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The syntheses of Ni(PTA)5), PA(PTA), (6), and Pt(PTA) (8) are accomplished through the reduction of the
M'Cl, salts in water with excess 1,3,5-triaza-7-phosphaadamantane (PTA). The products are obtained as partially
protonated derivatives with protonation occurring at the nitrogen atoms of the bound PTA ligands. Crystal structures
illustrating the monoprotonated and bis-protonated derivativés [fft(PTAR(PTAH)][CI] (1S and [Pt(PTA)-
(PTAH),][BF4]2 (29), are reported. The crystal structure of an intermediate along the reduction pathway, [PdCI-
(PTA)][CI] (7), is also presented, showing a trans influence whereby thePRabnd length trans to the ClI

ligand is shorter, 2.238(3) A, than the average-Pcbond length cis to the Clligand, 2.334(2) A. Comple8

is also protonated at the metal center to form [(H)Pt(R][X], where X = CI~, BF;~, HCO;~, and GHsCO,™,

through the addition of weak acids such as8Q0, NH,Cl, PTAH'CI~, HPy"BF,~, and crotonic acid. Addition

of strong acids such as HCI or HBFesults in protonation at the PTA ligands. Thereby, the Pt metal center is
shown to have alf, between 7.44 and 9.25. The bound PTA ligands on com®leave a K, below 4.69 but

above 2.12. Ni(CQ)-,(PTA), derivatives are also reported for= 3 (9), 2 (10), and 1 (1). Using IR data ofL1,

PTA is determined to have an electronic parameggaé defined by Tolman to be 15.3 cindicating PTA to

be slightly less donating than PRlwherey = 12.8 cnt!. Complex10 is crystallized out of a MeOH/ether
solution maintained at-15 °C and characterized by X-ray crystallography. It is a distorted tetrahedron and has
a crystallographically determined Tolman cone angle of PTA of 18®nitored reactions of Ni(PTA)with CO

in water via in situ IR techniques show that the rate observed for the dissociation of PTA to provide Ni(CO)-
(PTA)zis 7.92x 1074 s 1at 20°C. This rate, along witB'P NMR results, indicates that the®{®TA), complexes

exhibit little dissociation and slow exchange of the bound PTA ligands.

Introduction bases in the latter ligand to afford the ionic ligands PTAMe
and PTAH", respectively, thus providing additional solubility

Although phosphine ligands containing sulfonated aryl groups properties in water.

(e.g., TPPTS]) have dominated the ligands utilized in water-
solubilizing organometallic derivatives, there is an increase in SO;Na CoOH
the number of investigations involving other types of substituents [ j :l |:ph, . _@ :|
on phosphines which impart water solubility. For example, these  |P "

include cationic ammonium groups (fCHCH,NMes" and 3

Cy,PCH,CH,NMez™)275 and carboxylated aromatic groups

n

(2).6 Among the nonionic aliphatic phosphine ligands which 1 (TPPTS) 2 (n=1-3; ortho, meta, or para )
offer greater basicities argis(hydroxymethylphosphine), P- P

(CH,0H)3,”8 (HOCH,),PCsH4P(CHOH),,° and PTA @).10-12 r ﬁ

It is also possible to alkylate or protonate one of the nitrogen N~

/3T
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note that the 1,3,5-triaza-7-phosphaadamatane ligand was orig- We have previously reported the synthesis of M(Pa@)
inally synthesized by Daigle et al. and was given the abbrevia- = Ni, Pd, Pt) derivatives by several well-known procedures,
tion PAAY” During the same time period Darensbourg and i.e., Ni(cod} plus PTA, reduction of Pdglor PtChb with
Daigle described in a report the synthesis and characterizationhydrazine in the presence of PTA, and Pt(BFRTA ligand
of a variety of metal carbonyl derivatives of this ligand, where exchangé.Herein, we wish to communicate a facile synthetic

it was given the abridged designation PT8In addition, the
X-ray structure of one of these derivatives, Mo(GPJA, was
subsequently reportédfollowed by the X-ray structure of the
free ligand, PTAX

method for these metal derivatives from their respective halide
salts in water using excess phosphine as reductant. In addition,
the preparation of a series of Ni(CO)PTA), (n = 1-3)
complexes derived from the ligand substitution reactions of

Recent efforts from our laboratories have focused on the Ni(PTA)4 and CO is described, along with the X-ray structure

group 10 metal derivatives of PTAIn part the impetus for

of one of these, Ni(CQJPTA),. Finally, a water-soluble plati-

these investigations stems from the widespread use of relatedhum hydride species originating from the reaction of Pt(RTA)
metal derivatives as catalysts or catalyst precursors in a varietyand weak acids (e.g., carbonic acid) has been synthesized and
of chemical transformations, many of which may be carried out characterized byH, 3P, and'®*Pt NMR spectroscopies.

in an aqgueous medium. For example, carboarbon coupling

reactions have been successfully performed in aqueous solutiorExperimental Section

or aqueousorganic biphasic systems. In addition to the Heck
reaction (eq 1¥! several other cross-coupling reactions have

PdCl
@—x + CHp=CH, Dbl @-C}H:H2 m
R NaHCO,H;0 R

been carried out under these conditions, including Sézakid

Stille?® coupling processes. Carbonylation of benzyl chloride
has also been shown to be catalyzed by water-soluble phosphing,

complexes of palladium in a biphasic systéhin all of these

Methods and Materials. All reactions were performed under an
inert atmosphere unless otherwise stated. Ni@hd PdC! were
purchased from Aldrich Chemicals and Johnson-Matthey Chemicals,
respectively, and used without further purification. Bt@s purchased
from Strem Chemicals and Pressure Chemical and used without further
purification. 1,3,5-triaza-7-phosphaadamantane (PTA) was synthesized
according to the procedure developed by Daigle and co-wotk&®.
was purchased from Matheson and Liquid Carbonic Specialty Gases.
Crotonic acid and tetrafluoroboric acid were purchased from Aldrich.
mmonium chloride was purchased from J. T. Baker. ,Cfas
purchased from Praxair. Hydrochloric acid and phosphoric acid were

processes a zerovalent metal complex is the catalytically activepurchase from EM. All were used without further purification.
species, which is often produced in situ from the corresponding PTAH*CI~ was prepared by treating PTA with an equimolar amount

M"X,L, derivative.

of 0.1 M HCI. The solvent was removed in vacuo to yield a white

Herrmann and co-workers have prepared the homoleptic powder ¢P NMR (D0): 6 = —91 ppm). Pyridinium tetrafluoroborate
TPPTS complexes of the zerovalent group 10 metals where theWas prepared by treating pyridine with tetrafluoroboric acid in ether,

coordination number of the metal was found to increase wit

increasing metal size, i.e., Ni(TPPESPA(TPPTS), and Pt-

(TPPTS).2> This trend is consistent with the greater steric

requirements of the TPPTS ligatfdas compared to PRF’

p followed by isolation of the precipitate. Water was degassed through

a nitrogen purge for at least 45 min prior to use. Methanol was
purchased from Fischer Scientific and stored over and distilled from
Mg/l prior to use. Ether was purchased from Fisher Scientific, stored
over Na/benzophenone, and distilled before us®,MMeOH4d,, and

where the analogous group 10 metal complexes exhibit four- THF.d; were purchased from Cambridge Isotopes Laboratorig®. D
coordination. More recently, Pringle and co-workers have syn- was stored in an airtight flask under, Mt all times. MeOHd; and
thesized and fully characterized the zerovalent group 10 metal THF-dg were stored in a drybo®!P NMR spectra were recorded on a

derivatives M[P(CHOH)3]4.” In addition there are several re-

Varian Unity 300 spectrometer, and 85%R®, (6 = 0.0 ppm) was

ports of water-soluble phosphine complexes of group 10 metals used as an external referené®Pt NMR spectra were recorded on a

in the +2 oxidation state, includingis- and trans-PtCh-
(TPPTS),2> MCI[P(CH,OH)3]2 (M = Ni, Pd, Pt)/?8 and
hydroxy metal bis(phosphine) complexes of Pd ané®Pt.
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Varian XL200 broadband spectrometer employing aqueeis®, (6
= —1630 ppm) as an external reference. Infrared samples were recorded
on a Mattson 6021 Galaxy Series FT-IR in a 0.01 mm Gzl for
water samples and a 0.1 mm Gajell for MeOH samples. Monitored
kinetic reactions were done using an ASi Applied Systems ReactIR
1000 Electronics Module. The p[H] measurements involving PTA were
carried out at 25.@ 0.1°C at a constant ionic strength £ 0.100 M)
adjusted with KCI in doubly distilled, deionized water, with careful
exclusion of oxygen and carbon dioxide. These experiments were
performed by Dr. Tara Decuir in the laboratories of Professor A.
Martell, employing the experimental setup and procedure previously
described in detail® Elemental analysis were carried out by Canadian
Microanalytical Service, Ltd.
Dichlorobis(1,3,5-triaza-7-phosphaadamantane)nickel(ll), 4A
0.346 g (1.46 mmol) sample of Nigand 0.470 g (2.98 mmol) of PTA
were weighed out into a Schlenk flask. Then 20 mL of MeOH was
added, resulting in the formation of a blue solution. The solution was
allowed to stir for 2 days during which time a red precipitate formed.
The precipitate was collected on a sintered glass frit and washed with
MeOH and ether. The powder was dried in vacuo, and 0.547 g (85%

(28) Chatt, J.; Leigh, G. J.; Slade, R. .. Chem. Sog¢.Dalton Trans.
1973 2021.

(29) Reddy, V. S.; Katti, K. V.; Barnes, C. I. Chem. So¢Dalton Trans.
1996 1301.

(30) Martell, A. E.; Motekaitis, R. JDetermination and Use of Stability
Constants2nd ed.; VCH Publishers: New York, 1992.
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yield) of the product was isolated. Anal. Calcd for NiPIC1,H24N6:

C, 32.47; H, 5.45; N, 18.93. Found: C, 32.45; H, 5.42; N, 18.74.
Tetrakis(1,3,5-triaza-7-phosphaadamantane)nickel(0), 5.0 0.203

g (0.85 mmol) of NiC4 and 0.739 g (4.71 mmol) of PTA was added

4 mL of H;O. Immediately, the solution became a dark blue ink color.

This color began to change to red as 8 mL of MeOH was added. The

red/orange solution was allowed to stir for 8 h. During this time, the

Inorganic Chemistry, Vol. 38, No. 10, 1992475

Pt(PTA)4 + PTAHCI~. Pt(PTA), (30 mg, 3.65x 10°°> mol) was
weighed out inb a 5 mm NMRtube, and 0.021 g (1.02 10~* mol)
of PTAH'CI~ was dissolved in 1 mL of BD and cannulated into the
NMR tube.3P NMR (D;0O): 6 = —80 ppm (prp = 2357 Hz).

Pt(PTA), + CO,. Pt(PTA), (0.030 g, 3.65< 10°> mol) was weighed
out into a 5 mm NMRtube, and 0.9 mL of BD was added. Cfgas
was bubbled through the solution for 5 miiP NMR (D;O): 6 =

orange color faded and a white precipitate formed. The precipitate was —74 (Jp,_p = 3604 Hz),—80 ppm (pp = 2357 Hz).—74 ppm=—80

collected on a sintered glass frit. It was washed three times with MeOH

and twice with ether. It was allowed to dry in vacuo, and 0.436 g (74%

yield) of the white product was isolate#P NMR revealed a singlet

at —44.8 ppm in RO.
Tetrakis(1,3,5-triaza-7-phosphaadamantane)palladium(0), 6A

0.107 g portion of PdGI(0.680 mmol) and 0.534 g of PTA (3.4 mmol,

5 equiv) were weighed out into a Schlenk flask. The flask was evacuated

and backfilled with nitrogen. Then 5 mL of distilled water was added
via syringe. The resulting solution was a deep orange/brown color. It
was allowed to stir overnight. The mixture was filtered through Celite
to remove any metallic palladium, and then the solvent was removed.
Twenty milliliters of MeOH was added, and the resulting mixture was
filtered to yield a tan precipitate and a yellow filtrate. The solid was
washed several times with 5 mL aliquots of MeOH, followed by a 5
mL aliquot of ether. The product was allowed to dry in vacuo. A 0.283
g (57% yield) portion of white/gray product was isolaté#? NMR
(D20): 6 = —56.5 ppm (s).

[PACI(PTA)3]CI, 7. The synthesis of this compound has been
described previously.Bright yellow needles were obtained from a
methanol/0.1 M HCI solution of7 (5:1 mL/mL) allowed to stand

overnight. These needles were isolated and redissolved in methanol

0.1 M HCI. This solution was stored at’® for 2 months until yellow
crystals suited to X-ray diffraction appeared® NMR (D,0): 6 =
—47 ppm.
Tetrakis(1,3,5-triaza-7-phosphaadamantane)platinum(0), 8A
0.169 g portion of PtGI(0.637 mmol) and 0.600 g of PTA (3.82 mmol,

ppm ratio= 0.0300.

Pt(PTA)s + NH4CI. Pt(PTA) (30 mg, 3.65x 10°° mol) was
weighed out inb a 5 mm NMRtube, and 0.0021 g (3.96 10°° mol)
of NH.Cl was dissolved in 1 mL of BD and cannulated into the NMR
tube.?P NMR (D:0): 6 = =74 (pr-p = 3591 Hz),—80 ppm (pp
= 2357 Hz).—74 ppm:80 ppm ratio= 2.96.

Pt(PTA)4 + C3HsCO,H. Pt(PTA), (0.030 g, 6.0x 10°° mol) was
weighed out inb a 5 mm NMRtube, and 0.012 g (1.32 10~“mol) of
crotonic acid was weighed out into a Schlenk flaskO§0.8 mL) was
added to the Schlenk flask. This solution was cannulated into an NMR
tube under an inert atmosphef&® NMR (D;0): 6 = —70 [Upr-p =
3681 Hz),—80 ppm (pp = 2357 Hz).—80 ppm=70 ppm ratio=
3.88.

Pt(PTA)4 + 2,3-Dichlorophenol. Pt(PTA), (0.030 g, 3.65x 10°°
mol) was weighed out ista 5 mm NMRtube. 2,3-Dichlorophenol
(0.012 g, 7.18x 105 mol) was weighed out into a Schlenk flask. An
0.8 mL amount of BO was added to the Schlenk flask. This solution
was cannulated into an NMR tube under an inert atmospA&r&IMR
(D20), 6 =74 ppm,Jprp = 3592 Hz;0 —80 ppm,Jprp = 2355 Hz;
/—80 ppm=74 ppm ratio= 1.5.

Carbonyltris(1,3,5-triaza-7-phosphaadamantane)nickel(0), INi-
(PTA), (0.300 g, 0.457 mmol) was weighed out into a 100 mL Schlenk
flask, and the flask was evacuated and back-filed with a CO
atmosphere. To the flask was added 55 mL of methanol, and the
resulting slurry was allowed to stir at room temperature. After 5 min,

6 equiv) were weighed out into a Schlenk flask, and 10 mL of distilled @l of the precipitate had dissolved and the CO atmosphere was quickly
water was added via syringe. Initially, the solution was an orange color "eplaced with a nitrogen atmosphere to prevent further substitution.
and contained a precipitate. After a few hours the precipitate disap- 1he volume was reduced in vacuo until approximately one-third of
peared, and the orange color faded to yellow. The solution was allowed the initial vqlume remained. During this time, a white solid preC|p|tatec_l
to stir for 2 days and was then filtered through Celite to remove any ©Out of solution. Ether (60 mL) was added and the flask was placed in
metallic platinum. The solution was taken to dryness in vacuo and 10 the freezer overnight. The white precipitate was collected on a frit,
mL of MeOH was added to redissolve the solid. The addition of 20 Washed with ether, and allowed to dry in vacuo. The product was
mL of ether caused an off-white precipitate to form. This was collected iSolated as a white powder (0.208 g, 85% yield) in a drybox. IR
on a sintered glass frit and washed extensively with ether and allowed (MeOH): 1945 cm. *P NMR (MeOHd,): 6 = —47.2 ppm (s). Anal.

to dry in vacuo. The solid (0.432 g) was isolated in a dryB&R.NMR Caled for NiGoNsOHseP: C, 40.89; H, 6.50; N, 22.58. Found: C,
(D20): 6 = =70 @pp = 3699 Hz), and-80 ppm (p—p = 2357 Hz),
showing a mixture of two products.

Reaction of PtCL and PTA under Acidic Conditions. PtCk (0.169
g, 0.635 mmol) and PTA (0.6 g, 3.82 mmol, 6 equiv) were combined
in a Schlenk flask which was evacuated and backfilled withiltially,
10 mL of 0.1M HCI (degassed) was added to the flask, causing the
formation of a clear, orange solution. After 15 min, another 30 mL of
0.1 M HCl was added. The solution immediately lost the orange color,
which faded to a light yellow. After stirring for 2 days, the volume
was removed in vacuo, and 20 mL of MeOH was added. The resulting
white precipitate was isolated on a sintered glass*#.NMR (D,O):
0 = —47 ppm (broad).

40.36; H, 6.43; N, 22.19.
Dicarbonylbis(1,3,5-triaza-7-phosphaadamantane)nickel(0), 10.
In a typical synthesis, Ni(PTA)0.300 g, 0.437 mmol) was placed in
a Schlenk flask, and 35 mL of MeOH was added under a CO
atmosphere. The mixture was heated to °& and allowed to stir
overnight. The mixture was filtered through Celite and the MeOH
removed in vacuo. D (20 mL) was added, and the white precipitate
which resulted was collected on a frit and washed with ether. After
drying in vacuo overnight, the product (0.142 g, 76% yield) was isolate
in the drybox as a white solid. IR (MeOH): 2012, 1956 ¢ni'P NMR
(MeOH-d,): 6 = —50.7 ppm. Anal. Calcd for NiGNeOzH24P2: C,
39.19; H, 5.64; N, 19.59. Found: C, 38.92; H, 5.54; N, 19.44. Crystals

Reaction of PtCL and PTA under a CO, Atmosphere. PtCh of the product were grown by dissolving the isolated powder in a
(0.169 g, 0.635 mmol) and PTA (0.6 g, 3.82 mmol, 6 equiv) were Minimum amount of MeOH in a large test tube. The MeOH was then
weighed out into a 10 mL Schlenk flask.® (3 mL) and RO (3 mL) layered with ether and allowed to sit at room temperature for 3 days,
were added under a nitrogen atmosphere. The solution was allowed toat which time small feathery crystals grew. The tube was then placed
stir for 2 days3P NMR (D,0): 6 = —80 ppm (prp = 2361 Hz). in a freezer at-15 °C. After approximately 1 week, crystals suitable

3p NMR Experiments of Pt(PTA), Reactions with Acids. Pt- for X-ray diffraction appeared.

(PTA)4 + H3PO,4. Pt(PTA) (30 mg 3.65x 1075 mol) was weighed Triscarbonyl(1,3,5-triaaza-7-phosphaadamantane)nickel(0), 11.
out into a 5 mm NMRtube, and 1 mL of BO was added via syringe, Ni(PTA); (200 mg, 0.291 mmol) was weighed out into a 100 mL
followed by 2.47ulL (3.6 x 1075 mol) of HsPQy. 3P NMR (D;O): 6 Schlenk flask. The flask was evacuated and backfilled with a CO
= —70 ppm (pr—p = 3701 Hz). atmosphere. Toluene (80 mL) was added, and CO was allowed to flow

Pt(PTA)4 + Pyridinium Tetrafluoroborate. Pt(PTA), (30 mg, 3.65 through the flask for approximately 0.5 h. The flask was then sealed
x 107°mol) was weighed out ista 5 mm NMRtube, and 0.0142 g off and heated to 50C in an oil bath. The reaction was monitored
(7.30 x 1075 mol) of pyridinium tetrafluoroborate was dissolved in 1  periodically for 1 week. The mixture was filtered through a sintered
mL of D,O and cannulated into the NMR tub&P NMR (D;0): 6 = glass frit. The solvent was evaporated in vacuo, which yielded trace
—80 ppm (pp = 2357 Hz). amounts of a yellow/white powder. IR (toluene): 2068, 1993 tm
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Table 1. Crystallographic Data and Data Collection Parameters for Complgxeg 1S and2S

complex 7 10 1S 2S
empirical formula GgH42C|2N90P3Pd C24H60C|N1206P4P'[ Cz4H55B2FgN1204P4Pt ClstgNeNiO3P2
fw 682.83 967.26 1069.40 461.08
space group P2,/c Fd3 C2/c Cmca
V (A 2856.3(10) 7818.5(13) 8478(3) 4119.5(14)
4 4 8 8 8
Deatc (Mg m?) 1.588 1.643 1.676 1.487
a(d) 10.796(3) 19.8476(19) 25.079(5) 23.046(5)
b (R) 21.255(3) 19.8476(19) 21.639(4) 7.508(2)
c(A) 12.677(2) 19.8476(19) 17.325(4) 23.808(5)
o (deg) 90 90 90 90
B (deg) 100.49(2) 90 115.61(3) 90
¥ (deg) 90 90 90 90
T(K) 293(2) 193(2) 173(2) 193(2)
(Mo Ka) (mm-) 1.036 3.874 8.349 1.125
wavelength (A) 0.710 73 0.710 73 1.541 84 0.710 73
Re (%)° 5.71 5.70 8.28 4.98
Rur (%)2 17.40 11.32 17.71 13.13

aRe = Y||Fo| — IFcll/3Fo andRar = {[SW(Fo — Fo)Z/ YWk 2.

3P NMR (THFdg): 6 = —54 ppm. This complex was more readily

prepared from the reaction of Ni(COand PTA in toluene solution.
Monitored Kinetics of Ni(PTA) 4 + CO in Water. In a typical

run, CO was bubbled through water for approximately 1 h, and 15 mL

of this solution was transferred via syringe into the reaction vessel.

The reaction vessel contained the IR probe and was maintained under
an atmosphere of CO at a constant temperature via an external bath.
The solution was then allowed to equilibrate to the desired temperature

for 5 min. A total of 256 background scans were taken, and the

instrument was setup to take 64 scans every 50 s. The run was started

and four scans were taken before the Ni(PT@® 33 x 104 mol in 5

mL of degassed water) was introduced via syringe to the reaction vessel.

The appearance of a produgfCO) band at 1945 cnt was followed
over time. The reaction was monitored until it was determined that all
of the Ni(PTA), had reacted to form Ni(CO)(PTA)

X-ray Structural Determinations. Crystal data and details of data
collection are given in Table 1. In addition, crystallographically deter-
mined parameters for the singly and doubly protonated Pt(lPde)v-
atives, namely, [Pt(PTAJPTAH)][CI] (19 and [Pt(PTA)YPTAH),]-
[BF4]2 (2S), are contained in the Supporting Information. A yellow
needle of [PA(PTALCI]CI and a white needle of Ni(CQPTA), were

Scheme 1
. H,0 )
NiCl, +PTA —>H o Ni(PTA)s.,(H,0),*2 | — NiCl,(PTA),
3 blue red (4)

excess
PTA

Ni(PTA), + PTA=0 + 2HCI
white (5)

1). The reaction solution immediately turned blue followed by
changing to red, subsequently resulting in a colorless solution.
The identity of the blue transient species is most likely an
octahedral Ni(Il) complex containing PTA ligands bound via a
nitrogen atom, since amine complexes of this type are charac-
teristically blue in color! Although there ar@o documented-
complexes of PTA bound via a nitrogen atom, the measured
pK, of 5.704 0.01 of a nitrogen-bound proton in PTARvould

mounted on glass fibers with epoxy cement at room temperature andSuggest it to be a suitable ligand toward Ni(ll). Nevertheless,

cooled in a liquid nitrogen cold stream. Preliminary data collection
was performed on a Nicolet R3m/v X-ray diffractometer (Mo, =

we observed no apparent reaction between NaGtl the weaker
nitrogen base analogue hexamethylenetetraamkuge=<pt.89),

0.71073 A radiation). Cell parameters were calculated from the least- in aqueous solution. The red intermediate has been identified
squares fitting of the setting angles for 24 reflectianscans for several as NiCL(PTA),, (4) by way of an independent synthesis of this

intense reflections indicated acceptable crystal quality. Data were gerivative in anhydrous methanol. On the other hand, this latter
collected for 4.0 < 26 > 50°. Three control reflections, collected every Ni(ll) derivative was shown to be quite unstable in an agueous

97 refle_ctlons, showed no S|gn_|f|cant trends. Backgr_ound measurementsmethanol solution with regard to forming the reduced Ni(PITA)
by stationary-crystal and stationary-counter techniques were taken at

the beginning and end of each scan for half the total scan time. Lorentz
and polarization corrections were applied to 4627 reflections for [Pd- p

(PTA)CI]CI and 1603 reflections for Ni(CQ)PTA).. A total of 4627
unique reflections for [Pd(PTAEI|CI and 1603 for Ni(COYPTA),,

with |I| = 2.0s(), were used in further calculations. The structure was
solved by direct methods [SHELXS program package, Sheldrick
(1993)]. Full-matrix least-squares anisotropic refinement for all non-
hydrogen atoms yielded® = 6.35,R, = 18.82, andS = 1.036 for
[PA(PTAXCIICI, andR = 4.98,R, = 13.13, andS = 1.021 for Ni-
(COX(PTA),. Hydrogen atoms were placed in idealized positions with
isotropic thermal parameters fixed at 0.08. Neutral-atom scattering

factors and anomalous scattering correction terms were taken from

International Tables for X-ray Crystallography

Results and Discussion
Zerovalent Group 10 Metal M(PTA),4 Derivatives. The

tetrakis(1,3,5-triaza-7-phosphaadamantane)nickel(0) complex

(5) species along with 1 equiv of PFAO (3P NMR at—2.32
m)

The Ni(PTA), which was prepared by this route in a purified
yield of 74% has a singlé'P NMR signal at—44.8 ppm in
D,0. This3P chemical shift is slightly downfield from that of
Ni(PTA)4 prepared in toluene/methanol from the ligand sub-
stitution reaction of Ni(cod)and PTA of —45.7 ppmt This
downfield shift is indicative of partially protonated PTA ligands
in the nickel(0) product obtained in Scheme 1, which is
consistent with the production of 2 equiv of HCI during this
process. The completely protonated Ni(PTAHEation, pre-
pared from Ni(PTA) in 0.1 M HCI and crystallographically
characterized, exhibits &P NMR chemical shift further
downfield at—41.9 ppm.

The palladium analogue to compléxs similarly prepared
from PdC} and 5 equiv of PTA in an agueous solution in a

was readily synthesized from the room-temperature reaction of (31) cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistrth ed.;

NiCl, and excess PTA in an aqueous methanol solution (Scheme

John Wiley and Sons: New York, 1988; p 744.
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Figure 1. Molecular structure of complex (thermal ellipsoids at 50%
probability).

Table 2. Selected Bond Lengths (A) and Angles (deg) for Complex
7

Pd(1)-Cl(1) 2.375(3) N-C(ave} 1.491[11]

Pd(1)-P(1) 2.330(2) N-C(avey 1.472[11]

Pd(1)-P(2) 2.238(3) P(1yC(ave) 1.846[9]

Pd(1)-P(3) 2.338(2) P(2)C(ave) 1.852[8]

O(IM)—C(1M) 1.38(2) P(3)-C(ave) 1.851[9]
Cl(1)-Pd(1)-P(1)  84.23(8) P(BPd(1)-P(2) 97.72(8)
C(1)-Pd(1)-P(2)  174.43(8) P(BHPd(1)-P(3)  168.37(9)
Cl(1)-Pd(1y-P(3)  84.37(8) P(2}Pd(1)-P(3) 93.85(8)
Pd(1)-P(1)-C(ave) 118.8[3] Pd(BP(3)-C(ave) 118.6[3]
Pd(1)-P(2)-C(ave) 119.1[3]

a Carbon bonded to one nitrogen atom and one phosphorus atom.
b Carbon bonded to two nitrogen atoms.

yield of 57%. However, the synthesis of this derivative requires
a longer reaction period of about 12 h. As in the case of the
nickel complex, thé!P NMR signal in RO of this Pd(PTA),
(6) complex was downfield at-56.5 ppm relative to the
unprotonated derivative{58.7 ppm), again indicative of some
protonation of the bound PTA ligands. Previously we have
reported upon the reductive synthesis (Rdfllisexces$TA)
of the Pd(PTA) complex in ethanol/water where a cationic Pd-
(PTA)CI* intermediate species was isolated and characterized
spectroscopically as its chloride shklerein, we have obtained
X-ray quality crystals of this derivative, complé&x The [Pd-
(PTA)CI][CI] salt was crystallized from methanol/water with
one molecule each of GGH and HO in the crystal lattice
and shown to be isomorphous with its platinum analogue
previously reported by Muir and co-worke¥s.

Yellow crystals suitable for X-ray diffraction were obtained
from a concentrated aqueous methanol solution of complex
maintained at 5°C for several days. These crystals were

Inorganic Chemistry, Vol. 38, No. 10, 1992477

+0.062 A. The PaP bond trans to the chloride ligand is
observed to be significantly shorter, 2.238(3) A, as compared
to the average PdP bond length cis to the Clligand, 2.334-
2) A. That is, the cation exhibits a notalttans influencemuch
like that seen in the platinum derivativé The average C}
Pd—P.s and Ris—Pd—Pyansbond angles were found to be 84.30-
(8)° and 95.79(8), respectively, whereas thgi-Pd—P.s bond
angle was determined to be 168.37(9Yhe water molecule
was shown to be involved in a hydrogen-bonding motif with
the nitrogen atoms of adjacent cations-(® distances are 2.863
and 2.913 A with a NO—N angle of 121.2). Similarly, the
chloride anion is hydrogen-bonded to methanol with &-Ol
distance of 3.098 A and a-€0—Cl angle of 101.1

The reaction of platinum dichloride with excess PTA in an
aqueous solution over the period of 2 days underwent a color
change from orange to yellow prior to affording the off-white,
zerovalent platinum complex. However, the definitive identifica-
tion of the product(s) resulting from this reaction was not as
straightforward as that of the other group 10 metals. That is,
this process provided two platinum(0) species in an overall yield
of 82%. These two platinum derivatives exhibited sharp, singlet
3P NMR resonances in @ at =70 Jprp = 3699 Hz) and
—80 ppm (pr—p = 2357 Hz) in a ratio of 1.7 to 1. The former
31p signal is readily assignable to the expected product, a
partially protonated at nitrogen Pt(PTAJerivative.Recall that
Pt(PTA), and Pt(PTAH)Y** have 3P NMR chemical shifts at
—74.5 and—69.1 ppm, respeately.

Upon the addition of an aqueous solution of J&{OH] to
the mixture of platinum(0) species in water, a singl®
resonance at74.5 ppm appeared. Hence, both derivatives are
related to Pt(PTA)via a protonation process. It is important to
reiterate here that the Pt(PTAKD)l, complex (crystals grown
from Pt(PTA), in 0.1 HCI) has been crystallographically defined
to be a tetrahedral species with one N atom of each PTA ligand
protonated as evidence by an analysis of theNCbond dis-
tances in the bound PTA ligan&&Therefore, it follows that
the other platinum derivative is protonated at an alternative site,
most likely at the metal center. Indeed several research groups
have reported zerovalent group 10 metal derivatives protonated
at the metal sité:33-36

From these observations it is evident that the kinetically
controlled site of protonation of Pt(PTAJs at the nitrogen
atoms of the PTA ligands. That is, the addition of an excess of
strong aqueous acids such as hydrochloric led to formation of
the well-characterized Pt(PTAkDI, derivative. However, if a
much weaker acid is employed such as [PTAH][CIK{p=
5.70) or carbonic acid (' = 6.37), the PTA ligands are not
protonated and only thé'P NMR resonance at-80 ppm is
observed. The bound PTA ligands would be anticipated to be
less basic than those of free PTA, which weédetermined
to have a pk; of 5.7Q For example, PTAO has a measured
pKa of 2.52] It is of importance to note that in the synthesis of
Pt(PTA), by the aqueous reduction of Pt@h excess PTA the

extremely air sensitive, turning orange followed by decomposi- HCI produced in this process is partially consumed by free
tion upon minimal exposure to moist air. Crystallographic data PTA, thereby leading to two protonating reagents and subse-
and data collection parameters are listed in Table 1. A thermal quently two different protonated platinum species. From one
ellipsoid view of the cation of compleX is depicted in Figure of these preparations we have isolated crystals of a Pt(PTA)
1, along with the atomic numbering scheme. Bond distances complex protonated at one of the nitrogen atoms of PTA, i.e.,
and bond angles of specific interest are found in Table 2. The [Pt(PTAR(PTAH)][CI] (19, as determined by X-ray crystal-
geometry about the palladium center in the cation, Pd(BTIA)
is approximately square planar, where the average deviationgig gﬁgﬁg}dF-\JNUgCO; géito‘?’no%aﬁéHfj‘g;%ogh?fy?ggdiellé&w o
from the plane defined by the four ligand and Pd atoms is Chem107q 9. 302 P y, R Vinorg.
(35) Shunn, R. Alnorg. Chem.197Q 9, 394.

(36) 2I}/SI,igolaner, A.; DuBois, D. L.; Curtis, C. @rganometallics1993 12,

(32) Muir, M. M.; Muir, J. A,; Alyea, E. C.; Fisher, K. 1. Crystallogr.
Spectrosc. Red.993 23, 745.
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Figure 2. (A) %Pt NMR spectrum of [(H)Pt(PTA)[CI] in 3:1 H,0/ . “‘L A I\

D20. (B) 9Pt NMR spectrum of [(D)Pt(PTA)[CI] in D 0.
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Figure 4. Variable temperaturéP? NMR of [(H)Pt(PTA)][BF4] and
excess PTA in BO at (A) 80°C, (B) 65°C, and (C) 25°C.

-13.2 -13.6 -14.0 -14.4 -148 -152 -15.6 ppm thusfar not obtained crystals of this platinum derivative proto-
nated at the metal center, X-ray structures of several such species
synthesized via NaBliteduction of Pt(Il) derivatives have been
reported®®-38 These platinum cations display distorted trigonal
bipyramidal or capped tetrahedral coordination in the solid state.
R Furthermore?!P NMR studies reveal the phosphorus nuclei to
derivative: be undergoing a rapid fluxional process on the NMR time scale,

That this species is protonalted at the platinum center is clearly o\ oy ot |ow temperatures. However, a static trigonal bipyramidal
demonstrated by bott#*Pt and'H NMR spectroscopies. Figure structure for the HPHP(CKDH)s]4* derivative in CROD has

2 depicts the!®Pt NMR spectra for the protonated and oo assigned at78 °C on the basis ofP NMR studies.
deuterated HPY(PTA) species in water. As seen in Figure 2, 1iq increase in the barrier to intramolecular phosphine ex-

superimposed on the platinum nucleus being split by four- chanae i . :

) S . ] ge in this instance is thought to result from hydrogen
equivalent phosphine ligands into a quinié(p = 2362 Hz) 5 4ing hetween the coordinated PEHH); ligands. In ad-
are tlhe pPHI(ﬂPt*H h:h565 Hz) and PHI)(‘]PTTDﬂ;af? Hz) dition, 3P NMR studies of other platinum hydride derivatives
couplings. Although there is some overlap in #ePt NMR obtained from NaBHreduction of Pt(ll) complexes containing

chemical shifts for P(ll) and Pt(0) species, the chemical shift ;42| nhosphine ligands reveal trigonal bipyramidal structures
found for HPt(PTA)™ at —6289 ppm is more typical of a inpsolutign?’%e‘l g g Py

platinum(0) species. TH NMR spectrum of the HPH(PTAY The metal site is more basic than the bound PTA nitrogen

cation in water exhibits a signal atLl4.3 ppm split into a quintet S .
. . L — atoms and therefore the thermodynamic site for protonation of
by four magnetically equivalent phosphine ligantls (4 = 28.0 S . ;
i 19 . . . the Pt(PTA) species in water. Nevertheless, rapid protonation
Hz). In addition, the'®Pt satellites appear with a coupling . )
constant of) = 567 Hz (see Figure 3). Similarly, tHéP of the nitrogen atoms of the PTA ligands of Pt(PTAy strong
Pt H 9 ) Y, acids inhibits protonation at the metal center. Indeed when 1

NMR spectrum of this derivative, a singleta80 ppm in HO, equiv of aqueous HCl is slowly added dropwise to an aqueous
displays &Jp— value of 28.0 Hz. Furthermore, low-temperature solution of Pt(PTA), protonation occurs predominantly at the

3 i i i
. P NMR spectra detgrmlned n GOD revealed the phosphine metal center. We have been able to better define the basicity of
ligands to be magnetically equivalent at temperatures as low as - . . .

o ; . the metal center in Pt(PTA)by employing acids of various
—80 °C, indicative of a rapidntramolecularligand exchange I, S .

. ) strengths under conditions of kinetic control. In this manner

process. Correspondingly, at elevated temperatures in aqueou . .

- L - e extent of protonation at the nitrogen atoms of PZEAhe
solution rapidintermolecularligand exchange occurs between

o . platinum center as a function of th&pof the added acid was
the HPt(PTA) cat|on. and free PTA, as evidenced®3 NMR determined by?'® NMR (~70 vs —80 ppm signals, respec-
spectroscopy (see Figure 4).

All attempts to grow crystals of the [HPt(PTADX] salt with tively). Of course, the fact that these processes are carried out
various anions have thusfar been unsuccessful. For example,(37) Bruggeller, Pinorg. Chem.1090 29, 1742
. . . u s . . X .
crystals of the partially pmto.nated derivative, [Pt(PI'A) (38) Gieren, V. A,; Bruggeller, P.; Hofer, K.; Hubner, T.; Ruiz-Perez, C.

(PTAH),][BF4]2 (29), were obtained from the reaction of Pt- Acta Crystallogr., Sect. 1989 45, 196.
(PTA); and [PTAH][BR] in water/methanol and characterized (39) Bruggeller, Plnorg. Chim. Actal987 129, L27.

by X-ray diffaction (see the Supporting Information). The metric (40 fgeéi"‘l"fa Iér;gst, M. Peringer, P.;"Nw, E. P.J. Organomet. Chem.

parameters determined were quite similar to those previously (41) Handler, A.; Peringer P.; Mer, E. P.J. Organomet. Chen.991,
reported for the [Pt(PTAH)[CI] 4 derivativel Although we have 412, 451,

Figure 3. *H NMR spectrum of [(H)Pt(PTAJ[CI] in 3:1 H,0/D,0.

lography. Structural parameters for complXare essentially
the same as those previously reported for the [Pt(PTAEI] 4
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Scheme 2

&L HPt(PTA),+ and PPTA); (1:3 ratio) pK,=9.25

2,3-dichloro-
phenol | Hpy(PTA),* and PPTA), (1:5 ratio) pK, =744
H,0/CO, HPt(PTA),* pK,=6.37
PTAH' | ypypra),+ pK, =5.70
Py(PTA), HPy+ HP{(PTA),* pK, =525

pcrotonic ad b prA),+ and PHPTAH);*(3.9:1 ratio)  PK, = 4.69

H,PO
3 > PyPTAH),* pK, =2.12
L HE_  pypraAH)* pK, <0

in water allows for the use of a wide range of well-defined acid Table 3. IR and NMR Data for Ni(COJPTA),-« Complexes

strengths. The summary of our findings are shown in Scheme complex IRfco) (cm™) 3P NMR (ppm)  solvent
2. As indicated by these results, the metal center in Pt(RTBA) Ni(PTA) —46 H,0
fairly basic with a X, value greater than 7.44 but less than  Nij(CO)(PTA) 1945 —48 H,0
9.25. We havetentatively defined the K, of the metal Ni(CO)(PTA), 2012 -50 MeOH
protonated species to be 7.89 by the titration method described 1956
2001 THF
for free PTA. 19424
Carbonyl Derivatives of Ni(PTA),. In this study we have 2006 CHCl,

examined the production of carbonyl derivatives of Ni(PTA) 1946
via ligand substitution reactions for two reasons. First, catalytic Ni(CO)(PTA) 2069 —55 THF
processes involving 18-electron catalyst precusors of N)PR 1994

vati ; ; ; iati ; 2068 toluene
derivatives generally require phosphine dissociation prior to 1093
substrate binding and reacting; hence, it is important to establish 2071 CHCl,
the rates of PTA dissociation in aqueous solution. Second, the 1997

electronic and steric properties of the PTA ligand have been

defined on the basis of comparisons with group 6 metal carbonyl averagey(CO) value and th&'P NMR chemical shift increase
derivatives:**The availability of Ni(CO)-+(PTA), complexes i frequency and shift upfield, respectively, with an increase in
would allow for a moredirect comparison with Tolman’s e number of CO ligands in the complex. The Tolman elec-
parameters, _vvhi_ch are based on an extensive series of Ni-ygonic parameter derived from the value of thg€O) A; band
(CO)XPRs derivatives:' o ) observed in CHCI, for Ni(CO)sPTA suggests that the PTA

Synthesis of the carbonyl derivatives of Ni(PTAyas ligand is much less electron-donating than R¥feThe v(CO)

accomplished by way of the reaction described in eq 2. The yjprational modes exhibit significant shifts to lower frequncies
colvent in going from water or methanol as solvent to less polar organic
Ni(PTA), + excesCO—— Ni(CO),_,(PTA), (2) solvents. For example, the symmetric and asymmet{@O)
vibrations in the Ni(CO)XPTA), derivative appear at 2012 and
1955 cntlin H,O or MeOH and shift to 2001(2006) and 1944
(1946)cnT! in THF (CH,Cl,). On the other hand, the calculated
angle Q) between the two CO ligands’ NiC—O vectors
determined from the absolute intensity ratio of the symmetric
and asymmetrio(CO) vibrations was found to be quite similar,
i.e., 104.4 (THF), 103.2 (CHxCly), and 107.6 (MeOH)*3
These calculated angles are somewhat less obtuse than that
experimentally observed in complé&gin the solid state (117°%
(vide infra). This underestimation of the calculated -©X0—
CO angle is a consequence of an enhancement of the intensity
of the symmetria(CO) vibrational mode relative to the asym-
metric mode as a result electronic migration in the phosphine
Ni sz-bonding framework during the former vibratié#.

The solid-state structure of one of these derivatives, complex
10, was determined by X-ray crystallography. Crystals suitable
for X-ray diffraction were obtained from a methanol solution
of the complex layered with ether and maintained-as °C
for several days. Crystallographic data and data collection

initial substitution step is quite fast (vide infra). However,
substitution of one PTA ligand by CO greatly retards the rate
of dissociation of the second PTA ligand. That is, this latter
substitution process takes place over a 12 h reaction period in
methanol at 50°C. The Ni(CO)(PTA) product @) is quite
soluble in water, whereas the Ni(CLPTA), product (0) is
only slightly water-soluble but very soluble in methanol.
Substitution of a third PTA ligand by CO to provide Ni-
(COXPTA (112) occurs extremely slowly at ambient temperature
in toluene/methanol, requiring about 1 week to go to completion.
Complex11 is not water-soluble and only slightly soluble in
methanol, but is quite soluble in organic solvents such as THF
or toluene. Alternatively, this complex is more readily prepared
via the reaction of Ni(CQ)with 1 equiv of PTA, a process
which takes place on the time scale of minutelence, the
successie replacement of the PTA ligands in Ni(PTAgcurs

at a decelerated rate, and concomitantly the reaction products
possess greatly reduced solubilities in water and enhanced

solubilities in nonpolar organic seknts . - (42) Tolman, C. AJ. Am. Chem. S0d970 92, 2953,
These complexes were all characterizedufgO) infrared (43) (a) Darensbourg, D. horg. Chem1972 11, 1606. (b) Darensbourg,
and3!P NMR spectroscopies (see Table 3). As anticipated, the D. J.; Brown, T. L.Imorg. Chem1968 7, 959.
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0.00600
1 ———— / 3000
; 0 ___,._i'\/;f Seconds
Figure 5. Molecular structure of comple%0 (thermal ellipsoids at T ‘ ' ' ‘ ‘ ™ 0
50% probability). 2000 1950 1900 1850
Table 4. Selected Bond Lengths (A) and Angles (deg) for Complex Wavenumber
10 Figure 6. Overlay of IR spectra of Ni(PTA)+ CO in H,O at 20°C,
Ni(1)—C(1) 1.767(6) N(3)-C(8) 1.467(6) and monitored appearance of Ni(CO)(PEAJCO) vibration at 1945
Ni(1)—C(2) 1.758(9) N(2)-C(4) 1.479(6) cm,
Ni(1)—P(1) 2.1853(13) N(2)C(6) 1.456(7)
Ni(1)—P(1)#1 2.1853(12) N(C(7) 1.463(6) Abs
P(1)-C(3) 1.838(5) N(13C(3) 1.472(6)
P(1)-C(4) 1.839(5) N(13C(6) 1.478(7) 001200 -
P(1)-C(5) 1.848(5) N(1}-C(8) 1.468(6) :
N(3)-C(5) 1.466(6) O(3}C(1M) 1.405(12)
N(3)-C(7) 1.458(6) O(3FC(AIM)#2 1.405(12) 0.01000 1
C(2)-Ni(1)—C(1) 117.5(3) C(&rNi(1)—-P(1)  110.56(12)
C(1)—Ni(1)—P(2) 103.43(13) C(Ni(1)—P(1)#1 110.56(12) 0.00800 1
C(1)-Ni(1)—P(1)#1 103.43(13) P(ENi(1)—P(1)#1 110.96(8)
C(3)-P(1)-C(4) 97.5(2)  C(3)}P(1)-C(5) 96.9(2) 0.00600
C(4)-P(1)-C(5) 96.1(2) C(3FP(1)rNi(1) 115.7(2)
C(4)—-P(1)-Ni(1) 126.1(2) C(5FP(1)-Ni(1)  118.9(2)
C(IM)—O(3)-C(IM)#2 131.3(13) 0.00400 |
Symmetry transformations used to generate equivalent atoms: #1,
-X Y, Z #2,% -y, —z+ 1. 0.00200
parameters are listed in Table 1. A thermal ellipsoid view of 0.0
the complex is found in Figure 5, along with the atomic 500 1000 1500
numbering scheme. Selected bond distances and bond angles )
are compiled in Table 4. The geometry about the nickel center Time(sec)

is that of a slightly distorted tetrahedron with methgand bond Figure 7. Reaction profile of Ni(PTA) + CO in H,O at 20°C, and
angles of G-Ni—P (ave. 107), P—Ni—P (110.96(8)), and monitored appearance of Ni(CO)(PTA)CO) vibration at 1945 crrt.
C—Ni—C (117.5(3)). The average N+CO bond distance is
1.763[8] A and the NiP bond length is 2.185(1) A. These inturn,is inserted into a glass reaction vessel which is externally
bonding parameters are consistent with those in other bispho-cooled or heated. The(CO) vibrational mode in the product,
sphine carbonyl derivatives of Ni(C@}* However, as would Ni(CO)(PTA), at 1945 cm?! was used to follow the progress
be anticipated on steric grounds, theMi—P angles in the more  of the reaction (Figure 6). As depicted in Figure 7, substitution
bulky PCy**2and PPgtc derivatives are more obtuse at 223  of a second PTA ligand in Ni(CO)(PTA)s much slower than
and 117, respectively. The corresponding-N? bond distances  that of the first, i.e., the absorbance for the 1945 €mpeak
of 2.261 and 2.221 A, respectively, are significantly longer than increases and levels off with no diminution during the course
those observed herein for the PTA derivative with the-Ni of the substitution process. The reaction was shown to be first-
distances of 1.746 and 1.763 A being quite similar for all three order in metal complex, as indicated by the linearity of the
derivatives. The crystallographically defined Tolman cone angle logarithic plot of (Abs, — Abs) vs time (Figure 8). Consistent
as described in ref 19 was calculated to be°103 with the qualitative observations noted during the preparations
The rate of PTA substitution in Ni(PTApy carbon monoxide of these carbonyl derivatives of Ni(PTA)the rate of PTA
in aqueous solution was determined by employing an infrared substitution in complex 0 is quite fast in water with &ps =
probe for real time, in situ monitoring of the reaction’s progress. 7.92x 10~* s at 20°C. Because of the low solubility of CO
The system consists of a dedicated interferometer, which isin water, even at high pressure, the PTA substitutional process
coupled through a stainless steel optical conduit with a ZnSe is retarded by small quantities of PTA ligand in solution, or in
support element to a silicon disk probe (SiComp). This probe, other words, the reaction product (PTA) retards the CO
substitution process. The low solubility of CO in aqueous vs
(44) ((:a) Del PlrgéA';loza;Otttif Cé.; Plimdcli\z‘O: Nslegala, g?rysst |Struct(.3 organic solvents is a real limitation in investigating mechanistic
e o MO o 2501 aspects of these process, e.g. the [CO] in water [(11169)
Y.-H. Cryst. Struct. Commuri974 3, 455. (d) Ficker, R.; Hiller, ~ x 107*Mat 1.2-10.5 atm}®is not only much lower than that
W.; Regius, C. T.; Hoffman, PZ. Kristallogr. 1996 211, 62. in organic solvents but does not vary significantly at modest
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4. shift value of —6289 ppm suggests these complexes to be
protonated Pt(0) derivatives as opposed to Pt(ll) hydrides. By
way of comparison with acids of well-definedKp values in
water, the K, of this platinum hydride is estimated to be greater
than 7.44 but less than 9.25. On the other hand, kgopthe
protonated nitrogen atoms of bound PTA ligands is less than
5.70. These protonated platinum salts were shown to possess
magnetically equivalent phosphine ligands at a temperature as
low as —80 °C in CDs0OD by 3P NMR, indicative of a fast
intramolecular exchange processes. Furthermore, at elevated
temperaturesX50 °C) fastintermoleculamphosphine exchange
b4 ‘ between the HPt(PTAJ cation and free phosphine in aqueous
solution was observed.
It is of interest to compare thé<p defined for the HPt(PTA)
Time (minutes) cation in aqueous solution with other values determined in
) ) i ) closely related complexes. For example, the water-soluble Pt-
;92“6‘3(?' Ln(Abs., — Abs;) vst (min) plot of Ni(PTA), + CO in R0 [P(CH,OH)s]s complex has been protonated by water which
) would indicate the platinum center to be much more basic than

CO pressures. Nevertheless, in a reaction carried out in 1 equivin the PTA analogue reported heréifihis in turn would dictate

of PTA the measured rate constant was an order of magnitudethat the P(CHOH); ligand is a much better donor than PTA,
smaller than that observed witlo added PTA. This observation  for Angelici has shown that there is a strong correlation between
is totally consistent with a dissociative (D) pathway for the the enthalpies of protonationAtliy) of metal phosphine
substitution of a phosphine ligand in an 18-electron metal complexes and the phosphine’s basi¢ftRelated to this, the

Ln(absorbance)

complex by a weakly nucleophilic incoming CO ligaffd. pKa of HPt[P(OMe}]s" has been estimated at 11 in®ifrom

The relatively slow rate of PTA dissociation in Ni(PTAR data determined in acetonitrite.On the basis of our studies,
aqueous medium is consistent with the observation that, uponthis pKa value would appear to b®o highsince the P(OMe)
adding excess PTA to solutions §f6, and8, sharp3’P NMR ligand is a weaker donor than PTA.

signals are observed for both the complexes and free ligand. Finally, the synthesis and characterization of a series of
This is indicative of slow dissociative phosphine exchange on Ni(CO)-n(PTA), derivatives has allowed for an assessment of
the NMR time scale. The aforementioned observation, coupled the electronic and steric parameters for the PTA ligand according
with the absence of &P resonance for free PTA in tHaP to Tolman's original definitiong’2 That is, based on the-
NMR spectra of M(PTA) derivatives, is as anticipated for the ~(CO) Au vibrational frequency of Ni(CQPTA in methylene
dissociative equilibrium depicted in eq 3, which has been shown chloride, the PTA ligand is shown to be less donating to the
to be governed by steric rather than electronic efféchat ~ Ni(0) center than PRhThis was a bit unexpected, since previous
is, for the small, tight-binding PTA ligand in group 10 M(PTA)  comparisons with molybdenum and iron carbonyl derivatives,

species, there is little or no dissociation and slow exchange. as Well as metal carbonyl cluster derivativéiave suggested
the PTA ligand to be similar to PM&8 On the other hand, the

M(PR;), = M(PRy); + PR, ©)] steric requirements (cone angle) of PTA, as determined by X-ray
crystallography for the Ni(CQJPTA), derivative, was computed
Comments and Conclusions to be 103. This value is indistinguishable from that defined

Herein we have described the synthesis of water-soluble, for this parameter based on crystallographic data for the Mo-

zerovalent group 10 metal tetrakis-phosphine derivatives from (COXPTA complex:®
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