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Reactions of alkenols withcis-Pt(Cl)2(TPPTS)2 (TPPTS) P(m-C6H4SO3Na)3) in water result in [Pt-
(η3-allyl)(TPPTS)2]+ as the exclusive platinum product with 1 equiv of oxidized alkenol. Theη3-allyl is
not fluxional in water, and the syn and anti isomers can be distinguished at room temperature. For 3-buten-
1-ol and 4-penten-1-ol, in addition to theη3-allyl complex and oxidation of the alkene, catalytic
isomerization of the alkene is observed. No reaction occurs forcis-Pt(Cl)2(P(p-tolyl)3)2, cis-Pt(Cl)(THF)-
(P(p-tolyl)3)2

+, or cis-Pt(THF)2(P(p-tolyl)3)2
2+ with the alkenols in THF, indicating the importance of

H2O. Excess Cl- inhibits the reaction. The oxidation product is selectively deuterated. These observations
are combined into a proposed mechanism.

Introduction

There exist numerous reports on the synthesis of M-allyl
compounds in organic solvents.1 In 1967, Volger and Vrieze
reported the first synthesis of a Pt(η3-allyl) compound from the
oxidative addition of an allylic halide with the zerovalent metal
center in CHCl3, as shown:2

The authors reported that the syn and anti protons on the allyl
fragment exhibited dynamic behavior in the1H NMR spectra
when the complex was dissolved in CDCl3 at room temperature.3

Formation of a single resonance for all four protons was noted.
It is well-known that the syn protons (which point away from
the metal) resonate upfield from those of the anti protons (closest
to the metal) in theη3-allyl group.1a Therefore, they proposed
that theη3-allyl form of the compound was interconverting with
theη1-allyl form. Similar dynamic behavior is thought to occur
from facile equilibration of the syn and anti protons by
“dissociation of one terminus to give anη1-allyl, followed by
rotation around the new carbon-carbon single bond, and
collapse to theη3-allyl group.”1a Many reports have focused
on factors important to the interconversion, including ligand,
solvent, and ion-induced conversion.4 These data have allowed
the synthesis of allyl compounds in either conformation. In a

reaction analogous to the one above, Pearson and Laurent
synthesizedtrans-Pt(η1-allyl)(Cl)(PEt3)2 by oxidative addition
of the allylic halide to Pt(PEt3)4 in hexanes at room temperature.4a

The crystal structure of a similar compound,trans-Pt(η1-allyl)-
(Br)(PEt3)2, was solved by Kochi et al.5 Herein, we report the
formation of stable Pt(η3-allyl) compounds from the reaction
of hydroxyl-functionalized alkenes withcis-Pt(Cl)2(TPPTS)2 in
water.

Palladium allyls are very important in a variety of coupling
reactions, including using allyl alcohols without activation.6 A
palladium allyl complex, Pd(C3H5)(TPPTS)2+ (TPPTS) P(m-
C6H4SO3Na)3), was communicated in preparation from allyl
alcohol in water.7 Use of allyl alcohol with a platinum catalyst
allowed formation ofN-allylaniline in a reaction assisted by
titanium reagents.8

Results and Discussion

Reaction of various alkenols withcis-PtCl2(TPPTS)2 in H2O
results in Pt(η3-allyl)(TPPTS)2+.

The products were characterized by NMR (1H, 31P, and195Pt)
spectroscopy and comparison to PPh3 analogues (Tables 1 and
2). In water the syn-anti fluxionality13,14was slowed such that

(1) (a) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, R. G.
Principles and Applications of Organotransition Metal Chemistry; Univer-
sity Science Books: Mill Valley, CA, 1987; pp 175-180. (b) In ref 1a,
Chapter 19.

(2) Volger, H. C.; Vrieze, K.J. Organomet. Chem.1967, 9, 527.
(3) Vrieze, K.; Volger, H. C.J. Organomet. Chem.1967, 9, 537.
(4) (a) Pearson, R. G.; Laurent, M.Isr. J. Chem.1977, 15, 243. (b)

Kurosawa, H.; Ogoshi, S.Bull. Chem. Soc. Jpn. 1998, 71, 973. (c) Carturan,
G.; Scrivanti, A.; Belluco, U.; Morandini, F.Inorg. Chim. Acta1978, 27,
37. (d) Carturan, G.; Scrivanti, A.; Belluco, U.; Morandini, F.Inorg. Chim.
Acta 1978, 26, 1. (e) Sakaki, S.; Satoh. H.; Shono, H.; Ujino, Y.
Organometallics1996, 15, 1713.

(5) Huffman, J. C.; Laurent, M. P.; Kochi, J. K.Inorg. Chem.1977,
16(10), 2639.

(6) (a) Muzart, J.Tetrahedron2005, 61, 4179 and references therein.
(b) Mandal, S. K.; Gowda, G. A. N.; Krishnamurthy, S. S.; Nethaji, M.
Dalton Trans.2003.

(7) Kinoshita, H.; Shinokubo, H.; Oshima, K.Org. Lett.2004, 6, 4085.
(8) Yang, S.-C.; Tsai, Y.-C.; Shue, Y.-J.Organometallics2001, 20, 5326.
(9) Crociani, B.; Benetollo, F.; Bertani, R.; Bombieri, G.; Meneghetti,

F.; Zanotto, L.J. Organomet. Chem.2000, 605, 28.
(10) Carfagna, C.; Galarini, R.; Linn, K.; Lopez, J. A.; Mealli, C.; Musco,

A. Organometallics1993, 12, 3019.
(11) Clark, H. C.; Kurosawa, H.Inorg. Chem.1973, 12, 357.
(12) Kurosawa, H.; Yoshida, G.J. Organomet. Chem.1976, 120, 297.
(13) Consiglio, G.; Waymouth, R. M.Chem. ReV. 1989, 89, 257.
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PtCl2(TPPTS)2 + alkenolf Pt(η3-allyl)(TPPTS)2
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alkenol)
allyl alcohol, 3-buten-1-ol, 4-penten-1-ol, 4-penten-2-ol,

2-buten-1-ol, 3-buten-2-ol, 1-penten-3-ol, 3-penten-2-ol
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the resonances could be distinguished at room temperature.
Table 3 shows the specific platinum allyl products for each
alkenol. Because of significant overlap, TOCSY was used for
1H NMR assignments (Figure 1 and Supporting Information).

Platinum(II) complexes not containing a hydride do not react
with allyl alcohol or allyl halides to give Pt(II) allyl compounds
in nonaqueous solvents. We verified this lack of reactivity by
examiningcis-PtCl2(P(p-tolyl)3)2, cis-PtCl(P(p-tolyl)3)2(THF)+,
andcis-Pt(P(p-tolyl)3)2(THF)22+ with allyl alcohol in dry THF.
No reaction was observed for any of these complexes in dry
THF. Thus, water plays a key role.

Formation of Pt(η3-C3H5)(TPPTS)2+ from allyl alcohol in
water is accompanied by stoichiometric formation of 1-hy-
droxyacetone:

Clean formation of 1-hydroxyacetone is in contrast to Wacker

(14) (a) Cotton, F. A.; Faller, J. W.; Musco, A.Inorg. Chem.1967, 6,
179. (b) Faller, J. W.; Thomsen, M. E.; Mattina, M. J.J. Am. Chem. Soc.
1971, 93, 2642. (c) Vitagliano, A.; A¨ kermark, B.; Hansson, S.Organome-
tallics 1991, 10, 2592. (d) Chowdhury, S. K.; Nandi, M.; Joshi, V. S.; Sarkar,
A. Organometallics1997, 16, 1806. (e) Frohnapfel, D. S.; White, P. S.;
Templeton, J. L.; Ru¨egger, H.; Pregosin, P. S.Organometallics1997, 16,
3737. (f) Ogasawara, M.; Takizawa, K.; Hayashi, T.Organometallics2002,
21, 4853. (g) Tjaden, E. B.; Stryker, J. M.Organometallics1992, 11, 16.
(h) Sjögren, M.; Hansson, S.; Norrby, P. O.; A¨ kermark, B.; Cucciolito, M.
E.; Vitagliano, A.Organometallics1992, 11, 3954.

Table 1. 31P and 195Pt NMR Characterization of Allyl Complexes Formed

complex δ(Pa) (ppm) 1JPt-P (Hz) 2JP-P (Hz) δ(Pb) (ppm) 1JPt-P (Hz) δ(195Pt) (ppm)

[Pt(η3-C3H5)(TPPTS)2]+ a 18.90 4014 -5391
[Pt(η3-C3H5)(PPh3)2]+ 1,b 16.14 3987
syn-[Pt(η3-C3H4Me)(TPPTS)2]+ a 23.03 3951 7.1 19.37 4202 -5379
syn-[Pt(η3-C3H4Me)(PPh3)2]+ 1,b 20.73 3939 9 17.37 4157
anti-[Pt(η3-C3H4Me)(TPPTS)2]+ a 19.53 4059 9.1 18.50 3888 -5363
anti-[Pt(η3-C3H4Me)(PPh3)2]+ 1,b 17.54 4028 10.7 16.30 3851
syn-[Pt(η3-C3H4Et)(TPPTS)2]+ a 22.80 3970 7.1 19.14 4175 -5383
syn-[Pt(η3-C3H4Et)(PPh3)2]+ 1,b 20.38 3955 9.4 17.12 4133
anti-[Pt(η3-C3H4Et)(TPPTS)2]+ a 19.60 4059 9.1 18.56 3884 -5367
anti-[Pt(η3-C3H4Et)(PPh3)2]+ 1,b 17.51 4029 10.7 16.27 3845
syn/syn-[Pt(η3-1,3-C3H3Me2)(TPPTS)2]+ a 22.06 4109 -5387
syn/syn-[Pt(η3-1,3-C3H3Me2)(PPh3)2]+ 2,b,c 20.40 4033
[Pt(η3-1,3-C3H3Me2)(TPPTS)2]+ a,d 18.36 4002 -5402
syn/anti-[Pt(η3-1,3-C3H3Me2)(TPPTS)2]+ a 21.36 3883 5.3 18.98 4143 -5353
syn/anti-[Pt(η3-1,3-C3H3Me2)(PPh3)2]+ 2,b,c 19.00 3806 17.70 4094

a Taken at room temperature in D2O. b In CDCl3. c Taken at-50 °C. d An additional isomer.

Table 2. 1H NMR Characterization of Allyl Complexes Formed and PPh3 Analogues

X

complex Ha Hb Hc Hd H CH3 CH2CH3

[Pt(η3-C3H5)(TPPTS)2]+ a,b 5.47 (m) 3.00 (m) 3.90 (br) 3.00 (m) 3.90 (br)
[Pt(η3-C3H5)(PPh3)2]Cl2,c,d 5.91 (m) 2.94 (br) 3.79(br) 2.94 (br) 3.79 (br)
[Pt(η3-C3H5)(PPh3)2]Cl2,a,c 5.69 (m) 3.42 (m)
[Pt(η3-C3H5)(PPh3)2]BF4

10,e,f 5.42 (m) 2.95 (dd) 3.82 (d)
syn-[Pt(η3-C3H4Me)(TPPTS)2]+ a,b 5.24 (dt) 2.88 (m) 3.30(br) 3.85 (m) 1.13 (br)
syn-Pt(η3-C3H4Me)(PPh3)2]Cl 12,c,d 5.26 (vbr) 2.80 (vbr) 3.14 (br) 3.68 (vbr) 1.26 (br-m)
syn-[Pt(η3-C3H4Me)(PPh3)2]Cl12,a,c 5.35 (dt) 3.10 (d) 3.95 (vbr) 1.27 (br-m)
syn-[Pt(η3-C3H4Me)(PPh3)2]ClO4

11,e,f 5.35 (m) 2.92 (m) 3.26 (br) 3.86 (m) 1.22 (br)
anti-[Pt(η3-C3H4Me)(TPPTS)2]+ a,b 5.44 (m) 2.65 (br) 4.00 (br) 4.54 (br) 0.90 (br)
anti-[Pt(η3-C3H4Me)(PPh3)2]Cl12,c,d 2.50 (vbr) 4.02 (br) 4.34 (vbr) 1.08 (br-m)
anti-[Pt(η3-C3H4Me)(PPh3)2]Cl12,a,c 5.58 (m) 4.40 (vbr) 1.05 (br-m)
anti-[Pt(η3-C3H4Me)(PPh3)2]ClO4

11,e,f 5.52 (m) 2.63 (dd) 3.94 (br) 4.44 (vbr) 1.01 (br)
syn-[Pt(η3-C3H4Et)(TPPTS)2]+ a,b 5.22 (dt) 2.88 (m) 3.43 (br) 3.81 (m) 1.21 (br), 0.67 (t)
syn-[Pt(η3-C3H4Et)(PPh3)2]BF4

9,c 5.28 (m) 2.92 (m) 3.29 (br) 3.75 (m) 1.16 (br), 0.76 (t)
anti-[Pt(η3-C3H4Et)(TPPTS)2]+ a,b 5.43 (m) 2.65 (br) 4.05 (br) 4.47 (br) 1.13 (br), 0.50 (t)
anti-[Pt(η3-C3H4Et)(PPh3)2]BF4

9,c 5.58 (m) 2.49 (m) 4.00 (br) 4.30 (br) 1.36 (br), 0.64 (t)

a Taken at room temperature.b Taken in D2O. c Taken in CDCl3. d Taken at-50 °C. e Taken in CD2Cl2. f Taken at 30°C.

Table 3. Platinum Allyl Products for Various Alkenolsa

alkenol product(s)

C3H5OH Pt(η3-C3H5)(TPPTS)2+

3-buten-1-ol syn-andanti-Pt(η3-C3H4Me)(TPPTS)2+ (2.3:1)
4-penten-1-ol syn-andanti-Pt(η3-C3H4Et)(TPPTS)2+ (2.3:1)
4-penten-2-ol syn/syn-andsyn/anti-Pt(η3-C3H3Me2)(TPPTS)2+ +

additional isomer (1:3:1)
2-buten-1-ol syn-andanti-Pt(η3-C3H4Me)(TPPTS)2+ (2.3:1)
3-buten-2-ol syn-andanti-Pt(η3-C3H4Me)(TPPTS)2+ (2.3:1)
1-penten-3-ol syn-andanti-Pt(η3-C3H4Et)(TPPTS)2+ (2.3:1)
3-penten-2-ol syn/anti-andsyn/syn-Pt(η3-C3H3Me2)(TPPTS)2 (3:1)

a Relative amounts are given as ratios.

PtCl2L2 + 2CH2dCHCH2OH + H2O f

Pt(η3-allyl)L2
+ + CH3C(O)CH2OH + H+ + 2Cl-

L ) TPPTS

Formation of [Pt(η3-allyl)(TPPTS)2] + Organometallics, Vol. 25, No. 2, 2006411



oxidation of allyl alcohol, which forms HOCH2CH2CHO, among
other products.15 When the reaction ofcis-PtCl2(TPPTS)2 with
allyl alcohol was examined in D2O, CH2DC(O)CH2OH was
formed; this again is in contrast with Wacker oxidations, where
deuterium is usually not incorporated from D2O.16 Added
chloride significantly slows the reaction of allyl alcohol with
cis-PtCl2(TPPTS)2 in water.

These observations are most consistent with the scheme
shown in Figure 2. Coordination through the double bond and

attack on the cationic complex by OH- are consistent with
previous studies17 and with the Wacker process.15,16 Perhaps
because of steric congestion or electronic differences, the alkene
complex resulting fromâ-hydride elimination in our case is not
stable and the enol is released into solution, rearranging to the
observed keto species 1-hydroxyacetone. The formed platinum
hydride has been shown to be unstable in water and can be
considered a precursor of Pt(0) in aqueous solution.18 Pt-
(TPPTS)2 can oxidatively add allyl alcohol. Dissociation of OH-

(or protonolysis and dissociation of H2O) andη1-η3 rearrange-
ment of the allyl give the observed products. The reactions in
Figure 2 generate 1 equiv of H+, consistent with the observed
pH change from 3 to 2.

We recently published a series of reactions ofcis-PtCl2-
(TPPTS)2 with ethylene, propene, butenes, and 1-hexene in
water.17aOxidation products (acetaldehyde, acetone, etc.) were
produced in stoichiometric amounts withtrans-Pt(Cl(H)(T-
PPTS)2, similar to the initial reaction described in Figure 2. For
the alkenols 3-buten-1-ol, 4-penten-1-ol, and 3-buten-2-ol,
stoichiometric quantities of the expected oxidation products are

(15) (a) Zaw, K.; Lautens, M.; Henry, P. M.Organometallics1985, 4,
1286. (b) Hamed, O.; Henry, P. M.; Thompson, C.J. Org. Chem.1999,
64, 7745.

(16) Parshall, G. W.; Ittel, S. D.Homogeneous Catalysis, 2nd ed.; Wiley-
Interscience: New York, 1992; p 140.

(17) (a) Helfer, D. S.; Atwood, J. D.Organometallics2004, 23, 2412.
(b) Francisco, L. W.; Moreno, D. A.; Atwood, J. D.Organometallics2001,
20, 4237. (c) Lucey, D. W.; Atwood, J. D.Organometallics2002, 21, 2481.

(18) Helfer, D. S.; Atwood, J. D.Organometallics2002, 21, 250.

Figure 1. 1H TOCSY NMR spectrum of the isolated product from the reaction ofcis-Pt(Cl)2(TPPTS)2 with 3-buten-1-ol. The bottom
spectrum shows the particular resonance being pulsed (in this caseδ 5.24 ppm). The top spectrum is the effect of pulsing that particular
resonance. The resonances that appear represent the protons on the allylic fragment ofsyn-Pt(η3-C4H7)(TPPTS)2+. The labeling scheme is
taken from Table 2 (signal at∼2 ppm is noise).

Figure 2. Scheme for the reaction of allyl alcohol withcis-PtCl2-
(TPPTS)2.

Scheme 1
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also observed: 4-hydroxy-butan-2-one, 5-hydroxy-pentan-2-one,
and 3-hydroxy-butan-2-one, respectively. Thus, the mechanism
outlined in Figure 2 is indicated for these alkenols also.

Reactions of 3-buten-1-ol and 4-penten-1-ol withcis-PtCl2-
(TPPTS)2 are accompanied by catalytic isomerization to 2-buten-
1-ol and 3-penten-1-ol, respectively. Such isomerization would
be expected from a platinum hydride intermediate or could occur
through an allyl mechanism.19

Other alkenols such as 2-buten-1-ol, 4-penten-2-ol, 1-penten-
3-ol, and 3-penten-2-ol give allyl products, as indicated in Table
3. These cases required large excesses of the alkenol, and
overlap precluded identification of organic products.

The stereochemistry of allyl formation has been studied for
many years on many different transition-metal complexes.2-5,14,20

While the formation of allyl complexes from Pt(II) and allyl
alcohol is unusual, the stereochemistries are typical. Table 3
and Scheme 1 provide a summary of the main stereochemical
results. In the absence of isomerization, the (E)- and (Z)-alkenes
are reported to give allyls, syn and anti, respectively, in greater
than 95% purity.14c The anti-syn isomerization is strongly

solvent dependent, with the slowest isomerization in water.14c

Usually the syn allyl is thermodynamically favored.14,20 Our
results fit this, since the syn:anti ratio is (2-3):1 for all of the
allyls.

Only in the 1,3-dimethylallyl formed from 4-penten-2-ol is
there a stereochemical anomaly. Literature reports from several
preparations show that 1,3-dimethylallyl is formed as the syn/
syn:syn/anti species in a 1:3 ratio;14c,20d,f-h,j,k we see this ratio
for 3-penten-2-ol. However, for 4-penten-2-ol we see an
additional product that has a singlet31P and a triplet195Pt. The
coupling constants and the195Pt chemical shift of-5402 ppm
are as expected for an allyl bis-phosphine complex.21 The195Pt
NMR signals are shown and simulated in Figure 3.

Formation of allyl complexes from Pd(0) or Pt(0) is well
precedented, but formation ofη3-allyl complexes from Pd(II)
or Pt(II) complexes is not as well understood.12,20l Ozawa et
al.20l recently reported reactions of Pd(H)(OTf)LL and Pt(H)-
(OTf)LL (LL ) bidentate phosphine ligand) with allylic alcohols
to form (η3-allyl)ML kL+ complexes that provide a nice
precedent for our suggestion at the bottom of Figure 2. For M
) Pt the reaction gave good yields of theη3-allyl complexes
after 3 h at 50°C.20l Such reactions, starting from the hydride,
provide a route toη3-allyl complexes without formation of
another product.

Reactions of PtCl4
2- with allyl alcohol and even allyl

sulfonate were reported to provide the olefin complex,
PtCl3(olefin)-, not the allyl complex.22 Reaction of PdCl+,
formed from PdCl2(CH3CN)2 and 1 equiv of AgOTf, with allylic

(19) McGrath, D. V.; Grubbs, R. H.Organometallics1994, 13, 224 and
references therein.

(20) (a) Numata, S.; Okawara, R.; Kurosawa, H.Inorg. Chem.1977,
16, 1737. (b) Kurosawa, H.J. Chem. Soc., Dalton Trans.1979, 939. (c)
Kurosawa, H.Inorg. Chem.1976, 15, 120. (d) Ward, Y. D.; Villanueva, L.
A.; Allred, G. D.; Payne, S. C.; Semones, M. A.; Liebeskind, L. S.
Organometallics1995, 14, 4132. (e) Stary´, I.; Kočovský, P.J. Am. Chem.
Soc.1989, 111, 4981 and references therein. (f) Brown, J. M.; MacIntyre,
J. E.J. Chem. Soc., Perkin Trans. 21985, 961. (g) Nixon, J. F.; Wilkins,
B.; Clement, D. A.J. Chem. Soc., Dalton Trans.1974, 1993. (h) Kazmaier,
U.; Pohlman, M.Synlett2004, 623. (i) Camus, J.-M.; Andrieu, J.; Richard,
P.; Poli, R.Eur. J. Inorg. Chem.2004, 1081. (j) Solin, N.; Szabo´, K. J.
Organometallics2001, 20, 5464. (k) Carfagna, C.; Galarini, R.; Linn, K.;
López, J. A.; Mealli, C.; Musco, A.Organometallics1993, 12, 3019. (l)
Ozawa, F.; Ishiyama, T.; Yamamoto, S.; Kawagishi, S.; Murakami, H.;
Yoshifuji, M. Organometallics2004, 23, 1698.

(21) Benn, R.; Reinhardt, R. D.; Rufinska, A.J. Organomet. Chem.1985,
282, 291.

(22) (a) Hartley, F. R.; Venanzi, L. M.J. Chem. Soc. A1967, 330. (b)
Milburn, R. M.; Venanzi, L. M.Inorg. Chim. Acta1968, 2, 97. (c) Hubert,
J.; Theophanides, T.J. Organomet. Chem.1975, 93, 265. (d) Allen, A. D.;
Theophanides, T.Can. J. Chem.1966, 44, 2703.

Figure 3. 195Pt NMR spectrum (D) of the solution from the reaction ofcis-Pt(Cl)2(TPPTS)2 with 4-penten-2-ol. The top three spectra
(A-C) were simulated to explain the appearance of the signals in the actual spectrum on the bottom. The chemical shifts and coupling
constants were taken from the data in Table 1 for the species of typesyn/syn-Pt(η3-C5H9)(TPPTS)2+ (C), additional isomer of Pt(η3-C5H9)-
(TPPTS)2+ (B), syn/anti-Pt(η3-C5H9)(TPPTS)2+.
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alcohols gaveη3-allyl complexes with no aldehyde products but
with formation of tetrahydrofuran derivatives that produced a
Pd hydride complex.23 Two studies of PdCl4

2- also suggest
formation of a Pd hydride prior toη3-allyl formation.15a,24Our
reaction is consistent with these prior studies, except that in
water with PtCl2(TPPTS)2, the alkene can be nucleophilically
attacked and generate the Pt(Cl)(H)(TPPTS)2 through aâ-hy-
dride elimination (Figure 2). The clean formation of monodeu-
terated oxidation product provides good evidence forâ-hydride
elimination and dissociation of the enol from platinum with the
deuterium added in the enolf keto rearrangement. No
deuterium is incorporated into the isomerization products.

Conclusion

We have detailed the formation of [Pt(η3-allyl)(TPPTS)2]+

species from the reaction ofcis-Pt(Cl)2(TPPTS)2 with various
hydroxyl-functionalized alkenes. The characterizations of these
species agree very well with those of their PPh3 analogues. A
mechanism was proposed which explains the observations made
throughout, such as formation of a Pt-H species, characteriza-
tion of alkene oxidation products, effect of added chloride, etc.
Since allylic compounds are important in a variety of reactions,
i.e., allylic alkylation, such traditional organic reactions may
take place in water as a result,1b providing an example of benign
synthesis.

Experimental Section

Materials. All substrates (allyl alcohol, 3-buten-1-ol, 2-buten-
1-ol (mixture of isomers), 3-buten-2-ol, 4-penten-1-ol, 1-penten-
3-ol, 4-penten-2-ol, and 3-penten-2-ol (predominately trans)) were
purchased from Aldrich Chemical Co. and were used as received.
D2O and d8-THF were purchased from Cambridge Laboratory
Isotopes and used as received.cis-Pt(Cl)2(TPPTS)217b andcis-Pt-
(Cl)2(P(p-tolyl)3)2

25 were synthesized according to literature pro-
cedures.

Solvents.Water was triply distilled and degassed with N2 prior
to use. Diethyl ether and THF were purchased from VWR; the THF
was dried by refluxing over Na/benzophenone overnight, followed
by distilling under N2. Absolute EtOH was purchased from Pharmco
and used as received.

pH Buffers. The pH 4 buffer was composed of a 0.05 M solution
of sodium biphthalate. The pH 7 buffer was composed of a solution
of 0.021 M NaH2PO4 and 0.029 M Na2HPO4. The pH 10 buffer
was composed of a solution of 0.025 M NaHCO3 and 0.025 M
Na2CO3. All three buffers were purchased from VWR and diluted
to the appropriate volume using triply distilled water.

Methods. 1H , 31P, and195Pt NMR spectra were recorded on a
Varian XL 400 NMR spectrometer. 1D1H TOCSY and 2D1H
COSY NMR were recorded on a 500 MHz Varian NMR spec-
trometer.31P NMR spectra (161.89 Hz) were proton decoupled and
referenced to an external standard of 85% phosphoric acid in D2O.
195Pt NMR (85.75 MHz) spectra were referenced to an external
standard of 0.2 M K2PtCl4 (in 0.4 M KCl/D2O), which was set at
-1627 ppm.26 A coaxial inner cell filled withd6-DMSO was used
to take NMR spectra in H2O.

A mass spectrum of [Pt(η3-C3H5)(TPPTS)2]Cl was recorded by
the Mass Spectrometry and Proteomics Facility of Ohio State
University using Q-TOF 2 nanospray.

pH measurements were performed using a Fischer Scientific
Accumet basic pH meter by Denver Instruments Inc. with a
semimicro glass pH electrode with a silver/silver chloride reference
electrode. The pH electrode was calibrated at pH 4, 7, and 10 using
pH buffers.

Synthesis of [Pt(η3-C3H5)(TPPTS)2]Cl. Into a 25 mL Schlenk
flask was placed 0.1217 g (0.458 mmol) of PtCl2, 0.5709 g (0.917
mmol) of TPPTS, and a small stir bar. The flask was evacuated
and back-filled with N2 three times, after which 10 mL of triply
distilled water was added to the flask via airtight syringe. The flask
was immersed in a preheated oil bath at 70°C. After about 1.5 h,
the solid PtCl2 had completely dissolved and 500µL of allyl alcohol
(7.35 mmol) was added to the flask. The resulting solution was
stirred at 70°C for 15 h. After the allotted time, the contents of
the flask were added to a 250 mL round-bottom flask containing
∼100 mL of EtOH. A white solid immediately precipitated. The
solvent was removed in vacuo, and the white solid was collected
and placed into a glass vial. Yield: 0.521 g (75% based on moles
of PtCl2). The mass spectrum shows the molecular ion for the cation
centered around 1373 amu with the usual platinum distribution.

195Pt NMR (D2O, room temperature):δ -5391 (t,1JPt-P ) 4014
Hz). 31P{1H} NMR (D2O, room temperature):δ 18.90 (s,1JPt-P )
4014 Hz).1H NMR (D2O, room temperature):δ 7.8-7.0 (m, [Pt-
(η3-C3H5)(TPPTS)2]Cl, 24H), 5.47 (m, meso H, 1H), 3.90 (br, syn
H’s, 2H), 3.00 (m, anti H’s, 2H).

Reaction Performed in Carius Tubes.These reactions were
conducted in 10 mL Carius tubes, modified with a 14/20 glass joint.

(a) Reaction ofcis-Pt(Cl)2(TPPTS)2 with Excess Allyl Alcohol.
Into a 10 mL modified Carius tube was placed 0.1264 g (0.0836
mmol) ofcis-Pt(Cl)2(TPPTS)2, a small stir bar, and 1.0 mL of triply
distilled water. Upon complete dissolution of the solid, 20 drops
of an alkenol was added to the solution. The tube was then attached
to the high-vacuum line and subjected to three freeze-pump-thaw
cycles, after which the tube was flame-sealed under vacuum. The
sealed tube was placed into a constant-temperature bath at 82°C
and stirred at this temperature for 3 h. After the allotted time, a 0.5
mL aliquot of the resulting solution was placed into an NMR tube
and analyzed by195Pt and31P NMR spectroscopy. Results are given
in Tables 1 and 2.

To isolate the allyl product, the contents of the tube were
transferred to a 100 mL round-bottom flask containing∼50 mL of
EtOH. An off-white precipitate was immediately formed. The flask
was attached to the rotary evaporator and the solvent removed in
vacuo. The residue was redissolved in 1.0 mL of triply distilled
water and precipitated again as described. After removal of the
solvent, the off-white residue was dissolved in 0.5 mL of D2O and
analyzed by31P and1H NMR spectroscopy. Results are given in
Tables 1 and 2. Discussion of the NMR results is given in the
Supporting Information.

(b) Reaction of cis-Pt(Cl)2(P(p-tolyl) 3)2 with 3-Buten-1-ol at
Room Temperature. In the drybox, 0.0560 g (0.0640 mmol) of
cis-Pt(Cl)2(P(p-tolyl)3)2 was placed into a 15 mL Schlenk flask,
along with a small stir bar. To the flask was then added 4.0 mL of
dry THF. Upon stirring, a suspension was produced. To the
suspension was added 3 drops of 3-buten-1-ol from a glass pipet.
The flask was sealed with a rubber septum and stirred at room
temperature for 21.5 h. After the allotted time, a 0.5 mL aliquot of
the resulting solution was placed into an NMR tube and analyzed
by 31P and1H NMR spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 27.0
(s, OP(p-tolyl)3, 1.5%), 19.9 (s,trans-Pt(Cl)2(P(p-tolyl)3)2, 16%),
14.2 (s,cis-Pt(Cl)2(P(p-tolyl)3)2, 82.5%).

(c) Reaction ofcis-Pt(Cl)2(P(p-tolyl) 3)2 with 3-Buten-1-ol at
60 °C. In the drybox, 0.0580 g (0.0663 mmol) ofcis-Pt(Cl)2(P(p-
tolyl)3)2, a small stir bar, and 4.0 mL of dry THF were placed into
a 10 mL modified Carius tube. To the mixture was added 3 drops
of 3-buten-1-ol from a glass pipet. The tube was fitted with an
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adapter to the high-vacuum line, sealed, and removed from the
drybox. The tube was then attached to the high-vacuum line and
subjected to three freeze-pump-thaw cycles, after which the tube
was flame-sealed under vacuum. The sealed tube was placed into
a constant-temperature bath at 60°C and stirred at this temperature
for 3.5 h. After the allotted time, a 0.5 mL aliquot of the resulting
solution was placed into an NMR tube and analyzed by31P and1H
NMR spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 27.0
(s, OP(p-tolyl)3, 2.5%), 19.9 (s,trans-Pt(Cl)2(P(p-tolyl)3)2, 15.5%),
14.2 (s,cis-Pt(Cl)2(P(p-tolyl)3)2, 82%).

(d) Reaction of cis-Pt(Cl)2(P(p-tolyl) 3)2, 1 Equiv of AgNO3,
and 3-Buten-1-ol. Into a 25 mL Schlenk flask, wrapped in
aluminum foil, was placed 0.0964 g (0.110 mmol) ofcis-Pt(Cl)2-
(P(p-tolyl)3)2, a stir bar, and 15 mL of dry THF. To the flask was
then added 0.0186 g (0.110 mmol) of AgNO3. An off-white solid
immediately precipitated. The resulting mixture was stirred at room
temperature for 1 h. After the allotted time, the solid (AgCl) was
removed by gravity filtration and the filtrate collected in a 150 mL
round-bottom flask. A 0.5 mL aliquot of the resulting solution was
placed into an NMR tube and analyzed by31P NMR spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 32.1
(s, unidentified, 3%), 20.0 (s,trans-Pt(Cl)2(P(p-tolyl)3)2, 9%), 16.6
(d, 1JPt-P ) 3858 Hz,cis-[Pt(THF)(Cl)(P(p-tolyl)3)2]+), 1.6 (d,1JPt-P

) 3896 Hz,cis-[Pt(THF)(Cl)(P(p-tolyl)3)2]+, 81%), 15.9 (s, uni-
dentified, 1%), 12.0 (s, unidentified, 2%), 2.9 (s, unidentified, 3%).

The remaining solution was placed under vacuum and the solvent
removed to produce a brown solid. To the solid was added 1.5 mL
of dry THF to redissolve it. The resulting brown solution was placed
into a 10 mL modified Carius tube, equipped with a small stir bar.
To the solution was added 3 drops of 3-buten-1-ol from a glass
pipet. The tube was then attached to the high-vacuum line and
subjected to three freeze-pump-thaw cycles, after which the tube
was flame-sealed under vacuum. The sealed tube was placed into
a constant-temperature bath at 60°C and stirred at this temperature
for 3 h. After the allotted time, a 0.5 mL aliquot of the resulting
solution was placed into an NMR tube and analyzed by31P and1H
NMR spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 28.2
(s, OP(p-tolyl)3, 34%), 19.8 (s,trans-Pt(Cl)2(P(p-tolyl)3)2, 1%), 16.6
(d, 1JPt-P ) 3858 Hz,cis-[Pt(THF)(Cl)(P(p-tolyl)3)2]+), 1.6 (d,1JPt-P

) 3896 Hz, cis-[Pt(THF)(Cl)(P(p-tolyl)3)2]+, 53%), 13.9 (s,cis-
Pt(Cl)2(P(p-tolyl)3)2, 12%).

(e) Reaction ofcis-Pt(Cl)2(P(p-tolyl) 3)2, 2 Equiv of AgNO3,
and 3-Buten-1-ol. Into a 25 mL Schlenk flask, wrapped in
aluminum foil, was placed 0.1112 g (0.127 mmol) ofcis-Pt(Cl)2-
(P(p-tolyl)3)2, a stir bar, and 20 mL of dry THF. To the flask was
then added 0.0446 g (0.262 mmol) of AgNO3. An off-white solid
immediately precipitated. The resulting mixture was allowed to stir
at room temperature for 1 h. After the allotted time, the solid (AgCl)
was removed by gravity filtration and the filtrate collected in a
150 mL round-bottom flask. A 0.5 mL aliquot of the resulting

solution was placed into an NMR tube and analyzed by31P NMR
spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 20.8
(s, trans-Pt(Cl)2(P(p-tolyl)3)2, 4%), 3.4 (s,1JPt-P ) 4003 Hz,cis-
[Pt(THF)2(P(p-tolyl)3)2]2+, 96%).

The remaining solution was placed under vacuum and the solvent
removed to produce a brown solid. To the solid was added 2.5 mL
of dry THF to redissolve it. The resulting brown solution was placed
into a 10 mL modified Carius tube, equipped with a small stir bar.
To the solution was added 3 drops of 3-buten-1-ol from a glass
pipet. The tube was then attached to the high-vacuum line and
subjected to three freeze-pump-thaw cycles, after which the tube
was flame-sealed under vacuum. The sealed tube was placed into
a constant-temperature bath at 60°C and stirred at this temperature
for 3 h. After the allotted time, a 0.5 mL aliquot of the resulting
solution was placed into an NMR tube and analyzed by31P{1H}
and1H NMR spectroscopy.

31P{1H} NMR (THF, d8-THF insert, room temperature):δ 20.3
(s, trans-Pt(Cl)2(P(p-tolyl)3)2, 1%), 17.1 (d,cis-[Pt(THF)(Cl)(P(p-
tolyl)3)2]+), 2.1 (d,cis-[Pt(THF)(Cl)(P(p-tolyl)3)2]+, 12%), 15.9 (s,
unidentified, 7%), 14.0 (s, unidentified, 4%), 3.4 (s,1JPt-P ) 4003
Hz, cis-[Pt(THF)2(P(p-tolyl)3)2]2+, 76%).

General Procedure for Deuterium-Labeling Studies.In each
reaction,∼ 22 mg ofcis-Pt(Cl)2(TPPTS)2 was placed into the glass
vessel, equipped with a small stir bar, along with either 1 mL of
H2O or D2O. For allyl alcohol, 10 equiv of the substrate was added,
while in the 3-buten-1-ol and 4-penten-1-ol reactions, 20 equiv of
the substrate was utilized. The substrates were added under N2 purge
to the catalyst solution. Each reaction was sealed under a static
pressure of N2 using a rubber septum. Reaction mixtures for allyl
alcohol and 3-buten-1-ol were heated to 80°C for 3 h. Those for
4-penten-1-ol were left at room temperature for 22 h. After the
allotted time, a 0.5 mL aliquot of the resulting solution was removed
via pipet under N2 purge and placed into an NMR tube. Once the
solution was cooled to room temperature, both31P and1H spectra
were recorded using ad6-DMSO filled coaxial inner cell for those
solutions done in H2O.
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Supporting Information Available: Text and figures giving a
detailed NMR discussion, the effect of chloride and water, and
deuterium incorporation experiments. This material is available free
of charge via the Internet at http://pubs.acs.org.
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