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between methyl groups of the ligand and the coordination
sphere of Ti(IIT)). Activation parameters are consistent with
this interpretation.
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Maetal-Assisted, Facile Syntheses of Chelating Triphosphine Ligands on Platinum(II)’
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Chelated unsymmetrical triphosphine ligands of the type R,PCH,CH,CH,P(Ph)CH,CH,PR’; and R,PCH,CH,CH,P-
(Ph)CH,CH,CH,PR"; (R =R’ = C¢Hs; R = R’ = CH,;; R = C¢H,;, R” = C¢Hj) can be synthesized rapidly on platinum
by Et;N-catalyzed condensation of simpler phosphine units onto a coordinated secondary phosphine. The resulting
[PtCl(triphos)]X (X = Cl, AsF,) complexes are characterized by elemental analyses and by 'H, 3'P, and 9Pt NMR
spectroscopy. For those complexes that contain a five-membered chelate ring, the 19°Pt § values are shifted to higher fields,
whereas the 3'P § values are shifted to lower fields, when compared with analogous phosphino groups in six-membered

chelate rings.

Introduction

During the past 20 years, tremendous interest and research
activity has been expanded on transition-metal complexes of
polydentate ligands. Particularly, the syntheses of the tetra-
dentate “tripod-like” ligands of the type

by the research groups of Venanzi,? Meek,> and Sacconi® in
the 60s and early 70s depended on Grignard or alkali-metal
organophosphide reagents. However, complete variation of
the donor groups A, B, C, and D, as well as the length of the
connecting chain, was limited by the availability and stability
of the appropriate organic halides. During the 70s the research
groups of King’ and Meek?® developed two valuable alternatives
for general syntheses of polydentate ligands containing ethylene
chains, i.e., the base- and radical-catalyzed addition of P-H,
As-H, and S~H across the double bond of a vinyl group. Thus,
by choosing the appropriate route and reagents, one can now
“tailor-make” polydentate ligands to incorporate just about
any electronic and/or steric effect desired.” However, the

(1) Condensed in part from: Waid, R. D. Ph.D. Dissertation, The QOhio
State University, Columbus, OH, 1982,

(2) Venanzi, L. M. Angew. Chem. 1964, 76, 621—628; Angew. Chem., Int.
Ed. Engl. 1964, 3, 453-460.

(3) (a) Benner, G. S.; Hatfield, W. E.; Meek, D. W. Inorg. Chem. 1964,
3, 1544-1549. (b) Dyer, G.; Meek, D. W. Ibid. 1965, 4, 1398-1402.
(c) McAuliffe, C. A.; Meek, D. W. Inorg. Chim. Acta 1971, 5, 270-272;
(d) DuBois, D. L.; Meek, D. W. Inorg. Chem. 1976, 15, 3076-3083.

(4) (a) Sacconi, L., Coord. Chem. Revs. 1972, 8, 351-367. (b) Sacconi,
L. J. Chem. Soc. A 1970, 248-256. (c) Morrassi, R.; Bertini, I., Sac-
coni, L. Coord. Chem. Rev. 1973, 11, 343-402.

(5) (a) King, R. B. Acc. Chem. Res. 1972, 5, 177-185. (b) King, R. B,;
Cloyd, J. C., Jr. J. Am. Chem. Soc. 1975, 97, 53—60. (c) King, R. B.;
Bakos, J., Hoff, C. D.; Marko, L. J. Org. Chem. 1979, 44, 3095-3100.

(6) (a) DuBois, D. L.; Myers, W. H.; Meek, D. W. J. Chem. Soc. Dalton
Trans. 1975, 1011-1015. (b) Uriarte, R.; Mazanec, T. J.; Tau, K. D;
Meek, D. W. Inorg. Chem. 1980, 19, 79-85. (c) Uriarte, R. Ph.D.
Dissertation, The Ohio State University, Columbus, OH, 1978.

(7) Meek, D. W. In “Homogeneous Catalysis with Metal Phosphine
Complexes”™; Pignolet, L., Ed.; Plenum Press: New York, 1983; Chapter
8.
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practical problem of purification of the ligand, often a high-
boiling oil, still exists, particularly if the ligand has been
constructed from 3-4 fragments.

Triphosphine ligands that contain trimethylene chains are
valuable chelating ligands with the larger transition-metal ions
(e.g., Rh, Pt, Ir, Ru),} and such ligands are becoming in-
creasingly important in the areas of catalysis, asymmetric
synthesis, and organometallic stereochemistry.” In an effort
to develop easier routes to a wide variety of R,P(CH,),-
(R)P(CH,),,PR”, ligands (n = 1-4, m = 2,3), we have ex-
amined metal-assisted coupling of vinyl-, allyl-, and (3-
chloropropyl)phosphine units to coordinated secondary
phosphines.!? This report describes the successful, high-yield
syntheses of five triphosphine ligands, including two new ones,
on platinum.

Results and Discussion

Symmetric triphosphine ligands such as PhP-
(CH,CH,CH,PPh,), (ttp) and PhP(CH,CH,PPh,), (etp),
which have been used by our research group for several years,
have previously been synthesized via coupling reactions be-
tween alkali-metal phosphides (e.g., Li,PPh) and chloro-
alkylphosphines or by the radical addition of a P-H bond

(8) (a) Mason, R.; Meek, D. W. Angew. Chem. 1978, 90, 195; Angew.
Chem., Int. Ed. Engl. 1978, 17, 183. (b) Mazanec, T. J.; Meek, D. W.
Acc. Chem. Res. 1981, 14, 266.

(9) (a) Unruh, J. D.; Wells, W. J,, III U.S. Patent 4,138,420, 1979. (b)
Unruh, J. D.; Wade, L. E. U.S. Patent 4,139,565, 1979. (c¢) Unruh, J.
D.; Christenson, J. R. J. Mol. Catal. 1982, 14, 19.

(10) (a) Waid, R. D. Ph.D. Dissertation, The Ohio State University, Co-
lumbus, OH, 1982. (b) Waid, R. D.; Meek, D. W., Organometallics,
1983, 2, 932 (ligand syntheses assisted by rhodium complexes). (c)
Noble, R. L., unpublished data on ligand syntheses assisted by palladium
complexes.

(11) The ligand abbreviations ttp and etp were derived from the lengths of
the alkyl chains connecting the phosphorus atoms, i.e., trimethylene- and
ethylenetriphosphine, respectively. The nonsymmetric triphosphine
Ph,PCH,CH,P(Ph)CH,CH,CH,PPh, is then abbreviated eptp. The
secondary diphosphine (C¢H;),PCH,CH,CH,P(Ph)H is abbreviated
ppH; analogously, (C¢H,;),PCH,CH,CH,P(Ph)H is labeled cyppH.
The other unsymmetrical triphosphine ligands are shown by the for-
mulas that specify the length of the connecting chain in abbreviated
form, i.e., PC,P and PC,P = (CH,); and (CH,), connectors, respec-
tively.

© 1984 American Chemical Society



Syntheses of Chelating Triphosphine Ligands Inorganic Chemistry, Vol. 23, No. 6, 1984 779

Table . 'P{'H} Spectral Parameters for Three Pt(I1)-Triphosphine Complexes Prepared by Et,N-Catalyzed Condensations®?

complex 2N 5Py 5pg  pa-Py VPa-pg VPp-Py  VRtps  Vptpy "Jpt-pg
[PtCI{Ph,PC,P(Ph)C,PPh,} | Asl', © 50.6 32.1 42 6.0 376 27.0 2349 3118 2246
[PtCl{Ph,PC,P(Ph)C,PPh,}]Cl 49.8 325 4.05 6.0 379 26.6 2347 3066 2241
[P1C1{(C_H, ),PC,P(PIIC,PPh,}]CI 495 33.2 9.12 5.0 349 23.6 2260 3140 2219

4@ Spin label assignment for [PtCl(eptp)]*, 1 and [PtCl(cyppep)]Cl, 2: R=C H, for cptp; R= C.H,, for cyppep
’VR ;E/\/\P’;h ’
¢ \p,/ W [

-
o pehy
4

b The chemical shift values (6) are in ppm relative to 85% H,PO, with positive values downfield from the standard; the coupling constants
(J) are in Hz. € See ref 12b.

Table II. 3'P{'H} Spectral Data for Pt(I)-Triphosphine Complexes Prepared from the Coupling Reaction®

complex 6p, 5p, 6p,  e.p, e, Vep, e, 'eer, 'Jptp,
[PtCl(1tp)]CI0-€ 37 —207 37 27 2229 3134
(PtCl(ttp)]C14 ] -39 -206 -39 265 221 3076
[PtCI{((C,H,,),PCH,CH,CH,),PPh}}CIE  —40  —204  —40 236 252 3236
[PtC1{(C,H,,),PC,P(Ph)C,PPh, }]Cl 31 -163 48 256 236 344 2110 3158 2164

9 The chemical shift values (5) arc in ppm relative to 85% H,PO, with positive values downfield from the standard; the coupling constants
(/) are in Hz. ® Solvent= ~20% CD,NO, in CH,NO,. ©P, and P, are equivalent terminal phosphorus atoms in PhP(CH,CH,CH,PR,),
molecules. @ P, =Ph,Pand P, = (C,H,,),P in the ligand Ph,PCH,CH,CH,P(Ph)CH,CH,CH,P(C,H,,),.

across an appropriate vinyl or allyl substituent.!?2 These +

. . . . PR NN PCy
synthetic routes typically required a few days for completion NS }
of the synthesis steps, isolation, and purification of a ligand, RN “
many of which were heavy oils. Pref ¢

In the present study, we have developed rapid, high-yield

syntheses of triphosphine ligands on platinum by base-cata- | (Me0)3P=0 ste.
lyzed condensation of simpler phosphine units onto a coor- I excess
dinated secondary phosphine. For example, the known com- fviny ! PR

plex [PtCl(eptp)]Cl was prepared in less than 30 min by the
triethylamine-catalyzed addition of diphenylvinylphosphine
to the P~H bond of coordinated Ph,PCH,CH,CH,P(Ph)H.

The reaction is illustrated by eq 1. The *'P {{H} NMR pa- R 66 a0 20 0 -z pew
" + Figure 1. 36.43-MHz 3P{{H} NMR spectrum of [PtCl-
PhoP AN P: NEty cat. thp/\/\p’Ph {(CsHl])2PC3P(Ph)C2PPh2}]C1 in CHzClz solution.
\P|/ H + APP"‘Z R — \P|/. + cI” (1)
o’ o o N Peng membered ring. In addition, the 2/p,_p,, coupling constant is
6 Hz; such a small value is typical of platinum-coordinated
rameters for the platinum-assisted reaction product agree very cis phosphines that are connected by a -CH,CH,~ linkage

well with an authentic sample of [PtCl(eptp)]Cl that had been (e.g., 2Jpp in PtCIEt(dppe) = <2 Hz).!"* In contrast, the values
prepared by Tau from PtCl,(COD) (COD = 1,5-cyclo- of ZJpp couplings between phosphorus nuclei that are connected
octadiene) and the free triphosphine ligand Ph,PCH,CH,P- via -CH,CH,CH,- linkages are in the range normally ob-
(Ph)CH,CH,CH,PPh,.!?* The reaction is virtually quanti- served for platinum(IT)—cis-PR; complexes, i.e., ~20-25 Hz."s
tative, since the only platinum—phosphine complex in the re- Treatment of PtCly(cyppH) (cyppH =
action mixture detectable by *'P{'H} NMR is the desired (C¢H,,),PCH,CH,CH,P(H)C¢H;) with diphenylvinyl-
[PtCl(eptp)]Cl. Further indications that P-H addition occurs phosphine in ethanol in the presence of Et;N catalyst also
to the C==C bond of Ph,PCH=CH, are found from the in- yields a facile condensation to produce the platinum complex
frared and >'P NMR spectra. In particular, the 3Ip{iH} NMR of the new triphosphine ligand Cy,PCH,CH,CH,P(Ph)-
spectrum is important (Figure 1), since the chemical shifts of CH,CH,PPh,. In the absence of Et;N, the condensation in

phosphorus nuclei incorporated into a five-membered ring ethanol is slower, requiring 12 h at room temperature. Ap-
experience large (20-30 ppm) downfield shifts compared to parently ethanol is sufficiently basic to generate a small
similar monodentate phosphines or to similar phosphorus concentration of the phosphido nucleophile, which then attacks
groups contained in six-membered rings."* Comparison of the vinyl group to produce the triphosphine ligand.

the chemical shifts for nuclei P, and Py in the complexes in In an experiment similar to the above vinyldiphenyl-
Table I with the corresponding data for those complexes that phosphine reaction, PtCl,(cyppH) was treated with allyldi-
do not contain a phosphorus atom in a five-membered chelate phenylphosphine in ethanol but no P-H reaction occurred with
ring (Table IT) show that nucleus P, is deshielded significantly the allyl group; after more than 24 h, the exclusive product
compared to PPh, groups in the ligands Ph,PCH,CH,CH,P- is [PtCl(cyppH)(allylPPh,)]Cl. In the presence of triethyl-
(Ph)CH,CH,CH,PPh, and (C4H,,),PCH,CH,CH,P(Ph)- amine, P-H addition to the allyl group does occur cleanly; the
CH,CH,CH,PPh,, in which the PPh, group is part of a six- result is a2 complicated mixture of complexes. This result is

similar to the observation that KO-t-Bu-catalyzed addition of
P-H to the C=C bond of uncoordinated allylphosphines

(12) (a) Nappier, T. E., Jr.; Meek, D. W.; Kirchner, R. M.; Ibers, J. A, J.
Am. Chem. Soc. 1973, 95, 4194. (b) Tau, K. D, Ph.D. Dissertation,
The Ohio State University, Columbus, OH, 1978.

(13) (a) Garrou, P. E. Chem. Rev. 1981, 81, 229. (b) Garrou, P. E. Inorg. (14) Baird, M. C,; Slack, D. A. Inorg. Chim. Acta 1977, 24, 277.
Chem. 1975, 14, 1435, (15) Tau, K. D.; Meek, D. W. Inorg. Chem., 1979, 18, 3574-3580.
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Table III, '*SPt{'H} NMR Data for Monomeric Platinum (11)-Phosphine Complexcs

no. complex spe? lJPt-Pla 1JPt-P2 lJPt-P3
1 cis-PtCl, (PMe,Ph), b€ —-853 3548

2 cz‘s-PtClz(PMeth),_bb'c —886 3622

3 cis-PtCl, (Pn-Bu,), *:¢ —388 3435

4 ¢is-PtCl, (PEt,), bre -932 3560

5 PtCl, (ppH) ~955 3403 3256

6 PtCl, (dppp)© ~963 3410

7 PtCl, (cyppH) -993 3303 3390

8 PtCl, (dpet) —1062 3557 3662

9 [PtClE((CEI—{“)1PCH2CH2CH,),PPh}]Cld -1185 2152 3236

10 [PtCI{(C H,,),PC,P(Ph)C,PPh,}ICI -1234 2110 3158 2164
11 [PtCl(ttp)]Cid —1240 2221 3076

12 [PtCL{(C(H,,),PC,P(Ph)C,PPh,}|CI -1295 2260 3140 2219
13 [PtCl(cptp)]ClL -1325 2347 3066 2241

@ § is given relative to cis-PtCl,(SMe,), at 0 ppm; negative values are upfield from the standard,?'® coupling constants (J) are given in Hz.
® Data from ref 21b. ¢ P, and P, arc equivalent, no P,. 9P, and P, are cquivalent.

produces a mixture of products in which phosphorus addition
occurs at both the terminal and middle carbon atoms of the
allyl group.® Although the based-catalyzed route with allyl-
diphenylphosphine produces a mixture of products, allyl-
phosphines may still be valuable building units, since Arpac
and Dahlenburg published a report, after we had completed
our study, that a radical-chain process (initiated by AIBNS?)
does produce triphosphine ligands via condensation with al-
lylphosphines.'6

The P-H bond of coordinated cyppH in the allyldi-
phenylphosphine complex [PtCl(cyppH)(allylPPh,)]Cl is
relatively acidic and undergoes exchange with methanol-d
(CH,0D). The pseudotriplet originally present in the 3P{!H}
NMR spectrum of [PtCl(cyppH)(allylPPh,)]Cl at —24.1 ppm
is split into three triplets of 1:1:1 intensity by the deuterium
nucleus (I = 1). The Upp coupling is 67 Hz; the observed ratio
Upn/"pp (430 Hz/67 Hz = 6.42) is very close to the theo-
retical ratio (yg/vp) of 6.51.17 Although deuterium exchange
has been observed previously for phenyl- and diphenyl-
phosphine in CD;0D,!” to our knowledge this is the first report
of such an exchange in a transition-metal complex of a sec-
ondary phosphine under such mild conditions. The protons
of Fe(CO),(HPPh,), do not exchange with D,0;!® however,
proton exchange has been reported for M(CO),(PH;), com-
plexes (M = Cr, Mo, W) and Cr(CO)¢_,(PH3), (n = 1-3)
when those complexes were passed through an acidic alumina
column that had been deactivated by D,O or alternatively
when they reacted in the presence of Et;N,!*

Clean, easy syntheses of chelated triphosphine ligands
containing two trimethylene chains were accomplished on
platinum by treating the PtCl,(ppH) and PtCl,(cyppH) com-
plexes with either CICH,CH,CH,PPh, or
CICH,CH,CH,PCy, in THF or ethanol in the presence of a
stoichiometric quantity of NEt;. The acidic P-H bond reacts
with NEt; to produce a metal-phosphido site which then
undergoes nucleophilic displacement of chloride from the
CICH,CH,CH,PR, molecule to form the chelated tri-
phosphine and the amine hydrochloride salt, [HNE{;]*Cl".
The *'P{!H} NMR spectral data for an authentic sample of
[PtCI(ttp)JAsF4 and for three triphosphine complexes syn-
thesized from PtCl,(ppH) and PtCly(cyppH) via the plati-
num-phosphido coupling reaction are presented in Table II.
The 3'P NMR spectra are A,;MX spin systems (Pt-P coupling
due to 33.8% !9Pt), except in the complexes of the unsym-

(16) Arpac, E.; Dahlenburg, L. Angew. Chem. Suppl. 1982, 1950~1955;
Angew. Chem., Int. Ed. Engl. 1982, 21, 931-932,

(17) Borisenki, A. A,; Sergeyev, N. M.; Ustynyerk, Y. A. Mol. Phys. 1971,
22, 715.

(18) Treichel, P. M.; Dean, W. R.; Douglas, W. M. Inorg. Chem. 1972, 11,
1609,

(19) Guggenberger, L. J; Klabunde, U.; Schunn, R. A. Inorg. Chem. 1973,
12, 1143.
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Figure 2. 36.43-MHz 3'P{'H} NMR spectrum of [PtCl-
{(C4H,,),PC;P(Ph)C;PPh,}]Cl in CH,Cl, solution.
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metrical triphosphine ligands (e.g., [PtCIl{(C¢H,,),PC;P-
(Ph)C;PPh,}]Cl), which display an ABMX spectral pattern
(Figure 2). An unambiguous assignment of chemical shifts
to the (C¢H,,),P and (C4Hs),P groups in the 3'P NMR
spectrum of [PtCI{(C4H;,),PC;P(Ph)C;PPhy}]Cl is not possible
from the spectrum alone. However, by comparison of the ép
values with those of other platinum—triphosphine complexes,
the resonances at 3.1 and 4.9 ppm are consistent with the
resonances of (C4H;),P and (C4H,,),P groups, respectively,
in other complexes with similar environments. The trans
coupling constant, 2Jp_p, of [PtCI{(C¢H,,),PC,P-
(Ph)C;PPh,)}]Cl is 344 Hz, and it is comparable to the trans
coupling observed for [PtCl(eptp)]Cl (374 Hz) and [PtCI-
{(CéHl])2PC3P(Ph)C2PPh2)}]Cl (349 HZ).

Platinum-195 NMR Spectra of the Complexes. The
shielding term, o, for platinum-195 is dominated by the
paramagnetic contribution, o;,. Although at least three factors
affect the chemical shifts of '**Pt, some empirical trends have
emerged: (a) replacement of an alkyl group by an aryl group
on a coordinated phosphorus or arsenic ligand causes an in-
creased chemical shift for platinum; (b) a decrease in the
electronegativity of the ligands bonded to platinum causes an
increased shielding of platinum; (c) increased covalent bonding
between a platinum atom and its ligands withdraws electron
density from the metal and leads to more positive (i.e.,
downfield) chemical shifts.?® Examination of the 8p, values
for complexes 1-8 in Table III (i.e., PtCl,(L-L) and cis-
PtCl,L, complexes) is consistent with trend a above. In this
series of chloride complexes, the effects of variations in trends
b and ¢ are minimized. The chemical shift values of PtCl,-
(ppH) and PtCl,(cyppH) are reversed from that expected from
trend a; this effect may result from the large disparity in size
between the Cy,P and Ph(H)P groups of cyppH. A decrease

(20) Pesek, J. J.; Mason, W. R. J. Magn. Reson. 1977, 25, 519.
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Figure 3. 64.30-MHz '%*Pt{'H} NMR spectrum of [PtCl-
{((C¢Hs),PCH,CH,CH,),PPhj]Cl in CH,Cl, solution.
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in 8p, has been observed previously on substitution of P(C¢H,,);
for P(i-C;H,); in Pt(0)—carbonyl clusters of the type Pt;-
(I'tz'co)a(pRs)3-218'b

The chemical shift of PtCl,(dpet) (~1062 ppm) is upfield
from those of PtCl,(ppH), PtCl,(cyppH), and PtCl,(dppp).?*
A major difference between PtCl,y(dpet) and the other three
compounds is the five-membered chelate ring in PtCl,(dpet),
whereas six-membered chelate rings are present in the other
compounds. A five-membered chelate ring effect (i.c., a shift
of 6p, values to higher field) also has been observed in plati-
num(II)-cycloalkane, platinum(II)-thiolato, and platinum-
(IV)-phosphino complexes.?'¢ In the case of platinum(II)-
phosphino complexes, a small effect has been reported pre-
viously between Pt(CH,),(dppp) and Pt(CH,),(dppe). How-
ever, the authors of that paper did not believe that the effect
(14 ppm) was significant when compared to the large range
of %Pt chemical shifts.”> As previously stated, when a
phosphorus atom is part of a five-membered ring, the 3'P
resonance appears significantly downfield (20-30 ppm) from
that of a comparable nonchelated phosphine.’®> Thus, these
low-field ¥'P chemical shifts are apparently concomitant with
high-field shifts in the '°SPt NMR spectra.

The five platinum(II)-triphosphine complexes in Table I1I
obey empirical observation a above; the %Pt chemical shifts
of the complexes that contain alkyl-substituted phosphines
appear at lower field than do analogous complexes of the
aryl-substituted phosphines. The !**Pt resonance of the tri-
phosphine complexes is upfield relative to the diphosphine
complexes; this shift is due to replacement of an electronegative
chloride ligand with a PR, ligand. The high-field shift has
also been rationalized as being due to a decrease in the
transition energies between the ground and excited states of
the platinum 5d and 6s electrons on formation of the cationic
complexes.?'® As noted above for the PtCl,—diphosphine
complexes that contain a five-membered chelate ring, the %Pt
chemical shifts for those [PtCl(triphos)]Cl complexes that
contain a five-membered chelate ring (eptp and
(C¢H;,),PC,P(Ph)C,PPh, ligands) also appear at higher fields
than those for platinum nuclei involved in six-membered rings
with otherwise comparable phosphino groups. The '**Pt{'H}
NMR spectrum of [PtCl{PhP(CH,CH,CH,Pcy,),}]]Cl is
presented in Figure 3; it corresponds to the X portion of an
A,MX spin system, and the !Jpp couplings, which are easily
extracted by direct measurement, agree with those obtained
from the 3'P spectrum.

(21) (a) Pregosin, P. S.; Venanzi, L. M. Inorg. Chim. Acta 1981, 48, 153.
(b) McFarlane, W. J. Chem. Soc., Dalton Trans. 1975, 324. (c)
Kennedy, J. D.; McFarlane, W.; Puddephatt, R. J.; Thompson, P. J. J.
Chem. Soc., Dalton Trans. 1976, 875.

(22) The ligand abbreviations dpet, dppp, and dppe are for Ph,PCH,CH,P-
(Ph)Et, Ph,PCH,CH,CH,PPh,, and Ph,PCH,CH,PPh,, respectively.

(23) Hietkamp, S.; Stufkens, D. J.; Vrieze, K. J. Organomet. Chem. 1979,
169, 107.
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Experimental Section

Reagents and Chemicals. The chemicals used in this research were
reagent grade and were used without further purification unless
otherwise stated. Diphenylphosphine, phenylphosphine, and di-
cyclohexylphosphine were purchased from Pressure Chemical Co.,
Pittsburgh. Allyldiphenylphosphine and vinyldiphenylphosphine were
purchased from Strem Chemical Co., Newburyport, MA. Tri-
phenylphosphine, and 1,3-dichloropropane were obtained from Aldrich
Chemical Co., Milwaukee, WI. The diphosphine ligand 1-(di-
phenylphosphino)-2-(phenylethylphosphino)ethane (dpet) was supplied
by Professor S. O. Grim, University of Maryland, College Park, MD.
The tertiary—secondary diphosphine 1-(diphenylphosphino)-3-(phe-
nylphosphino)propane (ppH) was prepared by Uriarte’s modification®
of Tau’s method.!?® Potassium tetrachloroplatinate (K,PtCl,) was
prepared from platinum metal foil. >

All solvents were reagent grade and were distilled under N, from
appropriate drying agents,? except for absolute ethanol, anhydrous
diethyl ether, and hexane, which were used as received.

Instrumentation. Infrared spectra were recorded on either a
Perkin-Elmer 337 or a Perkin-Elmer 283B grating spectrophotometer
from 4000 to 400 (P.E. 337) or 200 (P.E. 283B) cm™. The samples
were examined as pressed KBr pellet or Nujol mulls between KBr
plates. Spectra were calibrated against sharp peaks (1601.4 and 1028.0
cm™) of polystyrene film.

Continuous-wave 60-MHz proton NMR spectra were collected on
samples in 5-mm tubes on a Varian EM-360 spectrometer and
Fourier-mode proton spectra were obtained on either a Bruker HX-90
spectrometer operating at 90 MHz or a Bruker WM-300 at 300 MHz.
Phosphorus-31 NMR spectra were run on samples in 10-mm tubes
using nondeuterated solvents on the Bruker HX-90 operating at 36.43
MHz in the Fourier mode. Spectra were calibrated through the use
of coaxial insert tubes that contained trimethyl phosphate (§ = 1.59
relative to 85% H,PO,) and a deuterated solvent (e.g., acetone-dg or
toluene-ds). Spectra were often recorded both in the *H-coupled and
broad-band-noise-'H-decoupled modes.

Broad-band-noise-'H-decoupled ?*Pt NMR spectra were obtained
in 10-mm tubes at 64.30 MHz on a Bruker WM-300 spectrometer
equipped with an Aspect 2000 data system. Spectra were referenced
to an external saturated aqueous solution of K,PtCl, (+1927 ppm
relative to cis-PtCl,(S(CH,),),. 2 Chemical shifts thus determined
are reproducible to £2.0 ppm.

General Experimental Procedures. All reactions were carried out
under an atmosphere of high-purity nitrogen by the use of standard
Schlenk techniques. Solutions of air-sensitive reagents were transferred
between reaction vessels using stainless-steel or Teflon transfer tubes
or syringes flushed with nitrogen. Air-sensitive solids were transferred
in either a glovebag or a Vacuum Atmospheres HE43 drybox equipped
with an MO-40 catalyst system. Solvents were purged with purified
nitrogen for 30 min immediately before use.

The Tertiary-Secondary Diphosphine Ligand (C;H,;),PCH,C-
H,CH,P(H)C¢H;, cyppH. To a Pyrex Schlenk flask containing 25.0
g (0.126 mol) of (C¢H,,),PH dissolved in 300 mL of THF and cooled
to 0 °C was added 155 mL of a 1.2 M (1.1 equiv.) methyllithium—
diethyl ether solution. The clear solution became dark red immediately
and evolved a large quantity of methane gas. A finely divided yellow
suspension of LiPCy, appeared in the reaction vessel as it was allowed
to warm to room temperature. This suspension was transferred slowly
via a glass tube equipped with a Teflon stopcock to a second flask
containing a solution of 100 g of 1,3-dichloropropane (0.89 mol) in
200 mL of diethyl ether. The solution in the second flask was stirred
vigorously during the addition. The first reaction flask was rinsed
with 100 mL of diethyl ether after the transfer was completed, and
this rinse solution was added to the contents of the second flask.

After the solution was stirred overnight, the reaction solvents were
evaporated under reduced pressure to give a cloudy oil which was
treated with 60 mL of ethanol and 150 mL of water before being
extracted three times with 150-mL portions of diethyl ether. The
extracts were transferred to a flask containing anhydrous MgSO, and
charcoal and allowed to stand overnight. This solution was filtered
and transferred to a clean flask; the solvent was then evaporated at

(24) Kleinberg, J. K. Inorg. Synth. 1963, 7, 242.

(25) Jolly, W. L. “The Synthesis and Characterization of Inorganic
Compounds”; Prentice-Hall: Englewood Cliffs, NJ, 1970.

(26) Kerrison, S. J. S.; Sadler, P. J. J. Magn. Reson. 1978, 31, 321.
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Table IV. Llemental Analyses of Platinum(II)-Polyphosphine Complexes?

caled (found)

complex % C % H % Cl % F
PtCL, (ppH) 41.87 (41.94) 3.68 (3.73) 11.77 (11.84) 10.28 (10.61)®
PtCl, (cyppH) 41.05 (41.36) 5.58 (5.71) 11.54 (11.29)
[PtCl(eptp)}Ask, 43,42 (42.52) 3.64 (3.77) 3.66 (3.94) 11.78 (12.32)
[PtCI{((C H,,),PCH,CH,CH,),PPh}]AsF, 42.97 (42.78) 6.11 (6.32) 3.52 (3.34) 11.33 (11.57)
[PtC1{(C{H,,),PC,P(Ph)C,PPh,}] Asl, 47.34 (47.07) 6.73 (7.00) 3.89 (3.64) 1248 (12.31)
[PtC1{(C H,,),PC,P(Ph)C,PPh,}] AsE 42.89 (42.06) 4.83 (5.00) 3.62(3.44) 11.63 (11.91)

¢ Elemental analyses were performed by M-H-W Laboratories, Phoenix, AZ. b @ P in this case, instead of % F.

40 °C to yield 29.4 g of a yellowish oil. The yield of (C4H;;),PC-
H,CH,CH,CI was 84.9% based on (C¢H;,),PH.

A solution containing 22.6 g of (C¢H,,),PCH,CH,CH,Cl in 100
mL of toluene was added dropwise from a pressure-equalizing funnel
to a mechanically stirred solution of liquid ammonia at —78 °C which
contained 2.0 g of sodium metal, 9.5 g of phenylphosphine, PhPH,,
and 100 mL of diethyl ether. After addition was completed, the
ammonia was allowed to evaporate overnight. The resulting residue
in the flask was treated with 200 mL of a saturated aqueous solution
of NH,Cl, and then the organic portion was extracted with diethyl
ether, dried over MgSQ,, and isolated by removal of all volatile
materials at 50 °C and 0.1 torr. The diphosphine cyppH was generally
sufficiently pure to use as a ligand; however, purer material could
be obtained by vacuum fractional distillation on a Kugelrohr apparatus.
The fraction collected at 130-160 °C (0.1 torr) was identified as cyppH
on the basis of its infrared, 'H NMR, and *'P NMR spectra; yield
38.5 g (65%, based on (C¢H,;),PH).

Platinum(II) Complexes. PtCl,(ppH). A slurry of 0.2230 g (0.62
mmol) of PtCl,(COD) in 20 mL of benzene was treated with 1.5 mL
of a toluene solution of ppH (0.41 M, 0.62 mmol). When the reagents
were combined, the solid PtCl,(COD) rapidly dissolved and then a
white finely divided solid of PtCl,(ppH) separated. After the mixture
was filtered, additional product was obtained by reducing the filtrate
volume to 1-2 mL in a stream of N, and adding 40 mL of diethyl
ether. The total amount of product was collected on a filter, washed
with 2 X 10 mL of diethyl ether, and recrystallized from CH;NO,;
yield 0.31 g (83%); mp 220 °C dec. The elemental analyses for this
and the other platinum complexes are reported in Table IV.

PtCl,(cyppH). Substitution of the cyppH ligand for ppH in the
preceding reaction yields PtCl,(cyppH) in 86% yield based on Pt-
Cl,(COD).

[PtCI(ttp)]JCl. To a suspension of 0.278 g (0.46 mmol) of PtCl,-
(ppH) in 20 mL of THF was added with vigorous stirring 1.0 mL
of a diethyl ether solution of (C¢Hjs),PCH,CH,CH,Cl (0.53 M)
followed immediately by 1.0 mL of triethylamine; the solids dissolved.
After 1 h, a white precipitate began to appear. The mixture was stirred
overnight and the white solid was collected on a filter; it was identified
as [PtCI(ttp)]Cl by comparing its *'P{'H} NMR data with those of
an authentic sample of [PtCl(ttp)]AsFg.!2!5

[PtCH(C¢H,,),PC,P(Ph)C;PPh,}]AsF,. Addition of 1 equiv of
(C¢H,,),PCH,CH,CH,Cl dissolved in toluene to a suspension of 0.30

g (0.50 mmol) of PtCl,(ppH) in 20 mL of absolute ethanol resulted
in dissolution of all of the solid. The resulting solution was treated
with 0.5 mL of triethylamine and stirred for 8 h. Removal of solvent
at 0.1 torr and treatment with diethyl ether resulted in the precipitation
of [PtCl{(C¢H;,),PC;P(Ph)C;PPh,}]Cl. The solid complex was
collected on a filter and washed with 2 X 5 mL of water and 2 X 10
mL of diethyl ether. The compound was dissolved in ethanol and
refluxed with 1 equiv of NaAsF, to give the complex in 80% yield
on cooling the solution.

[PtCl(cyttp)]AsF¢. Substitution of PtCly(cyppH) for PtCl,(ppH)
in the above synthesis resulted in the isolation of [PtCl(cyttp)]AsF;.

[PtC)(eptp)]AsF,. A suspension of 0.30 g (0.50 mmol) of PtCl,-
(ppH) in 20 mL of ethanol was treated with 1 equiv of neat vinyl-
diphenylphosphine, whereupon all of the solid material dissolved. After
the solution was stirred for 12 h at room temperature, a white pre-
cipitate was obtained by reducing the solvent volume and treatment
with diethyl ether. The precipitate was isolated by filtration and
characterized as [PtCl(eptp)]Cl by comparison of its 3'P{!H} NMR
spectrum with that of an authentic sample.!? The chloride salt was
then treated with NaAsF; in boiling ethanol to yield [PtCl(eptp)]AsFg
in 77% yield.

[PtCE(C4H,,),PC,P(Ph)C,PPh,}]AsF,. Substitution of PtCl,-
(cyppH) for PtCl,(ppH) in the above procedure produced [PtCl-
{(C6H,1),PC;P(Ph)C,PPhy}] AsF.
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