
257 

Journal of Organometallic Chemstty, 336 (1987) 257-269 

Elsevier Sequoia S.A., Lausanne - Printed in The Netherlands 

Addition of organic halides 
to his{ ( 2-vinylphenyl) diphenylphosphine} palladium( 0). 
X-Ray structure of the chelate a-alkylpalladium( II) 
complex PdI{ o-CH( CH J C,H 4 PPh 2 } - 
{ (E)-o-Ph,PC,H,CH=CHC,H,} 

Martin A. Bennett* and Framesh N. Kapoor * 

Research School of Chemistry, Australian National Uniuwsity, Canberra, A.C. T. 2601 (Australiu) 

(Received April 30th, 1987) 

Abstract 

Iodobenzene adds to the palladium(O) complex Pd(VP), (2) (VP = (2- 
vinylphenyl)diphenylphosphine, o-CH,=CHC,H,PPh*) to give the planar pal- 
ladium(I1) complex PdI{o-CH(CH,)C,H,PPh,}{(E)-o-Ph,PC,H,CH=CHC,H,} 
(5) which has been characterized by NMR (‘H, “P) spectroscopy and by single 
crystal X-ray analysis. Crystals of 5 are triclinic, space group Pi, a 13.404(5); b 
13.850(6), c 14.158(7) A, LY 118.39(3), p 92.28(4), y 95.58(3)“, Z 2; 2139 data with 
Z > 2a(Z) were refined to R 0.087, R, 0.049. The complex contains a five-mem- 
bered chelate a-alkyl group (Pd-P(1) 2.279(6), Pd-C(1) 2.05(3) A) and monodentate 
P-bonded E-(2-styrylphenyl)diphenylphosphine (Pd-P(2), 2.346(7) A). 5 is believed 
to be formed by a sequence of oxidative addition, phenyl migration from palladium 
to one of the vinyl groups, and P-hydride transfer from one P-donor ligand to the 
other. Bromobenzene reacts with 2 to give the bromo analogue of 5 together with an 
unidentified minor isomer. Ally1 bromide gives PdBr( n3-C3H5)(VP) containing 
monodentate P-bonded VP, but the products of reaction of 2 with methyl iodide 
and benzyl bromide have not been fully characterized. 

Introduction 

The sequence of c&addition of an olefin to a Pd’t-C-a-bonded complex RPdX 
and cis-elimination of Pd and HX from the resulting adduct leads to vinylic 
hydrogen substitution on the olefin (eq. 1) and is a synthetically useful transforma- 
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coordinatively unsaturated. This suggests that 2 might undergo oxidative addition 
with an organic halide such as iodobenzene to give initially a n’-phenylpalladium(I1) 
complex 3, and that the phenyl group in 3 could subsequently migrate to one of the 
adjacent vinyl groups to give an isolable palladocycle 4 (Scheme 1). We report here 
our studies of this type of reaction. 

Iodobenzene reacts with 2 in refluxing benzene to give a yellow, crystalline 1: 1 
adduct in 66% yield. The IR spectrum shows a weak band at 1620 cm-’ assignable 
to Y(C=C) of an uncoordinated double bond and the 31P{1H} NMR spectrum 
consists of an AB quartet, the magnitude of *J(PP) (383 Hz) being consistent with 
the presence of mutually tram-, inequivalent phosphorus atoms [ll]. However, the 
‘H NMR spectrum in CD&l, does not contain the characteristic pair of doublets in 
the region S 4.5-5.5 ppm due to the CH, protons of an uncoordinated vinyl group, 
nor does it show the ABX pattern expected from the benzylic and methine protons 
of structure 4. Apart from the aromatic multiplets in the region S 6.7-8.3 ppm, there 
is only a multiplet at 6 3.73 ppm and an approximate quartet at 6 1.04 ppm; this 
pattern broadens and shifts slightly at - 90” C, but no other peaks appear. On 
3’P-decoupling, the last two signals simplify to a quartet and a doublet (J 7 Hz), 
respectively, suggestive of the presence of a CHCH, group. The observations are 
consistent with structure 5, isomeric with 4, containing a five-membered metalla- 
cycle Pd{ o-CH(CH,)C,H,PPh, } and the ligand (2-styrylphenyl)diphenylphos- 
phine, o-Ph,PC,H,CH=CHC,H,, coordinated to palladium through its phosphorus 

CH-F;d-I 

/ 
CH3 

PF6-- 

(5) (6) 



I 
CH,---- Pd I I 

(7) (81 

The “P{‘H} NMR spectrum contains two AI3 quartets in a ratio of ca. ‘?,,;.1 \vith 
similar chemical shifts and coupling constant< (6( P, ) 20..?. 6( P,,) 44.6, J(.4B) 385 
Hz (major product); S(P, I 22.1. 6(P,,) 41.4_ ./(AB) 391 ifz (minor priAuct)). The 
‘H NMR spectrum shows multiplets at 6 1 .OS and 13 1.57 ppm \\hich Gmpllfv on :‘P 
decoupling to a doublet and a quartet respecti\,elv. ‘l‘hzc~ arc a5si>rn<ad to the I_ 
CHCH, group of the brom~~ malogue of 5 which is the major product. but there 
are also other resonances. including pairs of doublets in the rqionb S 5.S 0.0 and 8 
2.8 ppm. which cannot he ah\igned. 411 the signals broadeu at -- h!l” (.‘ hut there arc 
no other obvious changei; 
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Methyl iodide reacts with 2 in benzene at room temperature to give a yellow solid 
which, according to NMR spectroscopy, contains two species. The main product is 
believed to be the methylpalladium(I1) complex 8 containing two mutually tram, 

P-bonded monodentate (2-vinylphenyl)diphenylphosphine ligands. The ‘H NMR 
spectrum in CD,Cl, shows a triplet due to Pd-CH, at 6 0.16 ppm (J(PH) 7.0 Hz) 
cf. trans-[PdI(CH,)(PPh,),] S 0.18 ppm (J(PH) 5.0 Hz) [5] and a pair of doublets 
at 6 5.09 and 6 5.58 ppm (J(HH) 10, 17 Hz respectively) which can be assigned to 
the P-protons Hz and H3 of the uncoordinated vinyl group of 8. A sharp singlet is 
observed in the 31P{1H} NMR spectrum at S 31.0 ppm due to the equivalent 31P 
nuclei of 8. The 3’P{1H} NMR spectrum also shows an AB quartet (i?(P,) 21.5, 
$(P,) 42.4 ppm; J(AB) 383 Hz) indicative of a palladium(H) complex containing 
mutually tram, inequivalent 31P nuclei; this camp lex (9) could arise by transfer of 
the methyl group of 8 to one of the vinyl groups and could be structurally similar to 
4 or 5. The ‘H{3*P} NMR spectra of different samples of the isolated compound 
contain various other resonances, including a doublet at 6 0.76 (J(HH) 7 Hz) and a 
doublet at 6 5.1 (J(HH) 11 Hz) which may arise from 9, but the data are 
insufficient to provide structural information. 

Samples of the yellow product obtained from 2 and methyl iodide which have not 
been passed down an alumina column also contain small amounts of the methiodide 
of (2-vinylphenyl)diphenylphosphine, [VPMe]+II, as evidenced by the presence of a 
doublet at S 2.89 ppm (J(PH) 13 Hz) in the ‘H NMR spectrum and a singlet at 6 
21.8 ppm in the 31P{1H} NMR spectrum. 

The reactions of 2 with ally1 bromide and benzyl bromide differ from those 
described above in that one molecule of the olefinic tertiary phosphine is eliminated; 
the yellow adducts PdBr(allyl)(VP) (10) and PdBr(benzyl)(VP) (11) are isolated in 
60-70% yield. The ‘H NMR spectrum of 10 in CD&l, at room temperature 

C 

H3 

=c. 
‘HZ 

(10) 

exhibits a pair of doublets at 6 5.16 and 6 5.63 ppm (J(HH) 10.9, 17.6 Hz 
respectively) due to the P-protons H2 and H3 of an uncoordinated vinyl group. The 
latter overlaps with a quintet centred at 6 5.5 ppm (J(HH) 10.1 Hz) assignable to 
the central proton H* of a fluxional ally1 group, the remaining protons of which 
appear as two broad resonances in the regions S 3.2-3.6 ppm and 6 4.2-4.7 ppm. 
At - 90 o C all five of the resonances expected for an asymmetrically bound n3-ally1 
ligand are observed (see Experimental), the pattern being generally similar to that 
reported for PdC1(_r13-C3HS)(PPh,) at 34OC [13] and at - 50” C [14]. The vinyl 
resonances do not change at - 90” C, so the double bond of VP remains free, 



consistent with the structure shown. The broadening of the resonances due to the 
terminal allylic protons at room temperature may be a ,g’ + ‘1’ process induced b!/ 
traces of VP. which is liberated in the reaction of 2 with ally1 bromide. 

The ‘H NMR spectrum of PdBr(henzyl)(VP) (11) in (‘D,C‘l,. both at room 
temperature and at -- 90 o C. shows four broad, overlapping multiplets in the region 
6 2--3 ppm. a broad multiplet at ca. S 4.7 ppm. and aromatic multiplets 111 the 
region 6 6.C8.0 ppm in the approximate ratio 2O,A,/-F. Thcae xprctrx c~learly S~OM 

the absence of a free vinyl group, and this is confirmed by the IR ~pecrrum. uhich 
contains no v(C=C) hanci at 1620 cm ‘. However. it iq unclear l’rlxn the data 

whether the henzyl ,group I> irihilpto, ;is in [PdC‘l( qi-CHI,C‘,,H. )]: /ISi .~nd [Pd( $- 
CH,CH,H5)(PEt ,),]BF, jlh], or mwwhapto. as in PdY( $-c’I~-lJC‘,H., )L 1 c\i = (‘1. 
Br: I> = PEt,. PPh,) [7,15.16]. The ” P{‘H} NMR spcttrum ionxlsta cii :MO closely 
spaced singlets of different intensity. which suggests that t\\(l species :II’C present in 
solution. More R.ork ix nerded to establish the nature c~f coInple* II 1. 

The reactions of the various organic halides with Pi(VP), (la) and Ni(VP), i lb) 
have also been investigated briefly, hut no tractable products cliuid he c)htained. 

Crystal structure of PdI{ n-CH(CH,)C6H,PPh, ){(E )-n-Ph2PC,~-I,CH-CHC~H,} 

(5) 

The molecular structure ix xhown in Fig. 1 together with the numbering scheme. 
Relevant metrical data are summarized in Tables i and 7: fractional atomic 
coordinates are in Table 3. The five-membered P i’ cl-relate ring. 1 hc moncidentate 
f’-bonded 12-styrylphenyl)diphcn~Iphosphine. and the ic~i~nc atom J’CYI~ an zwx- 

Fig. I. Molecular grometr\ of PdI( n-Ct-I(C‘tf ,)C,,t-l.,PPh;. j I( Eli-o-l’t~,P~,,tJ,<‘tl::~~‘I-I(~. tl, j (5) 
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Table 1 

Selected bond lengths (A) in PdI( o-CH(CHx)C,H,PPh,){(E)-o-Ph,PC,H,CH=CHCeHs} (5) (with 
estimated standard deviations in parenthesis) 

Pd-I 2.6844) 
Pd-P(2) 2.346(7) 
P(l)-C(16) 1.78(3) 
P(l)-C(36) 1.79(3) 
P(2)-C(56) 1.78(2) 
C(l)-C(2) 1.57(5) 

C(3)-C(4) 1.45(6) 
C(4)-C(76) 1.46(4) 

Pd-P(1) 
Pd-C(7) 
P(l)-C(26) 
P(2)-C(46) 
P(2)-C(65) 
C(l)-C(15) 
C(3)-C(66) 

2.279(6) 
2.05(3) 
1.82(3) 
1.72(3) 
1.78(2) 
1.57(3) 
1.46(3) 

tially planar coordination array about the palladium atom. The chelate ring adopts 
an envelope conformation with a hinge angle of 29.5 O. The methyl group occupies 
an axial site, as is the case also in the octahedral manganese(I) complex Mn- 

CH(CH,)C6H,PPh,}(CO), [171; in contrast, the methyl group in the octahedral 
ruthenium(I1) complex RuBr{ o-CH(CH,)C,H,PPh,}(CO), is equatorial [18]. As 
expected, the phosphorus atoms are mutually truns, the Pd-P distance in the chelate 
ring (2.279(6) A) being significantly shorter than the Pd-P bond length for the 
monodentate P-bonded tertiary phosphine (2.346(7) A). A similar effect is observed 
in the trigonal bipyramidal, zerovalent iron complex Fe(C0) 2(VP)2 [19], whereas 
the Pd-P distances in the approximately trigonal planar, zerovalent palladium 
complex Pd(VP), (2) are equal within experimental error [9]. Presumably as a 
consequence of the high trans-influence of the Pd-C u-bond, the Pd-I bond length 

(2.684(4) A) is significantly greater than the Pd-I distances characteristic of iodide 

Table 2 

Bond angles (“) in PdI{o-CH(CH,)C,H,PPh,){(E)-o-Ph,PC,H,CH=CHC,H,) (5) (with estimated 
standard deviations in parenthesis) 

I-Pd-P(1) 
P(l)-Pd-P(2) 
P(l)-Pd-C(1) 
Pd-P(l)-C(16) 
C(16)-P(l)-C(26) 
C(16)-P(l)-C(36) 
Pd-P(2)-C(46) 
C(46)-P(2)-C(56) 
C(46)-P(2)-C(65) 
Pd-C(l)-C(2) 
C(2)-C(l)-C(15) 
C(3)-C(4)-C(76) 
C(l)-C(15)-C(16) 
P(l)-C(16)-C(15) 
P(l)-C(26)-C(25) 
P(l)-C(36)-C(35) 
P(2)-C(46)-C(45) 
P(2)-C(56)-C(55) 
C(3)-C(66)-C(61) 
C(4)-C(76)-C(71) 

93.6(2) 
173.0(3) 

81(l) 
106.3(9) 
106(l) 
103(l) 
117.8(6) 

98(l) 
106(l) 
106(2) 
109(2) 
120(3) 
126(2) 
105.9(8) 
122.1(6) 
113.0(8) 
118.1(8) 
121(l) 
115(2) 
121(2) 

I-Pd-P(2) 
I-Pd-C(1) 
P(2)-Pd-C(1) 
Pd-P(l)-C(26) 
Pd-P(l)-C(36) 
C(26)-P(l)-C(36) 
Pd-P(2)-C(56) 
Pd-P(2)-C(65) 
C(56)-P(2)-C(65) 
Pd-C(l)-C(l5) 
C(4)-C(3)-C(66) 
C(l)-C(15)-C(14) 
P(l)-C(16)-C(l1) 
P(l)-C(26)-(~(21) 
P(l)-C(36)-C(31) 
P(2)-C(46)-C(41) 
P(2)-C(56)-C(51) 
P(2)-C(65)-C(66) 
C(3)-C(66)-C(65) 
C(4)-C(76)-C(75) 

93.0(2) 
171.0(9) 

93(l) 
117.3(6) 
119.2(7) 
104(l) 
112.9(9) 
113(l) 
108(l) 
ill(2) 
128(3) 
115(2) 
134.1(8) 
117.9(6) 
126.9(8) 
121.8(8) 
119(l) 
119.7(7) 
125(2) 
119(2) 
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truns to iodide in palladium(I1) complexes, e.g. 2.592(3) A in the monoclinic form of 
trans-PdI,(PMe,Ph), [20], 2.587(l) A in trans-PdI,(PPh,)Z [21], and 2.587(6) A in 
trans-Pd12(t-BuNC), [22]. The Pd-C bond length (2.05(3) A) is in the normal range 0 0 
cf. 2.05(2) A in trans-Pd{OC(0)OH}(CH,)(PEt,)2 [23], 2.061(3) A in truns- 
PdCl(CH2SCH,)(PPh,), [24], and 2.071(3) A in PdCl{ o-Ph*PC,H,CH-CH= 
C(CH,)C,H,PPh,-o} [25]. 

Discussion 

The reaction of Pd(VP), (2) with iodobenzene probably proceeds via 3 and 4 
(Scheme l), although these compounds could not be detected. The isolated product 
5 can be formed from 4 by well-established processes of P-hydride elimination from 
a u-bonded alkyl group and hydride addition to a metal-bound olefin (Scheme 2). 
Thus, P-hydride elimination from 4 could give the hydrido-palladium(I1) complex 
12, in which the double bonds may be close to the metal atom, if not actually 
coordinated to it. The hydride ligand can then add to the adjacent vinyl group of VP 
to give 5. In principle, this addition could occur in two ways, forming either the 
observed five-membered ring product Pd{ o-CH(CH,)C,H,PPh2} or a six-mem- 
bered ring product Pd{ o-CH,CH,C,H,PPh, }. The former is clearly favoured, as is 
true also for the additions of platinum(I1) hydrido-halide complexes to VP [26]. 

A somewhat similar reaction sequence has been invoked to account for the 
formation of PtI(CH,){ o-Ph,PC,H,C(CH,)=CH,} from the reaction of methyl 
iodide with Pt(CH,),(VP) [27]. It comprises (1) oxidative addition of methyl iodide 

to give a transient methylplatinum species (2) methyl group migration to the 
vinyl group of VP (3) P-hydride elimination from the resulting metallacycle to 
generate coordinated o-Ph,PC6H,C(CH,)=CH, (4) reductive elimination of 
methane to give the final product. One difference is that the methyl group migrates 
to the a-carbon atom of the vinyl group, whereas in the present work the phenyl 
group moves to the P-carbon atom. 

Our failure to detect the intermediate phenylpalladium(I1) complex 3 is remi- 
niscent of the formation of the endo-phenylnorbornenyl complex 13 by treatment of 

CH 

Ph 

Scheme 2 
(12) 



Cl ‘7 

(13) 

PdCl,(nbd) (nbd = norbornadiene) with (C‘,H,),Hg [2X.29]. In this c:lse. too. the 
presumed intermediate PdCI(C,H, )(nbd) could not hti detected. ~~lthough its 
platinum(I1) analogue could be isolated and underwent no further reaction. 

Although other organic halides readily add to 2. the n-bondt~i or-g:inic group> 
(methyl, allyl. benzyl) are apparently less read) than phenyi L. Lit tr,tnyfcr !{? one of the 

adjacent vinyl centres. 

Experimental 

Reactions were carried out and worked up under nitrogen Gth uxcs of sti\ndard 
Schlenk techniques. although the solid products were fairly xtablc IO .Gr. Sol\,enta 
and organic halides were dried and di>tilled h\- ~tundartl pr~~cedure~ Flcmrnt~1 
analyses and molecular mvight determination> by ~q~our- prexhurc c)~m~>metr\ 

(CHJ’I,, 37 o C) were performed in the Microanal) ticai l.;tb~)r~tcv\ of (hi\ School. 
/rtstrument.r. Bruker CXP?OO (‘F-1 NMR at 200 Milr. “P NMK dt S03X tit-LJ 

MHz), Bruker HFX270 (‘H YMR iit 270 MHz): Pcrkin Elmer 681 ill<). C‘hem~cal 
shifts (6) are in ppm relative 10 internal Me,Si (‘FI) or zxtrrn:ti S55 f1 .,PO, ( “1’~ 
high frequencv being taken ;ts pokitive. 

(I) ~odobtwzerzc. To a solution of 2 (0.56 g. 0.82 mmol) in benzene (10 ml) \~as 
added an excesb of iodobenzene (2.5 ml). After the mixture had been ktirrrd for h h 
at room temperature. the original orange-yellow colour had not changed. 30 the 
solution was heated under reflux for I6 h. Solvent W;IS evap~~ted under reduced 
pressure to give an orange-\;ellox 011 which solidified on additi~!r! of hc‘2:inc (50 ml) 
After being washed with hcxanc (3 x 2 0 ml), the ioliti W;I> dis,v)i\.ctl 1;1 dichlorcb- 
methane (10 ml) and the solution was filtered through C’elitc. Snl~.ent $4 ,I\ rcmo~cd 
under reduced pressure to give a vellow, nponpv solid \\,hich. on wa?;lting w-lth ether 
(3 X 10 ml), gave yclloi\~. crystalline PdI [ (I-C‘H(C’H: )I‘, ff 1 PJ% 2 ; {I f< ‘i-o- 
Ph2PC,H,CH=CHC,H,) (5) (0.48 g, h6R), .An anaiytica!?y pur” -a~nplc. m.p. 
13% 140 o C, was obtained b? recrystallization from dic~-rl~)l~~~~~~etlt;Inc trhrr and 
drying in vacua overnight. (Found: C. 62.38: 13. 4.W: I. YG,LiJ: Neil/. \rt . ji.3: 
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C,,H,,IP,Pd talc: C, 62.29; H, 4.43; I, 14.31%; mol. wt., 887). Infrared (KBr) 1620 
cm-’ [v(C=C)]. ‘H NMR: S(CD,Cl,) 1.04 (approx. 1/3/3/l q, CHCH,) ({“P} * 
d, J(HH) 7 Hz), 3.73 (m, CHCH,) ({“P} * q, J(HH) 7 Hz), 6.7-8.3 (m, C,H,, 
C,H,, CH=CH); peaks due to residual ether observed at 6 1.16(t), 3.43(q) (J(HH) 7 
Hz); in CDCl,, peak due to residual CH,Cl, observed at 6 5.3. 3’P(1H} NMR: 
S(CD,Cl,) 20.0, 45.7 (ABq, J 383 Hz). 

Complex 5 (0.20 g, 0.23 mmol) dissolved in dichloromethane (5 ml) was treated 
with a solution of AgPFb (0.057 g, 0.23 mmol) in acetone and the mixture was 
stirred for 18 h. The precipitated AgI was removed by filtration through paper and 
washed with dichloromethane (2 x 25 ml). Evaporation of the combined filtrate and 

washings to dryness gave a yellow spongy solid which crystallized on washing with 
ether (10 ml). The yield of Pd{ o-CH(CH,)C,H,PPh,}{( E)-o-Ph,PC,H,CH= 
CHC,H,}]PF, (6) was 0.17 g (85%). An analytically pure sample of the CH$l, 
solvate, m.p. 148-152°C (dec.), was obtained by recrystallization from dichloro- 
methane/ether. (Found: C, 59.21; H, 4.44; F, 12.12. C,,H,,F,P,Pd . 0.5CHzC1, 
talc: C, 58.94; H, 4.25; F, 12.03%). Infrared (KBr) 840 cm-’ (s, br, PF,). ‘H NMR: 
S(CD,Cl,) 1.24 (approx. 1 : 3: 3: 1 q, CHCH,) ({“P} G. d, J(HH) 7 Hz), 3.89 
(approx. q of d, CHCH,) ({“P} *q, J(HH) 7 Hz), 6.3-8.0 (m, C,H,, C,H,, 
CH=CH); peaks due to residual ether at S 1.16(t), 3.43(q) (J(HH) 7 Hz). 31P{‘H} 
NMR: S(CD,Cl,) 27.9, 42.0 (ABq, J 331 Hz). 

(2) Bromobenzene. A mixture of 2 (0.47 g, 0.68 mmol) and bromobenzene (2 ml) 
in benzene (10 ml) was stirred at room temperature for 3 h and heated under reflux 
for 13 h. Work-up as described for (1) gave 0.46 g of yellow solid which, in contrast 
to 5, was soluble in ether. Precipitation with hexane from a dichloromethane/ether 
solution gave a yellow solid, m.p. 138-141”C, which analysed satisfactorily for 
PdBr{o-CH(CH,)C,H,)PPh,}{(E)-o-Ph,PC,H,CH=CHC,H,) . O.SCH,Cl, (6) 
(0.26 g, 46%), although NMR spectra indicate the presence of at least one other 
species. (Found: C, 63.61; H, 4.66; Br, 9.05; mol. wt., 810; C,,H,,BrP,Pd. 
O.SCH,Cl,calc: C, 63.29; H, 4.57; Br, 9.05%; mol. wt., 841). ‘H NMR: S(CD,Cl,) 
0.98 (approx. q, CHCH,) ({31P} * d; J(HH) 7 Hz), 3.50 (m, CHCH,) ({“P} =+ q, 
overlapping with another resonance), 6.7-8.3 (m, C,H,, C,H,, CH=CH); unas- 
signed minor peaks at S 0.65-0.80 (m), 1.28 (s), 1.78 (s), 2.4 (approx. t, spacing 12 
Hz), 2.84 (dd, spacings 12 Hz, 4 Hz), 5.84, 6.04 (each d, spacing 8 Hz). 31P{‘H} 
NMR: S(CD,Cl,) 20.3, 44.6 (ABq, J 385 Hz), 22.1, 41.4 (ABq, J 391 Hz), ratio 
approx. 7/3. 

(3) Methyl iodide. Addition of methyl iodide (0.1 ml) to a solution of 2 (0.40 g, 
0.58 mmol) in benzene (10 ml) caused precipitation of a yellow solid within 5 min. 
After 16 h, the mixture was evaporated to dryness under reduced pressure. The solid 
was dissolved in warm dichloromethane (20 ml) and the solution was filtered 
through Celite. On addition of ether (20 ml) and evaporation to ca. half-volume an 
orange solid precipitated (0.62 g). The NMR spectra (‘H, 3’P) described in the text 
suggest that the solid is a mixture of trans-[PdI(CH,)(VP),] (8) an isomer or 
isomers of 8 derived by transfer of the methyl group to one of the vinyl groups, and 
variable amounts of the methiodide of VP. The microanalytical data were in 
reasonable agreement with those required for 8 (Found: C, 59.11; H, 4.54. 
C,,H,,IP,Pd talc: C, 59.69; H, 4.52%). 

(4) Ally1 bromide. A solution of 2 (0.40 g, 0.58 mmol) in benzene (10 ml) was 
treated with ally1 bromide (0.05 ml, 0.58 mmol) and the mixture was stirred 
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