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Lfﬂﬂﬁ?ﬁm Suzuki-Miyaura cross-coupling 5¥%i 2-chloro pyridine uag phenyl boronic acid
TaawSouifiuuseavsnmiunsdldaunudveaiturliadudug dwiuanmsiivnyaudigalunaiss
Ufji3en Suzuki-Miyaura cross-coupling 58w3n4 2-chloro pyridine way phenyl boronic acid #®
PACL(PPhs), (1 mol%), PPh; (10 mol%), an aqueous 1 M Na,CO5 (2.5 eq.) Tu refluxing 1,4-
dioxane wamsvadaulsEANBMwluUfisen Suzuki-Miyaura cross-coupling wilunsalliidud
wAuA wazifiy PPhs, OPPhs, SPPhs, P-heterocyclic (PO, PS waz PN) wuin PPh, fiuss@nininei
WhAenandnsiigeign  uadlunmidetiusraunadudalumsdanssiansiuanadimnedeans
wée\ﬁ‘m‘tﬁ"’wm%ﬂﬂtﬂﬁumim‘sﬂsznau@a«e?’au%%tﬁamasgﬁtﬁauLﬁ@lﬁﬁ‘m OLEDs wag Dye
sensitized solar cell



Abstract

The aim of this research is to investigate the influent of high electron density P-
Heterocyclic ligand in the Pd-catalyzed Suzuki-Miyaura cross-coupling reaction between 2-
chloro pyridine and phenyl boronic acid. The optimization condition is PdCl(PPhs), (1
mol9%), PPh; (10 mol%), an aqueous 1 M Na,CO; (2.5 eq.) in refluxing 1,4-dioxane. By using
our optimization condition, it was found that phosphine ligand show the best result
compares to those OPPh,, SPPh; and P-heterocyclic (PO, PS and PN). Furthermore, we
successfully synthesized the target molecules using protocol. All compound received in this
research will be used to synthesize the iridium and ruthenium complexes for OLEDs and dye
sensitized solar cell applications.
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mwﬂaaa’lu‘lmawuifﬁﬁ%dauﬁﬁﬁma‘lﬁmimmmﬁaa‘tugnwa Favhazansfldlunis
reflux dwmfunelfiusseiniedesasyinig degas Tmsideuldynads dmsuiviazarsilinaly
Funoums reflux wardue Lildsunszuaumeinliuis (dry) wiendu wazdunus P-heterocyclic
MFluaATeiidoainuiom sigma Aldrich  Suldun diphenyl-2-pyridylphosphine,  tri-(2-
thienyl)phosphine, tri-(2-furylphosphine

aunusiiduasziluesujiinslunuiduiide phosphine oxide (OPPh;) uat phosphine
sulfide (SPPhj) Ltazaﬁwamﬁ’mvﬁﬁlﬁﬁmumsﬁqﬂﬁtané’nwﬁmumﬂﬁﬂiﬂwau (H)  mfueu
(*ci'HY) wasweaneada C'PUHY) NMR awalnsalad einsheinias NMR Bruker AVANCE fimnanudl
dall 'H-300 MHz, PC{'H}-75 MHZ wae 'P{HI-121 MHz Tu CDCL, wiineadwi (9 srealumiae
ppm  wayld SiMe, iuansuinsguanglu (internal  standard) Infrared  spectra Tasheia3eq
Perkin-Elmer FT-R spectrometer RX! lagldinafindailia NaCl waysrsamluniisyes wave
number (cm)

Thin layer chromatography (TLC) ldlunsasaaaeuufiiten wasauuiqrisvesansae
TLC aluminium sheet (silica gel Fsq) Wazusnansliuiavdlasldinaiia column chromatography
neld silica gel 60 (0.063-0.2 mm) 70-230 mesh ASTM Ju stationary phase wagldansazany
commercial grade #imnzaTiy mobile phase 1¥ufi hexane, dichloromethane 5o
ansavansludandiuuTnsreuinasivyay

1. MssunTivesNusanluduasneaiudalwd

Triphenyl phosphine (PPhy); 'H NMR (300 MHz, CDCly): 67.35 (m, H); “C{'H} NMR (75 MHz,
CDCly): 8§ 137.4 (d, J = 11 H2), 137.4 (d, J = 20 Hz), 128.7 (d, J = 20 Hz), 128.7; *'P{'"H} NMR
(121 MHz, COCly): & -3.69

Triphenyl phosphine oxide (PhsPQ); 'H NMR (300 MHz, CDCL): & 7.65 (m, 2H), 7.52 (m, 1H),
7.47 (m, 2H); °C{'H} NMR (75 MHz, CDCLy): §133.1 (d, J = 104 Hz), 132.1 (d, J = 11 Hz), 131.9
(d, J = 2 Hz), 128.4 (d, J = 11 Hz); >'P{'H} NMR (121 MHz, CDCLy): & 30.98

Triphenyl phosphine sulfide (PhsPS), "H NMR (300 MHz, CDCL): 6 7.78 (m, 2H), 7.47 (m, 3H);
3

PC{HI NMR (75 MHz, CDCL,): 6 133.5 (d)* 132.3 (d, J = 12 Hz), 131.6 (d, J = 3 H2), 1285 (d, J
= 12 H2) *'P{'H} NMR (121 MHz, CDCLy): & 45.0
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2. Anwranzndivszindawees Aaseufjiisen Tu cross-coupling Suzuki-Miyaura 551314 4-
iodobenzene was phenyl boronic acid

o 1%PdCL,(PhCN), R
< 2% ligand or no ligand_ T
3 eq. KzCOa(S), DMF, A

R = H (1), COOMe (2) - InervAir R = H (3), COOMe (4)

ligand = PPhy, OPPh,, SPPh,

% phenylboronic acid (0.1220 g, 1 mmol), arylhalide (1 mmol), PACL,(PhCN), (0.0038
g, 0.01 mmol), ligand (0.02 mmol) uaz K,CO, (0.8140 ¢, 3 mmol) awafiunay 2 Aa #if
magnetic bar 8¢ 1Ay degas DMF 10 mL i reflux A9l 18 wu. ndsntuasilmaui
gamgiivios udatase hexane (5 mL x 3 %y anduriilsiuisdiue MgsO, nssuazdresine DCM
mhaihlussmesviaransesdndnsnusivemdsdem
snewms maveassiniangldufa Ar usseimanolugnite) TnsléuSinndunuddoll
PPh; (0.0053 g, 0.02 mmol), Ph,PO (0.0056 g, 0.02 mmol) uaz PhyPS (0.0058 g, 0.02 mmol)
warvhnsiisuieutunsdililddunus

(3)

O~

"H NMR (300 MHz, CDCLy): & 7.61 (m, 2H), 7.45 (m, 2H), 7.36 (m, 1H); “C{'H} NMR (75
MHz, CDCls): 141.3, 128.8, 127.3, 127.2

'H NMR (300 MHz, CDCly): 6 8.12 (d, J = 9 Hz, 2H), 7.66 (m, 4H), 7.45 (m, 3H), 3.95 (s,
3H) 13C{IH} NMR (75 MHz, CDCl,) 6 167.0, 145.6, 140.0, 130.1, 128.9, 128.1, 127.3, 127.1, 52.0



3, Anwnaniasiiiivsz@ndnmues finseufjiizen lu cross-coupling Suzuki-Miyaura s3wing 2-
chloro pyridine wag phenyl boronic acid
Yoduitdnundiad
- answauwadion (1) (Palladium sources) wangnafiy
- NAvDIENULlaTYLAYDILUE
- wavenUesidusvesdunun
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triphenyl phosphine oxide tripheny! phosphine sulfide

triphenylphosphine
’P OPPh, SPPh,

7 N\
& O
= O

diphenyl-2- pyridylphosphine

tri-(2-furyl)phosphine tri-{2-thienyl)phosphine PN

PO PS

@ o o ] o v ‘ . . \
nsnAeRIEmIUmMaNIEIvInauNgalun1sisafisen Suzuki-Miyaura cross-coupling 5¥wing 2-
chloro pyridine wag phenyl boronic acid

B(OH),
S— 1% Pd-sources, Ligand —
- +
* QC' base (2 eq.) W
5 6 reflux solvent 7 3

#a 2-chloropyridine (0.1253 g, 1.10 mmol) Turanunau 2 Aoaum 50 ml 1fin phenyl
boronic acid (0.1397 g, 1.15 mmol) WufuseuFAzen Pd (0.011 mmol) wardunus (nseii
Anvnavesdefidusvesdunusareiinuesdunus) 9intuthly degas (nuldannzvsufa
Tulnsiow) 2-3 ade fusviazans (10 m) sude base (0.22 mmol) Yrvesnausimuaitlaly
reflux # 100 °Cifuian 4 dalus UdesliBuilgumgives snsfuatndas DM (5 mLx3) was
Wuduansduvisdluasmive 2-3 ada mdmblaedu Na,sO, udinsesiednd thansazanedunad

luszimemvhazate nduuenmeredn (Si0,) TdMwemessyuu 2:3 hexane:DCM
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2-phenyl pyridine (cross-coupling product) \luraunaidinies, 'H NMR (300 MHz,
CDCly) 'H NMR (300 MHz, CDCly) §8.69 (d, J = 4.8 Hz, 1H), 7.99 (d, J = 7.4 Hz, 2H), 7.79 - 7.69
(m, 2H), 7.51- 7.39 (m, 3H), 7.25 - 7.17 (m, 1H); "C NMR (75 MHz, CDCly) 8 157.50, 149.67,
139.42, 136.74, 128.96, 128.75, 126.93, 122.09, 120.58; IR(NaCl) 696, 746, 1295, 1468, 1586,
3053 cm’’

4. fuarwiluanatmuneainugisen Tu Suzuki-Miyaura cross-coupling

1% mot PdCI,(PPha),
10 % mol PPh,
Ar—B(OH); + Ar—ClI - Ar—Ar
0.2 MNa,CO; {aq.) (2 eq.)

reflux 1,4-dioxane

ymsvaasaniipumsmanmiefimnzalagld 2-chloropyridine (0.1009 g, 0.88 mmol),
phenyl boronic acid (0.1095 g, 0.88 mmol), PdCl,(PPhs), (0.0068 g, 0.0086 mmol), PPh; (0.024
g, 0.086 mmol) wag 0.2 M Na,CO; (aqg.) (10 ml, 1.91 mmol)

\_/
N
2-Phenyl pyridine (8); vpanailifid; 'H NMR (300 MHz, CDCL;) & 8.70 (s, 1H), 8.00 (d, J = 7.0
Hz, 2H), 7.74 (s, 2H), 7.55-7.38 (m, 4H), 7.24 (d, J = 6.4 Hz, 1H); °C NMR (75 MHz, CDCly) &
157.6, 149.5, 139.4, 136.8, 128.9, 128.7, 126.9, 122.1, 120.5; IR(NaCl) 692, 746, 800, 920, 993,

1020, 1076, 1152, 1292, 1423, 1449, 1465, 1587, 1960, 2358, 2857, 2929, 3064 cm’

!S\ )

2-Thionyl pyridine (9); weaudsdy1y; m.p. 59-61 °C; 'H NMR (300 MHz, CDCly) & 8.57 (d, J =
4.8 Hz, 1H), 7.78-7.63 (m, 3H), 7.59 (d, J = 3.5 Hz, 1H), 7.40 (d, J = 5.2 Hz, 1H), 7.20-7.07 (m,
2H);, °C NMR (75 MHz, CDCLy) & 152.6, 149.5, 136.6, 131.9, 130.8, 128.7, 128.0, 127.5, 124.5,
121.9, 118.78; IR(NaCl) 710, 779, 992, 1155, 1435, 1464, 1580, 3030 cm .

F }\l /

2,4-Difluorophenyl pyridine (10); vouwailaiiid; 'H NMR (300 MHz, CDCL,) & 8.70 (d, J = 4.8
Hz, 1H), 7.99 (dd, J = 15.7, 8.6 Hz, 1H), 7.74 (d, J = 3.8 Hz, 2H), 7.24 (dd, J = 8.8, 4.5 Hz, 1H),
7.05-6.96 (m, 1H), 6.91 (t, J = 10.0 Hz, 1H); "C NMR (75 MHz, CDCl)) & 163.7 (dd, J = 253.0,
12.0 Hz), 160.1 (dd, J = 253.0, 12.0 Hz), 152.6 (d, J = 3.0 Hz), 149.8 (), 136.4 (s), 132.1 (dd, J =

10.0, 4.0 Hz), 124.2 (d, J = 10.0 Hz), 123.9-123.6 (m), 1224 (s), 111.8 (dd, J = 21.1, 3.7 H2),


http:7.05-6.96
http:7.20-7.07
http:7.78-7.63
http:7.55-7.38
http:7.51-7.39
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104.33 (dd, J = 27.0, 25.4 Hz); IR(NaCl) 456, 514, 563, 586, 749, 780, 855, 970, 1107, 1144,
1264, 1502, 1613, 2924, 3070 cm .

5-(Trifluoromethyl)-2-phenylpyridine (11); vaudsde; m.p. 60-62 °c 'H NMR (300 MHz,
CDCls) §8.96 (s, 1H), 8.04 (dd, J = 7.6, 1.7 Hz, 2H), 7.99 (dd, / = 8.4, 1.9 Hz, 1H), 7.85 (d, J =
8.3 Hz, 1H), 7.56-7.47 (m, 3H): °C NMR (75 MHz, CDCl,) & 160.3 (s), 146.5 (dd, J = 13.7, 9.2
Hz), 137.9 (s), 134.1-133.8 (m), 130.6-129.8 (m), 128.9 (s), 129.3-125.3 (m), 127.2 (s), 124.7-
120.4 (m), 119.9 (s); IR(NaCl) 693, 741, 790, 839, 861, 1012, 1088, 1123, 1335, 1603, 2929,
3100 cm .

N7

2-(2,4-DifluorophenyV-5-(triflucromethyDpyridine (12); vasudadiona; mp. 80 °C; "H NMR
(300 MHz, CDCl5) 6 8.96 (s, 1H), 8.09 (dd, J = 15.5, 8.8 Hz, 1H), 7.99 (d, / = 8.3 Hz, 1H), 7.91 (d,
J=83Hz 1H), 7.03 (dd, J = 12.2, 4.3 Hz, 1H), 6.99 - 6.88 (m, 1H); 13C NMR (75 MHz, CDCl,) 8
164.1 (dd, J = 221.5, 12.0 Hz), 160.7 (dd, J = 221.6, 12.7 Hz), 155.7 (s), 146.5 (g, / = 4.0 H2),
1337 (d, J = 3.4 Hz), 1324 (dd, J = 9.8, 4.1 H2), 129.9 - 121.18 (m), 123.6 (d, / = 10.9 Hz),
112.2 (dd, J = 21.3, 3.6 Hz), 105.8 - 102.9 {m).

Trimethylphenylbenzene (13); vaunadlifid; 'H NMR (300 MHz, CDCly) 8 7.70 (t, J = 7.3 Hz,
2H), 7.61 (t, J = 7.3 Hz, 1H), 7.46 (d, J = 7.0 Hz, 2H), 7.26 (s, 2H), 2.66 (s, 3H), 2.35 (s, 6H); " °C
NMR (75 MHz, CDCl,) & 141.2, 139.2, 136.6, 136.0, 129.4, 128.5, 128.2, 126.6, 21.1, 20.8.

CsH1z™ CeHia

2-(9,9-Dihexyl-9H-fluoren-2-yl)pyridine (14); sa3naviun; "H NMR (300 MHz, CDCls) 6 8.75
(d, /= 4.4 Hz, 1H), 8.05 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.79 (dd, J = 15.9, 6.8 Hz, 4H), 7.44 -
7.29 (m, 3H), 7.27 - 7.15 (m, 1H), 2.07 (dt, J = 10.6, 5.3 Hz, 4H), 1.19 - 0.98 (m, 12H), 0.79 -
0.58 (m, 10H); 13(2 NMR (75 MHz, CDCls) & 157.8, 151.3, 151.3, 149.6, 142.2, 140.6, 138.2,
136.7, 127.3, 126.8, 125.9, 122.9, 121.9, 121.2, 120.6, 120.0, 119.9, 55.3, 40.5, 31.5, 29.8, 23.8,
226, 14.0.
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NAN1IVIAABILALIITUINANTTNAADY

= J a4 4 ci & [y, . ar ' L3
mATeliiTngUssasdifefinuananfives P-Heterocyclic Tumaidudussvesdunusily
O s . < ook o a7 oy &
UfjA3u1 Pd-catalyzed cross-coupling \alU3guifiguiuneaiudunus

1. pMsduaTIvannudneaussnlusuaswaaNudalng

WoaRueanlgauavvoafudalviaunsoduasvildielaemsvinujisendulslasiaudes
sanleduasdaed auddu Fulefifusndndueitaifou 100 % levinisanaasulasaaiis
&6 P'PCH)  NMR wuinweaWlu weatusenled uazveaiudalwslidgygiuves 'PlH Watud -
3.69, 30.98 uav 45.04 ppm swEWU Fewsstuiiiinsmenulilunuidedu Meafiu Weadly
ponlest wasWaaRudalvs) andygruves P H) vemeaflueenies wasvaaudalus szifuin
UiAsemsdansneidunudiinegneasysel (hifimsdaiuneaiiuvdony)

< =Y ar ] - aey . . » :
2. fnwamarhlivszAnSnnvasdinisaiiisenlu Suzuki-Miyaura cross-coupling 1zvdng 4-
. N O )
iodobenzene wae phenyl boronic acid fe

19%PdCI(PhCN),

Al + 2% Ligand
r—l (HO),B - Ar
2 eq K;CO3, DMF

Air or Inert atmosphere, 18 h

o o o a1 aaa . N . $
A3 1 UssdvSamveadaielfiisen Tu Suzuki-Miyaura cross-coupling 58W318 4-
iodobenzene uay phenyl boronic acid*

PPhjs PhsPO PhsPS
Alr Inert | Air inert Air inert

1 @—I 87% | 84% | 63% | 63% | 66% | 73%
2 >—@—f 32% | 26% | 33% | 49% | 35% | 30%

H;CO

Entry Ar-|

* Pd(PPha)q (1 mol%), phenyl boronic acid (3.51 mmol), 2-chloropyridine (3.51 mmol), §vi
agane (20 mL), base (8.75 mmol), separated yield

« « ¢ o e = o 8 v 4 & ' 1
nsdimadunsgdt 1 Weiidudndndnsifidgadielddunud PPh, usnanfidanuibifianu
3 U n‘ ° d =5 1 ch
wanEnasTINnIIaassvinmeliussenimdeevseluusseine (entry 1) sgrslsinulunsdin
TH8unud SPPh, Weidusndndasifinnganiinsdiviluusseimaund nsdinsdunseiansuseney
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2 Mt usumMensduaTEiasiwule Methyl-p-iodobenzoate Tnevinufjiseteavaiieg
Fu p-iodobenzoic acid fulwmuea Faldansudndueiiou 100% ntuitludunsizs 2
lngsuudmanisaasussdvininlun1svinufjisen Pd-catalyzed Suzuki-Miyaura cross-

coupling ¥84dunuA 3 Uszum Ao PPh,, OPPh,; Wag SPPhs wud1 PPhs iudunuaifivss@nsam
#in31 OPPh;  way SPPh; Wsudntios uananlifelifianuunnsrefuseninansvinneldaniog
o < a & £ v n:lnlud . & 18 ¥ v oa a o
WRosMIRanMzUNG uonvntansnwiuiilgfe 4-iodobenzene fiaTnluasissiuiioliuaznandny
v « P v oo W aw & o = T v & o o a a exn
Ioagluinaueiunansfiaszdui dnlueuddeivinswasuansawuluasiieslunisfiay e
“'I < © Pl . a8 . ¥ - e (J
Yu Ao 2-chloropyridine lagyiUgAi3en cross-coupling fiu phenyl boronic acid aganskandiuein
1 o r5 -3 * 4 a el o 2
Idnmsduaseiiamusasnihluldlunmsdaasisiansusenoudedoudiifenuar llosieldily
OLEDs uwag Dye sensitized solar cell

P aca . . . N
3 msﬁnmama:mmmxammﬂgnsm Suzuki-Miyaura cross-coupling ¥84 phenyl boronic
acid uae 2-chloro pyridine
o alat o a
Uadendnwisatl
- anseesuniandey () (Palladium sources) wansinafu
- HaTesEanuzuarTlaAYuA
- HavauUasigudvssdunua
L) — d 1 87 Q4 g
- giavosdnnuanuaneafusal

ng A0 oo

triphenyl phosphine oxide

triphenyl phosphine sulfide

triphenylphosphine SPPh
PPh
PPh, PPNy 3
7\
=
\ s

R

o 3

(5
'y

tri-(2-furyl)phosphine
PO

tri-(2-thienyl)phosphine
PS

diphenyl-2- pyridylphosphine
PN

=% o o ] kod 2 a Pr}
Nan13ANYIUITENNETIUTIPULAAIRIANTIN 2
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- - =l i e N . ¥
A15197 2 maveansAnwuieansimnzanlunsissfisen Suzuki-Miyaura cross-coupling

5w 2-chloro pyridine wag phenyl boronic acid”

N

1% Pd source

@—OH

base (2.5 eq.}
5 6 1,4-dioxane
Entry | 1% Pd source Base Ligand 7/6" 773"
1 PdCl, 1 M K,CO, - 0.035 0.15
2 PACL(PPhs), 1 MK, COs - 16.66 11.59
3 PACL(PhCN), 1 M KxCO, - 0.01 0.05
4 PACL,(PPhs), | 1 M Na,CO, - 17.64 11.97
5 PACl,(PPhs3), 1 M K;CO, 1% PPhs 22.89 11.28
6 PdCl,(PPhs), 1 M KO, 2% PPh, 20.09 10.53
7 PACL,(PPh3), 1 M KO, 3% PPh, 19.67 12.37
8 PACL(PPhs), 1 M K,COs 5% PPh; 27.14 14.75
9 PACl(PPh3), 1 M KO, 10% PPh, 92.89 18.94
10 PACL,(PPhs), | 1 M Na,COs 10% PPh, 126.97 13.91
11 PACl(PPhs), | 1 M Na,CO, 10% OPPh; 0.04 0.50
12 PACL(PPh3), | 1 M Nay,COs 10% SPPh, 7.86 6.05
13 PdCl(PPhs), | 1 M Na,CO; 10% PO 24.92 10.22
14 PACL(PPh3), | 1 M Na,COs 10% PS 7.49 6.52
15 PACL(PPhs), | 1 M Na,CO, 10% PN 10.41 7.62

*[a] Pd {1 mol%), phenyl boronic acid (1 eq.), 2-chloropyridine (1.1 eq.), 1,4-dioxane (20
mL), 1 M base (2.5 eq.); [b] w110 GC wazAmnmaniuiildnsmndmnviuiisen 6 $alue

defesanmsveaseil 1-3 deldensidumandion (1) Ausnshstdaglifinsdudunus
WUNSEIAY PACL(PPh), (Nsvimaesil 2) Tﬁmaﬁﬁﬁaﬂ venaniidlenSouiisusswinamsiiug
WAUR PPh, Lﬁ'mlumsﬁﬁﬂgjﬁ%m (Msvinaedft 2 fu 5) nsiiandnios cross-coupling Lﬁugqﬁu
(S 7/6 Wasuwlasn 16.66 nsdilidudunud Wuduiy 22.89) lunrinsiandndost
homo-coupling (§n51du 7/3) laiunnsinaiu ashal'sﬁmmn’mﬁu % PPh{Lﬁ’aﬁ'fu (Msvnansdl 5-
9) wuln msmmamnmm cross-coupling mquuamwmw Tuvaisiinisifiandnsioust homo-
coupling Wtuisadnieswiniu

dlaldiuaiunnsnafusewing K,CO5 fiu NayCO; (Msvnasedl 2 fu 4) wuimsAarEnsTe
cross-coupling Aty (§ws1du 7/6 Wasuwlawn 16.66 nsalld K.CO, uazifutuiy 17.64 nsd
4 Na,COy) waveanisléiva Na,Co, Whidmnniudlowssuiiounsddia PPh; w0 1% Wy
10% PPh, (Msviaaasii 9 fu 10)
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L. ¢ el =t v o A e oo O‘wz nvdvd $ren ¢ o o
PINNATDINART UM UWTUNG Luaumsmuaunummuu‘lmm'ﬂaumléﬂﬂaunuwﬁuﬂa'u“}

.ﬁ -3 - i B ) A \ = 3%
iegUszdnSammaEdanlfiten (maveasei 10 - 15) wamIvaaoswudl PPh; TiussAniamnis
' «d A i b % " o W -'-.1' =4 1 o
\3afiganign ndinildveaRulusu oxide wag sulfide (OPPh; way SPPh; mudneiv) Fatiaieglugun
< ' s o 1 @ ey ! v i @ ad e
\@fesnan PPh, agslsfonuwuin UssAnSamnsiselidlaifisudunsaiiildu PPh,
Aq L4 . o l:‘l‘ -ﬂ’ -l 1o
Tuvueiidunus P-heterocyclic Tunuideil (PS, PO waw PN) Fallenumuiuiudidansougs
@ I T4 1 W v v -2 = i
ndulvinaliidivindu  PPh,  eglsfimudieniithisbuionsfesfinrsanuenainmsiianuvuiiniy
a @ - o o v P ‘< w d a Y
ddAnsauge fie Msiinansusznauiletouradunudiu Pd Wefiansanlaseaineves PS, PO uay
3 e e a o e W 1 aaa i P | : v @
PN arafimnniululéiiosmeniiduiu Pd idafialiuduseufizenlildifio P azaou wionadudiv
heteroatom (O, S, N) nSentsifinansusenaul@etounas PPh,, OPPh; wag SPPh, deuaadluzuh 6

o L4 Pk 4 = ¥ W
5UN 6 lassasmasansusznoudsdouyesdunuaniu Pd

disRersanfsmnuiululdlunsifearsusznoudedoursdunug PS, PO uay PN agnuin
msdurasienraliinauasaumielil heterocyclic Tulamsaiaievhlvimmmuiniudidanseugs
fulsildifuagnafianamisly strlsfimunsiiziguinmsin asuseneuifsdouvasiunud ps,
PO uag PN fu Pd iuduiisswiehli sulufesiinsfinsiiuduiefunsiinasuseneudeen
THvadia NMR uae single x-ray diffraction Fanaiusddedusnlusuen

PnuamsvaaesiamavhifagUldiannemnzauiigelumaisaufiden Suzuki-Miyaura
cross-coupling 3¥%114 2-chloro pyridine uag phenyl boronic acid fia  PdCL(PPhs), (1 mol%),
PPhs (10 mol%), an aqueous 1 M Na,CO; (2.5 eq) Tu refluxing 1,4-dioxane Fsldhanmziiiu
Faerevluanatimuneiifiomns uansviaasuansiansei 3
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- 37 exenay . . « !
mnn 3. Fuaseiluanamanglagliufisen Suzuki-Miyaura cross-coupling sewing aryl
boronic acid fiu aryl halide

1% mol PdCIL(PPhy),
10 % mol PPhy

Ar—B(OH); + Ar—Cl - Ar—Ar
0.2 M NapCO; (ag.) (2 eq.)
reflux 1,4-dioxane
Entry Aryl halide Aryl boronic acid Product % Yield[al
c— %
1 N7 @‘B(OH)z N g 74
= A | >
cl X
2 \ 7 | S ~B(OH): s No 69

3 e/ F{; F B 50
H N
N B(OH), N- 10

e | Qe | O, | w

c— =

N 12
6 Qﬂ )-eom: 79
13
O Q B(OH),

[a] alunsiiaufiiisen 4 43lue uar % yield 99nA1sUeNeINGIY column chromatography.

“ o - e ¢ = Y o det P
Tnusiuudlfaintmussifuindefusiurunansfesesiud eniunsvinassi 4 fdeiilvinad

ol e v & aas o a vl o o s Y v . . ¥ da
\Weu fdsnundunadeil Ujserdniululdavisluns@nldanssisiu - boronic acd ey
electron-rich (NMsMAas3 2) uar electron-poor (Nsvaass 3) laewinsel electron-rich boronic

. v oS 1 o8 vad s ™ ot a4 & [ .
acids Tinadnindntdes uanuraulafeluniveassi 4 3alunsld electron-poor aryl halide
WUHARSN 100 % Feansuaesdusivavuaeniiluldlunisaisuseneudsdoudsifounay

sViflsaiieldidu OLEDs wav Dye sensitized solar cell
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mAfeiildihnsduasvidunusineafiusenleduasnoafiudalndlaenuin Weafiuoenlesd
wazvloafudalnsidunudanunsodunsnsilasnsiuiieiulelasiaueseanlen (H,0,)
uazdaes (Mudwy) wagldiafiduinansusiiudaviiieu 100% dwiuanmzinsauiigaly
AM9L3IUNSe" Suzuki-Miyaura cross-coupling 5¢wi1d 2-chloro pyridine wag phenyl boronic
acid A9 PACL,(PPhs), (1 mol%), PPh; (10 mol%), an aqueous 1 M Na,CO, (2.5 eq.) Tu refluxing
1,4-dioxane

Sloveasunavesdunud nadilalddunud, PPhs, OPPh,, SPPhs, P-heterocyclic (PO, PS
uaz PN) wui1 PPh, iusyAvsn i lifendndasinigeiian waslumideiussaunadigelums
duagiasluanamnedeasudnsueitomashluldlunsasssnoudadioudiifivunay
stileaielsifu OLEDs uas Dye sensitized solar cell
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Abstract

The paliadium{0) and palladium(II) catalysed Suzuki-Miyaura cross-coupling reaction has been established. We found
that the optimized conditions are 1% PdCL(PPh;),, [ M aqueous Na,CO; (2.5 ¢q.) and anthracene-phosphine oxide adduct
(3) as a stable ligand (0.1 eq.) in only 4 hours refluxing {,4-dioxane. The reactions proceed in moderate to good yields
with a diverse array of coupling partners as substrates.

© 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific Chemical,
Biological & Environmental Engineering Society

Keywords: Anthracene adduct, Palladium catalysed reaction, Phosphine oxide ligand, Suzuki-Miyaura reaction

1. Introduction

In recent decades, palladium-catalyzed coupling reactions have proven to be among the most powerful and
versatile metal-mediated transformations in organic synthesis chemistry. Due to the excellent performance of
these reactions, they have been used extensively, for example, in total synthesis and in the synthesis of
conjugated materials and widespread used in many areas of organic chemistry, particularly in the synthesis of
pharmaceuticals and compounds for materials chemistry applications{1,2,3]. Ideally, an efficient catalyst
should have broad substrate activity under mild conditions at very low catalyst molar ratio. Initially, the
substrates which were used in cross-coupling reactions were only reactive aryl bromides and iodides.
However, aryl chlorides are more widely available and generally less expensive than the bromides and iodides.
So the search for the suitable ligands showing higher reactivity and selectivity has been a field of enormous
activity. The scope of this reaction has recently been enhanced by the addition of ligands, such as biphenyl
phosphines [4,5,6] and NHC-ligands [7,8,9].

* Corresponding author. Tel.: +66-45-353400 ext 4570; Fax: +66-45-288379
E-mail address: kitt_w_2000@yshoo.ie
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Recently, Doherty and co-workers reported that the phosphine adduct ligand namely, KITPHOS shows
good properties as a co-catalyst in Suzuki-Miyaura cross-coupling reaction of the bulky and unreactive
chlorobenzene with phenyl boronic acid using a catalyst ratio of only 1%mol [10]. However, the synthetic
route to the phosphine anthracene adduct derivative ligand is difficult. From the applications point of view,
phosphine ligands are affected by one problem: they are subject to oxidation. Therefore, reactions need to be
carried out in an inert atmosphere. To overcome this problem, several stable phosphines have been
reported[11,12,13,14]. Herein, we report the Pd-catalysed Suzuki-Miyaura cross-coupling reaction of aryl
boronic acid and aryl halide with both reactive catalyst Pd(0) and stable Pd(Il) complexes using various types
of air stable ligand. The affect of cross- and homo-coupling products when different ligand types, including
our a stable anthracene-phosphine oxide adduct, is also included.

2. Materials and Methods

All reactions were performed under a nitrogen batloon. Chemical reagents and solvents were purchased
from commercial suppliers and used without further purification, unless noted. Methyl-2,3-(9,10-
dihydroanthracenyl) propanocate (1) [15], mesityl boronic acid, 9,9-dihexyl-9H-fluoren-2-yiboronic acid[16],
Pd(PPhs),, PAC1,(PPh;) [17], 3-bromo-phenanthroline and 3,8-dibromo-phenanthroline [18] were synthesized
as reported. Column chromatography was run on silica gel (100-200 mesh). 'H and '*C NMR spectra were
recorded on a Bruker Avance 300 spectrometer. Chemical shifts are quoted downfield from internal standard
TMS. IR spectra were measured on a Perkin-Elmer FT-IR spectroscopy spectrum RXI spectrometer as NaCl
or KBr disc. Melting points were measured in open-end capillaries using a Buchi 530 melting point apparatus.
The temperatures at the melting points were ramped at 2.5 °C/min and were uncorrected.

Methyl 2,3-(9,10-dihydroanthracenyl)-2-(diphenylphosphoryl oxide)propanoate 3
Diisopropylamine (3.90 ml, 27.60 mmole) was transferred by syringe to 100 ml round bottom flask in
nitrogen system, followed by THF (40 ml). Subsequently, n-butyllithium (19.2 mi, 23.0 mmole) was slowly
added at -78 °C and mixed at 0 °C for 1 hour. Methyl-2,3-(9,10-dihydroanthracenyl)propanoate (5.0 g, 19.1
mmole in THF 20 ml) was added to LDA solution at -78 °C. After the reaction was stirred at 0 °C for 2 hours,
chlorodipheny! phosphine (4.0 mi, 20.45 mmole) was added at -78 °C. The reaction was raised up to room
temperature and kept for 6 hours. Then, the solution mixture was extracted with dichloromethane (3 x 50 ml).
The organic content was dried with Na,SO,, then the crude reaction was evaporated to dryness and passed
through silica column chromatography (10% EtOAc as the eluent) to obtain the target product; white solid
(36% yield); m.p. 206-208 °C; "H NMR (CDCls, 300 MHz): §2.47 (ddd, J = 21, 15, 3 Hz, 1H), 2.94 (ddd, J =
15,9, 3 Hz, 1H), 3.10 (s, 3H), 4.31 (s, 1H), 3.56 (d, /= 6 Hz, 1H), 7.03-7.28 (m, 13H), 7.53-7.56 (m, 3H)
7.85-7.91 (m, 2H); “C NMR (CDCls, 75 MHz): & 33.8, 44.0, 49.6, 52.3, 58.1, 58.8, 123.0, 123.6, 124.1,
125.7, 125.8,126.5, 126.7, 126.9, 127.7, 127.9, 128.1, 128.2, 131.1, 131.7, 131.8, 131.9, 132.0, 138.8, 140.6,
140.7, 143.9, 144.7, 171.7, IR(KBr) 536, 694, 706, 1193, 1217, 1434, 1732, 2946, 2960 cm™; MS (ESI)
465.09 (MH", 100%).

General method for Suzuki-Miyaura cross-coupling reaction; aryl boronic acid (2.7 g, 0.02 mol), aryl
halide (2.7 g, 0.02 mol) and solvent (20 ml) were placed in a two necked round bottom flask, followed by
base and palladium catalyst, respectively. Finally, the reaction was degassed several times with a nitrogen
balloon. The reaction mixture was then heated to reflux until the reaction was completed. The mixture was
cooled and extracted into dichloromethane (DCM). The organic part was dried with Na,SO, then the crude
reaction was evaporated to dryness and passed through silica column chromatography to obtain the pure
product.

2-Phenyl pyridine (6); colourless liquid; 'H NMR (300 MHz, CDCl;) & 8.70 (s, IH), 8.00 (d, / = 7.0 Hz,
2H), 7.74 (s, 2H), 7.55-7.38 (m, 4H), 7.24 (d, J = 6.4 Hz, 1H); "C NMR (75 MHz, CDCl;) § 157.6, 149.5,
139.4, 136.8, 128.9, 128.7, 126.9, 122.1, 120.5; IR(NaCl) 692, 746, 800, 920, 993, 1020, 1076, 1152, 1292,
1423, 1449, 1465, 1587, 1960, 2358, 2857, 2929, 3064 cm’'.

2-Thienyl pyridine (8); white solid; m.p. 59-61 °C; 'H NMR (300 MHz, CDCl;) § 8.57 (d, J = 4.8 Hz,
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1H), 7.78-7.63 (m, 3H), 7.59 (d, J = 3.5 Hz, 1H), 7.40 (d, J = 5.2 Hz, 1H), 7.20-7.07 (m, 2H); "*C NMR (75
MHz, CDCl;) J 152.6, 149.5, 136.6, 131.9, 130.8, 128.7, 128.0, 127.5, 124.5, 121.9, 118.78; IR(NaCl) 710,
779,992, 1155, 1435, 1464, 1580, 3030 cm™.

2,4-Difluorophenyl pyridine (9); colourless liquid; ‘H NMR (300 MHz, CDCl;) 6 8.70 (d, J = 4.8 Hz,
1H), 7.99 (dd, J = 15.7, 8.6 Hz, 1H), 7.74 (d, J = 3.8 Hz, 2H), 7.24 (dd, J = 8.8, 4.5 Hz, 1H), 7.05-6.96 (m,
1H), 6.91 (t, J = 10.0 Hz, 1H); *C NMR (75 MHz, CDCl,) 6 163.7 (dd, J = 253.0, 12.0 Hz), 160.1 (dd, J =
253.0, 12.0 Hz), 152.6 (d, J = 3.0 Hz), 149.8 (s), 136.4 (s), 132.1 (dd, J = 10.0, 4.0 Hz), 124.2 (d, J = 10.0 Hz),
123.9-123.6 (m), 122.4 (s), 111.8 (dd, J = 21.1, 3.7 Hz), 104.33 (dd, J = 27.0, 25.4 Hz); IR(NaCl) 456, 514,
563, 586, 749, 780, 855, 970, 1107, 1144, 1264, 1502, 1613, 2924, 3070 cm™.

5-(Trifluoromethyl)-2-phenylpyridine (10); white solid; m.p. 60-62 °C; 'H NMR (300 MHz, CDCl;) &
8.96 (s, 1H), 8.04 (dd, J = 7.6, 1.7 Hz, 2H), 7.99 (dd, J = 8.4, 1.9 Hz, 1H), 7.85 (d, J = 8.3 Hz, 1H), 7.56-7.47
(m, 3H); "C NMR (75 MHz, CDCl3) 6 160.3 (s), 146.5 (dd, J = 13.7, 9.2 Hz), 137.9 (s), 134.1-133.8 (m),
130.6-129.8 (m), 128.9 (s), 129.3-125.3 (m), 127.2 (s), 124.7-120.4 (m), 119.9 (s); IR(NaCl) 693, 741, 790,
839, 861, 1012, 1088, 1123, 1335, 1603, 2929, 3100 cm™".

Trimethylphenylbenzene (11); colourless liquid; '"H NMR (300 MHz, CDCly) § 7.70 (t, J = 7.3 Hz, 2H),
7.61 (t,J = 7.3 Hz, 1H), 7.46 (d, J= 7.0 Hz, 2H), 7.26 (s, 2H), 2.66 (s, 3H), 2.35 (s, 6H); "C NMR (75 MHz,
CDCly) §141.2,139.2, 136.6, 136.0, 129.4, 128.5, 128.2, 126.6,21.1, 20.8.

3-(9,9-Dihexyl-9H-fluoren-2-yl)-1,10-phenanthroline (12); viscous liquid; 'H NMR (300 MHz, CDCly)
8 7.72 (d, J= 6.9 Hz, 2H), 7.58 (dd, J = 14.6, 7.9 Hz, 2H), 7.42-7.24 (m, 9H), 6.87-6.77 (m, 2H), 2.04-1.87
(m, 4H), 1.21-0.97 (m, 12H), 0.78 (t, J = 6.7 Hz, 6H), 0.71-0.62 (m, 4H); °C NMR (75 MHz, CDCl;) §
155.3, 153.0, 150.7, 150.1, 141.1, 141.0, 134.3, 126.9, 126.6, 125.9, 122.8, 122.6, 120.5, 119.6, 118.7, 113.9,
110.1, 55.0, 55.1, 40.5, 40.4, 31.5, 314, 29.7, 29.6, 23.7, 23.6, 22.6, 22.5, 13.9; IR(NaCl) 741, 895, 1102,
1376, 1420, 1460, 2369, 2929, 3036 cm™.

3,8-bis(9,9-dihexyl-9H-fluoren-2-yl)-1,10-phenanthroline (13): 'H NMR (CDCl,;, 300 MHz): & 0.75-
0.81 (m, 20H), 1.00-1.27 (m, 24H), 2.06-2.09 (m, 8H), 7.36-7.42 (m, SH), 7.71-7.81 (m, SH), 7.90 (dd, /=9,
6 Hz, 2H), 7.97 (t, J= 6 Hz, 2H), 8.45-8.50 (m, 3H), 9.23 (d, /=3 Hz, 1H), 9.52 (d, /=3 Hz, 1H), 9.54 (d, J
= 0.5 Hz, 1H); "C NMR (CDCl;, 75 MHz): & 14.0, 22.5, 23.8, 29.7, 31.5, 40.3, 55.3, 119.7, 120.0, 1204,
121.8, 123.0, 125.9, 126.5, 126.9, 127.0, 127.6, 128.2, 128.5, 129.6, 133.3, 136.0, 136.8, 137.5, 140.3, 140.4,
141.5, 141.7, 144.5, 149.7, 150.0, 151.1, 151.3, 152.0; IR(KBr) 541, 741, 1120, 1171, 1335, 1414, 1609, 2856,
2927,3064, 3210 cm™.

3. Results and Discussion
The synthesis of an anthracene-phosphine oxide adduct (3) shows in Fig 1. The known methyl acrylate-
anthrcene adduct [15] was phosphenated by LDA and chlorodipheny! phosphine. The stable anthracene-

phosphine oxide was afforded after separated by column chromatography. The pure product was characterized
and confirmed the molecular structure by 'H and "°C and IR spectroscopy as well as molecular mass.

o]
‘ oMe -LDA @'
C 7 a, 2.CIPPhy | 7

1

Fig. 1. The synthetic pathway to anthracene phosphine oxide adduct (3)
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To determine the optimal reaction conditions, we began with the reaction of pheny! boronic acid (4) and 2-
chloropyridine (5) under the following conditions; 1% mol stable Pd(II) catalyst, | M Na,CO; (aq.), without
ligand in refluxing THF (Table 1, entry 1). However, the reaction gave both cross- and homo-coupling
products with very low starting material conversion. After that the different type of ligands were added to the
reaction utilizing the same protocol as in entry 1 with 10% mol ligands including 3, PPh;, OPPhs, Phen, dppf,
and dppe. We found that with the addition of the ligand, the efficiency of the Pd(Il) catalysed reaction was
improved (Table 1, entry 4-9). These results emphasize that the ligand is involved in the cross-coupling Pd(l1)
catalysed mechanism. It should be noted that the synthesized phosphine oxide adduct ligand 3 gave the best
result in our Pd(11) series (Table 3, entry 4). We also studied an unstable Pd(0) complex. As we expected, the
conversion proceeded faster than the Pd(11) catalysed reaction. After we added 0.1 eq. of 3 in Pd(0) catalysed
process, the reaction gave poor conversion (Table 1, entry 3) unlike the Pd(IT} catalysed protocol. With the
positive result when using NaOH as base in Pd(1]) catalysed reaction reported by Amatore and co-worker[19],
we also tried this condition with our reaction (Table 3, entry 8). Unfortunately, a very low conversion has
been found. Furthermore, when Na;CO, solid base was used to reduce the reaction step, the low conversion
was observed (Table 3, entry 9). This result is less efficient than that in the conventional protocol (entry 4).
The 100% conversion of 2-chloropyridine is successfully achieved after the reaction was employed in
refluxing 1,4-dioxane. Therefore, we concluded that the optimized condition for cross-coupling reaction is
PdCL(PPhs); (1 mol%), aryl boronic acid (1 eq.), aryl halide (1 eq.), an aqueous 1 M Na,CO, (2.5 eq.) in

refluxing 1,4-dioxane.
@Q Cg@

O AR
2B GhED D

PPh, OPPhg Phen dppf dppe

Fig. 2. The molecular structure of ligands using in Pd-catalysed Suzuki-Miyaura cross-coupling reactions
Table 1. Optimization of the Pd-catalysed reaction of phenyl boronic acid and 2-chloropyridine!™

@—B(OH)Q+C|@ @@ !
4 5 6 7

1% Pd source

base (2.5 eq.)
solvent A\

Entry Pd source Base Solvent Temp (°C) Ligand 6/5™ 6/7"
1 PACL{(PPhs;}, | 1 M Na,CO, THF 65 - 0.1 1.2
2 Pd(PPhs)y | 1 M Na,CO, THF 65 - 6.9 46.6
3 PA(PPhs), 1 M Na,CO;4 THF 65 10% 3 0.5 12.3
4 PdCL{PPh3), | 1 M Na,CO, THF 65 10% 3 1.7 23.6
S PdCL(PPhs); | 1 M Na,CO4 THF 65 10% PPh; 1.0 19.7
6 PACL(PPh;), | 1 M Na,CO, THF 65 10% OPPh, 0.04 0.5
7 PACL,(PPh3), | 1 M Na,COs THF 65 10% phen 0.04 0.3
8 PdCL{PPh3); | 1 M Na,CO; THF 65 10% dppf 0.71 175.9
9 PdC1(PPh;), | 1 M Na,CO; THF 65 10% dppe 0.03 0.15
10 | PdC,(PPhs), | | M NaOH THF 65 10% 3 0.002 0.4
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11 PdCL{PPhs), | Na,COs(s) THF 65 10% 3 0.53 5.35
12 | PACL(PPhy), | 1 M Na,CO, | 14-dioxane 101 10% 3 >1000 54.7
[4] Reaction conditions: Pd source (1 mol%), phenyl boronic acid (3.51 mmol), 2-chloropyridine (3.51 mmol), solvent (20 mL), base
(8.75 mmol); [b] determine by GC and calculated from peak area after 6 hours

The scope of this reaction was next explored. Both electron-rich (thienyl) and electron poor (2.4-
difluorobenzene) boronic acids were transformed into the desired cross-coupling products in moderate yields.
This is a good result for the cross-coupling for both unstable boronic acids (Table 2, entries 2-3). Interestingly,
the cross-coupling product was obtained in a very good vield from an electron-poor aryl halide (Table 2,
entries 4). This could be explained from the oxidative step in Pd catalysed mechanism. Furthermore, a very
bulky mesitylboronic acid proved to be an inefficient coupling partner in this reaction (Table 2, entry 5).
However, the desired product was synthesized from iodotrimethyl benzene and phenyl boronic acid in
moderate yield. It is worth mentioning that the cross-coupling reaction works well with a bulky halobenzene
moiety (Table 2, entries 6). The less reactive, mono- and dibromo phenanthroline, also proceed in the cross-
coupling Suzuki-Miyaura reaction with fluorene boronic acid.

Table 2, Pd(I)-catalysed cross-coupling Suzuki-Miyaura reaction of aryl boronic acid and aryl halide™

. L Yo
Entry Aryl halide Aryl boronic acid Product Yield™
1 c— @—B OH ¢ 70
N / {(OH), N / ‘
S \_/—
2 c— [ d-8(oH : L > 0
\—/ S {OH), Y 4 3 6

o =
3 N—7 F‘dB(OH)z F 7, 7

4 Cl—@ca @——B(OH)Z @‘—(N}Ch 85

z/

10
S O B(OH), 4
11
6 | {_)-BloH) "ﬂ <) 62
11
D |2 QoD |
=N N / CgHis™ CgHia CeHis” "CgHyz "N 12
o | | Foe | OGO O |
N N CeHiz” CeHis CeHia” CeHia CeHis™ CoMiz 13

[a] Reaction conditions: PAC1,(PPhs); (1% mol, 0.035 mmol), aryl boronic acid (3.5t mmol). aryl halide (3.51 mmol), 1 M Na,CO;
(8.75 mmol) in refiuxing 1,4-dioxane (20 mL) for 4 hours; [b] yield of purified product; [c] aryl boronic acid (7.2 mmol)

4. Conclusion
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We conclude that the palladium catalysed Suzuki-Miyaura cross-coupling reaction can proceed using both
Pd(0) and Pd(il). However, the Pd(0) catalyst does not need the ligand in the reaction, unlike the comparable
Pd(11) catalysed process. The anthracene-phosphine oxide adduct ligand 3 shows good properties in Pd(ll)
catalysed Suzuki-Miyaura cross-coupling reaction. With the resulted provided by our air stable ligand 3 on the
Pd(I1) cross-coupling reaction, crucial for a broad application of this ligand would be for future catalyst
system to succeed in minimized the homo-coupling product.
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