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Abstract

Asymmetric cyclopalladation of new chiral ferrocenylimine (S)-(—)-[{n*-CsH4CH=NCH(CH;)(c-CsH;)}

Fe(n’-CsHs)], (S)-(~)-3, gave di-p-chloro-bridged cyclopalladated (R,,S,5,Rp)-(+)-[ Pd{(n®> — CsH;CH=N-
CH(CH3)(c-CsHy1))Fe(n3-CsHs) }(1-CDla, (Rp,S.5,Rp)-(+)-4. Treatment of (Rp,S,S,Rp)-(+)-4 or (S,,5,R.5.5,R.S.S,)-

(9355 — SR CHNCHCHEH,CHCHE (CH ) CHCHAFRS SR 0015 SpSRESRS S
(-8 with diphensdocstidene delded: the. ssrmespending bis(allowme). insemtien products- (-R‘F,,S;-{H.»)-—{-{\(-‘:-}L
(CC=CCMN PION P — THCR=NCHITAD) T, DR -CAs), 1R HD, and )5, 3RD-
(=)-[{(N3-(CeHsC=CCeHs);)PdCI(n® ~ CsH3;CH=NCH,CHCH,CH,CHC(CH3)>CHCH,)}Fe(n3-CsHs)],

(8p,5.R,.5)-(—)-7, respectively. The absolute configurations of (Rp,5)-(+)-5 and (5p.3,R.5)-(—)-7 have been
determined by single-crystal X-ray analysis. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Although the general utility of chiral cyclopalladated complexes in asymmetric synthesis! is well-
known, few opticaily-active cyciopalladated compounds containing the ferrocenyl moiety have been
synthesized.>-> Pfeffer et al. have described the reaction of chloro-bridged cyclopalladated dimers with a
variety of substituted alkynes under different conditions.* However, to our knowledge, there is no known
crystal structure determination of any planar chiral derivative of ferrocene containing an n3-butadienyl
unit. Here we present the synthesis of optically-active di-p-chloro-bridged cyclopalladated dimers which
react readily with diphenylacetylene to afford monomeric complexes containing an n3-butadieny! ligand,
whose absotute configurations have been established by single-crysiat X-ray analysis.

* Corresponding author. Fax: (852)26035057; e-mail: tcwmak @cuhk.edu.hk
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2. Results and discussion

The ferrocenylimine (S)-(—)-3 was obtained from the reaction between ferrocenecarboxaldehyde and
(5)-(+)-1-cyclohexylethylamine in benzene. Asymmetric cyclopalladation of the ferrocenylimine with
Na,PdCls and NaOAc-3H,0 in MeOH gave the corresponding di-p-chloro-bridged dimer (Rp,S,S.Rp)-
(+)-4. Treatment of (R;,S,5,Rp)-(+)-4 or (Sp,S,R,S,S,R,S,Sp)-(+)-63 with diphenylacetylene yielded
the corresponding bis(alkyne) insertion compounds (Rp,S)-(+)-5 and (S,,5,R,S)-(—)-7, respectively
(Scheme 1).
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Scheme 1.

'H NMR in CDCl3 showed that the two peaks due to the pairs H2, H® and H3, H* of the ferro-
cenylimines split into three signals (H>, H%, H3), and comparison of the '*C-{'H} NMR spectra of
free imines and their 1,2-disubstituted compounds showed splitting of the resonance due to the C3, C*
pair of carbon atoms, since the formation of the metallacycle involves a decrease in the symmetry of
the substituted cyclopentadienyl ring. The diastereoselectivity of cyclopalladation was very high, as no
trace of other isomers was found ('H NMR). Single crystal X-ray analysis was used to establish the
absolute configuration of the planar chirality created: R, for planar chirality of the ferrocenyl moiety, S.
at C(16) for (R,,S)-(+)-5 (Fig. 1); S, for the ferrocenyl moiety, S, at C(18) and C(20) and R, at C(17) for
(8p,S,R,8)-(—)-7 (Fig. 2). In each, the palladium atom is effectively four-coordinated, since it is bound to
a chloro ligand, the nitrogen atom, the terminal carbon atom C(14) of the n3-butadienyl fragment, and
the mid-point of the C(11)-C(12) bond (hereafter referred to as X).
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Fig. 1. Molecular structure (30% thermal ellipsoids) and absolute configuration of (Rp,8)-(+)-5 with atom-numbering scheme.
Selected bond lengths (A) and angles (°): Pd(1)-N(1), 2.12(1); Pd(1)}-CI(1), 2.313(4); Pd(1)-C(14), 1.93(1); Pd(1)-C(11),
2.18(1); Pd(1)-C(12), 2.15(1); Pd(1)-X, 2.030; CI(1)-Pd(1)-N(1), 92.4(4); CI(1)}-Pd(1)}-C(14), 99.5(5); N(1)-Pd(1)-X, 99.9;
C(14)-Pd(1)-X, 73.3; C(11)-C(12)~C(13)-C(14), —=53.9
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Fig. 2. Molecular structure (30% thermal ellipsoids) and absolute configuration of (5p,5,R,S)-(—)-7 with atom-numbering
scheme. Selected bond lengths (A) and angles (°): Pd(1)-N(1), 2.169(3); Pd(1)-Cl(1), 2.391(1); Pd(1)~C(14), 1.972(4);
Pd(1)-C(11), 2.192(4); Pd(1)-C(12), 2.186(4); Pd(1)-X, 2.065; CI(1)~Pd(1)-N(1), 93.2(1); CI(1)-Pd(1)-C(14), 96.7(1);
N(1)-Pd(1)-X, 100.3; C(14)-Pd(1)-X, 74.0; C(11)-C(12)~C(13)-C(14), 58.6

3. Experimental

'H NMR and '3C-{'H} NMR spectra were recorded on a Bruker DPX 300 instrument using CDCl3
(99.8%) and SiMe, as the solvent and internal standard, respectively. Optical rotations were measured
in chloroform solution in a 1 dm cell at 20°C with a Perkin-Elmer Model 341 polarimeter. Elemen-
tal analyses were performed by MEDAC Ltd of the Department of Chemistry at Brunel University.
Ferrocenecarboxaldehyde, (S)-(+)-1-cyclohexylethylamine, and 5 A molecular sieves were products of
Aldrich and used as received.
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3.1. Preparation of (S)-(—)-[{n’-CsH4CH=NCH(CH;3)(c-CsH,;)}Fe(n’-CsHs)], (S)-(—)-3

Ferrocenecarboxaldehyde (2.14 g, 10 mmol) and (S)-(+)-2 (1.27 g, 10 mmol) were dissolved in dry
benzene (100 ml) into which 5 A molecular sieves (3.0 g) were introduced. The red solution was refluxed
on an oil bath for about 6 h, and then carefully filtered. The filtrate was reduced to dryness and washed
with n-hexane to produce (S)-(—)-3 as a brown powder (yield: 2.65 g, 82%). Characterization data;
m.p. 77-78°C; [a]p —153.1 (¢ 1.0 in CHCl3); 'H NMR: & 0.81-1.37 (m, 10H, CH,), 1.67 (m, 4H,
CH3+CHCy), 2.67 (m, 1H, MeCHCy), 4.11 [s, 5H, (CsHs)], 4.25 [s, 2H, H3, H* (CsHy)], 4.52 [d,
J=23.4 Hz, 2H, H?, B’ (CsHy)], 7.92 (s, 1H, CH=N); 3C-{'H} NMR: § 20.6, 26.8, 27.0, 30.4, 43.9,
(Cy), 31.8 (CH3), 68.4 (C-N), 69.3 (CsHs), 72.7 [C2, C° (CsHy)], 81.4 [C3, C* (CsHy)], 158.7 (CH=N);
anal. calcd for Cj9HysNFe: C, 70.60; H, 7.79; N, 4.33. Found: C, 70.39; H, 7.81; N, 4.23.

3.2. Preparation of (R,,S,S,Ry)-(+)-[Pd{(n°-CsHsCH=NCH(CHj)(c-CsH)1))Fe(’-CsHs)}(u-C)],
(R,,S,S,R,)-(+)-4

Imine (5)-(—)-3 (0.32 g, 1.0 mmol) was added to a methanolic (30 ml) solution containing Na,PdCly
(0.30 g, 1.0 mmol) and NaOAc-3H,0 (0.14 g, 1.0 mmol). The resulting mixture was stirred at room
temperature for 24 h and then vacuum dried. The product was extracted into chloroform and isolated as
a red solid via column chromatography (silica 60, 10:1 chloroform:n-hexane as eluent). Yield: 0.35 g
(76%). Characterization data for (R},S,S,Rp)-(+)-4: [at]p +409.3 (¢ 1.0, CHCl3); TH NMR: & 0.86-1.25
(m, 20H, CH,), 1.67 (m, 8H, CH3+CHCy), 4.25 [s, 2H, H3 (CsH3)], 4.35 (s, 10H, CsHs), 4.78 [s, 4H,
H4, H5 (CsH3)], 7.76 (s, 2H, CH=N); 3C-{'H} NMR: § 18.3, 26.8, 27.0, 27.1, 29.3, 41.8, (Cy), 31.7
(CH»), 66.9 (C-N), 68.4 [C*(CsH3)], 71.7 [C3(CsH3)], 74.8 [C3(CsH3)], 71.9 (CsHs), 171.2 (CH=N);
anal. calcd for C3gHygClaFesNoPdy: C, 49.17; H, 5.21; N, 3.02. Found: C, 48.80; H, 4.87; N, 2.98.

3.3. Preparation of (R,,,S)-(+)—[{(n3-(C6H5C=CC6H5)2)F;dCl(ns-C5H3CH=NCH(CH3)(C-C6H11))}-
Fe(n’-CsHs)] (Ry,S)-(+)-5, and (S, S,R,S)-(=)-[{(n*(CsHsC=CCsHs)2)-PdCl(n*-CsH3CH=NCH, —
CHCH,CH,CHC(CH3)2CHCH;)}Fe(n’-CsHs)], (Sp.S.R.S)-(—)-7

A quantity (0.25 mmol) of (Rp,S,S,Rp)-(+)-4 or (Sp,S,R,S,S,R,S,Sp)-(+)-6,3 was dissolved in 30 ml of
CHC]l; and then PhC=CPh (0.178 g, 1 mmol) was added. The mixture was refluxed for 4 h, allowed to
evaporate to ca. 5 ml, and isolated via column chromatography (silica 60, chloroform as eluent). The red
solid was subsequently recrystallized as red needles from ethanol. Yield: 0.28 g (69%) and 0.26 g (62%),
respectively. Characterization data for (R},,S)-(+)-5: [a]p +1237.3 (c 1.0, CHCl3); 'H NMR: § 0.79-1.58
(m, 10H, CHy), 1.76 (m, 4H, CH3+CHCy), 3.32 (m, 20H, aromatic), 4.14 (s, 5H, CsHs), 4.34 [s, 1H,
H3 (CsH3)), 4.62 [t, J=3.0 Hz, 2H, H*, H’ (CsH3)], 6.55-7.56 (m, 20H, aromatic), 8.74 (s, 1H, CH=N);
13C-.{1H} NMR: & 18.4, 27.0, 27.2, 27.3, 28.8, 43.9, (Cy), 31.3 (CH3), 65.6 (C-N), 72.4 [C*(CsH3)],
73.1 [C3(CsH3)], 75.1 [C3(CsH3)], 71.9 (CsHs), 126.5, 127.4, 128.1, 128.2, 131.9, 132.2 (Ph and =C),
163.4 (CH=N); anal. calcd for C47H44CIFeNPd: C, 68.79; H, 5.40; N, 1.71. Found: C, 68.68; H, 5.65;
N, 1.73. (5;,5,R,8)-(—)-7: [a]p —545.0 (c 1.0, CHCl3); 'H NMR: 6 0.90-2.35 (m, 15H, mytranyl), 2.97
(m, 1H, NCH>), 4.17 (s, SH, CsHs), 4.45 [s, 1H, H3 (CsH3)), 4.67 [t, J=2.7 Hz, 1H, H° (CsH3)}, 4.71 [s,
1H, H (CsH3)), 6.57-7.63 (m, 20H, aromatic), 8.70 (s, 1H, CH=N); 13C-{'H} NMR: 8 19.4, 21.7, 23.6,
27.0, 28.7, 34.6, 35.1, 38.9, 39.4, 41.7, 43.7, 46.0 (myrtanyl), 70.3 [C*(CsH3)], 73.6 [C3(CsH3)], 75.8
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[C3(CsH3)], 72.3 (CsHs), 126.6, 127.5, 128.0, 128.2, 131.7 (Ph and =C), 173.3 (CH=N); anal. calcd for
C49H46CIFeNPd: C, 69.50; H, 5.44; N, 1.65. Found: C, 69.38; H, 5.52; N, 1.60.

3.4. Crystallography

(Rp,8)-(+)-5-C2HsOH: orthorhombic, space group P2;2,2; (No. 19), a=22.850(2) A, b=36.100(3)
A, ¢=10.500(2) A, Z=8, p=1.329 g cm™3. Of the 16865 reflections collected, 10544 reflections
(F>40(F,)) were used for the refinement. The final residuals were R/=9.31%, wR2=16.39% and
GOF=1.151. (5;,5.R,8)-(—)-7- %HZO: monoclinic, space group P2 (No. 4), a=17.408(3) A, b=11.997(2)
A, ¢=20.665(4) A, B=90.29(3), Z=4, p=1.309 g cm™3. Of the 12540 reflections collected, 12506 re-
flections (F>40(F,)) were used for the refinement. The final residuals were R/=7.65%, wR2=21.92%
and GOF=1.037. Intensity data were collected on a MSC/Rigaku RAXIS IIC imaging-plate diffract-
ometer at 294 K using graphite-monochromatized Mo-K « radiation (A=0.7107 A) from a rotating-anode
generator operating at 50 kV and 90 mA. A self-consistent semi-empirical absorption correction based
on symmetry-equivalent reflections was applied. The crystal structures were determined by the direct
method and refined using the SHELXL-PC package.’ Atomic coordinates, bond lengths and angles, and
thermal parameters have been deposited at the Cambridge Crystallographic Data Centre.
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