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Abstract—Unsymmetrical diphosphazanes Ph,PN(Pr)PYY’ [YY = O,C,,H; (LY),
0,C,0Hy; (LY); Y = Ph and Y’ = OC¢H,Br-4 (L%, OC;H,Me-4 (L%, OC;H;Me,-3,5 (L),
N,C;HMe,-3,5 (L9)] react with cis-[PdCL,(COD)] (COD = cycloocta-1,5-diene) giving the
chelate complexes of the type cis-[PdCL{n*-Ph,PN(Pr)PYY’}] [YY = O,C,,H; (1),
0,CxHy; (2); Y =Ph and Y = OCH,Br-4 (3), OCiHMe-4 (4), OCiH;Me,-3,5 (5),
N,C;HMe,-3,5 (6)]. The P—N bond in 3 and 5 undergoes a facile cleavage in methanol
solution to give cis-[PdCL,{n'-Ph,P(OMe)}{n'-PhP(NHPr')(Y")}] [Y = OC¢H,Br-4 (7),
OC¢H;Me,-3,5 (8)]. Reactions of Pd,(dba), - CHCI; (dba = dibenzylideneacetone) with the
diphosphazanes Ph,PN(Pr)PPhY’ [Y' = OC{H Me-4 (L%, N,C;HMe,-3,5 (L), N,C;H,
(L")] in the presence of Mel yields cis-[PdL{n*-Ph,PN(Pr)PPhMe}] (9); the P—O or
P—N(pyrazolyl) bond of the starting ligands is cleaved and a P—C(Me) bond is formed.
An analogous oxidative addition reaction in the presence of Ph,PN(Pr)PPh, (L?) yields
cis-[PdI(Me) (#>-L®)] (10) and cis-[PdL,(#*-L¥] (11). The structures of 8 and 9 have been

determined by X-ray diffraction. Copyright © 1996 Elsevier Science Ltd

Although symmetrical diphosphazane ligands of
the type X,PN(R)PX, have attracted much atten-
tion, studies on unsymmetrical and hetero-
functional ligands containing the P—N—P
skeleton are limited.? Transition metal complexes of
heterofunctional ligands are of considerable current
interest because of their potential applications as
catalysts for various organic transformations.”
Our earlier work on palladium chemistry of di-
phosphazanes was focused on the complexes of the
symmetrically substituted diphosphazanes,
(PhO),N(R)P(OPh), (R = Me or Ph).® In this
paper we report the syntheses and structural charac-
terization of palladium(II) complexes of several
unsymmetrical diphosphazanes of the type
Ph,PN(Pr)PYY’ and also oxidative addition of
methyl iodide to the palladium(0) complex

+ Author to whom correspondence should be addressed.

Pd,(dba); - CHC], in the presence of diphosphazane
ligands. Platinum(II) complexes of Ph,PN(R)PPh,
(R = S-CHMePh) were reported by Payne and Ste-
phan’ and Pt" complexes of Ph,PN(R)PPh, (R = H
or Me) have been subject of recent studies by
Farrar, Woollins and their respective co-workers.® 1

EXPERIMENTAL

The general experimental procedure and details
of spectroscopic measurements were as reported
previously.! The diphosphazane ligands'' and the
palladium  precursor complexes, cis-[PdCl,
(COD)),"? trans-[PdCL,(PhCN),]"* and [Pd,(dba),] -
CHCL,'* were prepared by published pro-
cedures.

The physical properties, micro analyses and spec-
troscopic data are given in Tables 1 and 2.
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Table 1. Melting point, microanalyses and IR data for palladium complexes
Elemental analyses
Found (Calc.) (%)
M.pt* IR data’ {only vpa,
Compound Q) C H N (x=Clor )} (em™")
[PdCL, {#*-Ph,PN(Pr')P(0,C,Hg)}] (1) 240 50.6 3.5 1.9
(md) (51.1) 4.0) (2.2) 312w, 278w
[PACl,{n*-Ph,PN(Pr)P(O,C,xH 2)}] (2) 210 56.3 3.2 1.5 318w, 294w
(57.2) 4.0) (1.9)
[PACL, {#*-Ph,PN(Pr')PPh(OC,H,Br-4)}] (3 236 46.6 4.1 1.7 307w, 284w
(md)  (46.3) (3.8) (2.0)
[PACL,{n*-Ph,PN(Pr'yPPh(OC,H,Me-4)}] (4) 228 51.6 4.2 1.9 311w, 278w
(d) (53.0) 4.6) 2.2)
[PACL{n*-Ph,PN(Pr')PPh(OC,H;Me,-3,5)}] (5) 238 52.4 5.1 1.8 312w, 282m
(53.7) (4.8) 2.2)
[PACL, {#*-Ph,PN(Pr'}PPh(N,C;HMe,-3,5)}] (6) 205 49.8 4.4 5.5 312w, 287w
(502) (4.7  (6.8)
[PACL{#'-Ph,P(OMe)} {n'- 195 46.4 4.5 2.2 289 br. w
PhP(NHPr')(OC,H,Br-4)}] (7) (46.0) 4.1 (1.9)
[PACl,{n'-Ph,P(OMe)} {n'- 190 53.5 5.6 24 316w, 289w
PhP(NHPr')(OCH;Me,-3,5)}] (8) (52.9) (5.2) 2.1
[PAL,{n*-Ph,PN(Pr')PPhMe}] (9) 245 353 34 2.6 278w, 239w
(36.4) (3.5) (1.9)
[PdL{*-Ph,PN(Pr')PPh,}] (11) 240 41.7 3.7 2.2 278w
@12y (3.5  (1.8)

“d = decomposed, md = melted with decomposition.

*Nujol mull; vy for 7 and 8 are 3259 and 3255 cm ™', respectively.

Synthesis  of  cis-[PdCL{#*-Ph,PN(Pr)PYY'}]
[YY' = 0,C,,Hy (1), O,CooHps (2), Y = Ph and
Y’ = OC¢H,Br-4 (3), OCH,Me-4 (4), OC;H;Me,-
3,5 (5), N,CsHMe,-3,5 (6)]

A mixture of cis-[PdCL(COD)] (0.100 g,
3.5x107* mol) and Ph,PN(Pr)PYY’ [YY' =
O,C,Hy (LY); 0.160 g; YY' = O,CyH,; (L),
0.195 g]; Y=Ph and Y = OC¢H,Br-4 (L%,
0.183¢g; Y =Phand Y’ = OC;H,Me-4 (L%, 0.160
g; Y =Phand Y’ = OC(H;Me,-3,5 (L%), 0.165 g;
Y =Ph and Y’ = N,C;HMe,-3,5 (Lf), 0.156 g;
(3.5 x 107* mol) was dissolved in dichloromethane
(10 cm®) and stirred at 25°C for 10 min. Evap-
oration of the solvent in vacuo gave an oily residue,
which was washed twice with hot petrol to remove
cyclo-octadiene and crystallized from dichloro-
methane/petrol (60-80°C; 3:1) mixture to obtain
the title complexes as pale yellow crystalline solids.
Yield 85-90%.

Treatment of the Iligands with trans-
[PdCL,(PhCN),] also yielded the same complexes
1-6.

Isolation of cis-[PdCL,{n'-Ph,P(OMe)} {n'-PhP(NH
Pr)(Y")}] [Y'=OCH,Br-4 (7), OCH;Me,-3,5
8)]

The palladium dichloride complex cis-[PdCL{#*-
Ph,PN(Pr)PPhY'}] [Y’ = OC4H,Br-4 (3),0.100 g;
1.43x10™* mol; or OCsH;Me,-3,5 (5), 0.100 g,
1.54 x 10~*mol] was dissolved in methanol (10 cm?)
and the solution kept at 25°C for 24 h. Con-
centration of the solution in vacuo to ca 5 cm® and
cooling at 0°C overnight gave pale yellow crystals
of the title complexes. Yield 7 0.094 g, 90% ; 8 0.089
g, 85%.

Reaction of Ph.PN(Pr)PYY’ with [Pd,(dba);]-
CHCI,

A mixture of [Pd,(dba);]-CHCl; (0.1 g,
9.66 x 10~° mol) and Ph,PN(Pr)P(0,C,H,,) (L%,
(0.161 g, 2.89x10~* mol) or Ph,PN(Pr')PPhY’
[Y’' = OCsH,Me-4 (L*), 0.133 g, or N,C;HMe,-3,5
(L%, 0.129 g; 2.89 x 10™* mol] was dissolved in
toluene at — 70°C. The solution was slowly warmed
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Table 2. Proton NMR“ and *'P{'"H} NMR’ data for palladium complexes
'H NMR 3'P NMR
d (ppm) d (ppm)
CH* a Ox

Compound CHj;' (NCH) (YY) AS (Phy) As  2J(PP)
[PACL{#*-Ph,PN(Pr)P(0,C,,Hy)}] (1) 0.88 3.4 649 —837 436 157 310
[PACL{#*-Ph,PN(Pr)P(0,C;0H,»)}] (2) 075,069 322 675 —80.8 442 159 340
[PAClL,{#*-Ph,PN(Pr)PPh(OCH Br-4)}] (3) 1.15,059 346 636 —655 358 —-36 18.0
[PACL{#*-Ph,PN(Pr)PPh(OCHMe-4)}] (4) 1.13,0.58 345 616 —658 353 —42 17.0

2.40¢
[PACL {#*-Ph,PN(Pr)PPh(OC;H;Me,-3,5)}]1 (5) 1.14,0.59 3.5 60.8 —655 349 -3.7 17.0

2.31
[PACL{#*-Ph,PN(Pr)PPh(N,C;HMe,-3,5)}] (6) 1.02,0.43 39 330 —-386 310 -—-12.8 300

2.64°, 2.34¢
[PdCL{n'-Ph,P(OMe)}} {n'- 1.01,0.86 3.0 107.9 — 83.8 — 30.8
PhP(NHPr')(OC:H,Br-4)}} (7) 2.867
[PACL,{n'-Ph,P(OMe)} {n'- 1.03,085 3.0 106.5 — 82.6 29.0
PhP(NHPr')(OCH:Me,-3,5)} Y (8) 2.26% 2.86¢
[PdL.{#*-Ph,PN(Pr)PPhMe}] (9) 0.99, 0.55 34 17.5 18.3 15.0

2.61"
[PdI(Me){#*-Ph,PN(Pr')PPh,}]’ (10) 0.66 3.6 52.1 33 80.0

0.57 423 -6.5
[PdI,{#*-Ph,PN(Pr')PPh,}] (11) 0.63 3.5 — — 193 —-29.5 -
[PACL{#*-Ph,PN(Pr)PPh,}]' — — — - 289 —199 —
[PACL{#*-(PhO),PN(Me)P(OPh),}]° — — 65.5 —69.6 — —
[PAClL,{#*-Ph,PCH,PPh,}]" — — — — =537 =321 —

“Recorded at 200.1 MHz in CDCl;; for 10 only, spectrum recorded in acetone-d.
?Recorded at 81 MHz in CH,CI, solvent for 1-10 and in DMSO for 11; Ad = Jcompiex — Oiigana the ligand values

taken from ref. 11.

¢ CH, (Pr') resonances are doublets with *J(HH) ~ 7 Hz, CH(Pr') resonances are multiplets.

?CH, on the aryl ring.
¢Pyrazolyl methyls.

/NH resonances are doublet of doublets centred at 6.26 for 7 and 6.21 for 8 with a “J(PH) ~ 20 Hz and a

3J(HH) ~ 10 Hz.

9 Methoxy resonances are doublets with *J(PH) ~ 12 Hz.

"methyl group resonance attached to phosphorus atom is a doublet with *J(PH) = 12 Hz.

‘Not isolated.

/Methyl group resonance attached to palladium atom is a doublet of doublet with *J(PH) of 9.5 and 3.3 Hz.

to 25°C with stirring and stirring continued for 10
h. The solvent was evaporated in vacuo to obtain an
oily residue. Attempts to crystallize the oily product
from toluene/petrol (1:1) or dichloromethane/
petrol (1:1) mixture were unsuccessful. The *'P
NMR spectrum of the reaction mixture showed
broad unresolved multiplets in the region 10-120

Reaction of Ph,PN(PH)PYY’ with [Pd,(dba),]-
CHCY, in the presence of Mel

A solution of [Pd,(dba);]-CHCl; (0.2 g,
1.93 x 10~* mol) in toluene (25 cm?®) was cooled to
—70°C. Solid Ph,PN(Pr)PPhY’ [Y' = OC,H Me-
4 (LY, 0.177 g, Y’ = N,C;HMe,-3,5 (L9), 0.172 g,
orY’ = N,C;H; (L"), 0.161 g; 3.86 x 10~ * mol] was
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added to the solution followed by dropwise
addition of Mel (0.12 cm®, 1.93 x 107* mol). The
solution was slowly warmed to 25°C with stirring;
during this period, the colour of the solution chan-
ged from purple to reddish brown. The stirring was
continued for 8 h. Solvent was evaporated in vacuo
and the resultant oily residue was washed with hot
petrol to remove dba and free ligand. Crys-
tallization of the residue wusing dichloro-
methane/petrol mixture (3:1) gave cis-[PdL{n*-
Ph,PN(Pr')PPhMe}] (9); yield: 0.085 g, 30%
(based on [Pd,(dba);} - CHCl) as deep red crystals.
The 3P NMR spectrum (CH,Cl,) of the reaction
mixture showed a major doublet of doublets for 9
(Table 2); in addition, resonances spread over the
range 6-100 ppm were observed and these could
not be assigned.

Reaction of Ph,PN(Pr)PPh, (L®) with [Pd,(dba),]
CHC, in the presence of Mel

The reaction of [Pd,(dba),]-CHCl;, (0.150 g,
1.45 x 10~* mol) in toluene (25 cm®) with L# (0.124
g, 2.89 x 10~* mol) and Mel (0.09 cm®, 1.45x107?
mol) was carried out at —70°C as described above.
The reaction mixture was slowly warmed to 25°C
and stirring continued for 8 h. A yellowish-brown
solid was precipitated during this period. The solid
was isolated by filtration. The *'P NMR spectrum
(CH,Cl,) of the solid showed a pair of doublets
[52.1 and 42.3 ppm ; 2J(PP) = 80 Hz] and a singlet
(20.6 ppm). The doublets were assigned to the alkyl
palladium iodo complex cis-[PdI(Me){n*-Ph,
PN(Pr')PPh,}] (10) and the singlet peak was
assigned to [Pdl,{n*-Ph,PN(Pr)PPh,}] (11). The
relative yields of the two products 10 and 11 were
5:3, as estimated from the integrated intensities of
the doublets and singlet observed for these
complexes. Recrystallization of the solid from
dichloromethane/petrol mixture (4:1) yielded an
air-stable red crystalline palladium diiodo complex,
cis-[PdL, {#*-Ph,PN(Pr')PPh,}] (11). Yield 11:0.075
g, 34%. Compound 10 could not be isolated in a
pure state as it decomposed slowly in solution to
give the diiodo complex 11 ("H NMR evidence).

X-ray structural analysis of cis-[PdCL{n'-Ph,
P(OMe)} {1'-PhP(NHPr)(OC,H,Me,3,5)}]  (8)
and cis-[PdL,{n*-Ph,PN(Pr')PPhMe}] (9)

Single crystals of the compounds 8 and 9 suitable
for X-ray analysis were grown from methanol or
dichloromethane/petrol (3: 1), respectively. A suit-
able crystal of each compound was glued to a glass
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fibre and coated with paraffin oil to protect it from
air and moisture. Data were collected on an Enraf-
Nonius CAD-4 diffractometer. The details per-
taining to data collection and refinement and listed
in Table 3. Absorption correction was applied for
9 using the DIFABS program.'® The structures were
solved by conventional Patterson and Fourier tech-
niques and refined by full-matrix least-squares
treatment.'®"” All the non-hydrogen atoms were
refined anisotropically except the isopropyl methyl
groups of 8, which showed positional disorder. The
positions of these two carbon atoms were refined
isotropically with partial occupancies. The N-H
proton of compound 8 was located from a differ-
ence Fourier map and refined isotropically ; the pos-
itions of all other hydrogen atoms were calculated
and their contributions in structure factor cal-
culations were included.

Additional material available from the Cam-
bridge Crystallographic Data Centre comprises
atom coordinates, thermal parameters, bond
lengths and bond angles.

RESULTS AND DISCUSSION

Synthetic and spectroscopic aspects

Reactions of cis-[PdClL,(COD)] with 1:1 molar
proportion of the unsymmetrical diphosphazanes,
Ph,PN(PHYPYY’ [YY' = O,C\,H; (LY, O,CoH),
(LY, Y = Ph; Y' = OC(H,Br-4 (L*), OC(H,Me-4
(L%, OC4H;Me,-3,5 (L%), N,C;HMe,-3,5 (L%)] in
dichloromethane at 25°C give the complexes cis-
[PACL{#*-Ph,PN(Pr)PYY'}] [YY’ = O,C,,H; (1),
0,CxH; (2), Y=Ph; Y =O0CH,Br-4 (3),
OC,H Me-4 (4), OC;H;Me,-3,5 (5), N,C;HMe,-3,5
(6)] (Scheme 1). These complexes are pale yellow or
colourless air-stable solids with high melting points
(>200°C). The reactions of trans-[PdCL,(PhCN),]
with 1:1 molar proportion of the diphosphazane
ligands also give the same cis-chelate complexes.
Even when the reaction is carried out with a metal
precursor to ligand ratio of 1: 2, only the cis-chelate
complexes are obtained. As reported previously,
diphosphazane ligands have a pronounced tend-
ency to form stable four-membered chelates.’

These complexes have been characterized by
elemental analyses and IR, 'H and *'P NMR spec-
troscopic studies. The IR spectra of these complexes
show two distinct bands v, in the region 280-
310 cm™' (Table 1). In the '"H NMR spectrum of 1
the methyl(Pr') resonances are observed as a doub-
let; in all other cases two different resonances are
observed owing to the presence of an adjacent phos-
phorus chiral centre (Table 2). These methyl(Pr')
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Table 3. Crystal data and details of structure solution for [PdCl,{r'-Ph,P(OMe)} {#'PhP(NHPr')(OCH;Me,-3,5)}]

(8) and [PdL{n*-Ph,PN(Pr')PPhMe}] (9)

Parameter 8 9

Empirical formula C3H;3,CLLNO,P,Pd C,,H,;,NP,Pd
Molecular weight 680.9 725.6

Colour Pale yellow Reddish brown
Crystal size (mm) 0.20x 0.23 x0.08 0.13x0.20x0.30
Crystal system Triclinic Monoclinic
a(A) 9.011(1) 12.126(3)
b(A) 10.522(1) 16.524(2)

c(A) 17.580(3) 12.897(3)

a (%) 81.47(1) —

B () 84.50(1) 93.54(2)

y (%) 73.87(1) —

V (A% 1580.9(4) 2579.4(8)
Space group P1 P2,/n

VA 2 4

D.(gcm™?) 1.43 1.87

F(000) 692 1384
Temperature (°C) 20 20

Decay (%) <1 <1

Linear absorption coefficient, u (cm™") 8.26 323
Absorption correction None Semi-empirical
Min., max. transmission — 0.97-10.2
Radiation (graphite monochromator) Mo-K, (0.7107 A) Mo-K, (0.7107 A)
Scan technique /20 /20

20 range (%) 2-50 2-50

Total number of reflections 6261 5165

Unique reflections 5545 4534

Observed reflections 4493 [F, > So(F,)] 3851 [F, > Sa(F,)]
No. of parameters 349 253

R 0.039 0.054

RS 0.044 0.060

Residual peak in final diff. map (¢ A=) 0.76 1.67

(A/0 ) max 0.194 0.122

. S(EI-IE)

R=""3F,

bRw - (Zw(lFol - ch|)2>”2.
ZW|F0|2

“w for 8 = 1.5774/[0*(F) +0.000467F?] and for 9 = 3.3428/[0*(F) +0.000724F?.

resonances are shielded compared to the free ligand
chemical shifts, one of them much more so than the
other.

The *'P NMR spectra of the complexes shows an
AX pattern; the chemical shifts are shifted con-
siderably upfield compared with those of the free
ligands. The coordination shifts (Ad = dcomplex —
Ougana) are given in Table 2. It is evident that the

shielding of the coordinated >P—N (Ad) is
dependent on the electronegativity of the sub-
stituents attached to the phosphorus centre and
decreases in the order O,P—N > OCP—N >
NCP—N > CCP—N. The PYY’ (O,P—N) of 1
and 2 show the highest shielding, presumably due
to the formation of a seven-membered ring through
the oxygen atoms; the corresponding PPh, res-
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YY's °(1), o(2)
Ph ‘©® °00

s
P\ . ‘
/Nprl Y=Ph,Y =0CgH.Br-4(3),
pL . OCeH, Me -4 (4),
Y OCgHMes 3,5 (5),
NLCHMes3,5 (6)
(ii)
Fh\ h

Y =Ph,Y = OCHBr -4 (1),
OGgH Mes3,5 (8)

TN

Y Y

Scheme 1. (i) [PdCl,(COD)]; (i) MeOH.

onances are shifted downfield (see Table 2). The
same type of shielding effect is observed for the
other diphosphazane complexes™**'® and also for
the diphosphinoalkane complexes such as cis-
[MCL{#*-Ph,P(CH,)PPh,}] (M = Pd, Pt) and cis-
[PdMe,{n*-Ph,P(CH,)PPh,}].”** However, the
coordination shifts for five- and six-membered che-
late complexes, cis-[MCl,{n*-Ph,P(CH,),PPh,}]
(M = Pd, Pt) and cis-[PtCL{#*-Ph,P(CH,);PPh,}]
(M = Pd, Pt) show the normal downfield shifts with
respect to their free ligands.?® The presence of the
four-membered ring may be one of the factors con-
tributing to the observed high shielding, but it is
evident (Table 2) that the *'P NMR resonances are
more dependent on the electronic factors.

The palladium(IT) diphosphazane complexes cis-
[PACL{#*-Ph,PN(Pr)PPhY’}] [Y' = OC.H,Br-4
(3), OC,H;Me,-3,5 (5)] are reasonably air-stable,
but on dissolution in methanol they undergo a facile
P—N bond cleavage at room temperature to yield
cis-[PdCL{n'-Ph,P(OMe)} {n'-PhP(NHPr)(Y")}]
[Y' = OCsH,Br-4 (7), OC,H;Me,-3,5 (8)] (Scheme
1). In contrast, the free diphosphazane ligands are
unaffected in methanol at ambient temperatures for
several days or when heated under reflux for 3 h.
The structure of complex 8 has been determined by
X-ray crystallography (see below). Recently
Browning and Farrar'® have reported that the P—N
bond of [Pt{Ph,P(NMe)PPh,},]JCl, is readily
cleaved by MeOH to give [Pt{Ph,P(NMe)
PPh,} {Ph,P(OMe)} {Ph,P(NHMe)}Cl,.

The IR spectra of 7 and 8 show a band near 3260

cm ', which can be assigned to the N—H stretching
vibration (Table 1). The '"H NMR spectra show
resonances similar to those of the parent complex,
in addition to the resonances for methoxy and the
amino group protons (Table 2). The methine res-
onance is shielded by ca 0.5 ppm compared with its
position in the spectra of the parent complexes (3
and 5). The methoxy protons appear as a doublet
at 2.86 ppm with a *J(PH) of ~12 Hz. The NH
proton resonance is observed around 6.2 ppm as a
doublet of doublets owing to coupling with the
methine proton and the phosphorus nucleus. The
3'P NMR spectra show an AX pattern owing to
the non-equivalence of the phosphorus nuclei; the
chemical shifts are very much downfield compared
with those for the precursor chelate complexes 3
and 5 (see Table 2).

Attempts to prepare Pd° derivatives of the
ligands Ph,PN(Pr)PYY’ [YY' = O,C,H,, (L?,
Y =Ph and Y’ = OC(HMe-4 (L%, Y = Ph and
Y’ = N,C,HMe,-3,5 (L%)] by their treatment with
[Pd,(dba); - CHCIL, in dry toluene were unsuccessful
(see Experimental). However, when Pd,(dba),-
CHCI; is treated with Mel (10-fold excess) in
the presence of the ligands Ph,PN(Pr')PPhY”
[Y' = OCiH,Me-4 (L%, N,C;HMe,-3,5 (L° or
N,C;H; (L7)], the Pd" complex cis-[Pdl,{n>
Ph,PN(Pr)PPhMe}] (9) is obtained as the major
product (Scheme 2) besides several other side-prod-
ucts (see Experimental). The structure of 9 is con-
firmed by single-crystal X-ray diffraction (see
below). There is a cleavage of the P—N(pyrazolyl)
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Ph Ph
N
. 1 \ .
[Pay(dba) ] cHly + Mel — L5 >Pd/ NPrl
1 \P/
Me~ “Ph
(1) (9)
Ph\P /Ph Ph /
Pr / \ \pc(P \ l
\ A N /
Ph/ Ph Ph/ Ph
(10) )

Scheme 2. (i) Ph,PN(Pr)PPhY’ [Y’ = OCsH,Me-4 (L%, N,C;HMe,-3,5 (L) or N,C,H, (L))];
(ii) Ph,PN(Pr')PPh, (L*).

or P—O bond and the formation of the P—C(Me)
bond with concomitant oxidation of the metal from
zero to divalent state. The details of the mechanism
of formation of 9 in these reactions are not clear.
An analogous oxidative addition reaction with the
symmetrical diphosphazane ligand Ph,PN(Pr')PPh,
(L% yields the palladium(II) complexes
[PAI(Me)(n*-L¥)} (10) and [PAL(#*-L%] (11) (see
Experimental). These complexes are characterized
by 'H and *'P NMR spectroscopic data. The
*'P{'"H} NMR spectrum of 10 displays an AB pat-
tern (Table 2) as both the phosphorus nuclei would
be different (one is cis to the methyl group and the
other is trans to methyl). The protons of the methyl
group coordinated to palladium give rise to a doub-
let of doublets centred at 0.57 ppm [*J(PH) = 9.5
and 3.3 Hz]. The NMR chemical shifts and coupling
constants are close to those observed for the methyl
platinum chloro complex [PtCl(Me){n’-Ph,PN
(*CHMePh)PPh,}].” The methyl (CHMe,) res-
onance is shielded compared with the free ligand
value ; this trend is also observed for complexes 1-
6 (Table 2). The *'P resonance of the diiodo com-
plex 11 is a singlet ; the chemical shift lies upfield to
that for the corresponding dichloro complex (Table
2).18
X-ray crystal structures of cis-[PdCL{n'-Ph,P
(OMe)} {n'-PhP(NHPr)(OC,H;Me,-3,5)}] (8) and
cis-[Pdl,{#*-Ph,PN(Pr')PPhMe)] (9)

The crystal structures of 8 and 9 are shown in
Figs 1 and 2. Selected bond lengths and bond angles

are listed in Table 4. The palladium atom in 8 dis-
plays a square-planar geometry with the two mono-
phosphane ligands oriented cis to each other. The
geometry around the two phosphorus atoms is
tetrahedral and that around the nitrogen [N(1)] is
planar. The P(1)—Pd(1)—P(2) bond angle
[94.05(5)°] is much higher than that in the diphos-
phazane chelate complexes in which it is usually
~70° (see below). Two different PdA—P bond lengths
are observed; the M—P distance connected to
the methoxy-substituted phosphorus is 2.232(1) A,
whereas the other M—P distance is 2.248(1) A. It
is interesting to note that methanolysis has occurred
to cleave the P—N bond connected to the PPh,
end ; the other P—N bond is not affected because
of the presence of an electron-withdrawing aryloxy
group on the phosphorus. An intramolecular
N(H)—H(@1") - Cl(2) hydrogen bond [N(1)---
CI(2) distance 3.043(4) A] between the NH proton
and a chloride anion is observed. There are no
significant intermolecular contacts. The palladium
diiodo complex cis-[Pd],{#*-Ph,PN(Pr')PPhMe}]
(9) is structurally similar to that of other pal-
ladium(II) and the platinum(Il) diphosphazane
complexes reported so far.>*® The diphosphazane
ligand is coordinated in a chelating fashion. The
P(1)—N(1)—P(2) bond angle [100.1(3)°] is con-
siderably less than the tetrahedral or trigonal angle
and indicates considerable strain in the four-mem-
bered PdP,N ring. The related bond angle at the
metal, P(1)—Pd(1)—P(2), is 71.14(5)°, which
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Fig. 1. Molecular structure of [PdCL,{#'-Ph,P(OMe)} {#'-PhP(NHPr)(OC,H;Me,-3,5)}] (8).
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c(e)
Fig. 2. Molecular structure of [PdL,{n*-Ph,PN(Pr')PPhMe}] (9).
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Table 4. Selected bond distances (A) and bond angles (°) in [PACL,{n'-

Ph,P(OMe)! {'-PhP(NHPr)(OC,H;Me,-3,5)}]

(8) and [PdL{n’-Ph,PN(Pr)

PPhMe}] (9)

(a) [PdCL{n'-Ph,P(OMe)} {n'-PhP(MHPr')(OC4H,Me,-3,5)}] (8)

Pd(1)—CI(1) 2.337(1) P(1)—Pd(1)—P(2) 94.05(5)
Pd(1)—Cl(2) 2.3696(9) CI(D)—Pd(1)—Cl(2)  90.14(5)
Pd(1)—P(1) 2.2320(9) Pd(1)—P(1)—O(1) 110.4(1)
Pd(1)—P(2) 2.248(1) Pd(1)—P(2)—N(1) 109.8(1)
P(1)—O(1) 1.589(3) Pd(1)—P(Q2)—0(2)  120.2(1)
P(1)—C(11) 1.805(4) P(1)—O(1)—C(1) 124.6(3)
P(1)—C(21) 1.804(5) P(2)—0(2)—C@31)  126.53)
P(2)—0(2) 1.604(3) P(2)—N(1)—H(1) 114(3)
P2)—N(1) 1.635(3) P(2)—N(1)—C(2) 125.2(4)
P(2)—C(41) 1.809(6) C(Q)—N()—H(1)  121(3)
O(1)—C(1) 1.457(5) N(I)—H1)---Cl(2) 139(4)
0(2)—C@31) 1.392(5)
N(1)—C(2) 1.474(6)
N(1)—H(I") 0.95(5)
N(1)---Cl(2) 3.043(4)
(b) [PdL{n*Ph,PN(Pr')PPhMe}] (9)
Pd(1)—I(1) 2.6363(9) P(1)—Pd(1)—P(2) 71.14(5)
Pd(1)—I(2) 2.6540(8) Pd(1)—P(1)—C(14)  118.5Q2)
Pd(1)—P(1) 2.222(2) Pd(1)—P(1)—N(1) 94.4(2)
Pd(1)—P(2) 2.230(2) Pd(1)—P(2)—N(1) 94.4(2)
P(1)—N(1) 1.694(5) P(1)—N(1)—P(2) 100.1(3)
P(1)—C(8) 1.802(7) P(2)—N(1)—C(20) 132.0(5)
P(1)—C(14) 1.801(6) P(H)—N(1)—C(20)  127.7(5)
P(2)—N(1) 1.686(6)
P(2)—C(1) 1.801(10)
P(2)—C(2) 1.795(7)
N(1)—C(20) 1.499(10)

represents considerable distortion from the 90° REFERENCES

expected from a square-planar configuration. The
geometry around the nitrogen atom is trigonal
planar and that of the phosphorus atoms is tetra-
hedral. The presence of a methyl instead of a phenyl
group does not alter the P—N bond lengths, which
are almost the same [1.686(6) and 1.694(5) A].

The P—N distance in 8 is 1.635(3) A, which is
considerably shorter than the P—N distances in 9
[1.686(6) and 1.694(5) A]. These P—N distances
are shorter than the usually accepted value for a
P—N single bond (1.77 A).?' These trends can be
explained on the basis of ‘“negative hyper-
conjugation’ involving the overlap of the lone pair
on the nitrogen with a P—X (X =0 or C) ¢*
orbitals.?
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