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Pt(2,6-(Cy¢PCH).CsH3)(OTH) (OTf = CRSGsY) readily reacts with various amines to afford cationic amine
complexes [Pt(2,6-(GPCH.).CsH3z)(amine)](OTf) (amine = Ng| NHMe,, NHC4Hs, NH2Ph, NH(Tol-p)) in

high yields. These complexes have been fully characterized B4RIF{*H}-, and3'P{*H}-NMR spectro-
scopy, and elemental analyses. Reaction of Pt(2,8PEhk).CsHs)(OTF) with acrylonitrile quantitatively
produced therrolefinic complex [Pt(2,6-(GPCH,).CsH3)(CH,=CHCN)](OTf), which is only stable in
solution in the presence of acrylonitrile. Attempt at isolating this complex in the pure solid state was failed due
to partial decomposition into Pt(2,6-(83CH).CeH3)(OTf). The equilibrium constantK{, = [Pt(PCP)-
(NH2R)"J[CH2=CHCN]/[Pt(PCP)(CH=CHCNY][NH 2R]: [Pt(2,6-(Cy¥PCH:).CeHz)(CH,=CHCN)]" + NH;R

= [Pt(2,6-(CyPCH)2CsH3)(NH2R)]" + CH,=CHCN; R = Php-tolyl) were calculated to be 0.28 (for R = Ph)
and 3.1 (R =p-tolyl) at 21°C. The relative stability of the-donor amine versus theolefinic acrylonitrile
complex has been found largely dependent upon the amine-baskKiy ifpplicating that acrylonitrile
practically competes with amine in the platinum coordination spberéhe contrary to the formation of the
acrylonitrile complex, no reaction of Pt(2,6-(@&LCH,).CsHs3)(OTf) with other olefins such as ethylene, styrene
and methyl acrylate was observed.
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Introduction Experimental Section

Addition of the N-H bond of amine to the C=C bond of All operations for air sensitive compounds were perform-
olefin catalyzed by late transition metal complexes hagd on a standard Schlenk line or in an inert atmosphere
received much attention recenthAlthough many catalytic  glovebox under argon or nitrogen. All solvents were
hydroamination of olefins have been reported so farproperly dried and deaerated by conventional mariners.
mechanistic pathways for these catalytic systems are still €,PtClL was supplied by Kojima Chemicals Co., Ltd., and
matter of controversy? Two discerning mechanistic steps of used without purification. Anhydrous dimethylamine, 1,5-
these catalytic reactions have been suggested. One wayclooctadiene, AgOTiy,a’-dibromo-mxylene, and deute-
involves the N-H bond activation of amines by low-valentrated solvents were purchased from Aldrich Chemical Com-
metal complexe$In the meanwhile a coordinated amine to pany, and used as supplied. Ammonia was dried by passing
a high-valent complex is to be acidithereby being readily through a column (Drierite gas-drying unit: Aldrich Z11,
deprotonated by an appropriate base to yield an amida87-9) filled with anhydrous CaSQODicyclohexylphos-
complex which is frequently involved in the N-C bond phine was supplied by Strem Chemicals Inc. All other
formation® An alternative, but more generally observed, reagents were from various commercial companies. The
pathway may involve nucleophilic attack of amines to coor-compounds 1,3-(GPCH).CsHs'% and Pt(2,6-(C3PCH),-
dinated olefins on high-valent compleXes. CeH3)(OTf)® were prepared according to the literature

In this paper, of relevance to catalytic hydroamination ofmethods.
olefins with amines, a series of ammine, amine, and acrylo- IR spectra were recorded on a Bomem FT-IR spectrometer
nitrile complexes of Pt(Il) particularly containing a bis- (Michelson 100), as pressed KBr pellets or as a nujol mull.
phosphine PCP-pincer ligand have been repdriedthe  *H-, 3'P{*H}- and **F{*H}-NMR spectra were measured on
employed Pt(ll) complexes for this study, the terdentatea Varian Gemini-2000 spectrometer, using the deuterium
ligand inhibits both phosphine dissociation and reductivesignal of the solvent as an internal lock frequency. Chemical
elimination of the aryl group, as a consequence the rigichifts forH-, 3P{*H}- and **F{*H}-NMR were reported in
ligand system in a square planar Pt(Il) complex allows us tppm relative to TMS, external 85%zP, and perfluoro-
explore only one alternative coordination site to be pr8bed.methylbenzened= -63.73) (in a sealed capillary), respec-
The relative stability ofo-donor amine versugrolefinic tively. GC/MS analyses were performed using a HP 6890
complexes of Pt(ll) can be evaluated by measuring equiligas chromatograph equipped with a HP 5973 MSD and a
brium constants, which may provide valuable informationHP-Ultra 1 column. Conductivity measurements were obtained
relevant to catalytic hydroamination of olefin. with a TOA conductivity meter (CM-40S). Nitromethane
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was used as solvent in a cell containing platinized electrode@4H, Cy), 3.22 t (4H, G, |2J(PH) +*J(PH)| = 8.0 Hz,
(cell constant=1.014 cif). Elemental analyses were per- 3J(PtH) = 22 Hz),5 6.05 br (1H, M, 2J(PtH) = 34 Hz),0
formed at Korea Basic Science Institute in Seoul, Korea.  6.98 m (3H, PhP'P{*H}-NMR (CDCl3): 6 48.2 {J(PtP) =
[Pt(z,6-(Cy2PCH2)2C6H3)(NH3)](OSC)2CF3) (1) To a 2784 HZ).lgF{lH}-NMR (CDC|3) 0-79.5sA\y =82 ohrﬁl
solution of Pt(2,6-(CYPCH).CeH3)(OTf) (300 mg, 0.36  -cn?-mol? (in CHsNO,, [Pt] = 0.5x 1073 mol). Anal. Calcd
mmol) in THF (30 mL) was added a THF solution (3 mL) of for CsgHseNFsOsP.PtS: C, 50.1; H, 6.25; N, 1.50; S, 3.43.
saturated NEl After stirring the solution for 30 min, the Found: C, 49.8; H, 6.53; N, 1.54; S, 3.65%.
solution volume was reduced ta 3 mL. Addition ofn- [Pt(2,6-(Cy2PCH,)2CsH3)(NH2(CeHsMe-p)|(OSO,CF3)
hexane/diethyl ether (5 mL) to the concentrated solution(5): A similar procedure as for compleX using Pt(2,6-
gave white crystals, which was isolated by vacuum filtration(Cy.PCH,).CsH3)(OTf) (30 mg, 0.036 mmol) and toluidine
and driedn vacuo Complexl for satisfactory microanalysis (19 mg, 0.18 mmol) gave complBxYield 32 mg (94%). IR
can be obtained by column chromatography with an eluennujol): YNH) = 3364, 3470 cM. 'H-NMR (CDCk): §1.0-
of CH,Cl, saturated with ammonia to give colorless crystals2.4 m (44H, Cy)53.22 t (4H, G5, |2J(PH) +*J(PH)| = 8.8
from n-hexane. The isolated yield of compleafter column  Hz, 3J(PtH) = 20 Hz),6 5.96 br (1H, M, 2J(PtH) = 34 Hz),
chromatography was 86% (266 mg). IR (KBy(NH) = 46.91 m (3H, Ph) 7.12 d (2H, @i, *J(HH) = 8.0 Hz),0
3191, 3269, 3310 cth W(SO) = 1159, 1269 cth *H-NMR  7.30 d (2H, &y, 3J(HH) = 8.4 Hz) 3*P{*H}-NMR (CDCls):
(de-benzene):d 1.0-2.5 m (44H, Cy)p 2.88 t (4H, ®,,  &47.9 {J(PtP) = 2787 Hz)'F{*H}-NMR (CDCl3): 5-79.5
| 2J(PH) +%J(PH) | = 8.0 HZz3J(PtH) = 23 Hz),63.94 t (3H,  s./Aw = 88 ohm*.cn?-morl™? (in CHNO,, [Pt] = 0.5x 1073
NHs, 2J(PtH) = 28 Hz),6 7.05 m (3H, Ph)**P{*H}-NMR mol). Anal. Calcd forCaHesdNFsOsP,PtS: C, 50.6; H, 6.37;
(de-benzene)d 50.2 LJ(PtP) = 2744 Hz)'F{*H}-NMR (ds- N, 1.48; S, 3.38. Found: C, 50.9; H, 6.71; N, 1.58; S, 3.25%.
benzene)d -79.0 sAw = 87 ohm*.cnf-mol? (in CHsNO, Reaction of Pt(2,6-(CyPCH,),CeH3)(OTf) with CH -
[Pt] =0.5x 10 mol). Anal. Calcd for GsHsqNF;03P,PtS:  CHCN to yield [Pt(2,6-(Cy:PCH>),CsH3)(CH,=CHCN)]-
C, 46.1; H, 6.34; N, 1.63; S, 3.73. Found: C, 46.5; H, 6.480Tf. To ads-benzene solution of Pt(2,6-(83CH,).CsH3)-
N, 1.86; S, 3.97%. (OTf) (ca 5 mg) in a 5-mm NMR tube was added acrylo-
[Pt(2,6-(Cy,PCH,).CsH3)(NHMe )](OSO.CF3) (2): A nitrile (ca. 7 mg). The formation of [Pt(2,6-(GRCH.)2-
similar procedure as for compléxusing Pt(2,6-(CGPCH.),- CsH3)(CH,=CHCN)]OTf in solution was supported Bii-,
CeH3)(OTf) (30 mg, 0.036 mmol) and NHMgan excess) C{'H}- and *'P{*H}-NMR spectroscopy. In théH-NMR
gave compleX. Yield 29 mg (92%). IR (Nujol)y(NH) = spectrum at ambient temperature, the downfield-shifted ole-
3459 cn*. *H-NMR (CDCk): §1.0-2.4 m (44H, Cy)2.89 finic proton resonances of the coordinated acrylonitrile were
d (6H, (Hs: 3J(HH) = 6.0 Hz),03.24 t (4H, G, |2J(PH) +  observed ab5.88 d $J(HH)cs = 12 Hz),56.19 d 8J(HH)yans
4J(PH)| = 8.4 Hz3J(PtH) = 24 Hz),54.86 br (1H, M), 5 =18 Hz), and6.87 dd Y(HH)cis = 12 Hz,2J(HH)yans = 18
6.96 m (3H, Ph)**P{*H}-NMR (CDCl3): 648.3 {J(PtP) =  Hz). The isolation of this complex in the pure state was
2834 Hz) ®F{*H}-NMR (CDCl3): §-79.6 sAw = 92 ohm*  unsuccessful because of partial decomposition into Pt(2,6-
-cnf-mol (in CHNO,, [Pt] = 0.5x 103 mol). Anal. Calcd  (Cy.PCH).CsH3)(OTf); a ds-benzene solution prepared by
for CasHsgNFsOsP:PtS: C, 47.4; H, 6.59; N, 1.58; S, 3.62. re-dissolving the isolated solid shows that the solution
Found: C, 47.0; H, 6.28; N, 1.75; S, 3.43%. contained both [Pt(2,6-(G§CH).CeHs)(CH,=CHCN)]OTf
[Pt(2,6-(Cy,PCHy,).CsH3)(NHC4Hg)|(OSO.CF3) (3): To and Pt(2,6-(CyPCH,).CeH3)(OTH) in a 3/1 ratio as evidenc-
a solution of Pt(2,6-(GPCH),CeH3)(OTf) (30 mg, 0.036  ed by*'P{*H}-NMR spectroscopy. On standing this solution
mmol) in THF (30 mL) was added an excess amount ofn the absence of acrylonitrile, [Pt(2,6-(BLH.).CsHs)-
pyrrolidine (13 mg, 0.18 mmol). After stirring the reaction (CH,=CHCN)]OTf slowly converted into Pt(2,6-(eBCH.)2-
mixture for 30 min, the solution volume was reduceckt@ CeH3)(OTHf). For [Pt(2,6-(CyPCH)2CeH3z)(CH,=CHCN)]-
mL. Addition ofn-hexane/diethyl ether (5 mL) to the concent- OTf: *P{*H}-NMR (CeDs): 6 54.2 s {J(PtP) = 2686 Hz).
rated solution gave white crystals, which was isolated by*C{*H}-NMR (C¢Ds): 4 106.9 (CHCHCN), § 118.3 (CH-
vacuum filtration and drieth vacuo Yield 29 mg (89%)IR CHCN), 143.0 CH2CHCN).
(Nujol): (NH) = 3247 cm*. *H-NMR (CDCk): 61.0-2.4 m Equilibrium constant measurements The equilibrium
(44H, Cy), 5 3.24 t (4H, ®i2, |2(PH) +“J(PH)| = 8.0 Hz, constants Keq for [Pt(PCP)(CH=CHCN)[" + NH,R =
8J(PtH) = 20 Hz),0 4.63 br (1H, M, 2J(PtH) = 26 Hz),0  [Pt(PCP)(NHR)]' + CH=CHCN, where PCP = (2,6-(Gy
6.96 m (3H, Ph)**P{’H}-NMR (CDCl3): 648.7 {J(PtP) =  PCH).CsHs), R = Ph,p-Tol) were calculated by integration
2812 Hz) F{*H}-NMR (CDCl3): §-79.7 sAw = 79 ohm* ratios of the corresponding resonance peaks in the NMR
-cn?-mofl™? (in CHNO,, [Pt] = 0.5x 10°mol). Anal. Calcd  spectra; théH-NMR resonances for [C}EHCN]/[NH2R],
for Cs7HeoNF3O3PPtS: C, 48.7; H, 6.62; N, 1.53; S, 3.51. and the*'P{*H}-NMR resonances for [Pt(PCP)(NR)")/

Found: C, 48.2; H, 6.48; N, 1.45; S, 3.33%. [Pt(PCP)(CH=CHCNY.
[Pt(2,6-(Cy.PCH2)2CeHs)(NH2Ph)][(OSOLFs)  (4): A
similar procedure as for compl&using Pt(2,6-(CPCH.)- Results and Discussion

CeH3)(OTf) (30 mg, 0.036 mmol) and aniline (17 mg, 0.18
mmol) gave complex. Yield 31 mg (92%). IR (Nujol): Ammine and amine complexesReaction of Pt(2,6-(Gy
V(NH) = 3321, 3414 cm. 'H-NMR (CDCk): 6 1.0-2.2 m  PCH),CeHz)(OTf) with various amines readily produced
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Pt(PCP)(OT) + amine ——» [Pt(PCP)(amine)]OTf triflate with pyrrole by a similar preparative manner as for
other amine complexes was not successful. This rather

PCy, unpredicted result of no complex formation with pyrrole can

l not be apparently perceived by simptelonor strength of
PI(PCP) =— Pt pyrrole as compared with those of other amines in steric or
electronic factors. However, this disfavoreeamine com-
PCy, plexation can be likely explained by a competitreenter-

action through the C=C bond of pyrrole, which presumably
amine = NH. NHM lidine. NE-Ph. NH-(Tol impedes coordination of pyrrole through the amine-nitrogen
3 NHMe,, pyrrolidine, NH;Ph, NHy(Tol-p) to Pt(ll) (vide infrg).
Scheme 1 Acrylonitrile complex. When Pt(2,6-(GPCH),CsHz)(OT)
reacted with acrylonitrile irds-benzene solution, ther
cationic amine complexes [Pt(2,6-@€H).CsHz)(@amine)]-  olefinic complex [Pt(2,6-(GPCH,).CsHz)(CH,=CHCN)]-
(OTf) (amine = NH (1), NHMe&: (2), NHCHs (3), NH:Ph (OTf) was quantitatively produced as evidenced'Hy,
(4), NHy(Tol-p) (5)) in high yields (Scheme 1). These *C{!H}- and 3P{*H}-NMR spectroscopy (Eq 1). The
complexes have been fully characterized by IR and NMR'P{*H}-NMR spectrum of theds-benzene solution showed
spectroscopy, and microanalyses. In the IR spectra, thene sharp resonance &t54.2 accompanied with*Pt-
characteristi®(NH) bands of the amine ligand in complexes satellites YJ(PtP) = 2686 Hz), revealing that only single
1-5 were observed in the range of 3200-3470cifhe  Pt(ll) compound was formed in solution. In tH&-NMR
V(NH) absorption bands of coordinated ammonia andspectrum, the downfield-shifted olefinic proton resonances
amines show a number of peaks corresponding to thef the coordinated acrylonitrile were observedd.88 d
symmetric andanti-symmetric N-H stretching modese( (I(HH)cis = 12 Hz),56.19 d EJ(HH)yans = 18 Hz), andd
three bands for coordinated ammonia, two for primary6.87 dd $J(HH)es = 12 Hz,3J(HH)yans = 18 Hz) (Figure 1).
amine, and one for secondary amifeThe v(SO) bands In comparison of coordinated and free acrylonitrile inkts
associated with the counter aniddSQCF; were observed NMR spectrum, all resonances of the olefinic protons shifted
around 1160 and 1270 chlwith strong intensities as a to downfield upon7ecoordination through the C=C bond.
symmetric andnti-symmetric stretching frequency, respec- Among these, thex-proton is most significantly shifted.
tively. Molar conductivity measurements for cationic amineEisenberg and his co-workers have recently reported the
complexes in nitromethane solution showed that all comeationic Pt(ll) complexes with theeolefinic bonding acrylo-
plexes are 1:1 electrolytes as expected. The calculateditrile [PtMeL(CH:=CHCN)]BF; in which similar chemical
values ofA\y are in the range of 75-90 ohfxen?-mol™? (in shifts for the coordinated acrylonitrile were observed in its
CH3NO;, [Pt] = 0.5x 10°mol), that are well consistent with *H- and **C{*H}-NMR spectrat* The observed chemical
the literature dat& shifts for coordinated acrylonitrile in the present complex
In the 3'P{*H}-NMR spectra, complexe$-5 resonate at
around 50 ppm as a clean single peak flanked ¥t-
satellites, indicating that only one single compound was
formed from the respective reaction. The observed values ¢
1J(PtP) are in the range of 2700-2800 Hz, being in gooc
agreement with the reported data for square planar Pt(ll
complexes in a mutuatansphosphorus geometts. The
presence of triflate as a counter anion in these complexe |
was also supported by th#{*H}-NMR resonance observ-
ed atd -79. In the'H-NMR spectra, the N proton reson- M
ances of the coordinated ammonia and amine displayi&d at U
3.94-6.05 as a broad signal, being accompanied “#t-
satellites {J(PtH) = 26-34 Hz), that are considerably shifted T
to downfield upon coordination. TheseHNsignals were 6T 84 81 pem

confirmed on the addition of X9, and no ligand exchange \ U
with D,O or HO was observed. The resonances for the_’/w u UU bL_h.»
methylene protons (R4) have been observed at2.88- ~

3.63 as a pseudo-triplet due to “virtual coupling’trains e
phosphorus, along with platinum satelliteSJ(PH) +
4J(PH)| = 8.0-8.8 Hz3J(PtH) = 20-24 HzJ® All isolated  Figure 1. The 'H-NMR spectrum of ads-benzene solution fo

cationic amine complexels5 gave satisfactory microanaly- [71(26-(C¥PCH):Cets)(CH=CHCN)]OTT at ambient temper-
. . . ature in the presence of an excess amount of acrylonitrile shows
tical data (see Experimental Section).

. . that the olefinic proton-resonances of the coordinated acrylonitrile
It is noteworthy that attempt at preparation for an analogappeared at significantly downfield-shifted as compared to tfiose o
ous pyrrole complex from the reaction of the platinum(ll) free acrylonitile.
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are also closely comparable to those of other olefin comthat highly electrophilic dicationic palladium(ll) species
plexes reported previousty. having a PNP-pincer readily complex with various olefins to
_ afford stablgrolefinic complexes [Pd(2,6-(EFPCH).CsHsN)-
Ptggg):(g?(zfp%é?éms Pt(PCP)(CH:CHCN)]O(I; (olefin)]?*, which undergo the nucleophilic amine addition to
' the coordinated olefin to give aminoalkyl compleXen
On the contrary to amine complexes, the acrylonitrilethe reactions, no ligand exchange was observed. The present
complex was only stable in solution in the presence ofesults along with precedents are also comparable with our
acrylonitrile. Attempt at isolation of this complex in the pure recent studies for Pt(ll)-catalyzed hydroamination of acrylo-
solid state was unsuccessful because of partial decomposiitrile in which the more sterically demanding Pt(Il) complex
tion into the corresponding platinum triflate.dd-benzene  Pt(2,6-(CyPCH,).CeH3)(OTf) displays higher catalytic acti-
solution prepared by re-dissolving the isolated solid showsity as compared to Pt(2,6-(FCH.).CsH3)(OTf) bearing
that the solution contains both [Pt(2,6-(E€H.),CsHs)- the less hindered phenyl substituéfts.
(CH,=CHCN)]OTf and Pt(2,6-(GPCH,).CsH3z)(OTf) in a Acknowledgment This work was supported by Dongguk
3/1 ratio as evidenced BYP{*H}-NMR spectroscopy. On  University through the Research Fund Program. The author
standing this solution in the absence of acrylonitrile, thes grateful to Mr. J. M. Seul for technical assistance.
acrylonitrile complex gradually converted into the platinum
(I triflate. In contrast to the formation of the acrylonitrile
complex, no reaction of Pt(2,6-(€BCH).CsH3)(OTf) with
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