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Y a

UNATUNUINS

Y

Wusy C—C, C—N, C—S way C—0 LﬁuﬁuﬁzﬁwuLauaiuiﬂiaa%qusuaaaWi%aIuLaqaLLazmiﬁ
figndniaen TurarAufasefisslaslanewianisy (Pd-catalyzed cross-coupling  reaction) fi
lesumseonsuinduufiseiivssansamagdunudunmsdanseiansduniduaglduamnuiey
pgunInay ag9lsinun1sWauIUfAsen  Pd-catalyzed  cross-coupling Adadimanudifey
wuamanisildsuanuaulavnfeoniswaudunudiiieldlu §A5end Tnewuirdunnifieana
muuesBidansougLariinanungnyazvliUfAzefiussans amgavislundveaadidus
NARSUTLAYAIANIYA BBunusTTiauauTR Ae Aunusrleaiin

a1sUsznovlunguienimelslendn (heterocyclic)  Aoinduasnguiiididansougedy
\esannnsiididanseudlaniie (Bidansouglaniisives dawmes lulnsiau wie sendiau lu
heterocyclic)  #391nnsnumiuenarsiisdemuindiliineiinssenumsimgilsituves
a15Usenau pyrrole, furan, thiophene wagoyius e usuilasulnseadiosdunusiiiei
aruvuutiuresdidnmseuliiuaunud fufudsdeinduwuameditdransmingiladdumaniin
Peadurilinleatiudunudiiaumuiuiuresdianseuiiuty demarafinanauntomesilfife
mifed
1. InguszeasAnan

AnwinmantAves P-Heterocyclic  Tunisifudassvesdununluufizen Pd-catalyzed

cross-coupling

2. Uszleaunandnazlasu
nyuaandRvesdunus P-Heterocyclic lunsisesufisen Pd-catalyzed Suzuki-Miyaura

cross-coupling

3. WUANNNIIANTUNITITY
AnwinmantAves P-Heterocyclic  Tunisifudassvesdununluufizen Pd-catalyzed
cross-coupling Tngdumngiangaady Suzuki-Miyaura cross-coupling reaction uaﬂmﬂ‘ﬁ%
IhUTeufisuussansainuedunug P-Heterocyclic fudunus Phosphine waglunsdifild
LPNALAUA

4. 33821901N19911398

[y
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6. wadg3anld

fosnmuiteilidunuiteiugiu wiminvhauiteaiidudiashlimsuauauifives
aunun P-Heterocyclic Tun1siseufjisen Pd-catalyzed Suzuki-Miyaura cross-coupling Feandu
Usgleniiflorosonnsthaunudlunguiliieluiluvszendlunmsdunseiansdunds Suasdu
Usglovilunsdaameiansviatenduitu ansiitgvaviaen aswan conjugated materials Litayild
UszgnaldanuTaneans
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unun

Jaguifinisuujisendililanensudduduinssufisen (transition metal catalyzed
reactions) 1Ml UNITFLATILIATDUNIILARNILATAS19NUSETENINe C—C, C—N, C—0 uway

—s esanuFAzendililanensudduduiusdanuisdhlunsifaujisoaslvinanangs
fhegsamsuitundenldliun dnifa unaiaien uazuwandidy

wataideadunidulangidontnlfidusiseujisoegaunsvaisilosanamnsoldls
fuasmasuiiilassasioainuas ladeddanefisuus dredreuffsefissaelansunaiaifion
laun UAse Suzuki-Miyaura (aryl halide fiu boronic acid), Heck (alkene fiu aryl halide),
Sonogashira (terminal alkyne U aryl halide), Stille (aryltin derivative U aryl halide) Wag
Kumada (organomagnesium AU aryl halide) ﬁﬂLLaﬂﬂugﬂﬁ 1

R

R
i @/\V /\ \
F o —
Heck
/\‘\ Sonogashira

\
T
Suzuki-Miyaura
Stille
Ar ArB(OH),
ArSnBuj
|
_I
/

R-MgBr Kumada
R
7N
I
P

Ul 1. fhegnafisenfisslnelansunataifion

(j/
1
/

fiusy C—C, C—N, C—S way C—0 Huifussiinuianslulassaiisvesansdaluanauaransi
ﬁq‘mém’mm Tu%mzﬁﬂﬁﬁ%&J’lﬁL'ﬁﬂIﬂaTasz’la’lLaﬁm (Pd-catalyzed cross-coupling  reaction) f
Iesunseensuinduufisenifiussansamgdlunusunsdaangiansuniduarldsuanuie
pg1aunInay Fredavesasaluanaiiduareidulasldufasedisdaslanenianfon ity
quinolin-2(1H)-one auﬁuﬁ“uaﬂmwﬁﬂﬁ LU 3-amino-d-arylquinolin-2(1H)-ones  kaAIAUENUR
\Aeafiuszuuyszam uag 6-functionalized 4-arylquinolin-2(1H)-one ﬁqméﬁumsﬁmﬁmaﬂ

desnufisedisdaslavenanioniiiuufizeiiissaninmgs warlussosvdani
suanualaandszgndldifiomsdaameiansieiidu total synthesis wagnsdansizsians
W1N conjugated materials Uﬁﬁ%mﬁﬁﬂmﬂamwwmLaﬂuﬁdﬂﬁﬁﬁa Suzuki-Miyaura, Sonogashira,
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Stille, Heck-Mizoroki, way Kumada (lmewunsuil 2) udiinujiseriinaniummuaiuagiianiiy
wansafiutnslukivesesdusgneuasiinUfisen (slnvesansaiu) uinalnnisiinufasendiaiy
AANEARIIY Lanrslaasunsuil 3 (Eniudfisen Heck-Mizoroki @lviansuanfunilaeinUfizen
B-hydride elimination unufagiinu)isen reductive elimination)
Tuefnduansasaunansadnld cross-coupling Lilead1eiusy C—C, C—N, C—S uaz
—0 auluasnssuniiedhineufiiden 1wy aryl bromides wag aryl iodides luvazfians aryl
. 3 a ! P A a A o I & v a Ao § v
chloride  mladuagdsiagnniwidesiuluniwnduasdwiy  wasiiluanmeivilinig
P a I3 o aaa a a0 g Yo = ° . v S v &
AoINsAkNUAkaEABsU s e vtalninvilvdnedianansati aryl chloride unldiduansaasmunduy
MATeRimdslasunuaulasgrsnn msmunUiAsen Pd-catalyzed cross-coupling d@ulugiiiu
msyslufinsiliduneuusn @uimuaufisen) FaiRensiin oxidative addition Ainldruazd
Usgdngan vsdlannsavinlilaenslddunuinididnasouas wu wWealludunus Jafeduiuman
a Y o a I . 0o g ¥V a aaa ) . v a falv vo
weskavililangiinadu nucleophile g m’LmnmUQmmﬂU electrophile 1af Aunuanlasu
Auflenegunsviangluufiisen coupling Aeneailu (phosphines) Faillassainssiaunandlugun 2

Ru .
R."\ﬁ/ R

o0

5UN 2 Tassasemluveseaiiu

nsimWIUGA3en Pd-catalyzed cross-coupling d@ulvgidunsyaluiinisvinladuniivun
UA381 (oxidative  addition) Anlaawaziiuszd@ninin Msdanunsainlalaenisldaunuanil

aa 1 a a ¢ = A o o 4:1 Y o a I .
didnaseugs wu Wealludunus Fuideduiumanieuudvinlilanginanudu nucleophile a1 v
TAnURA3eiU electrophile 19 U7 3 wandlassasnwesdunuaniddidnnseuuaziniunznygs

Y

‘ O l PC
PCy, PtBuz Cy2

I
R R P Pr l P Pr

. i
R=H, NMe,, 'Pr, Et, Me, OMe R=H, NMe, PPr

3Un 3. Buchwald’s biaryl phosphine ligands

Tulagtuiinsfnduneaiudunuanianunuiuiudidnaseugs win1sfunndunuavinl
e lugnisdunvdunudieliuseansamndvulusnidududaiddguarlisuavaula
INMINUNIUENATTIALITRInuIllineiinsenumnsihnylsiduvesaisusenau pyrole,
furan, thiophene uagayius ldiaUTuUAEUlATIATIIVRIAUNUMNOLNLAIIUNUILUUYDY
a

danaseuliiiudunud Awudadeinluwuimeifdanansadmyilsidumariudieasuililes
TudunuadanurukiuvesBanseuiudy uenanilindaunsausufsulassaiiswemyunui

)}
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¥84 pyrrole, furan, thiophene wareynus Manualindsdaasulvinalniunisiia oxidative
addition lanTuLazazdialissuizsenlangwulusn

& X A v a av aa I3 . = &
netlannsdvAuenals deuidenilesAusenauues Sulfur, Nitrogen wag Oxygen Failu

WUU bidentate (3U71 4 A, B, Ceanuadiv) egslsimudaliinedsisauidnisineyiusves
. Q@ a ¢ A v LY 1 aaa
pyrrole, furan, thiophene mLﬂuaLLﬂumwiaimLUumaLiaﬂgﬂimma

OO R ! ‘\\\R
’ O N Me O Me
4 \O o~
OO PPh, PPh, O PCy,

A B C
sUfl 4. Bidentate ligands; K'-P,S (A),” K'™-P,N (B)" waz K -P,N (O
Faiulusmiafodagiinisdin P-Heterocyclic Aunudfifiamuiuiuresdiaansougs lns
gavfamaifinUssdvEammsduesgsiansdunidanidld s total synthesis snidunszuunsiild
UfAzennsissnsmnanfsadadul §izenfiiussansamgaazidaldsunnudenogiamnning
AL ugianzaslumIaeiusy Wy Wuse C—C, C—N, C—S w38 C—0 daluanuiseilaziig
unusldluneaeulufiten Suzuki-Miyaura Bsiinalnnisifnfiseuandlugui 5

Ri—R;
1
v
R,—Pd'—X
RZ_Pd _R1
8 3
Y [
Bu’o—llaio‘au NaO'Bu
Y :
7 Na’ R,—Pd"—0'Bu
4
v / NaX
Y NaO'Bu -
R—B. R-l—EIi—O Bu
Y Y .
5 6 a

U7 5 nalanisiinUfiisen Suzuki-Miyaura cross-coupling
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TUTTAIAYEINTTIY

Anwnaanifves P-Heterocyclic Tunsiduduswesdunualuufizen Pd-catalyzed cross-

coupling

YDULINUITY
Anwnaanifves P-Heterocyclic Tumsiduduswesdunualuufizen Pd-catalyzed cross-
coupling Tngdunigianzaady Suzuki-Miyaura  cross-coupling  reaction  usnainiagla
= a a a a I . o a I . Nay 1 a a
WisulguUssansnmassdunua P-Heterocyclic AUaknue Phosphine uazlunsalinldifng
6
WNUA

nafimninazlasu
nauaaNTRvesduLnus P-Heterocyclic Tunsisesufjisen Pd-catalyzed Suzuki-Miyaura

cross-coupling
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N3NN8

[ [

msvmaeslulassuiinsduivihnelivssomadoslugnlts  dvhazareildlunng
reflux dmsuneldusseniadosasrinig degas Insnouldnnads dwmiudivinazareildvisly
Funounis reflux warduq lildiunszurunisyiilduis (dry) viendu wazduwnus P-heterocyclic
Adlusiseiddeainusdn Sigma Aldrich  suldun diphenyl-2-pyridylphosphine,  tri-(2-
thienylphosphine, tri-(2-furyl)phosphine

P

aunuanduasieluiosuiinislumuidelife phosphine oxide (OPPh,) wag phosphine

a L3 (%

. a o My o a 1
sulfide  (SPPh,) wavansuansiugilavianunvsiigaiendnuailaumeaiialisneu (H) a15ueu

'
=

(“c{'HY) wagwoawoda (P HY) NMR awalnsalal Gainadieinios NMR Bruker AVANCE finanud
3l 'H-300 MHz, C{'H}-75 MHz wag *'P{'HI-121 MHz lu CDCL wailnoad@nt (0) sreeulusiing
ppm  uwagld SiMe, Lﬁuaﬁmmgmmﬂiu (internal  standard) Infrared spectra Tafaeinos
Perkin-Elmer FT-IR spectrometer RXI lagldinafindniiin NaCl wayseeulunuliguns wave
number (crm )

Thin layer chromatography (TLC) fil#lunisnsiaaeuufisen LLazmmU%qwé%aamiﬁa
TLC aluminium sheet (silica gel Fsq) LLazLLEJﬂa’l'isLﬁU%?le%‘IﬂElwwlﬂﬁﬂ column chromatography
Tagld silica gel 60 (0.063-0.2 mm) 70-230 mesh ASTM LUu stationary phase wayldaisazaie
commercial grade ffdmnzandu mobile phase oA hexane, dichloromethane #39
asaransludnsdinuiinasdeusinasiivangay

1. nsduaszvineailusanlunwazwaaiudalna

0 S

||>| H,0, - 1/gSq ||:|,
AN R/| R _ > p |
R "R ‘pow, rR . bemrt RO LR

Triphenyl phosphine (PPhs); 'H NMR (300 MHz, CDCL,): §7.35 (m, H); "C{ H} NMR (75 MHz,
CDCL,): §137.4 (d, J = 11 Hz), 137.4 (d, J = 20 Hz), 128.7 (d, J = 20 Hz), 128.7; 'P{ H} NMR
(121 MHz, CDCly): & -3.69

Triphenyl phosphine oxide (Ph;PO); 'H NMR (300 MHz, CDCly): 6 7.65 (m, 2H), 7.52 (m, 1H),
7.47 (m, 2H); “C{'H} NMR (75 MHz, CDCL): §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, CDCL,): §30.98

Triphenyl phosphine sulfide (PhsPS); "H NMR (300 MHz, CDCly): & 7.78 (m, 2H), 7.47 (m, 3H);
PCUHE NMR (75 MHz, CDCLy): 6 133.5 (d)* 1323 (d, J = 12 H2), 131.6 (d, J = 3 Hz), 1285 (d, J
- 12 Hz) 'P{'H} NMR (121 MHz, CDCLy): § 45.0
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2. Anwran1izniiuszansaineas fasaufnsen lu cross-coupling Suzuki-Miyaura 581319 4-

iodobenzene Wag phenyl boronic acid

1%PdCl,(PhCN),
R/~ . ) — R
®7| + (HO)2B© 2% ligand or no ligand_ @_@
\_/ 3 eq. K,CO4(s), DMF, A \_/
R =H (1), COOMe (2) Inert/Air R = H (3), COOMe (4)

ligand = PPhg, OPPh,, SPPhy

68{1 phenylboronic acid (0.1220 g, 1 mmol), arylhalide (1 mmol), PACL,(PhCN), (0.0038

g, 0.01 mmol), ligand (0.02 mmol) wag K,CO, (0.4140 g, 3 mmol) awanfunay 2 Ao il

magnetic bar 8¢ Ay degas DMF 10 mL i reflux sld 18 . ndsniusenal3lnsud

gamgiivios udafadie hexane (5 mL x 3 A1) andurtliuiadie MesO, nsesuazdnafae DCM
Mnuilssmesvhazaisarldndndusveaddun

sangwg nsnaaewivemelduia Ar (Usssimaniglugnlte) TaslduTnadunuddsd

PPh; (0.0053 ¢, 0.02 mmol), PhsPO (0.0056 g, 0.02 mmol) wkaz PhsPS (0.0058 ¢, 0.02 mmol)

wazyinmsiseudieununsantuld@dunun

(3)

'H NMR (300 MHz, CDCLy): 8 7.61 (m, 2H), 7.45 (m, 2H), 7.36 (m, 1H); "C{ H} NMR (75
MHz, CDCLy): 141.3, 128.8, 127.3, 127.2

(4)
O
3

"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{lH} NMR (75 MHz, CDCl,) 6 167.0, 145.6, 140.0, 130.1, 128.9, 128.1, 127.3, 127.1, 52.0
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3. Anwran1endiuseansnwves Anseufizen Tu cross-coupling Suzuki-Miyaura 581319 2-

chloro pyridine wag phenyl boronic acid

Javgn@nuwinail

- ansnsaunnaaey (1) (Palladium sources) wWAnANaniu
- HAYRIADIUTLATTLAVDIUE
& @ 3 a I3
- HAYRLUDSITURVDIALNUA
- YUAVRIRLNUATNLANFANAUAIL

o
5

triphenylphosphine

tri-(2-furyl)phosphine

NINARRIEIMTUMAN I IMLNENTIAA lUN15L59U A1 Suzuki-Miyaura cross-coupling 581314 2-

=0

Oé@

triphenyl phosphine oxide
OPPh,

tri-(2-thienyl)phosphine
PS

chloro pyridine Wag phenyl boronic acid

B(OH),

+

5

%4 2-chloropyridine (0.1253 g, 1.10 mmol) Turinnunau 2 AowwIn 50 ml LAy phenyl
boronic acid (0.1397 g, 1.15 mmol) tAuLseURATe Pd  (0.011 mmol) uazaunus (n36ii
Anwnavealesidusvedunusiazeinvesaunus) antutiill degas (nneldannzvesuia
Tulasiaw) 23 ade dudasiazans (10 m) audae base (0.22 mmol) thussrausianundilgly
reflux 1 100 °C 1fuan 4 alus UdesliBuiigumaiives antuaiingas DOV (5 mLx3) uas
Autuanssunsdlaintnde 2-3 Ada mdnthlneidn Na,SO, udinsesdiedna thansavanedunss

1% Pd-sources, Ligand

base (2 eq.)

reflux solvent

S

%@

triphenyl phosphine sulfide
SPPh,

diphenyl-2- pyridylphosphine
PN

lUssmeiyinazats antuuenmeneau (Si0,) Tdmaemeaseuu 2:3 hexane:DCM
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=52,

2-phenyl pyridine (cross-coupling product) \Huvsanaldivdes; 'H NMR (300 MHz,
CDCly) 'H NMR (300 MHz, CDCL,) 88.69 (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, CDCl,) & 157.50, 149.67,
139.42, 136.74, 128.96, 128.75, 126.93, 122.09, 120.58; IRNaCl) 696, 746, 1295, 1468, 1586,
3053 cm’*

4. duasrzilaanamvuneanujizen Tu Suzuki-Miyaura cross-coupling

1% mol PdCIy(PPhs),
10 % mol PPh;
Ar—B(OH), + Ar—cCl . Ar—Ar
0.2 M Nay,CO3 (aq.) (2 eq.)

reflux 1,4-dioxane

Fnsnaaesniieun smanaziiunzaulagld 2-chloropyridine (0.1009 g, 0.88 mmol),
phenyl boronic acid (0.1095 g, 0.88 mmol), PACL,(PPh3), (0.0068 ¢, 0.0086 mmol), PPh; (0.024
g, 0.086 mmol) kar 0.2 M Na,CO5 (aq.) (10 ml, 1.91 mmol)

\

N
2-Phenyl pyridine (8); v0ewaalyiid; 'H NMR (300 MHz, CDCly) & 8.70 (s, 1H), 8.00 (d, J = 7.0
Hz, 2H), 7.76 (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: IRINaCl) 692, 746, 800, 920, 993,

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

IS\ »,

2-Thionyl pyridine (9); vaaudadu1; 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 \
\ /

2,4-Difluorophenyl pyridine (10); vauwadlifid; '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, CDCly) & 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),
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10433 (dd, J = 27.0, 25.4 Hz); IRINaCl) 456, 514, 563, 586, 749, 780, 855, 970, 1107, 1144,
1264, 1502, 1613, 2924, 3070 cm .

5-(Trifluoromethyl)-2-phenylpyridine (11); 903ud9dv13; 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, CDCLy) § 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 .

N / ®

2-(2,4-Difluorophenyl)-5-(trifluoromethy)pyridine (12); IR G LR R m.p. 80 °C 'H NMR
(300 MHz, CDCl3) 68.96 (s, 1H), 8.09 (dd, J = 15.5, 8.8 Hz, 1H), 7.99 (d, J = 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); PC NMR (75 MHz, CDCl;) 6
164.1 (dd, J = 221.5, 12.0 Hz), 160.7 (dd, J = 221.6, 12.7 Hz), 155.7 (s), 146.5 (q, J = 4.0 Hz),
133.7 (d, J = 3.4 Hz), 132.4 (dd, J = 9.8, 4.1 Hz), 129.9 - 121.18 (m), 123.6 (d, J = 10.9 Hz),
112.2 (dd, J = 21.3, 3.6 Hz), 105.8 - 102.9 (m).

Trimethylphenylbenzene (13); 2aawal3ifid; '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, CDCly) §141.2, 139.2, 136.6, 136.0, 129.4, 128.5, 128.2, 126.6, 21.1, 20.8.

)
CeH1s™ CeHis

2-(9,9-Dihexyl-9H-fluoren-2-y\pyridine (14); ¥a4t1a1iiln; "H NMR (300 MHz, CDCl;) 6 8.75
(d, J = 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); 13C NMR (75 MHz, CDCls) 6 157.8, 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,
22.6, 14.0.
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NANISNAADILAZINTUNANIINAADS

AT UTTngUsrasdiofnenuantfves P-Heterocyclic lunisiudaissvesdunudly
Ufi5e1 Pd-catalyzed cross-coupling iieLU3auLiisuiunlaaiudunua

1. nMsduAsIzvaLnuanaaiuaanlurwazWaaiudalng

Woanuseanleruazneaiudalidaunsadunsgiladelnenisvijiserdulalasaues
genleruazdamlos muddu Favesidudndnsuandldifou 100 % evhnisnsivasulasaing
8 "'PCHE NMR wudwleaily weailueenles uwazroaiudalsiidanuves * PUH) Raduil -
3.69, 30.98 war 45.04 ppm MWL Fenseiuiiinnsseauliluanidedu Meafiu veai
ganled uarneaiiudalud) andyaiuves * P H) vewleatiusenles uasneaiudalud audiudi
UfSenmsdansziaunudiinogaanysal (siflasiaduoaituviest)

2. Anwan1izndivszAnsnneasnnseufizenlu Suzuki-Miyaura cross-coupling 581314 4-

. .. [albl]
iodobenzene wa¥ phenyl boronic acid :

1%PdCl,(PhCN),

+ 2% Ligand
Ar—I1 (HO).B > Ar
2eq K>,CO3, DMF

Air or Inert atmosphere, 18 h

M1579% 1 UszdnSamuasdiissufjisen Tu Suzuki-Miyaura cross-coupling 581314 4-

iodobenzene ILa¢ phenyl boronic acid*

PPh, Ph,PO Ph4PS

Entry
Air Inert Air Inert Air Inert

Ar-|
1 @l 87% | 84% | 63% | 63% | 66% | 73%
0

2 >—OI 32% | 26% | 33% | 49% | 35% | 30%
H,CO

* Pd(PPhs), (1 mol%), phenyl boronic acid (3.51 mmol), 2-chloropyridine (3.51 mmol), §2%1
a¥ay (20 mL), base (8.75 mmol), separated yield

ntinsdunszi 1 Wesudndndasiliangadiolddunud PPh, wenanfidanuinlidfiaau
WANANNIEMININISNRaRIYNelAUTTEIN AR eluuTTENNTA (entry 1) agnalsAnalunsdli
daunue SPPh, Wesidudnandamiiageninnsalvilluusseiniaund nsdinsduasgialsuszneu
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2 ATBIFUAUMENITEUNATIZRATRIRULA Methyl-p-iodobenzoate lngvinufAzeaaimnasila
Fu p-iodobenzoic acid Aulunuea Fslaasuannueiiiou 100% nnuutludunsizn 2
IngsuudInanIsnaaaulseansninlunisvinujisen Pd-catalyzed Suzuki-Miyaura cross-
coupling VasaunUA 3 Useinn Ae PPhs, OPPh; uay SPPhs wu3n PPh; Wudunuaniiuse@nsam
= 1 = @ v X o 1 1 [y 1 o v
Ana1 OPPh; wag SPPh; Lilswantios usnainidslifanuuandisiusznitenisinielaaning
4' a a & & v g va . A & v oal a o
WResnsoan1zUnd uenandarsiiduilife d-iodobenzene fornluarsisdunisslinaznandni
Ineglunasiuunansdaseaud Aiuanddedvihnmsasuasasiuluansiaeslunsiaufise
ai{ A . q. o aaa . [ . . a o ¢
YU AB 2-chloropyridine Imam‘dgﬂim cross-coupling fiu phenyl boronic acid lnga1snansum9
Ignnnmsduesisiiaunasiilvlilunsdunssiasuszneudsdoudiineunazsidoniolddu
OLEDs wag Dye sensitized solar cell

3 msﬁnmam'azﬁmmzamaaﬂﬁﬁ%m Suzuki-Miyaura cross-coupling 984 phenyl boronic
acid 1ag 2-chloro pyridine
Hadefidnwsed
- assadunnaniion (I) (Palladium sources) UHAAINAY
- HATDIEDUELAZYHAVDIUE
- NaveUasidudvesdnnud

[

- YUAURIALNUATILA NN UG

o

@% o450 @é@

triphenyl phosphine oxide triphenyl phosphine sulfide

triphenylphosphine OPPh SPPh3
PPh ’

3

. . diphenyl-2- pyridylphosphine
tri-(2-furyl)phosphine tri-(2-thienyl)phosphine phenyk-2- pyridylphosp

NANNSANYIUIILNNAIIUIV A ULEAIFIANTIN 2
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M13°99 2 HaveINIsAnyLeman1temmanganlun1sissufisen Suzuki-Miyaura cross-coupling
: . N
3¢9 2-chloro pyridine Wag phenyl boronic acid :

% Pd source

base (2.5 eq. )

5 6 1,4-dioxane
Entry | 1% Pd source Base Ligand 7/6" 7/3"
1 PACL, 1 M K,COs - 0.035 0.15
2 PdCl,(PPhs), 1 M K,CO4 - 16.66 11.59
3 PACL,(PhCN);, 1 M K,COs - 0.01 0.05
il PdCL,(PPhs), | 1 M Na,COs; - 17.64 11.97
5 PACL,(PPhs), | 1 M K,CO;s 1% PPh; 22.89 11.28
6 PdCl,(PPhs), 1 M K,COs 2% PPh; 20.09 10.53
7 PACL,(PPhs), | 1 M K,CO;s 3% PPh, 19.67 12.37
8 PdCl,(PPhs), 1 M K,COs 5% PPh; 27.14 14.75
9 PdCl,(PPhs), 1 M K,CO4 10% PPh, 92.89 18.94
10 | PdCL(PPhs;), | 1 M Na,COs 10% PPh; 12697 | 13.91
11 PACL,(PPh3), | 1 M Na,COs 10% OPPh, 0.04 0.50
12 PdCL,(PPhs), | 1 M Na,COs; 10% SPPh; 7.86 6.05
13 PACL,(PPh3), | 1 M Na,COs 10% PO 24.92 10.22
14 PdCL,(PPhs), | 1 M Na,COs; 10% PS 7.49 6.52
15 | PdCL(PPh;), | 1M Na,COs 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] #1310 GC hagAuInNNUnlanswnaInyugizen 6 4alus

defansanmsvaaesd 1-3 Feldasdedumaniion () Aunnsraiulagldfinspuaunus
WUINSEITY PACL(PPhy), (Msvnaesdi 2) Iﬁmaﬁﬁﬁqm uonanfilowTouifieuseninennafua
unus PPh; islunisviiufiten (manmaaesdl 2 fu 5) nsiRardadaus cross-coupling Lﬁ'uqﬁu
(S5 7/6 Wasuulasan 16.66 nsallidudunus dududy 22.89) lusaeiinsiinnan i
homo-coupling (8nsd@u 7/3) launnaneiu asmliﬁmmmﬁm % PPh{Lﬁméﬁ”’u (M3naaesd 5-
9) WU mimmmamm% cross-coupling quawuamwmw Tuvausfinisiinudndns homo-
coupling Liinduiteadnoswiniy

delduatiunneafiusening K,CO, iU Na,CO, (M5naaesdl 2 fU 4) wuiinsiianansaus
cross-coupling At (§as1au 7/6 Wasuuawn 16.66 nsald K,COs wazifisdudy 17.64 nsdl
A% Na,CO,) mavosmsldiva Na,CO, Wiudnuntudlowseudisunsaididin PPhy a0 1% (Ju
10% PPh, (M3sveaasi 9 fu 10)
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Pnuaremdnsngiituwliudin Welnmsdndunuddiulunuiteddlsldaunudeindun

a

Lﬁaaﬂizammwmmwgﬂim (Mavaaesil 10 - 15) naMTNAABINUIN PPh; TiszdvBamnns
3eiigenian nsdifildeaiiulusy oxide uag sulfide (OPPhs uaz SPPh, mudnsv) efiadteglugui
w@diesndn PPh, agnslsianumusn Uszansammssslidlofieusunsdiidu prh,

Tuvauefidwnus P-heterocyclic Tusudded (PS, PO way PN) %aﬁmmmmﬂuaﬁﬂmauqa
nduliualdfiniu PPh, ethalsinudienaiitededuiionadesfinnsanuenainnisininunuiuiy
Slfanseugs Ae nalAnansUszneudsdouvesdunusiu Pd efinnsanlassaineues PS, PO uaz
PN 1afinrudulldfegneniduiu Pd ieiinlusissufiselullfifad P evmeu usenaduiu
heteroatom (O, S, N) #59n15LANETUSENDURIGBUVDY PPhs, OPPhs Liay SPPhs ﬁﬂLLamﬂugUﬁ 6

o o c S s Cl
)+ » )

R I/Dd Pd P
o <l S CI c:| Y
N
| /) )

ey @ @
OO 205

@@@

JUN 6 lassaiavesansusenauldadauvesdunuaiu Pd

dafansandernudululslunisiinaisusenausdedauuaddnnus PS, PO wag PN 28WuIn
nsfuresteontlinavasarmiilaliill heterocyclic Tulassadrafievilfaumuiwiudidansougs
tulallfiduegneiinianisld edrslsfimumsiiagfigaiiininia asussneudsdounesdunud Ps,
PO waz PN ffu Pd \uuilaswioll sududesdinsinuifiuiuionfunmsiinaisuszneudsens
THnafia NMR uaz single x-ray diffraction do1aiduauisesusnlusuias

MnuansanesimuavhliasUldannefunzaniigaluniagefisen Suzuki-Miyaura
cross-coupling 5¥1319 2-chloro pyridine way phenyl boronic acid A9 PdCl,(PPhs), (1 mol%),
PPh; (10 mol%), an aqueous 1 M Na,CO; (2.5 eq.) Tu reﬂuxmg 1,4-dioxane Seldhanneiily
amiwvﬂmaﬂaL{lwmawmaqmi NANSVIARDINAAIRIAT19T 3
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a3ned 3. duasizilaanadvanelegldufiisen Suzuki-Miyaura cross-coupling 5¥13149 aryl

boronic acid U aryl halide

1% mol PdCly(PPhs),
10 % mol PPhy
Ar—B(OH); + Ar—cClI > Ar—Ar
0.2 M Na,CO3 (aq.) (2 eq.)

reflux 1,4-dioxane

Entry Aryl halide Aryl boronic acid Product % Yield”
o~ ()~
1 \—” @‘B(OHb N7 8 74
cl
) () Q_B(OH)g s Lo 69
B(OH \
N (OH)2 N / 10
a ‘(}\I}CFQ, <j>-|3(0H)2 N 3 1 100
N 12
6 | QB(OH)Z 9
13
SaVa®
7 CI@ B(OH)2 CHC . N 65
N= CeH1s™ "CeHia 613 ehi1s 14

[a] arlumsiAnuisen 4 Talas wag % yield 91nN15LeNaNe8 column chromatography.

TnesauualfoinlmuasidudndnSauauiunaaneseaun sniun1snanased 4 Ndenlvnan
a Aa a1 oW o X PN o a v o AN ag v & v . . & A <
ey ddmundunansd Ujiserdndululaanslunsainldaisdesu  boronic  acid  vieilu
electron-rich (NM5MAaes 2) wag electron-poor (nN1snAaes 3) lasfinsal electron-rich boronic
. v a @ v i a a = & v .
acids Tnannaanies wanuraulafelunismaasy 4 Fudunsly electron-poor aryl halide
puIMANAAS g 100 % FeasuansusnanunaztiluldlunisaisusenautedoudsneuLay
gﬁl,ﬁﬁlmﬁaiﬁﬁu OLEDs @z Dye sensitized solar cell
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dyunan1naasg

ASeEldhnsduasiaunuseatiusenlesuazeaiiudalidlaenuin eattuoenlys
wazWoaudaliddunuaanunsadunseilasnisiugiserdulalasaudeseanlad (H,0,)
uazdauled (Mudiy) wagldiedifuindnfamifiuiansiiou 100% dwiuannefivnzaniiaely
M3L39U A58 Suzuki-Miyaura cross-coupling 581319 2-chloro pyridine wag phenyl boronic
acid fis PACL,(PPhs), (1 mol%), PPhs (10 mol%), an aqueous 1 M Na,COs (2.5 eq.) Tu refluxing
1,4-dioxane

dlovnaeunavesdunus nsailalddunus, PPhs, OPPhs, SPPhs, P-heterocyclic (PO, PS
uay PN) wuin PPh; fiszAvsninvinliAnnansusifigaiian warluemideivszaunadialuns
Huarwiansluanadhmnedeasuansusiiomaziluldlunisasusgneudsdoudtifouas
’gﬁl,ﬁﬁlmﬁasbﬁﬁu OLEDs waz Dye sensitized solar cell
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JuUsEUN
318019 .
1. SueAL Uy
1.1 Ameuunuldansuazian
1.1.1 Ampuwnu
AYINIIUUDNLIANTIVANT 9,555.00
1.1.2 algaoy
ﬁ'ﬂLﬁumﬂlﬂLauamaﬂwuiuawuﬂizsqu'isuﬁﬂws 9,516.50
ALY 1 A (3,000x12 Litew) 36,000.00
ANBNaEsAnRaR1IUsEIAkazluUsEIne 1,120.00
Usznoun13iay
1.1.3 A0 5,841.00
m”aﬂﬁﬂﬁfﬂmuﬁ“’ﬂﬂ 5,685.00
ATTERUITY 122,761.10
AT TaRaNsLALl 631.00
AMIINED A191 LENENTUTENOUNNTITY
19,100
1.2 fansisayulag 933 10%
AMEINYIFERNST 5%
UMINYNAY 5%
JauANIUNS | 210,209.60
suUszanafiaueverialases | 210,200.00

(m3. AR 2WETUS)

FINUNLASINITIFULALLINNTNNNISRULATING

13 AuYI8U 2555
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Abstract

The palladium(0) and palladium(II) catalysed Suzuki-Miyaura cross-coupling reaction has been established. We found
that the optimized conditions are 1% PdCl,(PPhs),, 1 M aqueous Na,COs (2.5 eq.) and anthracene-phosphine oxide adduct
(3) as a stable ligand (0.1 eq.) in only 4 hours refluxing 1,4-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@yahoo.ie

2212-6708© 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific Chemical,
Biological & Environmental Engineering Society
doi:10.1016/j.apcbee.2012.06.062
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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(II) 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 balloon. Chemical reagents and solvents were purchased
from commercial suppliers and used without further purification, unless noted. Methyl-2,3-(9,10-
dihydroanthracenyl) propanoate (1) [15], mesityl boronic acid, 9,9-dihexyl-9H-fluoren-2-ylboronic acid[16],
Pd(PPh;)4, PACl,(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 ml, 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,
chlorodiphenyl phosphine (4.0 ml, 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,SOy, 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, J = 6 Hz, 1H), 7.03-7.28 (m, 13H), 7.53-7.56 (m, 3H)
7.85-7.91 (m, 2H); *C NMR (CDCl;, 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, 1H), 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,
1394, 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-Thionyl pyridine (8); white solid; m.p. 59-61 °C; 'H NMR (300 MHz, CDCl;) 6 8.57 (d, J = 4.8 Hz,
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'H), 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;) ¢ 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;) § 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, CDCl3) 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, /= 10.0, 4.0 Hz), 124.2 (d, /= 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, CDCly) &
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, CDCl;) 8 160.3 (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, CDCl;) § 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;) 6141.2,139.2,136.6, 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, CDCl;)
07.72 (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, 31.4, 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, 5H), 7.90 (dd, J =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, 120.4,
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 chlorodiphenyl 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.

0
‘ oMe 1-LPA Q
C 7 7y 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 phenyl boronic acid (4) and 2-
chloropyridine (5) under the following conditions; 1% mol stable Pd(II) catalyst, I M Na,COj; (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;, OPPh;, Phen, dppf,
and dppe. We found that with the addition of the ligand, the efficiency of the Pd(II) catalysed reaction was
improved (Table 1, entry 4-9). These results emphasize that the ligand is involved in the cross-coupling Pd(II)
catalysed mechanism. It should be noted that the synthesized phosphine oxide adduct ligand 3 gave the best
result in our Pd(II) series (Table 3, entry 4). We also studied an unstable Pd(0) complex. As we expected, the
conversion proceeded faster than the Pd(II) 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(II) catalysed protocol. With the
positive result when using NaOH as base in Pd(II) 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,(PPh;), (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.
CQ; pO
\_ ©/ @
PPh; OPPh; dppe

Phen dppf

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!”

— 1% Pd source o -
QB(OH)z Cl\Q 2 }\l /
. N
4 5

base (2.5 eq.)

solvent A\ ® !

Entry | Pd source Base Solvent Temp (°C) Ligand 6/5"! 6/7"
1 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 - 0.1 1.2
2 Pd(PPhs), 1 M Na,CO4 THF 65 - 6.9 46.6
3 Pd(PPhs), 1 M Na,CO4 THF 65 10% 3 0.5 12.3
4 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% 3 1.7 23.6
5 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% PPhy 1.0 19.7
6 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% OPPh; 0.04 0.5
7 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% phen 0.04 0.3
8 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% dppf 0.71 175.9
9 PdCIy(PPh;s), | 1 M Na,CO4 THF 65 10% dppe 0.03 0.15
10 | PdCIy(PPhs), | 1 M NaOH THF 65 10% 3 0.002 0.4
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11 | PACL(PPh;), | Na,COs(s) THF 65 10% 3 053 | 535
12 PdCI,(PPhs), | 1 M Na,CO; | 1,4-dioxane 101 10% 3 >1000 54.7
[a] 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 yield 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(IT)-catalysed cross-coupling Suzuki-Miyaura reaction of aryl boronic acid and aryl halide'®!

. N %
Entry Aryl halide Aryl boronic acid Product Yield™
| c— @B OH \ 70
\_/ (OH)z N~ 6
— A\ -
) Cl A | A\ B(OH I \ 60
) [0 R

’ " ‘C; " "
F (0] \
N B(OH)2 N /9

e | G | O, | s

oS o, n ;

62

7 r— = Q‘O BOH): Q.O \__/ 65

/
N N

\
=N N/ CeH1z™ CgHis CeHis™ “CeHis 12
_ | OO | OO Ya¥,
8 | e Sy | (2800 | O~ 54
N N CGH13 C6H13 CGH13 CGH13 CgH13~ CgHq3 13

[a] Reaction conditions: PdCL,(PPhs), (1% mol, 0.035 mmol), aryl boronic acid (3.51 mmol), aryl halide (3.51 mmol), 1 M Na,COs
(8.75 mmol) in refluxing 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(II). However, the Pd(0) catalyst does not need the ligand in the reaction, unlike the comparable
Pd(II) catalysed process. The anthracene-phosphine oxide adduct ligand 3 shows good properties in Pd(II)
catalysed Suzuki-Miyaura cross-coupling reaction. With the resulted provided by our air stable ligand 3 on the
Pd(II) 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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