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Abstract 

Treatment of ~V-V-(2-chlorobenzylidene)-N.N’dimethylethylenediamine. 2.CIC,H,CiH)=NCH,CH,NMe.. with tris(dibenzylirk~ 
tunehJipalladium(0) in chloroform gave the oxidetive addition cyclometallated product I W(C,H,C(H)=NCHICHINMe,‘ita)l (1) wiih 
the palladium atam handed to a C,N,N’ terdentate donor ligand. Treatment of I with tertiary mowphosphines gave rbe cyckwllated 
complexes [PdIC,H,C(H)=NCHICH2NMe,~CIXL)] (2: L = PPh,; j: L= PEtPb$4: L = PEt,ph; 5: L= PEt,). whne d%e pbqbtee 
ligaod is either WN~ to the phenyl carbon atom (2, 3) or fr(ms to the imine nitrogen atom (4.5). Treatment of 1 with silver 
followed by reaction with tertiary manophosphines gave the cyclometallated complexes [Pd(C,H+C(H)=&-~,CH&ez 
(6: L = PPh,: 7: L = PEtPhI: 8: L = PEtlph. 9: L = PEt,). Reaction of 1 with thallium acetyliretonate gave the cyctome@lapd 
complex [Pd@Z,H,C(H)=NCH,CH2NMe,HH,CCCJCHCOCH,)I (10). Treatment of I with ditertiary dipbaphincr in a co@ex 
l/diphorphine 2:l molar ratio Save the dinuclear ~y~lometallated complexes t(~C,H,C(H)=~CH,CH,NMe~XCI)]~(L-L)] (II: 
L-L = rmns-Ph,PCH=CHP-Ph,; 11: L-L = Pt$+ZH,),PP%,; IJ: L-L = Ph,P(CHI),PPh,). where rhe phwphorus afMn is trw to 
the pbenyl carbon atom. Treatment of I with silver perchlorate followed by diteniaty diphospbines in a complex I/diphospbine 2:I 
molar ratio gave the dinuclear cyclometallated complexes [(P~C,tf,~H)=NCH2CHINMe,D2(L-L)IC10,1, [I& L-L = trrms-PblP- 
CH=CHPPh,; 15: L-L = PhlP(CH2),PPh2: 16: I.-L = W,KCH2),PPh,)]. Reactiw of 1 with diteniary dipbwpbines in a compkx 
I/diphusphke I:I molar ratio. and silver perchlorate as appropriate. gavr the cyclometnllared COmplexes 
[Pd~CC,H,C(H)=~CH,CH.NMe,XPh,P(CH2),PPh,-P,P)HCIO,] (17). [PdlC,H.C(H)=NCH,CHzNMe,MPh,P(CH2?,PPh,- 
P.P)][ClO,] US). [fid[C,H,C(H)=NCH,CH,NMe,)( ris-Ph,PCH=CHPPh,-P.P)IICI] (19) and [PdK,H,C- 
(H)=NCH2CH,NMe21(CIXPhlP(CH,),PPh,-P.P)1 (20). 

K~wrnr~~.~: Palladium: Cyclometsllariw Schiff has% Ten@ pbesphine: Oxiddve a&titkm 

1. introduction 

Cyclometallation is an important part of 
organometallic chemisby and various reviews covering 

this area have appeared [I]. Cyclometallated compounds 
show important applications, such as their use in re- 
giospecitic organic and organometallic synthesis k.31 
and ic insertion reactions [4,S]. Bidentate nitrogen donor 
ligands which may undergo double cyclometallation to 

give compounds with two aM-C bonds and with coor- 
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dination of each nitrogen atom to one of the metal 
centers have been repotled. To name bat a few, 
N,N,N’.N’-tetraethylpara-xylene-a.u’-diamiaes [6k 

azines [‘II, diphenylpyrimidines IS!_ diphenylpylszine~ 

[9], benzylidenehydmzones [LO], and bis(N-benq’i- 
iden&1,4-pbenylenediamines [I I] always give doubly 
cyclometallated complexes: when Schiff bases derived 
from diabkhydes such as terephthahddehyde or iwpb- 
thahddehyde were used in cyciometa!fation reactions 

mow or dicyclometallated compounds co&d be ob 
tained (12.131. More recently we have become inter- 
ested in bidentate aad terdentate ligaods which coordi- 
“ate to the metal center tbrwgh two donor atoms 
simultaneously, giving compotmds witi two fused five- 
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membered rings at palladium or platinum(l1) [141; the 
synthesis of these complexes is achieved via an oxida- 
tive addition process. Oxidative addition by halogenated 
~cbiff bases has been used before as a means to obtain 
cyclometallated compounds [ 15- 171. An ;irteresting fea- 
ture of these compounds is that in the metallation 
process of the ligands, mononuclear species are pro- 
duced, as opposed to the dinucleat complexes which are 
usually obtained when mono- and bideniate Schiff bases 
are reacted witb palladium(i1) ecetate. In the former 
case, the cyclopalladatcd or cycloplatinated starting ma- 
terials show a greater versatility towards reactions with 
neutral or anionic ligaods, e.g. with Lewis bases such as 
tertiary phosphines or diphosphines, which may vary 
their wordination site in the complex. whereas in the 
latter ooe. this is more unlikely. probably as a conse- 
quence of the dbneric nature of the starting materials. 
This is one of the features we have encountered upon 
studying cyclometallation reactions of halogenated or- 
ganic ligands and the results described in this paper 
show that the coordination position of the phosphine 
ligand depends on *he synthetic conditions employed. In 
the present paper we report the intramolecular oxidative 
addition of N_(Z-chlorobenzylidene)-N,N’-dimethyleth- 
yleoediamine (this ligaad has been used earlier in oxida- 
tive addition reactions involving platinum; see Ref. 
[17]) to tris(dibcnzylideneacetone)dipaliadium(0) to 
yield the cyclometallated complex 1 with two fused 
rings at palladium and subsequent reactions of 1 with 
phosphine or diphosphine ligands in different reaction 
conditions. The reaction of 1 with thallium acetylaceto- 
nate is also described. 

2. Results and discussion 

For the convenience of the reader the compounds and 
reactions are shown in Schemes I and 2. The com- 
pounds described in this paper were charactetised by 
elemental analysis and by IR spectroscopy (data in 
Section 3) and by ‘H and “P-(‘H] (Table I) and (in 
part) ‘? NMR spectroscopy (Section 3). 

The oxidative addition reaction of N-(2-chloroben- 
zyiidenej-N.N’-dimethylctlylenediamine, 2- 
CIC,H,C(H)=NCH,CH,NMel, with trisidibenzyl- 
ideneacetoneMipalladium(0) in benzene gave the palla- 
dium(H) mononuclear c clometallated complex 
[Pd(C,H,C(HJ=NCHzCH2~Mel](C11] (I), in 60% 
yield, which was fully characterized. The ‘H NMR 
spectrum showd well-defined ‘virtual triplet’ patterns 
at S 3.68 and S 2.89ppm. for the =N-CH2 and 
CH,-NMe, protons respectively. with N= 12Hz; a 
singlet at B 2.67 pptn (6H) was assigned to the methyl 
protons. The NW, wsoaance was shifted to higher 
frequency. showing palladium coordination to the amine 
nitrogen atom. A singlet at 8 7.52 was assigned to the 

HC=N proton, shifted to lower frequency on palla- 
dium-nitrogen coordination [18]. 

The “C NMR spectrum showed resonances at S 
172.2 (C=N), 6 150.2 (C6), S 158.0 (Cl) and S 48.3 
(NMQ); the former two were shifted to higher fre- 
quency by 13.3 and 26.9ppm respectively from those 
for the free ligand, confirming that metallation had 
taken place [ 191. The Cl resonance was also shifted to 
higher frequency, as expected. The two toethylene reso- 
nances were separated by ca. IOppm, due to coordina- 
tion of the amine nitrogen to the metal atom (vide 
i&a). There was no noticeable quadrupolar broadening 
of these resonances with the “‘Pd (22% natural abun- 
dance, I = 5/2) nucleus. 

The IR spectrum (see Section 3) showed a band at 
1616cm-‘, shifted to lower wavenumbers, consistent 
with palladium coordination to the nitrogen atom [20,21]. 

Treatment of 2-CIC,H,C(H)=NCH2CH,NMe, with 
palladiuroW acetate gave reduction to Pd(O); no oxida- 
rive addition of C-Cl bonds to metallic palladium was 
observed, as has been described before 1161. Reaction of 
2-CIC,H,C(H)=NCH,CH2NMe2 with LiJPdCI,] did 
not yield anv :ycIometallated product. 

Treatment of 1 with tertiary phosphines gave 
the mononucler cyclometallated complexes 
[~d(C,H,C(H)=~CHzCH,NMe,)(CIHL)] (2: L = 
PPh,; 3: L=PEtPh,: 4: L=PEt,Ph: 5: L=PEt,) 
respectively, and treatment of 1 with silver perchlorate, 
followed by tertiary phosphines, gave the mononuclear 
cyclometallated complexes [PdIC,H,C(H)=NCH,- 

Scbemc 1. (I) 112 [Pdl(dba),l; hi) I equiv. of L: (iii) A&IO, 
followed by I eqw. of L: (iv) TKacac). 



Scheme 2. (i) L: (ii) A&U, followed by L: (iii) AgCIO, followed by L: (iv) ris-dppe in aceto~ (v) dppb in axtme 

CH,NMe2)(L)l[CI0,] (6: L = PPh,; 7: L = PEtPhZ; 8: 
L = PEt,Ph, 9: L = PEt,) respectively, which were fully 
charactehsed (see Section 3 and Table 1). Electric 
conductivity measurements in dry acetonitrile solution 
showed complexes 6-9 to be 1: 1 electrolytes [22] (see 
Section 3). In complexes 2 and 3 no coupling of the 
HC=N and H5 proton resonances to the “P nucleus 
was observed; also, the =NCH, resonance was not 
coupled to the “‘P nucleus. However, in complexes 4 
and 5 the HC=N, H5 and 6 =NClfz proton reso- 
nances were coupled to the ” P nucleus, as corresponds 
to the phosphine l&and being cis to lhe metal&d 
carbon atom. We aad others have observed that, in 
cyclometallated palladiumU1) compounds of Schiff 
bases with only one tertiary monophosphine coordinated 
to the metal center. this ligand usually shows a rrans 
geomeby with respect to the imine nitrogen atom 116. 
23-271; we have also found that the HC=N and H5 
proton resonances are always coupled to the “P nu- 
cleus, except when the Pd + N bond was cleaved. 
Coupling of the H5 resonance to the 3’P nucleus trans 
to carbon has ken observed in complexes with chelat- 
ing diphosphines: in this case there could be coupling 
through the carbon chain between the phosphorus atoms 
[28,29]. However. even in these cases no coupling 
between the HC=N nucleus to the “P nucleus firms to 
carbon was detected (vide infra). In the present case we 
tentatively attribute these findings to different coordina- 
tion sites of the phospbine ligand in compounds 2.3 on 
the one hand (P frans to C), and of compounds 4,s on 

the other hand (P trans to N), in spite of the fact that 
the “P resonance shows a rather high value in com- 
pounds 2 and 3 for phosphorus iruns to a pbenyl carbon 
atom as compared to values found previously I251 (Ta- 
ble 1). We suggest that the phospbine ligaad pmduces 
cleavage of the Pd + NMe, bond with coordination of 
the phosphorus atom to the vacant site at palladium 
trons to the phenyl carbon atom. This coordk&m 
prevails with the less basic phosphincs, i.e. PPh,, PDPh, 
and the diphosphines transdppe. dppe and dppb. How- 
ever, with the more basic phosphines, i.e. PEt2Pb and 
PEt,. palladium coordination is rearranged to give con+ 
plexes with the phosphine ligand Iruns to the imine 
nitrogen atom. [This could be related to the ~-acceptor 
properties of tbe phosphine ligands. We treated corn-- 
poundIwithZmolofPW,andthe’Haad”PNMR 
results show that the phosphine ligands are mutually 
trans (only one singlet is observed in the “P NMR) as 
we have observed before [25]: again them is a chat&% ia 
the coordination site of the ligand initially frans to the 
phenyl carbon atom. ‘H NMR data: G(HC=N) 8.20. 
S(H2) 7.254 6(H3) 6.87t. S(H4) 6.51~ S(H5) 6.424 
S(NCH,CH,) 4.06. 2.82 N = 12.8Hz S(NM+) 
2.9lppm. ‘kH2H3) 7.3. ‘J(H3H4) 7.4, ‘J(H4H5) 
7.4Hz. “P NMR S 27.3ppm.l Furthemmm, when the 
chloride ion is removed by the silver salt, this leaves a 
vacant position at palladium trots to the imine nitrogen 
atom, which renders the phosphine ligand tmnr to 
nitrogen in all cases (corn p”nds 6-9 and M-16). Tke 
&Me, resonance in the H NMR spectrum for com- 
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pounds 2-5 lies ca. 6 2.30ppm as corresponds to the 2.70ppm would be expected (cf. 6 2.67 ppm for 1). 
non-coordinated NMez group (cf. 6 2.31 ppm for the however the SMe, resonance appears in the range 6 
free ligand~; for compounds 6-9 values close to 6 2.16-2.02 for compounds 6-8 and at S 2.74ppm for 

T&k I 
“P s and ‘H ’ NMR data’.” 

B(HC=N) S(H2) 8(H3) S(H4) St-w S(CHz) ’ S(NMe,) S(P) p 

I, 8.73s ROld 7.36-7.28,” 3.78 (13.8) 2.31s 

7.52s 

8 17s 

a.G9s 

8076 
‘J(PH! 7.5 

8.09d 
‘J(PH) 7.6 
8.41d 
‘J(PH19.5 

8.35d 
II 9.0 

8.28d 
‘J(PH) 9.3 

8.29d 
‘J(PH) 9.5 

IO h 7.93s 

II z 8.14s 

i.fAd 
‘J(H2H3) 7.3 
* 

7.23dd 
‘J(HZH3) 7.4 
‘J(HZH4) 1.4 
7.24dd 
‘JtH2H3) 7.4 
‘J(H2H4) 1.4 
7.3ld 
‘J(HZH3) 7.5 

7.33dd 
“J(H2H3) 7.4 
‘J(H2H4) 1.3 
7.37dd 
‘J(HZH3) 7.4 
‘J(H2H4) I.4 
7x& 
‘J(HZH3) 7.5 
‘AH2H4) I.5 
7.394 
‘J(H2H3) 6.8 
7.51d 
“J(H2H3) 7.5 

7.27dd 
‘J(HZH317.4 ‘i(H3H4) 7.4 

‘J(H2H4) I .2 
12 8.lh 

13 a.m 

14” 8.536 
“J(PHj9.3 

7.22d 
‘JWlH_V 7.5 
722d 
‘J(HZH3) 7.4 
c 

IS xxd 
‘JG’H) 9.5 

16’ 85W 
‘RPH) 9.5 

r 

17 “I 8.50d 
‘APH) 7.5 

18 m 8.3?d 
‘JWH) 5.8 

19 “? 8.IZd 
‘J(PH) 6.6 

28 “? *.“I> 

6.901 
“J(H3H4) 7.4 
‘JfH2H3) 7.4 
6.87td 
‘JWH4) 7.4 
“J(H3HS) 0.7 
6.911 
“I(H3H4) 7.4 

6.89t 
‘J(H3H4) 7.4 

7.01t 
“J(H3H4) 7.4 

6.%t 
‘J(H3H4) 7.5 

7.16td 
“RH3H4) 7.5 
‘J(H3H5) 1.2 
6.9ltd 
‘J(H4H5) 7.4 

6.871 
‘HH3H4) 7.5 

6.871 
‘J(H3H4) 7.4 

7.071 
‘J(HZH3) 7.5 

7.2Ot 
‘J(H3H4) 7.5 
‘J(H2H.V 7.5 
7.oaId 
‘J(H3H4) 7.5 
‘JWH3) 7.5 
6.Yard 
‘J(H2H3) 7.2 
‘J(H3H4) 7.2 

6.93, 
‘J(HZH3) 7.3 
‘J(H3H4) 7.3 
6.861 
‘J(HZH3) 7.2 
‘J(H3H4) 7.2 
6.69, 
‘AHZH3) 7.4 
‘J(H3HS) 7.4 

7.09-7.OOm 3.68 ( 12.0) 

6.511 
“J(H4H5) 7.4 

4.06 (12.6) 

6.5611 
‘J(H4H5) 7.4 

6.364 
2.82 

6.44d 4.03 (12.8) 
2x2 

6.68td 6.431 4.03 (I 2.8) 
“AWHS) 7.4 ‘J(PH5) 7.5 2.82 

7.2-7.0m 

6.48td 
‘J(H4H5) 7.4 

3.98 (12.8) 
2.78 
4.09 (12.2) 
3.03 

6.75,d 
‘J(H4HS) 7.4 

4.07 (12.2) 
3.08 

6.80,d 
“J(H4H5) 7.5 

6.14dd 
‘JWHS) 4.6 

6.45dd 
‘J(PH5) 3.8 

6.47dd 
‘JWHS) 4.” 

4.00(12.0) 
3.02 

7.2-6.9m 

7.04, 
‘J(H4H5) 7.5 

7.24dd 

4.02 (I 2.0) 
3.03 
3.73 (13.8) 
2.72 

6.SStd 6.45d 4.06 ( 12.0) 
2.81 

6.541 
‘J(H4H5) 7.5 
6.551 
‘J(H4HSj7.4 
6.611 
‘J(H3H4) 7.5 

6.35d 3.99 

6.39d 

6.46dd 
‘J(H4H.5) 7.5 
‘J(PH5) 4.1 
6.73dd 
‘J(PHSl4.1 

4.02 (12.2) 
2.79 
4.08 
3.08 

6.%rd 
‘J(H4HS) 7.5 
‘J(H2H4) 15 
6.77td 
‘J(H4H5J 7.5 
“J(H2H4) 1.5 
b.71,d 
‘J(H4HS) 7.2 
‘J(HZH4) 1.5 

4.03 
k 

6.55dd 
‘J(H3H5) 0.5 
‘J(PHS! 4.3 
6.59m 
‘J(H3HS) 0.5 
‘J(PH517.4 
‘J(PH5) 5.7 

3.91 
2.84 

3.29 I 

6.56m 3.00 

6.70,” 3.34 
2.40 

6.421 
‘J(H4HS) 7.4 

6.374 3.89 (13.2) 
2.76 

2.65 
2.67s 
2.89 
2.28s dO.86~ 

2.32s 34.R8s 

2.33s 32. I3b 

2.31s 27.451. 

?.lJ?c 36.39s 

2.16s 3 I .04?. 

2.11s 23.27s 

2.74s 

2.31s 

20.45s 

2.31s 33.68s 

2.26s 

2.311 

L 

30.79s 

3 I .86r 

37.72s 

1.95s 31.78s 

I .95b 32.90s 

/ 94s S9.OYd 
41.Oad 
(36.Y) 

I .9h 

1.76s 

2.07s 

24.388 
-4.l4d 
(58.3) 
60.29d 
49.098 
(55.9) 
32.7od 
1758d 
(14.L) 



-I :ir :‘(‘HD)=a XI] I’01 
-([ZaWN’H3ZH3N=(H)3’H93]P.$] saxald 
-woa Pa,elj&?la”Kl,aLa ma,3n”Mtolu aq, amS a,erolqa 

-Hdi4d-rl)i([‘aWN’H3iH3N=(H)3’HP3]P~]] 
saxaldmoa pa,e[le,amolaLa Jealan”!p 
aq, aneS sa”!qdsoqd!p 61ey.wp Kq pamol[oJ 
a,eJop,3Jad la@ qqm 1 JO ,ua”“eaJ, p”e ‘&.y 
-sadm [t(i~a)= a :fl :((iH3)= x :ZI :Ha=HD 
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OMI aq, 01 pm H 3 aq, 01 pa”S!sse urdd fvz p”e L~‘S g 
1 SJ>“k!“OS= la[%U!S PJMOqS UrMXdS 8lryf.J HI k.‘u .(I 
alqel pus f “og3* aas) paz~amnqa 61py seM qa!qm 
‘pros am*-lie “e so 01 KrH303~303YH)I’aWN 
-‘H3iH3N=(H)3’HY3]P~] xald”,oa alq”los all, 
a& a,e”ome~~,me runqprq, qqm 1 JO ,“am,earA 

= (~‘f)g v !wdd LP’P = (9’z)g v] “aSony JO “oqm 
0, sum d,, ‘a-! ‘saxaldmoa aq, “! sulole ,“alaJJg 0, 
suw s! snalan” d ,E aql “aqm ueq, [wdd 0’~ = (&)9 v 
:ludd9vS = (S‘p)gv] uaSon!u o, sum, skett,g s! 
s”a,J”” d ,E aq, uaqm JwmS S! SV ‘JaAaMoH ‘(, alqc&) 
sam [p! “! S-t JOJ asoq, “eq, Lauanbaq Jarno, ,e aq 01 
6-9 spunod~oa JOJ saaueuom aq, pamoqs ‘gv ‘pueS!y 
augdsoqd a”m arl, Supaq spunodmoa JO slFd JOJ 
sayen ,gqs @apaqa d 
-luo~ ‘(1 alqv~.) kman E 

aq, “! aa”alaJJIp aq, JO uosped 
ag lam01 ot a3”e”oszu d,, aql 

sg!qs sdnml 16ga JOJ sdnoCi lduaqd auiqdsoqd atp JO 
“opmpsqns :6-9 pue s-z “! snap” sruoqdsoqd aq, 30~ 
aaueuoszu ,a@qs e moqs emads HWN {H Jd ,E au 

wdd L-v 
‘ea s! q alaqm .s ‘f ‘z spunoduroa o, pasoddo se ‘mom 
Iemu aq, 01 dnolS iaWN aq, JO “oy?“!~ooa smoqs 
‘mdd $ [ -0, ‘ES ‘6-9 spunodwoa JO v.wads OWN 3 , cq, 
u! sazwzuosa ~(ZH~)N aql JO “oymsdas aq~, udrfpLz 
9 ,E maddc aaueuosa laW9 aq, ‘6 ‘a”!qdsaqd@pay 
qqm punoduroa aq, “! ‘Joold SC :S”p 16”aqd aufqdsoqd 
e JO S”!p[aFqs 01 anp s! 8-9 “! aa”e”osaJ LaW9 aq, JoJ 
pauasqo anp?n 9 latiol aq, ~saSS”s aA a punodmoa 



conductivity mcasurernents in w acctonitrile solution 
&-wed the complex to be a I: 1 electrolyte (see Section 
3). ‘ibe +(‘H) NMR spectra showed two doublets for 
the two inequivalent phosphorus nuclei. The. resonance 
at lower frequency was assigned to the phospl..xus 
nucleus rral~~ to the phcnyl c&on atom in accordance 
with the higher fmns influence of the latter with respect 
to the C=N nitrogen atom [32]. The HC=N resonance 
was only coupled to the 3’P nucleus nans to nitrogen. 
In compound 17 the H5 proton was coupled to both j’ P 
nuclei with ‘J(P ,,=“, ,H) < ‘J(P,,,,,.,H). This was cy- 
firmed by selective decoupling expctimcnrs on the P 
atoms. Abhough the NMe, group is not coordinated to 
the m&d atom, the methyl resonance was shifted to 
lower frequency due to shielding of the phenyl rings on 
the phosphoms atom rmns to carbon. 

Treatment of 1 with dppb in a complex l/diphos- 
phine I: 1 molar rxio gave the mononuclear cyclometal- 
kited complex [{Pd[C,H ,C(H)=NCH ,CH 2- 
NMez IJ(C$(Ph,P(CH ,),PPh,-~“,P)] (20) which was 
fully characterized (see Section 3 and Table 1). Electric 
conductivitv measurements in drv acetonitrile solution 
showed the compound to be a- non-electrolyte. The 
Pd(PP)cI moietv can rotate about the W-C vector so 
tit the p&&m coordination plane is at 90” to the 
metallated phenyl ring, eliminating coupling between 
the 31P atom and the H.5 or the HC=N protons 1251; 
also, no coupling of the =NCH, resonance to the “P 
nucleus was observed. Both “P resonances were in- 
equivocally assigned (see above). 

Garrou [33] has proposed that the “‘P chemical shift 
is influenced by ring size. The data for compounds 
17-19 are summarized in Table 2. We have calculated 
d, for compounds for both phosphorus atoms rronv to 
carbon and tronr to nitrogen (see Table 2). In the 
five-membered ring cases (compounds 17.19) the abso- 
lute value of 3, is smaller when the “P nucleus is 

Table 2 
J’ P parall**cn ” 

Pb 
17 31.78 

P” 4 
59.09 27.3 I 

18 31.78 24.38 - 7.40 
19 31.78 HI.29 2851 

P’ Pb -1, 
17 30.79 41.08 IO.29 
IS 30.79 -4.14 - 26.65 
19 30.79 49.0 18.3 
28 30.79 17.58 - 13.21 

trans to carbon than to nitrogen; the reverse is true for 
the six-membered ring compound 18. 

3. Experimental details 

All reactions were carried out in an atmosphere of 
dry nitrogen. Solvents were purified by standard meth. 
ods [34]. Chemicals were reagent grade. Tris(dibenzyl- 
ideneacetone)dipalladium(0) and thallium acetylaceto- 
nate were pnrbhased from Aldrich-Chemie. The diphos- 
pbines Ph,P(CH,),PPh, (dppe), Ph,P(CH,),PPh, 
(dppp) and Ph$‘(CH,),PPh, (dppb) were purchased 
form Aldrich-Chemie; r&Ph,PCH=CHPPh, (c&1,2- 
dppc) and tmns-Ph, PCH=CHPPh, (rraw I ,2-dppe) 
were prepared according to procedures described else- 
where 1351. Microanalyses were carried out at the Servi- 
cio de Andlisis Elemental at the University of Santiago 
using a Carlo-Erba Elemental Analyzer. Model 1108. IR 
spectra were recorded as Nujol mulls or polythene discs 
on a Perkin-Elmer 1330 and on a Mattson (Servicio de 
Espectroscopia of the University of Santiago) spec- 
trophotometers. NMR spectra were obtained as CDCI, 
or (CD&O solutions and referenced to SiMe, (‘H, 
‘“0 or 85% H,PD, (“P-{‘H)) and were recorded on 
Baker WM-250, AMXJOO and AC-200 spectrometers. 
All chemical shifts were reported downfield from the 
standards. 

The synthesis of 2-C1C,H,C(H)=NCH,CH2NMez 
was performed by heating a chloroform solution of the 
appropriate quantities of 2-chlorobenzaldehyde and 
NJ’-dimethylethybnediamine in a Dean-Stark appara- 
tus under reflux. “C(‘H) NMR (75.48MHz, CDCI,): 8 
158.9 (C=N): 6 135.3 (Cl); 8 133.3 (C6): 8 131.7, 8 
130.0, S 128.6, S 127.2 K2, C3, C4, C5); 8 60.2. 8 
60.1 (CH?); 6 46.00 (NMe,). 

CAUTION Perchlorate salts of metal complexes are 
potentially explosive. Extreme caution should bc exer- 
cised in handling this material. 

3.1. Preparation of[PdlC6 H,dH)= NCH2CH,k 
Me,kZl)l (1) 

2-CIC,H,C(H)=NCH,CH,NMe, (140 tng, 
0.67 mmoli and tris(dibenzylideneacetone)dipal- 
ladium(Ol(3OO rng, 0.33 mm00 were added to 25 cm3 of 
benzene to give a dark red solution which was heated 
under rcflux for 2 h. After cooling to room temperature 
the solution was filtered to eliminate the small amount 
of black palladium fornxd. The solvent was removed 
under vacuum to give a yellow solid which was chm- 
mato8raphed on a column packed with silica gel. Elu- 
tion with dichlommethane/etbanol (1%) afforded the 
final product as a pale yellow solid after concentration. 
Yield 60%. Anal. Found: C, 42.0; H, 4.7; N, 8.8. 



C,,H,,N,CIPd C&x C, 41.7; H, 4.8; N, 8.8%. IR: 
v(C=N) 1616scm-‘; @d-Cl) 349mcm-‘. “C(‘H) 
NMR (75.47MHz. CDCI,): S 172.2 (C=N); 6 158.0 
(Cl); S 150.2 (C6); S 136.1, S 130.7, S 127.6, S 124.3 
;rtzx: c4, a); 6 63.5, s 53.4 (NCH,CH,); s 48.3 

* 

3.2. Preparation of IPdlC, H,CfH)= NCH,CH,- 
NMe,l(CI)(PPh,)l (2) 

PPh, (33 mg, 0.13 mm00 was added to a solutioo of 
1 @Omg, 0.13 mmol) in acetone (15 cm’). The mixture 
was stirred for 4 h, the solvent removed and the product 
recrystallized from dichlommethane/hena to give the 
desired complex as a white solid. Yield 90%. Anal. 
Found: C, 60.0; H, 5.5; N, 4.6. C,H,,N,ClPPd Calc.: 
C, 60.1; H, 5.2; N, 4.8%. IR: v(C=N) 1628scn-‘; 
v(Pd-Cl) 310~ cm-‘. “C(‘H) NMR (62.46 MHz, 
CDCI,): S 176.4 (C=N): S 157.1 (Cl): S 148.9 (C6); 
6 138.3, S 136.1, S 129.9, S 124.3(C2,C3,C4.C5): S 
55.1. 53.1 (NCH,); 6 46.2 (NMe,). P-phenyl: Ci S 
131.1: C,, 6 135.34, I(PC) 12.lHz; C, 6 128.34, 
.WC) 11.8Hz; c, 6 131.0. 

Compounds 3. 4 and 5 were obtained following a 
similar procedure as white solids. 

3.3. IPdlC, H&(H)= NCH,CH, NMe,llCINPEtPh, II 
(3) 

Yield 91%. Anal. Found: C. 56.2, H, 5.7; N. 5.2. 
C,H,,N$lPPd Calc.: C, 56.5; H, 5.7; N, 5.3%. IR: 
u(C=N) 163Oscm-‘: @d-Cl) 305wcm-‘. “C(‘H) 
NMR (62.46MHr. CDCI,): 6 175.8 (C=N); S 157.4 
(Cl); 6 1499.8 (C6); 6 137.2. 8 130.0, 6 127.9, S 123.8 
(C2, c3. c4, c5); s 59.6,52.8(~~~,); 6 45.5 (NM+). 
P-phenyl: C, 6 129.5d. J(PC) 19.9Hz; C, 6 133&d, 
&PC) 21.4Hz; C, 6 128.3; C, 6 131.5. 

3.4. IPd& H,C(HJ= NCH,CH, NMe,)fCl#PEt2 Ph)l 
(4) 

Yield 87%. Anal. Found: C, 52.1; H, 6.5: N, 5.9. 
C,,H,N,ClPPd Calc.: C, 52.2; H, 6.3; N, 5.8%. IR: 
v(C=N) 1626scm-‘; v(Pd-Cl) 313mcm-‘. 

3.5. LPdlC, H&W)= NCH,Cl$ NM+ f(ClKPEt, N(S) 

Yield 77%. Anal. Found: C, 46.7; H, 6.5; N, 6.2. 
C,,H,,N,CIPPd Calc.: C, 46.9; H. 6.9; N. 6.4%. IR: 
v(C=N) l629scm-‘: v(Pd-CI) 293mcW’. “C{‘H) 
NMR (75.47MHz, CDCI,): 8 174.4 K=Nk 6 156.3 
CC!); 8 147.6 (C6): S 133.8, S 129.4, S 127.5, S 123.3 
(C2, c3, c4, c5); 6 58.1, 6 54.7 (NCH,); 6 44.6 

:NI’&$H ;, 15.4d. IWC) 24.4Hz (CH&H,): 6 7.9 
2 1 

3.6. Preparation of 
I PdlC, H&(H)= NCH,CH,NMe,l(PPh,Jltcro,l (4) 

A solution of 1 (4Omg. 0.13mmd) 
(15 cm”) was treated with silver perchlomtc 
stirred for 2 h. The solutioo was lilti 
to eliminate tbe AgCl precipitate. PPb, (33mg. 
0.13mmol) was added to the tiltlate aId tbe 
stirred for 4h, the solvent removed a& the 
recrystallized from dicblommahattc/bexakc to give the 
desii complex as a white solid. Yield 93%. A8sl. 
Found: C, 53.7: H, 4.7; N, 4.1. C Ii N OCiPPd B 3024 
Calc.: C, 54.1; H, 4.7: N. 4.3%. IR: V(C=N) 
1639mcn-‘. “C(‘H) NMR (75.47MH2, CDCI,): 8 
176.1 (C=N); S 154.3 (Cl); S 150.6 (C6); S 138.6, 8 
130.5, S 129.6, S 125.4 K2, C3, C4, C5.k 6 66.4, 6 
55.3 (NCH,CH,); S 48.1 (NMe?). P-pbenyl: C; 8 
128.06 J(PC) 22.6I-k C,, S 135.3d. APC) 12.8Hz: 
C, S 129&i, J(PC) 10.6Hz: C, 6 132.0s. Spccitic 
molar conductivity, A, = 169ohm-’ cm’mol-’ (in 
aCcto&ik). 

Compounds 7. 8 and 9 were obtab& folhxing a 
similar procedure as white solids. 

3.7. I Pdlc, H,~H)= ~H,cH,SM~~ I (PmPh,)l- 
tcro, l(7) 

‘wield 80%. Anal. Foumk C, 50.0: H. 5.1: N, 4.6. 
C H N,O ClPPd Calc.: C, 50.4: H, 5.1: N, 4.7%. w: 
v(“c=g) - li37s cm-‘. ‘k(‘H) NMR (75.47 .MHz, 
CDCI,): 6 176.0 (C=N): d 154.3 (Cl): 6 150.7 (C6k 
S 137.1. 6 131.2, 6 130.1, S 125.8 0. C3, C4, C5k 8 
65.8, S 51.6 (NCH,): S 48.3 (NMe,): S 21X J(pC) 
28.1 Hz (CH,CH,); S 12.4 (CI&CH,). P-pklyl: Ci S 
130.6: C, S 133.66 J(PC) 10.6l.k C, S 129X 
J(PC) 9.8Hz: C, S 131.9s. Spcci&c m&z 
ity, A, = 16Oobm-’ cm’mol-’ (iin acetooitrilek 

Yield 89%. Anal. Fotmd: C, 45.5; Ii, 5.9: N. 5.2. 
C,,H~,YO,ClPPdCalc.: C.46.1; H. 5.5; N. 5.1%. IR: 
u(C=N) 1637s~~‘. “C(‘Hl NMR (75.47 MHZ 
CDCI,): 6 176.0 (C=Nk 6 153.7 (Cl): 6 151.2 (C6t 
6 135.5, 6 131.0. 6 129.7. 6 125.4 KZ C3, C4, C5); 6 
66.1, S 51.6 (NCH,): S 49.5 @Me,); 6 16.64 fiPC) 
27.9 (CH,CH,); S 8.7 KTH&H,). P-pbeoyl: C; S 
128.5; C, 6 132&l, @Cl 10.6Hz C, 6 l289d. 
J(K) 9.7 Hz; c s 131.3. specific molar co&activity. 
A, = 163obx~~~crn’ mol-’ (in aceto&rile!. 



3.9 i~dlC,H,C(H~=NCH,CH,NMe,/fPEf~)~~CIO,~ 
(9) 

Yield 65%. Anai. Found: C, 40.9; H, 6.1; N, 5.7. 
C H N 0 ClPPd Calc.: C, 40.9; H, 6.1; N, 5.6%. IR: 17 30 z J 
v(C=N) 1639s cm-‘. ‘“C(‘H) NMR (75.47 MHz. 
CDCI,): 8 175.1 (C=N): S 151.8 (Cl); 6 150.2 (C6k 
S 135.0, 6 131.7, S 130.5, 6 126.2 (C2, C3, C4, C5k 6 
66.7, S 52.1 (NCH,); 6 49.3 (NMe,); S 14.7. J&C) 
27.9IIz (CH,CH,): S 8.9 (CH,CH,). Specific molar 
conductivity, A, = 142 ohm-’ cm’ mo- ’ (in aceto- 
nitliile). 

3.10. Prepararion of IPdIC,H,CfHk NCHLCHz- 
NIW~,~~H,CCUCHCOC~~H,,I (10) 

To a solution of 1 (40 mg, 0. i 3 mm00 in chloroform 
(25 cm’), thallium acetyiacetonate (40 mg, 0.13 mm00 
~8s added and the mixture stirred at room temperature 
for 12 h. The solution was filtered to eliminate the TIC1 
precipitate and the solvent removed to give the desired 
complex as a yellow solid which was recrystallized 
kom dichlommethane/hexane. Yield 85%. Anal. 
Found: C, 50.2; H, 5.9; N, 7.3. C H N 0 Pd Caic.: 16 I? ? ? 
C, 50.5; H. 5.8; N, 7.4%. IR: v(C=N) 16lOscm-I; 
2,4-peotaaedionate: v(C=C) 1512s cm-‘; u(C=O) 
1577s, 1389srm-‘. “C{‘HJ NMR(75.47MHz,CDCI,): 
S 176.0 (C=N); S 157.3 (Cl): S 146.5 (C6); 6 131.0, 
6 129.9, S 126.8, 6 124.5 (C2, C3, C4, C5); 6 100.7 
KH, acac); S 59.2. S 56.2 (CH,k S 46.0 (NMe,); R 
28.0 (Me, acac). 

3.11. Pn-parotim of I(PdlC,H:C(~:')=NCH,CH,.. 
NMezNCl)i,(~-Ph,P(CH,),-PPh2Jl (13) 

Ph,P(CH,),PPh, (27mg. 0.06mmoi) was added to 
a sol&on of 1 Wmg. 0.13mmol) in acetone (15cm’). 
The mixture was stirred for 4h. the solvent removed 
and tile product recrysrallized from 
d.ichlorometbane/hexane to give the desired complex as 
a white solid. Yield 77%. Anal. Found: C, 56.6; H, 5.7; 
N, 5.3. CS,H,,N,ClIP2Pd2 Calc.: C. 56.6; H, 5.5; N. 
5.3%. IR: vK=N) 1628scm-I; v(Pd-Ci) 29Oo1cm-‘. 
“C{‘H) NMR (62.46MHz. CDCI,): S 175.7 (C=N); 6 
157.7(U): S 148.1 (C6); 6 137.3, S 129.8, 5 127.8, 6 
124.0 (C2, C3, C4, C5); S 59.3. 55.8 (NCH,); S 45.8 
(NM+). P-phenyl: Cj 6 131.5; C,, 5 i34.0d. .@C) 
11.5Hz; C,” S 128.4, J(PC) 10.4Hz; C,, S 130.7. 

Compounds 11 and 12 were synthesized following a 
similar procedure. 

3.12. IIPdlC,H,C(H)= NCHZCH2NMe2nCl)Jz(~- 
tram-Ph,PCH=CHPPh$ (11) 

Yield 80%. Anal. Found: C, 56.2; H. 5.0; N, 5.3. 
C,,H,,N,C12P2Pd, Caic.: C. 55.9; H. 5.1; N. 5.4%. 
IR: v(C=N) 163iscm-‘: u(Pd-Cl) 300wcm-‘. 

3.13. [IPdiC,H,C(H)=NCH,CH,NMe,IfC111,(~- 
Ph, PfCHz J> PPlz, ,I (12) 

Yield 91%. Anal. Found: C, 56.1; H, 4.9; N, 5.0. 
C,HS,N,CI,P,Pd, Caic.: C, 56.2; H, 5.4; N. 5.3%. 
v(C=N) 1624scm-‘; v(Pd-Cl) 3OOwcm-‘. ‘“C[‘H] 
NMR (62.46MHz, CDCI,): S 175.9 (C=N); S 157.5 
(Cl); 6 149.5 (C6); S 137.4, 8 138.0, 6 127.3, S 124.2 
(C2. C3, C4, C5); S 59.5,55.7 (NCH,): S 45.8 (NMe,). 
P-phenyl: C; S 129.9; C,> S 133.24 J(PC) 11 Hz; C, S 
128.5, JE’C) 1 I Hz; C, S 130.7. 

Compounds 14, 15 and 16 were synthesized foilow- 
ing a similar procedure to that for 6 but using a 
l/diphosphine 2: I molar ratio. 

3.14. (I PdlC,H,C(H)=NCH,CH,NMe,Il,IC1-trans- 
Ph~PCH=CHPPh,)IlCiO,l, (14) 

Yield 82%. Anal. Found: C, 49.2; H, 4.6; N. 4.8. 
C H N 0 CizP,Pd2 Calc.: C, 49.8; H, 4.5; N, 4.8%. .Gi 52 , 8 
IR: v(C=N) 1639mcm-‘. Specific molar conductivity, 
A, = 320ohm-’ cm2 mol-’ (in acetonitrile). 

3.15. IIPdiC,H,C(H)=NCH,CH,NMe,Il,(p- 
Ph,pICHL!,PPh,)l[CIO,I, (15) 

Yield 55%. Anal. Found: C, 50.2; H, 4.8; N, 4.8. 
C H N 0 CI,PzPdz Calc.: C, 50.1; H, 4.8; N, 4.8%. -IY so , * 
IR: v(C=N) 1635mcm-‘. Specific molar conductivity, 
A, = 315 ohm-’ cm’ mol-’ (in acetonibiiel 

3.16. [f Pd[CIC,H,CIH)=NCH,CH,N~~e,!I,(p 
PhlP(CH,I,PPh,)l[Ci~,I, (161 

Yield 83%. Anal. Found: C, 50.5; H, 4.8; N, 4.7. 
C H N 0 Ci,P,Pd, Calc.: C, 50.5; H, 4.9: N, 4.7%. 50 58 J B 
IR: v(C=N) 1637scm.‘. Specific molar conductivity, 
A, = 309ohm-’ cm’ moi- ’ (in acetonitrile). 

Complexes 17 and 18 were prepared following a 
similar procedure to that for 14 using a l/diphosphine 
I: I molar ratio. 

3.17. IPdlC,H,CfH)=NCH,CH,NMe,l- 
W,P(CH,),PPh,-p.PJl~ClO,l 117) 

Yield 63%. Anal. Found: C, 57.2; H, 5.3; N, 3.6. 
C 37 14 2 1 ii N 0 CiP,Pd Caic.: C, 57.0; H, 5.0: N, 3.6%. 
IR: v(C=N) 16i8mcms’. Specific molar conductivity, 
A, = 156ohm-’ cm’ tnol-’ (in acetonitrile). 

3.18. IFdlC,H,C(HJ=NCH,CH,NMe,I(Ph,P(CH,I,- 
PPh,-P,PIIIClO,I (18) 

Yield 77%. Anal. Found: C, 57.5; H, 5.0, N, 3.5. 
C H W 0CIP2Pd Calc.: C, 57.5; H. 5.2; N, 3.5%. 3” II I 4 



IR: v(C=N) 1620mcm-‘. Specific molar conductivity, 
A, = lS3ohm-’ cm? mol-’ (in acetonitrile). 

3.19. Preparation of IPdlC,, H,CfHJ= NCH,CH,- 
NMe,i(CIJfPhlP(CH,J, PPh,-P,PJl f2OJ 

Ph,P(CH,)dPPh, (51 mg, 0.12mmol) was added to 

a suspension of 1 (40mg, 0.13mmol) in acetone 
(15cm’). The mixture was stirred for 4h at room 
temperature, the resulting precipitate was filtered off 
and recrystallized from dichloromethane/hexae to give 
the desired product as a pale yellow solid. Yield 87%. 
Anal. Found: C, 63.0; H. 5.6; N, 3.8. C,,H,N,CIP,Pd 
Calc.: C, 63.0; H, 5.8; N, 3.8%. IR: v(C=N) 
1626scm-‘; v(Pd-Cl) 30lmcm-‘. “C(‘H) NMR 
(75.47MH2, CDCI,): S 182.5 (C=N); 6 149.1 (C6): S 
137.9, S 132.9, 6 130.1, 6 126.6 (C2, C3, C4. CS); 6 
59.3, S 58.0 (NCH,); 6 45.5 (NMe2). P-phenyl: Ci S 
325.7d, 124.34, JWC) 44.0Hz; C,, 6 134.2d. S 133.5d, 
JW’C1 13.6% C, 6 130&l, S 130.4d. APC) 9.8Hz: 
C, 6 132.8. 

Compound 19 was made using a similar procedure to 
that of 20. 

3.20. IPdIC, H,C(HJ= NCH,CH, NMe,lfcis- 
Ph, PCH -s CHPPh,-P.PJlbZiI (19) 

Meld 88%. Anal. Found: C. 62.0; H, 5.0; N, 3.8. 
C,,H,,N,CIP,Pd Calc.: C, 62.3; H, 5.2; N, 3.9%. IR: 
v(C=N) 1618mcm-‘. ‘“CI’H) NMR (75.47 MHz, 
CD’&): 6 174.4 (C=N): 6 157.8 (Cl); 6 137.2, 6 
13!.6, 8 129.7, S 123.8 (Cd, C3, C4, C5); S 59.1, 8 
56.0 (NCH,): S 45.4 (NMel). P-phenyl: C, S 130.5; 
C, 6 133.5; C,, 6 128.6, S 128.2: C, S 130.6. 
Specific molar conductivity, A, = 
Illohm- cm’ mol-’ :itt acetonitrile). 
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