BF, (1 I. !( ,tl-l-Ph- 
C,H,)Pd(cod)]BF, (,2). [( q-I-Ph-C,H,)Pd(tmeda)]BFJ (4). j(q-CiH, )Pd( 17-1-Ph- 
C,H,)] (5). [( g-C,H,)Mo(CQ),( y-1-Ph-C,H,)] (6). [(hip> )MoIC‘O),(NCS)( 11-1 -I’ll- 
C,H,)] (7) and [(phen)Mo(C‘O)2(NCS)(~-1-Ph-C,H,)] (8) havr been synthesiwd in 
> 70% yields by straightfor\vard extensions of procedures outlined in ref. X (com- 
plexes 1 and 2), ref. 9 (complex 4), ref. 10 (complex 5). ref. 11 (complex 6) and ref. 
12 (complexes 7 and 8). In addition. [(q-1-Me-C,H,)Pd(tmeda)]BF, (3). n-ah re- 
synthesised [9) in an attempt to obtain diffraction-quality cr>stala. 

Satisfactory elemental analyses (C, H and, where appropriate, ?;) \vere obtained 
for all new complexes. Some evidence for the 17’ nature nl’ all!,1 coordination was 
furnished by the observation of absorptions in the IR spectra near l450 cm-’ 
assigned to C-C stretching modes [20]. but when Ph or (TJ-C~I-J~) functions are also 
present assignment becomes more tenuous [21]. IR bands due to.the carbonyl groups 
of complexes 6, 7 and 8 were clearly identified. as \vere those nt:ar XX) wd S3O ‘ i 
cm--! (complexes 7 and 8, assigned to v(NC) and v~C‘S I rcym_~iwl~ of ;I!? in’- 
thiocyanato function [22]. 

The most useful method of characteriaation of these xubhtltuteti ally1 ~*omplexr~ 
was ‘H NMR spectroscopy. Lvith spectra assigned (on the hak c-if coupling con- 
stants. chemical shifts. and b? analogy) accordin, 0 10 9. \vherc S i\ the >uh\tituent 

H(2s) 

H(3s) 

-r-“- 

X 

(9) 

H (3a) Ii 

and a and s denote urrti and .yrtI positionh relative to the unique proton H(2s). For 
all complexes, spectra Lvere unequivocally interpreted in term of I -si,tl-\ubstitutic,rl 
since this gives rise to two rums ‘.J couplings (ca. lOLl3 HI) ,tnd onI> one c :\ .?.I 
coupling (ca. 7 Hz). H(3s) and H(2s) are readily assigned. In rhe methyl suhatituted 
complex 1 H(la) is easily distinguished from H(?aj by the coupling of thct former 
\vith methvl protons. For the phenol bubstiruted complexc\ the shielding eftect of the 
substituent results in a shift to higher frequency of the rexonanic due 10 FI( la), 
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H(21) 

Fig. 1. Perspective view of the cation of [(q-l-Ph-C,H,)Pd(tmeda)]BF, (4). 

Crystallographic results 
Complexes 2, 6 and 7 did not yield crystals of either sufficient size or quality for 

further study, and preliminary X-ray photographs of 1 and 3 showed that their 
crystal structures must be disordered. 

Full diffraction data were recorded from the 1-phenyl substituted complexes 4, 5 
and 8. Perspective views of single molecules [in the case of 4, of the cation] are given 

HR(5) 

Fig. 2. Perspective view of [(q-C,H,)Pd(q-l-Ph-C,H,)I (5), showing both components of the disordered 
(TJ-C,H,) ligand. 



H;lOl) 
,-\ 

F’ig. 3. Perspective \ieu of [(phen)Mo(CO),IN(‘S)(‘~-I-Ph-(‘,H, I] (8) 

in Figs. 1L3, respectively; a consistent numberin, * scheme is used throllghout. in 
which ally1 H atoms carry the number of the carbon to ivhich they are bound 
followed by a number denoting position, 1 for 9.n. 7 for L7t7ri. Phenol rings art‘ 
numbered cyclically. with CR(2) unti to C(2). Tables 4- 6 list selected interatomic 
distances and interbond angles. whilst Tables 7 9 (deposited) carr? detail> of 
various best (least-squares) planes calculations on 4, 5 and 8. respectively. 

:Von-a4~/ ligmds. In 4 the 5-membered PdNCCK ring sdop[~ an approximate 
skew conformation in the cystal. Lvith the C-C bond roughi? parallel to C(?)-C(3) 
of the ally1 l&and. The P N bond lengths arc neither significantly different from 
each other or from those in the parent species [( 11_C_~fI,)Pd(tmeda)J. [QJ. and there 
is reasonable correlation bctweecn the Pd- N distances and ‘\i -Pd N angle in 4 in 
comparison with other tmeda complexes [23-251. Although the distances Pd ~-N( 1 ) 
and Pd--N(2) are not statistically different. it is of some interest to note that the 
longer. Pd--N(l). is trmr to the longest Pd&c’ bond. Pd--C’(l i. This ih in marked 
contrast to the relative Irk- I” bond lengths in [( q-I-Ph-C’;H, )Ir(PPh i )_. (H)Clj (10) 
[26]. However, PPh, is a n-donor. x-acceptor ligand whereas tmeda is 4 pure 
u-donor and thus not necesssrilv susceptible [27] to the :~YUI, influence 01‘ z-honcied 
functions such as allyis. 

In 5 the (q-CsH5) ligand is rotationally disordered about the metal iigand ;D.IS 
over two sites whose occupation factors are 0.54 and 0.46. .Atoma of the mlnor 
component carry prime superscripts in Fig. 2. The two Ci rings arc inciined at an 
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TABLE 4 

INTER-ATOMIC DISTANCES (A) AND INTER-BOND ANGLES (“) FOR 4 

CR(5)-CR(6) 

NUbC(4) 
N(1)-C(6) 
N(l)-C(7) 
N(2)-C(5) 
N(2)-C(8) 
NwC(9) 
C(4)-C(5) 
B-F(l) 
B-F(2) 
B-F(3) 
B-F(4) 

1.392(6) Pd-C(1) 
Pd-C(2) 
Pd-C(3) 
Pd-N(1) 
Pd-N(2) 

C(l)-C(2) 
C(l)-CR(I) 

C(2)-C(3) 
CR(l)-CR(2) 
CR(l)-CR(6) 
CR(2)-CR(3) 
CR(3)-CR(4) 
CR(4)-CR(S) 

C(l)-H(12) 
C(2)-H(21) 

C(l)-Pd-C(2) 
C(l)-Pd-C(3) 
C(l)-Pd-N(1) 
C(l)-Pd-N(2) 
C(2)-Pd-C(3) 
C(2)-Pd-N(1) 
C(2)-Pd-N(2) 
C(3)-Pd-N(1) 
C(3)-Pd-N(2) 
N(l)-Pd-N(2) 
Pd-C(l)-C(2) 
Pd-C(l)-CR(l) 
C(2)-C(l)-CR(l) 
Pd-C(Z)-C(1) 
Pd-C(2)-C(3) 
C(l)-C(2)-C(3) 
Pd-C(3)-C(2) 
C(l)-CR(l)-CR(2) 
C(l)-CR(l)-CR(6) 
CR(2)-CR(l)-CR(6) 
CR(l)-CR(Z)-CR(3) 
CR(2)-CR(3)-CR(4) 
CR(3)-CR(4)-CR(5) 

Pd-C(l)-H(12) 
H(12)-C(l)-C(2) 
H(12)-C(l)-CR(l) 
Pd-C(2)-H(21) 
C(l)-C(2)-H(21) 
H(21)-C(2)-C(3) 

2.173(3) 
2.125(4) 
2.124(5) 
2.146(3) 
2.138(3) 
1.425(5) 
1.467(5) 
1.394(6) 
1.395(6) 
1.398(6) 
1.399(6) 
1.401(6) 
1.374(7) 

1.00(3) 
0.81(3) 

38.72(15) 
69.18(15) 

169.03(13) 
104.06(13) 

38.29(17) 
134.90(14) 
139.15(15) 
101.23(15) 
169.18(15) 

84.57(13) 
68.84(22) 

123.7(3) 
123.0(3) 

72.44(22) 
70.8(3) 

119.9(4) 
70.9(3) 

119.1(3) 
122.6(3) 
118.2(4) 
121.4(4) 
119.6(4) 
118.9(4) 

90.2(15) 
113.1(15) 
121.4(15) 
115.6(18) 
119.7(19) 
118.6(19) 

C(3)-H(31) 
C(3)-H(32) 

CR(4)-CR(5)-CR(6) 
CR(l)-CR(6)-CR(S) 
Pd-N(l)-C(4) 
Pd-N(l)-C(6) 
Pd-N(l)-C(7) 
C(4)-N(l)-C(6) 
C(4)-N(l)-C(7) 
C(6)-N(l)-C(7) 
Pd-N(2)-C(5) 
Pd-N(2)-C(8) 
Pd-N(2)-C(9) 
C(5)-N(2)-C(8) 
C(5)-N(2)-C(9) 
C(8)-N(2)-C(9) 
N(lbC(4)-C(5) 
N(2)-C(5)-C(4) 
F(l)-B-F(2) 
F(l)-B-F(3) 
F(l)-B-F(4) 

F(2)-B-F(J) 
F(2)-B-F(4) 
F(3)-B-F(4) 

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) 

1.492i6j 
1.495(6) 
1.472(5) 
1.508(6) 
1.478(6) 
1.479(6) 
1.501(7) 
1.366(6) 
1.378(5) 
1.380(5) 
1.387(6) 

0.93(3) 
l.Ol(3) 

121.8(4) 
120.1(4) 
103.61(25) 
113.1(3) 
112.19(25) 
108.6(3) 
111.7(3) 
107.7(3) 
105.8(3) 
108.5(3) 
115.0(3) 
110.2(4) 
108.4(3) 
108.8(4) 
110.2(4) 
110.6(4) 
110.6(4) 
109.8(4) 
108.9(4) 
109.7(4) 
108.6(4) 
109.3(4) 

109.4(16) 
101.8(15) 
118.7(16) 
120.8(15) 
118.9(22) 

angle of 3.9” to each other and subtend angles of 20.4” (major component) and 
22.2” (minor) to the ally1 C, plane, values that compare favourably with that (20.0”) 
determined in [(q-C5H5)Pd(v-C3H5)] [28]. Both (T&H,) rings in 5 are asymmetri- 
cally bonded to the metal atom which is slipped across the Satom face, in a 
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TABLE 5 

INTER-ATOMIC DIST.AKCES (4) .AND INTER-BOND ANGLES (’ j FOR 5 

P&C(l) 
Pd-C(2) 
f’&Ci.li 
P&C(41 
P&<‘(5) 
P&<‘(6) 
Pd -C(7) 
P&C‘(X) 
Pd-Cf4’) 
Pd x(5’) 
Pd. C(6’) 
r’d&c‘u’) 
PdmC’(8’) 
C‘(1) C(2) 
C’( 1 )- C’R( 1 I 
c (3)K(3) 

C(l)--H(12) 
(‘(2). H(21) 

C(I)--Pd-C(2) 
C(l)-PdmC(?) 
(‘i 1 )--Pd.-C(4) 
c‘(l)- Pd.-C(i) 
C( 1 )kPdmC(h) 
Ccl )- Pd-(‘ii) 
C(l)&P&C(X) 
C( 1 )mPdmc(4’) 
C(1 )-Pd-C(5’) 
Cl l)- Pd-C(6’) 
C‘(1)mPd-C(7’) 
Gil )-mP&C(s’) 
C‘(2)mPd-C(3) 
C‘(2)- Pd -Ci4) 
Ci 2)- P&Cl 5) 
C(2)-Pd.-C(h, 
C(2)- Pd-C(7) 
C(‘)~~Pd&C(X) 
C(?)bPd--CI4’) 
C‘(2)-Pd-mC(5’j 
C‘(2)-Pd- C(h’) 
C.‘(2)-I’d-C(7’) 
C(Z)mPd&C(X’) 
C‘(3).P&C(4) 
C(3)-Pd-C(5) 
C(3)- Pd-C(h) 
C(3)-IwC’f7) 
C‘l?)kPd-C(X) 
C( 3) -- Pd-C(4’) 
C(3)-Pd--(‘(S’) 
C(3)-Pd-C(6’r 
c’( i)-Pd-(‘(7’) 
C(3)-Pd.-C@‘) 
Cf4J P&C(S) 

2.1739123 1 CR(1 )-CR(Z) 
CR(l)-CR(b) 
CR(Z)-CR(?) 
CR(3I CKi3) 
(-‘R(4) -C-R(5) 
(‘R(S)-CR(e) 
C(4)-c‘(i;l 
C(4)--C(R) 
Ct5)m-C(61 
C’(htK(?l 
(‘(7)bC(8i 
cc47 C’(Y) 
(‘(4’)~ci X’i 
Cc S’)- c 16’) 
C(h’j-(‘17’) 
C( 7’).-L.(X) 

xm( 3) 

2.1 Irl(i;l 

7Xi’iX) 
2.?02(7) 
2.415ixi 
‘.?64iXi 
2.272c x 1 
2.2YZ(h) 
xs.hF;, 
2.3.36! -I 
2.410(6) 
7 ?;‘iti) _.. _, 
1.41~14) 
l.J7?l 3 j 
I .Jl .;r.l! 

I .1)1( 5 I 
1.04(31 

3X.69(10, 
6E.!l?(liJ) 

1 ?h.O7(2i 1 
171,5l)ili() 
1.50.27t19i 
122.951191 
115.3~10) 
147.5q 16) 
!‘7X..161’0) 
143.XXiV1 
lZO.li~llh, 
119.041 lh) 
iY.iJt ! i j 

164.31(1’11 
146.X0( 19, 
ll?.Xici:l)J 
135.u!xr) 
151.X15(111 
lhl.lX{I?) 
142.6U(1!!) 
1?4.6% 1X] 
140.431 I’) 
157.351!:) 
lx75l?l) 
113.X8(191 
i26.‘91’l.)) 
157.41)(301 
161.YhrZli 
1’2.7.5117\ 
117..‘blx\ 
1?3.56(18J 
166.45( 17) 
153.34r 171 

36,Si 31 

(‘(5’) Pd-C(X? 
C(h’)--I’d-C(T) 
C(h’)-Pd-C(8’) 
(‘(T’)&Pd-mC(P’, 
Pd-C(I j-(‘(Z) 
Pd-C(1 I--CR( I a 
C(2).-C(l)-(‘R(1) 
Pd.-C(‘I--<‘(I) 
PtL C’(ZI--C(7) 
c(l)mC(?~ -Cl?) 
Ptl-C(3)-C(2) 
C(l)-CR( 1 ) i‘R(2) 
(‘(I)-CR(l)-CR(h) 
CR(?)-CRi 1 I-- C‘li(h\ 
(‘R(l)- (‘R12)k<‘R(3) 
(‘R(‘I-CR(%C’R(JI 
CR(3,-CR(4).CR(i) 
CR(J)-CRt5).-CR(h) 
CR(l)-CR(S)-(‘R(S! 
Pd.-C(4)--C(S) 
Pd..C‘(4)--C(X) 
C(5)-C(4)-- C‘IX) 
Pll--(-(5)-c(4) 
Pd-(:(5)- cc61 
C(4)-c(5rbC(hJ 
Pd-C-(6)&C(5,’ 
Pclm-C(6)-c’(:) 
C(i)- cI6’r-C(7) 
Pd-C(7)mCt6) 
Pd.-C(7)--C(X1 
c’(6)- C-(7,-C(8) 
Pd-C(Xl-C(4) 
Pd&C(Xi--C(7) 
C(4)--C(X)- C(7i 
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TABLE 5 (continued) 

C(4)-Pd-C(6) 59.4(3) 
C(4)-Pd-C(7) 59.5(3) 
C(4)-Pd-C(8) 35.9(3) 
C(5)-Pd-C(6) 34.7(3) 
C(5)pPd-C(7) 58.10(25) 
C(5)-Pd-C(8) 60.3(3) 
C(6)-Pd-C(7) 34.1(3) 
C(6)-Pd-C(8) 59.6(3) 
C(7)-Pd&C(8) 36.8(3) 
C(4’)-PddC(5’) 36.87(24) 
C(4’-Pd-C(6’) 58.44(22) 

C(4’-Pd-C(7’) 58.29(21) 
C(4’)pPd-C(8’) 35.24(21) 
C(5’)-Pd-C(6’) 34.89(25) 
C(5’)&Pd-(~(7’) 58.08(24) 

PddC(4’)-C(5’) 

Pd-C(4’)-C(W) 

C(5’)-C(4)-C(Y) 
Pd-C(5’)pC(4’) 

Pd-C(5’)-C(6’) 

C(4’)-C(5’)pC(6’) 
Pd-C(6’)-C(5’) 
PdpC(6’)-C(7’) 
C(5’)-C(6’)-C(7’) 
Pd-C(7’)-C(6’) 

Pd-C(7’)-C(8’) 

C(6’)-C(7’)-C(8’) 
Pd-C(8’)-C(4’) 
PdUZ(S’)-C(7’) 
C(4’)-C(8’)-C(7’) 

71.2(4) 

73.9(4) 

107.3(6) 
72.0(4) 

78.5(4) 

107.4(6) 
66.6(4) 
72.3(4) 

lOU(6) 
74.3(4) 

69.5(3) 
108.5(6) 

70.9(3) 
75.5(4) 

108.3(5) 

Pd-C(l)-H(12) 

H(12)-C(l)-C(2) 
H(12)-C(l)-CR(l) 
Pd-C(2)-H(21) 

C(l)-C(2)-H(21) 
H(21)-C(2)-C(3) 

103.9(25) 

118.8(26) 

113.4(26) 
109.8(24) 

120.4(24) 
121.0(24) 

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) 

111.8(28) 

108.1(20) 

122.3(28) 
122.1(20) 

112.4(34) 

direction roughly away from C(6)-C(7) or C(6’)-C(7’), by ca. 0.13 and 0.16 A 
respectively. In so doing the palladium atom tends towards a 16e configuration with 
tram ally1 functions analogous to those in [(TI-C~H~)~P~] [29], with concomitant 
partial C-C localisation in the C(6)-C(7) and C(6’)-C(7’) bonds. Many other 
examples of (T&H,) asymmetrically bonded to palladium are known [30-341. 

The overall arrangement of ligands in 8 is the same as that in [(bipy)- 
Mo(CO),(NCS)(n-C3H5)] (11) [35], (bipy = 2,2’-bipyridyl), [(phen)Mo(CO),- 
(NCS)(+Me-GKdl. (12) [361, [(bipy)Mo(CO)z(py)(~-CsH,)l+ (13) [371, (PY = 
pyridyl), and other members of the series [LzMo(CO),(L’)(allyl)] in which L, is not 
a strongly r-accepting ligand [38-401, in that Lz lies tram to the carbonyl groups. 
With respect to the Mo(CO)? unit the conformation of the ally1 function in 8 is exo. 
consistent with the solid state structures of 11-13 and numerous other formally 
7-coordinate species containing the [Mo(CO),(allyl)] moiety [38-471. With respect to 
corresponding parameters within this family of complexes, the MO-CO lengths and 
the OC-MO-CO angle in 8 are quite normal. Similarly, the MO-N(I) and MoN(2) 
distances in (8), mean 2.246 A, correlate well with the N(l)-MO-N(~) angle, 
70.90(11)“, in an analogous way to that established for other phenanthroline 
complexes [48]. There are, moreover, no significant differences between parameters 
within the coordinated phen ligand of 8 and corresponding ones of the free molecule 
[49]. The MooNCS bond length in 8 is, however, significantly longer than that in 11 
and 12, and is complemented by a rather short N-C bond and somewhat bent 
MO-N-CS angle. 

The q-1 -syn-phenylallyl ligands. The present crystallographic studies of 4, 5 and 
8, taken together with the previous determination [26] of 10, afford accurate 
molecular structures of, respectively, 4-, 5, 7- and 6-coordinate complexes of the 
n-1-syn-Ph-C,H, ligand with an otherwise symmetric backbone. For comparative 
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TABLE 6 (continued) 

MO-N(~)-C(5) 127.0(3) 

C(4)pN(l)-C(5) 117.7(3) 

MO-N(~)-C(14) 126.X(3) 

MO-N(~)-C(15) 115.50(23) 

C(14)-N(2)-C(15) 117.6(3) 

N(l)pC(4)--C(X) 122.6(3) 

MO-C(l)pH(12) 102.6(31) 

H(12)-C(1 )-C(2) 115.4(32) 

H(12)-C(l )-CR(l) 114.4(32) 

MO-C(~)-H(21) 101.9(34) 

C(l)-C(2)pH(21) 117.2(34) 

H(21)-C(2)-C(3) 124.X(34) 

MO-C(3)pH(31) 113.X(35) 

CR(3)pCR(4)-CR(5) 

CR(4)-CR(5)pCR(6) 

CR(l)-CR(6)-CR(5) 

hlomCO(l)-<I( 1) 

hfo-CC(2)&0(2) 

\40-C(3)-H(32) 

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

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

H(31)pC(3)-H(32) 

119.7(5) 

120.1(5) 

121.2(4) 

177.2(4) 

176.7(4) 

107.2(35) 

116.9(35) 

122.2(35) 

116.3(50) 

purposes the atomic numbering in 10 has been modified for consistency with that of 
4. 5 and 8. 

In the context of our interest in asymmetric metal-ally1 bonding the key feature 
common to all these species is that the allylic carbon bearing the phenyl substituent, 
C(l), is significantly further from the metal than is the other terminal carbon, C(3). 

A single parameter, j3, the angle between the vector M-O (M is the metal atom, 
0 is the centre of mass of the ally1 C, fragment) and a vector parallel to 
C(1) . . . C(3) passing through 0, has been used [50] by Ibers et al. to define this 
asymmetric bonding. The sense of p is chosen such that when fi < 90’ the sub- 
stituted carbon is hinged away from the metal atom. Table 10 lists p, together with 
other important parameters relating to the coordinated q-l-Ph-C3H, ligand, of 4, 5, 
10 and 8. With the exception of 8, a complex in which there is extensive intramolecu- 
lar interligand crowding, all complexes have ,f3 between 88 and 89”. 

Another important quantity is 7, the angle by which the ally1 central carbon, C(2), 
is tilted away from the metal atom, defined as the angle between the M-O and 
O-C(2) vectors. The previously reported range for n-C,H, species is 97-132” [50], 
and all the 7 values recorded here fall within this range. It should be noted, 
however, that although 7 is always obtuse, C(2) is almost always [50,.51] found to be 
closer to the metal atom than is either carbon terminus. 

An alternative to 7 has been suggested by Muetterties et al. [51], who define S, as 
the angle between the allylic C, plane and the coordination plane of the complex in 
which the ally1 lies. These authors also use the non-ally1 coordination plane as a 
reference for perpendicular A deviations h, of the ally1 carbon atoms C(i). However, 
this plane can only be accurately defined for complexes of either square planar or 
octahedral geometry, i.e. 4 and 10 in the present case. 6, for 4, 120.5”, falls well 
within the range reported for d8 square planar complexes. 6, for 10, 105.3”, slightly 
extends the lower limit of values previously known for d6 octahedral complexes 
(105.5-134.1”) and may reflect the relatively small axial ligands, H and Cl, in 10. 

The inequivalence of the h, and h, parameters in 4 and 10, with h, the closer to 
h,, can be described as a rotation of the ally1 ligand about the M-O vector such that 
C(2)-C(3) is brought towards a position in which it would be perpendicular to the 
aforementioned coordination plane. In the limit of perpendicularity a simplified 
bonding picture of, for example, 4 would involve u + 7~ bonding of the allyl, 
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Fig. 4. Space filling diagram of the cation of 4. 

values have previously been recorded in other accurately studied ally1 complexes 
[5561]. Greater variation, however, is found in the inclination angles of H(31). 
Although consistently leaning towards the metal atom this syn H does so by between 
1 and 20”. 

Intra- and intermolecular contacts. The structural studies of 4, 5 and 8 all show 
that the substituted carbon atom, C(l), is further from the metal than is the 
unsubstituted C(3), Clearly, this asymmetry could be said to result simply from 
increased intramolecular interligand crowding in that part of the molecule caused by 
substitution of the relatively bulky C,H, group for H. 

In the cation of 4 there exist two contacts, H(93). . . CR(l) 2.746(6) and 
H(93) . . . CR(6) 2.937(7) A (c.f. sum of Van der Waals radii for H and aromatic 
carbon of 3.05 A), that could certainly contribute to the asymmetry observed in 
metal-ally1 bonding. A space filling representation of the cation (Fig. 4) shows 
touching spheres in this region. 

However, an equivalent diagram of 5 (Fig. 5) strikingly demonstrates that the 
(T&H~) and (q-l-Ph-C,H,) ligands are well separated; consequently no intramo- 
lecular steric factor can be invoked to explain the observed hinging of the latter. The 
second paper in this series [7] offers a rationalisation based upon the results of 
EHMO calculations. 

In 8 intramolecular interligand interaction is dominated by quasi-graphitic con- 

Fig. 5. The space filling diagram of 5. For clarity only the major component of the (TJ-C,H,) ligand is 
shown. 



tact between the phenyl rin, u and part of the phrrlanthrolinc lig~ntf. ,mci i\ clearI> 
seen in Fig. 6. The two aromatic system\ are nearly p;irailcl (dihedral ,tnglc 17.4’ I 
and centroids of the twill Gx-membered ring>. CR(l) ~(‘R(h) ;tnd I\;(?)(‘( 15~ 
C( 1 l)C( 12)C( 13)C( 14) are only 4.062( 5 ) X apart. cil. 4.7 A hn\inp but31 calcul;ltd 

[62] as representing the conhet of interaction, It i> thih cc)nt;lct that preumabi\ 
restricts 0 to X.5’ in 8. 

Crystal packing diagrams for 4. 5 and 8 have been deposited (Flgb. 7 9. 
respectively), as ha\,e full details of intermolecular con&%. In the cr\ staj 4 exist; 
are reasonably urell separated ion pair!,. There is nt) graphitii packing between 
phenyl rings of symmetry-related cations, and only minimal Iii H md I-i CR 
contacts. In 5 molecules are even more isolated. The crybra :~tructurc ,~f 8. honwer. 
features strong graphitic packing between the bic)clic sequence N(<lK’!.i;)- 
C(6)C(7)C(8)C(4)C(15)C(l l)c‘(lO)C(9) and its (necessaril! paralleli image thrnugh 
the inversion centre at 0 1 .‘Z 1 .‘2. 

Supplemerltmq materid urwlublc~ 

I.east-squares planes data. non-bonded contacth, rhermli pitl‘;lIllt3c'r~. cr\d 

packing diagrams. and listing> of htructure factor amplitudes ax ;I\ ailable i’r’c>m tht: 
authors. 
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