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ELSEWER 

Selectivity in reductive elimination and organohalide transfer from 
methyl( aryl) benzylpalladium( IV) complexes of bidentate nitrogen donor 

ligands, PdBrMe(Ar)(CH,Ph)(L,J 

Dennis Kruis ‘, Bertus A. Mar!& ‘, Allan J. Canty “, Jaap Boersma iL *, Gerard van Koten a 

Abstract 

Oxidadve ad&ion of icdaarenes to biddibenzylidenea~eton~~l~~i”~O) in the presewc of N.N. N’.N’-renametiy~ethyl&amiEE 
(tmeda) affords PdlA&m&) (Ar = 4-M&,“,. 4-MeOC,H,. CMe(OlCC,H,. C02NC,H+. 3-M&C,H,) in high yield. Some of 
these complexes (Ar = 4-MeC,H,. 4.MeOC,H,. 3-MeOC,H+) rexI with LiMr 10 form PdMeAdrmeda), and the mShy&wyl&t- 
ladium(Il) cDmplenes react wbb 2.2’.bipyridyl fbpy) or I,lO-phenanthmline (phen) to affm-d PdMeAr(L,): PdMeph(phen) may b 
obtained similarly. All oflhe diorganopalladium(ll~ complexes of hpy and phen react with benryl bromide to form PdBrMeAr(CH2phXL2) 
but a complex could not be isolated for Ar = 3.MeOC,H,. L, = bpy. The isolated palladium(lV) complexes reaa wbh PdMe&w) 1 
-20°C in (CD,)&0 to selecrively transfer henry1 bromide 10 give PdMeAr(L,) and PdBrMe,(CH,PbXbpy) respctively. The 
complexes PdBrMeAr(CH,PhXbpy) (Ar = Pb, 4_MeC,H,. +MeOC,H,) undergo selecdve reductive elimination of Ar-Me in CDCI, to 
form PdBrKH,PhXL,), but PdBrMeArKH,PhXphenl lAr=Ph. 4-MeC,H,. 4_MeOC,H,, 3-MeOC,H,) +e mixanes of 
PdB&H,PhXphen) and Me-Ar togaher with leser amcwm of PdBrMdphenl and Ar-CH,Ph (ca I@%%). 

Keyords: Palladium: Oxidadve nddirion: Reducrive elimination: Redox reanionr: Alkyl lnnnfer 

1. lntmduction 

Reductive elimination fmm triorganopalladium(IV) complexes is providing interesting examples of selectivity in 
C-C bond formation at a transition metal cenue [I-S], as illustrated by Eq. (11 for the decomposition of 
PdBrMePh(CH,PhXbpy) (bpy = 2,2’-bipyridine) in acetone to give toluene as the only coupling product [71. 
Selectivity in coupling of organic groups at palladium(W) centres has been proposed as a step in several organic 
synthesis procedures [SS-151, and in most of these syntheses an aryl group is part of the coordination @We Of 
palladium [9,11,1X-IS]. Selectivity also occurs in alkyl halide transfer reactions between palladium(lV) Rwtlts 
containing three different organo groups and dimethylpalladium(II) reagen&, for which transfer of benzyl bromide is 
exclusively favoured over methyl and phenyl bromide transfer. as illustrated in Eq. (2) 171. 

(1) 
Br 
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Transfer reactions similar to that in Eq. (2) could possibly occur during organic syntheses involving palladium(ll) 
and palladiumUV) intermediates, and thus both the selectivities in couplin, 0 of different organic groups at the 
palladium(IV) cent~e and in transfer reactions may play a crucial role in the syntheses. We report here the prepxation 
of a ranp of complexes PdBrMeMCH,PhHL,) [L, = bpy or phen (l.lO-phenanthroline)] containing substituted Ar 
groups, and studies of their decomposition and alkyl halide transfer reactivity in order to determine whether the high 
selectivities in the reactions of Eqs. (I) and (2) represent general phenomena in palladium(lV) chemistry. Aryl groups 
mntaining substituents exhibitin8 different inductive (H, Me, MeO. Me(OK 0,N) and mesomeric (4-MeO, 
4_Me(O)C, 4-02N) effects were chosen. and substituents in the 2. and 6.positions were avoided in order to 
circumvent steric difficulties at the octahedral palladium(IV) centre. The ligand phen has been included in the study 
because it has been established that more rigid ligands tend to reduce selectivity in elimination of ethane from several 
dimethy~benzyl)palladiom(lV) complexes of the 8eneral formulation PdBrMe?(CH, PhXL?) (L, = bidentate nitrogen 
donor ligand) [2.4,81. 

2. ResoIts 

2.1. Synthesis 

The new palladiumU1) complexes lb-f, Zb-d, 3b-d and 3a’-d’ were synthesized beginning with bis(diknzyl- 
ideneacetone)palladiudO) according to Eqs. (3)-(5). by following the reported procedures for PdIPh(tmeda) (la). 
PdMePI$tmeda) (2a) and PdMePh(hpy) (3a) 1161. As observed for related iodoarene oxidative addition reactions 
[16,171, the yields for the complexes lb-f obtained from the reaction of Eq. (3) are high (76-100%). The reactions of 
Eqs. (4) and (5) proceed with yields of 87-988 and 57-9310 respectively, but attempted methylation of the 
complexes le and lf according to Q. (4) was unsuccessful. 

Pd( dba)? + tmeda + Arl + PdlAr( tmeda) + 2dba 
Irl-f 

(3) 

la: AI = F’h, lb: AI = 4-MeC,H,, lc: Ar = 4-MeOC,H, 

id: Ar=3-MeOC,H,, le: Ar=4-Me(O)CC,H,, If: Ar=4-O?NC,H, 

PdIAr(tmeda) + LiMe + PdMeAr( tmeda) + LiI 
Ls-d 

(4) 

2a: Ar = Ph. 2b: Ar = 4-MeC,H, 

2e:Ar=4-MeOC,H,,M:Ar=3-MeOC,H, 

PdMeAr( tmeda) + L, --) PdMeAr( Lz) + tmeda 
38-d. 3&d 

(5) 

3a:Ar=Ph,L,=bpy W: Ar = Ph. L1 = phen 

3b: AF=~-M~C~H~. Lz = bpy 3b’: Ar=4-MeC,H,. L2 =phen 

3~: AI = 4-MeOC,H,, Lz = bpy 3~‘: Ar=4-MeOC,H,. Lz = phen 

.3d: Ar=SMeOC,H,.L,=bpy 3d’: Ar=3-MeOC,H,,Lz=phen 

AI1 of the new complexes exhibit microanalyses and ‘H NMR spectra in accord with the formulations presented in 
Eqs. (3)-(5). e.g. on comparison with reported spectra of PdIM&meda) (la) and PdMe&bpy) [IS]. PdMePMtmeda) 
(Za) and PdMePh(bpy) (3a) 1161. 

The palladium(IV) complexes (4b-c, &I’-d’) were obtained on oxidative addition of benzyl bromide to the 
appropriate PdMeAdLI) complexes at 0 ‘C in acetone (F.q. (6)). as reported for the synthesis of 
PdBrMePh(CHzPhXbpy) (4a) [7], or at - 10°C in dichloromethnne for some of the less soluble phen complexes (3a’. 
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3b’). The complexes were isolated at -60°C. and as they are unstable their ‘H NMR spectra and reactivity toward 
decomposition and organobmmide exchange were examined immediately after isolation. 

PdMeAr(L,) + PhCH?Br -+ PdBrMeAr(CH2Pb)(Lz) (6) 
‘la-r. W-d 

4a: Ar = Ph. L2 = bpy 4a’: AI = Ph, L2 = phen 

46: Ar=4_MeC,H,. L, = bpy 4b : AI = 4-MeC,H,, Lz = phen 

4c: Ar =4_MeOC,H,, Lz = bpy 4e’: Ar =4-MeOC,H,, L,=phen 

4d’:Ar=3-MeOC,H,,L2=pbcn 

The new palladium(W) complexes (4b.c; 4a’-d’) exhibit ‘H NMR spectra that are very similar to that reported for 
complex 4tt. and resonances may be assigned by direct comparison. 

Unlike its phenanthroline counterpart, PdMc(3-MeOC,H,Xbpy) did not yield an isolable palladium(W) complex 
upon reaction with benzyl bromide. Therefore, the reaction was studied by in situ ‘H NMR spectmscopy. Addition of 
an excess of beozyl bromide to a cooled (- 10°C) solution of PdMe(3-MeOC,H,Xbpy) in CDCI, and subsequent 
slow warming of this solution showed that upon formation of the palladiun$lV) complex (e.g. 2.Mppm fs, 
PdW-Me); 6.33, 6.52, 6.67ppm (m, ‘t’, ‘t’, Pd(IV)-CH,f’h); 8.24, 8.66ppm (d (“J= .5.2Hz), d (‘J=SAHz), 
H,-bpy)) an immediate reaction took place. The resulting very complex spectmm indicates more than one 
decomposition pathway, hut there was no general decomposition to give palladium metal. Only 3methylanisole and 
PdBrMe(bpy) could be definitely assigned. The decomposition behaviour of this complex is sot compared with the 
other studies of reductive elimination since the excess of benzyl bromide may influence the reductive elimination. 

2.2. Reducticr eliminuriun 

All of the palladium(lV) complexes showed facile decomposition behaviour at ambient temperature to give C-C 
coupling products and monoorganopalladium(Il) species that could be readily identified by ‘H NMR spectmxopy 
(Eqs. (7) and (8)). Palladium metal is not formed in any of the decompositiott reactions, and the spectra indicate that 
PhCH, (except for 4a attd 4a’). PdBrz(L2). MeH and ArH ae also not formed. 

PdMeAr(CH,Ph)(bpy) --) PdBr(CH,Ph)(bpy) + Ar-Me (7) 
&tr 

PdMeAr(CH?Ph)(phen) -+a[PdBr(CH,Ph)(phen) +&Me] +b[PdBrMe(phen) +Ar-CHZPh] (8) 

All of the new palladiumJlV) complexes react cleanly with PdMe,(bpy) at -20°C in (CD&Z0 to selectively 
transfer benzyl bromide according to Eq. (9). 

PdBrMeAr(CH2Ph)(LI) + PdMe,(bpy) * PdMeAr(L2) + PdBrMeZ(CH,Ph)(bpy) (9) 
Ire. U-d 3.-.. W-d 

3. Diwtssioo 

The synthetic methods illustrate the general applicability of the oxidative addition reaction (Eq. (3)). txmsowalla- 
tion (Eq. (4)) except for nitro and acetyl sirbstituted phenyl groups. displacement of tmeda (Eq. (5)) and oxidative 
addition of benzyl bromide to palladium(ll) (Eq. (6)). The new palladiumW) complexes have low stability and 
undergo clean reductive elimination ’ F$. (7) and (8)) attd bet@ bromide transfer (Eq. (9)). 

The bpy complexes exhibit high selectivity for ary-methyl coupling, but with pben as the bidemate ligattd ca. 
IO-20% of the decomposition proceeds to give aryl-benzyl coupling (Eq. (8)). Tb& selectivity in coupling for 
L2 = bpy is unaffected by change of Ar, and for L? = phen the product distributions fmm 4a’-d’ are similar, 
indicating that the major determinant of selectivity is L2. 

The lower selectivity observed for the phen complexes suggests that the preference for ary-methyl over 



aryl-benzyl coupling is not very great. since the change in ligand environment is minor. Selectivity in coupling may 
be expected to result from a combination of thermodynamic and kinetic factors. It has been suggested that Me-Me 
and Me-CH,Pb bond energies are the main factors that determine selectivity in reductive elimination from 
PdBrMeZ(CH,PbXLZ) [19], and the selectivity for Ar-Me coupling exhibited by PdBrMeAdCH,PhXbpy) (Eq. (7)) 
is consistent with this in view of the bond energy sequence Ar-Me > Ar-CH,Ph > Me-CH?Ph. Thus, kinetic 
factors are assumed to account for the differences in selectivity exhibited in Eqs. (7) and (8). These factors could 
include the requirement for preliminary halide loss from PdBrMeAdCHZPhXLz) to facilitate the lowest energy 
pathway for reductive elimination, suggested from kinetic studies of reductive elimination by PdlMe&bpy) [19,2@], 
and (rejorientation of the organic gmups to positions appropriate for reductive elimination by methyl, atyl, or Lxnzyl 
groups at an (expected) octahedral came [PdMetiCH2PhXL,Xacetone)]+. This latter step appears to be the one at 
which a change of L, 6-om bpy to phen would have greatest effect since phen is more rigid than bpy, and thus the 
hansit& state(s) lea&g to the thermodynamically preferred Ar-Me coupling may be less accessible. For example, 
coupling from [PdMe,(L,Hacetone)]+ is believed to involve an equatorial and an axial methyl group rather than the 
two equatorial methyl groups [191; a similar elimination pathway from [PdMe~CH2PhXLzHacetone)]’ to give 
At-Me coupling requires isomerisation since both Me and Ar groups are truns to L? in PdBrMeAI(CH2PhXLz). 

The high selectivity for benxyl bromide transfer from pa:ladium(lV) to palladium(ll) (Eq. (9)) is consistent with the 
proposed mechanism for this type of reaction. It has been suggested that preliminaty bromide loss from 
PdBrMeAr(CHZPhXLI) to form [PdMeA&H,PhXL>)]’ (probably solvated as [PdMeArtCH,Ph)(L,Xacetone)]+) 
is followed by nucleophilic attack by PdMel(bpy) on the alkyl group(s) at the cationic palladium(lV) centre [2,7]. 
Normally, nucleophilic attack on PhCH2-X occurs faster than on CH,-X by factors as high as 500 [21], and thus 
selective benzyl halide transfer is expected. 

4. Experimental details 

All syntheses were conducted in an atmosphere of dty nitrogen with the use of Schlenk techniques. ‘H NMR 
specua were recorded at 2OOMHz on a Broker AC200 spectrometer. Spectra of palladium(I1) complexes were 
measured at room temperature, whereas spectra of palladium(W) complexes were measured at - 10°C. Chemical 
shifts (6) are given in parts per million (ppm) relative to tetramethylsilane. Microanalyses were performed by the 
lostitute for Applied Chemistry (TNO). Zeist, Netherlands. and Domis und Kolbe Microanalytical Laboratories, 
Mulbeim a.d. Rubr, Gemuny. Benzene, pentane. and diethyl ether were nil freshly distilled from sodium/benzo- 
phenone ketyl. Methyllithium (1.6 M in diethyl ether), N.N,N’,N’-tetramethylethylenediamine, 2,2’-bipyridine. 
iodobenzene, iodd4-methyl)benzen, iodd3-methoxy)benzene. iodd4_methoxy)benzene, iodd4-nitroYoenzene and 
Ciodoacetophenone benzyl bmmide and acetone (pa.1 were obtained from Janssen Chimica and used without 
pJIifiC~ti0~. 

Bis(dibenzylideneacetone)palladium(O) [22]. PdMe,(bpy) [ 181. PdMePh(tmeda) [16], PdBrMe,(CH,Phl(bpy) [4] 
and PdBrMePMCH,PhMbpy) [7] were prepared according to reported procedures. The new complexes Pd1(4- 
RC,H,Xrmeda) (R = Me, MeO, Me(O)C, O,N), Pdl(3-MeOC,H,Xtmeda), PdMePh(pherd, PdMe(4-RC,H,)(L,) 
(Lz = pben, bpy, R = Me, MeO), PdMe(3-MeOC,H,XL,) (L? = bpy, phen), PdBrMePh(CH,PhXphen), PdBrMe(C 
RC,H,XCH2PhKL2) (L, = bpy. phen. R = Me, MeO) and PdBrMd3-MeOC,H,XCH,PhXphen) were prepared by 
pmcedttres exactly as reported for the PhPd(l1) [I61 and PhPd(lV) 171 analogues except where indicated below, 
involving oxidative addition of iodoarene to Pd(db& in the presence of tmeda, transmetallation with LiMe, exchange 
of tmeda by bpy or phen, and oxidative addition of PhCHz Br. 

4.1. PdIWMeC, H, Jftmedu) fJbJ 

Yield: 90%. Anal. Found: C. 35.5; H. 5.3; N, 6.3. C,,H,,N,IPd Calc.: C, 35.4: H, 5.3; N, 6.4% ‘H NMR 
(CD’&): 8 2.22 (3H. S, Me), 2.34 (67, 
overlapping, 6.75 (ZH, d, H,,-C,H,, 

s, NMe,), 2.58 (2H. tn. CH,), 2.67 (6H, s, NMe,) and 2.72 (2H. m, CH,) 
J =7.9Hz), 7.11 (2H, d, H,,e-C,H,, ?=7.9Hz). 

Yield: 96%. Anal. Found: C, 34.1; H. 5.0: N. 6.1. C,,H,,N,IPdO WC.: C, 34.2; H, 5.1; N, 6.1% ‘H NMR 
(ma,): 8 2.29 (6~. S. NM~?), 2.60 (4H, m, 2 CH:) and 2.64 (6~. S, ~bie,) overlapping, 3.69 (3H, s. MeO), 6.59 
(2H. d, H,.,-C,H,, ‘J=8.3Hz), 7.07 (2H, d, H2.&,,H,, ‘J=8.3Hz). 



4.3. Pdlf3-MeOC, HJ j(tmeda) (IdJ 

Yield: 92%. Anal. Found: C. 34.3; H, 5.0; N, 6.1. C,,H,,N,IPdO C&z.: c, 34.2; H, 5.1; N, 6.1%. ‘H NMR 
(CD’&): 6 2.34 (6H, s, NM.+, 2.55 (2H. m, CH,), 2.67 (6H, s, NMe,) and 2.73 (2H, m, CH,) overlapping, 3.74 
(3H. s. MeO), 6.38 (IH. m, H&6HJ), 6.83 (3H, m, H2s,6-CIHd overlapping). 

4.4. PdZ(4-Mef OhX, HI Jffmeda) fZr) 

Yield: lCO%. Anal. Found: C, 35.8; H. 5.0; W, 6.0. C,,H,,N,IPdO Calc.: C, 35.9; H, 5.0; N, 6.0%. ‘H Nh4R 
(CDCl& 8 2.31 (6H, S, NMe,), 2.48 (3H, S. COMe), 2.64 (4H, m, 2 CH,) and 2.67 (6H. s, NMe,) overlapping, 7.46 
(4H. m, C,H,). 

4.5. Pd1(4-0, NC, H,NtmedaJ (ZfJ 

Yield: 100%. Anal. Found: C, 29.9; H, 4.2; N, 8.8. C,,H,,N,IPdO UC.: C, 30.6: H, 4.3; N, 8.9%. ‘H NMR 
(CDCl,): 6 2.35 (6y. s, NMe?). 2.63 (2H. m, CH,), 2.71 ($H, s, NMe,) and 2.75 (2H. m, CH:) overlapping, 7.55 
(2H, Q H,,,-C,H,, J=8.7Hz), 7.77 (2H. d, HzsC,H,, J=8.7Hz). 

4.6. PdMe(4-MeC, ZZJ NhedaJ f2b) 

Yield: 97%. Anal. Found: C, 50.4; H, 8.1; N, 8.1. C,,H,,N,Pd Chic.: C, 51.1; H, 8.3, N, 8.5%. ‘H NMR 
(CDCI,): 6 -0.86 (3H, S, PdMe), 2.21 (3H. S, Me), 2.30 (6H. S. NMe,), 2.51 (6H; S, Nhfe?) and 2.53 (4H. ISI, 2 
CH,) overlapping, 6.80 (2H, d, H,,,-C,H,, ‘I= 7.6Hz). 7.33 (2H. d, H,,-C,H,, J=7.6Hz). 

4.7. PdMeil-MeOC, H, Xhneda) f2cJ 

Yield: 87%. Anal. Found: C. 48.7; H, 7.7; N. 8.2. C,,H,,N,PdD Chic.: C, 48.8; H, 7.6, N, 8.1%. ‘H NMR 
@XCl,): S -0.23 (3H, s, PdMe), 2.25 (6H, s, NMe& 2.48 (6H. s., NM”,,” 2.61 (4H, AA’BI, 2 CH,), 3.64(3H, s, 
MeO). 6.51 (2H. d, H*,-C,H,, ‘_I= 8.4Hz). 7.23 (2H. d. Hz6-C,H,, J= 8.4Hz). 

4.8. PdMe(3-MeOC, H, )(*neda) t2dJ 

Yield: 98%. Anal. Found: C, 48.9; H, 7.5; N. 7.9. C,,H,N,PdO Calc.: C, 48.8, H, 7.6, N, 8.1%. ‘H NMR 
(CD’&): S -0.07 (3H, s, PdMe). 2.31 (6H. s, NMe& 2.52 (6H, s, NMe,) and 2.57 (4H. m, 2 CH2) overla&q 
3.77 (3H. s, MeOh 6.42 (IH, m. H,-C,H,), 6.89 (Hi, dd, H&,H+, ‘J=7.9 and 7.5Hzh 7.06 (2H. m, 
Hz,,-C,H,). 

4.9. PdM@(4-MeC, H< Nbpy) (3b) 

Yield: 88%. Anal. Found: C, 58.5; H, 4.9: N, 7.5. C,,H,,N,Pd C&z.: C, 58.6, H, 4.9; N, 7.6%. ‘H NMR 
@XI,): 8 0.59 (3H. s. PdMe), 2.31 (3H, s, Me), 6.98 (2H, d, H,&,H,, ‘J = 7.6Hz). 7.37 (IH, m, bpy), 7.52 
(3H, d, Hz,,-C,H, and I bpy overlapping), 7.90-8.11 (4H. m, bpy), 8.41 (1H. d,bpy, ‘J= 5.1Hz). 8.88(1H.d, bpy, 
‘J= 5.1 Hz). 

4.10. PdMe(4-MeOC, H, )(bpy) (3~) 

Yield: 75%. Anal. Found: C, 56.0; H. 4.7; N, 7.3. C,,H,,N,PdO C&c.: C, 56.2: H, 4.X N, 7.3%. ‘H NlUR 
(CDCI,): 8 0.57 (3H, s, PdMe), 3.80 (3H. s. MeO). 6.81 (2H, d, Hxs-C,H,, ‘J= 8.3Hz). 7.33 (IH, m. bpy), 7.47 
(2H. d, H,,$,H,.3J=8.3Hz), 7.51 (IH,m, bpy), 7.91 (lH,m,bpy), 8.03(W,d,bpy, J=4.7k),8.34(W,m, 
bpy). 8.840H. d. bpy,‘J=5.3Hz). 

4.11. PdMeiJ-MeOC, HI Xbpyl(3d) 

Yield: 57%. Anal. Found: C. 56.1: H. 4.8: N. 7.3. C,.H,GN,PdO Calc.: C. 56.2; H. 4.7; N, 7.3%. ‘H NhfR 
0X1,): 8 0.59 (3H, s, PdMe),‘J.Sl i3H; s, M&j, 6.57 (iH,-&k,-C,H,), 7.06 (IH. dd, H,-CqH,. ‘J- 7.8 and 
7.6Hz). 7.32 (2H. m, H,,&,H+), 7.54 (1H. m, bpy), 7.86-8.11 (5H. m, bpy), 8.35 (IH, d, bpy. J=5.1Hz), 8.86 
(IH. d. bpy, ‘./ = 5.1 Hz). 



4.12. Pdfi4cPhfphen) 0~‘) 

yield: 81%. A&. Found: C, 60.1: H. 4.2: N, 7.5. C,,H,,N?Pd Calc.: C, 60.3; H, 4.3; N, 7.4%. ‘H NMR 
(CDCI,): 6 0.74(3H, S, PdMe), 7.04(1H, m, H,-C,H,), 7.15 (2H. m. H,., -C,H,). 7.78 (3H, tn. H2,h-CdH, and I 
ghen overlapping). 7.59 (3H. m, phen). 8.40 (ZH, m, phen), 8.68 (IH, d, phen, ‘J=4.9Hz). 9.18 (IH. d, phen, 
J = 4.9 Hz). 

4.13. PdMe(J-MeC, H, &hen) (36’) 

Yield: 83%. No satisfactory microanalysis could be obtained for this compound. The ‘H NMR spectrum of the 
corresponding Pd(IV) compound has been added as Supplementwy Material. ‘H NMR (CDCI,): fi 0.73 (3H. S. 
pdMe), 2.33 (3H, s, Me), 7.02 (2H, d, H,,-C,H,. ‘J = 7.fiHz). 7.58 (2H. d, H,,&Z+H,, ‘J= 7.6Hz). 7.67 (IH. m, 
phen), 7.78-7.93 (3H, tn. phen), 8.71 (IH, d, phen. “J=4.9Hz). 9.15 (IH, d. phen. J=4.9Hz). 

4.i4. PdMciCMeOC, H< JfphenJ 13~‘) 

Yield: 62%. Anal. Found: C, 58.6; H, 4.4: N, 6.8. C,,H,,N,PdO Calc.: C, 58.8; H, 4.4; N, 6.9%. ‘H NMR 
(CDCI,): 6 0.74 (3H, s, PdMe), 3.83 (3H. s, MeOk 6.86 (ZH, d. H,,,--C,H,, “J = 8.5 Hz), 7.57 (ZH, d, Hz,,-C,H,, 
‘.J=8,5Hz), 7.68 (IH, m, phen), 7.85 (IH, m, phen), 7.92 (2H, 5, phen), 8.35-8.49 (2H, m, phen), 8.69 (IH. dd, 
pben, ‘J=4.9Hz, ‘_I= 1.4Hr), 9.17 (IH. dd. phen, “J=4.9Hz. ‘.I= 1.3Hz). 

4.15. PdMeGMeOC, H, Kpherr) (3d’) 

Yield: 93%. Anal. Found: C, 58.9; H. 4.5: N. 6.7. C,,H,,N,OPd Calc.: C, 58.8; H, 4.4; N, 6.9%. ‘H NMR 
(CDCI,): S 0.72 (3H, s, PdMe), 3.82 (3H, s, MeO). 6.62 (IH. dd, H,-C,H,, ‘J=7.9Hz,‘J=1.7Hz),7.13(IH.m, 
HS-C,H,), 7.30 (lH, m, H;,,-C,H,), 7.65 (IH, m, phen). 7.82 (IH, m, phen), 7.89 ‘2y. s, phen) 8.35-8.47 (2H, m, 
phen), 8.65 (lH, dd, phen, J=4,8Hz, ‘J= 1.2Hz). 9.08 (IH, dd, phen, ‘J= 4.2Hz, J= l.OHz). 

4.16. PdBrMefl-MeC,, H< ,tCH2 Phlbpy) f4b) 

Yield: 78% ‘H NMR (CDCI,): S 2.37 (3H, s, Me). 2.38 (3H, s. PdMe), 3.77 (2H, AB. CH?), 6.42 (2H, m, b, 
o-benzyl), 6.60 (2H, ‘t’, m-benzyl), 6.79 ilH. ‘1’. p-benryl), 7.14 (2H. d. H,,-C,H,, “J= 8.0HzL 7.24 (IH, m, 
bpy). 7.44 (IH, m, bpy), 7.68-7.98 (5H. m, 4 bpy + H,-C,H,), 8.08 (IH, d, H,-C,H,, ‘J= 8.OHz). 8.32 (IH. d, 
A,-bpy, ‘J=4,6Hz), 8.75 (IH, d, H,-bpy, ‘J=4.6Hr). 

4.17. PdBrMeWMeOC, H, XCH, Phlfbpy) f4c) 

Yield: 61%. ‘H NMR (CDCI,): S 2.35 (3H. P, PdMe), 3.74 (2H, AB. CH?), 3.85 (3H, s. MeO), 6.40 (2H. d, 
o-benzyl, ‘J = 7.1 Hz), 6.57 (2H. ‘t’, wbenzyl). 6.76 (IH, ‘t’, b, p-benzyl), 6.90 (2H. d, H, &,H,, ‘J = S.6Hz), 
7.23 (lH, m, bpy), 7.37 (IH, m, bpy), 7.65-8.04 (6H, m, bpy + H2,6- C,H,, (d, ‘J= 8.6Hz)). 8.36 (IH, d. H,-bpy, 
‘J=4.9Hz), 8.64(IH.d, H,-bpy, ‘J=5.0Hz). 

4. IS. PdBrMePhf CH, PhJfpherz) (40’) 

This complex was prepared using CH$I, as a solvent. 
Yield: 51%. ‘H NMR (CDCI,): S 2.55 (3H, s, PdMe), 3.84 (ZH, AB. CH,), 6.1 I (2H, m, b, o-benzyl), 6.28 (2H, 

‘t’, m-benzyl), 6.55 (IH. ‘t’, p-benzyl), 7.24-7.39 (3H, m, H 
7.81 (IH, s, phen), 7.85 (lH, s, phen), 7.98 (2H, d, Hz,,-C,H,, 

,,&,H,), 7.61 (IH, m, phen), 7.77 (IH, m, phen), 
‘J=7.1 Hz). 8.29 (IH, d, phen, ‘5=8.1 Hz). 8.44 

(IH.d,phen, ‘J-8.lHz), 8.75 (IH, d. phen, ‘J=4.7Hz),9.lO(IH,d. phen. ‘J=4,7Hz). 

4.19. PdBrUef4-,?.I&, H, JfCH, PhJfphm) (4b’) 

Yield: 46%. ‘H NMR (CDU,! S 2.42 (3H, s. hie), 2.53 &I, s, I’dMe). 3.82 (?H, AB, CH?), 6.10 (2H, m, b, 
o-bemyl), 6.28 (2H. ‘t’. RI-twtzyl), 6.54 (IH. ‘t’, p-benzyl), 7.19 (2tf. d, H/Z,H,, ‘J=7,9Hz). 7.57 (IH. tn. 
phen), 7.72-7.89 (5H, m. 3 pben and H2,,,-C,,H,), 8.26 (IH, d, phen, J= 7.4Hz). 8.42 (IH, d, phen, ‘J= 7.3Hz). 
8.71 (lH, d, phen, ‘J=4.0Hz),9.10(1H.d, phen. ‘J=4.0Hz). 



Yield: 50%. ‘H NMR (CDC,): S 2.51 (3H, s, PdMe), 3.80 (2H. AB. CHZ) and 3.87 (3H. s, MeO) overlapping, 
6.09 (2H. m. b, o-benzyl), 6.27 (2H. ‘t’, m-benzyl), 6.54 :lH, ‘I’, p-beozyl), 6.95 (ZH, d, H,,-C,H,, ‘J = 8.1 Hz), 
7.6O(IH. m, phen), 7.74-7.87GH. m. 3 phenandH2,-C,H,), 8.28(IH,d,phen,‘J=S.lHz), 8.43(1H.d,pben. 
‘J= 8.1 Hz), 8.74 (IH, d, phen. ‘J=4.8Hz), 9.06 (IH, cl. phen, ‘J=4.8Hz). 

4.21. PdBrMeGMeOC,H, JfCH,Ph)fphmJ f4d’) 

Yield: 30%. ‘H NMR (CD,CCCD,): 6 2.43 (3H, s. PdMe). 3.81 (2H. AB, CH,). 3.82 (3H. S, MeO), 6.17 (2H. m, 
b, o-benzyl), 6.27 (2H, ‘t’, rn-benzyl), 6.51 (IH, ‘I’. pbenzyl). 6.76 (IH, d, PdAr,‘J= 8.4Hz). 7.19 (IH, ‘t’, PdAr), 
7.52 (IH, m, PdAr), 7.89 (IH, m, phen), 8.02-8.21 (5H. m, 3 pben and PdAr), 8.64 (IH, d, phen, ‘J= 8.2Hz). 8.80 
(IH, d, phen, ‘J =S.lHz), 8.93 (IH, d, phen. ‘J=4.7Hz), 9.09(IH, d, phen,‘J=4,7Hz). 

All of the complexes decomposed in chloroform very slowly at 0- 10°C. and thus the studies of decomposition 
were conducted at 25’C after obtaining spectra of the complexes at - 10°C and warming of solutions with checking 
of decomposition behaviour at 10°C intervals. Spectra were compared with those of PdBrMe(L,) CL2 = bpy, pben), 
PdMq(L,). PdBr(CH>PhKbpy). PdMeAr(L?). PdBrMe&CH,Pi&L,), t o oene. I methane, ethane. benzene, bibenzyl, 
ethylbenzene and diphenylmethane. 

The alkyl bromide transfer reactions were performed in acetone at - 10°C by adding an excess of PdMe,(bpy) to B 
Sol&w of the palladium(lV) complex and following the reaction until completion. 
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