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Figure 1. Novel pynding ligands having 2,34, 5-tetraphenylphenyl
moiety.

Figure 2. X-ray structure of Pd{OAc)(1)
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Table 1. Effect of Pyridine Ligands on Palladium-Catalyzed Air
Oxidation of Alcohols

fime P Inlcic
mun aicohol ligand* i % yiald* formation”
1 1-phenylethancl’  nome T frace -+
24 trace +
2 Py 1 B +
M B +
3 3-PhPy 6 34 -+
4 3.5-difhPy 6 132 +
5 Bipy 4 3 -
6 -
6 1 24 57 -
2 87 -
7 2 24 78 -
2 =09(95) -
¥ 2 9 M -
9 4 4 M -
63 -
10 2-octanel® Py 21 +
11% Py 5 B +
12 3-PhPy E | +
13 3.5-diPhPy 3 15 +
14 1 95 69 -
15 2 96  T9(73) -
16 4 o6 -

@ At B0 *C with 5/C = 1000 in tohiene under air (balloon). * Lizand of
the Pd(OAc)ligand);. < Determmed by GC. Isnlatedgmlds mparmﬁ:lmes
d+: Complete Pd black formation” —: No Pd black formation * 1-
Phenylethanol (2 mmol), PA(OAC),(ligand), (0.002 mmol), NaOAe (0.2
mmol), and tohene (1 ml) 7 S/C = 2000, PA0Ac)k(X): (0.001 mmol).
£ 2 Octanol (2.5 mmol), PdiOAcKligand) (0.0025 mmol), NaOAc (025
mmol), and toluene (0.8 mL). * Wltﬁa;dmtmal pyndine (0.02 mmol).

Table 2. Palladium-Catalyzed Air Oxidation of Various Alcohols®

lime Pd black
n alcohaol SC  higand® () % yielf fomation
1 benzyl alechel 1000 2 443 T8 -
2 1 448 T4 -
3 Py 2 234 +
4 2-heptancl 1000 2 2 72 -
3 1 72 52 -
6 Py 8 M +
7  3-octanole 1250 2 96 63 -
8 1 96 63 -
] Py 4 18 +
10 3,3-dimethyl-2-butancl 1000 1 96 B9 -
11 Py 4 32 +
12 1-{4-methylphenyl)ethanol 750 1 4 8 -
13 Py 3 32 +
14  4-isopropylbenzyl alcohol 0001 45 T4 -
13 Py 1 244 +
16 2-hexanol 1000 1 96 T2 -
17 Py 2 4 +
18 trons-2-methylcyclohexanol 1300 1 4 65 -
19 Py 3 17 +

@ At 20 °C with Pd{OAc)kligand)s (0.002 momol) andWaDAc (0.1 equuv

to the alcohol) in tohiene (1 ml) u.udfrau{balloﬂnj of the
Pd(()(lﬁ)ﬁagmd}; ¢ Determimed by GC. ¢ Comesponding .« Tolu-
ene
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7b: R = CH,CH,PPh,

8a: M=Ir, X = BF,; (92%)
8b: M=Ir , X = BPh, (68%)
8c:M=Rh, X =BF, (84%) 'Bu tg,tgy

'‘Bu'Bu

Figure 3. X-ray structure of the cationic part of 8a. The encapsulated CH,Cl, molecule is denoted as a
space-filling model.
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Figure 4. **P{*H}NMR spectra of 8a in (A) CD,Cl, and (B) Cl,CDCDCI, model.

AV VT LFER 8a D BRI MG DA XS S AR S AR IC B LTz (X 3), $ERIE
F YA AONEZELEA L, Tr-Ir HEHEX 1.5 nm BRECTH-7=, BERREWZ i, £
DOF AN T L 1 G FRRVIAENTND Z EBH BN T,

PR 8a @ PP {H}NMR A7 KL &K 4 1278 LTz, CD,Cl, HCHIE L72HE (5mM, 25°C)
%, FEME 100 Hz O7 v — RRRINAEONTZOHRTHS72h (M 44)), FUEHT
C1,CDCDCL, Z ¥t & L CHIET 5 &, X3 O Xk imiEic BV TR N E 93 DD Y
YRMEIEEM & Zr o7 (K4B)), T HORERIT, SEEROBIRZEEN AWV LI L -

TEMNTHZLERLTWD, K 3 OXBEEIZIBWNT, I 7B AVZEARNICHEAT L
TRV IAENTNAZ Ex2EZLH L, EAN~DOGTORVIAENTNEETHD &
%x%ﬂé

, SEREZEAKFLY v r ARV MRS, (BRE 30% LD KD @/z@ %
%:/\féh“T, SP{H}NMR A2 MLV ZHIE LTz (3R 3), £ DfER, Hviz 16 @5+
A B, CO3IODITN—TITHIToNDIERHLNERST, TA—T A DI i/J\é
TEDLD, EHNICT 4 v METEEEZHIE CE RV, PEEIXELNICS D

DIV B L, UKL T —T B Oy FixZEfLIC 74y I~ LB 25 8) & $1i
L, 320V rOWRMUIIFFEMICHENTZ, EHIZTNV—T C D5 ik%a‘%f SFLNIC
AT, WIROERITIZANICH L EZEZ N7 v a R AOEEIFIEELL Lo
77 FT2, DTORESORELLTUL, TONFEE () TiEk<, Iﬁf\mﬁj@%

Table 3. 3P{*H} NMR of 8a with Various Molecules?

group entry molecule 31P resonance/ppm VE/A? Av/A2
A 1 CH:=Clz 16.9 (Av = 197 Hz) 52.9 359
CICHzCH-C1 17.1 (Av = 238 Hz) 70.2 409

3 CHCls 17.3 (Av = 210 Hz) 67.7 42.0

4 CCl, 17.0 (Av = 315 Hz) 80.5 422

B 5 Cl:CHCHCI: 16.7(d, JJ =17 Hz), 17.2 (d), 17.8 (=) 100.3 495
6 2,3-dimethyl-2-butene 16.7(d,J =17 Hz), 17.2 (=), 17.3 (d) 92.0 57.0

7 Bro:CHCHBr» 16.9 (d, J =17 Hz), 17.2 (d), 18.2 () (122.2) 57.0

8 benzene 17.1(d, J =17 Hz), 17.6 (s), 17.8 (d) (T1.0) 60.4

9 toluene 17.2(d, J = 17 Hz), 18.0 (=), 18.1 (d) 87.6 62.1

10 o-xylene 17.5(d,JJ =18 Hz), 18.1 (=), 18.2 (d) 103.9 66.7

11 m-xylene 17.4(d,J = 18 Hz), 18.1 (s), 18.2 (d) 104.2 67.2

C 12 cumene 17.7 (Av = 216 Hz) 123.1 68.1
13 p-xylene 17.8 (Av = 212 Hz) 105.6 69.0

14 mesitylene 17.2 (Av = 218 Hz) 122.0 78.1

15 5-tert-butyl-m-xylene 17.4 (Av =214 Hz) 176.3 83.1

#2a (5 mM) in the presence of the molecule (30% v/v) in CDCl; at 25 °C. * Connolly solvent-excluded volume. © Maximum projection
area of the solvent-accessible surface.
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Figure 5. The lowest energy conformation of 9d calculated

by CONFLEX5/MMFF94S.
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Table 4. Effect of Phosphine Ligands on the Suzuki—Miyaura
Coupling of 4-Chlorotoluene with Phenylboronic Acid?

1.0 mol % [Pd]

1.0 mal % ligand \
Ma—@—t:l +(HO),B —_— Me
3.0 aguiv KF

THF, 50°C, 15 h

basicity

cone angle yield
entry ligand Vinin? LIp_s. (dep)? (Ge)d
1 11 ~416 766 193 1
2 12 -41.0 770 205 50
3 12 -42.8 741 210 74
4 14 —425 743 221 86
5 15 -39.8 770 268 89 (88°)
6 PPhy -422 1735 168 0
7 Plo-tol)y —444 732 218 1
8 P(Mes); —44.6 - 243 0
9 P(t-Bu): —544 686 181 0 (5"
10 PCy; -544 674 188 13 (461

9 Reaction conditions: 4-chlorotoluene (1.0 mmol), phenylboronic acid
(1.5 mmol), KF (3.0 mmol), THF {1 mL), Pda(dba);-CHCl; (0.005 mmol),
ligand (0.010 mmol), P/Pd = 1. 50 °C. 15 h. * HF/6-31G(d). ¢ Comresponding
phosphine selemide 1s not available. ¢ GC yield. ¢ Isolated vield. / Reaction
under reflux.
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T LT 2K FE2E< 2 L TIOURDTEELT R LF—78 13.9 keal/mol £ T
THLZENHAENERoT(b), T ORISHEREIZIB WD TRISTED E A Y BT S B
B DITaEDRFETIE R KD FTHY . DRSO O-HFEEDRAZE L EFHE L ofiL DR FE
FIOREEARARIRHZ I Z B MR R RIS Z % 2 L3I L7,

Sugishima %2337 L7z HO @ X #EIC S & . A7 (K 4000 1) # 5B EET
NEREFE L QMIMM iEZ VW T FrN—FF VRS O V& 8L & 37 BB
MHEAERICOWTELE LT, T ORESE, Sugishima 228 FHI L7 X 5 ciE&ME L
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