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~'Ufj~ (-(, (-N, (-5 LL~~ (-0 dJ'U~'Ufj~~Vi'UL,n.mt'Ulf1':i{l'fhll"IJB{I~1':i"ibl)JL~nmL~~~1':i~ 
...! ., ..,j'll ......... ..,j, 1 1 .. ( L" 

• 
) <I)Jq'V1fiVl1{1m b'U"lJru~VI !JO'SEJ1V1L':i{l VlEJ ~'VI~Vi1~1LVleJ)J Pd-cataLyzed cross-coup Ing reaction n 

1~~'Um':i eJ B)J~'U11L\'J'U'll~n~m~:w'll':i::~Vl5.n1Vi~{It '1..1 {l1'U~1'U m':i~{ILfl ':i1::..1~1':iB'UVI~~LL~::1~~'U fl11)Jij eJ)J 

B~1{1LL'V'jj'VI~1eJ B~1{11':i~1911)Jn1':i~WJ'U1'll~n~eJ1 Pd-catalyzed cross-coupling ~iJ{I:Wfl11)J,h~ty 

LL'U1V11{1'V1~{I~1~-s'U fI11)J ~'Uh)J1 n?i Bn1':i~WJ'U1~ LLn'UiiL~Bt.ut'U'll~ n~eJ1d l191EJVi'U11~ LLnVl,J~fl11)J 
'VI'U1LLu'U"lJB{I~h~fl191':iB'U~{I LL~~:!jfl11mn:: n:::Iil:::l11 t ~'ll fin~eJ1:!j'll':i:::~Vl5.n1Vi~{I,.r{lt 'ULL~"lJB{lL 'll BiL~'U~ 

~ 	 ~ ~ 
.c::It, QJ 	 ~ cAo4 6.dClll ~3d.q 6 6.1.1;!1 

j:J~191.nruIflLL~~fl11)JLU'V'j1:::LIil1:::Iil{l lij{l~LLn'UVlVl)Jflru~)J'U1il'U fiB ~ LLn'UVl nB~n'U• 
~1':i'll':i::nB'Ut '1..1 mi)J LHVI LVI Bh1lijfl~n (heterocyclic) ilB11 L\'J'U~1':in~)J~:WB L~fl1il':iB'U~{lei''U. 	 . ~ 

..,j .... <I ~..,j (.. <I ~..,j .., ••1 .. 1 1 ... ...,
L'UB{lIil1nm':i)Jm~fil191':iB'Uf!JI.VlVlLVlEJ1 m~fl191':iB'Uf!lbVlVlLVlEJ1"IJB{I lij~LnB':i '1..1 191':iLIil'U 'VI':iB BBnlijLIil'U b'U 

heterocyclic) ~{I lil1 nn1':iVl'UVl1'U LB n~1':i~ L~ eJ1-nB{lVi'U11iJ{l1l.i LflEJ:W m':i':i1eJ{l1'U m':i111'V1~cW{Ineff'U"lJB{I 

...... ., ".,j 'll'" 'll..,j 1 " .. ....,j..:
~1':i'll':i~nB'U pyrrole, furan, thiophene LL~::B'4Vi'Ufj )J1b'1fLViB ':i'UL ~EJ'U fil':i{l~':i1{1"IJm~LLn'UVlLVimVi)J 

fl11)J'VI'U1LLu'U"IJB{lB L~n 191 ':iB'Ut ~n'U~LLn'Uii ~{I,r'U~{I ilB11L\'J'U LL'U1V11{1~~it11 ~1)J1':ifl111'V1~cW{Ini'UL'VI ~1d)J1 
"lI1 EJ L~~)Jl11t ~'WB~~'U~ LLn'U;j:!jfl11)J'VI'U1 LLu'U"IJ B{lBL~fil':iB'UL~l.1:ff'U ~1eJL'VI~j:J~~n~11)J1,.r{l'VI)JVll11 t \1LnVl ......." 

{l1'U1lileJ'U 

"".1 II "" 1. 1f1qlJ,~a-1f1'V1an 

Pim~1fJru~)JU~"lJB{I P-HeterocycUc t 'Un1':iL \'J'U~1L~{I"lJB{I~LLn'Ut1n'U'll~n~EJ1 Pd-cataLyzed 

cross-coupling 

2. 	tJ,~ltJ'J1jvtfl1,,';h~~1~i'\J 
VI':i1'UfJru~)J~"lJB{I~LLn'U;j P-Heterocyclic t'Um':iLj{l'll~n~m Pd-catalyzed Suzuki-Miyaura 

cross-cou pli ng 

3. 	LL'U1'V11-3fl1'fl1Lil'Ufl1'1~tJ 

Pim~1fJru~)JU~"lJB{I P-Heterocyclic 1'Um':iL\'J'U~1L~{I"lJB{I~LLn'UVl1'U'll~n~EJ1 Pd-catalyzed 

cross-coupling lVleJ,)1LVi1::LIil1::lil{lL\'J'U Suzuki-Miyaura cross-coupling reaction 'UBnlil1ndlil~ 
1~L'll~EJ'ULVieJ'U'll':i:::~Vl5.n1'V'j"IJB{liilLLn'U;j P-Heterocyclic n'UiilLLn'U;j Phosphine LL~::1'Umruml.i 

4. '~tJ~L1a1fl1'\;'1~tI 

':i::eJ~L1~1m':il111..ijeJ 1 tJ L~)J~'U 1191~1fil)J 2553 i'U~Vl 31 n'UeJ1eJ'U 2554 

5. -3\JtJ'~1I1Nfl1'1~tI 

{I'U'll':i::1I1rum':i1..ijEJ':i1)J 210,200 'U1'V1 ~{lL\'J'U{I'U'll':i~1I1ru"IJB{ltJ{I'U'll':i:::lJ1ru 2554 
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6. NilthL;;)m~ 
L~eJ~1il1n,nlil\1~iJl,tI'IJ~1tll\1~~'IJ ~1'IJ V!~~1il1 nv'h~1'IJ1\1~ L6f~1il ~'IJLL~'J1il:::vh1~'V1 ~1'Uflru6f:u-uii"!leJ~ 

~ . 
~LLn'IJ~ P-Heterocyclic 1'IJm~d~'\J~m~1 Pd-catalyzed Suzuki-Miyaura cross-couplin~ ;~Iil:::LtI'IJ 
'\J~:::t~"!I,jL~eJ~eJ ~eJ~n1~'Il1~ LLn'IJ~1'IJn~:uiJL~eJ '1.'\J'Il1'1.'\J'\J~:::~rwil'IJ m~"'~ bfl~1:::V6f1~~'IJ'VI~6 el'IJIil:::LtI'IJ 

'\J~:::t~"!I'lJ1'IJm~"'~Lfl~1:::";6f1~V!~1~n~:u1,-d'IJ 6f1~~iltl'VI~'VI1~~1 6f1~"'nn conju~ated materials L~eJ'Il1'1.'\J 
'\J~:::~n~1~~1'IJ16f~~16f~1, , 
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u~n'it:J1 Suzuki-Miyaura cross-coupling ~t:wh:J 2-chloro pyridine LLG'lt: phenyL boronic acid fi€l 

PdCl2(PPh3h (1 mol%), PPh3 (10 moL%), an aqueous 1 M Na2C03 (2.5 eq.) t'U refluxing 1,4

dioxane t:JG'lm~'Vl~"€IUU~t:~'Vl5.fl1'Wt'Uu~mt:J1 Suzuki-Miyaura cross-coupling ~..:Jt'UmruhlL~lJ~ 
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iii 
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 PdCl2(PPh3h (1 

mol%), PPh3 (10 mol%), an aqueous 1 M Na2C03 (2.5 eq.) in refluxing l,4-dioxane. By using 

our optimization condition, it was found that phosphine ligand show the best result 

compares to those OPPh3, SPPh3 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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o 
U'VI'U1 

iJlij~u'Ui!ijf11''j'htJ~n;1:J1mm~l1::'VI'S1'U~"!itutl'U~1L~~tl~n;1:J1 (transition metaL cataLyzed 

reactions) lJ11m'Uf11'Si~LI'1'S1::cH"1'Sa'U'VI~1:J1~mQ...n::f11'S"~1~~'Uti::'S::w;h>1 c -C, C-N, C-0 LL~:: 

C-S L~a>1lij1 f1tl~n;l:J1mm~l1~'VI'S1'U~"!i'ULtl'U~1L~>1ij1'1111rla>1111'Uf11'SLn~tl~n; 1:J1LL~~1~~~ ~~\Jl~>1 
~1a~1>1ti1\Jl'VI'S1'U~"!i'U~ilm.J1m~LLri ilf1Ln~ LL\'l~L~L~I:J:U LL~::LL\'l~'VI~,r:u• 

LL\'l~ L~ L~I:J:ULtl'Uwti>11'U1~l1~~ill:J:ut11:U11-nLtl'U~1L~>1tl~n;1:J1a~1>1 LL\'l~l1~11:JL~a~lij1f1"1:u1'SCl1m~ 
flU"1'S~>1~'U~ml"l'S~"~1~l1~1f1l1~11:J l1.1~a~1-n"il11~~~'ULL'S ~ ~1a~1~tl~n;1:J1viL~~1~1:Jl~l1~LL\'l~ L~ L~I:J:U 
l~LLri tl~n;1:J1 Suzuki-Miyaura (aryL halide flU boronic acid), Heck (aLkene flU aryL halide), 

Sonogashira (terminal aLkyne flU aryL halide), Stille (aryLtin derivative flU aryL halide) LL~~ 

Kumada (organomagnesium flU aryL halide) #i'~LL"~~1'U~tl~ 1 

U 
R' 


l~ 

R-1 # 


'Heck 

/,-p: "" 

R 	 I 
I A 

h" ~SUZUkl-MiyaUra
tllle 

V 
A. 

-ux 

U ArArB(OH), ~ArSnBus 	 '" 
R_I R_I 

1# 1,# 

R'-Mg8r KumadaI 
E)'

R' 

R_I 

1,# 

... 	 :'I ... .,j 1'1" !'!'1 .,j
\'l'Uti~ C-C, C-N, C-s LL~:: C-0 Lu'U\'l'Ufi~'VI\'lUL,,:ua 'ULI'1'S~"'SU'!Ia>1"1'S"01 L:UL~f1~LL~~"1'S'VI• 

ij'1'V1ij'VI1>11:J11'U·lm.l::~tl~n;1:J1~d~1~1:J1~l1~\'l1~1L~I:J:U (Pd-cataLyzed cross-coupling reaction) Ii 
1~-ruf11'Sl:Ja:u-ru11Ltl'Utl~ml:J 1~ijtl'S~a'VI5il1\'l~~1'U~1'U~1'l.1 f11'Si~ LI'1'S1::cH"1'Sa'U'VI~~LL~ ~1~-ruI"l11:uill:J:U 
a~1~LL\'l~l1~11:J ~1a~1~"lJa>1"1'Sil11:UL~fl~vii>1LI"l'S1~cH~'U1~1:J1-ntl~n;I:J1~L~~1~1:J1~l1~\'l1~1L~I:J:U L"lI'U 

quinolin-2(1H)-one a11~'UG"lJa~"1'S"tIil~i! L"lI'U 3-amino-4-aryLquinolin-2( lH)-ones LL"~~l"Jru,,:u~ 
L~1:J1flU'S~UUtl'S::"1'V1 LL~:: 6-functionalized 4-aryLquinolin-2( lH)-one ij'1'V1ijLtl'U"1'S~1'ULila~af1 

L~a~lij1f1tl~n;1:J1~L~~1~1:J1~l1~\'l1~1L~I:J:ui!Ltl'Utliln;l!J1viijtl'S::a'VI5il1\'l~~ LL~::1'U'S~I:J~l1~>1:u1i! 
1"... , 0 tl !"I " ..I ... ..:: .,j :'1 ... ..
~'SUI'111:U"'ULlij'U1:U1 'S~~f1\Jl L"tIL\'laf11'S"~LI"l'S1:::l1"1'S'VI~'VIL u'U totaL synthesis LL~~f11'S"~LI"l'S1~l1"1'S 

\'l1f1 conjugated materials tl~mI:J1~d>11~lI:Jl~l1~\'l1~1L~I:J:uvi';hi!lifia Suzuki-Miyaura, Sonogashira, 
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11 d II' tI~Q- .c:I Itt a
Stille, Heck-Mizoroki, LLG'l::: Kumada \~I'WJ:::LLn'nJVI 2) LLlJ11 !]fl'W1V1flG'l11lJ1V1..:!'VIlJ!1l'W'I..I''iJ:::lJfI11lJ 

LL~fl¥l1..:!n'W,j'1..:!t 'WLL~lIEl..:!El..:!fOitl"l::: flEl'U~"il::: Ln!1ltlijn~fJ1 ("lIil!1lllEl..:!"'1"l~..:!~'W) LL¥l flG'llflm"l Ln!1ltlij n~ fJ1ijfl11lJ 

flii'1fJfl~..:!n'W LL"'!1l..:!~..:!l!1lEl:::LLmlJ~ 3 (fJm1'Wtlijn~f.J1 Heck-Mizoroki ~..:!1~"'1"le.J~~nruIf11!1lmn!1ltlijn~m 
p-hydride elimination LLVI'W~"il:::Ln!1ltlijn~f.J1 reductive elimination) 

1'WEl~~t1'W"'1"l~..:!~'W~"'1lJ1"lfJ'I11lJ11~ cross-coupling L~El",i1..:!i'W5::: C-C, C-N, C-S LLG'l::: 

C-0 "il:::L~'W"'1"l~~~'W~1El..:!l1¥lEltlijmf.J1 L'Ii'W aryl bromides LLG'l::: aryL iodides 1'Wllru:::~"'1"l aryL 
'" "" ,,'" ""1t1"'0 ~I t" "'~I "'0'1"chLoride 'VI11!1l..:!1fJLLG'l:::lJ"l1fl1fJflm1LL\J1LijElmfl'W VI'W1lJ1L u'W"'1"l\J1..:!~'W LLG'l:::'WL u'W"'1L'VI~VlVl1 ~'VIfl11lJ 

~ , 
~El~m"l~ LLfl'W?lLLG'l :::~i'1 L~~tlij n~m"llilI'11'VI:w~yh1~'l1mflij"'1lJ1"lfJ'I11 aryL chLoride lJ11.r;\~'W'" 1"l~..:!~'WLtJ'W 

~1'W1~v~n1~..:!1~~'Ufl11lJ",'Wl"ilmh~lJ1fl m'Si~'W1t1ijmfJ1 Pd-catalyzed cross-coupling G'i1'Wl'V1qjL~'W 
m"l*lt1~m"l'Y'hl~.['W\J1tl'WLL"lfl (.['Wf11'V1'W!1ltlijn~f.J1) ~~n~Elm"lLn!1l oxidative addition Ln!1l1~~LLG'l:::ij 
tI"l:::aVl5fl1..... ~~-n"'1lJ1"l fJ'Yhlml'1fJm"ll-if~ LLfl'W?I~ijaL~fl\J1"ltl'W\1..:! L"1i'W ~tl"'VJ'W~ LLfl'W?I ~..:!ujEl~'Un'U.....1G'l1 

L~f.JlJLLii'1'V'hlmG'lvr:::ijfl11lJLtJ'W nucleophile \1~ 'l-i11~Ln!1ltlijn~fJ1n'U eLectrophiLe 1~~ ~LLfl'W?lm~~'U 
fl11lJilVlJEl~1~LL""'~'VIG'l1vl'Wtlijmf.J1 coupling ~tl~tl"'VJ'W (phosphines) ~~mfil"l~"'i1~~~LL"'I'1..:!1'W~tI~ 2 

Rtf, R'....... Rp/ " 


m"li~'W1t1ijn~f.J1 Pd-catalyzed cross-coupling G'i1'WlvrqjLtJ'Wm"l*1t1~m"l'l-i11~.['Wn1vr'Wl'1 
tlijn~f.J1 (oxidative addition) LnI'11~~LLG'l:::ijtl"l:::aVl5.fl1"'" ~..:!-n"'1lJ1"lfJ'l-i11m!1lvm"l1-if~LLfl'W?I~ij 
.. '" , ••1 ~I" #:... '" .... .... """ 1 ':T "":'1 00mG'lfl\J1"ltl'W\1..:! L"lI'W ntl"'n'WG'lLLfl'W!1l flI..:!WEl"il'Ufl'U.....1G'l1L!1lf.JlJLLG'l1V11 vr~G'lvr:::lJfil11lJLu'W nucleophile \1~ Vl1 

t~Lnl'1t1ijn~f.J1n'U electrophiLe 1~~ ~tI~ 3 LL"'!1l~Lfl"l~"'i1~'tltl~~LLfl'W?I~ijaL~fl\J1"ltl'WLLG'l:::ijfl11lJLm:n:::\1..:! 

I' 
# 

PCY2 
pipr 

plpr
R= H, NMe2' 'pr, El, Me, OMe R= H, NMe2 

ltl~ 3. Buchwald's biaryl phosphine ligands 

t 'W\1"il'l\J'Wijm"lfi!1l~'W~El"'VJ'W~ LLfl'W?I~ijfil11lJvr'W1LL-u'WaL~ fl \J1"ltl'W\1~ LL¥l n1"l~'Wvr1~LLfl'W?I"lIilI'll'VI:W 

L~tl~"il :::'1111tI~m"l~'W""''U~LLfl'W?I L~tll~tI"l:::aVl5.fl1""'~~~'W1tie fl nJ ~L~'W~~~a1;(f:\! LLG'l:::1~~'UfI11lJ"''W1"il 

'" ",,, ''''1' "" '.":1 #:.... tI0"il1 fl n1"lVl'UVl1'WLEl fl '" 1 'SVI Lfl f.J11l tl..:!'Vi'U 11f.J ~ lJLfl f.JlJ m"l"l1V~1'Wn1"l'W1'VIlJl1":! fl"ll'WlI €I ~"'1"l "l::: fl tl'U pyrrole, 

furan, thiophene LLG'l:::tl'4i'W~ lJ11-ifL~Eltl~'U LtI~V'WLfiI"l ~",i1~lltl..:!~LLfl'W?lL~m~lJfil11lJvr'W1LL-U'Wlltl..:! 

a L~ fl\J1'Stl'W1~n'U ~LLfl'W?I ~~t1'W~..:!~tl':h LtJ'WLL'W1V11~~~'11"'1lJ1"lfJ'I11'V1:WVl..:!n-ir'WLvr~1-nlJ1'1i1m"'~lJ'l-i11~~tl'" 
~ 

VJ'W~LLn'W?lijfil11lJ'VI'W1LL-u'Wlltl~aLG'lfl"ltl'WL~lJ~'W 'Wtlfl"il1fl-nL"l1J~"'1lJ1"lfJtI~'ULtI~ fJ'WLfiI"l ~",i1..:!lltl..:!vr:WLLVI'W~ 
~ 

http:tlijn~f.J1
http:m"li~'W1t1ijn~f.J1
http:fl11lJilVlJEl~1~LL""'~'VIG'l1vl'Wtlijmf.J1
http:Wf11'V1'W!1ltlijn~f.J1
http:LLVI'W~"il:::Ln!1ltlijn~f.J1
http:fJm1'Wtlijn~f.J1
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"1Itl~ pyrrole, furan, thiophene bb'G'l:::tl'4W'tJ5 ~\lvrlJ~dfl1'!i~\lb~~lJ1~n'G'l1niunT':ibn~ oxidative 

addition 1~~;ffUbb'G'l:lIij:l~~f..J'G'l1~b~~tJ~n~~J11~~~~~u1tJiln 
~\ldIij1nn1'!i~'IJf1Ubtln~1'!i lj\l1U1~v~ljtl\lf1tJ'!i:lfltl'IJ"1Itl~ Sulfur, Nitrogen bb'G'l:l Oxygen ~\lbtJU 

bb'IJ'IJ bidentate ('!itJ-vi 4 A, B, C \Jl1lJ~h~'IJ) tl~1\11'!in\Jl1lJv\lhlbflvlj'!i1V~1'l.I';hljn1'!iti1tlU~U5"11tl\l
'II , 

pyrroLe, furan, thiophene lJ1btJui'1bbflU~vr~tlt~btJuil1b~\ltJ~fi~V1b'G'lV 

r\" 
~ 

.....R Me, ...... Me
S 0 0 

PPh2 ~ PPh2 PCY2 

I~& 
A B C 

oJ. . 2 18 2 19 2 20aU'VI 4. Bldentate ligands; K -P,S (A), K -P,N (B) bb'G'l:l K -P,N (C) 

~\I,rU1U~1U1~vdlij:lvi1n1'!iptn~n P-Heterocyclic i'1bbnu~~ljfl11lJvrU1bbtlU"1Itl\lBb'G'lfl\Jl'!itlU~~ Lt'lV 

*vr1\1n1'!ib~lJtJ':i:l~'VIGfl1'Vin1'!i"'\lbfl'!i1:::"'i;'I1'!iaU'VI~61ij1m~lJ1~5 total synthesis lJ1LtJUfl'!i:l'IJ1Un1'!im~ 
tJ~ n~V1n1'!i b ~\I~1V'Vi1 'G'l1 L~VlJ~\ILtJutJ~n~V1~ljtJ'!i:::~'V1Gfl1'Vi~\I Lb'G'l:l fi1~~1~i''IJm1lJilvlJeJ ~1\1lJ1n11lj 

m1lJ"il1L'Vi1:lbIij1::;Iij\l1un1'!i~~1\1~U1):l L'liU ~U1)::: C-C, C-N, C-S vr~tl C-0 ~\l1U\l1U1~vdlij:::ti1~ 
bbflu~vttmtJ'VI~i;'IeJ'lJtutJ~n~V1 Suzuki-Miyaura ~\lljfl'G'l1nn1'!iLfit'ltJ~fi~V1LLi;'It'l\l1u~tJ~ 5 
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1~~u~:a~A~ij~n1~1iu, 
~f1'tJo1"lru,UJU~"/Jij~ P-Heterocyclic L'Uf11'SL\J'U~1d~"/Jij~fijJ,f1'U~1'U'\.J~n~CJ1 Pd-catalyzed cross

coupling 

... .., 
~ij\JL~~~1'U1~U 

~f1'tJo1"lruii1:UU~"/JtN P-Heterocyclic L'Uf11'SL\J'U~1d~"/Jij~fiLLf1'U~1'U'\.J~n~tJ1 Pd-cataLyzed cross

coupling 1~tJ~1L'V'I1~L~1:t:~~L\J'U Suzuki-Miyaura cross-coupling reaction 'Uaf1~1f1il~:t:l~ 
L'\.J~m..lLVitJ\J'\.J'S:::~'V15.fl1'V'1·!Ja~fiLLf1'U~ P-Heterocyclic ti\JfiLLf1'U~ Phosphine LL,,:L'Umruvtt'3.lL~:ufi 

..I • 'I IVq,I 

llJt1'V1fl11~11~:~f\~\J 

'V1'S1'U"lruii1:U'U~"1Ja~fiLLf1'U~ P-Heterocyclic t'Uf11'SL~~'\.J~n~CJ1 Pd-catalyzed Suzuki-Miyaura 

cross-coupling 
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n1'~'VIfl~'eJ~l'ULfI~ ~~1'U;j'ij~~~1'U~'Vhfl1eJ1~'U~~eJ1fl1~L5'eJ eJ1'U~nLtJ~ ~'l1Vh~~~1eJmm 'U fl1~ 
'\j 

reflux ~1V1~'U.n1eJ11Ji''U~~eJ1fl1~L5'eJeJlil~v'hfl1~ degas 1VI~n'eJ'U1i'Vlnfl~~ ~1V1~'U~1v'i1~~~1eJmi~~1'U 

.ff'U~'eJ'Ufl1~ reflux U~~~'U11lJi.~~h'Um~'U1'Ufl1~v'i11'\XLL'\X~ (dry) VI~'eJn~'U u~~~un'U~ P-heterocyclic 

~lm'U~1'U1~eJ;j'~mJ1n'U~'li'VI Sigma Aldrich 8'U1~un diphenyl-2-pyridylphosphine, tri-(2

thienyl)phosphine, trH2-furyl)phosphine 

~un'U~~a~LfI~1~Vl1'U'\X'eJ~t1l)Uiifl1~1'W~1'U1~eJ;j'fii'eJ phosphine oxide (OPPh3) u~~ phosphine 

sulfide (SPPh3) LL~~t;'I1~~~~.nt\JeYim~~~VllJ fllil~Yj~';)tiL'eJ n~m~I',ti1fl'UL'VIf1-UfiLt1~~'eJ'W (1H) fl11'U'eJ'W 
1

(13C{1H}) LL~~yJ'eJt;'IyJ'eJ~t;'I ep{1HD NMR t;'ILtlflL'VI~t;'ILflU ~~1fl~1mfl~'eJ~ NMR Bruker AVANCE ~fl11lJ~ 
OJ .:I 1 13 1 31 1 'I .. ( '1'cO..

fl~'U H-300 MHz, C{ HJ-75 MHz LL~~ P{ HJ-121 MHz b'W C003 LfllJfI'eJ~"I1'V'1'V1 8J ~1eJ~1'Ub'WVI'U1eJ 

ppm LL~~li SiMe4 L\J'Ut;'I1~lJ1~~5l1'W.n1eJl'W (internal standard) Infrared spectra 1fl~1mfl~'eJ~ 
Perkin-Elmer FT-IR spectrometer RXI LfleJliL'VIfI-ufl8flLljfl NaO u~~~1eJ~1'Ul'WVltl1eJtI'eJ~ wave 

-1
number (cm ) 

Thin layer chromatography (TLC) mm'Ufl1~~~1';)t;'I'eJ'Utll)n~eJ1 LL~~fl11lJ'U~'l'VI~tI'eJ~t;'I1~fii'eJ 
TLC aluminium sheet (silica gel F254) u~~LLeJnt;'l1~1'\X'U~q'VI~LfleJliL'VIfI-ufi column chromatography 

LfleJl.ff silica gel 60 (0.063-0.2 mm) 70-230 mesh ASTM L\J'W stationary phase LL~~1it;'l1~~~~1eJ 

commercial grade ~ij.ff1I.VllJ1~t;'IlJL\J'U mobile phase 1~LLn hexane, dichloromethane VI~'eJ 
t;'I1~~~~1eJl'W8~~1~1'WtI~lJ1~~~'eJtI~lJ1~~~LVllJ1~t;'IlJ 

8° II HzOz P 1/888 II 
P.... ......f--- /I ....... R ~ /p.......


R/I .... R RR DCMrtRIR
R DCM, rt • R 

Triphenyl phosphine (PPh3); 1H NMR (300 MHz, C0(3): 07.35 (m, H); 13C{1 H} NMR (75 MHz, 

C0(3): 0137.4 (d, J = 11 Hz), 137.4 (d, J = 20 Hz), 128.7 (d, J = 20 Hz), 128.7; 31P{1HJ NMR 

(121 MHz, C0(3): 0 -3.69 

Triphenyl phosphine oxide (Ph3PO); 1H NMR (300 MHz, C0(3): 0 7.65 (m, 2H), 7.52 (m, 1H), 
13 1

7.47 (m, 2H); C{ H} NMR (75 MHz, C0(3): 0133.1 (d, J = 104 Hz), 132.1 (d, J = 11 Hz), 131.9 
31 1

(d, J = 2 Hz), 128.4 (d, J = 11 Hz); P{ H} NMR (121 MHz, C0(3): 030.98 

Triphenyl phosphine sulfide (Ph3PS); 1H NMR (300 MHz, C0(3): 0 7.78 (m, 2H), 7.47 (m, 3H); 
13 1 

C{ H} NMR (75 MHz, C0(3): 0133.5 (d),* 132.3 (d, J =12 Hz), 131.6 (d, J =3 Hz), 128.5 (d, J 
31 1 =12 Hz) P{ H} NMR (121 MHz, C0(3): 0 45.0 

http:LfleJl.ff
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2. 	 f{m";1flJ11'J=~ihJ,::it'VI6J11'W'UeN i'JLi~t1~mV11'L! cross-coupling Suzuki-Miyaura '::'Vl"h~ 4

iodobenzene LLa:: phenyl boronic acid 

1%PdCI2(PhCNh _ R 
2% ligand or no ligand ~<Ro-I + (HOhB-D 	 .. ~ 
3 eq. K2COa(s), DMF, ~ -

InerUAirR =H (1), COOMe (2) 	 R =H (3), COOMe (4) 

ligand = PPha•OPPha•SPPha 

-i~ phenylboronic acid (0.1220 g, 1 mmol), arylhalide (1 mmol), PdCl2(PhCN)2 (0.0038 

g, 0.01 mmol), ligand (0.02 mmol) IJ.f'I::: K2C03 (0.4140 g, 3 mmoL) fWtl1(;) frunmJ 2 flD ~ii 
magnetic bar D~ b~lJ degas OMF 10 mL '<J1m!'L! reflux ~~H 18 'tllJ. 'VI"'~'<J1m!'L!~~vi~1-n~b~'L!~ 
~f.lJ'VIlJij~D~ bb~1f'1n(;)~":Jt:J hexane (5 mL x 3 flf~) '<J1mr'L!vhL~LL~~~1EJ MgS04 n':iD~IJ.a:::~1~~1eJ OCM 

'<J1n,!'U'lhttl's:::b'VIEJ~1Vi1f'1:::f'l1EJ'<il:::1~~~(;).nf.lJ,]"tID~ LL~~~"tI11 
*'MlJ1VL'VIfI n1".i'V1(;)f'lD~ViT~~J11EJ1~LLnf'l Ar (U".i".iEJ1n1lZlil1EJL'L!f'ln1t1~) 1(;)EJLitRlJ1f.lJ~LLn'L!~~~;j

1 	 ~ 

PPh3 (0.0053 g, 0.02 mmol), Ph3PO (0.0056 g, 0.02 mmol) IJ.f'I::: Ph3PS (0.0058 g, 0.02 mmol) 

bL,,:::Vi1n1".iLtJ~EJULVitJunun".irumlJ"I.a~LLn'L!~ 

(3) 

( ) ( ) 
1 	 13 1
H NMR (300 MHz, COCl3): 87.61 (m, 2H), 7.45 (m, 2H), 7.36 (m, 1H); ({ H} NMR (75 

MHz, COCl,): 141.3, 128.8, 127.3, 127.2 

(4) 

( ) <) < 
o 

OCH3 
1 
H NMR (300 MHz, COCl,): 8 8.12 (d, ) = 9 Hz, 2H), 7.66 (m, 4H), 7.45 (m, 3H), 3.95 (5, 

I, 	 1 
3H) C{ H} NMR (75 MHz, COCl,) 8167.0, 145.6, 140.0, 130.1, 128.9, 128.1, 127.3, 127.1,52.0 
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3. 	Am;1fi1f111::v1iith::a\llBf11V4110.q ~1Li.qtJilmv1 11..1 cross-coupling Suzuki-Miyaura -az'M';h.q 2

chloro pyridine (,Laz phenyl boronic acid 

t1'\J~eJ~~m~I~~.Q 

6'111"~~~1J~1G'tIL~eJ:IJ (II) (Palladium sources) LLl>lfWh~t1lJ 


tJG't-utH6'1f11lJ~LLG't~"l1ilt'1-uel~ L'U6'1 


tJ G't-uel~Lt1eliL~lJl9l-uel~iiLLn lJvl 


~ 	 s o-r 	 Q6~:O
- b %1 
triphenyl phosphine sulfide triphenyl phosphine oxide 


triphenylphosphine 
 SPPhOPPh3 
3 

PPh3 

o~ 	 s~ 
()-p~ ()-p~ 


0V> S~ 

diphenyl-2- pyridylphosphine 

tri-(2-furyl)phosphine tri-(2-thienyl)phosphine 
PNPO PS 

n1";j'V1I'1G'tel~"I'\lI-rmn6'1f1T"J~vILVllJl6'1lJvI~1'I1lJn11"Li~t1ilfi~m Suzuki-Miyaura cross-coupling 1"~VI"h~ 2

chloro pyridine LLG't~ phenyl boronic acid 

B
 
(OHh 1% Pd-sources, Ligand


6~ + ON!.CI -------.. 0-0+0-01 // \\ base (2 eq.) 

5 6 reflux solvent 7 3 

~~ 2-chloropyridine (0.1253 g, 1.10 mmol) 11J"lI1t'1nlJrlG'tlJ 2 F1el"lllJlt'1 50 ml L~lJ phenyl 

boronic acid (0.1397 g, 1.15 mmol) L~lJ~1d~t1iln~m Pd (0.011 mmol) LLG't~iiLLrllJvl (mru~ 
~rl~ltJG't"llel~Lt1eliL~'UI9l-Uel~iiLLfl'UvlLLG't~"l1ilt'1"llel~ii LLfl'Uvl) '\Jlm!'U'I111tI degas (f11EJ1~6'1f111~"lIel~ LLfl6'1 

1'Ull>11"L'\J'U) 2-3 F1f~ L~lJ~1'Vi1G't~G'tIEJ (10 ml) 1>1llJv11EJ base (0.22 mmol) 'I11"llel~tJ6'1lJ~~VllJl'I~1~t1 
reflux vi 100°C LtJ'UbdG't1 4 ~11lJ~ t1&'ielV1-ML1J'U~muVlf1ih'el~ '\Jlfl,!'U6'1t1t'1v11V DCM (5 mLx3) LLG't~ 

• 'IJ 

Lfi'U.n:'U6'1'1"E)'U'VJ~mtl6'1t1t'1.J'l'iel 2-3 F1f~ tll~I'I.J,1I'1EJL~lJ Na2S04 LL"'1mel~~hEJ"'~ 'I116'111"G't~G'tIEJE)'U'Vl~V
... 

1t1";j~LVlEJ~T¥i'IG't~G'tIEJ '\JlflU'ULWflv11EJFlel&rlJ,J (Si02) 1.g~1"l1~v11EJ1"~'U'U 2:3 hexane:DCM 
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<>\J (7) 
~ !3'" 1 (2-phenyl pyridine (cross-coupling product) LtI'U"lJmL'VI~dl;'1L'VI~f)-:t; H NMR 300 MHz, 

CDCl3) 1H NMR (300 MHz, CDCl3) 08.69 (d,) 4.8 Hz, IH), 7.99 (d,) 7.4 Hz, 2H), 7.79 - 7.69 
13

(m, 2H), 7.51- 7.39 (m, 3H), 7.25 - 7.17 (m, IH); C NMR (75 MHz, CDCl3) 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, 
1

3053 cm·

4. fi'.:JLfI'1='VI111U"'lflL\l1'V1111fJ"il1ntlnmfJ1 L'I.I Suzuki-Miyaura cross-coupling 

1% mol PdCI2(PPh3h 
10 % mol PPh3 

Ar-B(OH}z + Ar-CI -----_)10 Ar-Ar 
0.2 M Na2C03 (aq.) (2 eq.) 

reflux 1 ,4-d ioxane 

vi1fi1l'V1f1~f)-:tL'VIijf)'Ufi1l'VI1"'111d~~L'VI1I1~"'1I1f1f.J1if 2-chloropyridine (0.1009 g, 0.88 mmol), 

phenyl boronic acid (0.1095 g, 0.88 mmoL), PdCl2(PPh3h (0.0068 g, 0.0086 mmol), PPh3 (0.024 

g, 0.086 mmol) LL~~ 0.2 M Na2C03 (aq.) (10 ml, 1.91 mmol) 

0iJ 
2-Phenyl pyridine (8); "lJf)\lL'VI~dhHj~; 1H NMR (300 MHz, CDCl3) 0 8.70 (5, IH), 8.00 (d,) = 7.0 

13
Hz, 2H), 7.74 (5, 2H), 7.55-7.38 (m, 4H), 7.24 (d, ) = 6.4 Hz, IH); C NMR (75 MHz, CDCl3) 0 

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, 
·1

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

~ 
'5" V 

2-Thionyl pyridine (9); "lJf)\lLL~\l~"lJ11; m.p. 59-61°C; lH NMR (300 MHz, CDCl3) 0 8.57 (d, ) ::: 


4.8 	Hz, IH), 7.78-7.63 (m, 3H), 7.59 (d, ) =3.5 Hz, IH), 7.40 (d,) =5.2 Hz, IH), 7.20-7.07 (m, 
13

2H); C NMR (75 MHz, CDCl3) 0152.6, 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 
·1 

. 

FOO
N 

2,4-Difluorophenyl pyridine (10); "lJf).:jL'VI~dhjlj~; 1H NMR (300 MHz, CDCl3) 0 8.70 (d, ) = 4.8 

Hz, IH), 7.99 (dd, ) = 15.7, 8.6 Hz, lH), 7.74 (d, ) = 3.8 Hz, 2H), 7.24 (dd, ) 8.8, 4.5 Hz, lH), 
13

7.05-6.96 (m, lH), 6.91 (t, ) = 10.0 Hz, lH); C NMR (75 MHz, CDCl3) 0 163.7 (dd, ) = 253.0, 

12.0 Hz), 160.1 (dd,) == 253.0, 12.0 Hz), 152.6 (d,) = 3.0 Hz), 149.8 (5), 136.4 (5), 132.1 (dd,) == 

10.0,4.0 Hz), 124.2 (d,) == 10.0 Hz), 123.9-123.6 (m), 122.4 (5), 111.8 (dd,) ::: 21.1,3.7 Hz), 

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, 
-1

1264, 1502, 1613,2924, 3070 em . 

O-O-CF3 

5-(TrifluoromethyL)-2-phenyLpyridine (11); "H€l.:jLL~.:j~"H11; m.p. 60-62 °C; 1H NMR (300 MHz, 

CDCl3) 08.96 (s, lH), 8.04 (dd, J = 7.6, 1.7 Hz, 2H), 7.99 (dd, J = 8.4, 1.9 Hz, lH), 7.85 (d, J = 
13

8.3 Hz, lH), 7.56-7.47 (m, 3H); C NMR (75 MHz, CDCl3) 0160.3 (s), 146.5 (dd, J = 13.7, 9.2 

Hz), 137.9 (5), 134.1-133.8 (m), 130.6-129.8 (m), 128.9 (s), 129.3-125.3 (m), 127.2 (5), 124.7

120.4 (m), 119.9 (5); IR(NaCl) 693, 741, 790, 839, 861, 1012, 1088, 1123, 1335, 1603, 2929, 

3100 em'i. 

F-d-o-CF3 

2-(2,4-DifluorophenyL)-5-(trifLuoromethyL)pyridine (12); "lJ€l.:jLL~.:j~"H11; m.p. 80°C; iH NMR 

(300 MHz, CDCl3) 08.96 (s. lH), 8.09 (dd, J 15.5, 8.8 Hz, lH), 7.99 (d, J = 8.3 Hz, lH), 7.91 (d, 
13

J = 8.3 Hz, lH), 7.03 (dd, J = 12.2, 4.3 Hz, lH), 6.99 - 6.88 (m, lH); C NMR (75 MHz, CDCl3) 0 

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). 

-q--o 
TrimethyLphenyLbenzene (13); "lJ€l.:jbvrmllJij~; iH NMR (300 MHz, CDCl3) 07.70 (t, J = 7.3 Hz, 

13
2H), 7.61 (t, J = 7.3 Hz, lH), 7.46 (d, J = 7.0 Hz, 2H), 7.26 (5, 2H), 2.66 (5, 3H), 2.35 (5, 6H); C 

NMR (75 MHz, CDCl3) 0141.2, 139.2, 136.6, 136.0, 129.4, 128.5, 128.2, 126.6,21.1,20.8. 

2-(9,9-Dihexyl-9H-fLuoren-2-yl)pyridine (14); 'U€l~L'\II1lI1'\11ilfl; lH NMR (300 MHz, CDCl3) 08.75 

(d, J = 4.4 Hz, lH), 8.05 (s, lH), 8.01 (d, J 8.0 Hz, lH), 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 
13

0.58 (m, 10H); C NMR (75 MHz, CDCl3) 0 157.8, 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. 

http:7.56-7.47
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.:j1'U1~I:J.Qii1I'lfltl';i~&1.:jfiL~tl~fl'l31flru&11J~'tltN P-Heterocyclic 1.'U fl1 ';iLtJ'U ~1L~.:j'tltl.:j~ LLfl'U~1'U 
~ 	 ~ 

t1l)n71:.11 Pd-cata lyzed cross-coupU ng L~mt1~mJLViI:JU nu'titl&1~'U~ LLfl'U~ 

'titl&1~'Utltlfl1f!1~ml~'tieJ&1~'Ut/r~1'ti~&111J1';ifl~.:jLfl';i1~'VI1vi~11:J1~1:Jfl1';ivhtll)n~1:J1nu1Hl~';iL~'ULtIeJi 

tltlfl1f!1~LLm:im'tieJi ~11J~1~U ~.:jLtleJiL~'UlJle.l~~f1ru';~1viLneJu 100 % LdeJ'\l;1fl1';i~';i1~&1eJUlfl';i.:j&1~1.:j 
1/ 31 1 I ••I!'JI !'JI 1" ..1 ~ .., 1..1 """.:1/ 31 1 .. 3 ,Jml:J P{ H} NMR yjU1TneJ&1n'U 'tieJ&1n'UeJeJfl f!I~ U~~"eJ&1n'Uf!I~ n~1J(;1tyty1'U'tleJ.:j P{ H} Lfl~'tl'U'VI 

3.69, 30.98 LL~~ 45.04 ppm m1J~1~U ~.:jI'l';i.:jnu~iifl1';i';i11:J.:j1'U11t'U.:j1'U1~1:J~'U ('tieJ&1~'U 'tieJ&1~'U 
.. ..1 "" .., 1••1 ".:1/ 31 1 ••I!'JI 1" ••I!'JI'" 1••1 .. '" Itltlfl1f!I~ LL~~"ltl&1~'Uf!I~ n~) ~1fl(;1tyty1'U'tleJ.:j P{ H} 'tleJ.:j."eJ&1n'UeJeJfl f!I~ U~~neJ&1n'Uf!I~ "l~ ~~L'VI'U11 

t1l)n~I:.I1fl1';i~.:jLfl';i1~~~LLfl'U~Ln~tl~h.:j&11J\l';iru (wii&11';i~.:j~'U'tieJ~~'UL'VI~eJeJ~) 

2. 	 f1m~1ftIl11::~iitl-a::il't161l1"lItl-1~1d':J\Jnma1t'U Suzuki-Miyaura cross-coupling -a::'VI11-1 4
, d b h lb' 'd [al. [bl 10 	 0 enzene LLa:: p eny orOniC aCI 

1%PdCI2(PhCN},z 
2% Ligand

Ar-I + (HOhB-\ ) Ar-{ ) 
2 eq K2COa, DMF 

Air or Inert atmosphere, 18 h 

~1';i1.:j~ 1 t1';i~a'VI6.n1yj'tleJ,:j~1d,:jtlnn~eJ11.'U Suzuki-Miyaura cross-coupling ';i~'VI';i1,:j 4

iodobenzene LL~~ phenyl boronic acid* 

Entry Ar-I 
PPh3 Ph3PO Ph3PS 

Air Inert Air Inert Air Inert 

1 0-1 87% 84% 63% 63% 66% 73% 

0 

2 )-0-1 32% 26% 33% 49% 35% 30% 
H3CO 

* Pd(PPh3)4 (1 mol%), phenyl boronic acid (3.51 mmol), 2-chloropyridine (3.51 mmoL), ~1v'h 

~~~11:J (20 mU, base (8.75 mmol), separated yield 

http:t1l)n71:.11
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2 ~1'U1lij~;1b~lJt9l'U~'lfJ m'll.1~bl"l'l1t";1;11'li~t9l'U1~ Methyl-p-iodobenzoate 1~~vi1tl~n~m LElI;1 L'VIEl~YI bl"l 

-tl'U p-iodobenzoic acid n'llW'VI1'UEl~ ~~1~1;11'lL\J~~.nru"LilEl'll 100% 'J1mi'U'u11tll.1~LI"l'l1t"; 2 

1~~'l1lJLL~1L\J~m'l'VI~I;1El'lltl'lt~'VI5.f11'Vi1'Um'lvi1'tJ~n~m Pd-catalyzed Suzuki-Miyaura cross

coupling '(JEl~~LLfl'U~ 3 tl'ltL.f1'V1 ~El PPh3, OPPh3 LL~t SPPh3 'Vi'ty;i1 PPh3 LU'U~LLfl'U~~iitl'lt~'VI5.fl1'Vi 
~fl';h OPPh3 LL~t SPPh3 L-n~~L~mj'El~ 'UElmJ1fl;1ej~1~iiI"l11lJbb~fl~1~n'U'lt'VI';h~m'lvi1.f11~'Lt9l1;1.fl11t 
L~El~'VI~m1.f111ttlfl~ 'UElmJ1fl;11;11'li~t9l'Umi~El 4-iodobenzene OEl11Lu'U1;11'li~t9l'U~1El~l1LL~tL\J~ L\J~~~ 
l~El~1.'ULflrum.h'Uml1~fu'ltwlJ~ ~~~'U~1'U1lij~:.u~vi1m'lLtl~~'U,'n';ji~t9l'ULtJ'U1;11';j~L~El~'L'Ufl1';jLn~tl~n~m 
~'U fiEl 2-chloropyridine 1~~vi1'tJ~mm cross-coupling n'll phenyl boronic acid 1~~G'l1';jL\J~~.nru"~ 
1~'<il1flm'll.1~LI"l'l1~,,;..r~'VIlJ~'<iltth1tl'Lm'Um';jl.1~ LI"l';j1~";G'l1'l'th~flEl'llL;j~~El'Ua~ L~ fJlJ LL~t';jViLilfJlJL~El'LiLu'U ... 
OLEOs LL~~ Dye sensitized solar ceLL 

3 m'Sftm:'11a.fl11::;lL'VI1I1::flll'Ua~\J!iffiel1 Suzuki-Miyaura cross-coupling 'Ua~ phenyl boronic 

acid LL~:: 2-chloro pyridine 
!-1 ",=i~ tIJ :: 


lJ'<il'<ilfJ'VIPlfl'l:!l1~~'U 


G'l1';ji~t9l'U'Vi1~1L~~lJ (II) (Palladium sources) LL~fl~1~n'U 
~~'(JEl~G'lm'U~LL~~'!lij~'(JEl~L'llG'l 

t.J~'(JEl~btlEl1L~'UIJl'(J El~~ LLfl'U~ 

pQ-R- b 
triphenylphosphine 

PPhs 

0 

0-6-0-:7, 
~ 

triphenyl phosphine oxide 

OPPh3 

8 

0-6-0-:7, 
~ 

triphenyl phosphine sulfide 

SPPh3 

O~O-P
bOh 

tri-(2-furyl)phosphine 

PO 

8~O-po8 0 

trl-(2-thienyl)phosphine 

PS 

o-RQ-N - b 
diphenyl-2- pyridylphosphine 

PN 
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W11':i1.:J~ 2 e.J'G'l"lJ€l.:Jf11':i~mi1L~€lVl1~m1t~LV1:lJ1t~:lJ1tlf11':iL~.:J'lJljn~l:J1 Suzuki-Miyaura cross-coupling 
1a1

':itVl'l1.:J 2-chloro pyridine LL'G'lt phenyl boronic acid

1% Pd sourceQ-B(OHh C1-o 0-0+ 
base (2.5 eq.) 

5 6 1 A-dioxane "6 7 3 

Entry 1 % Pd source Base Ligand 7/6
1b1 

7/3
1bJ ! 

i 

1 PdCl2 1 M K2C03 - 0.035 0.15 
I 

I 

2 PdCl2(PPh3h 1 M K2C03 - 16.66 11.59 I 
I 

3 PdCl2(PhCN)2 1 M K2C03 0.01 0.05 I 

4 PdCl2(PPh3h 1 M Na2C03 - 17.64 11.97 

5 PdCl2(PPh3)2 1 M K2C03 1 % PPh3 22.89 11.28 

6 PdCl2(PPh3)2 1 M K2C03 2% PPh3 20.09 10.53 

7 PdCliPPh3)2 1 M K2C03 3% PPh3 19.67 12.37 i 

8 PdCl2(PPh3h 1 M K2C03 5% PPh3 27.14 14.75 

I 9 PdCl2(PPh3h 1 M K2C03 10% PPh3 92.89 18.94 
I 

10 PdCl2(PPh3h 1 M Na2C03 10% PPh3 126.97 13.91 
I 11
I 

PdCl2(PPh3)2 1 M Na2C03 10% OPPh3 0.04 0.50 

12 PdCl2(PPh3)2 1 M Na2C03 10% SPPh3 7.86 6.05 

13 PdCl2(PPh3h 1 M Na2C03 10% PO 24.92 10.22 

14 PdCl2(PPh3h 1 M Na2C03 10% PS 7.49 6.52 

15 PdCl2(PPh3h 1 M Na2C03 10% PN 10.41 7.62 

i 

I 

I 

*[a] Pd (1 mol%), phenyl boronic acid (1 eq.), 2-chloropyridine (1.1 eq.), l,4-dioxane (20 

mL), 1 M base (2.5 eq.); [b] V111il1n GC LL'G'ltfi1t11ruIil1n~tlvl1~n':nrJVI"'.:J1il1nvi1'IJljmm 6 .ff1L:lJ.:J 

Lrl€lYiIil1';iru1nT~Y1~'G'lm~ 1-3 ~.:J1-H~1':i~.:J~tI'rI1'G'l1L~~:lJ (1) ~LLWlnIJi1.:Jntl1~1:J1:Jjijf11';iL~:lJaLLntlii 
'rI'Lrl1fl';iwvl1-H PdCl2(PPh3h (f11':iYl~'G'l€l.:J~ 2) 1~e.J'G'l~~~~~ tI€lnIil1fldLrlm'IJ~~'ULViI:J'lJ';i~VI'11.:Jfl1':iL~:lJa• 
LLfltlii PPh3 L~:lJ1t1f11';ivi1'IJljn~~1 (f11';iYl~'G'lm~ 2 n'U 5) f11';iLn~e.JaWl.nru'; cross-coupling L~:lJ~.:J~tI 
(8W1':i1t'11t1 7/6 L'IJ~~tlLL'IJ'G'l.:J1il1n 16.66 fl';iiU1.:JjL~:lJaLLfltlii L~:lJ~tlLtitI 22.89) 1t1"lJrut~f11';iLn~e.JaWl.nru'; 
homo-coupling (8W1';i1t'11t1 7/3) hiLLWlfllJi1.:Jntl €l~h.:Jl';i~m:lJfl1';iL~:lJ % pPh31~~.:J~tI (f11';iYl~'G'l€l.:J~ 5

9) 'rI'U11 f11';iLn~e.JaWl.nru'; cross-coupling L~:lJ~.:J~tI€l~1.:J-a'~Lliltl ttl"lJrut~f11';iLn~e.JaWl.nru'; homo
, v v 

coupling L Yi:lJ<iitlLViI:J.:JL~fl-U€lmvh'l!tI 

Lrl€l1-HL'U~~LL(JlnIJi1.:Jntl';i~VI'l1.:J K2C03n'U Na2C03 (f11';iYl~'G'l€l.:J~ 2 n'U 4) 'rI'U11f11':iLn~e.JaWl.nru'; 
cross-coupling ~~'LI (8W1';i1t'11'L1 7/6 L'IJ~~'LILL'IJ'G'l.:J1iJ1n 16.66 fl';iM-H K2C03 LL'G'ltL~:lJ~tlLtitI 17.64 fl';iW 

vl1-H Na2C03) e.J'G'l"lJ€l.:Jf11':i1-HL'U~ Na2C03 L~tI-a'~:lJ1fl~tlLrlm'IJ~I:J'ULVi~'Ufl';iW~L~:lJ PPh3 1il1fl 1% Ltltl 

10% PPh3 (fl1':iYl~'G'l€l.:J~ 9 n'U 10) 
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1iJ1nNt'I"tJeJ~ll-I~(Jl.nru*f1~llLL'U1t -UlJ~~ LdeJll m~L~lJ~LLn'Uii!ii'~~'U1'U~1'U1~tTd~~1ffii~LLn'Uii'lfill'l~'U~ 
b~€J~\J~~~'Vl6fl1~m':id4\J~meJ1 (m':i'VlI'lt'l€J4~ 10 - 15) Nt'lm':i'VlI'lt'leJ4~'j'".h PPh3 1-H\J':i~a'Vl6fl1Y1m':i 

• ...1...1 "'~"••I ~I'.I 001)...1 ... , ~ .1...1b':i~'Vl~~'Vl'l1'l mru'Vlb'lfneJG'ln'Ub'U~u oxide LLt'I:: sulfide (OPPh3 LLt'I:: SPPh3 (Jl1lJt'l11'l'll '1!~t;leJ11€J~b'U~u'Vl 

LG'I~~':in11 PPh3eJ~1~hn(Jl1lJYI'll';h \J':i::a'VI6fl1Y1m~d~hiLd'ElLVi~'lln'llmru~L'i~J'U PPh3 

1'U"tJru::~~LLn'Uii P-heterocyclic 1'U~1'U1~~d (PS, PO LLt'I~ PN) ;~llfll11lJ'VI'U1LLtl'UBL~fll(Jl~€J'U~~ 
mr'll1-Hll-It'I1:!.i~L'Yi1n'll PPh3 €J~141~n(Jl1lJv4€J1liJlli1Ii1~~~'U~€J1Ii1~eJ4VlIiJ1':iru1'U€JnIiJ1nm':iijfll11lJ'VI'U1LLtl'U 
BL~fll~':ieJ'UG'l4 ~€J m':ibfi?lG'l1':i\J~~n€J'llbii4i€J'U"tJ€J4~LLn'Uiin'll Pd LdtlVlIil1':iru1tfll~4G'1~1~"lJeJ~ PS, PO bLt'I:: 

'U 

PN €J1liJijfll11lJL;j'U1\J1!i\'~eJ~~eJlJ~~'lln'll Pd L~mfi?lL;j'U~1d~\J~fi~mhi1!i\'Lfi?l~ P tl::~tllJ LL~€J1Ii1..ij'lln'll 
heteroatom (0, 5, N) 'VI~tlm':iLfi?lG'l1~\J':i~ntl'llbii4i€J'U"tJtl4 PPh3, OPPh3 LLt'I~ SPPh3 !ii'4LbG'l?l~1'U~\J~ 6 

~ ~ 
HNC'~o-p-+-P.--Q
A CI N'J-l
V u 
~ ~ 

91H ~-o-P=S-Pd-S=:P.--Q
-fA 61 H 
V u 

LlleJVlIil1~ru154fll11lJLtI'U1t11ffi'Um~Lfi?lG'l1~\J~::ntl'llLii~ieJ'U"lJtl~~LLn'Uii ps, PO LLt'I:: PN IiI~YI'll11 

m~..ij'll"tJtl~;~€J11iJ1-HNt'I"tIeJ~fll11lJ~~11i11-Hll heterocyclic 1'Utfll':i~G'I~1~L~eJvh1-Hfll11lJ'VI'U1LLtl'UBL~fll(Jl~eJ'UG'I~
., 'U 

U'UllJ1!i\'LtI'U€J~1~~fll11'l'VI1~11' tl~1~1':in(Jl1lJm~~IiJ~Vl~IiJ'I1';i1n1~Lfi?l G'l1~\J':i~neJ'llb:U~ieJ'U"tJtl~iiLLn'Uii PS, 

PO LLt'I~ PN n'll Pd LtI'UL-d'Udlil~~'VI~eJ1:!.j ")1LtI'U~eJ~llm~~n'l!t1L~lJL~lJL~~1n'llm':iLfiI'lG'l1~\J~:mtl'll;~€J11i1 
1iL'Vlfllilfll NMR LLt'I~ single x-ray diffraction ;€J1IiJL;j'U41'U1..ij~~'UBn1'Utl'U1fll(Jl 

1iJ1nNt'lm~'VlI'lt'leJ~~~'VIlJl'lvi'11-HG'I~,n!i\'11G'1fl11~vIL'VIlJ1::G'llJ~'l1'l1'Um':iL~~\J~meJ1 Suzuki-Miyaura 

cross-coupling ~:m11~ 2-chloro pyridine LLt'I:: phenyl boronic acid ~eJ PdCl2(PPh3)2 (1 mol%), 

PPh3 (10 mol%), an aqueous 1 M Na2C03 (2.5 eq.) 1'U refluxing l,4-dioxane ~~1!i\''I11G'1fl11~m\J 
... !."l }1 ...I v ... ...I 
G'l4bfll~1~'VI blJLt'lnmu1'V1lJ1eJ'Vl(Jl tl~m':i Nt'lm~'VlI'lt'leJ~LLG'lI'l~?l~m~1~'V1 3, 

Administrator
Rectangle

Administrator
Oval
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911'S1'1vl 3. Gl'lLf')'S1~Vll3J~flfJmihVl3J1vL(;Jv1-&\Jon~t:J1 Suzuki-Miyaura cross-coupling 'S:m11'1 aryl 

boronic acid f1U aryl halide 

1% mol PdCI2(PPh3h 
10 % mol PPh3

Ar-B(OH)z + Ar-CI .. Ar-Ar 
0.2 M Na2COa (aq.) (2 eq.) 

reflux 1,4-dioxane 

I 

Entry AryL halide Aryl boronic acid Product % YieLd[al 

1 CI-o Q-B{OHh 0-08 
74 

I 

2 CI-o (}-B{OHh
s 

Q-Os N 9 69 

I 
3 C1-o 

F-d-B(OH)2 F-d--ol0 50 

4 C1-o-CFa Q-B{OHh OOCF3
N 11 100 

5 C'VCF3 
F-O-B{OHh F-d-o-CF3 

N 12 
68 

6 --ct Q-B{OHh ~ 13 
79 

7 CI-{)
N

~B(OHh 
CSH13 CeH13 

~_ ~ d ~ J 

CeH13 CaH13 
14 

65 

, 
[a] nfl1h.ln1'SLn(;Jtlon~EJ1 4 -tl1L3J'I L~fI~ % yield ~1flfl1'S~~EJml1fl~bv column chromatography. 

L(;JV'S13J~~1~ed1t",Lt18iL~'UIJi'e.J~91JiUJ';t11'Uflfl1'15'1'S~~u~ vm1'Ufl1'S'Vl(;Jfl8'1vl 4 vl~811t "'e.JfI~ 
L~m.J ij~'1vlti1Gl'lLfl91~'1i1 t1on~v11'11Lil'U1t11~~~'11'Ufl'Swvll-&'G'l1'S$'1(1)'U boronic acid ~'1vlLiJ'U 
electron-rich (fl1'S'Vl(;Jfl8'1 2) LLfI~ electron-poor (fl1'S'Vl(;Jfl8'1 3) L~mvlfl'Sw electron-rich boronic 

acids t"'e.JfI~fl11L~fl'lj'8V LLlJivlti1G'1'Uh~Bt'Ufl1'S'Vl(;Jfl8'1vl 4 ~'1LiJ'Ufl1'Sl-&, electron-poor aryl halide 

~U11t"'e.J~91JiUJ'; 100 % ~'1G'11'Se.J~91JiUJ';~'1V13J(;J~~'\.h1t1tm'Ufl1'SG'l1'StI'S~flBUL;U'li8'Ua~L~m.J~fI~ 
~VkOV3JL;jBtiLiJ'U OLEDs LLfI~ Dye sensitized solar cell 
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.:t1'U1..ijEJml11vi1m'jir.:tLfI'j1~,"~hLn'U~'rItJG1~'Ut)'eJn1'Il~ IJ,~ ~'rItJG1~'U.a'~1 'rIfl1f1Cl'W\rh 'rI81:I~'U tJtJn 1 'Il~ 
LL~~'rItJG1~'U.a'~1'rI~~LLn'U~G11lJ1'jrtir.:tLfI'j1~'VI1f1EJm'jvi1tlljn~EJ1nu1HLfI'jL"iI'ULtltJitJtJn1'1l~ (H20 2) 

LL~~.a'~L'rItJi (mlJ~1flu) LL~~1I11LtltJiL:a'U~f.J~~.nrutl~U~G1'V1~LntJu 100% ~1'V1~UG1.tl1,)~~L'VIlJ1~G1lJ~G1f11'U, , 
m'jL~.:ttlljn~EJ1 Suzuki-Miyaura cross-coupling 'j~'VI";h.:t 2-chloro pyridine LL~::: phenyl boronic 

acid titJ PdCl2(PPh3h (1 mol%), PPh3 (10 mol%), an aqueous 1 M Na2C03 (2.5 eq.) 1'U reftuxing 

1 A-dioxane 

L~tJ'VIflG1tJUf.J~"!.ItJ.:t~LLn'U~ mrll1lJ'1~~LLn'U~, PPh3, OPPh3, SPPh3, P-heterocyclic (PO, PS 
, ..tl...... 'I '" ... ... '" ~.J.J ., .. .., .Ntl ,3 '" 10

LL~::: PN) 'WU,)1 PPh3 lJ 'j~G1'V1li.tl1'W'V11 ~'VILnflf.J~~.tlru"'VIG1-!l'VI"'f1 IJ,~::: ~'U-!l1'U')"iIEJ'U 'j:::G1Uf.J~"1L'j"il 'Um'j
'II , 

ir-!lLfI'j1~,"G11'jLlJL~fl~LU1'V1lJ1EJ~-!lG11'jf.J~~.nru9i~.:t'VIlJfI"iI~,h1tl1m'Um'jG11'jtl'j~ntJUL"B-!l~mJEl~L~CllJlJ,~~ 
~ViLijEJlJL~tJl-nLtJ'U OLEOs LL~~ Dye sensitized solar cell 
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Abstract 

The palladium(O) and palIadium(II) catalysed Suzuki-Miyaura cross-coupling reaction has been established. We found 
that the optimized conditions are 1% PdCI2(PPh3h. 1 M aqueous Na2C03 (2.5 eq.) and anthracene-phosphine oxide adduct 
(3) as a stable ligand (0.1 eq.) in only 4 hours retluxing l,4-dioxane. The reactions proceed in moderate to good yields 
with a diverse array of coupling partners as substrates. 
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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[ I ,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]. 
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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 I%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(O) and stable Pd(I1) 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(PPh3)4, PdCh(PPh3) [17], 3-bromo-phenanthroline and 3,8-dibromo-phenanthroline [18] were synthesized 
as reported. Column chromatography was run on silica gel (100-200 mesh). IH and 13C 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 NaCI 
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-(9,1 O-dihyd roanthracenYI)-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 I hour. Methyl-2,3-(9,IO-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 Na2S04, 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; IH NMR (CDCh, 300 MHz): 82.47 (ddd, J= 21, 15,3 Hz, 1 H), 2.94 (ddd, J= 
15, 9,3 Hz, I H), 3.10 (s, 3H), 4.31 (s, t H), 3.56 (d, J = 6 Hz, t H), 7.03-7.28 (m, l3H). 7.53-7.56 (m, 3H) 
7.85-7.91 (m, 2H); 13C NMR (CDCh, 75 MHz): 833.8,44.0,49.6,52.3,58.1,58.8, 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'l; 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 Na2S04 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; lH NMR (300 MHz, CDCh) 8 8.70 (s, I H), 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); BC NMR (75 MHz, CDCI3) i5 157.6, ]49.5, 
139.4, 136.8, 128.9, 128.7, 126.9, 122.1, 120.5; IR(NaC1) 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; IH NMR (300 MHz, CDCb) i5 8.57 (d, J 4.8 Hz, 
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IH), 7.78-7.63 (m, 3H), 7.59 (d, J = 3.5 Hz, I H), 7.40 (d, J = 5.2 Hz, IH), 7.20-7.07 (m, 2H); BC NMR (75 
MHz, CDCh) J 152.6, 149.5, 136.6, 131.9, 130.8, 128.7, 128.0, 127.5, 124.5, 121.9, 118.78; IR(NaCI) 710, 
779,992, 1155, 1435, 1464,1580,3030 cm· l. 

2,4-Difluorophenyl pyridine (9); colourless liquid; IH NMR (300 MHz, CDCb) (5 8.70 (d, J = 4.8 Hz, 
IH), 7.99 (dd, J = 15.7,8.6 Hz, IH), 7.74 (d, J = 3.8 Hz, 2H), 7.24 (dd, J = 8.8, 4.5 Hz, IH), 7.05-6.96 (m, 
1H), 6.91 (t,.! 10.0 Hz, IH); I3C NMR (75 MHz,CDCh)o 163.7 {dd,J 253.0, 12.0 Hz), 160.1 (dd,.! 
253.0, 12.0 Hz), 152.6(d,J=3.0Hz), 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,.! 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'l. 

5-(Trifluoromethyl)-2-phenylpyridine (10); white solid; m.p. 60-62 °C; IH NMR (300 MHz, CDCb) 0 
8.96 (s, lH), 8.04 (dd, J= 7.6, 1.7 Hz, 2H), 7.99 (dd, J = 8.4, 1.9 Hz, IH), 7.85 (d,.!= 8.3 Hz, ] H), 7.56-7.47 
(m, 3H); BC NMR (75 MHz, CDCh) 0160.3 (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 em), 119.9 (s); IR(NaCl) 693, 741, 790, 
839,861,1012,1088,1I23,1335,1603,2929,3100cm,l. 

Trimethylphenylbenzene (I1); colourless liquid; IH NMR (300 MHz, CDCI3) 0 7.70 (t, J 7.3 Hz,2H), 
7.61 (t, J = 7.3 Hz, 1 H), 7.46 (d, J = 7.0 Hz, 2H), 7.26 (s, 2H), 2.66 (s, 3H), 2.35 (s, 6H); DC NMR (75 MHz, 
CDCh) 0141.2, 139.2, 136.6, 136.0, 129.4, 128.5, 128.2, 126.6, 2 I.t, 20.8. 

3-{9,9-Dihexyl-9H-fluoren-2-yl)-1,10-phenanthroline (12); viscous liquid; IH NMR (300 MHz, CDCh) 
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); BC NMR (75 MHz, CDC1) J 
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; ) R(NaCI) 741, 895, 1102, 
1376, 1420, 1460,2369,2929,3036 cm'l. 

3,8-bis(9,9-dihexyl-9H-fluoren-2-yl)-l,10-phenanthroline (13): IH NMR (CDCh, 300 MHz): 0 0.75
0.81 (m,20H), 1.00-1.27 (m, 24H), 2.06-2.09 (m, 8H), 7.36-7.42 (m, 5H), 7.71-7.81 (m, 5H), 7.90 (dd, J= 9, 
6 Hz, 2H), 7.97 (t,.! 6 Hz, 2H), 8.45-8.50 (m, 3H), 9.23 (d,J= 3 Hz, I H), 9.52 (d,J 3 Hz, IH), 9.54 (d,J 

0.5 Hz, 1H); I3C NMR (CDCI3, 75 MHz): 014.0,22.5,23.8,29.7,31.5,40.3,55.3, 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'l. 

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 IH and DC and lR spectroscopy as well as molecular mass. 

air1. LOA 
OMe ~ ~~ .. 

'::,9 f_~ 2. CIPPh2 '::0 f ~ ~ 
1 2 

Fig. I. The synthetic pathway to anthracene phosphine oxide adduct (3) 
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To detennine 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(JI) catalyst, 1 M NazC03 (aq.), without 
ligand in refluxing THF (Table 1, entry I). 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, PPh3, OPPh3, 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(LI) 
catalysed mechanism. It should be noted that the synthesized phosphine oxide adduct ligand 3 gave the best 
result in our Pd(J1) series (Table 3, entry 4). We also studied an unstable Pd(O) complex. As we expected, the 
conversion proceeded faster than the Pd(ll) catalysed reaction. After we added 0.1 eq. of 3 in Pd(O) catalysed 
process, the reaction gave poor conversion (Table I, entry 3) unlike the Pd(fl) catalysed protocol. With the 
positive result when using NaOH as base in Pd(lI) 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 Na2CO) 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 
PdCh(PPh3h (1 mol%), aryl boronic acid (l eq.), aryl halide (1 eq.), an aqueous I M NazC03 (2.5 eq.) in 
refluxing 1A-dioxane. 

I 

Q~o 0 ~pJV 
- - Fe IOb ~ ~" ~ u~O ° 0 o-~ N NPPha f_ ~ OPPh U ~ f' 

a Phen dppf _ 

Fig. 2. The molecular structure of ligands using in Pd-cataIysed Suzuki-Miyaura cross-coupling reactions 

Table I. Optimization of the Pd-catalysed reaction of phenyl boronic acid and 2-chloropyridine1al 

1% Pd source
Q-S(OHh CI-{) 0-0 + 0-0 

+ N base (2.5 eq.)
4 5 7 

solvent L::. 6 

Entry Pd source Base Solvent Temp(°C) Ligand 6/5[01 617101 

1 PdCliPPh3)2 1M Na2CO· THF 65 - 0.1 1.2 
2 Pd(PPh3)4 1 M NazCO} THF 65 - 6.9 46.6 
3 Pd(PPh3)4 I MNa2C03 THF 65 10%3 0.5 12.3 
4 PdCh(PPh3)2 1 M Na2C03 THF 65 10%3 1.7 23.6 
5 PdClz{PPh,)z 1 M Na2CO} THF 65 10% PPh3 1.0 19.7 i 

6 PdCh(PPh3)2 1 M Na2C03 THF 65 10% OPPh3 0.04 0.5 
7 PdCh(PPh3}2 1 M Na2C03 THF 65 10% phen 0.04 0.3 i 

8 PdCI2(PPh3}2 1 M Na2C03 THF 65 10% dppf 0.71 175.9 
9 PdCb(PPhJ)2 1 M Na2C03 THF 65 10% dppe 0.03 0.15 
10 PdCI2(PPhJ)2 I MNaOH THF 65 10%3 0.002 0.4 
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THF 65 10%3 
1,4-dioxane 101 10%3 

[a] Reaction conditions: Pd source (I 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). Jnterestingly, 
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(II)-catalysed cross-coupling Suzuki-Miyaura reaction of aryl boronic acid and aryl halidel'] 

!0/0
Entry Aryl halide Aryl boronic acid Product Yield1bJ • 

I 70C1V Q-S(OHh 0-06 
o-S(OH)22 60C1V Q-OS N.Q 8S 

3 71C1V FWF-O-B(OH' 
4 CI-o-CF3 85Q-S(OHh O-O-

N

CF3 

9 

N 10 

i 

5 45-Q-B(OH l20-1 -q-v
11 

6 62Q-S(OHh -q-v-QI 
11 

~B(OHn7 65- ~~ ~tJ ~~Br-6b ~-N N CeH13 CeH13 CeH13 CeH13 J 2 

8(cJ Q:P.--S(OHn - ~~~tJ~~~#~~ 54Br-d=b-Br
-N N CeH13 CeH13 ~ i CeH13 CeH13 CeH13 CSH13 13 .. ,

ra] Rcactton condltlOns: PdCI,(PPh,h (1% mol, 0.035 mmo\), aryl borome aCld (3.51 mmol). aryl halide (3.51 mmol). I M NazCO; 
(8.75 mmol) in refluxing I ,4-dioxane (20 mL) for 4 hours; [b] yield ofpurifled product; [e] 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(O) and Pd(II). However, the Pd(O) catalyst does not need the ligand in the reaction, unlike the comparable 
Pd(IJ) catalysed process. The anthracene-phosphine oxide adduct ligand 3 shows good properties in Pd(H) 
catalysed Suzuki-Miyaura cross-coupling reaction. With the resulted provided by our air stable ligand 3 on the 
Pd(ll) 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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'\J7~neJUfl171~eJ 
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I OJ .,. 
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~1V1U~~tl ~1'1 LElnG11,LJ'~f1fJLJf11'1~EJ 

19,100 

1.2 rl1~11)17ru'\Jl.flfil 71lJ 10% 
'II 

filru~1VleJ1~1~!I1'S 5% 


lJ~11VleJ1"'eJ 5% 


210,209.60 

210,200.00 

(~7. nlJl~eJ1 1~m'U5) 

~1~,j'11fil7~n171~eJLLi;'I:::L~1~,j1vifl17L~'Ulfil7~n17 
13 n'UeJ1eJ'U 2555 
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