CHEMISTRY

A EUROPEAN JOURNAL

Supporting Information

© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2008



Chiral Bidented Bis(N-Heter ocyclic Carbene) Based Palladium Complexes
Bearing Carboxylate Ligands: Highly Effective Catalystsfor the

Enantioselective Conjugate Addition of Arylboronic Acidsto Cyclic Enones

Tao Zhang? and Min Shi*®°

[a] Lab for Advanced Materials and Institute of Fine Chemicals, East China University of Science and Technology,
130 Mei Long Road, Shanghai, 200237, China
[b] Sate Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, 354 Fenglin Road,
Shanghai, 200032, China Fax: (+86) 21-64166128, E-mail: mshi@mail.sioc.ac.cn




CONTENTS:

1. General Remarks S2

2. Synthesis of NHC-Pd(11) Complexes2 and 3 S3

3. General Procedure for NHC-Palladium(l1)-catalyzed Asymmetric Additions and the Analytical
Data of Products S7

4. X-ray Structure of Pd(11)-NHC Complexes 2 and 3 Al



General Remarks: Melting points are uncorrected. *H and *C NMR spectra were recorded on a
Varian Mercury vx 300 MHz spectrometer for solution in CDCl3 with tetramethylsilane (TMS) as
an internal standard at 300 and 75 MHz, respectively. Mass spectrawere recorded with a HP-5989
instrument by EI/ESI/Maldi methods. Organic solvents used were dried by standard methods
when necessary. Satisfactory CHN microanal yses were obtained with a Carlo-Erba 1106 analyzer.
X-ray diffraction analysis was performed on a Bruker smart-1000 X-ray diffraction meter. Optical
rotations were determined at 589 nm (sodium D line) by using a Perkin-Elmer-341 MC digital
polarimeter; [a]p-values are given in unit of 10 deg” cm, g*. Chiral HPLC was performed on a
SHIMADZU SPD-10A vp serieswith chiral columns (Chiralpak AS-H, OD-H and AD-H columns
4.6x250 mm, (Daicel Chemical Ind., Ltd.)). Commercially obtained reagents were used without
further purification. All reactions were monitored by TLC plate with Huanghai GF254 silica gel
coated plates. Flash column chromatography was carried out using 300-400 mesh silica gel at

increased pressure.



1. Synthesis of Complexes2 and 3

N

|

% AgOAC N% OJLCH3
OO N% CH3CN-CH,Cly, 1t, 3 h, 88% N4 TCH3
@N CH3 @N CH;z O

Synthesis of NHC-Pd(I1) complex 2.
The NHC-Pd(I1) complex 1 (174 mg, 0.20 mmol) was suspended in a mixed solution of CH,Cl,
(15 mL) and CH3CN (5 mL). AgOAc (70 mg, 0.42 mmol) was added and the mixture was stirred

at room temperature for 3 h. The resulting suspension was filtered from the precipitated Agl over

Celite and the solvent was removed under reduced pressure to give the product NHC-Pd(II)
complex 2 (131 mg, 88%) as a white powder. Crystals suitable for X-ray diffraction study were
grown from CH.Clz/hexane solutions. M.p. 268 °C (Dec.); [a]* = 52.0 (c 0.12 in DMSO); IR
(KBr) n = 3408, 3053, 2924, 2847, 1580, 1510, 1385, 751 cm™*; *H NMR (300 MHz, CDCl3, TMYS)
d = 1.88 (br, 6H, CHs), 3.90 (s, 6H, CHs), 6.70-6.73 (m, 2H, ArH), 6.83-6.92 (m, 10H, ArH),
7.20-7.26 (m, 2H, ArH), 7.71 (d, J = 8.4 Hz, 2H, ArH), 8.05 (d, J = 8.4 Hz, 2H, ArH), 8.15 (d, J =
8.4 Hz, 2H, ArH); *C NMR (75 MHz, CDCls, TMS) d = 23.7, 35.0, 109.1, 112.4, 123.1, 123.4,
124.9, 126.4, 126.9, 127.5, 130.1, 131.2, 132.5, 132.7, 133.1, 135.1, 135.8, 171.6, 177.3; MS
(MALDI) me 620.2.0 (M*-20,CCHa); Andl. Calcd. for C4oH3N4 O4Pd ' 1.5H,0 requires. C 62.71,
H 4.60, N 7.31; found: C 62.75, H 4.62, N 7.30%.
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Synthesis of NHC-Pd(I1) complex 3.
The NHC-Pd(I1) complex 1 (174 mg, 0.20 mmol) was suspended in a mixed solution of CH,Cl»
(15 mL) and CH3CN (5 mL). AQOCOCEF; (93 mg, 0.42 mmol) was added and the reaction mixture

was stirred at room temperature for 3 h. The resulting suspension was filtered from the

precipitated Agl over Celite and the solvent was removed under reduced pressure to give the
product NHC-Pd(I1) complex 3 (153 mg, 90%) as awhite powder. Crystals suitable for diffraction
study were grown from CH.Cl,/hexane solutions. M.p. 248 °C (Dec.); [a]*% = 49.0 (c 0.55 in
DM SO); IR (KBr) n = 3558, 2924, 1680, 1510, 1393, 745 cm™; *H NMR (300 MHz, CDCl3, TMYS)
d=3.88(s, 6H, CH3), 6.75-6.78 (m 2H, ArH), 6.83-6.97 (m, 10H, ArH), 7.22-7.27 (m, 2H, ArH),

7.73 (d, J = 8.1 Hz, 2H, ArH), 8.09 (s, 4H, ArH); *C NMR (75 MHz, CDCl3, TMS) d = 34.9,

109.4, 112.6, 115.9 (g, J = 287.9 Hz, CF3), 123.8, 124.0, 124.4, 126.8, 127.3, 127.7, 130.5, 131.1,

132.5, 132.8, 133.0, 134.6, 135.7, 161.7 (g, J = 36.7 Hz, CO), 166.7; *°F NMR (282 MHz, CDCl3,

CFCls) d = -74.9; MS(MALDI) m/e 515.2 (M *-20COCFs-Pd); Anal. Calcd. for CoH2sFsN4O4Pd

H20 requires. C55.54, H 3.26, N 6.48; found: C 55.64, H 3.11, N 6.27%.
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2. General Procedure for the Palladium Catalyzed Asymmetric Conjugate Addition of
Arylboronic Acids and the Analytical Data of Products

General procedure for the palladium catalyzed asymmetric conjugate addition of
arylboronic acidsto cyclic enones.

In aflame dried Schlenk tube equipped with septum and stirring bar, NHC-Pd(l1)-cat (3 mol %,
7.5 mmol), and KOH (40 mol %, 0.1 mmol, 5.6 mg) were dissolved in dry THF (1.0 mL) and
stirred under argon at room temperature for 10 min. Arylboronic acid 5 (1.5 equiv, 0.375 mmol)
was added, followed by the addition of enone 4 (0.25 mmol). After the addition of H>O (0.1 mL),
the reaction mixture was stirred at the room temperature for 36 h. Saturated agueous NaHCOs
solution was added. The organic phase was separated and the resulting agueous layer was
extracted with EtO. The combined organic phases were filtered over a plug of silica, dried over
anhydrous Na;SOa, concentrated under reduced pressure and purified by flash chromatography
(eluent: EA/PE) to yield the corresponding products 6.

Analytical Data of the Products.
o) 3-Phenylcyclohexanone (6aa).! K etone 6aa was obtained after purification by flash
chromatography (eluent: PE:EA = 25:1) in 97% yield, 96% ee. [a]*p = -20.4 (c 1.0
in CHCl3) (for 96% ee); 'H NMR (300 MHz, CDCls, TMS) d = 1.70-1.92 (2H, m),
2.06-2.18 (2H, m), 2.32-2.63 (4H, m), 2.96-3.05 (1H, m), 7.21-7.36 (5H, m); *C NMR (75 MHz,
CDCl3, TMS) d = 25,5, 32.7, 41.1, 44.7, 489, 126.5, 126.6, 128.6, 144.3, 211.0; E.e. was
determined by HPLC analysis, Chirapak AD column, Hexane/i-PrOH = 100:1, detection at 209
nm, retention times: 19.5 (Mgj) / 23.6 (Min) min.
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Tranglation: ID, Content, R time, Peak height, Peak area, Percentage, Tailing factor, Theoretic separation

0 3-(3-Methylphenyl)cyclohexanone (6ab).! Ketone 6ab was obtained after
cH, purification by flash chromatography (eluent: PE:EA = 25:1) in 97% yield, 97%
ee. [a]*p = -20.8 (c 1.0 in CHCI3) (for 97% ee); 'H NMR (300 MHz, CDCls,

10



TMS) d = 1.78-1.87 (2H, m), 2.04-2.16 (2H, m), 2.34 (3H, ), 2.35-2.55 (4H, m), 2.95-2.96 (1H,
m), 7.00-7.06 (3H, m), 7.19-7.24 (1H, m); *C NMR (75 MHz, CDClz, TMS) d = 21.4, 25.5, 32.7,
41.1,44.7, 48.9, 1235, 127.32, 127.34, 128.2, 138.2, 144.3, 211.1; E.e. was determined by chiral

HPLC analysis, Chiralpak OD column, Hexane/i-PrOH = 100:1, detection at 210 nm, retention
times: 14.65 (Mg) / 17.83 (Min) min.
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o 3-(4-Methylphenyl)cyclohexanone (6ac).! Ketone 6ac was obtained after

purification by flash chromatography (eluent: PE:EA = 25:1) in 89% yield, 92%
ee. [a]®p = -16.4 (c 0.5 in CHCI3) (for 92% ee); *H NMR (300 MHz, CDCl3,

CHs

TMS) d = 1.73-1.90 (2H, m), 2.04-2.18 (2H, m), 2.33 (3H, S), 2.36-2.62 (4H, m),

2.93-3.02 (1H, m), 7.10-7.16 (4H, m); *C NMR (75 MHz, CDCls, TMS) d = 20.90, 25.5, 32.8,
41.1, 44.3, 49.0, 126.3, 129.2, 136.2, 141.3, 211.2. E.e. was determined by chiral HPLC analysis,
Chiralpak AD column, Hexane/i-PrOH = 150:1, detection at 209 nm, retention times: 8.11 (M) /

8.77 (Min) min.
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o 3-(3-M ethoxylphenyl)cyclohexanone (3ad).* K etone 3ad was obtained after
purification by flash chromatography (eluent: PE:EEA = 25:1) in 90% yield,
97% ee. [a]*p = -11.8 (c 1.1 in CHCl3) (for 97% ee); 'H NMR (300 MHz,
CDCls, TMS) d = 1.73-1.88 (2H, m), 2.06-2.18 (2H, m), 2.34-2.63 (4H, m),
2.95-3.02 (1H, m), 3.80 (3H, ), 6.77-6.83 (3H, m), 7.22-7.28 (1H, m); *C NMR (75 MHz,

15
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CDCl3, TMS)d=255,32.6,41.2,44.7,48.9,55.1, 111.7,112.6,118.8, 129.6, 145.9, 159.7, 211.1,
E.e. was determined by chird HPLC analysis, Chiralpak OD column, Hexanefi-PrOH = 50:1,
detection at 210 nm, retention times: 42.95 (M@)) / 49.80 (Min) min.
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o 3-(4-Methoxylphenyl)cyclohexanone (6ae).? Ketone 6ae was obtained after

purification by flash chromatography (eluent: PE:EA = 20:1) in 90% yield, 94%
ee. [a]®p = -19.1 (c 0.35 in CHCl5) (for 94% ee); *H NMR (300 MHz, CDCls,
TMS) d = 1.72-1.88 (2H, m), 2.03-2.17 (2H, m), 2.31-2.60 (4H, m), 2.91-3.01
(1H, m), 3.79 (3H, 5), 6.87 (2H, d, J = 10.2 Hz), 7.18 (2H, d, J = 10.2 Hz); *C NMR (75 MHz,

OCH,

17



CDCls, TMS) d = 25.5, 33.0, 41.2, 43.9, 49.2, 55.2, 114.0, 127.5, 136.5, 158.2, 211.3; E.e. was
determined by chiral HPLC analysis, Chiralpak OD column, Hexane/i-PrOH = 100:1, detection at
210 nm, retention times: 30.50 (Min) /32.11 (Mg) min.
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0 3-Biphenyl-4-yl-cyclohexanone (6ag)." Ketone 6ag was obtained after
‘ purification by flash chromatography (eluent: PEEEA = 20:1) in 97% yidld,

O 93% ee. [a]®p = -5.5 (¢ 0.5 in CHCl3) (for 93% ee); 'H NMR (300 MHz,

O CDCls, TMS) d = 1.77-1.92 (2H, m), 2.11-2.21 (2H, m), 2.37-2.67 (4H, m),

3.03-3.10 (1H, m), 7.26-7.37 (3H, m), 7.44 (2H, t, J = 7.2), 7.55-7.60 (4H, m); *°C NMR (75 MHz,

CDCls, TMS) d = 25.5, 32.7, 41.2, 44.4, 48.9, 126.98, 126.99, 127.2, 127.4, 128.7, 139.6, 140.7,

143.4, 211.1; E.e. was determined by chird HPLC analysis, Chiralpak OD column,
Hexaneli-PrOH = 50:1, detection at 209 nm, retention times; 25.25 (Min) / 34.62 (Maj) min.
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o 3-(3,5-Dimethylphenyl)cyclohexanone (6ai). Ketone 6ai was obtained after
purification by flash chromatography (eluent: PE:EA = 25:1) in 90% yield, 92%
ee. [a]®p = -4.2 (c 0.8 in CHCl5) (for 92% e€). 'H NMR (300 MHz, CDCl3,

CHs TMS) d=1.72-1.89 (2H, m), 2.03-2.18 (2H, m), 2.30 (6H, s), 2.33-2.59 (4H, m),
2.87-2.96 (1H, m), 6.83 (2H, s), 6.88 (1H, 5); *C NMR (75 MHz, CDCl3, TMS) d = 21.3, 25.6,

328, 41.2, 44.7, 49.0, 124.3, 128.3, 138.1, 144.3, 211.2; E.e. was determined by chiral HPLC
22
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analysis, Chiralpak OD column, Hexane/i-PrOH = 50:1, detection at 210 nm, retention times:
13.08 (Mg)) / 20.12 (Min) min.
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o 3-(3-Chlorophenyl)cyclohexanone (6ah).! Ketone 6ah was obtained after

purification by flash chromatography (eluent: PE:EA = 25:1) in 78% yield, 88%
ee. [a]®p = -5.4 (c 1.0 in CHCl3) (for 88% ee); 'H-NMR (300 MHz, CDCls,
TMS) d = 1.74-1.91 (2H, m), 2.07-2.19 (2H, m), 2.34-2.62 (4H, m), 2.95-3.03 (1H, m), 7.09-7.29
(4H, m); *C NMR (75 MHz, CDCls, TMS) d = 20.96, 25.6, 32.9, 41.2, 44.4, 49.1, 126.4, 129.3,

Cl
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136.2, 141.4, 211.05; E.e. was determined by chira HPLC analysis, Chiralpak AD column,
Hexane/i-PrOH = 50:1, detection at 210 nm, retention times: 16.06 (Mg)) / 18.28 (Min) min.
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0 3-(2-Naphthyl)cyclohexanone (6af)." Ketone 6af was obtained after
‘ purification by flash chromatography (eluent: PE:EA = 25:1) in 99% yield, 97%
OO ee. [a]®p = -8.4 (c 1.0 in CHCI5) (for 97% ee); 'H NMR (300 MHz, CDCl5,
TMS) d = 1.80-1.98 (2H, m), 2.15-2.22 (2H, m), 2.41-2.47 (2H, m), 2.64-2.68 (2H, m), 3.17-3.20
(1H, m), 7.36 (1H, d, J = 8.7 Hz), 7.43-7.51 (2H, m), 7.65 (1H, s), 7.80-7.84 (3H, m); *C NMR
(75 MHz, CDCl3, TMS) d = 25.5, 32.7, 41.2, 44.8, 48.8, 124.7, 125.3, 125.6, 126.2, 127.57,
127.64, 128.3, 132.3, 133.5, 141.7, 211.0; E.e. was determined by chird HPLC anaysis,
Chiralpak OD column, Hexane/i-PrOH = 50:1, detection at 210 nm, retention times: 40.42 (Mq)) /
49.07 (Min) min.
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Tranglation: ID, Content, R time, Peak height, Peak area, Percentage, Tailing factor, Theoretic separation

(51, gl b A BHE e 0 {1

o 3-Phenylcycloheptanone (6ba).> Ketone 6ba was obtained after purification by

flash chromatography (eluent: PE:EA = 25:1) in 88% yield, 91% ee. [a]*p = -50.8

(c 1.0 in CHCl3) (for 91% ee); *H NMR (300 MHz, CDCls, TMS) d = 1.41-1.48

(1H, m), 1.64-1.80 (2H, m), 1.96-2.10 (3H, m), 2.57-2.66 (3H, m), 2.85-2.96 (2H, m), 7.16-7.32

(5H, m); *C NMR (75 MHz, CDCl5, TMS) d = 24.1, 29.2, 39.2, 42.7, 43.9, 51.2, 126.3, 126.4,

128.6, 146.9, 213.5; E.e. was determined by chiral HPLC analysis, Chiralpak OD column,
Hexane/i-PrOH = 50/1, detection at 210 nm, retention times: 12.68 (Mg)) / 13.66 (Min) min.
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o 3-(4-M ethylphenyl)cycloheptanone (6bb)

. Ketone 6bb was obtained after

@\Q purification by flash chromatography (eluent: PE:EA = 25:1) in 90% vyield,
CHs 91% ee. [a]*®p = -51.4 (c 0.5 in CHCl3) (for 91% ee); 'H NMR (300 MHz,
CDCls, TMS) d = 1.47-151 (1H, m), 1.67-1.76 (2H, m), 1.98-2.09 (3H, m), 2.33 (3H, 9),
2.57-2.65 (3H, m), 2.87-2.98 (2H, m), 7.06-7.14 (4H, m); *C NMR (75 MHz, CDCls, TMS) d =
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20.9, 24.1, 29.1, 39.2, 42.2, 43.9, 51.3, 126.2, 129.2, 135.7, 143.9, 213.6; E.e. was determined by
chiral HPLC analysis, Chirapak OD column, Hexane/i-PrOH = 50:1, detection at 210 nm,
retention times: 12.71 (Mg)) / 14.59 (Min) min.
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0 3-(3-M ethoxylphenyl)cycloheptanone (6bd). Ketone 6bd was obtained after

@\@OC% purification by flash chromatography (eluent: PE:EA = 25:1) in 86% yield,
W 96% ee. [a]®p = -15.9 (c 0.4 in CHCl3) (for 96% ee); *H NMR (300 MHz,
CDCls, TMS) d = 1.42-1.56 (1H, m), 1.64-1.79 (2H, m), 1.96-2.07 (3H, m), 2.57-2.70 (3H, m),
2.82-2.97 (2H, m), 2.80 (3H, s), 6.73-6.78 (3H, m), 7.22 (1H, t, J = 7.8 HZ); *C NMR (75 MHz,

CDCl3, TMS)d=24.1,29.2,39.0,42.7,43.9,51.1, 55.1, 111.3,112.3, 118.7, 129.6, 148.6, 159.6,

213.5; E.e. was determined by chiral HPLC analysis, Chiralpak AD column, Hexane/i-PrOH =
50:1, detection at 210 nm, retention times: 28.67 (M4g)) / 32.28 (Min) min.
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L 2~
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1 ;] 1897405 GEineie. 8 97. T30 1
T 1843 1. 0 I El
T 0073 [TROED. 6 100, 0000

T i Y (=" |
L | i Lo [ TE fEiy ¥
5. 770 13me 1114580, 3 ¥ 1
2.8 12431 1406712, 9 i
K e 5C1EN3 0
o 3-(2-Naphthyl)cycloheptanone (6bf). Ketone 6bf was obtained after

purification by flash chromatography (eluent: PE:EA = 20:1) in 99% yield,
O 97% ee. [a]*p = -35.3 (¢ 0.8 in CHCls) (for 97% ee); 'H NMR (300 MHz,
CDCl;, TMS) d = 1.70-1.81 (2H, m), 2.00-2.13 (2H, m), 2.29 (3H, s), 2.30-2.55 (4H, m),

2.89-2.96 (1H, m), 7.06-7.22 (4H, m); *C NMR (75 MHz, CDCls, TMS) d = 20.96, 25.6, 32.9,
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41.2,44.4,49.1,126.4,129.3,136.2, 141.4, 211.05; E.e. was determined by chiral HPLC analysis,

Chiralpak AD column, Hexane/i-PrOH = 100:1, detection at 210 nm, retention times: 31.10 (Mg))
/'35.80 (Min) min.
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i an2338
o 4-Oxo0-2-phenylpiperidine-1-car boxylic acid benzyl ester (6ca).*” Ketone 6ca
ﬁ was obtained after purification by flash chromatography (eluent: PE:EA = 4:1) in

N
o A?@ 53% vyield, 81% ee. [a]*°p = -30.5 (¢ 0.9 in CHCls) (for 81% ee); *H NMR (300
n
MHz, CDCls, TMS) d = 2.37 (1H, d, J = 15.9 Hz), 2.49-2.60 (1H, m), 2.86 (1H, dd, J; = 15.6 Hz,

J2 = 6.6 Hz), 3.00 (1H, d, J = 15.6 Hz), 3.19 (1H, t, J = 11.1 HZ), 4.28 (1H, br), 5.19 (1H, d, J =
37



12.6 Hz), 5.25 (1H, d, J = 12.6 Hz), 5.84 (1H, br), 7.23-7.35 (10H, m); E.e. was determined by
chiral HPLC analysis, Chiralpak OD column, Hexane/i-PrOH = 90:10, detection at 210 nm,

retention times: 29.24 (Mgj) / 34.59 (Min) min.
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Trandation: ID, Content, R time, Peak height, Peak area, Percentage, Tailing factor, Theoretic separation
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4-Naphthalen-2-yl-tetr ahydr opyr an-2-one (6df).? Ketone 6ca was obtained

? after purification by flash chromatography (eluent: PE:EA = 4:1) in 62% yield,
38% ee. [a]®> = +12.9 (c 0.4 in CHCI3) (for 38% ee); *H NMR (300 MHz,

CDCl3, TMS) d = 2.14-2.32 (2H, m), 2.76 (1H, dd, J, = 17.7 Hz, J, = 10.5 Hz), 3.03 (1H, dd, J; =
11.4 Hz, J, = 6.3 Hz),, 3.36-3.47 (1H, m), 4.40-4.57 (2H, m), 7.34 (1H, d, J = 8.7 HZ), 7.47-7.53
(2H, m), 7.64 (1H, s), 7.80-7.87 (3H, m); E.e. was determined by chiral HPLC analysis, Chiralpak

AS column, Hexane/i-PrOH = 90:10, detection at 210 nm, retention times: 49.85 (Min) / 54.42
(M@) min.
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Q 3-Phenylcyclopentanone (6ea).” Ketone 6ea was obtained after purification by flash

chromatography (eluent: PE:EA = 20:1) in 58% yield, 32% ee. *H NMR (300 MHz,
CDCl3, TMS) d = 1.94-2.02 (1H, m), 2.26-2.48 (4H, m), 2.62-2.71 (1H, dd, J; = 7.8 Hz,
J> =18 Hz), 3.38-3.44 (1H, m), 7.22-7.37 (5H, m); e.e. was determined by chiral HPLC analysis,
Chiralpak OB column, Hexane/i-PrOH = 99.5:0.5, detection at 210 nm, retention times: 39.93

(Maj) / 42.78 (Min).
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OB calumn,
| hexanefi-ProH =35.:5:0.5,
1 T 4 50 | 0.7 mLimin, 210 nm, 20 *C,
Wi
FE BT EHE REHE HE  MEE ERESER St

1 4477 11809, 9 1277209 2, 4068
2 4. 737 #9135, 4 9B351. 0 1. 8305
3 10. 277 2733.6 104261, 9 I 818
4 20, 927 9365, 2 J81755. 3 . 2520
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h 5 10927 30,8 12754, 2 0. o041
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3. X-ray Structureof Pd(I1)-NHC Complex 2

cz22
'?—' "'-*\\\:t". w
v )

c23

The crystal data of 2 have been deposited in CCDC with number 605041. Empirical Formula:
CaoH34N4OsPd; Formula Weight: 757.11; Crysta Color, Habit: colorless, prismatic; Crystal
Dimensions: 0.503 x 0.387 x 0.050 mm; Crystal System: Orthorhombic; Lattice Type: Primitive;
L attice Parameters: a=9.5879(12)A, b = 16.684(2)A, c = 22.540(3)A, a = 90°, b = 90°, g= 90°, V
= 3605.4(8)A% Space group: P2(1)2(1)2(1); Z = 4; Dea= 1.395 glem® Foo = 1552;
Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0556, 0.1079.



Table 1. ©Crystal data and structere refinement for ocd26138.

Identification ocode
Empirieal fermila

Formula weight

Tenperatucs

Wavelangth

Crystal systen, space group

Unit cell dimensiona

Wolume

2y Calaulated dapsity
Abgorpticn <coafficient

AR HI]

Crystal size

Theta range [or data collection
Limiting indlices

Beflections collected / unigue
Coopletencss to theta = 27.50
Absorption esfrectian

Max. and min. transmission

Refinemant mathod

Data / restraints ! parameters
Gopdneas-of-£ic on B2

Final R indices [I>Zsigma{l)]
H lndices (all data)

fhsolute structure paramstar

Largest 4iff. peak and hole

cd2g133

C40 H34 W4 05 Bd

T53T.11
952 K
Q.71073 A

Crthorhombic, PII112(1)2[1}

a = 9 58T%(12] A alpha = 9] deg-
b= LE.BEA(2) A beta = 30 deg,
o= 22 Bidiy A gamma = B0 deg.
3605, 4 (B} AN3

4, L1.305 Mg/m*3

4.564 mm*=L

1552

0,503 x 0,397 x 0.053 mm

1.52 to 27.50 deq.

~il<=h<=l?, —-Zl<mkecelf, =2B<=]<aZy
28484 / 8117 [Rilnk) = 0.1443]
39.3 %

Empirical

L.00000 and 0.71464

Full-matrix least=sgquares on 72
28117 4 2 / 463

0.a52

Bl = 4.058%5, wRZ = {.1070

Rl = 4.0590, wRZ a.1220

D613}

0.916 and -0.532 &.An=2
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Table 2. Atomic coprdinates { = l0°4} and egoivalent isectroplc
displacement parameters (A°2 x 10%3) for odZElib.

Uieqgl iz defined as one third of the trase of the srthogonalized
Uid bensor.

% ¥ 2 Liagl
Fd 8338l BBEIZ(L] 1237411 2611
o1} T411 (6} TTE2 (3] 143212) TE[11
o2l STAR{T) B491i41 184843) 134 (2}
o3} B232{a) 26E9 (3} 212842) 712}
g 1126347 B615(5%) 174643) 14813}
(S| ER0T{E) G048 (&} 115044] 132(4)
Hil} T57%4{5) BEET (3] 1114{2) 5601}
Hi{Z} B395(5) G496 (3} 2354{2] 48(1}
Hi3) 9231{6) 103963} 174612) 5901}
Hi{d) 10263 5) 102163} gh8{2) 44 (1}
[ R FEIT 6] 287744} 484 12) 521
C{ZE) 6354 (8] G24304) =313 (2] 3001
R} 5530 (&) CE19dd) =723 (3] 902}
{4 19007} B137T4E) -1230 (3} Bd {2}
c{5) S61%([H) 438145} 128703 B2y
C{R) G497 (2} 401844} -B28 (3} T9(2)
{7y BRAI[T) A46544) -351(2}) G
CHE) B354 (10} T43444) 176(3) 4B(2)
{9 GA0% (6] 1931443 418121 dE(1)
{1l SH31 (&) 1OE1144) TER(3) GLIZ)
S{ll) BRAS([T) 1140&44) a4a4} G2{2)
Cllz) 6921 (6) 1191243) TTH(2 4942
L) B920(7) 1273944} QRE (3} a1
C1d) TR51(7) 13240{4) T46(3} 62{2)
LG Q037 (T} 12542 {4 403(3} G642)
C L&) 062 (6) 121534{3) 21402} 481
CLT} T996 (8} 1162843 403(2) ddi1)
CiLE) BOL1 (&} 10789 [3) 2372} 42101
ClLa) 9241{6} 10422 1(3) =GR[2) 3341}
2o G3TE(E) 10ad% (3 =T02(2) 4241
C(2L1}) BIBT (A} LDEOD [3) -107762) 57411
c(az) BE24 (8} L0BI0 (4] ~1674 (2} §742)
Ci23) S74308) 1045914 =1931(3) 6312)
ci2d) 107048} 10065 (4) -1585(3) 61i:]
ci25) 10527 (&) 10024 1(13) =959(2} 4741)
C26) 115309} 9658 (3] -5493(2) 56411
Ci27] 114334(7) 9BHE% (3] 1462 5341)
C(2EB) 10265 (B} 1007713} 26402 4341
Ci23) S2B3(6) 887 () 12373(&) SElL)
c{3n) 10BE4 (B) 10502 (3) 1142¢3) 4eil)
C(aL) 11873106 114133 402 sB{2]
Ci3z) 12233408) 12040 (4] 131043 T04{2]
Ci33 1160405 LZLE0 (4] 1852 (3) 421zl
oi3d] 10552 18) 11651 (%) 20494(3) 83{2)
i35 1019546) 11007 (4] 168012 87121
Ci3el 812719} 10367 (5] 222143) SG(3)
Ci37) GZEE{L1} TB2T(5) 168&1{4d) 9313}
Ci3a) 5445412} T0T2IE] 184014) 15651
C{39] 10463125 a&a52 (5] 21751{4) 2883}

Ci{40] 11165411} Bad 3 (6] P67 {d) Leo (s}




Table 3. Bond lesgths [A] and engles [deg] for cd26139.

PA=C (23} 1.95315]
Pd=-C (1} A8
Pd-0(3} .05314]
Pd=0{1} SORGA)
0[1)}-C(3T) 283[10]
DI2}-C(37} 254 (10]
D(AY-C(33) -192710)
D[4}-C(39) .232(10)
o(5}= .92(2}

O[5)-K(S .B91(19}
M(1}=C(l) -d36(7}
MI1F=C(7) SATALTh
Hi1)-018) -4DE(8)
H(2)}=CI1} .379(7}
HI2}-Ci{2} A05(T)
Hi2)-C(9) SHZ2807T)
{3} -Ci29} L3EB(7)
N(3}-Ci35} .378(7;
H(3}-C(36} 46109}
M4} -C(29) LATTE)
N (4)-C{30} 38407}
Mid)=Ci28} A4BLE)
Ci2}=C(3) LA6B A
Ci2y-C7) 39148}
Ci3p-Cdd) e
C(3)=H{3)

Cl4)-Cis)

Cla)-Hid)

G -Ci6)

Cihy=H{E)

Q(B)=CiT)

CUEY-HALE)

Ci8)-H{8n)
ClRI-HIBT)
ClE)-HiBC)
CiR) =018
Cioy=Ci10)
C{10}-C11}
Ci10r-H{10}
Cillp=Cil2}
C{11y=B{11}
Ql12y-Ci1Th
¢{12}-C 13}
Cil3y=C(l4}
CilE}-Hil3)
{14p-C{ L5}

116F {17}
{16} =H {16}
{1Tp-C{18)
(18-Sl 1.
|15 -C{28) 1.
{16)=C{20) 1.436 (&)
(20} -C{25) 1.402{E}
{20)-C{21) 1.4271{8)
[21y=C{22) L.365{R]
[21)=H{Z1) . 3300

{22 -C{23) 301
C2Ri-H{22) L8300

C{23)=C[24) L3159
ClZ3)-H[23) . 9300

Cl74)-C{28) 1.422 (7}
Clrzdi-Hizd) L4300

C28)=C126) 1.407(8]
C26)=C12T) 1.372(7}
C26)=H[26) 0.9300
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Cl2T)=Ci{2a) 1,414 {E)
C{2T)-AI2T) 0, 89300
C{30)-C{3L) 1.38818]
Crag)-Ci3g) 1.30917]
C[31)-Cl3z) 1.381(8]
Cl3IL)-HI3L} 0.9300
Ciaz-c(am 1.3760%}
Cr32)-H[32) 0.9300
Ci33)-C(34) 1.380(%)
CrA3)-E(33 0.9300

C(34]=C(35] 1.391¢8}

C(34]=Hi34] 0.9300
ClAE) -K(3ER] 0. 9600
C{38)-H{3I6B] 0. 900
C38) =H {360 0, 4600
CLATI-C {38 1.530811)
C138) -H{ 38R} 0. B&00
C|3%)=H{ 386} 0, %500
C{38) -H{38C) 0, 2600
C{39)-C{40) 1.4334{10)
CLA0) =H{40R) 0.9600
Cl40) =H {408} 0.9600
Cl40)-H140C) 0. 9600
C[29) =Pd=C{1) a5 042}
C[29)-Pd=04{3) a47.B{Z)
Cli}=Pd=0(3) 175.3{3)
C[(29)y-Pd-O{1) 172.8{2)
Cil}-Pd-0 (L1} 9.81{2)
03} -Pd=-0[1) BE.61{1%
Si3Ty-0(1h-pPd 112.7[5)
C{39)y=0(3}=Pd 118.3(5)
H{5R)-D(5) 13207
[IRR T Th B ol 111.&(5)
Ciiy=Nil)-Ci8) 125.115)
C{M=HiLl)=C{B) 122, 9(8)
Clli=R{Z)=002) 109, €(5)
CLLI-HIZ) -C(: 126.115]
CL2)-HiZ)-C(: 123,104
Cl29) =W{3)=G135) 111.2(4]
ClZ0)-H{3)=Cl38) 125 .8 (5]
C{38)-H{3)-C{36] 123.415)
C{29)=-N{d)=C{30) 111,604}
C{29)-H{4)=C{2ZE] 122,804}
C{30)-H{4)-C[2B) 121,304}
Ril1=C{1]=0(2} 106. 204}
R{l1-C[1]=Pd 125. 714}
n{21-C(1}-Pd 127 . E{5)
Cl3]=C(2}-C4T) 122,616}
ClI}=Cl2}~Ni{Z) 131.916)
CIT =002} -Hi2) 105.51(8)
Cl2-Cl3=-Cid) 115.0{7)
Cl2}=C(3}-Ri{3) 122.5%
C(4}=C(3)=R{3) 122.5
Cle}-C(4)-C{3) 122.71T)
Cl5)-Ti4)-H{d) 118.46
Cl3)-Cid)=HId) 11B. 6
Cigy S8 -CE) 122.1(T)
Clay=CiS)-HI5) 119,40
Ci{E)=C(5)~H () 119,40
Cl5)=C R =C(T] 116, 817)
CHE)-C{B) =H (5] 122.0
Ci7)-Ci6) -H(&] 122.¢
BiL)=C{T]=C(G] 131.2(%}
-C{T]1=C(2} 107.1(5}
C{T=CiE} 121, E08%
H{L1-C(B}-H{8A] 109.5
MiL]=C(8}-H{3E} 10%.5
H[BA]=C[B}~-E (4B} 10%.5
M[1}-C(8} -Hi&C) 109.5
H(BA]-C(8)-B{8C) 10%.5

H(8B}=-C(8)-H{aC) 108. 5%




CElap-c{:m=-Ci{1d
CLIa-Ci3) -R{E)
CLl0-CiE -ni2)
CHLL=C(Lay=Cl )
Cylly-C{la)=H{1lDd}
CEM-CI1O) -H 1M
Cil0)=C{l1)=-Ci12)
CHLOI=C{11)=H!I11)
CALE -CiL1)-H{LLl)
C{l1)-Ci{l2)-Cc(11)
CLLl)=C{1l2)=C(13)
C{LT)-CILE)=C(L3)
C{L4)=C{L3)-C{12)
C{La)=C{L3)=H{13)
C{12)-C{13)-H{13)
C{13)-C{Ld)—C{13)
C{13)=C{ad)=E{14)
C{15)=C{Ld)=H{1d)
CILE)-CIL5])-C[14]
C{L6]-C{LS)—E(L5)
C{i4)1=C{L6)=H(15]
C(1l5)=C{L6]=C(17]
C{L51-C(Ral=H(La]
CiLTI-C(La)-H{L&]
C(l2)=C(LT)=C(18)
Ci12)1-CiL7)-C(18)
Cli61-C(LT]-C(1B]
CS)}=C{18}-0017)
C(3}=Ci18) =C {19}
Crl71-C(1B]=C(19]
C28]-Ci19]-C(20]
C(2B]=C(18)=C(18]
G20 =C{13}=-C({1B}
C(25)-C(20}-C(21]
Ci25}-Ci20)-0(19}
C21}=C(20}=C0(1%)
{22} -C{21}-C{2a}
Ci22}=-C(21}-Ai21}
ci2d}=-c{21t-H{21}
Ci23=C(22}=C{21}
Ci23-C{22}-H{22}
Ci21}-Ci22)-1122)
Ci22}=Ci23)=0124)
CL22}=C(23p=H{23)
Cl24}-C123}-H{23}
Ci23}=C(24)-C {25}
Q23 -Ci24)-R{24)
ClZ5-C{24-HizZ4}
Ci20} =C (25| -C |26}
20 =Cli25)=C{24}
ClAE -CI25)-C{24}
CH27 =226 -C {25}
C27)=C{26)=H{2&)
C{25)-G{26)=R{26}
CHRG) 02T =C{za)
SR -C{RET -RI2T)
CH28)=C{27)=H{27)
{18y =C{28)-C{27)
C4LY -SRI
C{2T ) =C{28) =K {4)
B3 -CI23)=Hid)
B3 -C123)-Pd
H(4)=C129)-Pd
ClAL)=C 30 =K (4]
C3LI-C[30)=C3%)
Ei(41-Ci(30)-C(35)
C[30)-¢(31)-C[3z)
C(30)=C(3L)-H(31)
C(32)=C[3l)=H (31}
(33 =C32)=CI3L)
AN -C(32) -H(32)
C{31)—C(32)-H(32)

122.115]
118.1[5]
118,315}
11B.8 (6}
120.6
120.6
121, 5 (&}
1158.3
11%.3
120,413
121, D€}
11B.61E)
120,66}
119.7
119.7
120. 08D
120.0
120.0
121.T{6)
119.1
112.1
11%.045)
1205
120.5
115.945)
119.045)
121.045)
L18.04{5])
L20.243)
121.545)
118.345)
119.544)
122.115)
115.115)
119.345)
121.545]
119.047)
120.5

121.1
123.3(4)
118,205}
117. 8105}
104.7(3]
121,604}
132.2(4}
132,303}
132.6(%)
105.1(5)
11€.6(5)
121.7
121.7
121.806)
118.1
119.1
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C(32)=C[33)=-C[34)
Cia2)-C[33)-KH([33)
Ci34)=C(33) -8 (33)
C(33)=C(34) =C(35]
Ci33)-C(3d4)=H(34)
C{35)=C(34)=H(3)

M (3] =C(35] =C(34)]
B3 =CE35I-C(30]
C(341=C[35)=C[30]
M{3]-Cide] -Hi3eA)
H(3]-C(36]-H(3E0)
Hi36RA)-C{36)-H{3I6B)
Hi3]=C(36] =K (3EC)
Hi36R1=C(36) =H{36C)
Hi3ER)—C(36)-H[36])
0L} -C(a7p-ai2)
01} -Ci3
O(2-C(3TE-C 1
C{3TI-C({3B1-K({3BA]
Ci371=C(38)-K(388]
Hi3BA)-C{IB] -H(IBB)
Q3T -C(38] -H (3BT
Hi3BA)-C[3B]-H(IBC)
Hi38B)-C{3B)-H(3BT)
Q(3}-C(39}-0(4a})
0(3}-C{32}-C{40)
OfEy=CEa8F=-C(40)
Ci3%)-C(40) -H(40A)
Ci39=-C(401-KE({40B)
B {40AT=C(40) =H(40R)
Ci39=C{40) -K{400)
i40A]=C(40) =H{40T)
H(S0B)—C(40) -H (40C)

Symmetry transformations used to generate aguivalent atoms:

121.7 (6}
11%9.1
11%.1
117.2(E)
121.4
121.4
132.7(3)
107,348
11%.9(6)
108.5
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Table &, Anisctropic displacement parameters (A”2 = 10°3] for cd26l3s.
The anisctropic displacement factor expenent takes the form:

-2 Ei®2 [ B2 a*n2 011 4 ... 4 2 h E av bv D12
011 02z 033 ik U1z o1z
Fel 7301} 4801} 4601} 12¢1} -B{l} -13[1}
ol Sl(4} 25103} Bl (3} E(2}) 6{3) -141(3}
o2 152 (6} 100(5) 14815 -15(5) 3945 -3 (4}
o3 9504} 101 (%) ah(3) 0 {3 -21{3) =34 (£}
o4l 115§} 1788} 154 (6} =125} -5045) 11(5)
0is] 139048} 20810} 20449 10247} -12{®) -F207)
Mil] 73(3) 4303 5203 5{Z) =4 {3} =1(2)
M2l 553 4203 49(2) 62} -3[2) =5 (2}
M3 TB(4) B3{3) I6(2) =242} 1213) =16(3)
4] 5503 TR /) =1{2) =5[2) -3
11} 5Ti3) 4313 §543) 1013 =3 3] -13(3)
c(2a) 44.(4) S56{4) 5003) 913 -1(3) =11(3}
C(3} BLi4) 6144) 341i4) 1313} -10(3) -6§3)
Cid} 6945} 12647} 5G4 26 [5) =11(4] =14{4)
CiE) 110(6) CERECS 554 -715) -15(5] =204}
CiB} 11%(6) &34 48 (3] 413} -85 -24{5)
CiTh 7045 4313 48{3) €3] =8 (3] -101{3)
(o %:1] 18841 51{4) 46{5] 1141 =13(g] 1B845)
ELRES 471{3] 14 {3} (2] -61(3} =113}
51{4) J2{5] Ea(d) 403 53} =1{3]
eaidl E514] G61(4] =53] =4 (3} 2403
56{4) 4713] d4(3] -4(3] -Ti3 1043)
7745) 6o 14 g61(4] -14 (3] 1003} 23{4]
T815] 4404 G4 (4] =8 (3] =11{4} 1313}
82{5] 4104} Bo(4) 03] 34} =7(3]
5214 3% (3] q% (3} 02} T3 413}
5614 303} 36 (3} 212} -3{2) (3}
1714 45(3} 3503} (2} =542} =112}
48 13] 35(3}) 333} 5(2) 042 —-4(2}
5504 3503} 3743} 212} 1435 -4 (3}
TE (4] 4303} 543} 302 -10{4) =13}
G3al 6104} 47 (3} P03 -13i4) =34}
ci23) 103 (46} GELS) ERRET 143} 6{d) 17104}
Cr24) BF(3} SZ2(4) S013) -1343) 1444 =1(3
c(25) EEi4} 44 {3} 423} =512 {3 =-11(3}
Cl26) G4} 5013 523} -943) 1344) 33
Ci2T) BT (4} 39¢3) 5343} 142} =243 R H
cr2e) SE (4} T3 EEREH =212} 61{3) =+ {3)
Ci29) IEIEE adid) A5 43) 613} 043 -14{3}
ciam 45(3} 5043 d413) -z{zZ) -1{3) =3
231 B2i4} S5404) 5743 =5{3) 41{3) =62
©{az2) GE{4) S6(4) 4944} =10{4} -3 (4} -l6(3)
o33 g5 (5} 718 2044 -2814) 4[5) -1645)
Ci3d) 108 (&) B446) 574 =174 1514} =24 (&)
C(3A5) BB(4) 94 £413) =14 13) 63} =13(3)
Ci36) 11347 116(T) E%(d) -8 d) 2815} —-42{6)
ciat) 11248 60(5) 10616} 715) 306} 2515}
Ci3A} 187411} 104 (B) 174 (9] 1%(7) 35(9) -B7 (8]
Ci39) 12148} £3(5) A3(5) 149 14) -27 (6} -2416)

Ciad} 204412) 140 (10} 135(7] 43(7) 1159} =729




Table 5.

displacemsnt paraseters

Hydroagen coordinates ( x 10°4)

521%
46458
230E
6R3%
9162
BE4]
1754
5123
5127
g2ll
THE6
9766
a771
594
994
SH5E
11475
12278
12113
12296
12919
11394
10101
7480
T30
3631
4762
4935
6072
10567
11348
120248
2760 140)
4300 [40)

and isotroplo

{A~2 % 10°3] for cd2613a,
¥ z Uiag}
10143 -675 70
5387 -1517 100
4031 -1613 101
7502 -947 45
7576 420 146
7307 -208 148
Tz 358 146
10274 920 73
11604 1180 T4
12039 1178 74
13791 g4d T4
13281 298 B
11872 L =0
11036 -517 63
11062 -1815 a0
10474 -2341 67
SE2S -176L 73
9357 -767 67
G452 253 £4
11342 573 )
12398 118% 34
12571 2093 65
11742 2408 a4
10007 B 144
10893 2286 144
10160 3579 144
BUEE 1547 234
7151 zaan 234
G625 1R7E 234
4387 3051 240
3184 2692 Z4i
3354 2740 2410
380040} 1190 [30] ag(20}
OB 30) E93[17] 20(15)
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Table 6. Torsicn angles [deg] for od2Elib.

Ci2%) -Pd-0[1)-C(3T]
Cil)=Pd=0(1}=C([37}
i3 -Pd=0(1}=C{37}
C{29 -Pd-0[3}-C (33}
Ci{l)=Fd-0(3}-C(39)
O{l)=Pd=0(3})-C(35)
CIT)-HL)=C(1}=H (2}
CIB) -NI1)-C[1y=nM(2}
CiT)-Ri1)-C(1)=-Pd
C[BI=-M[1]-C(1}-Bd
Cl2)-H(2)=C({1h=H{l}
Cl)-H21-C(1y=H{l)
Ci21-M(2)=-C0(1)-Pd
Cl91-Hi21 =01y =Fed
Cl29)-Pd-C{1)1-H{1]
Qi3] =Pa=C{L]=N{1)
0(1]-Pd-C{1i=Mil)
G231 -Pd-Cil)=H{2Z]
i3 -Pd-C{LI-M(2]
01} =-Pd=-C{1)-M(2)
Cll}-H{2}=C{2)=C{3)
Ci3)-NZ)-C{2)=CI3)
Cil)=H{2y-C{2)1-C{T]
1B} =HIEY =C{2)-C]T]
CiTh=ClZY=C{3]1=C[4]

H-Cid1-Ccisl
Ci3) =C{d) =2 [5] =0 (6}
Cid) 15)=C[61=C [T}
{1y -H{L)-C[T}-C[&}
C{B)-H{L)-C[T}-C (6}
Cili=H{L1=C(7}-C(2}
C{B)=H[L)=C[T}=C(2}
CiB)=C(a)-C[T}-N[1}
CIo)-Ce)-C(7}-Cl2)
CI3)-Cl2)y=C(Th=N(1}
B2y -Ci2-C(Tp=0(l}
Cl3)=C(2)y=C{T-C{E}
H[2)=C[2}-C{T)~C(6)
ClA)-W(2)-C(H=C(14a}
Cl2)=N(2}-C(By-C({18}

Cll)=Hi2)-C(%)—CiLld) -97.3(T)
C21=-R{2}=C(%)=C{10) BE.G{B]
CE1E) -2 (3 =C (10 =C(11) A, 148
H{2]=C(9)-Ci10y-Cc{11) =174.745)
{9 =c(10]=C(11]-C(12] -2.3(3)
Q10 -1 =C{12)=C{17) 2,849
C10)-Sf11)-C121-Ci13] 178, 24{5]
Cill1-c(12]-C{13]-Ci{l4] -177.51{8]
Ci17-C{12] =C {13} =Cil4} -1.1 (B}
Ci12) =813} -C1141-C {15} =7.0(9)
C{13}=Cil4a)=-C{15}-C(1&} .53}
Ci141-C415-C {16} =S 17} -3.7(2)
Ci11}-2412}-C{1T}=C{1E} L76.2 (5}
C{13)=C {12} -CILT}=Ci16} 1.8(7T4
C{ll)=-C Y- {18} -3.6(8)
C{13)=Ci{1 179.T(%}
Cl{15)y {16} 0.5}
C{15)—C{l -177.4145)
Cl10)=C{9)=C[18)~C[1T) -4.21{%)
WI2}-C[9)=C18k=0C(17) 177.64{4)
Cr10 -2 3 -0 (18} -C[19) 169.74{5)
W{2}-Cr3}-Ci1a}-Cil%} -3.6([7)
Cl12)=Ci1T)=C(1R)-C[%]) £.31(7)
C{18)=CI1T1-C(18)-C(2) ~177.6(5)
Ci121-Ci17)-C(18) -Ci1%9) -165.3(4)
Cl18)-Cr1T1-C(18]=-C(13) 8.6(7)
Cigy=Ci18y=C(19)-C(28) ~EZ.4(8)




Ci17)-C(18) -2(19)-C(2a}
Cl8=C{18} -0 {19} -C {20}
Ci17}=C(1B} =Ci19}=C (20}
028} -0019) -Ci20) -C (25)
Gila}-C{19)-C{20)-C (23]
C{29}=C {19} =C {20} -C {21}
C{18}=-C {18} -C {20} =021
Cl25)-ClZ0p-C{Z1 -0 {22}
C{19p-C{20) -C{Z1} -C{E2)
C{20) =021} =Cy{22) =23}
C{2L)-C{22) =C{23) =24
C{2Z)-C{23)-C{24)=-C125)
C{21)=C{20) =-C{25)-C{26)
Cl18) =C{20) =C{28) -C{26)
Cl2l)-Cl20y-C{25)-c{24)
ClI9)-C{20) -C[25)-C{24)
C[23)=C{24)-C[25)=-C[20)
Ci23)-Clad4)=C[25)-C [28)
Cl2d -0I28) -CI2a)-C[27)
Cl24)-C[25)-C|26)-C[2T)
C28)-C[26)-C[27)-C(28)
Ci20)-C[19)=C[2B)=C[27T)
Cl1B)-C {19 -C[2B)-C(27)
Cl20)-Cri9-ci2B1-H14)
Ci1R)-C[19)~C[2B1 =N (4]
C26)-C[27)-C(2E)=C(19)
CI2E]=-CI2T)1-C(2B)=MH[4]
C2%) -mi4)-C (28] -C(1%)
Cl30)=H4]=C (28] 2019
C{29)-M(4)-C(2H]-C(27]
CLA0)-M(4)1-C (2R =-Ci27)
CAS) =M =0 (29) =M {4}
Ci38) =R =C(2F] =H(4)
Ci35)-H(3]-C(29) -Pd
Ci38)-H(3)-C (2% -Pd
C{I0)=H(41=C(29}-H {3}
C(2B)-N(4]1=C (29} =H{3)
C{30]-MN(4}-C {29} -Pd
Ci2A]-M(4}=-C {29} -Pd

i1 -Pd-CI29)1=M{3]
Q(3r-Pd-C{29)-W{3]
Cilp=Pd=C{29]1-N{3]
Cilp=Pd=C{29]1-H{d]
Gi3y-Pd-C{29]1=N{4]

il =-Pd=C{20)1-H (4]
C{Z} =M (4)=Ci30)=C{31)
CUZAT-HA)=C {30 =C 31
C{2%)-Hidp-C {300 -C{35)
CU2E} =N} =C|30)-C{35)
Hidy=Ci30p=C{31) -C{32)
CU35)-C 30k -C 131} =C(32)
ClA0) - {31} -C {32 =C {33}
Cy31}=Ci32p~-C {33} -C{34}
C{3Z2)-C{33p=C |34} =C{35)
2R =K 13 -CI35) -0 34)
Ci36) =N {3)-C{35)-C{34)
C{29) -H{3)-C{35)=C{30)
C{AE)-H{Z)-C[35)=C130)
C{33)=-C{34)-C{I5)-H{I)
C{33)-C{34)=C135}-C{ID}
C{31)=C{30 =035 =H{M
W4)—C[30)-2(A5)-H(3)]
Cl31)-C{30-C135)-C134)
Hid)=C(30)=C(35)=C(34)
Pd=0[1)=C{37) =042}
Po-0( 1013 -0 {38}
Pd-G{3)-C{3?-C{4)
P=0(3) =C{38) =0 [40)

9l.2{4]
G6.81a]
=E9,6[6]
L.9[8}
177 . 2[5}
=176.2([5]
41.6(8}
-3.1(a}
175, L5}
2.3(10)
-1.21(11}
0810
178,165}
-0.1(8)
2.7¢48)
-175.5(5%)
=1.68010)
=176.9(5)
-1.7¢{8)
173.546)
1.649)
-2.108)
177.165)
163.5944)
-11.5%(F)
3.41(8)
=173, 7431]
T0.T)
-84.04{7)
-117.848]
B7.5{&)]
=3.0(7]
170, 6{8]
165, 04d)
-21.4{9]
2.64(6]
-154,3{5]
-163,6{4]
38.5{8]
L38.1(5]
-4d.6(5]
-5{Z)
=5T.6 (6]
118.7(5)
158.9(1&]
179.1 (6]
=23, 603
-L.2 (6}
LE&.1(5}
-179,2 (&)
1.2(9}
-0.4¢10}

2,347}
=171.316)
179. 2147
-2.1411})
179.04{6)
-0.748)
0,010}
-175.716)
-1.1411)
-176. 616}
=7.7T{L3)
172.8 (6]

Symmatry transformations used to generate eguivalent atoms:
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Takle 7. Hydrogen bonda

for cd26l3% [A and deg.].

D-H.: A

05 =Hi%A1...014)E]

Symmetry transformations
Hl x=L,y,=

atp-H) d[Hso R d[D...A) < [DHA)

b.92{2) 1.93(5) 2.717(12) 14317)

used to generate equivalent atoms:
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X-ray Structureof Pd(l11)-NHC Complex 3

The crystal data of 3 have been deposited in CCDC with number 633231. Empirica Formula:
CaoH28FsN4OsPd; Formula Weight: 865.06; Crystal Color, Habit: colorless, prismatic; Crystal
Dimensions: 0.234 x 0.168 x 0.109 mm,; Crystal System: Orthorhombic; Lattice Type: Primitive;
Lattice Parameters; a= 9.6346(7)A, b = 17.2104(13)A, ¢ = 22.7713(18)A, a = 90° b = 90°, g=
90°, V = 3775.8(5)A% Space group: P2(1)2(1)2(1); Z = 4; Deac= 1522 glcm®; Fooo = 1744;
Diffractometer: Rigaku AFC7R; Residuas: R; Rw: 0.0536, 0.1018.
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Table 1. Crystal data and structure refinement for cd2E541.

Tdentification code
Empirical formula

Formula waight

Temparature

Wavelength

Crystal syasbem, sSpace group

nit cel]l dimen=sions

Wik ume

L, Caleulated density

Bhsorption cogfficignt

(oo

Crystal slza

Theta range for data collecticn
Limiting indices

Feflections collected S unigue
Cempleteness to theta 25. 50
Absogption correcticn

Max=. and min. trans

Fellnement method

Data / restraints / parameters
Goodneas-of=-fit on F*2

Final B ipdices [I>Z2alemaill]
R indices (all datal

Absolute structure paramater

Largest diff. pesk end hole

od26541

C40 HZB Fe& H4 OO Pd

565,06

9312 K

D.7i073 A

orthorhcmbie, P2{L)2[11211])
alpha = 30 deqg.

bats = B3 deg.
gamma + 590 deg.

R

0.234 x 0.168 x 0.10% mm

1.46 to 25.50 degq,

10, =Z0cmkCml], =25 m] =T

19937 4 TOZ7 [Ri{ipt) = D.1410D]

Empirical

L.00D000 and 0,712E8

Full-matrix least-squares gn F*2

Rl = 0.0536, wR2 = {.1013

El = 0.1047, wRB2 = (.116%

D.341 and =0.473 e A"=3
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Table Z, Atomic coordinates ( ¥ 104} and eguivalent isobropic
displacement parameters (A"2 x 10°3) for cdl2eddl,

Uiegl is defined as ane third of the btrace of the srthegonalized
LTROSOD .

E ¥ = Miag)
=1 E040(1) 131411 63{1)
0{1) €157 (4} 2131121 75{2)
o4 E4EZ[5) 1653(3]) 11743
Q43 T1R1[4) 1474 (3] a2
o4 £564 (7) 1B27(4] 125{4d}
D{5) GOB2(7) 101¢1(4]1 13113)
M1} AS06(4) 1748121 3
M2} 4692 (3} a0z (2)
M{31 £430 (3} 265(2)
M4} G510 (4} 14731
Fl31) 6170 (5} 3137(3] y
Fl2) ET16{TY 274203 0% (6)
Fi3]1 5535 (39) 268340 (41 Ea (a8l
Fi4} 412 (5} 1945141 14% (3}
F(3} TETI(TY 2303061 238 (11)
F[6)} 17005} 147405} 2141(7)
i1} 1B (43 12B6A (3} S6(2)
Ci(2} 3905 1668 (3} £2102)
Ci3a} 4034 1132 (3} 55 [2)
Ci4} 353504} 3163 65 (2)
C(5%) 2500(4) 1267(4} TE(2)
Cre) 18124} 93 (3)
(7} 20323} A613]
ey 279(3] (2]
o3} ( 1443} B3(2)
cf10) E245(5}) =5Ed (4} 74033
Ci11) 48B3 (4} -340 {3} 49 (2]
CllZ) 4535(4) -677 (3} 4d [£])
2[13) 451064 =532} 44023
Ci14) 2257 {8 416304 264102} 4E(2)
2(15) 33361{E6) 4630643 44843} 2 (21
Cl1&) 4347 (3) goLial Ba (2]
cilm IREG (R 365 (3} B4 (2]
Ci1B) VT4 TED(Z} 53 (2]
Cil19 3356 (4} 4173} 0]
C(20) ZEA5 {6) BO16(5) 52743} 54(2)
c(21) 328018 G453(3) 34309} 6l(2)
cl22) 7 57085 =287 (3} 532}
c(23) 5354 (5) -BBE | 65 (2]
24 LAOO(E) -11691 q3(3)
C(25) 6564 (B =123644}) a2 (21
O[28) B30T (5 832 8213
ci27] 4561(%) 2245 L3003
C[2E) 102 {11 TILG(EY 22313} 43 (3]
o[29] 1930 (&) 11664} =104B(3} B1 (2]
Q3 1752 {9) 41474} =1635 43} 1321
Ci31) 560 {10) 147945 =1866 (3} TR (3]
c(32] -39 {9) 4960 (%) =155T7{3} T4 (2]
C(33] 1267 [T) 2B40(d) 22503} B8 (2)
Ci34) L1306 [B) 2088 {5} g4 (3} BH (2]
C{35] 2362 (9) 18241(5) 1523} 6%{2]
Cf38] 3358 (9) 227748 GO(2]
[of gl GA0ELR] B4i3)
ci3al GE10413} 117 (4]
C(35] 7134 1E) L36(7]
ci40) 4377 (L8} 7H3148) 135(5)]




Table 3. HBond Ir'n-:_;l b

[A]

and

apgles [deg)

D1 -C13Ty
olRI-0 AT
i3 -39
Ofd) -0 39)
(5] -H[5B)
0(5] =H[5a)
Mi{ll=Cil}
Mil]=-C[Z]}
M{1)-C127
Mi21-Cr1)
M2} -C[3)
H(2]=C(8})
M [l e
cf
=C[15]
P=C (207
-C[21}
41 -0 (2R}
S ELY
1 =C[38)
=C[3B]
-C[40)
I-Cc (40}
F=Cp4a)
-3}

1-C 19}

(9] -C110Q)
C(91=-H([3)}
Cl{10)=C{11)
C{10)=H[10)
ClILI=CI12)

L) G132
Cl12)=C{2%)
C(l2)

C{17)1=-H{17)
C(1B)=-C{19)
Cl1B)~C136)
C19)=2{33)
ClaL)=C{22)
Cl2R]=C128)
C(22)1-C[22)
23 =124
C23)-HIZY)
C{dd)=C[25)
C{2d]=H[24)
S35 -C[26)
C(3ASI-HI25)

= e =

=

oo

P b D DR e e e e B

- = =N - W e e N el ol

P o

P R

o e e s .

3 D LD

e

5300
333410

9300
386 {10}
L2300

2300

3754

361 {10}

2300

ADT L}
L BR300

41619
42318}

for

ed2654l.
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Ci2al-HI28)

Ci33)-C{34)
C[33)=H{33)
C(3)=-C{35)
Ci34)=H[34)

CiAR)-H[35)
CiAS-H 3G
(3T -C38)
(391 =C[40)

Cl3)=W{2)-C{B)

0. 4%300
0.8600
0.89600
0.9&00
0.9600
0.9600
0. 9600

C[20) -3} -C122]
C{20)-H{ Ci15]
Cl28)-Hi3)-Ci1l5)
Cl20)-w{4)-C(21]
Cr20)-mid)=-c24a} 125.7(6)
Cl2L)-Hia)-Cida} 122.8(8)
MI21-C{L1-H[1})
Mi2y=-c{L)-Fd

Wili-c{i)-#d

HM{ly=Cl{21=-Ci3)
B{1l1-C{2]=CI7)
Ci-C{21-C(7)
Cr4)-C{3]-C2)
Cl{41-C3)-H(2)
Ci21=C[3}=mM(2]
ClA-Cr41-C(sl
cid-ci4
CISI=C (4}
ClEl=C[3}
CiEr=C[5
Ci4y-C[3a
S -2 (&)
[od i3 Tl

C{BY=C{TI=H{T|
Cizh-Ci7)-147) 121.9
2413} -c(8]-C (9
Ci13}-C(d) =H(2
Ci9-Cia)-HL2) 120,146
C{lOy=C(%}=C{1
Ci10) -C (5} =H{9
C{B)=C{8)=H{a) 119.7

T
i

- P
=R



C(3=CILD)=C{1l1}
C{%]=C[LD)
C1E])-CI

C{12)-C[1

=C[12)-C{13)
=C(131-C(12)

=C{13)=-C[14)

C[131=C[14)
=C{ld)=C{19)
P-C141-C{13)
-C{141-C{13)

= (151-C[16)
i -G (151 -H(3]
c —C{151-M[3)
c y=E (18] =C[15)
C y-C{18]=H[1G)
G

=C[13)
=C (36}
=G [3a]
1=C[1B]
=C[14]
1-C(14]

Ry Ry Ry Ael

]

TG EN NS S

C30 01 CFC

C{25)=-C(241-H(24)
C{26)=C(25)=C(24)
C{ZEy-C(25) =H[25)
Cl{24}-C(251-H[23)

1y=C(26] =HI2A)
y=C (2 =BI2TR)
y=C(2 E{27B}
=G0 | =H{2TE}
Y =S =HI27C)
TA)=C(27] =6 (27}
7 C{2T)-H[27C}
y-C 281 -H{2BA)
y-C(28)-H(28B)
=G (28] =0 [28T)
Widy=-Ci28}-0(28C)
H{Z8R}=C (28] =H [28C)
C(2B]=H [28C}
=2(291=C(12)
VeI =R2:
C{l2)=C(29}-H(2H
C{28)-C(201-C (3]
Cl29)=-C(301-a({30]
C{31)=-C(30}-H(30)
C{3Z)=C( 3]
o3z -2
C{30) =231}

T e bu b B3 b= Pl b B A

0 ==

-1
=
!
o
(Y]

CIEECDETE =0T

118.8[7]
120.1

120.1

11%.716]
120.707]
119.6(7}
118.0

119 . E(6)

-4 gy b0 Ly -0

45 M -] O O D

H

| ] 'l

116.0(3)
122.0
122.0

121.2(4)
119.4
112.4

122.849)
1l18.8
Llg.&

115.2(8)
4
4
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{313-C(32)-2(LL)
{313=C(32)-H
1

SEFY
Ci33}-C(19)
33} -H(33)
333=H(33)

1

e o e .

OO0 GO O Ono
l..ll.v:'.uwl.-.lwl-'l_-lg.:-—

118.6(8)
120.7

OO MNMEFEFO

e iy R I A T P i - T P

bt

b
[l % R |

=
(23]

Symmetey tranaformations used to genecabte egui

valent

atams:
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Table 4.

Pnisotropic displacement parameters (R*2 x 10%3) for odif541,
exponent takes the form:

The anisotropic displacement factar

-2 pitd

Pd

0kl
Qrzl
afiy
a4l
M1l
Hi2)
B3]
Hid]
Fil]
Fiz}
Fi3l
Fi4]
Fi3]
Fif]
C(l}
ci2]
Ci3l
Cidl
Cial
Cigl
Cil
c(al
C(g}]
c(io}
C{11}
212)
Cily
Cild}
[ag S R-}]
c(la}
Ci1lT)
Cil8)
Q19
Ci20)
C(2L)
Ci22)
cizd
C{24)
C[Z5)
Ci2E)
CiET)
C{2E)
C[29)
Cran
CiaL)
Lo el
C33)
Ciadl
Cid:)
C(aa;
CEaT)
CdE)
Ciaay
crau

ULl n2z

TE(L}
EETES
e
B2(4)
212012)
755
G904
T4
TOLE)
24449y
Z05{15)
231414)
112(6)
167(14]
136115}
LTEY
LTES
GE QG

2

i
4744

6li5)

176414)
5948}
93{111

[ h*2 a**2 U11 + ... + 2 h &

ar v 012 ]

U3z 023 OL3 iz
Tl
1843)
2144
a8
318}
af3)
4{3]
G{3)
6(3)
54104
%08
1014K)
I3{B]
171 461111 =168 ({17}
235 106{13)
41 244)
47 213
53 a3
ah €ld]
Ta[5) =115]
B4 [6) LT
EG5) =10{5%]
4214 -104{3]
LT T 3141
77 6) 23441
3404 E(3]
4314] 203]
EERL N a{3)
333} 53]
45i4) (4]
53[5 -10404)
56(5) 11{4)
4114} 11(4]
42104) 3{3)
44} 15(3)
L2y -17{4)
3]
1{4]
: Tid]
LERET] 3{3)
4515) -13{5)
55 [5) -45105)
B3 [6) 5{6}
4314) =2i4]
51(5) T{E]
289743 4 1441
63[5) 13(4] -154{4)
58 [5) 341 Ty
T105) 204] 1444)
TAE) 20041 16(5])
635 T(4] 1144}
g3 (T =6(5) 2616
o4 [B) 15(%] I5(6) o{a)
168 [LE) 1213] =Td{L3) 18410
21216} =27(11) 14(11y 11{m
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Table 5,

displacemant

arametars

4055
&730{ &0
5720440]

L I:(J'.:I!":ii.".d-. L

A2

[ x L0*4}

103}

for

and isotropic
od26541.

Uiegl

e I o R e e P R |
L BB Do SR

W W

-
o
L=

99

47{15)
12044039
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Tabla 6. Torslon angles [degl for cd2&541.

Cily-Pd-C{1)-
Ci20) -Pd-061)
Dni;*kd O{1) -

..“.-!':ur_:-r‘:r1

Cl2i-wil
Cr2T)=Hql]
Cr20)=Fd=C (1}
03} -Fa-ay
@{1}-pd-c

3}

1

1 ﬂ(:!-cl_lvciﬁ'
271 =H[1]=C(21-C13)
1)-Hi1y=Cr2}=C(7}
’Tiﬂﬂ[..—ELﬂl-Eln,
1

e

1

1

1

o

§ = ":?' l.“'_' [.‘I.
-ff?}-Ctﬂi—C[i}
-~ (3 -H{2}
—i 3 -2
—CEE -0l
:-CJ-:"'{FEJI

10 =0 :‘:-."’J-!'hl'hl'}-(:l'.

¢
k
(
i
1
i
v
i
P
i

=~

':3-ﬂaﬁi
=0T

UL3I-L:J1H
Cld]=C[5)

rRERT

3
CI51=C[a)=C{T) =Ci2)
RIE-C[E)=C{T)-CLE)
CLI=C[2)=C{T)=Cib)

Cii1-MI21-C{B) = Lllaﬁ
C(3]=M(2)=-C{B)-C{]
Cllp-Hi2)=ClE) EL“]
CLAl-Mi2)-C[B)=C(2)
Cel3)-CiB)-C ) -Cill)
i =C (8] =C19] QL Dy
ClE}-C9) =C[10)=Cq114
C{%-C(10] - C!‘lJ oy
Ci3p-C(10)=C[1 oy
CA10} Crl?j—ﬂ:1r;-: 2%}
C{32)=C(IL)~C[1Z} =2 %)
c4ld])- T[-_] Cr12h=C413)
G321 -CENN ) =C 13 =Cq4130
C{%)-C{g1-C(131=-C[12)
Wi -Ciap-C{131-C1&)
—EilH!rEI]d}
=C(13]=C(14)
1L1F-CL12=0(13) =C [§)
12}-C(13)=C (&)
-S{12¥-C(13)=C 14}
uilii—ﬁi'ﬂl—ﬂlfﬂﬁ
{13 =14 1=-C(15)
:?!-F-Ii]—ﬂ LE)
l:J*"'l{'—"’|91
{13)=C{14p=-2 (189}
'ltﬁ—::lJI-hl_G]
S 13 =0 |1u-—_,11} Cla]
cil9y=c(l4)-<4
Cil3)=C[l4)=CY

a0
& f
a0
Ll

1
)
{

4(T]
46(3)
105, 9(7]
2204
=13, 5121
104, 9(12]

[ |

e 3 L P S G o
o oo A ) B s gn - g

=174, & (6]

=174, 3(8]
10.2613)
180.0(%)
-4.3(11)

65



1 ai
CE131-C 14 -C{15;
CLAII M4 -Ci20)-
CLral=-Mi4)=C(20]=
C{20]
}=C {307 =
F-C{20]1=H{4)
P=C{201=H[4]
[ =201 =Pd
TR =N -0(201-Pd
Cil)=Pd=C[20)-H {4}
QL) =Fa=C 201 -H {4}
Pd=C[20)=N{1}
Bed=C [20)1=H {53}
Po-C (20} -H {3}
Bd-C[2D)-H{3)

P -Ma)
-Mi4h
b-H 4}
b=H{4}
C{21}
P21 -C{22)-0{23)
1G22 -Ci22]1-N(3)
Gp-C{21)1-C[22)-Hi3)
b=H{3}=0(22]=C[21)
P-N(3=C(221-C(21)
*H(3}=Ci Cl23)
=H (3} =C(22]|=C[23]
—C(22)=C[R3)=C{24})
Cl22)-C(23]1-

= 1 [
agOonDnnNOar
Ll L sme i e m ra m  pn

-~
Bl —

i o T

4
=C[24]=C[25) ¥
-0 {251 -C[26) =C{Z
—CE21)-C[26) -CHE
Ci2ly=Ci26]=Cl25)
-C(12] Ci3
=C(12] 3
b= {29] 3
P {30)
C(31)=C[32)=CIL1l}
=011 =S {32) -3}

C{111=C[32)=C{31}
=C (19 =C[(33)=C{31}
-C(18]-C[33)=C(34)
y=C{33-C(34)-C(35)
-C(34) -C[35)-C{Z6
V(38 =C (36 =Cf18)
-C(18]=C(36) =-C{35)}
V- LH]-C (3R O30
-C13TI-012)

o Tt Tt

o -

O =-Jwakieo

oM e ooy 0 - LA

i
=
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Pd-0O[3}-C(39]-014)
Pd=0(3)=C(
O{3)-C{38)=C}{
O{d4)-C )
D[3)-C (30 -
Qd)-Ci39-
Ol3I-C139) -«

mmatry tranalormations used Lo generata l'.-fE-'l'-'w-'i'l:'-"-'-l

=8 L0 el B & BD

aboms:
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Tabla 7. Hydragen bonds for

Symmetry transformations used

addelidl

d{D=H)

o

p= =}

A and

T f .

2,958

=}

atoms1

< {BHA]

152 (H}
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