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Syntheses, Spectra, and Structures of (Diphosphine)platinum(ll) Carbonate Complexes
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A variety of (diphosphine)platinum(ll) carbonate complexes, (LL)P#)CQre readily prepared from the
corresponding (diphosphine)platinum dichlorides by treatment with silver carbonate in dichoromethane solution
provided that water is present. This reaction also permits facile preparation of analégdabeled complexes.

The carbonate ligands in these complexes have been characterized by'fR &R spectroscopy. Alternative
preparative routes involve conversion of the precursor dichlorides to the corresponding dialkoxides or diphenoxides,
followed by treatment with water and carbon dioxide. Various reaction intermediates have been spectroscopically
observed in the latter syntheses. Two crystalline modifications gREHR.CH,CH,PPh)Pt(CGs), one with and

one without a dichloromethane of solvation, have been studied by single-crystal X-ray diffraction. Crystal data
for PtR0sCogHoe: P21/, Z = 4, T = 200 K, a = 10.362(8) A,b = 14.743(6) A,c = 19.183(10) A s =
122.69(6). Crystal data for PtD3CogH26"CH,Cly: P2i/c, Z = 4, T ~ 298 K,a = 11.744(2) Ab= 15.526(3)

A, ¢ = 15.866(3) A8 = 101.58(13.

Introduction spectrum ¢ 2.99 (1:2:3:2:1 quintetlp = 1.6 Hz)). Phosphines were
. . . purchased from Strem or Quantum Design. (Diphosphine)platinum-

(Diphosphine)platinum(ll) carbonate complexes, (LL)Pt- )y gichloride complexes were synthesized fromPKCl; (caution:
(CGs), are excellent precursors for the preparation of Pt(Il) allergen by the procedure of Slack and Bairdr from (COD)PtC4
diolate and alditolate complexéss well as a number of other  (COD = 1,5-cyclooctadiene) according to the procedure of Hackett
(LL)Pt"X, and (LL)PP(L") compoundg. They have typically and Whiteside&. In the latter case, it is important to add the phosphine
been synthesized by reaction of the corresponding dichloridesto the COD complex and to avoid an excess of phosphine in order to
with silver carbonaf&s or by treatment of the corresponding  Prevent formation of the dicationic complex [(LIB#][CI7]2*° The
dioxygen complex with carbon dioxide7 Difficulties we dichloride complexes were optionally recrystallized by slow diffusion
encountered in reproducing the former preparations and limita- °f glexanle 'L‘t‘l) asql'Ch'ororEetha“e solution to crjefmove .tlraces. of Wate(;
- . and/or alcohol. Silver carbonate was prepared from silver nitrate an
tions of the latter approach led us_to unde_rtake amore Oleta”edsodium carbonate in water, dried under vacuum, and stored protected
study. The underlying prob_lgm with the S|Iver_ carbonate route ¢ light. AgCOs was purchased from Aldrich. Sodium isopro-
has been resolved, and_addltlonal new synthetic routes have pee(?oxide was prepared by reaction in toluene of sodium metal with
developed. The resulting complexes have been characterizedsopropyl alcohol that had been dried over sodium isopropoxide.

by a variety of physical techniques. Sodium p-methoxyphenoxide was prepared by reactionpeheth-
) ] oxyphenol and sodium hydride in THF, followed by filtration and
Experimental Section precipitation of the product with hexane.

General Procedures. General methods and instrumentation have _ 1YPical Silver Carbonate Reaction: Synthesis of (dppp)PY(CGQ).

- - : Solid AgCOs (410 mg, 1.487 mmol, 1.22 equiv) was added to a
been described previously.Syntheses and reactions were generally ) :
conducted under argon, but synthetic workups can usually be (:onducteosqlu.tlon of (TBPCHZEHZCHZPFIQ)P@IZ (825 mﬁ 1.216 mmol) in a
in air. Wet dichloromethane was prepared by shaking reagent gradeMinimum volume of wet CkCl, (125 mL) without any attempt to

dichloromethane with water in a separatory funnel and drawing off exglu?_e a(;r% Tgﬁ retactrl](_)nhrplxu%i \,/\IViASRwrappted W'tr? alugﬂéﬂumhfon
the bottom dichloromethane layer into a bottle for storage. Dichlo- &M SUrredior s, atwhich ime Spectrum showed that the

romethanes, was vacuum-distilled from calcium hydride. (Note: If rgaction was cqmplete. The solutio_n was filtered through afin_e-porosity
CD,Cl, is allowed to stand over Cator more than 1 or 2 d, detectable frit, and the solids were washed with Q&i; (3 X 5mL). The filtrate
quantities of CHBCI form, identified by its characteristitH NMR and washes were then concentrated to approximately 20 mL, and hexane
(20 mL) was added. The resulting white crystalline precipitate was
collected using a fine-porosity frit under slight vacuum and dried under

T Present address: Department of Chemistry, M/C 111, University of

lllinois, P.O. Box 4348, Chicago, IL 60680. high vacuum to give pure (dppp)Pt€(@00 mg, 88% yield), identified
Present address: Pharmacia & Upjohn Inc., 1500-91-2, Kalamazoo, by comparison of'P and'H NMR data with those of an authentic
MI 49001. samplet
Edi\/l;rrzss(\e/ﬂlteadlﬁrzséso:zgelpeasr;ment of Chemistry, Southern lllinois University, — The complexes (PR)%Pt{(CQy), (dppe)Pt(CG), (dppb)Pt(CQ),
® Abstract'published idvance ACS Abstractgugust 15, 1996. (depe)PHCQ), (d_tp('a)Pt(CQ), (dppv)Et(CQ), and _(dp_pz)Pt(CQ_were
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(Diphosphine)platinum(ll) Carbonate Complexes

Table 1. Synthetic and Spectroscopic Data for (LL)Pt(§O
Complexes

synth methotl o (3Py 0 (B3COy)° vc—o and

LL? (yleld/%) (thF/HZ) (thg deHZ) Zécodlcm_l

(PPh),  Ag(71) 7.1(3697) 166.9 (66,4) 1675, 1631

dppm OAr (41)  —59.7 (3005)

dppe Ag (83) 32.8(3518) 168.4(60,4) 1675, 1617
OR (85)

dppp Ag(88)  —12.0(3377) 167.6(61,4) 1661, 1627
OR (85)

dppb Ag (88) 2.4 (3509) 1660, 1624
OAr (99)

dtpe Ag (90) 31.4(3518) 168.7 (60,4) 1687, 1662

dcpe Ag (85) 58.7 (3429) 169.4 (54,4) 1652, 1629
OR (87)

dppv Ag (100) 39.9 (3534) 168.3 (58, 4)

dppz Ag (76) 32.9 (3503)

a dppm = bis(diphenylphosphino)methane, dpgel,2-bis(diphe-
nylphosphino)ethane, dppp 1,3-bis(diphenylphosphino)propane, dppb
= 1,4-bis(diphenylphosphino)butane, dtpe 1,2-bis(dip-tolylphos-
phino)ethane, dcpe 1,2-bis(dicyclohexylphosphino)ethane, dppv
cis-1,2-bis(diphenylphosphino)ethene, dppz1,2-bis(diphenylphos-
phino)benzene Ag = Ag.CO;, OR= NaOi-Pr, OAr= NaOGH,OMe.
¢ CD.Cl, solution. 9 Nujol mull

Typical Isopropoxide Reaction: Synthesis of (dcpe)Pt(Ceg).
Sodium chloride (5 mg, to seed crystallization of NaCl, fostering
formation of larger crystals to facilitate filtration) and (dcpe)RtQI00
g, 1.45 mmol) were dissolved/suspended in THBE mL) under argon.
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(major) andd 2.15 (minor) (about 2.5 ppm upfield of the “triplet” due
to the P-CH, group of (dppm)Pt(Ceg)), as well as a peak &t —1.42
attributed to a platinum hydride (dgn = 1 Hz (Jpts = 410 Hz)) whose
area was approximately equal to that of the,Gffoup of the minor
product.

B. Phenoxide Method. The complex (dppm)Ptgl(251.9 mg,

387.3umol), p-NaOGH4OCHs (204.9 mg, 1402Zmol, 3.6 equiv), and
NaCl (35 mg) were dissolved/suspended in THF (20 mL) under argon
in a 25 mL screw-capped Erlenmeyer flask. The solution turned bright
yellow, and after 3 h3*P NMR spectroscopy confirmed that conversion
to (dppm)Pt(OGH4OCHg), (6 —67.8 Jpp = 2912 Hz)) was complete.
The solution was filtered throtga 3 cmCelite pad in air to remove
the NacCl, and the pad was washed with THF (25 mL to load, B8
mL washes). Water (250L, 36 equiv) was added to the filtrate, and
the solution was immediately bubbled with €f0r 5 min. The solution
turned tan, and cream-colored solids began to form. The 100 mL flask
containing this mixture was capped under £@nd the solution was
stirred for 2 h. The solid product was isolated by centrifugation, washed
with EtO (5 mL), water (1 mL), and EO (2 x 5 mL), and vacuum-
dried; crude yield= 204 mg (82%). Solids insoluble in GBI, were
still present (presumably NaOH), so the product was dissolved in CH
Cl, (15 mL) and the resulting solution filtered thrdug 1 cmCelite
pad. Cream-colored (dppm)Pt(g)Qvas precipitated from the filtrate
by addition of EO (20 mL), isolated by centrifugation, washed with
Et,O (3 x 5 mL), and vacuum-dried. Isolated yietl102 mg (41%).
H NMR (CDCl,): 6 7.80 (m, 8 H, Ph), 7.50 (m, 12 H, Ph), 4.63 (t,
Jen = 11 Hz, Joy = 56 Hz, 2 H, PE1,). Anal. Calcd (found) for
C25H2203P2Pt: C, 48.83 (4882), H, 3.47 (364)

Study of Reaction Intermediates in the (dcpe)Pt Isopropoxide

Sodium isopropoxide (0.268 g, 3.27 mmol, 2.25 equiv) was then added System. THF (1.955 g, 2.21 mL) was added to (dcpe)Bt@26.8 mg,

in aliquots over a period of 510 min with stirring. After 4 d, &P
NMR spectrum of an aliquot showed that the reaction to give (dcpe)-
Pt(O4-Pr) (0 48.4 Jpe = 3315 Hz)) was complete. The reaction
mixture was filtered through a dried, fine frit under slight positive
pressure to give a clear orange solution. Water (1307.2 mmol, 5
equiv/Pt) was added and the stirred solution promptly bubbled with
carbon dioxide. Within 1 min, a copious white precipitate formed.
The flask was capped under carbon dioxide and allowed to stir
overnight, after which the precipitate was isolated by centrifugation in
air, washed with ether (% 5 mL), and dried under vacuum to give
(dcpe)Pt(CQ) (0.856 g, 87%).

The complexes (dppe)Pt(Gand (dppp)Pt(Ce),were prepared by
a similar procedure, formation of the isopropoxide complexes being
complete in 3 h. Details are provided in the Supporting Information.

Typical Phenoxide Reaction: Synthesis of (dppb)Pt(C€). So-
dium chloride (27 mg) and (dppb)P#(1.013 g, 1.46 mmol) were
dissolved/suspended in THR60 mL). Sodiump-methoxyphenoxide
(451.8 mg, 3.09 mmol, 2.11 equiv) was added in portions with stirring.
A 3P NMR spectrum taken of the resulting bright yellow solution after
2 h showed complete conversion to (dppb)Pt{BOMe), (6 3.7,Jpp
= 3488 Hz). The reaction mixture was then filtered through a fine
frit with the aid of Celite. The clear filtrate was treated with water
(140uL, 5 equiv) and the stirred solution promptly bubbled with carbon
dioxide. The flask was capped under carbon dioxide and allowed to
stir overnight, during which a white precipitate formed. The precipitate
was isolated by centrifugation in air, washed with ethex(30 mL)
and dried under vacuum to give (dppb)Pt(.987 g, 99%).

Synthesis of (dppm)Pt(CQ). A. Ag.CO; Method. Treatment
of (PhPCHPPR)PtCL (248 mg, 384umol) with Ag,CO; (130 mg,
471 umol, 1.23 equiv) in wet dichloromethane (40 mL) fb h gave

ca. 80-85% conversion to the desired carbonate. By 5 h, decomposi-

tion reactions had set in and workup of the reaction by concentration

39.5umol) and sodium isopropoxide (3.2 mg, @éhol, 0.99 equiv) in
a screw-capped Erlynmeyer flask under argon in a glovebox and the
reaction mixture stirred. After 1.5 h, one-third of the solution (0.660
g, 13umol of Pt) was transferred to a screw-capped 5 mm NMR tube
and examined by'P NMR spectroscopy at both 1.75 and 16 h. The
solution composition was determined to be about 11% (dcpe)RiCl
64.9 Jpip= 3539 Hz)), 87% (dcpe)Pt(Cl)(GPr) (0 61.5 Jpp= 4026
Hz), 52.6 (pr = 2988 Hz),Jpp = 2.7 Hz), and 2% (dcpe)Pt(GPr),.
Water (0.3uL, 17 umol, 1.3 equiv) was then added and the reaction
monitored vs time by*P NMR. After 20 min, about 10% of the (dcpe)-
Pt(Cl)(O4-Pr) complex had hydrolyzed to (dcpe)Pt(Cl)(OH), and after
23 h, the solution composition was determined to be about 7% (dcpe)-
PtCh, 3% (dcpe)Pt(Cl)(Q-Pr), 87% (dcpe)Pt(Cl)(OH)X61.8 Jpir=
3915 Hz), 54.1 Jpr = 2970 Hz),Jep = 2.7 Hz), and 3% (dcpe)Pt-
(OH).

Additional sodium isopropoxide (2.3 mg, g&nol, total 2.05 equiv/
Pt) was added to the remaining two-thirds of the reaction mixture in
the Erlynmeyer flask and the mixture stirred for 24 h. An aliquot (0.602
g, 13umol Pt) was then transferred to a screw-capped 5 mm NMR
tube and examined b$P NMR spectroscopy, showing essentially
complete conversion to (dcpe)Pt{@Rr), (0 48.4 Jep = 3315 Hz)).
Water (0.3uL, 17 umol, 1.3 equiv/Pt) was then added and the reaction
monitored vs time by'P NMR. After 30 min, about 15% of the (dcpe)-
Pt(O4-Pr), complex had hydrolyzed to (dcpe)Pt{&?r)(OH), and after
24 h, the solution composition was determined to be about 4% (dcpe)-
Pt(O4-Pr), 42% (dcpe)Pt(Q-Pr)(OH) © 52.6 Jpp = 3267 Hz), 49.7
(Jpp = 3301 Hz),Jpp = 1.8 Hz), 45% (dcpe)Pt(OH)d 53.0 Jpp =
3241 Hz)), 6% (dcpe)Pt(Cl)(OH), and 2% (dcpe)BtCINote: Near-
stoichiometric quantities of water were used in these studies to minimize
the effect of hydrogen-bonding by excess water on3echemical
shifts and on the PtP coupling constants.Under the conditions used
here, the peak positions and couplings for compounds that could be

and precipitation with hexane yielded a product (189 mg) that contained observed in both the absence and the presence of water agreed within

only about 15% (dppm)Pt(C4p(identified by comparison 6P NMR
data with those of an authentic sample; vide infra). Two other
significant products were present. The major product (ca. 65%)
exhibited the splitting pattern of an AB spin system in #e NMR
spectrum (CRCly) at 6 23.0 Jpr = 3511 Hz) and 1.8Jp = 4211

Hz) with Jpp = 29 Hz. The minor product (ca. 20%) also exhibited
the splitting pattern of an AB spin system@&®5.0 Jpip = 3434 Hz)

and 0.6 gpp = 4304 Hz) withJep = 29 Hz. A H NMR spectrum
showed doubletsJén = 12 Hz) with shoulders attributed t&P
satellites for the PCH, groups of the unknown products &t2.22

5 Hz.)

Reaction of (dppp)Pt(CGs) with (PPN)CI. The complex (dppp)-
Pt(CQy) (6.2 mg, 9.3umol) and [(PRPLN*][CI] ((PPN)CI (22.2 mg,
38.7umol, 4.2 equiv; vacuum-dried at 10Q@)) were nearly dissolved
in CD,Cl; (0.65 mL) in a screw-capped 5 mm NMR tube under argon.
3P NMR spectra taken at both 1.25 and 20 h showed that the solution
composition was approximately 90% (dppp)Ptgrénd 10% (dppp)-
PtCh. Five hours after addition of water ¢l ), a 3'P NMR spectrum
showed that the solution composition was now 86% (dppp)P#CO
and 14% (dppp)PtGl
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Reaction of (dppp)PtCk with PPh,Bn. The complex (dppp)Ptel Table 2. Crystallographic Data for (dppp)Pt(Gand
(9.0 mg, 13.3zmol) and benzyldiphenylphosphine (BRBh, 6.1 mg, (dppp)Pt(CQ):CHLCIA

22.1umol, 1.7 equiv) were dissolved in GDI, in a screw-capped 5 d Pt(C d P{(CQ)-CH.CI
mm NMR tube under argon3P NMR spectra taken at both 0.5 and (dppR)PUCQ) (dppR)PUCQ)-CHLCL,
4 h showed, in addition to free PFBN, that the solution composition formula PtRO;CagH26 PtRO;CagHa6"CHCl,
was approximately 25% (dppp)PtCland 75% [(dppp)Pt(PBh fw 627/'56 725%50
Bn)CIF][CI~]. (The latter complex was identified by its characteristic s;}l\ace group 5013%(2'\‘8' 14) P111 (7:‘9202 14)
3P NMR spectrumd 17.9 (dd,Jpp = 388, 16 Hz,Jpp = 2409 Hz), -362(8) 144(2)

" P - b/A 14.743(6) 15.526(3)
—0.4 (dd,Jpr = 388, 30 Hz Jpp = 2268 Hz),—1.9 (dd,Jpp = 30, 16 oA 19.183(10) 15.866(3)
Hz, Jpe= 3435 Hz)), analogous3 Io that of closely related compléké3, pldeg 122.69(6) 101.58(1)
After addition of water (SuL), *'P NMR spectra taken at both 2 and V/A3 2466.3(14) 2834.1(8)
20 h showed that the solution Pt composition had shifted to 9% (dppp)- Z 4 4
PtChL and 91% [(dppp)Pt(PBBn)CI][CI]. TIK 200 ~298

X-ray Crystal Structure Determinations. A. (dppp)Pt(CO3). MR . 0.710 69 0.71069
Crystals of (dppp)Pt(C§ were obtained by carefully layering a Pcalcc/glcm 1.798 1.763
dichloromethane solution of the compound with ether to permit slow plem 61.4 55.4
R(Fo)P 0.0781 0.0714

diffusion to occur. X-ray diffraction data were obtained with an Enraf- c
Nonius CAD-4 diffractometer using graphite-monochromated Mo K Ru(Fo) 0.0766 0.0586
radiation. The crystal system was monoclinic, and from the systematic 2 Numbers given in parentheses in this and subsequent tables are

absences, the space group was unambiguously determinedPf/be estimated standard deviations in the least significant dight®jF,)
The cell parameters were obtained by a least-squares fit’of simlues = Y IFol = IFcll/YIFol. ¢ Ru(Fo) = (SW(|Fo| — [Fcl)2/yw|Fo?)Y2.

for 25 reflections in the range°8< 6 < 10°, each of which was . )

measured at two equivalent positions (one with posiiead one with Table 3. Selected Distances (A) in (dppp)Pt(§O

negativef). Integrated intensities were measureddigd scans with w/oDMa  w DMP w/oDM2  w DMP

an w-scan width of (1.00+ 0.35 tan6)°, using varying scan speeds_ PLP1 2216(5) 2226(6) C103 1228(18) 1.290(25)
determined by a prescan. Lorentz, polarization, and absorption P-P2 2214(5) 2220(5) PiC2 1.802(16) 1.820(24)
corrections were applied, the last based/oscans? A partial structure Pt—O1 2:063(11) 2:052(1 4) P4 1 828(17) 1:826(2 4)
was found using direct methoéfs.All remaining non-hydrogen atoms Pt-02 2.075(11) 2.066(13) C23 1.561(33) 1.425(33)

were found in successive difference maps after refinements by c1-01 1.354(24) 1.341(26) G3C4 1.554(23) 1.456(40)
difference Fourier method$. The positional and isotropic displacement  C1-02 1.332(22) 1.313(29)

parameters so obtained were then used as starting input to a full-matrix, ) . .
least-squares refinemetit. Atomic positional and anisotropic displace- Structure without dichloromethane solvatté&tructure with solvate.
ment parameters were varied, together with the scale factor, converging
with Alg < 0.01. The extinction correction was omitted after the t,pie 4. Selected Angles (deg) in (dppp)Pt(§O
extinction coefficient failed to assume a significant valtieThe
quantity minimized wasw||Fo| — |F¢/|2 with weightsw = 1/0%(F,) w/o DM w DMP w/o DM w DMP
ando?(Fo) = océ + (0.0F,)% whereocd is the variance due to counting  P1-Pt—P2  96.0(2) 95.5(2) 01C1-02 112.5(13) 116.6(17)
statistics. Atomic scattering factors were those as calculated by CromerP1-Pt—02 101.1(3) 99.8(4) 0O1C1-03 123.2(17) 120.6(21)
and Wabet® Anomalous dispersion corrections were includeéd. P2-Pt-=O1 97.5(4) 98.3(4) 02C1-03 124.3(18) 122.7(20)
Residual maxima in the final difference Fourier map w2% near O1-Pt-0O2 65.3(5) 66.5(5) PtP1-C2 119.6(7) 120.9(8)
and relative to the Pt atom. Crystallographic data and selected bond P1-Pt-O1 166.4(4) 166.3(4) PtP2-C4 119.1(7) 121.4(7)
distances and angles are given in Tables42 Additional crystal- Ezfgifoczl 1852(% 12;';(11)2 ggi*gg iﬁg(ig) ﬂig(ig)
lographic details are provided in the Supporting Information. An bt ox_ 1(10) 3(12) . 012) 0(18)
IS ¢ Jed Pt-02-C1 91.0(10) 88.5(11) G2C3-C4 110.3(15) 128.2(24)
ORTER! drawing is shown in Figure 1 (left). ] ) _

B. (dppp)Pt(CO3)-CH.Cl,. Crystals of (dppp)Pt(C§CH:Cl, a Structure without dichloromethane solvat&tructure with solvate.
were obtained in the course of trying to crystallize (dppp)Pt(1,2,4-
butanetriolate}. After multiple crystallizations from dichloromethane
ether, the dichloromethane solvate of the carbonate complex was
obtained as determined by the subsequent X-ray structural study. The
crystal system, space group, and cell parameters were obtained as
described above, the last values from 25 reflections in the rarfye 10

(11) Oliver, D. L.; Anderson, G. KPolyhedron1992 11, 2415-2420.

(12) Anderson, G. K.; Lumetta, G. lhorg. Chem1987, 26, 1518-1524.

(13) Davies, J. A; Hartley, F. R.; Murray, S. Gorg. Chem.198Q 19,
2299-2303.

(14) Fair, C. K. MolEN. An Interactie Intelligent System for Crystal
Analysis Enraf-Nonius: Delft, The Netherlands, 1990.

(15) Gilmore, G. JMITHRIL. A Computer Program for the Automatic
Solution of Crystal Structures from X-ray Dat®epartment of
Chemistry, University of Glasgow: Glasgow, Scotland, 1983.

(16) Sheldrick, G. MSHELX-76 Program for Crystal Structure Deter- Figure 1. ORTEP drawings (50% probability level) of (dppp)Pt(§O

7y len STty of Cambiace: Canbrdge, ENGOTS 1976ty and (Gppp)PHCO-CHCl (1), Atom abel for he o

Refinement Procedur&niversity of Pittsburgh: Pittsburgh, PA, 1987. structures are the same.

(18) Becker, P. J.; Coppens, Rcta Crystallogr, Sect. A1974 30, 129—
147.

(19) Cromer, D. T.; Waber, J. T. linternational Tables for X-ray 6 < 15°. Data collection, corrections, and structure refinement were
Crystallography Kynoch Press: Birmingham, England, 1974; Vol.  the same as described above. Residual maxima in the final difference
IV, pp 71-147. Fourier map weret1% near and relative to the Pt atom. Crystal-

(20) Cromer, D. T.; Ibers, J. A. Irinternational Tables for X-ray ; ; ; ;
Crystallography Kynoch Press: Birmingham, England, 1974; Vol. lographic data a’?‘?' selected bond dls_tances_ and angle; are given in
IV, pp 148-151. Tables 2-4. Additional crystallographic details are provided in the

(21) Johnson, C. K. ORTEPII. Report ORNL-5138; Oak Ridge National Supporting Information. An ORTEP drawing is shown in Figure 1

Laboratory: Oak Ridge, TN, 1976. (right).




(Diphosphine)platinum(ll) Carbonate Complexes

Results and Discussion

Syntheses. (LL)Pt(COs) complexes have been known for
some time, generally having been prepared either from (LL)-
Pt(Q) and CQ%>7 or from (LL)PtChb and AgCO335
Platinum carbonate complexes have also been observed to for
from adventitious “decomposition” reactions of platinum hydride
complexed>23 or, more recently, from reactions of hydroxide
or oxalate complexe®?+26 The (LL)Pt(Q) route to carbonate

complexes did not appear to offer the generality that we needed,

particularly for future studies with other metals. In addition,
the dioxygen complexes require a multistep synthesis from
standard platinum starting materials. The simplicity and
potential generality of the metal chloride silver carbonate
route to carbonate complexes was appealing, but our initial

attempts to reproduce these preparations led to only slow, partial
conversion to the desired product. We therefore conducted a

detailed study of the synthesis of these complexes, resulting in
both new and improved preparations and a number of new
complexes (Table 1).

No reaction at all occurs between (dppe)Rtaid AgCO;
in dichloromethane over a period of 24 h when the reagents
and solvents are rigorously anhydrous. With reagent grade
dichloromethane off the shelf, the reaction went to completion,
but took 3 days. An attempt was made to catalyze the reaction
by the addition of triphenylphosphine, which is known to
displace a chloride ion from (LL)Ptgto form [(LL)PtL'CI]*™
specied?13 Catalysis was indeed observed, but isolation of the
product carbonate was then complicated by solubilization of
the silver chloride byproduct through complexation with the
triphenylphosphiné? The observation that water enhances the
formation of the above mentioned [(LL)P{I]™ species (see
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Of the (diphosphine)platinum(ll) chlorides treated with silver
carbonate to date, the only ones that have failed to give the
corresponding carbonate in good yield have been (dppmy)PtCI
((CgFs5)2PCHCH,P(GsFs)2) PtCh ((CeFs)2PCHCHP(CeFs)2 =

fppe), and (Mg?CH,.CH,PMe)PtChL. For dppm, decomposi-

ion of the product carbonate is competitive with its formation.
The two major decomposition products have not been identified,
but both no longer appear to have a chelated dppm ligand since
the 3P chemical shifts are now in the range 6 ppm rather
than the ca—60 ppm region typically observed for chelated
dppm?® Futhermore,'H NMR suggests that one of these
products is a platinum hydride complea 1.42 (d Opy =
1.3 Hz), Jpiy = 410 Hz)). Details of the reactions involving
the latter chlorides can be found in the Supporting Information.

Prior to solving the problems associated with the silver
carbonate route, we examined the hydrolysis of (LL)Pt-
(alkoxide) complexes in the presence of carbon dioxide as a
synthetic method (eq 2). This new technique worked well for
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Experimental Section) suggested that water might also enhance

the silver carbonate reaction. This led to the discovery that
conversion of (dppe)Ptelto (dppe)Pt(C@) by the action of
silver carbonate is complete in gnB h atroom temperature
when the dichloromethane is saturated with water (eq 1).
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This route is the preferred method for preparing these
complexes; yields are generally in excess of 80%. Use of
commercially available AG3CO; allows preparation of corre-
sponding isotopically labeled complexes, which has facilitated
IR and NMR spectroscopic characterization of the carbonate
ligand. The greatest drawback is the large volume of solvent
often required because of the low solubility of most of the

the preparation of (dppp)Pt(GPand (dcpe)Pt(Ce¢), provided

that the solvent employed dissolves the sodium isopropoxide
(e.g., THF) and that the resulting solutions are filtered to remove
the precipitated NaCl before treatment with water and carbon
dioxide. The desired product precipitates out in good yield.
For other phosphines, i.e., dppe and especially dppm, colored
byproducts were often observed in the preparation of the
intermediate isoproxide complexes. This is presumably due to
p-hydrogen elimination reactions to give Pt(0)-derived com-
plexes, as observed for (dppe)Pt(ONRE) Furthermore, similar
problems were observed in attempts to prepare palladium
carbonate complexés. The use of alkoxides lacking-hydro-
gens was therefore investigated. Serious decomposition prob-
lems were encountered with potassitert-butoxide, even with
(dppp)PtCl, perhaps due to the high basicity and reduction
potential of tert-butoxide or to the generation of unstable
platinum hydroxide complexes from thert-butoxide3232 The

less basic potassium trimethylsiloxide proved more successful,
but different problems ensuéé3*3> The most successful

starting chlorides and product carbonates. This synthetic methodvariation on this approach employed phenoxides. The

was recently successfully extended to the preparation of the
palladium complexes (dppp)Pd(GCand (dcpe)Pd(Cg.28

(22) Robertson, G. B.; Tucker, P. Acta Crystallogr.1983 C39, 858—
860.

(23) Davies, J. A.; Eagle, C. T.; Pinkerton, A. A.; SyedARta Crystallogr.
1987 C43 1547-1549.

(24) Miyamoto, T. K.; Suzuki, Y.; Ichida, HBull. Chem. Soc. Jpri992
65, 3386-3397.

(25) Porta, F.; Ragaini, F.; Cenini, S.; Sciacovelli, O.; Camporeale, M.
Inorg. Chim. Actal99Q 173 229-235.

(26) Olgenidler, B.; Olgemdler, L.; Beck, W.Chem. Ber.1981, 114
2971-2978.

(27) Cotton, F. A.; Wilkinson, GAdvanced Inorganic Chemistry: A
Comprehensie Text 3rd ed.; Interscience: New York, 1972; pp
1047-1048.

methoxy derivative was chosen to minimize the acidity of the
product phenol on hydrolysis, since such acidity could either
inhibit the hydrolysis or lead to strong hydrogen bonding of

(28) Koenig, K. S.; Mandal, S. K. Unpublished results.

(29) Garrou, P. EChem. Re. 1981 81, 229-266.

(30) Bryndza, H. E.; Calabrese, J. C.; Marsi, M.; Roe, D. C.; Tam, W.;
Bercaw, J. EJ. Am. Chem. S0d.986 108 4805-4813.

(31) Gould, G. L. Unpublished results.

(32) Ladipo, F. T.; Kooti, M.; Merola, J. $norg. Chem1993 32, 1681~

1688.

(33) Woerpel, K. A.; Bergman, R. G. Am. Chem. So&993 115, 7888~
7889.

(34) Andrews, M. A.; Gould, G. L.; Voss, E. lhorg. Chem.1996 35,
5740-5742.

(35) Andrews, M. A.; Gould, G. LOrganometallics1991, 10, 387—389.
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the phenol to the product carbonaf®. This route worked well

in the few cases tried and is, in fact, the only method we have
found to prepare pure (dppm)Pt(6)O Interestingly, reaction

of (dppm)PtC4 with sodiump-methoxyphenoxide required at

Andrews et al.

has reported IR data for (EfLPt(CQ;) complexes derived from
labeled dioxygen containing significant amounts of all three
stable oxygen isotope¥’Q, 170, and®0).25 The reported band
shifts are inexplicably small, i.e., only-8.0 cnTl. We had

least 3 equiv of phenoxide rather than the expected 2 equiv tohoped that infrared spectra of the fully-labefé€ carbonate

give complete conversion to (dppm)Pt(OAr)t is possible that
this is due to deprotonation of the dppm methylene carbon to
give [(PhPCHPPR)Pt(OAr)]~, which is reprotonated upon
hydrolysis and carboxylatiof!.

Reaction Intermediates. While this work was in progress,
the synthesis of (M#),Pt(OH), from the corresponding dini-
trate complex was reported, along with its reaction with carbon
dioxide to give (MgP)Pt(C(;).2* Such hydroxide complexes

are undoubtedly intermediates in our alkoxide-mediated carbon-

complexes prepared in the present work would clarify and
confirm the previous metal carbonate vibrational studies.
Instead, more anomalous findings emerged. First is the
multiplicity of bands observed between 1600 and 1700%m
both in the solid state (Nujol mull and KBr disk) and in solution
(CDCl): 1675 (vs) and 1631 (m) cm for (PhsP),Pt(CG;) and
1644 (sh), 1631 (vs), 1581 (m), and 1570 (m)@érfor (PhsP)-
Pt(3CO;); see Supporting Information for illustrative spectra.
Only one fundamental carbonate vibrational mode is expected

ate syntheses as well. Indeed, a number of intermediates andn this region, namely the €0 stretch” The extra band or

hydrolysis products can be observed during the reaction of (LL)-
PtCkL with alkoxide anions and water, including species assigned
to be (LL)Pt(O#-Pr)(CI), (LL)Pt(OH)(CI), (LL)Pt(Oi-Pr), (LL)-
Pt(O4-Pr)(OH), and (LL)Pt(OH) on the basis of'P NMR data
and the systematic variation of solution composition as a
function of reaction stoichiometry and the intentional addition
of water. A representativé’P NMR study is given in the
Experimental Section for the (dcpe)Pt series. A characteristic
feature observed for all the asymmetric (LL)Pt(CI)(OR) com-

bands are plausibly attributed to an overtone of the out-of-plane
carbonate bending mode at 818 (m)@ni2 x 818= 1636~

1631 cnt?) whose intensity is enhanced by Fermi resonance
with the G=0 stretch (1675 cmt). More disturbing is the large
isotope shift observed for these bands, as much as@snt?.

This is more than the ca. 37 cthexpected for an isolated=<€0
oscillator with a vibrational frequency of 1675 cifor the
12Cc=160 species. We considered the possibility that these
anomalous results were due to the presence of complexes

plexes is the accentuated difference between the values of thecontaining®0-labeled species as well &C-labeled species,

two 19%Pt—31P coupling constants compared to the values found
for the corresponding symmetrical complexes. Ts—= 3539
Hz for (dcpe)PtG and 3315 Hz for (dcpe)Pt(@Pr), while
(dcpe)Pt(OrPr)(CI) hasJpip = 4026 and 2988 Hz.

NMR Spectral Data. Selected?’P and!3C NMR spectral

as this could explain both the large shifts and extra band
multiciplities. This is ruled out by the mass spectrometric
observation of nearly pur€C%0, in the direct-inlet decom-
position of the precursor A4CQO; and statements from the
supplier that, on the basis of the method of synthesis!¥be

data for the carbonate complexes are given in Table 1. The|abeled silver carbonate should not have signifiédtcontent.
19%pt-31p coupling constants are intermediate between those The asymmetric €O stretch at ca. 1200 crh also shifts

observed for the corresponding dichloride and dialkoxide
complexes. Thé3C chemical shifts of these platinum com-
plexes (165-170 ppm), determined here for the first time, fall

substantially on isotopic substitution (ca.-4%0 cnt?), but the
complexity and variation of the band shapes in that spectral
area upon isotopic substitution precluded definitive analysis. The

in the same range as those previously observed for (ammine)-symmetric G-O stretch at ca. 985 cr showed relatively little

Cd"(carbonate) complex&s®® and for carbonyl phosphine
carbonate complexes of tungsten and rutherfitin€oupling
of the carbonate carbon to bot¥¥Pt and®'P is observed?(pic
~ 60 HZ,BJPC ~ 4 HZ)

Vibrational Spectra. The vibrational spectroscopy of metal
carbonate complexes, such as [GNH3)4(CO3)]*, has in
principle been rather well-investigatéd*” and includes two
normal-coordinate analysé%*® Surprisingly though, these have
not been confirmed by isotopic labeling. One synthetic study

(36) Kegley, S. E.; Schaverien, C. J.; Freudenberger, J. H.; Bergman, R.
G.; Nolan, S. P.; Hoff, C. DJ. Am. Chem. S0d.987, 109, 6563—
6565.

(37) Cf.: Li, J. J. J.; Sharp, P. Raorg. Chem.1994 33, 183-184 and
references therein.

(38) Massoud, S. S.; Milburn, R. Mnorg. Chim. Actal988 154, 115~
1109.

(39) Woon, T.-C.; O'Connor, JAust. J. Chem1979 32, 1661-1667.

(40) Allen, D. L.; Green, M. L. H.; Bandy, J. Al. Chem. Sog¢Dalton
Trans.199Q 541-549.

(41) Goldsmith, J. A.; Ross, S. CBpectrochim. Actd 968 24A 993—
998.

(42) Gatehouse, B. M.; Livingstone, S. E.; Nyholm, R.JSChem. Soc.
1958 3137-3142.

(43) Nakamoto, K.; Fujita, J.; Tanaka, S.; Kobayashi, MAm. Chem.
Soc.1957, 79, 4904-4908.

(44) Goldsmith, J. A.; Ross, S. [Bpectrochim. Actd 967, 23A 1909-
1915.

(45) Greenaway, A. M.; Dasgupta, T. P.; Koshy, K. C.; Sadler, G. G.
Spectrochim. Actd986 42A 949-954.

(46) Healy, P. C.; White, A. HSpectrochim. Actd973 29A 1191-1195.

(47) Elliott, H.; Hathaway, B. JSpectrochim. Acta965 21, 10471054.

(48) Fujita, J.; Martell, A. E.; Nakamoto, K. Chem. Physl962 36, 339~
345.

(49) Hester, R. E.; Grossman, W. E.lhorg. Chem1966 5, 1308-1312.

shift. Finally, the carbonate out-of-plane bending mode at 818
cmt for (PhsP)LPt(CQs) shifts 25 cnt! to 793 cnt?! for the
labeled complex.

X-ray Structures. Single-crystal X-ray structural studies
have been performed on two different crystalline modifications
of (dppp)Pt(CQ), one with a dichloromethane of solvation and
the other without. Selected bond distances and angles are given
in Tables 3 and 4. Aside from conformational differences
primarily associated with the phenyl groups (see Table S10 of
dihedral angles in Supporting Information), the structures are
nearly identical. The only significant differences in bond
distances and angles involve the center methylene carbon (C3)
of the dppp ligand. From Figure 1 (right) it can be seen that in
the room-temperature, solvated structure this carbon has rather
high displacement amplitudes, leading to shortened bond
distances and a larger EZ3—C4 bond angle due to fitting of
the banana-shaped electron-density distribution with an el-
lipsoidal function. In the low-temperature structure of the
unsolvated complex (Figure 1, left), these displacements are
lower, yielding more accurate bond distances and angles. In
both structures the Pdppp six-membered chelate ring adopts
a flattened-chair cyclohexane form, as commonly obsekved.
number of apparent €H---O and, in the solvated structure,
C—H---Cl weak, intra- and intermolecular hydrogen-bonding
interactions are observed {HO < 2.5 A and H:-Cl < 3.2 A;
see Tables S11 and S12 and descriptive information in the
Supporting Information). The carbonate ligand bond distances
and angles show no statistically significant differences in any
of the total of five (LL)Pt(CQ) complexes that have been
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studied by single-crystal X-ray diffraction, namely L& stretching frequencies, do not change sufficiently as a function
(PMe3),,24 (PER),,22 (PH-Pr3)2,22 (PPh), (two crystalline of phosphine to permit systematic correlations with, e.g.,
forms) 5051 and dppp (the present work), except for the BMe  phosphine basicify or diol binding constant’. Apparently, the

complex, which has a very asymmetric carbonate ligand, electronic effect of the phosphines is not efficiently transmitted
possibly due to hydrogen-bonding interactions with the water to the G=0 portion of the carbonate ligand. Phosphine basicity

molecules present. does, however, appear to be linked to the synthetic difficulties
we encountered, the greatest problems occurring with the
Conclusions electron-deficient dppm and dfppe carbonate complexes. We

believe that this may be due to their higher tendency to undergo

Platinum carbonate complexes have proven to be useful decomposition via ligand-induced loss of carbon dioxide to
synthetic intermediates for the preparation of a wide range of generate reactive platinum oxo species as evidenced by the
P©,2:5253pfl 1.7.54.553nd even PX complexe$® The formation exchange and phosphine oxidation reactions of (dppp)R)(CO
of volatile byproducts, e.g., GQand HO, in these reactions  reported elswher#.
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