Hydroxymethyl bis(phosphines) and their palladium(ir) and platinum(ix)
complexes formed via biphasic reactions. Crystal structure of
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The water-soluble bis(phosphines) 1,2-bis[bis(hydroxymethyl)phosphino]benzene and 1,2-
bis[bis(hydroxymethyl)phosphinoJethane were synthesized in near-quantitative yields by the catalytic
formylation of H,PC,H,PH, and H,PCH,CH,PH, in the presence of formaldehyde in aqueous media.

Their reactions with cis-[Pt(cod)Cl,] (cod = cycloocta-1,5-diene) and cis-[Pd(PhCN),Cl,] produced
water-soluble complexes [M{(HOH,C),PC¢H,P(CH,0H),},]Cl, (M = Pt 1 or Pd 2) and
[Pd{(HOH,C),PCH,CH,P(CH,0H),},]Cl, 3, respectively. All the compounds were characterized by 'H and
31P NMR spectroscopy. The structure of 2 was confirmed by X-ray crystallography.

Water-soluble phosphines have become essential building
blocks for the development of transition metal/organometallic
compounds that are soluble in aqueous media.?** The utility
of transition-metal complexes as catalysts in aqueous media
provides unique advantages in terms of performance as com-
pared to the traditional catalytic reactions which are normally
carried out in organic media.*® For example, recent studies
demonstrate the usefulness of biphasic catalytic reactions
in which products soluble in organic media can readily be
separated from the aqueous media. In fact, biphasic aqueous-
based hydroformylation technology is currently used for the
production of butanal on an industrial scale.® Catalytic pro-
cesses by Rhone-Poulenc,!%!2 Montedison ! and Kuraray '*
for the production of higher olefins, telomers, fine chemicals
and pharmaceutical intermediates exemplify the rich applied
chemistry of water-soluble transition-metal catalysts. In certain
systems it has been demonstrated that the catalysts remain in
the aqueous phase, and can easily be separated from the organic
phase. The reactants and products stay in the organic phase in
the aqueous biphasic oxo catalysts currently used in hydro-
formylation reactions. In addition to the efficient separation of
products, catalysts derived from water-soluble phosphines have
found applications in achieving selectivity in specific chemical
transformations.

Mono-, di- or tri-sulfonated arylphosphines are commonly
used in the development of water-soluble transition-metal
complexes and catalysts.!>!7 While sulfonated phosphines
offer convenient access to water-soluble ligands in bulk
quantities for industrial-scale applications, their lack of purity
and the, often encountered, sulfonate-assisted oxidation of
phosphines have become major barriers to the utility of this
class of phosphines in specific catalytic transformations. New
developments in the design of water-soluble phosphines will
result in greater strides in the production of catalytically useful
water-soluble transition-metal complexes. In particular, the
transition-metal chemistry of water-soluble bis(phosphines) has
remained relatively unexplored because of the lack of
functionalized bis(phosphines) and their precursors. As part of
our ongoing research in the development of functionalized
bis(phosphines),’®2* we report herein (i) the synthesis and
characterization of a new generation of water-soluble
bis(phosphines) of the general structure A and (if) their
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reactions with cis-[Pt(cod)Cl,J(cod = cycloocta-1,5-diene) and
cis-[Pd(PhCN),Cl,] to produce water-soluble complexes of Pt"
and Pd" [M{(HOH,C),PC,H,P(CH,0H),},]Cl, (M = Pt 1
or Pd 2) and [Pd{(HOH,C),PCH,CH,P(CH,0H),},]Cl,, 3
respectively and (iif) the crystal structure of 2.

Experimental

All reactions were carried out under purified nitrogen by
standard Schlenk techniques. Solvents were purified and dried
by standard methods and distilled under nitrogen prior to use.
Reagentssuch as H,PC,H,PH,, H,PCH,CH,PH,, K,[PtCl,],
[Pd(PhCN),Cl,] and [Pt(cod)Cl,] were obtained from Strem
Chemical Co. and used without further purification. Nuclear
magnetic resonance spectra were recorded on a Bruker ARX-
300 spectrometer using D,0 as a solvent. The 'H chemical
shifts are reported in ppm downfield from external standard
SiMe,, *'P (121.5 MHz) with 85% H;PO, as an external
standard and positive chemical shifts downfield of the
standard and %Pt (64.5 MHz) using D,O as solvent.
Elemental analyses were performed by Onida Research
Services, Inc., New York.

Synthesis of 1,2-bis[bis(hydroxymethyl)phosphino]benzene,
(HOH,(),PCH P(CH,OH),

Aqueous formaldehyde (0.160 mol) was placed in deionized
oxygen-free water (25 cm®) and purged with nitrogen gas for 20
min at 25 °C. The salt K,[PtCl,] (100 mg) was added and
purging continued for 10 min. 1,2-Bis(phosphino)benzene (5.0
g, 0.035 mol) was added dropwise to the resulting solution, and
stirring continued for 20 min. Removal of the solvent in vacuo
after filtration afforded the required compound in near-
quantitative yield as a colourless viscous oil which solidified
upon standing at room temperature for a few days (Found: C,
45.65; H, 6.25. C,,H,,0,P, requires C, 45.80; H, 6.15%).
NMR: 'H, & 4.20 [m, br, 8 H, P(CH,0H)] and 7.40 (m, 4 H,
CgH,); P& —31.2(s).
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The compound (HOH,C),PC,H,P(CH,0OH), was synthe-
sized by a similar procedure using 1,2-bis(phosphino)ethane
and aqueous formaldehyde in the presence of K,[PtCl,] as
catalyst in water! (Found: C, 33.70; H, 7.45. C4H,40O,P,
requires C, 33.65; H, 7.55%). NMR: 'H, § 1.52 (m, br, 4 H,
CH,CH,) and 3.90 [m, br, 8 H, P(CH,OH)]; *'P, § —25.1 (s).

Synthesis of [M{(HOH,C),PXP(CH,0H),},ICl, (X = C,H,,
M = PtlorPd2;X = C,H,M = Pd 3)

An aqueous solution (20 cm?) of the bis(phosphine) (2.0 mmol)
was added dropwise to [Pt(cod)Cl,] or to [Pd(PhCN),Cl,]
(1.0 mmol) in dichloromethane (20 cm?) at 25 °C with constant
stirring. The stirring was continued for 30 min and the aqueous
layer separated from the organic layer. The aqueous solution
was concentrated to x5 cm? in vacuo and evaporated slowly at
room temperature to yield crystalline complex(es) in 85-90%,
yield: [Pt{(HOH,C),PC4,H,P(CH,0H),},]Cl, 1 (Found: C,
30.50; H, 4.15. C,,H;,Cl,04P Pt requires C, 30.40; H, 4.10%,).
NMR: 'H, § 4.80 [m, 16 H, P(CH,0OH)] and 8.0 (m, 8 H,
CeH,); *'P, 8 49.7 (s, "Jpp = 2203 Hz); [Pd{(HOH,C),PC,-
H,P(CH,0H),},]Cl, 2 (Found: C, 34.40; H, 4.55. C,,H;,-
Cl,04P,Pd requires C, 34.25; H, 4.60%). NMR: 'H, § 4.80
{m, 16 H, P(CH,0H)] and 8.0 (m, 8 H, C¢H,); *'P, & 57.4 (s).
{Pd{(HOH,C),PC,H,P(CH,0H),},]Cl, 3 (Found: C, 23.90;
H, 5.20. C,,H;,C1,04P,Pd requires C, 23.80; H, 5.35%). NMR:
'H, §2.28 (m, 8 H, CH,CH,) and 4.38 {m, 16 H, P(CH,OH)];
31P, § 66.8 (s).

X-Ray data collection and processing

The crystal data and the details of data collection for complex 2
are listed in Table 2. Colourless crystals suitable for X-ray
diffraction were obtained by slow evaporation of an aqueous
solution at 25°C. X-Ray data were collected on an Enraf-
Nonius CAD-4 diffractometer with Mo-K« radiation (A 0.7093
A) and a graphite monochromator at 22(1) °C. The cell
dimensions were obtained from a least-squares fit to the setting
angles of 25 reflections with 20 in the range 20.0-30.0°. The
crystal exhibited no significant decay under X-ray irradiation.

The structure was solved by direct methods and subsequently
refined by full-matrix least squares minimizing Iw(|F,| — |F,|)?
where w! = [6%(F,) + 0.0005(F,)?]. Atomic scattering factors
including anomalous scattering contributions were from ref.
26. Empirical absorption corrections were made using the
y-scan method, the minimum and maximum transmission
factors being 0.887 786 and 0.997 072. All hydrogen atoms were
located in Fourier-difference maps and refined with fixed iso-
tropic thermal parameters. The final cycle of the least squares
refinement gave an agreement factor R of 0.025 (R = 0.033).
The programs used for the crystallographic computations were
as in ref. 27.

Complete atomic coordinates, thermal parameters and bond
lengths and angles have been deposited at the Cambridge
Crystallographic Data Centre. See Instructions for Authors,
J. Chem. Soc., Dalton Trans., 1996, Issue 1.

Results and Discussion

The water-soluble hydroxymethyl bis(phosphines) were pre-
pared by catalytic hydroformylation of H,PC,H,PH, and
H,PCH,CH,PH, in the presence of formaldehyde in 95%
yields in aqueous media (Scheme 1). Their chemical constitution
was confirmed by 'H and 3'P NMR spectroscopy. The 3!P
NMR spectra consisted of singlets centred at 8 —31.2 and
—25.1, suggesting that these novel bis(phosphines) may have
similar nucleophilicity to that of the methyl analogue (ie.
Me,PCH,CH,PMe,). They are highly soluble in water (>1 g
cm™), ethanol and sparingly soluble in common organic
solvents such as hexane, toluene and chloroform. It is
important to note that the introduction of alkyl hydroxy groups
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on the phosphines has imparted significant oxidative and
thermal stability as compared to the methyl or ethyl analogues
(e.g. R,PCH,CH,PR,; R = Me or Et). For example, the *'P
NMR spectrum of undegassed solutions in water indicated
the formation of only ~10% phosphine oxide even after 48 h.
They showed remarkable oxidative stability in degassed water
as evidenced by the formation of <59 of the phosphine oxide
in7d.

The aqueous solubility of these hydroxymethyl bis(phos-
phines) presented the prospect of investigating their co-
ordination chemistry in water. 1,2-Bis[hydroxymethyl)phos-
phino]benzene in water, upon interaction with [Pt(cod)Cl,]
or [Pd(PhCN),Cl,] in dichloromethane, produced the corre-
sponding cationic complexes [M(L-L),]Cl, (M = Pt 1 or Pd,
2) in 85-90% yields (Scheme 2). Their chemical constitution
was confirmed by elemental analysis and 'H and *'P NMR
spectroscopy. The 3'P NMR spectra consisted of single
resonances at § 49.7 ('Jpp = 2203 Hz) and 57.4, respectively,
indicating a pronounced downfield shift upon co-ordination
of the phosphine units to Pt" and Pd". The analytical data
suggested that there are two ligands per metal. The 'H NMR
spectra show multiplets centred at § 4.80 for the methylene
protons suggesting a significant downfield shift compared to
the chemical shift of the free bis(phosphines) (3 4.20).

The interaction of an aqueous solution of 1,2-bis[(hy-
droxymethyl)phosphino]ethane with cis-[Pd(PhCN),Cl,], in
dichloromethane, produced the new palladium(i) cationic
complex [Pd{(HOH,C),PC,H ,P(CH,0H),},]Cl,, 3, in 90%
yield (Scheme 2). The analytical data suggested that there are
two ligands per metal. The 3P NMR spectrum consisted of a
single resonance at & 66.8 suggesting that all the phosphorus
nuclei had a similar chemical environment.

The structure of complex 2 was further confirmed by X-ray
crystallography. An ORTEP diagram of the cation is shown in
Fig. 1 and selected bond distances and angles are listed in Table
1. The unit cell consists of two molecules with no unusual
inter- or intra-molecular contacts. The geometry around the
palladium is square planar and the molecule has a centre of
symmetry. Two diphosphine units are co-ordinated to the metal

)
(HOH,C),P  P(CH,0H),

4HCHO + KoPtCl, —

Hz Hz
IC_C\
(HOH,C),P P(CH,OH),

(if)

Scheme 1 (i) C4H,(PH,),-1,2; (ii) H,PCH,CH,PH,

HO— /"\ ,—OH
P P
Ho—" N\—0H

0]

HO— /" —OH -1+
P P
HO— \,,»~~ \—0H
HO M 2CI~
ﬂp/ \P/—OH
HO—" N \—0H
X=CgHy, M=Pt1orPd2
X =CyHe M=PL3
Scheme 2 (i) [Pt(cod)Cl,] or [Pd(PhCN),Cl, ]
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Table 1 Selected bond distances (A) and angles (°) involving non-
hydrogen atoms for complex 2

Pd-P(1) 2.312(1) P(2)-C(9) 1.849(4)
Pd-P(2) 2.322(1) P(2)-C(10) 1.839(3)
P(1)-C(1) 1.813(3) Oo(1)-C(7) 1.409(4)
P(2)-C(2) 1.818(3) O(2-C(8) 1.411(5)
P(1-C(7) 1.850(1) O3)»-C©9) 1.422(4)
P(1)-C(8) 1.822(4) 0O(4)-C(10) 1.399(4)
P(1)-Pd-P(1%) 180.0 P(1)-Pd-P(2) 83.4(3)
P(1)-Pd-P(2") 96.6(3) P(1)-Pd-P(2}) 180.0
P(Q2)-C(2)-C(1) 117.7(2) P(1)-C(1)-C(2) 117.3(2)

Symmetry relation: I —x,1 — y, —z.

Table 2 Crystal data and details of the structure determination for
complex 2

Formula C,,H;,ClL,04P,Pd
M 701.66

Crystal system Monoclinic

Space group P2,/c

alA 9.453(2)

b/A 16.735(3)

c/A 8.696(1)

B/ 99.02(1)

U/A? 1358.7(4)

D /gcm™ 1.715

Crystal dimensions/mm 0.10 x 0.20 x 0.40
z 2

F(000) 712

p/em™ 1.15

h,k,I Ranges —10to 10,0-18, 0-9
Unique data 1878

Data with I > 20([) 1644

No. parameters 160

Largest shift/c in final cycle 0.0001

Goodness of fit 1.10

R 0.025

R 0.033

R = Z(F| — IFD/E(FD), R = Ew(F| — [F)*[Ew/(F))*]*.

Fig.1 An ORTEP representation of complex 2. The thermal ellipsoids
are drawn at the 509 probability level

in a chelating fashion. The Pd-P(1) and Pd-P(2) distances are
2.312(1) and 2.322(1) A, respectively. The P(1)-C(1) and
P(2)-C(2) distances are 1.813(5) and 1.818(3) A. The chelate
angle of P(1)-Pd-P(2) [83.4(3)°] is less compared to non-
chelate angle of P(1)-Pd-P(2") [96.6(3)].

In all the reactions discussed above, typically 95-98%; of the
metal precursor [Pt(cod)Cl,] or [Pd(PhCN),Cl,] from the
organic phase was transferred into the phosphine-containing
aqueous phase in &5 min upon simple shaking of the respective
solutions. Separation and evaporation of the aqueous phase

Table 3 Fractional atomic coordinates for non-hydrogen atoms of
complex 2

Atom X y z

Pd 0 0.5 0

P(1) 0.197 05(9) 0.514 75(5) 0.192 00(10)
P(2) 0.124 38(%9) 0.388 96(5) —0.067 11(10)
o(1) 0.440 2(3) 0.597 8(2) 0.278 5(3)
0(2) 0.123 8(3) 0.6134(2) 0.403 2(3)
0(3) 0.308 8(3) 0.464 3(2) —-0.222 6(3)
0o4) 0.1154(3) 0.233 8(2) —0.133 6(4)
c1) 0.3034(3) 0424 1(2) 0.206 8(4)
C(2) 0.277 1(3) 0.369 9(2) 0.083 3(4)
Cc(3) 0.367 8(4) 0.304 4(2) 0.078 8(4)
C4) 0.480 6(4) 0.293 1(2) 0.196 9(5)
C(5) 0.504 8(4) 0.344 5(2) 0.321 8(5)
C(6) 0.416 9(4) 0.410 4(2) 0.328 0(4)
(6@)] 0.325 5(4) 0.592 9(2) 0.154 1(4)
C(8) 0.171 6(4) 0.5341(2) 0.392 1(4)
C©) 0.209 1(4) 0.400 1(2) —0.243 6(4)
C(10) 0.025 8(4) 0.294 0(2) —0.092 4(4)
Cl 0.124 67(11) 0.615 4(6) 0.756 15(11)

produced complexes 1-3 in analytically pure forms. Their
preferential solubility in aqueous media under biphasic
conditions is remarkable in terms of the separation of pure
samples from these, deceptively complex, reactions. In a study
involving the water-soluble monophosphine P(CH,OH),,
Pringle and co-workers2® have recently demonstrated that
reactions with cis-[Pt(cod)Cl,] or cis-[Pd(PhCN),Cl,] pro-
duced PtL,Cl, and PdL,Cl, [L = P(CH,OH),], respectively,
via the simple loss of cod or PACN.
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