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Abstract
Ti of N-(2-chlorobenzylidene)-N, N'-dimethyl L,' di 2CIC‘s JC(H)=NCH,CH,NMe.,, with tris(dibenzylidencace-
ipalladium{0) in chloroform gave the ddi 1 11 pmducl[Pd(C,,H_.C(H)—NCH,CH1NMe.}(CI)](l) wm
the p lladium otom honded to a C,N, N’ donor hg:md Treatment of 1 with tertiary phosphines gave the i

complexes [PA[C (H ,C(H)=NCH ,CH,NMe, J(CIXL)] (2: L = PPhy; 3: L = PEtPh,; 4: L = PEt,Ph; 5: L = PEty). whelel‘hephmphme
ligand is cither #rans to the phenyl carbon atom (2, 3) or trans to the imine ni atom (4, 5). Treatment of 1 with silver p

followed by with tertiary monophosphines gave the cy [Pd{C,H,C(H)=N_CH,CH, NMe.)(L)IClo,]
(6: L =PPh;; 7. L=PEtPh,; 8: L=PE(,Ph; 9: L = PEt;). Reaction of 1 with thallium yl gave the cy
complex [Pd{C,H ,C(H)=NCH,CH, NMe.)(H,CCOCHCOCH )] (10). Treatmeni of 1 with ditertiary diphosphines in a complex
1/diphosphine 2:1 molar ratio gave the dinucl lated ! [{PdC H CIH)=NCH,CH ,NMe, XCD},(L-L)} (11:
L-L = rrans-Ph,PCH=CHP-Ph,; 12: L-L = Ph, P(CH 2):PPh,; 13: L L Ph,P(CH, ),PPh ), whetemeplmsphonlsaomu trass 0
the phenyl carbon atom. Treatment of 1 with qllver hlorate followed by duemary phines in a complex 1/diphosphine 2:1
molar ratio gave the dinuclear cycl Ilated 1 [(PdC H ,C(H)}=NCH,CH, N'Me,]) (L-L)ICIO,], [14: L-L = trans-Ph,P-
CH=CHPPh,; 15: L-L =Ph, P(CH 2):PPh,; 16: L= = Ph,P(CH,),PPh,)]. Reaction of 1 with ditertiary dnphoaphme\ ina comple\
1/diphosphine 1:1 molar ratio. and silver perchlornte as appropriate. _gave the cycl

[Ba{C,H ,C(H)=NCH ,CH,NMe,KPh, P(CH,),PPh,-P, PYICIO,] (17), [Pd{C H ,C(H)=NCH ,CH ,NMe,}Ph,P(CH, )PPh-.

P PICIO,] (18),
(H)=NCH,CH, NMe,XCIXPh, (CH ,),PPh -P, P)] (20).

[Pd{C H ,C(H)=NCH ,CH ,NMe.}cis-Ph,PCH=CHPPh,-P. PIC!] (19} and [PI(C «H C-
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1. Introduction

Cyclometallation is an important part of
organometallic chemistry and various reviews covering
this area have appeared [1}. Cyclc Iated compounds
show important applications, such as their use in re-
giospecific organic and organometallic synthesis [2.3}
and ir: insertion reactions [4,5]. Bidentate nitrogen donor
ligands which may undergo double cyclometallation to
give compounds with two ¢ M-C bonds and with coor-

Correcpondmg author.
! Deceased.

dination of each nitrogen atom to one of the metal
centers have been reported. To name but a few,
N,N.N', N'-tetraethyl para-xylene-o .o’ -diamines  [6],
azines [7), diphenylpyrimidines [8], diphenylpyrazines
[9], benzylidenchydrazones [10], and bis( N-benzyi-
idene)-1,4-phenylenediamines [11] always give doubly
cyclometallated complexes; when Schiff bases derived
from dialdehydes such as terephthalaldehyde or isoph-
thalaldehyde were used in cyclometallation reactions,
mono- or dicyclometallated compounds could be ob-
tained [12,13). More recently we have become inter-
ested in bidentate and terdentate ligands which coordi-
nate to the metal center throughk two donor atoms
simultaneously, giving compounds with two fused five-
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membered rings at palladium or platinum(1l) {14]; the
synthesis of these compl is achieved via an oxida-
tive addition process. Oxidative addition by halogenated
Schiff bases has been used before as a means to obtain
cyclometallated compounds [15-17). An iateresting fea-
wre of these compounds is that in the metallation
process of ihe ligands, mononuclear species are pro-
duced, as opposed to the dinuclear complexes which are
usually obtained when mono- and bidentate Schiff bases
are reacted with palladiumd{Il} zcetate. In the former
case, the cyclopalladated or cyciopl d starting ma-
terials show a greater versatility towards reactions with
neutral or anionic ligands, e.g. with Lewis bases such as
tertiary phosphines or diphosphines, which may vary
their coordination site in the complex, whereas in the
latter ome, this is more unlikely. probably as a conse-
quence of the dimeric 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 the synthetic conditions employed. In
the present paper we report the intramolecular oxidative
addition of N-(2-chlorobenzylidene)-N, N'-dimethyleth-
ylenediamine (this ligand has been used earlier in oxida-
tive addition reactions involving platinum; see Ref.
[17D to ris(dibenzylideneacetone)dipatladium(0)} 0
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 | and 2. The com-
pounds described in this paper were characterised by
elemental analysis and by IR spectroscopy (data in
Section 3) and by 'H and *'P-{'H} (Table 1) and (in
part) *C NMR spectroscopy (Section 3).

The oxidative addition reaction of N-(2-chloroben-
zylidene)-N,N’'-dimethylethylenediamine, 2-
CIC H ,C(H)=NCH,CH,NMe,, with tris{dibenzyl-
ideneacetone)dipalladium(0) in benzene gave the palla-
dium(I}) mononuclear cyclometallated complex
[PA{C(H,C(H)=NCH,CH,NMe,}(C] (1), in 60%
yield, which was fully characterized. The 'H NMR
spectrum showed well-defined *virtual tiplet” patterns
at 8 368 and & 2.89ppm, for the =N-CH, and
CH,—NMe, protons respectively, with N=12Hz; a
singlet at 8 2.67 ppm (6H) was assigned to the methyl
protons. The NMe, resonance was shifted to higher
frequency. showing pailadium coordination to the amine
nitrogen atom. A singlet at 8 7.52 was assigned to the

HC=N proton, shifted to lower frequency on palia-
dlum—mtrogen coordination {18).

The C NMR spectrum showed resonances at &
172.2 (C=N), & 150.2 (C6), & 158.0 (C1) and & 48.3
(NMe,); the former two were shifted to higher fre-
guency by 13.3 and 26.9ppm respectively from those
for the free ligand, confirming that metallation had
taken place [19]. The C1 resonance was also shifted to
higher frequency, as expected. The two methylene reso-
nances were separated by ca. 10ppm, due to coordina-
tion of the amine nitrogen to the metal atom (vide
infra). There was no notlceable quadrupolar broadening
of these resonances with the '®Pd (22% natural abun-
dance, { = 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-CICH ,C(H)=NCH,CH,NMe, with
palladium(1l) acetate gave reduction to Pd(0); no oxida-
tive addition of C—Cl bonds to metallic palladium was
observed, as has been described before [16]. Reaction of
2-CIC,H ,C(H)=NCH,CH,NMe, with Li,[PdCl,] did
not yield anv cyclometallated product.

Treatment of 1 with tertiary phosphines gave
the mononucler cyclometallated complexes
[Pd(C,H,C(H)=NCH,CH,NMe,J(CIXL)] (21 L=
PPhy; 3: L= PElth, 4: L PEt,Ph; 5: L =PEt,}
respectively, and treatment of 1 w1th silver perchlorate,
followed by tertiary phosphines, gave the mononuciear
cyclometallated complexes [Pd{C H ,C(H)=NCH,-

NMoz

2:L=PPhy R 4:L = PELPR
3: L= PEPh, L) B:L =PEly

N NMe; N
e, \—; A\
t &:L=PPhy
7:L = PEtPh,
8: 1 =PELPh
8:L=PEYy

et
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Scheme 1. (i} 1/2 [Pd.(dba) ] (i) lequiv. of L: (iii) AgClO;
followed by 1equiv. of L; (iv) Tiacac).



M. Vila et al. / Journal of Organometallic Chemistry 532 (1997) 171-160 173

Cl
@w
S N

I)

+
P.
N4
%A]“
NHP

Nite
i)

14:1 = tznsdppe
15:L = ppp
18:L = dppb
>
Pdlp.‘
Cioy
ﬁ\ |
Nnde, J
17:Ladppe
18 L =dp

Scheme 2. (i) L: (ii) AgClQ, followed by L: (iii) AgCIO, followed by L: (iv) cis-dppe in ucetone: (v) dppb in acetone.

CH,NMe, }(L)ICIO,] (6: L = PPh,; 7: L = PEtPh.; 8:
L = PEt,Ph; 9: L = PEt,) respectively, which were fully
characterised (see Section 3 and Table 1). Electric
conductivity measurements in dry acetonitrile solution
showed complexes 6-9 to be i: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 3P nucleus. However, in complexes 4
and 5 the HC=N, H5 and § =NCH, proton reso-
nances were coupled to the *'P nucleus, as corresponds
to the phosphine ligand being cis to the metallated
carbon atom. We and others have observed that, in
cyclometallated palladiun(I) compounds of Schiff
bases with only one tertiary monophosphine coordinated
to the metal center, this ligand usually shows a trans
geometry with respect to the imine nitrogen atom {16,
23-27]; we have also found that the HC=N and HS
proton resonances are always coupled to the p nu-
cleus, except when the Pd < N bond was cleaved.
Coupling of the HS5 resonance to the *'P nucleus trans
to carbon has been 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 #rans to
carbon was detected (vide infra). In the present case we
tentatively attribute these findings to different coordina-
tion sites of the phosphine ligand in compounds 2, 3 on
the one hand (P trans to C), and of compounds 4, 5 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 frans to a phenyl carbon
atom as compared to values found previously £25] (Ta-
ble 1). We suggest that the phosphine ligand p

cleavage of the Pd < NMe, bond wiih coordipation of
the phosphorus atom to the vacant site at palladivm,
trans to the phenyl carbon atom. This coordination
prevails with the less basic phosphines, i.c. PPh;, PEtPh,
and the diphosphines trans-dppe, dppe and dppb. How-
ever, with the more basic phosphines, i.e. PEi,Ph and
PEt,, palladium coordination is rearranged to give com-
plexes with the phosphine ligand trans to the imine
nitrogen atom. [This could be related to the m-acceptor
properties of the phosphine ligands. We treated com-
pound 1 with 2mol of PPh, and the 'H and 'P NMR
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 there is a change in
the coordination site of the ligand initially trans to the
phenyl carbon atom. 'H NMR data: S(HC=N) 8.20,
8(H2) 7.25d, 5(H3) 6.87t, 8(H4) 6.51t, 5(HS) 6.42d,
S5(NCH,CH,) 4.06, 282 N=128Hz, 8(NMe,)
291ppm. J(H2H3) 7.3. J(H3H4) 74, *J(H4H5)
7.4Hz. "P NMR § 27.3ppm.} Furthermore, when the
chloride ion is removed by the siiver salt, this leaves 2
vacant position at palladium trans to the imine nitrogen
atom, which renders the phosphine ligand trans 1o
nitrogen in all cases (cumlpounds 6-9 and 14-16). The
6Me, resonance in the 'H NMR spectrum for com-
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pounds 2-5 lies ca. & 2.30ppm as cormresponds to the 2.70ppm would be expected (cf. & 2.67ppm for 1),
non-coordinated NMe, group (cf. & 2.31ppm for the however the 6Me, resonance appears in the range &
free ligand); for compounds 6-9 values close to & 2.16-2.02 for compounds 6-8 and at & 2.74ppm for

Table 1
¥p2and 'H * NMR data <
SHC=N} 8(H2) &(HI) 8(H4) 8(H5) 8(CH,) 8(NMe,)  &(P)¢
L 873 801d 7.36~7.28m 378Q0138)  231s
U(HIH3) 72 2.65
1 7.52s 7.64d 7.09-7.00m 36801200 267
3HH2H3) 7.3 2.89
2 817s . 6.90 651t 6.36d 406(126)  2.28s 4N.86x
*J(H3HA) 7.4 *J(H4HS5) 74 2.82
J(H2H3) 7.4
3 3.09s 7.23dd 6.87d 6.56td 6.44d 403(128) 232 34.885
*J(H2H3) 74 AHH3H4) 7.4 MJ(HAH5) 7.4 2.8
SHH2HA) 14 SJH3HS 0.7
] 8074 7.2add 69 6.68td 6.43t 4.03(128) 233 3213

1HPHY 7.5 37(H2H3) 7.4 *H(H3H4) 7.4 AJ(HAH5) 7.4 *J(PHS) 7.5 2.82
“(H2HA) 14

s 8.09d 7.31d 7.2-7.0m 398 (12.8) 231s 27.43s
SHPH) 7.6 *JH2H3) 7.5 278
6 B4ld 7.33dd 6.89t 6.481d 6.14dd 4.09(12.2) 2028 36.39s

IPHY 9.5 *XH2H3) 7.4 *J(H3H4) 7.4 *J(H4H5) 74 ‘JPHS) 4.6  3.03
*J(H2H4) 1.3
7 8.35d 7.374d 701t 6.75td 6.45dd 407(122)  2.16s 31045
*HPH) 9.0 *J(H2H3) 7.4 J(H3H3) 7.4 *J(H4H5) 7.4 S H(PH5)3.8 3.08
SJ(H2H4) 1.4
8 8.28d 7.30dd 6.96t 6.301d 6.47dd 400(120)  2.11s 23.27s
*HPH) 9.3 CHH2HD 75 *HHIHA 1.5 *J(H4H5) 7.5 *J(PH5) 4.0 3.02
4J(H2H4) 1.5

] 8.29d 7.39d 7.2-69m 40201200 2.74s 20455
YJ(PH) 9.5 *J(H2H3) 6.8 303
10F 793 7.51d 2.6 7.04t 7.24dd 3733138 230
3J(H2H3) 7.5 3J(H3H4) 1.5 *J(H4H5) 7.5 272
SHH3HS) 1.2
17 8l4s 7.27dd 6.91td 6.5t 6.45d 406(120)  23Is 33.68s
FJ(H2H3) 74 Yi(H3H4) 7.4 *J(H4HS) 7.4 281
SJHH4) 1.2
12 B10s 722d 6.67t 6.54t 6.35d 19 2.26s 30.79s
HHZHI) 7.5 *J(H3Ha) 7.5 1J(H4HS) 1.5 i
13 8.0% 7224 6.87 6.55¢ 6.39d 4020122) 234 31.86s
AJ(H2H3) 7.4 *HH3H4) 7.4 *J(HaHS) 7.4 279
1Y 853 ¢ 70N 6.61t 6.46dd 4.08 * 37.72
HPH) 9.3 3J(H2H3) 7.5 *HH3H 7.5 *J(H4H5) 7.5 3.08
S HPHS) 4.1
15 8.56d N 720t 6.961d 6.73dd 403 1.95s 31.78s
HPH) 9.5 3MH3H4) 75 *J(H4HS) 7.5 4J(PH5) 4.1 v
*HH2H3) 7.5 SJ(H2H4) 1.5
16'  830d . 7.08d 6.71d 6.55dd 391 1.95s 32.90s
1J(PH) 9.5 J(H3H4) 7.5 *J(H4H5) 7.5 ‘J(H3HS)0.5  2.84
AJ(H2ZH3) 7.5 SJH(H2H4) 1.5 1J(PH5)4.3
17" 8.50d ¢ 6.981d 6.7ld 6.59m 3.29 1.94s 59.09
SHPHY 7.5 AJ(H2H3) 7.2 3)(HaHS) 7.2 YHHIHH) 05 41.08d
*HH3H4) 7.2 SJ(HZHD L5 *J(PHS) 7.4 36.9)
4J(PHS) 5.7
18" 83 ¢ 6.931 6.56m 3.00 1.97s 24.38d
*J(PH) 5.8 3J(H2H3) 7.3 i —4.14d
*J{H3H4) 7.3 (58.3)
19" 812d ¢ 6.86t 6.70m 334 1.76s 60.294
*J(PH) 6.6 *J(H2H3) 7.2 240 49.09d
TJ(H3H4) 7.2 (55.9)
2" 8015 ¢ 6.69t 6.424 6.37d 3890132) 207 32.70d
AJ(H2H3) 74 *J(H4HS) 7.4 276 17.584

*JHIH 74 (14.6)
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compound 9. We suggest the lower 8 value observed
for the §Me, resonance in 6-8 is due to shielding of a
phosphine phenyl ring; as proof, in the compound with
triethylphosphine, 9, the 8Me, resonance appears at §
2.74 ppm. The separation of the N(CH,), resonances in
the "°C NMR spectra of compounds 6-9, ca. 10—15 ppm,
shows coordination of the NMe, group to the metal
atom, as opposed to compounds 2, 3, 5, where it is ca.
4-7ppm.

The *'P{'H} NMR spectra show a singlet resonance
for the phosphorus nucleus in 2-5 and 6~9; substitution
of the phosphine phenyl groups for ethyl groups shifts
the *" P resonance to lower fre%uency (Table 1). Com-
parison of the difference in the ° P chemical shift values
for pairs of compounds bearing the same phospbine
ligand, A8, showed the resonances for compounds 6-9
to be at lower frequency than those for 2-5 in all cases
(Table 1). However, A§ is greater when the 3P nuclens
is always frans to nitrogen [A&(4,8) = 8.86 ppm;
A5(5,9) = 7.0 ppm] than when the *' P nucleus is trans
to different atoms in the complexes, ie. P trans to
carbon or nitrogen [A8(2,6) =4.47ppm; AS(3.7) =
3.84 ppm].

Treatment of 1 with thallium acetylacetonate gave
the soluble complex [Pd{C H ,C(H)=NCH,CH,-
NMe,}(H,CCOCHCOCH,)] 10 as an air-stable solid,
which was fully characterized (see Section 3 and Table
1). The 'H NMR spectrum showed singlet resonances at
8 5.37 and 2.03 ppm assigned to the CH and to the two
C-Me groups respeciively. The “C NMR spectrum
showed singlets at 8 100.65 and & 23.03 ppm, assigned
to the CH and C-Me resonances respectively.

Reaction of 1 with ditentiary diphosphines in a com-
plex 1/diphosphine 2:1 molar ratio gave the dinuclear
cyclometallated complexes [{Pd[C H,C(H)=NCH -
CH,NMe, KCD},(n-Ph,PRPPh,)] [11: R = trans-
CH=CH; 12: R=(CH,);; 13: R=(CH,),] respec-
tively, and treatmem of 1 with silver perchlorate
followed by ditertiary diphosphines gave the
dinuclear cyclometallated complexes
[{Pd[CH ,C(H)=NCH ,CH, NMe, ]},(n-Ph, PR-

PPh,)[CIO,], [14: R = trans-CH=CH; 15; R =
(CH,);; 16: R = (CH.),] respectively, which were fully
characterised (see Section 3 and Table 1). Electric
conductivity measurements in dry acetonitrile solution
showed complexes 14-16 to be 1:2 electrolytes [22]
(see Section 3). In the "H NMR spectra of compounds
11-13 singlets were observed for the HC=N and H5
resonances (Table 1); no coupling of the § =NUH,

e 10 the *'P nucleus was observed. In view of
this we tentatively assign these compounds the struc-
tures depicted in Scheme 2, with the phosphorus atom
trans to the phei»i carbon atom of the metallated ring.
There is only one set of resonances for each cyclopalla-
dated moiety in the 'H and *C NMR spectra and only
one singlet for the two >'P nuclei in the ' P{'H} spec-
trum. This suggests that the compounds are centrosym-
metric, as we have shown before in related compounds
[30.31]. In the 'H NMR spectra of complexes 11 and
14, apparent triplets at 8 6.75 and & 8.30ppm respec-
tively were assigned to the PCH=CHP resonances
(AAXX' spin system) with N ca. 41Hz. In the 'H
NMR spectra of compounds 14-16 the NMe, reso-
nance is shifted to lower frequency from the expected
position, ca. 2.7 ppm, due to shielding of the phosphine
phenyl ring.

Treatment of 1 with ditertiary diphosphines in a
complex 1/diphosphine 1:1 molar ratio, and silver per-
chlorate gave the mononuclear cyclometaliated com-
plexes [{Pd[C H ,C(H)=NCH,CH,NMe,]}-
(Ph,PRPPh,-P,.P)ICIO,} [17: R=(CH,),; I8: R=
(CH,);] respectively (see Section 3 and Table 1). Elec-
tric conductivity in dry itrile solu-
tion showed the complexes to be 1:1 ekctrolytes [22]
(see Section 3). When the reaction was carried out in
the absence of the perchlorate salt, an untreatable mix-
wre was obtained. However, when 1 was treated only
with cis-dppe in a complex 1/diphosphine 1:1 molar
ratio. the mononuclear cyclometallated complex
[{PdIC,H ;,C(H)=NCH,CH ,NMe, [l(cis-Ph, PCH=
CHPPh,-P, PYICI] (19) was obtained, which was fully
characterised (see Section 3 and Table 1). Electric

Notes to Table 1:

* in CDC;. Measured at 100.6 MHz (ca. +20°C); chemical shifts {5) in ppm {1 0.1) to high frequency of 85% H.PO,.
* In CDCI,, unless otherwise stated. Measured at 250MHz (ca. & 20°C); chemical shifts {8) in ppm (£0.01) 10 high frequency of SiMe,.

¢ Coupling constants in Hz.

s, singlet: d, doublet; dd, doublet of doublets: ¢, triplet; «d, triplet of doublets. m. multiplet.

“ Occluded by the phosphine resonances.

! The higher value was assigned to the =NC H, protons and the lower one to the C H, NMe, protons; N values in parentheses.

& For 17-20 8( P-trans-C) < 8( P-truns-N).
" acac: 8(CH) 5.38ppm: 5(Me) 2.04 ppm.

' $(CH=CHY): 11, 6.75 ppm: 14, 8.30ppm.
! Occiuded by methylene (phosphine)

* Qccluded by solvent

' in acetone-d,.

™ *J(PP) values in parentheses.
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conductivity measurements in dry acetonitrile solution
showed the complex to be a 1:1 electrolyte (see Section
3). The **P{'H} NMR spectra showed two doublets for
the two inequivalent phosphorus nuclei. The resonance
at lower frequency was assigned to the phosphorus
nucleus frans to the phenyl carbon atom in accordance
with the higher trans influence of the latter with respect
to the C=N nitrogen atom [32]. The HC=N resonance
was only coupled to the P nucleus trans to nitrogen.
In compouxd 17 the H5 proton was coupled to both *'P
nuclei with *J(P,,,, ¢ H) < *J(P,, .., H). This was con-
firmed by selective decoupling experiments on the *'P
atoms. Although the NMe, group is not coordinated 1o
the metal atom, the methyl resonance was shifted to
TIower frequency due to shielding of the phenyl zings on
the phosphorus atom frans to carbon.

Treatment of 1 with dpph in a complex 1/diphos-
phine 1:1 molar rzio gave the mononuclear cyclometal-
lated complex [{Pd[C(H ,C(H)=NCH,CH ,-
NMe, {C(Ph,{(CH,),PPh,-#, P}] (20) which was
fully characterized (see Section 3 and Table 1). Electric
conductivity measnrements in dry acetonitrile solution
showed the compound to be a non-electrolyte. The
P3(PP)C] moiety can rotate about the Pd—-C vector so
that the palladium coordination plane is at 90° to the
metallated phenyl ring, eliminating coupling between
the P atom and the H5 or the HC=N protons [25];
also, no coupling of the =NCH, resonance to the = P
mucleus was observed. Both ~ P resonances were in-
equivacally 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
Ayg for compounds for both phosphorus atoms trans to
carhon and trans to nitrogen (see Table 2). In the
five-membered ring cases (compounds 17, 19) the abso-
lute value of A, is smaller when the "'P nucleus is

Table 2

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 purchased from Aldrich-Chemie. The diphos-
phines Ph,P(CH,),PPh, (dppe), Ph,P(CH,);PPh,
(dppp) and Ph,P(CH,),PPh, (dppb) were purchased
form Aldrich-Chemie; cis-Ph, PCH=CHPPh, (cis-1,2-
dppe) and trans-Ph,PCH=CHPPh, (srans-1,2-dppe)
were prepared according to procedures described else-
where [35]. Microanalyses were carried out at the Servi-
cio de Anilisis 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;),CO solutions and referenced to SiMe, ('H,
C) or 85% H,PO, (**P-{'H}) and were recorded on
Bruker WM-250, AMX-300 and AC-200 spectrometers.
All chemical shifts were reported downfield from the
standards.

The synthesis of 2-CIC H ,C(H)=NCH,CH,NMe,
was performed by heating a chloroform solution of the
appropriate quantities of 2-chlorobenzaldehyde and
NN '-dimethylemp'ienediamine in a Dean-Stark appara-
tus under reflux. “C{'H} NMR (75.48 MHz, CDC,): &
158.9 (C=N); 6 135.3 (C1); & 133.3 (C6); & 131.7, &
1300, 8 128.6, & 127.2 (C2, C3, C4, C5); & 602, &
60.1 (CH,); & 46.00 (NMe,).

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

3.1. Preparation of [Pd{C, H,C(H)= NCH,CH,N-
Me, (CD] (1)}

2-CIC H ,C(H)=NCH,CH,NMe, (140 mg,
0.67 mmo!) and tris(dibenzylideneacetone)dipal-
ladiuni(0) (300 mg, 0.33 mmol) were added to 25cm?® of
t to give a dark red solution which was heated

under reflux for 2h. After cooling to room temperature
the solution was filtered Lo eliminate the small amount
of black patladium formed. The solvent was removed
under vacuum to give a yellow solid which was chro-

dip paranaters ?
Pt P, Ar
17 31.78 59.09 27.31
18 31.78 24.38 -740
19 31.78 60.29 2851
P P, Ay N
17 30.79 41.08 10.29
18 30.79 —4.14 —26.65
19 30.79 49.9 18.3
20 30.79 17.58 —13.21
® P, ph frans 10 ni h trans 10 carbon.

) gen. P, phosp
® Eqyuivalent ghosphorus (~PPh,} in a non-chelated analogue {(com-
pound 15).
© Equivalent phosphorus (~PPh, ) in a non-chelated anclogue (com-
pound 12).

matographed on a column packed with silica gel. Elu-
tion with dichloromethane /ethanol (1%) afforded the
final product as a pale yellow solid afier concentration.
Yield 60%. Anal. Found: C, 42.0; H, 4.7; N, 8.8.
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C,,H,sN,CIPd Calc.: C, 41.7; H, 48; N, 88%. IR:
»(C=N) 1616scm™'; »(Pd—CD) 349mem™". “C('H}
NMR (75.47MHz, CDCL,): § 1722 (C=N); § 158.0
(C1); 6 150.2 (C6); & 136.1, § 130.7, & 127.6, § 124.3
(C2, C3, C4, C5); & 63.5, & 53.4 (NCH,CH,); 5 48.3
(NMe,).

3.2. Preparation of [PdIC;H,C(H)= NCH,CH,
NMe, (CI)PPh,)} (2)

PPh, (33 mg, 0.13 mmol) was added to a solution of
1 (40mg, 0.13 mmob) in acetone (15cm?). The mixture
was stirred for 4 h, the solvent removed and the product
recrystaliized from dichloromethane /hexane to give the
desired complex as a white solid. Yield 90%. Anal.
Found: C, 60.0; H, 5.5; N, 4.6. C,xH;,N,CIPP4 Calc.:
C, 60.1; H, 52; N, 4.8%. IR: »(C=N) 1628scm™!;
¥(Pd-CD 310wem™'. “C{'H} NMR (62.46 MHz,
CDCL,): 8 176.4 (C=N); § 157.1 (C1); & 1489 (C6);
81383, 8 136.1, 6 129.9, 6 124.3(C2,C3,C4,C5); 6
55.1, 53.1 (NCH,); & 46.2 (NMe,). P-phenyl: C; &
131.1; C, & 135.3d, J(PC) 12.1Hz; C,, & 128.3d,
J(PC) 11.8Hz; C, 3 1310

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

3.3, [PdIC,H,C(H)= NCH,CH,NMe, /(CIXPEPh, )]
(3)

Yield 91%. Anal. Found: C. 56.2; H, 5.7; N, 52.
C,H, N,CIPPd Calc.: C, 56.5; H, 5.7; N, 5.3%. IR:
»€=N) 1630scm™"; »(Pd—CD 305wem™'. “C{'H}
NMR (6246 MHz, CDCL,): 8 175.8 (C=N); § 157.4
(C1); 5 149.8 (C6); § 137.2, 5 130.0, & 127.9, § 1238
{(C2,C3,C4,C5); 5 59.6, 52.8 (NCH,); & 45.5 (NMe,).
P-phenyl: C, 8 129.5d, J(PC) 199Hz; C, & 133.64,
J(PC) 21.4Hz; C,, 3 1283, C, 5 I315.

34. [Pd[C,H,CTH)= NCH,CH, NMe, J(CIXPEt, Ph)]
@

Yield 87%. Anal. Found: C, 52.1; H, 6.5; N, 59.
C,H,,N,CIPPd Calc.: C, 52.2; H, 6.3; N, 5.8%. IR:
v(C=N) 1626scm~'; v(Pd-Cl) 313mcm™".

3.5. [Pd[C,H,C(H)= NCH,CH, NMe, {CIPEt,)] (5)

Yield 77%. Anal. Found: C, 46.7; H, 6.5; N, 6.2
C;H;)N,CIPPd Cale.: C, 469; H, 6.9; N, 64%. IR:
(C=N) 1629scm™'; p(Pd—CI) 293mem~. “C('H}
NMR (75.47MHz, CDCL,): 8 174.4 (C=N); & 1563
(C1); 6 147.6 (C6); 8 133.8, § 1294, 5 1275, 6 123.3
(C2, C3, C4, C5); & 58.1, & 54.7 (NCH,); & 446

(NMe,); & 15.4d, J(PC) 24.4Hz (CH,CH,); 5 7.9
(CH,CH,).

3.6. Preparation of
[ PdIC4H,C{H)= NCH,CH,NMe, ! (PPh;)I[CIO, ] (6)

A solution of 1 (40mg, 0.13mmol) in acctone
(15cm’) was treated with silver perchlorate (27 mg) and
stirred for 2h. The solution was filtered through Celite
to eliminate the AgCl precipitate. PPh; (33 mg,
0.13mmol) was added to the filtrate and the solution
stimed for 4h, the solvent removed and the product
recrystallized from dichloromethane /hexane to give the
desired complex as a white solid. Yield 93%. Amal.
Found: C, 53.7; H, 4.7; N, 4.1. C,H;,N,0,CiPPd
Calc: C, 54.1; H, 47; N, 43%. IR: »(C=N)
1639mem~. PC{'H} NMR (75.47MHz, CDCl,): &
176.1 (C=N); 8 154.3 (C1); 5 150.6 (C6); 5 138.6, &
130.5, § 129.6, § 1254 (C2, C3, C4, CS5); & 664, &
55.3 (NCH,CH,); & 48.1 (NMe,). P-phenvl: C; 8
128.0d, J(PC) 22.6Hz; C, & 135.3d, J(PC) 128Hz;
C,, 8 129.0d, J(PC) 10.6Hz; C, & 132.0s. Specific
molar conductivity, A, = 169chm™'cm® mol™} (in
acetonitrile).

Compounds 7, 8 and 9 were obtained following a
similar procedure as white solids.

3.7. [ Pd{C,H,C(H)= NCH,CH,NMe, ] (PEiPh, )]-
{clo,1(7)

Yield 80%. Anal. Found: C, 50.0; H, 5.1; N, 4.6.
C,sH 3 N,O,CIPPd Cale.: C, 50.4; H, 5.1: N, 4.7%. IR:
»(C=N) 1637scm™'. “C{'H} NMR (7547 MHz,
CDClL,): § 176.0 (C=N); & 154.3 (C1); § 150.7 (C6);
8§ 137.1, 8 131.2, 3 130.1, 5 125.8(C2,.C3,C4,C5%; &
65.8, 5 51.6 (NCH,); 5 48.3 (NMe,); 8 21.2d, J(PC)
28 1 Hz (CH,CH,); 6 12.4 (CH,CH,). P-phenyk: C, 8
1306; C, & 133.6d, J(PC) 10.6Hz; C,, & 129.5d,
J(PC) 9.8Hz; C, 5 131.9s. Specific molar conductiv-
ity, Ay =1600hm~" cm® mol™' (in acetonitrile).

3.8. [ PdC, H,C(H)= NCH,CH, NMe, } (PE1, Ph}}-
[clo,]1(8)

Yield 89%. Anal. Found: C, 45.5; H, 59; N, 5.2
C,,H,N,O,CIPPd Calc.: C, 46.1; H, 5.5, N, 5.1%. IR:
p(C=N) 1637scm~'. “C['H} NMR (75.47 MHz,
CDCL,): & 176.0 (C=N); & 153.7 (C1); § 151.2 (C6),
5135.5, 5 1310, 5 129.7, 8 125.4(C2, C3,C4,C5); &
66.1, 5 51.6 (NCH,); 5 49.5 (NMe,); 8 16.6d, J(PC)
279 (CH,CH,); 5 8.7 (CH,CH,). P-phenyl: C; &
1285; C, & 132.6d, J(PC) 106Hz; C, & 12894,
J(PC) 9.7Hz; C, & 131.3. Specific molar conductivity,
Ag = 1630hm™" cm? mol ™' (in acetonitrile).
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3.9. [ Pd{C, H,C{H)= NCH,CH, NMe, } (PE1,)l[CIO, ]
(9)

Yield 65%. Anal. Found: C, 40.9; H, 6.1; N, 5.7.
C,,H3yN,0,CIPPd Cale.: C, 409; H, 6.1; N, 5.6%. IR:
»(C=N) 1639scm™'. "“C{'H} NMR (7547 MHz,
CDCl,): 8 175.1 (C=N); & 151.8 (C1); & 150.2 (C6);
8 135.0, & 131.7, & 130.5, & 126.2(C2,C3,C4,CS5); &
66.7, 8 52.1 (NCH,); & 49.3 (NMe,); & 14.7, J(PC)
27.9Hz (CH,CH,); 5 8.9 (CH,CH,). Specific molar
conductivity, A, =142chm~'cm?mol~' (in aceto-
nitrile).

3.10. Preparation of [PdIC,H,C(H)= NCH,CH,
NMe, /(H,CCOCHCOCH, )] (10)

To a solution of 1 (40mg, 0.i3mmol) in chloroform
(25cm?®), thallium acetylacetonate {40mg, 0.13 mmol)
was added and the mixture stirred at room temperature
for 12h. The solution was filtered to eliminate the TIC]
precipitate and the solvent removed to give the desired
complex as a yellow solid which was recrystallized
from dichloromethane /hexane. Yield 85%. Anal
Found: C, 50.2; H, 59; N, 7.3. C,,H,,N,0,Pd Calc.:
C, 50.5; H, 5.8; N, 7.4%. IR: »(C=N) 1610scm™';
2,4-pentanedionate:  »(C=C) 1512scm™'; »(C=0)
1577s, 1389scm ™", *C{'H} NMR (75.47 MHz, CDC!,):
8 176.0 (C=N); § 157.3 (C1); & 146.5 (C6); & 131.0,
8 129.9, 5 126.8, 8 124.5 (C2, C3, C4, C5); 8 100.7
(CH, acac); & 59.2, 5 56.2 (CH,) & 46.0 (NMe,); &
28.0 (Me, acac).

3.11. Preparation of [{Pd{C,H,CIF)=NCH.CH,
NMe, J(CUlf -Ph P(CH, ) -PPh, )] (13)

Ph,P(CH,),PPh, (27mg, 0.06 mmol) was added to
a solution of 1 (40mg, 0.13mmol) in acetone (15cm?).
The mixture was stirred for 4h, the solvent removed
and the product recrystallized from
dichloromethane /hexane to give the desired complex as
a white solid. Yield 77%. Anal. Found: C, 56.6; H, 5.7;
N, 5.3. C;uHN,C1,P,Pd, Calc.: C, 56.6; H, 5.5: N,
5.3%. IR: »(C=N) 1628scm™'; v(Pd-CI) 290mem™'.
Pc{'H} NMR (62.46 MHz, CDCL,): 8 175.7 (C=N); &
157.7(C1); & 148.1 (C6); § 137.3, 5 1298, 5 127.8, 5
124.0 (C2, C3, C4, C5); 5 59.3, 55.8 (NCH,); & 45.8
(NMe,). P-phenyl: C; & 131.5; C, & 134.0d, J(PC)
11.5Hz; C,, 8 1284, J(PC) 10.4Hz; C, 81307

Compourds 11 and 12 were synthesized following a
similar procedure.

3.12. [[PdIC, H,CTH)= NCH,CH,NMe, KCD)( u-
trans-Ph, PCH = CHPPh,)] (11)

Yield 80%. Anal. Found: C, 56.2; H, 5.0; N, 5.3.
C.H,;N,CL,P,Pd, Calc.: C. 55.9; H, 5.1; N, 5.4%.
IR: »(C=N) 1631scm™!; v(Pd-Cl) 300wem™".

3.13. [IPd[C H,C(H)= NCH,CH,NMe, [(CD],( p-
Ph, PICH, ), PPh, )] (12)

Yield 91%. Anal. Found: C, 56.1; H, 4.9; N, 5.0.
CoHyN,Cl,P,Pd, Calc.: C, 56.2; H, 54; N, 5.3%.
»(C=N) 1624scm™'; »(Pd-Cl) 300wem™~'. “C{'H}
NMR (62.46 MHz, CDCl,): 8 175.9 (C=N); & 1575
(C1); 8 149.5(C6); & 1374, 6 1380, 6 127.3, 6 124.2
(C2,C3,C4,CS); 6 59.5, 55.7 (NCH,,); 6 45.8 (NMe,).
P-phenyl: C; 8 129.9; C,, § 133.2d, J(PC) 11Hz; C,, &
128.5, J(PC) 11Hz; C, & 130.7.

Compounds 14, 15 and 16 were synthesized follow-
ing a similar procedure to that for 6 but using a
1/diphosphine 2:1 molar ratio.

3.14. [{ PdICsH,C(H)= NCH,CH, NMe, 1 |,( u-trans-
Ph, PCH=CHPPh,)I[CIO, ], (14)

Yield 82%. Anal. Found: C, 49.2; H, 4.6; N, 4.8.
C4H.;N,0,C1,P,Pd, Calc.: C, 49.8; H, 45; N, 4.8%.
IR: »(C=N) 1639mcm™~'. Specific molar conductivity,
A, =3200hm™' cm? mol~! (in acetonitrile).

3.15. [{ PdIC, H,C(H)= NCH,CH, NMe, ] },{ -
Ph, P(CH, ), PP, )JICIO, 1, (15)

Yield 55%. Anal. Found: C, 50.2; H, 4.3; N, 4.8,
€ H4N,0,CL,P,Pd, Calc.: C, 50.1; H, 4.8; N, 4.8%.
IR: »(C=N) 1635mcm™'. Specific molar conductivity,
A, =3150hm~" cm’ mol™! {in acetonitrile).

316, [[ PAIC,H,C(H)= NCH,CH, NMe, 1 }.{ p-
Ph, P(CH, ), PPh,)JICIO, ], (16)

Yield 83%. Anal. Found: C, 50.5; H, 4.8; N, 4.7.
C4,H5gN,04CL,P,Pd, Calc.: C, 50.5; H, 4.9; N, 4.7%.
IR: »(C=N) 1637scm ™. Specific molar conductivity,

= 3090hm™! cm? mol ™' (in acetonitrile).

Complexes 17 and 18 were prepared following a
similar procedure to that for 14 using a 1/diphosphine
1:1 molar ratio.

3.17. [PdIC,H,C(H)= NCH,CH,NMe,]-
(Ph, PtCH, ), PPh,-P,P)][C!O,] (17)

Yield 63%. Anal. Found: C, 57.2; H, 5.3; N, 3.6.
C4;H 4 N,O,CIP,Pd Calc.: C, 57.0; H, 5.0; N, 3.6%.
IR: »(C=N) 1618mcm™"'. Specific molar conductivity,
A, = 1560hkm ™" cm? mol ™' (in acetonitrile).

3.18. [PdIC, H,C(HI= NCH,CH, NMe, }(Ph, P(CH, ),-
PPh,-P.P)I[CIO, ] (18)

Yield 77%. Anal. Found: C, 57.5; H, 5.0; N, 3.5.
C,H,,N,0,CIP,Pd Calc.: C, 57.5; H, 5.2; N, 3.5%.
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IR: »(C=N) 1620mcm™"'. Specific molar conductivity,
A, = 1530hm™' cm® mol ™! (in acetonitrile).

3.19. Preparation of [Pd[CsH,C(H)= NCH,CH,
NMe, J(Cl)(Ph, P(CH, ), PPh,-P,P)] (20}

Ph,P(CH,),PPh, (51 mg, 0.12mmol) was added to
a suspension of 1 (40mg, 0.13mmol) in acetone
(15cm®). The mixture was stired for 4h at room
temperature, the resulting precipitate was filtered off
and recrystallized from dichloromethane /hexane 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: »(C=N)
1626scm™; »(Pd-CD 30Imem™'. C{'H} NMR
(75.47MHz, CDCI,); & 182.5 (C=N); 8 149.1 (C6), &
137.9, & 132.9, & 130.1, & 126.6 (C2, C3, C4, C5); &
59.3, 8 58.0 (NCH,); & 45.5 (NMe,). P-phenyl: C; &
125.74, 124.3d, J(PC) 44.0Hz; C, & 134.2d, § 133.5d,
J(PC) 13.6Hz; C,, & 130.4d, § 130.4d, J(PC) 9.8 Hz;
C, 51328

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

3.20. [Pd[C,H,C(H)= NCH,CH,NMe,/(cis-
Ph, PCH > CHPPh,-P.P)I{CI} (19)

Yield 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:
»(C=N) 1618mem~'. “C{'"H} NMR (75.47 MHz,
CDCL,): & 1744 (C=N); 8 157.8 (CI); & 137.2, &
1316, 8 1297, 8 123.8 (C2, C3, C4, C5); & 59.1, &
56.0 (NCH,); & 45.4 (NMe,). P-phenyl: C, & 130.5;
C, 5 1335, C, & 1286, & 1282; C, & 1306

Spec;hc molar conductivity, A, =
1120bm™" em? mol ™! {in acetonitrile).
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