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The complexes [(DMPBM(CH3CN).]X, (DMPP = 3,4-dimethyl-1-phenylphosphole; ¥ Pd, Pt; X= BF,,

NOs~, CIO47) react with 2 equiv of the dienophilé$N-dimethylacrylamide (DMAA), 2-vinylpyridine (VyPy),

and diphenylvinylphosphine (DPVP) to form bis42] Diels—Alder cycloaddition products. The [M(DMP})

(DMAA) 5]?" and [M(DMPP}(VyPy),]?* complexes form exclusively as the cis-geometric isomers, whereas for
[M(DMPP),(DPVP)]2", both cis- and trans-geometric isomers are formed. The two Bider cycloadditions

occur sequentially, and the absolute configuration of the first reaction influences the absolute configuration of the
second. In all cases, racemic mixtures of tRRj and §9) diastereomers are formed; none of the md3&)(
diastereomer is observed. New complexes were characterized by elemental analyses, physical properties, infrared
spectroscopyiH, 1H{ 3P}, 13C{1H}, and3P{1H} NMR spectroscopy, and, in most cases, X-ray crystallography.

Introduction Reactions 3 only occur with vinyl- or allylphosphines as

dienophiles, and in each case, racemic products are formed.

Recently, organopalladium complexes containing optically
pure forms of orthopalladated [1-(dimethylamino)ethyllnaphtha-
lené®~17 and [2-(dimethylamino)ethyllnaphthaléfievere used
as chiral templates to promote asymmetric modifications of
éeveral of these reactions. An example is shown in reaction 4.

We have employed the highly efficient, diastereoselective
transition metal promoted intramolecular2] Diels—Alder
cycloaddition reactions of H-phospholes” and 2H-phos-
phole$ with a variety of dienophilic ligands to form a number
of conformationally rigid asymmetric chelating ligands. The
scope and diastereoselectivity of these reactions depend on th
nature of the metal and its ancillary ligands as illustrated in

reactions +3.
a BF,
l 1. AgBF,
—ql 2. PhyPCH=CH,
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H

/\
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Table 1. 'H and®P{*H} NMR Data for [[DMPP)M(NO3);] (1ab)

O(*H)
M solvent temp {C) O(3P) MI(PtP)) Ph H (2(PH)+4(PH)) CH:CN  CHs
Pd  CDNO; 25 37.6 7.26-7.45 (m) 6.41 (34.5 Hz) 2.07
Pd  CDCN 25 39.3 7.427.66 (M) 6.42 (35.5 Hz) 2.01 2.16
Pt CDNO; 25 7.96 (3663 Hz) 7.407.70 (m) 6.34 (33.5 Hz) 2.08
Pt CDiCN 25 {17.02 (3159 HA11.63 (3472 HZ}  7.38-7.70 (m) 6.35 (33.5 Hz) 2.03 2.12
Pt CDiCN 75 {10.42 (3667 H2)9.93 (3652 HZ}

a Cis-[(DMPP),Pt(CD:CN)(NO3)] *. © cis-[(DMPP),Pt(CD;CN);]2*.

Table 2. Crystallographic Data for [[DMPBPd(NG),] (1a) and

Disolvento bis(phosphine) complexes of palladiunifignd [(DMPPYPNOy),] (1b)

platinum(l1¥° of the type [(RPLM(S),]?" (S = solvent) are

readily prepared by reactions of [{RL,MCI,] complexes with 1la 1b

a silver salt of a weakly coordinating anion in a donor solvent.  empirical formula GaH26N206P-Pd GoaH26N206P-Pt
We reasoned that similar reactions of [(DMBRJCb]2-22and fw 606.81 _ 695.50 _
[(DMPP),PtCh]2324(DMPP= 3,4-dimethyl-1-phenylphosphole) crystal system Pgrthorhomblc Pgrthorhomblc
with AgBF4, AgNOs, or AgCIO, in CH3CN followed by ;pace group 8 ca 8 ca
addition of 2 equiv of a dienophilic ligand such &§N- a(A) 18.462(2) 18.537(2)
dimethylacrylamide (DMAA), 2-vinylpyridine (VyPy), or di- b (A) 13.719(2) 13.7270(9)
phenylvinylphosphine (DPVP) might lead to two sequential ¢ (A) 20.356(2) 20.392(2)
metal-promoted intramolecular4£] Diels—Alder cycloaddi- V(A9 , 5156.0(9) 5189.0(9)
tions. Complementari#y in the fitting of the two conforma- ﬁ’f?fég)’ cn) 2'5563 21'5781

tionally rigid chiral asymmetric bidentate ligands around the (¢ 8.85 55.73

metal center could then provide for asymmetric induction and  R1(F)2[l > 20(1)] 0.0394 0.0529

the preferential formation of homochiraRR) and §9 wWR2(F?)P 0.0968 0.0857
diastereomers rather than the formation of the internally ~GOF 1.021 1.001
compensated mes®) diastereomers. The diastereoselectivi-  aR1F) = S||Fo| — [Fd||/S|Fol. PWR2(F?) = {S[W(Fo> — F2)?/
ties of these reactions are described herein. > [W(F¢?)]3 05,

Results and Discussion

Synthesis and Characterization of [([DMPPYM(NO 3),].
The chloro complexes [(DMPENICI;] (M = Pd?21:22 p23.29

5), as evidenced by tH#&l and3'P{1H} NMR spectra recorded
in CD3NO, and CIXCN (Table 1). The populations of the

react cleanly with 2 equiv of AgN©in CHsCN solution at cis-[(DMPP),M(NO,),] LHCN cis-[(DMPP),M(CD,CN)(NO,)](NO)
ambient temperature to form AgCl and pale yellow and colorless +CH,CN CHhON
=== cis-[(DMPP);M(CD,CN);}(NO;), ®

crystals ofcis[(DMPP)LPd(NGs),] (18) and cis[(DMPP)Pt- TH,CN
(NOs)7] (1b), respectively. Infrared spectra of their Nujol mulls
exhibit vyo vibrations at 1480, 1440, 1282, 1262, 1004, and solvento species increase with increasing temperature, suggest-
786 cnm? (1a) and 1493, 1456, 1281, 1261, 989, and 789tm  ing that nitrate is a better donor to palladium(ll) and platinum(ll)
(1b), similar to the data reportétfor [(PhsP)Pt(NGs)2]. In CD3- than CQXCN.
CN solutions, these complexes are in equilibrium with the  Crystallization from an CECN/ether mixture provided X-ray-
solvento speciesis-[(DMPP),Pd(CD;CN);]?", cis-[(DMPP),Pt- quality crystals. Crystallographic data are listed in Table 2.
(CDsCN)(NO3)] ", and cis-[(DMPP),Pt(CD;CN);]?" (reaction Views of the structures ofa and 1b are shown in Figures 1
and 2. These two compounds are isomorphous and isostructural.
They both possess cis geometries. Even though they contain
D. 1 Rees, N. H.. McFarlane, W.; Leung, P-dRorg. Chem 1997 coordinated CECN in CHCN solutions, from which the
(14) Leung, P.-H.: Selvaratnam, S.: Cheng, C. R.; Mok, K. F.; Rees, N. Crystals were isolated, they do not contain coordinategdGM
H.; McFarlane, W.J. Chem. Soc., Chem. Comma897, 751. in the solid state, consistent with equilibrium 5 lying to the left.
(15) '1-;3“9’7A-23"9-?7M0kv K.F.; Leung, P.-HJ. Chem. Soc., Chem. Commun.  They are rigorously planar, as the sums of the angles around
(16) Leung, P.-H.; Siah, S. Y. White, A. J. P.; Williams, D.JJ.Chem.  the metals are 360.1(1jn both cases. They contain monoden-
Soc., Dalton Trans1998 893. tate nitrate ions, as suggested by infrared spectrostoplye
M—P distances are essentially the same (2.2455 A, average,

(13) Aw, B. H.; Hor, T. S. A.; Selvaratnam, S.; White, A. J. P.; Williams,

(27) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-

(17) Song, Y.; Vittal, J. J.; Chan, S.-H.; Leung, P.@tganometallicsL999
(18) g’ﬂ GSQ'Nelson 3. HTetrahedror2000 56, 71 Pd; 2.226 A, average, Pt) as are the-® distances (2.111 A,
(19) Hartley, F. R.; Murray. S. G.; Wilkinson, Anorg. Chem.1989 28, average, Pd; 2.092 A, average, Pt). The latter are comparable
549 and references therein. ) ) to the Pd-O distances (2.066 A) report&dfor cis-[(Mey-
(20) gleé%?gnn, K.; Pregosin, P. S.; Venanzi, L.®tganometallics.989 SORPd(NQ),]. The Pd-P distances are similar to thoseis-
(21) MacDougall, J. J.; Cary, L. W.; Mayerle, J.; Mathey, F.; Nelson, J. [(DMPP)_ZPdCb] (2.291 A, averagej! . )
H. Inorg. Chem.198Q 19, 709. Reactions of [[DMPPYM(CH 3CN),]X, with the Dieno-
(22) \\;Vil\]SQT:,r\e/\é-elFi-élfi?]Ch:f_, ,il-él\sf\éisy;ismgyrgl?-CEHaniclggg'3@2 10435?6”0, philic Ligands DMAA, VyPy, and DPVP. After addition of
(23) Maébougall, J.J.: Nelson, J. I-‘l.;.Ma{they,Iﬁorg. Chem1982 21, 2 equiv of AgX (X = BF,~, NO57, ClO47) to a solution of 1
2145.
(24) Wilson, W. L.; Rahn, J. A.; Alcock, N. W.; Fischer, J.; Frederick, J.
H.; Nelson, J. Hinorg. Chem.1994 33, 109.
(25) Bray, K. L.; Butts, C. P.; Lloyd-Jones, G. C.; Murray, M.Chem.
Soc., Dalton Trans1998 1421.
(26) Cook, C. D.; Jauhal, G. S. Am. Chem. S0d.967, 89, 3066.

dination compounds5th ed.; Wiley-Interscience: New York, 1997;
Parts A and B.

(28) Langs, D. A.; Hare, C. R; Little, R. @. Chem. Soc., Chem. Commun.

1967, 1080.
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generally easier to isolate and crystallize. Consequently, most
of the complexes were fully characterized only as theigr BF
salts.

Because the #2] Diels—Alder cycloaddition reactions all
occur intramolecularfy 17 within the coordination sphere of the
metal to form thesyn-exe7-phosphanorbornene skeleton (il-
lustrated as follows), the absolute configurations of the C(1)

and C(4) stereocenters are fixed and only those at C(2) (the
ring conjunction carbon) and P(7) may vary. In both of the
enantiomers of these ligands, the stereochemistry of C(2) is the
same as that of P(7). Thus, we will refer to the absolute
configuration of these chiral ligands by a single descripir,

Figure 1. Structural drawing of [[DMPRPd(NG);] (1a), showing
the atom-numbering scheme (40% probability ellipsoids). Selected bond

distances (A) and bond angles (deg): Pe{®@)1), 2.101(3); Pd(H or
0(4), 2.121(3); PA(BP(1), 2.2436(12); Pd(BP(2), 2.2473(11); Compounds2—6 (Scheme 1) could form as either cis- or
O(1)-Pd(1)-O(4), 84.13(12); P(1)Pd(1)-P(2), 91.78(4); O(L) trans-geometric isomers, or as both. Rpi5, and6, only the

Pd(1)-P(2), 93.20(9); O(4)Pd(1)-P(1), 90.99(9). cis isomers are formed, whereas for the dienophile DPVP, both

the cis isomers3) and the trans isomergl)(are formed. The
nature of the geometric isomers that are formed in these
reactions may be rationalized by considering both the minimiza-
tion of interligand steric interactions and the differential trans
influence? of the donor atoms.

The geometric structures of the isomers were determined by
a combination oftH, H{3P}, 18C{1H}, and 3'P{'H} NMR
spectroscopy of the reaction mixtures and comparison with the
NMR data for the pure isolated solids. In each case, the data
were the same. F& and5, single resonances in théiP{1H}

NMR spectra indicated the formation of only one geometric
isomer. The small magnitudes &}(PP) values determinét
from the 23C{*H} NMR spectra andJ(PtP) values of about
3500 Hz for the platinum complexes, determiffedlom their
31P{1H} NMR spectra, are consistent with the formation of cis
isomers (see the Experimental Section for the data).

The structures o2 and5 were confirmed by X-ray crystal-
lography. Crystallographic data are listed in Table 3, and the
structures are shown in Figures-8. All three complexes
Figure 2. Structural drawing of [[DMPRPt(NOs)] (1b), showing the crystallize as the cis isomers with structures that are consistent
atom-numbering scheme (40% probability ellipsoids). Selected bond with the NMR data. For botBaand2b, the metals lie on special

distances (A) and bond angles (deg): P{@(1), 2.098(8); PY(t} positions with a crystallographi€, axis in the coordination
gt((“l))'_%?Sng)’8'(3355_1‘{3’?%)&%(21')2_2;8’ gsf(é—)o}(jl(f)): é(zl‘—?g%))—%((g plane passing through the metal atoms, which relates the two
91.4(2); O(’4yP't(1)—’P(1) 92.4(2) T ' ' chiral ligands as illustrated in Figures 3 and 4. Thus, the two
B T ligands bound to each metal center have the same absolute
equiv of [(DMPPYMCI;] [M = Pd (L&), Pt (Lb)] in a 1:1 configuration and the complexes are formed as racemic mixtures

mixture of CHNO, and CHCN and filtration to remove silver ~ 0f the ®R) and 83 diastereomers. None of the mesay)
chloride, 2 equiv of the dienophiles DMAA, VyPy, and DPVP d|ast¢reomer IS obsgrved. Comp'.egaﬁ”de are isomorphous
were added respectively to the yellow solutions of [(DM@R) ~ and isostructural with very similar MP (2.1991(7) A2,

(CH3CN);]X 2. The reactions were monitored BYP{*H} NMR 2.187(2) A,2b) and M—0 (2.103(2) A,Zr_a; 2.091(4) A, 2b)
spectroscopy, and when they were judged to be Comloletedlstances. The MO distances are essentially the same as those

(several days), the solution volumes were reduced. Diethyl etheri" 1@ and1b even though the ligands are chelating2aand
was then added to precipitate the products as microcrystalline

2b, which normally gives rise to a reduction in bond length
solids. The nature of the products of these reactions (Scheme €lative to monodentate ligands. Baaand2b exhibit a minor
1) is independent of the nature of the anion. However, with

NOjs~, the reactions were somewhat slower than those with the (30) fgpégtgnq T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re 1973
more weakly coordinating aniotfsand the B~ salts were (31) Redfield, D. A; Cary, L. W.: Nelson, J. Hnorg. Chem 1975 14,

50.
(29) Strauss, S. HChem. Re. 1993 93, 927. (32) Nelson, J. HCoord. Chem. Re 1995 139, 245.
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amount of tetrahedral distortion as indicated by the ©j1)—
P(1)/O(1a)-M(1)—P(1a) dihedral angles, which are 1%(2a)
and 12.8 (2b).

the PN distances (2.129(5) A, average) are longer than the
Pt—0O distances ir2b. Both features probably result from slightly
increased intramolecular steric interactiondbmcompared to

The structure obb (Figure 5) shows that this compound also 2b. The platinum coordination geometry is planar, as the sum
forms exclusively as the cis isomer, consistent with the NMR of the angles around Pt is 360°39
data. For this complex, as well, the two ligands are related by  The minor product of the reaction of [[DMP#PJ(CHCN),]-

a crystallographi€; axis lying in the coordination plane passing
through the Pt atom. Here also, a racemic mixture of BRB)(
and §9) diastereomers is formed. The-fR distances (2.238(2)
A, average) are slightly longer than those observe@Bprand

X2 with VyPy, amounting to 25% of the crude productbis

The 31P{1H} NMR spectrum of the PfF salt, isolated after
metathesis of the N© salt with excess NaRFexhibits a singlet
ato 72.31 and a septet at—145.0 {J(PF)= 707 Hz) ina 1:1
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Table 3. Crystallographic Data foRa, 2b, and5a

Redwine et al.

2a 2b 5b
empirical formula G4H44BzF3N202P2Pd Q4H44BzF8N202P2P'[ C38H4oBzF3N2P2Pt‘C3HGO
fw 854.67 943.36 1013.45
crystal system monoclinic monoclinic _triclinic
space group C2/c C2lc P1
VA 4 4 2
a(d) 17.973(1) 17.961(7) 10.5377(8)
b (A) 10.6282(7) 10.583(3) 12.055(2)
c(A) 19.741(2) 19.869(4) 19.492(2)
o (deg) 90 90 102.653(11)
p (deg) 97.789(5) 98.70(3) 97.355(7)
y (deg) 90 90 109.097(14)
V (A3 3736.2(4) 3733.0(2) 2102.4(4)
Pealc (g cM9) 1.519 1.678 1.534
T(°C) 25 25 25
w(cm) 6.56 39.18 34.8
R1F)2[I > 20(1)] 0.0440 0.0339 0.0397
WR2(F?)P 0.1122 0.0762 0.0935
GOF 1.038 1.045 1.047

aFootnotea, Table 2. Footnoteb, Table 2.

Figure 4. Structural drawing of the cation &b, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond distances
) _ ) ) (A) and bond angles (deg): Ptp(1), 2.187(2); Pt(BO(1), 2.091(4);
Figure 3. Structural drawing of the cation &fa, showing the atom- P(1)-Pt(1)-P(1A), 95.91(9); O(1)}Pt(1)-O(1A), 82.4(2); O(1A)»
numbering scheme (40% probability ellipsoids). Selected bond distancespy(1)-p(1A), 91.74(13); O(1yPt(1)-P(1), 91.74(13).

(A) and bond angles (deg): Pd@p(1), 2.1991(7); Pd(BHO(1),
2.103(2); P(1yPd(1)-P(1A), 93.71(4); O(1yPd(1-O(1A), 84.86(11);
O(1A)—Pd(1)-P(1A), 91.66(6); O(1)yPd(1)-P(1), 91.66(6).

Table 4. This compound crystallizes with two molecules of
acetone in the asymmetric unit and with disordereg Réns.
It contains a [4-2] Diels—Alder cycloadduct of VyPy and
integrated ratio. ThéH and**C{'H} chemical shifts are very  DMPP and an ylide that resulted from nucleophilic attack of a
similar to those of the platinum analogusbf, suggesting that  free DMPP molecule on the vinyl group of a coordinated VyPy,
this complex is also a racemic mixture of tiRR) and S followed by addition of two hydrogens, probably emanating
diastereomers with ais geometry. from adventitious water. The ylide is stabilized in its dipolar
The 31P{1H} NMR spectrum of the major isolated product form by coordination of C(20) to palladium. The coordination
of the reactions of [(DMPBPd(CHCN)JX, with VyPy, geometry is planar; the sum of the angles around palladium is
amounting to 75% of the crude product, exhibits two doublets 360.£. The two pyridine moieties are mutually cis, and the
at 0 105.35 and 38.47J(PP)= 4.9 Hz), consistent with the  phosphorus and carbon donors are cis to one another. The
presence of two inequivalent coordinated phosphines with a cismetalk-ligand bond lengths lie in the expected ranges. The-P(2)
interrelationship. The resonancedat05.35 is characteristic of  C(20) (1.799(7) A) and P(2)C(23) (1.806(4) A) bond lengths
a coordinated 7-phosphanorbornérend the resonance at are almost equal, so that the former is not a double bond. The
38.47 is typical of a phosphole coordinated to palladfdi?. C(21)-C(22) (1.333(10) A) and C(5)C(6) (1.332(11) A) bond
ThelH and*3C{H} NMR spectra are very complicated but do lengths are typical of carbercarbon double bonds.
not show resonances attributable to vinyl protons and carbons The ™H and 13C{'H} NMR spectra were then completely
and to phosphole protons and carbons. The structure of this assigned with the aid ofH{3!P}, COSY, APT, andH/*3C
unusual and unexpected product was established by X-rayHETCOR experiments and were found to be consistent with
crystallography (Figure 6). Crystallographic data are listed in the structure (see the Experimental Section for the data).
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Table 4. Crystallographic Data for 6A, 3B, 4A, and 4b

Inorganic Chemistry, Vol. 39, No. 15, 2003397

6a 3b 4a 4b
empirical formula GgH41F12N2P4Pd'2C3H60 Cg,szszFgP4Pt‘C3HGO C52H5282F8P4Pd'303H50 052H5282F3P4Pt'3C3H50
fw 1100.16 1227.60 1255.07 1343.76
crystal system triclinic monoclinic monoclinic monoclinic
space group P1 P2:/n C2lc C2lc
Zz 2 4 4 4
a(h) 10.384(2) 10.1466(14) 12.0940(12) 12.066(2)
b (A) 11.912(1) 23.168(2) 26.651(4) 26.570(3)
c(A) 21.260(2) 23.346(2) 19.298(2) 19.350(2)
o (deg) 74.937(6) 90 90 90
p (deg) 83.354(9) 91.374(9) 95.323(7) 95.197(8)
y (deg) 84.189(9) 90 90 90
V (A3 2515.3(5) 5486.5(9) 6193.3(12) 6177.8(12)
Pealc (g cM9) 1.453 1.486 1.168 1.445
T(°C) 25 25 25 25
u (mmY) 5.77 27.39 457 24.42
R1 F)2[l > 20(1)] 0.0638 0.0739 0.0598 0.0609
WR2(F?)P 0.1852 0.1136 0.1456 0.1548
GOF 0.990 1.005 1.045 1.034

aFootnotea, Table 2. Footnoteb, Table 2.

ci8  cie

cner cusy

Cl

18)  Cl19)
Ci24)

Pdm N

Ci3l ci2)

Figure 5. Structural drawing of the cation &b, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond distances
(A) and bond angles (deg): PtP(1), 2.237(2); Pt(HP(2), 2.238(2);
Pt(1-N(1), 2.129(5); Pt(1}yN(2), 2.128(5); P(L)yPt(1)}-P(2), 92.49(6);
N(1)—Pt(1}-N(2), 89.8(2); N(2y-Pt(1}-P(1), 88.3(2); N(2)-Pt(1)—

P(2), 90.1(2).

Figure 6. Structural drawing of the cation @a, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond distances
(A) and bond angles (deg): Pd@Rp(1), 2.221(2); Pd(BN(1),
2.175(6); Pd(1)yN(2), 2.146(6); Pd(%)C(20), 2.084(6); P(2yC(20),
1.799(7); P(2)-C(23), 1.806(4); C(5)yC(6), 1.332(11); C(26yC(21),
1.504(9); C(21)C(22), 1.333(10); C(22)C(23), 1.498(10); P(H)
Pd(1)-N(1), 91.6(2); N(1)-Pd(1)-N(2), 91.2(2); N(2)-Pd(1)-C(20),
88.7(2); C(20)-Pd(1)-P(1), 88.9(2).

The reactions of [(DMPRBM(CH3CN),;]X, with 2 equiv of
DPVP produced both compoun8sand4, the cis- andtrans
[P.MP',]2" species. The coordination geometry of these com-
plexes is readily determined B}P{1H} NMR spectroscopy.
The spin systems of the phosphorus nuclei for the cis isomers
are second-order [AX]spin systems, whereas those for the trans
isomers are first-order A& spin systems. The former give rise
to a pair of centrosymmetric complex multiplets and the latter . . )

the trans isomers precipitated first.

to a pair of triplets. The cis:trans ratios in the crude products, .
P D P The structures o8b, 4a, and4b were determined by X-ray

as determined byP{'H} NMR spectroscopy, were 1.16 and X . .
0.87 for platinuri énd}palladiurrrll, respec?i)\//ely. The starting _crystallography (Figures=9). Crystallographic data are listed

[(DMPP,M(CHsCN),]2" complexes both have the cis geometry " Table 4. All three compounds crystallize as acetone solvates,
in solution. Ligand substitution of G¥&N by DPVP would be and all are planar, with the sums of the angles around the metals

expected to occur to produces-[(DMPPLM(DPVP),]2+ before being 359.91(5), 359.98(5), and 359.88(5kspectively. Com-

the Diels-Alder cycloaddition occurred. It is likely that cis plex 3b possesses @ axis perpendicular to the coordination
. ot tolane passing through the platinum atom. The isomorphous and

Isostructural complexega and4b possess crystallograph@

plexes®334As a result, the fraction of the trans isomer is greater
for palladium than for platinum. The products are configuration-
ally stable, and the geometric isomers were separated by
fractional crystallization from acetone/ether mixtures, in which

is competitive with the rate of cycloaddition. The cycloaddition
rate§ are expected to be ne.arly th? S?me for the palladlun ar](](33) Hartley, F. R.The Chemistry of Platinum and Palladiyridalsted:
platinum complexes, but the isomerization rate for the palladium New York, 1973; p 313 ff.

complexes should be faster than that for the platinum com- (34) Anderson, G. K.; Cross, R. Chem. Soc. Re 198Q 9, 185.




3398 Inorganic Chemistry, Vol. 39, No. 15, 2000

L"vf,’?/) CUT) giogy

Figure 7. Structural drawing of the cation &b, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond
distances (A) and bond angles (deg): P#®)1), 2.312(3); Pt(t)
P(2), 2.341(3); Pt(1yP(3), 2.318(3); Pt(1yP(4), 2.324(3); C(5yC(6),
1.31(2); C(31}-C(32), 1.30(2); P(BHPt(1-P(2), 81.78(11); P(H
Pt(1)-P(3), 95.92(11); P(2)Pt(1)-P(4), 100.34(12); P(3)Pt(1)-P(4),
81.87(11).

Figure 8. Structural drawing of the cation efb, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond
distances (A) and bond angles (deg): PHBY1), 2.324(2); Pt(
P(2), 2.339(2); C(5yC(6), 1.313(14); P(HyPt(1)y-P(2), 81.24(7);
P(1)-Pt(1)-P(2A), 98.75(7); P(1AYPt(1)-P(2), 98.75(7); P(1Ay
Pt(1)-P(2A), 81.24(7).

Redwine et al.

Figure 9. Structural drawing of the cation @fa, showing the atom-
numbering scheme (40% probability ellipsoids). Selected bond distances
(A) and bond angles (deg): Pd@p(1), 2.3435(13); Pd(BP(2),
2.350(13); C(5)-C(6), 1.328(8); P(yPd(1)>-P(2), 81.01(4); P(%y
Pd(1)-P(2A), 98.93(4); P(1AyPd(1)-P(2), 98.93(4); P(1AyPd(1)-
P(2A), 81.01(4).

Conclusions

The complexegis[(DMPP),M(CH3CN),]X, (M = Pd, Pt;
X =NOs~, BF4, ClO47) react with 2 equiv of the dienophiles
DMAA, VyPy, and DPVP to first produce the ligand substitution
products [(DMPPM(dienophile}]X . These ligand substitution
products undergois—transisomerization when the dienophile
is DPVP but not when the dienophile is DMAA or VyPy. The
ligand substitution products then undergo two rapid sequential
metal-promoted intramolecular{£] Diels—Alder cycloaddi-
tion reactions to produce the final products. The final products
of these reactions all contain two chiral bidentate ligands. For
the reactions with DMAA and VyPy, only cis-geometric isomers
were formed. The reactions with DPVP yielded both the cis-
and trans-geometric isomers. In all cases, the absolute config
uration of the first Diels-Alder cycloadduct formed on the metal
influenced the absolute configuration of the second Biglsler
cycloaddition product in a complementary fashion. Racemic
mixtures of the R R) and §S) diastereomers were formed, and
no meso RS diastereomers were observed. The complemen-
tarity in the fitting of the two chiral ligands around the metal
center is independent of whether the two ligands are mutually
cis or trans. The nature of the anion has no influence on the
stereochemistry of the products.

An unusual ylide complexga, was the major product of the
reaction oftis-[(DMPP),Pd(CHCN),]X 2 with VyPy. That none
of the analogous product was observed in the reactiorisof

axes lying in the coordination planes passing through the metal [(DMPPY,Pt(CHCN);]X » with VyPy may be explained by the

atoms. For all three complexes, theSg axes relate the two

bidentate chiral ligands to one another. Thus, in all three cases

racemic mixtures of theRR) and S diastereomers are
formed, and no mesdR(S) diastereomers are observed in the
crude products. For the isomeric complexes of platinGim,
and4b, there is very little difference in the PP bond lengths
either within or between the complexes. This observation

suggests that the two isomers have comparable thermodynami
stabilities, and in fact, the observed ratio of the isomers is near

unity. A similar argument should apply to the relative thermo-

dynamic stabilities of the analogous palladium complexes, which

suggests that the isomer ratio is under kinetic control.

relative thermodynamic and kinetic stabilities of the palladium

rand platinum complexes of DMPP. The former undébgo

spontaneous cistrans isomerization in solution by a mechanism
that involves dissociation of DMPP, whereas the latter d&hot.
VyPy is able to displace DMPP from palladium, but not from
platinum, at some stage in the reaction, most likely after the
first Diels—Alder cycloaddition. Long after submission of this

paper, enantiomerically pure analogues 2af and 2b were

reporteds®

(35) MacDougall, J. J.; Mathey, F.; Nelson, J.IHorg. Chem.198Q 19,
1980.



Cycloaddition Reactions of Dimethylphenylphosphole

Experimental Section

A. Reagents and Physical Measurement#ll chemicals were of

Inorganic Chemistry, Vol. 39, No. 15, 2003399

31p{1H} NMR (CDsNO,): 6 101.30.'H NMR (CDsNOy): 6 7.71 (m,
2H, Hy), 7.54 (m, 4H, K, 7.19 (m, 4H, H), 3.50 (dddd 3J(PH) =
24.5 Hz,3)(HoHs) = 10.8 Hz,3)(H,H3) = 5.0 Hz,3J(H:H,) = 1.5 Hz,

reagent grade and were used as received from commercial source€H, Hz), 3.31 (s, 6H, NCh), 3.26 (s, 6H, NCH), 3.24 (dd,*J(HzHs)
(Aldrich, Fisher Scientific, or Organometallics for DPVP). Elemental = 2.5 Hz,%J(HsHs) = 1.0 Hz, 2H, H), 2.84 (d,*)(H:H;) = 1.5 Hz,
analyses were performed by Galbraith Laboratories, Knoxville, TN. 2H, Hy), 2.81 (dddd?J(HsH,) = 13.5 Hz,*)(PH) = 7.5 Hz,3)(HzH3)
Melting points were determined on a Mel-Temp apparatus and are = 5.0 Hz,%J(HsHs) = 2.5 Hz, 2H, H), 2.41 (dddd?J(PH) = 37.0 Hz,
uncorrected. FT-IR spectra were recorded for Nujol mulls on NaCl “J(HsHs) = 13.5 Hz,%J(HzHs) = 10.8 Hz,%)(HiHs) = 1.0 Hz, 2H,
windows by using a Perkin-Elmer BX spectromefét, 1H{3!P}, 13C- Has), 1.65 (s, 6H, CCh), 1.40 (s, 6H, CCh). *C{'H} NMR (CDs-
{H}, and®P{*H} NMR spectra were recorded at 499.8, 499.8, 125.7, NO2): 6 178.37 (s, CO), 135.42 (s,s0r Cs), 134.25 (s, Gor Cy),
and 202.3 MHz, respectively, on a Varian Unity Plus 500 FT-NMR  133.29 (AXX, [J)(PC)+ *J(PC) = 11.3 Hz, G), 133.24 (s, §), 129.19
spectrometer. Proton and carbon chemical shifts are relative to internal(AXX', *J(PC) = 10.5 Hz,°J(PC) = 0.4 Hz,2)(PP) = 8.3 Hz, G,),
MeSi or solvent resonances and phosphorus chemical shifts are relativel 22.49 (AXX, XJ(PC) = 57.8 Hz,*)(PC) = 3.6 Hz, G), 49.22 (AXX,
to the resonance of external 85%R0y(aq) with positive values being ~ "J(PC)= 36.1 Hz,*)(PC)= 2.6 Hz, G), 45.63 (AXX, *J(PC)= 37.6
downfield of the respective reference. Hz, 3J(PZC)= 2.3 Hz, G), 39.67 (AXX, 2)(PC)= 17.6 Hz,")(PC)=
B. Syntheses. [(DMPP)Pd(NOs).] (1a). To a solution of 0.553 g 1.2 H%’ S(PP)__S'?’ Hz, Q);37'95£S' NCH), 26'70 (i NCH), 30.09
(1.00 mmol) ofcis[(DMPP)PACE2122in 25 mL of CHCN was added /XX W(PC) = 25.2 Hz, W(PC) = 0.5 Hz,*(PP)= 8.3 Hz, G),
0.340 g (2.00 mmol) of AgN@ A curdy white precipitate formed ﬂéﬁ(;%)(ﬁ_)(sg((l:)‘(:\i(ic% ;H\;(PCC():“—; 3.6 Hz, CCH), 12.59 (AXX,
immediately in a lemon-yellow solution. The mixture was stirred at N oo ) ) R
ambient temperature, protected from light with aluminum foil for 1 h, _ 20- Yield: 0.80 g (85%) of fmorless crystals. Mp: 27375°C.
and filtered to remove AgCl, after which the volume of the filtrate IR (Nujol): ve=0 1583, 1456 cm’. Anal. Calcd for GaHaBoFeN2OoP-

was reduced to 10 mL on a rotary evaporator. Ether (10 mL) was addedflt: lC, 43.30; H, 4.67; Né 2'97'1 Foundi C. 4316; H, 4.71; N, 3.02.
to the solution, and the mixture was allowed to stand at ambient P{*H} NMR (CD:NO,): 6 74.4,3J(PtP)= 3560 Hz."H NMR (CDs

temperature for 4 h. The microcrystalline yellow precipitate that formed '\(Iﬁé)d 63 J7|'36: (T’Z?_é)’ E)’ 37J‘I149 Sanl OHé)’HIlSJ }(—Im}I—IZHJi)’SSHSO
was isolated by filtration and dried under vacuum to yield 0.54 g (89%) ( J(PH) = 22.0 Hz,)(HoHa) = 10.5 Hz,%)(HoHs) = 4.5 Hz,

of 1a. Mp: 187-188°C. Anal. Calcd for GsH26N.OsP.Pd: C, 47.52;
H, 4.29; N, 4.62. Found: C, 47.39; H, 4.17; N, 4.6&8{'H} NMR
(CDsNOy): 6 157.69 (AXX, |2J(PC)+ 4J(PC) = 12.7 Hz, G), 132.51
(s, G), 132.41 (AXX, |2J(PC) + 4J(PC) = 12.3 Hz, G), 129.23
(AXX', [BJ(PC) + 5J(PC) = 12.1 Hz, Gy), 123.12 (AXX, |XJ(PC) +
3J(PC) = 60.6 Hz, G), 119.18 (AXX, |*J(PC)+ 3J(PC) = 60.6 Hz,
C,), 16.66 (AXX, [BJ(PC)+ 5J(PC) = 14.8 Hz, CH).
[(DMPP),Pt(NOg3);] (1b). Similarly, from 0.642 g (1.00 mmol) of
cis-[(DMPP),PtChL]?*?*and 0.340 g (2.00 mmol) AgN{vas obtained
0.58 g (90%) of colorless microcrystalstf. Mp: 210-211°C. Anal.

Calcd for GsHo6N2OsP2Pt: C, 41.46; H, 3.74; N, 4.03. Found: C, 41.35;

H, 3.68; N, 4.1213C{1H} NMR (CDsNOy): ¢ 157.41 (AXX, |2)(PC)
+ 4(PC) = 14.7 Hz, G), 132.42 (AXX, [2J(PC)+ “J(PC) = 11.6
Hz, C), 132.39 (AXX, [4J(PC)+ 8J(PC) = 1.5 Hz, G), 129.02 (AXX,
[BJ(PC)+ SJ(PC) = 11.9 Hz, Gy), 123.47 (AXX, |XJ(PC) + 3J(PC)
= 67.7 Hz, G), 119.13 (AXX, 1J(PC) = 63.2 Hz,3J(PC) = 4.3 Hz,
2)(PP)= 30.8 Hz, G), 16.57 (AXX, [3J(PC) + 5)(PC) = 15.2 Hz,
CHy).

3J(HiH,) = 1.0 Hz, 2H, H), 3.37 (s, 6H, NCH), 3.33 (s, 6H, NCHh),
3.19 (apparent 8J(PH) = 3J(H4Hs) = 1.5 Hz, 2H, H), 2.97 (apparent
t, 2J(PH) = 3J(H:H,) = 1.0 Hz, 2H, H), 2.83 (apparent ddJ(HsHz)
= 13.0 Hz,3)(H.H3) = 4.5 Hz,3)(PH) = 3J(HaHs) = 1.5 Hz, 2H, H),
2.29 (dddd3J(PH) = 35.5 Hz,2J(HsHs) = 13.0 Hz,3J(H;H,) = 10.5
Hz, 3J(H4Hs) = 1.5 Hz, 2H, H), 1.67 (s, 6H, CCH), 1.40 (s, 6H,
CCHy). BC{H} NMR (CDsNOy): 6 179.03 (s, CO), 135.05 (S,c0r
Cs), 133.12 (s, §), 133.06 (AXX, 2J(PC)= 12.1 Hz,%)J(PC)= —1.8
Hz, 2J(PP)= 10.7 Hz, G), 132.86 (AXX, |2J(PC) + 4J(PC) = 1.9
Hz, G or Cg), 129.01 (AXX, 3J(PC) = 10.7 Hz,5)(PC)= —0.6 Hz,
2)(PP)= 10.7 Hz, Gy), 122.26 (AXX, |JJ(PC) +3J(PC) = 70.0 Hz,
C), 47.29 (AXX, J(PC) = 40.5 Hz,3)(PC) = —1.2 Hz, 2J(PP) =
10.7 Hz, G), 44.86 (AXX, J(PC) = 42.7 Hz,3)(PC) = —0.3 Hz,
2J(PP)= 10.7 Hz, G), 39.85 (AXX, 2J(PC) = 15.6 Hz,4J(PC) =
—0.7 Hz,2J(PP)= 10.7 Hz, GQ), 38.47 (AXX, [SJ(PC) + 7J(PC) =
3.3 Hz, NCHy), 37.35 (AXX, |5J(PC) + 7J(PC) = 2.9 Hz, NCH),
30.11 (AXX, 2J(PC) = 22.4 Hz,*J(PC) = —0.1 Hz,2J(PP)= 10.7
Hz, C5), 12.50 (AXX, |2J(PC) + SJ(PC) = 4.3 Hz, CCH), 12.33
(AXX', BJ(PC) + SJ(PC) = 3.5 Hz, CCH).

Diels—Alder Cycloadducts. All of the cycloadducts were prepared 3a. This compound could not be isolated in isomerically pure form.
by the same general method. To a solution containing 1.00 mmol of Consequently, the following NMR spectral data are assigned from the
[((DMPPLMCI7] in 25 mL of CHCN and 25 mL of CHNO, was added ~ NMR spectra of cis and trans mixturé4{'H} (CDsNO,): 0 112.95
2.00 mmol of AgBFR. After the mixture was stirred for 1 h, protected  (p,), 35.04 (R), 2J(AX') = 2J(A’X) = 278.1 Hz,2J(AA") = 2J(XX')
from light with aluminum foil, it was filtered to remove AgCl, and 2.1 = 11.2 Hz,2J(AX) = 2J(A’X’) = 36.9 Hz.!H NMR (CDsNOy): 6 6.8—
equiv of the respective dienophile was added to the filtrate. The reaction 7.9 (m, 30H, Ph), 3.56 (m, 2H, 4 3.52 (m, 2H, H), 3.18 (m, 2H,
mixture was allowed to stand at ambient temperature for 4 days, the H,), 2.94 (m, 2H, H), 2.42 (m, 2H, H), 1.81 (s, 6H, CH), 1.36 (s,
volume was reduced to 5 mL on a rotary evaporator, and ether was gH, CH).
added to precipitate the product, which was isolated by filtration, dried  3p_ Yield: 0.42 g (36%) of colorless crystals. Mp: 17475 °C.
under vacuum, and recrystallized from an acetone/ether mixture. Anal. Calcd for GoHs,B.FsPPt: C, 53.42: H, 4.45. Found: C, 53.28:

2a.Yield: 0.68 g (80%) of pale yellow crystals. Mp: 24@42°C.
IR (Nujol): vc—0 1590, 1436 cm!. The values of the aminocarbonyl
CO stretching frequencies f@a and2b indicate oxygen coordination
and a cis geometr§/.Anal. Calcd for GsH14B,FsN,O,P,Pd: C, 47.80;

H, 4.29.31P{*H} NMR (CDsNO,): 6 101.18 (R, 1J(PtP)= 2114 Hz),
30.13 (R, J(PtP)= 2250 Hz) 2J(AX') = 2J(A'X) = 270.9 Hz 2J(AA")
= 17.3 Hz,2J(XX") = 11.1 Hz,2J(AX) = 2J(A'X') = —23.8 Hz.1H
NMR (CDsNO): 6 7.1-7.7 (m, 30H, Ph), 3.65 (m, 2H, 41 3.56 (m,

H, 5.15; N, 3.28. Found: C, 47.69; H, 5.01; N, 3.32. 2H, H), 3.02 (M, 2H, H), 3.00 (m, 2H, H), 2.29 (m, 2H, H), 1.84 (s,
6H, CHs), 1.34 (s, 6H, Ch). 3C{'H} NMR (CDsNO,): 6 136 47
(AA'MM'X, 3J(PtC) = 24.9 Hz, |2J(PC) + “J(PC) = 1.4 Hz, G),
135.05 (AAMM'X, [2J(PC)+ 4J(PC) = 11.7 Hz, G), 133.50 (s, §),
133.46 (AAMM'X, [2J(PC) + 4J(PC) = 9.6 Hz, G), 132.98 (s, §),
132.79 (s, §), 132.34 (AAMM'X, [2J(PC)+ “J(PC) = 10.8 Hz, G),
129.75 (AAMM'X, BJ(PC) + SJ(PC) = 11.2 Hz, G), 129.39
(AA'MM'X, [3J(PC)+ 8J(PC) = 11.2 Hz, G), 129.28 (AAMM'X,
PBI(PC) + SJ(PC) = 11.2 Hz, G)), 128.14 (AAMM'X, [2J(PC) +
4J(PC) = 17.5 Hz, G), 125.50 (AAMM'X,[XJ(PC)+ 3J(PC) = 55.7

(36) Leung, P.-H.; He, G.; Lang, H.; Liu, A.; Loh, S.-K.; Selvaratnam, S.;
Mok, K. F.; White, A. J. P.; Williams, D. Jretrahedror200Q 56, 7.

(37) James, B. R.; Ochaiali, E.; Rempel, Jiarg. Nucl. Chem. Lettl971],
7, 781.
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Hz, G), 124.82 (AAMM'X, |YJ(PC)+ 3J(PC) = 54.7 Hz, G), 123.20
(AA'MM'X, |X(PC) + 3J(PC) = 54.2 Hz, G), 54.69 (AAMM'X,
[2)(PC)+ 3J(PC) = 38.5 Hz, G), 47.54 (AAMM'X, |XJ(PC)+ 3J(PC)
= 36.2 Hz, G), 33.84 (AAMM'X, |YJ(PC)+ 3J(PC) = 35.2 Hz, Q),
31.92 (AAMM'X, |2J(PC) + 4J(PC) = 16.8 Hz, G), 13.04 (AAM-
M'X, [2BJ(PC) + 5J(PC) = 2.6 Hz, CH), 12.11 (AAMM'X, [2J(PC)
+ 5J(PC) = 3.3 Hz, CH).

4a.Yield: 0.37 g (34%) of pale yellow crystals. Mp: 18291°C.
Anal. Calcd for G.Hs:BoFsP4Pd: C, 57.81; H, 4.81. Found: C, 57.59;
H, 4.64.31P{*H} NMR (CDsNOy): 6 116.96 (t, R), 33.90 (t, R),
2J(AX) = 24.0 Hz.'H NMR (CD3sNOy): 6 6.8-7.9 (m, 30H, Ph), 3.76
(s, 2H, H;), 3.56 (m, 2H, H), 3.46 (s, 2H, H), 3.01 (m, 2H, H), 2.18
(m, 2H, Hy), 1.60 (s, 6H, CH), 1.46 (s, 6H, Ch). *3C{*H} NMR (CDs-
NO,): 6 137.56 (AAMM'X, |2J(PC)+ 4J(PC) = 1.3 Hz, G), 134.65
(AA'MM'X, [2J(PC) + “J(PC) = 13.3 Hz, G), 133.94 (AAMM'X,
[2J(PC)+ 4J(PC) = 13.1 Hz, G), 133.51 (s, ), 133.43 (s, §), 131.89
(s, G), 131.77 (AAMM'X, [2J(PC)+ 4J(PC) = 10.2 Hz, G), 130.68
(AA'MM'X, |2J(PC) + 4J(PC) = 17.5 Hz, G), 129.97 (AAMM'X,
[3J(PC) + 5J(PC) = 11.7 Hz, G), 129.92 (AAMM'X, |3J(PC) +
5J(PC) = 11.8 Hz, Gy), 128.81 (AAMM'X, |3J(PC)+ 5J(PC) = 10.1
Hz, Gy), 126.36 (AAMM'X, |YJ(PC)+ 3J(PC) = 50.3 Hz, ), 124.45
(AA'MM'X, |1J(PC) + 3)(PC) = 46.1 Hz, G), 122.35 (AAMM'X,
[XJ(PC)+ 3J(PC) = 52.0 Hz, G), 55.29 (AAMM'X, |1 J(PC)+ 3J(PC)
=28.9 Hz, G), 33.76 (AAMM'X, |XJ(PC)+ 3J(PC) = 38.8 Hz, G),
29.80 (AAMM'X, |2J(PC)+ 4J(PC) = 17.8 Hz, G), 13.30 (s, CH),
12.35 (s, CH).

4b.Yield: 0.29 g (25%) of pale yellow crystals. Mp: 23@12°C.
Anal. Calcd for GHs:BoFgPsPt: C, 53.42; H, 4.75. Found: C, 53.56;
H, 4.54.31P{1H} NMR (CD3;NO,): 6 104.58 (t,2J(PtP)= 2048 Hz,
Pa), 27.13 (t,*J(PtP)= 2405 Hz,2J(PaPx) = 19.5 Hz, R). *H NMR
(CD3NOy): 6 6.7-7.9 (m, 30H, Ph), 3.73 (s, 2H,d{ 3.65 (m, 2H,
H2), 3.29 (s, 2H, H), 2.97 (m, 2H, H), 2.07 (m, 2H, H), 1.60 (s, 6H,
CHg), 1.43 (s, 6H, CH). 3C{*H} NMR (CDs;NO,): 6 138.96
(AA'MM'X, 3J(PtC) = 24.3 Hz,|2J(PC) + 4)(PC) = 1.4 Hz, G),
136.30 (AAMM'X, [2J(PC) + 4J(PC) = 13.2 Hz, G), 135.54
(AA'MM'X, [2)(PC)+ 4J(PC) = 12.6 Hz, G), 135.28 (s, ¢), 135.00
(s, G), 133.39 (s, §), 133.18 (AAMM'X, |2J(PC) + 4J(PC) = 12.5
Hz, G), 131.50 (AAMM'X, [2J(PC)+ J(PC) = 11.4 Hz, G,), 131.35
(AA'MM'X, [BJ(PC) + %J(PC) = 11.2 Hz, G,), 130.66 (AAMM'X,
[2J(PC) + 4J(PC) = 15.7 Hz, G), 130.15 (AAMM'X, |3)(PC) +
5J(PC) = 10.4 Hz, Gy), 127.32 (AAMM'X, |XJ(PC)+ 3J(PC) = 58.1
Hz, G), 124.77 (AAMM'X, |XJ(PC)+ 3)(PC) = 56.2 Hz, G), 123.44
(AA'MM'X, |LJ(PC) + 3J(PC) = 59.8 Hz, G), 56.05 (AAMM'X,
[XJ(PC)+ 3J(PC) = 40.0 Hz, G), 50.92 (AAMM'X, |XJ(PC)+ 3J(PC)
= 34.8 Hz, G), 34.82 (AAMM'X, |1J(PC)+ 3J(PC) = 35.7 Hz, G),
31.30 (AAMM'X, |2J(PC) + 4)(PC) = 18.9 Hz, G), 14.71 (AAM-
M'X, |3J(PC) + 5J(PC) = 2.1 Hz, CH), 13.70 (AAMM'X, [3)(PC)
+ 5J(PC) = 2.9 Hz, CH).

5a. This compound was isolated as thesPFalt obtained by
metathesis of the N product with excess NaRkh CH3zNO.. Yield:
0.18 g (18%) of pale yellow microcrystals. Mp: 18687 °C. Anal.
Calcd for GgHaoF12NoPsPd: C, 46.44; H, 4.07; N, 2.85. Found: C,
46.29; H, 3.88; N, 2.67.

PhP

31P{1H} NMR (CDsNOy): 6 72.31,—145.00 (septetJ(PF)= 707
Hz). *H NMR (CDsNO,): 6 8.76 (dd,2(HaHs) = 6.0 Hz,2J(HaHo) =
1.5 Hz, 2H, H), 8.52 (apparent td?J(HyHc) = 3J(HcHg) = 7.5 Hz,
4J(HHo) = 1.5 Hz, 2H, H), 8.01 (dd 2)(HHg) = 7.5 Hz,“J(HpHg) =
1.0 Hz, 2H, H), 7.96 (ddd3J(H,He) = 7.5 Hz,3J(HHp) = 6.0 Hz,
4J(HpHg) = 1.0 Hz, 2H, H), 7.83 (M, 4H, H), 7.69 (M, 2H, H), 7.59
(m, 4H, Hy), 3.58 (dddd3J(PH) = 21.0 Hz,3J(H:Hs) = 10.8 Hz,
3J(H,H3) = 6.3 Hz,3J(H;H,) = 1.0 Hz, 2H, H), 3.45 (apparent dtd,
2)(PH) = 7.0 Hz,3)(HsHs) = 3J(HsHs) = 2.5 Hz,%)(H:Hs) = 2.0 Hz,
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2H, Hs), 3.41 (ddd 2J(PH) = 4.5 Hz,%J(H1Hs) = 2.0 Hz,3J(HiH,) =
1.0 Hz, 2H, H), 2.75 (dddd3J(PH) = 29.0 Hz,2)(HsH,) = 13.5 Hz,
3J(H2H4) = 10.8 Hz,3J(H4Hs) = 2.5 Hz, 2H, H), 2.63 (apparent ddt,
2J(HsH4) = 13.5 Hz,2J(HoH3) = 6.3 Hz,2J(HsHs) = 3J(PH) = 2.5 Hz,
2H, Hs), 1.78 (dq,*J(PH) = 5J(HH) = 1.0 Hz, 6H, CH), 1.74 (dq,
4J(PH) = 2.0 Hz,%)(HH) = 1.0 Hz, 6H, CH). **C{*H} NMR (CDs-
NO,): ¢ 160.22 (GQ), 148.51 (G), 144.11 (Q), 135.95 (d,2)(PC) =
8.3 Hz, G or Gg), 135.65 (d2J(PC)= 10.4 Hz, G or Cs), 134.87 (d,
4J(PC) = 2.8 Hz, G), 133.43 (d,2)(PC) = 9.1 Hz, G), 130.98 (d,
3J(PC)= 12.2 Hz, Gy), 130.40 (@), 127.37 (G), 127.16 (d}J(PC)=
103.6 Hz, ¢), 51.44 (d,"J(PC) = 64.6 Hz, G), 48.21 (d,"J(PC) =
64.2 Hz, G), 46.42 (d,2)J(PC) = 16.0 Hz, G), 35.29 (d,2)(PC) =
13.6 Hz, G), 15.22 (d2J(PC)= 5.2 Hz, CHy), 14.69 (d2J(PC)= 4.5
Hz, CHy).

5b. Yield: 0.72 g (75%) of colorless crystals. Mp: 23335 °C.
Anal. Calcd for GgHaoBFsNP,Pt: C, 47.79; H, 4.68; N, 2.93.
Found: C, 47.65; H, 4.57; N, 2.8#P{*H} NMR (CD3sNO,): 6 66.25,
LJ(PtP)= 2975 Hz.*H NMR (CDsNO,): 6 8.19 (apparent tdJ(HpHc)
= 3J(HHg) = 7.5 Hz,*J(HHe) = 1.5 Hz, 2H, H), 8.00 (dd,2J(HaHb)
= 5.8 Hz,*J(H:Ho) = 1.5 Hz, 2H, H), 7.81 (dd,*J(HHg) = 7.5 Hz,
4)(HyHq) = 1.5 Hz, 2H, H), 7.69 (M, 2H, H), 7.49 (M, 4H, Hy), 7.46
(ddd,2J(HpHo) = 7.5 Hz,3J(HaHy) = 5.8 Hz,4)(HyHg) = 1.5 Hz, 2H,
Hy), 7.10 (b m, 4H, H), 3.74 (dddd2J(PH) = 24.0 Hz,2J(H.Hs) =
10.8 Hz,2J(H,H3) = 4.5 Hz,3J(H;H,) = 0.5 Hz, 2H, H), 3.63 (apparent
ddt, 3J(HsH4) = 13.3 Hz,2J(H.H3) = 4.5 Hz,3J(PH) = 3J(H3Hs) =
2.3 Hz, 2H, H), 3.23 (apparent dfJ(HsHs) = 2.3 Hz, 2J(PH) =
4J(HiHs) = 3J(H4Hs) = 1.5 Hz, 2H, H), 2.84 (apparent tJ(PH) =
43(H1Hs) = 1.5 Hz,3J(H:H2) = 0.5 Hz, 2H, H), 2.56 (dddd3J(PH) =
35.5 Hz,2J(HsHs) = 13.3 Hz,2J(HzH) = 10.8 Hz,3J(HsHs) = 1.5
Hz, 2H, Hy), 1.78 (g,5J(HH) = 0.5 Hz, 6H, CH), 1.41 (q,%J(HH) =
0.5 Hz, 6H, CH). $3C{H} NMR (CDsNO,): ¢ 163.86 (G), 153.40 (d,
3J(PC)= 2.5 Hz, G), 142.21 (G), 133.96 (G or Cg), 133.28 (AXX,
[2J(PC)+ 4J(PC) = 9.9 Hz, G), 133.02 (G), 132.34 (G or ), 128.99
(AXX', 3J(PC)= 12.3 Hz,5)(PC)= —1.5 Hz,2)(PP)= 14.0 Hz, G)),
128.43 (G), 125.24 (G), 120.45 (AXX, [1J(PC) + 3J(PC) = 63.1
Hz, G), 50.14 (AXX, |XJ(PC)+ 3J(PC) = 40.2 Hz, G), 47.14 (AXX,
|XJ(PC) + 3J(PC) = 48.1 Hz, G), 46.31 (AXX, 2J(PC)= 14.2 Hz,
4J(PC)= 3.1 Hz,2)(PP)= 14.0 Hz, G), 34.37 (AXX, 2J(PC)= 24.7
Hz, 4J(PC)= 0.4 Hz,2)(PP)= 14.0 Hz, G), 12.54 (AXX, [;J(PC)+
5)J(PC) = 1.1 Hz, CH), 12.35 (AXX, |3)(PC) + 5J(PC) =3.6 Hz,
CHy).

6a.Yield: 0.48 g (55%) of pale yellow crystals. Mp: 26207 °C.
Anal. Calcd for GgH4:BoFsN.P,.Pd: C, 52.56; H, 4.84; N, 3.23.
Found: C, 52.43; H, 4.67; N, 3.14.

PhP '

31P[1H} NMR (CDsNO,): 6 105.35 (d, ), 38.47 (d,*P, J(PP)=
4.9 Hz).'H NMR (CDsNOy): ¢ 8.42 (dd 2J(HxHy) = 6.0 Hz,%J(HaHc)
= 1.5 Hz, 1H, H), 8.23 (apparent tBI(H¢Hy) = 3J(HyHe) = 7.5
Hz,4J(HzHc) = 1.5 Hz, 1H, R), 7.96 (apparent tdJ(HHq) = 3J(HpHc)
= 7.5 Hz,4J(HaHo) = 1.5 Hz, 1H, H), 7.88 (dd3J(H:Hq) = 7.5 Hz,
43(HyHq) = 1.0 Hz, 1H, H), 7.80 (m, 2H, H), 7.71 (ddd 3(HyHe)
= 7.5 Hz,3)(HaHy) = 6.0 Hz,*)(HyHq) = 1.0 Hz, 1H, H)), 7.64 (dd,
3)(HHq) = 7.5 Hz, “)(HoHa) = 1.5 Hz, 1H, H), 7.62 (M, 1H, H),
7.51 (dd,3J(HaHp) = 6.0 Hz,4J(HH) = 1.5 Hz, 1H, H), 7.42 (m,
5H, Hn, Hy), 7.18 (ddd3J(HsHe) = 7.5 Hz,3J(HHy) = 6.0 Hz,*J(HyHo)
= 1.5 Hz, 1H, H), 7.00 (m, 2H, H), 4.97 (dddd2J(HH) = 14.0 Hz,
4J(HH) = 10.8 Hz,4)(HH) = 7.3 Hz,2J(PH) = 3.0 Hz, 1H, PCH,),
4.20 (dddd2J(PH) = 35.0 Hz,2J(HH) = 14.0 Hz,*J(HH) = 8.0 Hz,
4J(HH) = 1.5 Hz, 1H, PCH_), 3.94 (apparent dtdJ(HsHs) = 2.0 Hz,
8J(H4Hs) = 4J(HiHs) = 1.5 Hz,2J, 3J(HHz) = 1.5 Hz, 1H, H), 3.36
(dddd, 2J(HaHa) = 13.5 Hz,3J(HzHs) = 5.0 Hz, 3J(PH) = 3.0 Hz,
3)(HaHs) = 2.0 Hz, 1H, H), 3.32 (dddd2J(PH) = 15.5 Hz,2J(HH) =
13.8 Hz,%J(HH) = 10.8 Hz,“J(HH) = 8.0 Hz, 1H, PCH, (ring)),
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Figure 10. Expansions of the 499.8 MHH COSY-45 spectrum of F1 (pom)
ppm

6ain CD3NO; in the aromatic (top) and aliphatic (bottom) regions.
Figure 11. Expansions of the 125.7 MHZC/*H HETCOR spectrum

3.21 (apparent GI(PH) = 3J(HiHy) = 4J(HiHs) = 1.5 Hz, 1H, H), of 6ain CDsNO; in the aromatic (top) and aliphatic (bottom) regions.

3.00 (dddd2)J(PH) = 15.5 Hz,2J(HH) = 13.8 Hz,%)(HH) = 7.3 Hz,
4)(HH) = 1.5 Hz, 1H, PCH; (ring)), 2.84 (dd,3J(PH) = 12.0 Hz,
2J(PH) = 7.5 Hz, 1H, PACH (ring)), 2.72 (dddd)(PH) = 36.0 Hz,
2)(HsHs) = 13.5 Hz,3)(HzHa) = 10.5 Hz,3)(HsHs) = 1.5 Hz, 1H,
Ha), 2.62 (dd,2)(HH) = 19.5 Hz,3J(PH) = 13.0 Hz, 1H, PyCh),

23.44 (d,X)(PC)= 32.8 Hz, PdCH), 17.84 (d)(PC)= 16.0 Hz, CH
(Pt ring)), 14.75 (d3J(PC) = 13.2 Hz, CH (norbornene)), 12.83 (d,
3)(PC) = 3.4 Hz, CH (P* ring)), 12.49 (d,3)J(PC) = 3.3 Hz, CH
(norbornene)). Expansions of the COSY &f@d/*H HETCOR spectra
2.29 (q,°)(HH) = 0.5 Hz, 3H, CH (norbornene)), 1.94 (GJ(HH) = that were essential for the assignments of‘th@and3C chemical shifts

0.5 Hz, 3H, CH (P* ring)), 1.57 (q,5)(HH) = 0.5 Hz, 3H, CH (P* are shown in Figures 10 and 11, respectively.

ring)), 1.40 (q,5J(HH) = 0.5 Hz, 3H, CH (norbornene)), 1.20 (d, C. Kinetics Measurements. Solutions containing 100 mg of
2)(HH) = 19.5 Hz, 1H, PyCh). 3C{H} NMR (CDsNO,): 6 164.31 [(DMPPXM(NOg3);] and 2.2 equiv of the dienophile in 4 mL of GH
(Co), 158.62 (d3J(PC)= 5.0 Hz, G), 151.41 (), 151.26 (Q), 141.56 CN and 1 mL of CRNO, were placed in 10 mm NMR tubes. The
(Ce), 140.31 (@), 136.56 (dd2)(PC)= 8.8 Hz,*J(PC)= 1.0 Hz, G), reactions were monitored by 202.3 MEP{'H} NMR spectroscopy
134.98 (G), 134.32 (G), 133.83 (dAJ(PC)= 2.9 Hz, G), 133.26 (d, at 40 °C using the instruments temperature regulatigri ¢C) and
4J(PC) = 2.4 Hz, G), 132.35 (d,2)(PC) = 9.4 Hz, G), 129.70 (d, kinetics routine. Typically, 200 transients were acquired for each time

3J(PC) = 7.8 Hz, G,), 129.62 (d,2J(PC) = 5.3 Hz, G), 129.58 (d, interval.

3J(PC)= 10.7 Hz, G,), 128.50 (@), 126.46 (dfJ(PC)= 1.0 Hz, G), D. X-ray Data Collection and Processing.Crystals of the com-
126.27 (d,*)(PC)= 2.6 Hz, G), 125.31 (d,3J(PC)= 75.3 Hz, @), plexes were obtained from acetone/ether mixtures, mounted on glass
125.15 (d,2(PC) = 18.4 Hz, G), 122.57 (d,XJ(PC)= 73.0 Hz, G), fibers coated with epoxy, and placed on a Siemens P4 diffractometer.
50.16 (d,*J(PC) = 32.4 Hz, G), 46.57 (d,2)(PC) = 17.5 Hz, G), Intensity data were taken in themode at 298 K with Mo K graphite-
45.72 (d,XJ(PC)= 33.6 Hz, G), 34.70 (d,2J(PC)= 51.0 Hz, PyCH), monochromated radiatiord (= 0.710 73 A). Three check reflections

33.69 (d,2J(PC)= 27.9 Hz, G), 32.85 (d,*J(PC)= 6.0 Hz, PCH,), monitored every 100 reflections showed randaer2%b) variation during
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the data collections. The data were corrected for Lorentz and polariza- parameters were assigned to all non-hydrogen atoms, and hydrogen
tion effects and for absorption using an empirical model derived from atoms were refined at calculated positions with a riding model in which
azimuthal data collections, except for the casélpffor which XABSZ8 the C—H vector was fixed at 0.96 A.

was used. Scattering factors and corrections for anomalous dispersions .
were taken from a standard soufé€alculations were performed with Acknowledgment. This reseamh_ was supported by an award
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