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Continuous Flow Coupling Reaction Of Brominated
Heterocyclic Aromatic Hydrocarbons With Aarylenes/Alkynes
By Fiber Supported Palladium Catalyzed

ABSTRACT

The Heck and Sonogashira coupling reaction is an important method
for constructing C-C bonds, and its synthesised alkene/alkyne coupling
products are widely used in various fields. Current studies on Heck and
Sonogashira coupling reactions are mainly based on laboratory intermittent
reactions and the catalysts mostly require complex ligands. Continuous
flow chemistry is gradually becoming a novel solution for laboratory
organic synthesis due to its high mass and heat transfer efficiency, high
degree of automation, precise and controllable reaction conditions, and
high safety. Non-homogeneous loaded catalysts have good -catalytic
properties and can be easily separated from the reaction system for
recycling. The combination of non-homogeneous loaded catalysts and
continuous flow chemistry brings higher productivity while reducing
reaction conditions.

In this work, polyacrylonitrile was modified with hydroxylamine to
obtain amidoxime fibres(AOFs) with coordination ability. The AOFs were
reacted with transition metal palladium in a coordination reaction to
prepare amidoxime fibres complexes. They were used as loaded palladium
catalysts for the reaction and combined with a continuous flow process to
catalyse the coupling reaction of brominated heterocyclic aromatic
hydrocarbons with arylenes/alkynes. The optimum process conditions,
substrate suitability, catalyst stability, interstitial comparison and kinetic

equations for the reaction were explored. The results are as follows:
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(1) The amidoxime fibres loaded palladium catalysts [AOFs-Pd(II)]
were successfully prepared, which were subjected to SEM and EDS tests
to observe the morphology as well as the elemental content of the catalysts.
The crystalline structure of fibres and metallic Pd was characterised by
XRD. FT-IR as well as XPS were used to demonstrate the successful
coordination of Pd(IT) with the groups on the fibres. The stability of AOFs-
Pd(II) catalysts was tested by DSC and TG over a range of temperatures.
The Pd content in AOFs-Pd(Il) and the Pd leaching content in the post-
reaction solution were quantified by ICP. The results showed that Pd(II)
and AOFs were tightly bound together through ligand bonding, and at the
same time still had good chemical stability after several reactions.

(2) AOFs-Pd(Il) catalysed coupling of brominated heterocyclic
aromatic hydrocarbons and arylenes. The AOFs-Pd(II)-catalyzed coupling
of 3-bromopyridine and styrene was used as a template reaction, and firstly,
the optimized intermittent reaction conditions were explored: the solvent
was DMF/H,O(1:1), the alkali reagent was K,CO;, the reaction
temperature was 120 °C, and the reaction time was 8 h. The final yield
obtained was 79%, which corresponded to the yield per unit time of 0.198
mmol-h'!. On the basis of this, the The optimal process conditions for
continuous flow were explored as follows: temperature 90 °C, flow rate 0.6
mL-min!, substrate concentration 20 mmol-L!, and the yield of the
coupling product was obtained as 89%, corresponding to the yield per unit
time of 0.641 mmol-h’!, and the palladium catalytic activity of 44.656
mmol-h'!-g!. Comparison of the two syntheses showed that the yield per
unit time of continuous flow was 3.5 times higher than that of intermittent
flow, and the yield per unit time of continuous flow was 3.5 times higher
than that of intermittent flow. yield was 3.24 times higher than that of the
batch process. The substrate adaptation study for the reaction of the
continuous flow process showed that the substrates with different

substituents and positions were well adapted, and the yields were in the
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range of 80%. The continuous catalytic stability of AOFs-Pd(Il) catalyst
was investigated, and there was no obvious decrease in the yield after 50 h
of continuous catalysis. The palladium content in the solution after 50 h of
reaction was measured by ICP, and the palladium content in the solution
was only 0.033 mg-L!, with a loss of less than 2%, which indicated that
the AOFs-Pd(I1) had good chemical stability. The activation energy of the
reaction, Ea = 7.6539 kJ-mol!, was calculated by MATLAB fitting, and
the low activation energy indicates that AOFs-Pd(II) has good catalytic
activity.

(3) AOFs-Pd(Il) catalysed coupling reaction of brominated
heterocyclic aromatic hydrocarbons and aromatic alkynes. Using the
coupling of 2-bromopyridine and phenylethynes as a template reaction
with AOFs-Pd(I) catalyst, the optimization of the batch reaction
conditions was firstly explored: the solvent was C,HsOH/H,O(3:1), the
alkali reagent was pyrrolidine(1.0 equiv), the reaction temperature was
70 °C, and the reaction time was 2.5 h. The yield of the coupling product
obtained was 82%, which corresponded to the yield per unit time of 0.328
mmol-h'!. On the basis of this, the reaction was performed in a continuous-
flow process with the AOFs-Pd(Il) catalyst as a template reaction, and the
reaction was completed in the following steps. Based on this, the optimum
conditions for the AOFs-Pd(II)-catalyzed coupling reaction of brominated
heterocyclic aromatic hydrocarbons with phenylacetylene were
investigated under the continuous flow process with the following
conditions: temperature of 60 °C, flow rate of 1.3 mL-min’!, and substrate
concentration of 10 mmol-L!, and the yield was 85%, corresponding to the
output per unit time of 0.663 mmol-h™!, and the palladium catalytic activity
was 0.663 mmol-h"!, and the palladium catalytic activity was 1.0 equiv. and
the palladium catalytic activity was 46.203 mmol-h™!-g"!. By comparison,
the yield per unit time of the continuous flow synthesis was 2.02 times

higher than that of the batch synthesis. The substrate adaptability study of
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the reaction of the continuous flow process showed that high yields could
be obtained for different substrates with good substrate adaptability. The
AOFs-Pd(Il) catalysts still showed high catalytic activity after 25 h of
continuous catalysis, and the palladium content of the solution after 25 h
of the reaction was determined by ICP, and the palladium content in the
solution was obtained to be only 0.019 mg-L-!, with a loss rate of less than
2%. The activation energy of the reaction was calculated as Fa = 4.5137
kJ'mol! by MATLAB fitting, indicating that AOFs-Pd(II) has good
catalytic activity.

In conclusion, the combination of AOFs-Pd(II) catalysts and
continuous flow technique to catalyse the coupling reaction of brominated
heterocyclic aromatic hydrocarbons with arylenes/alkynes improves the
catalytic efficiency of the reaction and is a feasible alternative for this type
of reaction in the laboratory, providing a technical basis for the practical
application of the reaction.

Zhen Ding (Chemistry)
Supervised by Professor Zhi-Chuan Wu
KEY WORDS: AOFs-Pd(Il); Brominated heterocyclic aromatic hydrocar

bons; Aarylenes/Alkynes; Heterogeneous catalyst; Continuous flow
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100 mg £ 300 mg %5, B75RIE 50%2] 80% 8], ZifE#Eid 90%. Yoshida*!
S5 NF F FE SRR B2 B SSIIN TR RE 5, 46 R R4 Macbecin F G 8 Hh ]
RGBS RIS — D RS A, RERS LA 73% ISR AT Rt 58 iR
& R H bR . Hawkins! 158 AR E R R BIAS, 7E-5 °C PR T, bt
177 12 g MRS, 1538 Hs FEHUAII T hE, 72308 65%. fELbid e
¥ CIRBELS A S TR BE AT AL FE B IR, AT SR A Ak 2 T A ] L
R P o R B )RR AR P S LI, R P Y 30 Je I i S B PR i R R
L G . Gustafssonl*®1%E A FIARFIA 20 mL (FER OB 38, SBEIRE] 2 min,
BELEAL 25 h, AbFE T 1.38 kg HIBEERER, 3N 58% M BIAIHIF] . 1E#
VAL T 1% SO FEAEE SR BARAS T, A ALEHG IS 18] P T 52 v il S i B
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TR TR KA AR

BEMARTT 7 F [ N E i =78 °CH 2 35 °C HURCR, 4IR30 1.3 kg BEIR Eh
fE 35 °C MALHR, JMEFIAIDY 90 s, (EHEE LR MAIRA S, 53] 400 g,
AN 99% (1 H b BRI 7] o
Brzozowski[*"R @ 4H A E S s 24, R EHE e AF-2400 5 4%
BEAT RN FE- B e A R N, kA i Nearyl-1,2,3,4- D& 57 MMk, 12 77 15 ph i B
ek Eh 58 LR, ZEOUAEF I 561 IR L T IR R 77 R AE 31-77% 1],
X T8 BT b BRI SO, PR 54-T3% ), AR TRl E R, Hi
TET AR o Jolhe ™SR A PR &R T 3% S 45 14 J I #5 Hh Id FH G (PAF) ) &
J, IR SAE BT B R RI[R], FEUERUY PFA AhfiR, iS5 REE
P AR AR K. AEESA SN L T A IR-120H f##E4L7)(471 mg/em?), 14
WA R SFE 150 mL/nh, B8 U FIESEG R PFA, 1% BN B H
T+, BRI N 3.5 mol/L. Michel*™25 )Gl i sh ik 2 £k 1S 2-(=
FH R e e 25 ) A R A U A 5 B A, 2% P2 0 TR AR A 2R Ak B 2 AT 3t e Rk
Wil et &9, FINMER T EMEE . B EN SR TEHEIRAIOLE 1-3). 4
REW, Pl &0 R 25— K55 % B, Comas-Barcel6lV455
NARTE T 38 3 T T 0 A i R PR B 0 e R SR Ak & A 1,4- —EUARIE e . {8
B W R SRR R ) T EL R AN R ANIE A, (B R SIRFE 140 °C, BVITTE 5
R, RPIZREE . W HESE R . REEHACE M L AL IE B 24-100%.  [RIIS
ST BE AT TR, RIEESNEIT 4-5 /DI G, FA A T,
i HAR 2] T 44
— Lithiation/Retro-Brook-Rearr. o

omn 3 - o g v —

1

Base

— = (@ ) |cat L | NF L_J (@ ) S o
Qj /A et UEJT U‘_‘—u_j_.d._._ -.,P'“ f’RE’I,”S
P Nonaflation o

e B S

55°C

Continuous Flow Process

- No cryogenic conditions

- No extensive purification

- No expensive and hazardous Tf,0
- Scalable from 2 to 20 mmol h-!

1-3 = B Ak I A G PR T A PO R A 2 L)

Fig.1-3 Continuous-Flow Synthesis of Trimethylsilylphenyl Perfluorosulfonate Benzyne
Precursors. "]
Zr BRIk, SR SAAE N B b G RS, TR R A% S A A
RRL B RN AT, SRTHIE AR EL AL, 2B KIS Ekk. €
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TR TR KA AR

VRN — A AR, HARF DL 358 28 A U b A 2 BB AR
1.3 mRFRE G HIREKR MRt R

Heck J% 3 F2 (5 AU T5 16 5 1 i C-C B A8 XU S i Bl 530, % [ Bk i
B4, TR T BONBUEAR G R R, B ROV A AR RS
LS,

TR, BRARENTERIEN N IR LR A SE, R B A
I PEAE B, DURMS AR R = . JohanssonPA R 4H A FH 2R R MR K
X SRR B G BB &, X B T ABATIFE Heck OBIH AL PERE, i)
PERBAR RN, RN BE PA-NHC BAYA B & AL e A e ek
Karatas> R @20 & i A U R 5 42 8 DA MR BB )8 PA-NHC B4 547,
FIRAENIR 20 5 s A7 R AR I R, FEIREE 80 °CTF, R WT #5331 86%[1 ™=
VAR . IR EL T PRI AR, 1S HAEARTR Pd S & T, &8
(1) N AT AP LEAT IR <65 J T 5 0 S v 1P B 2 - Thapal R ZH i D & Bt
HA A DN-Z R 2B AR R Ko T, ZREDHTEHE KR
IEEMRIH POk FBT, T T Heck [ PRERZAZME AT HE AL TEE,
ZERRIZMAFIE 140 °CTHAB S PR, XT RS A A [\ 1) 75 5 1=
Wy, FoaBr T 07 HEE R BRI R I R LB EmIE 99%. TennysonlS 714
A BT BLISE W FURUSENS () NHC(1,3- - FF 3 ey k245458 2,05 BE &40
HTZATAEY R o LR AEBRIANR, A€yt miett, e
T NAG SE MR 4 )8 PO BC A7 . I X Heck 15 356 S N7 (38 AR 78 1% AL 750 Ao i
g, AR BIFEL) 0.48 mol% NHC &€ (1) Pd (0)EL A4 1> B Fuf T
AL = WL 80% /i o GiraselP™4E N @ 6] B2 5 1T & &S T — &R
FUHT IR IE N-Z& IR B (NHO)EL A, B J5 4 HoH T4 /mR kI NHC i &,
RINZHEANE R PTA MRS R O RATAEY), BFREEE. RGHE. =H
SR TR AR R, R = AR R PTREREAT T 10 mmol FRBOR SRS,
13545 RUFHIYCEE . Berthiol MR EEZE ] FHIR-1,2,3,4- U 5 Ml — 2% BL 1 FH R P4 1%
b e tE a8 Pd, ARURIEML TR T XU SRR IE T R R OH .
CIRFEMEIER CAGBERT DI Heek [, Hrp R g malik 100%. [l S5t
WE . WEMNK. IR BRI 1) S8 mT DA B s WO o XielOV4g AR befas b i



TR TR KA AR

AN R AEE R, ERYEN YR ER N, S8R Pp-
stereogenic FLBERLAR, 1Z& O FEAE XS R B 8. FERE T R xS
KOIFWBBE R, RNIRE 35 CPREmT 72%, H ee KT 99%.
Korenagal®"&¢ N iE 7 — P UG RO AR, BRI AN 2R B = e ik A 0 —
A7 B R E R R R, PR B R R AV, AT RUs A i A0 i =
S E A Heck SSISIAIE B Z M A FRITE f B3 AR HR AT 21 T s b it
I, [FIE@EE DFT L, 15212 R MR P oe DI, PLAK LAE 208 R
Ao Altan[245 N\l AIH 140 J5 73 21557 7Y S A I --(((3- F B ntb e -2- 25k ) 2 ik ) F )
TUORF A PEAN T RI (R R 2-JE ) W) AL BRI T AT Pd A AR B S AR B
BeAd, FIH Heck &BIMNAAT BIFIEL AP RIEACTETE, SRIRA R KRR OG5 TE
PRV IE 1) 75 FEIRAE 2 R R A IRV, ¥3R18 T RIFEEMAER % £
A ANRIE K 07 B ROR AR ORI, RS T R ERAER 7, JFR A DFT
THEIGAIE T 5250 1) 25

SbRIEE, BTN RS T LEBONER, 5 MR SAR £ 53 8 R SOR
FI ARSI AH S B B AR 7, D — A RE . Afb A SR, MR SiEkE b O &R
SRS WulSSHRL B4 J 1ok ] 5 1) g V2R AT R s 7 -2V R e M RE I, M&miE
O TE AR AR IEOU T, A E A AN RS A 07 BE Bl s 07 B R 5 0 R 1
Heck RIS, X HATAEMMAT 17— MR, %R HI =2 IB57E 80-90%
). [FIS, AR dl & e B, PR R BT RIS . Sul%E A H)
HIRIR N B Fe RN S0, 2 3 50 RT A s LA R 1 55 A
HR Ak B33 Pd@C/Si AT 7R Heck B0 BIH, Pd@C/Si fiEALF
SN 0.44 mol%, SIS iT BLA R 95%LA b, FF Boe Ak A fe e
VEREAT THRFT, S5RRW, 2 AERTAH 8 UG REIRFFE & AL TE .
Shekarizadeh!®> 155 \ LG KAL TR B 5,5°- 20 HE-2,2 - BRI BE 2UCPE 1) GO 4h 2K
FEM A BHERE T, BRI EG BN ILEE) PA@GOF AL, XEFLasiynT
DAL 5 S 78 70 TR A e S v, R R van PR PR AR TR A, ] N 42 e A 7 £ 2 8
AL 10 RIS, REEAGTE TR W s R R
L4 A REF RBIA R LR iER

Sonogashira BN P HEAL T — M A & B e R4 Hn R SHARE A



TR TR KA AR

HI AR AL B AR T Bk B RGARIIARE L . BER SR O R, R
It — AR 5EE, IEFCH . BEEUR R ER I E S R A A e . Bawejal®®!
S NHMH =R 57 FE IS 3-( 403 ) A 1 S MR AN 5 BROBE IR T A, I
WX LR A SN &, FETCH 2 A1 T AL Sonogashira fRIK SN, 1 fHEAGIR R
A TS PRI SR S BT, SRS R 77 28574 96%. - Yamaguchil®THR LA A
FHAR- 32 R = DR AL, 4k Sonogashira fBIBE R N o LTI HH 72 J2E 2 1)
IEAZ IR, 2 Ja AEIE R, A 2-SCRB A sm bk = R a B B 2-F R
BLH 2,3- HUARTRIFIRIEG o AL TR SN FROIGE 1B IR SOBE, (R A B L BAE
PREGESEZEAT, [FIR AT T RAFH H AR U . Boubakri®iE NG B T B
N-Z B M« PEE I RT3 425 £ 2R SE TG & P (AL 770 3 FL AT 1 4 0 T ) SR AL
¥ =40 Sonogashira e N EAT M MEALTE R, RIS 1 05 i) 5
KOIRBIGTED . SLIREY], BERCAREC SR I AR B e A 1, LA Y
PRELY AR 90% A o Marset R &l 1 FH B 1 L RE BT f4TT K VA 77 (DESs)
FARMENAR R IR Z AR R R H T Suzuki-Miyaura. Sonogashira
A Heck Mo iZMEACTT RN & 7B TR ROHEAL ISR, fEMRIBRN A, XL
SHIAT RCHEREAT TS, AE RRUIMEAFIAE SR R T UEE M 2L 5 K,
HiG WA 2 8 % F % . Priyadarshini®% N & B il % T bis(p-iodo)bis((-)-
sparteine)dicopper()ffL. 7], 11t Sonogashira BEE N, KM ITFEHRAL T 8%
HER AR, R T AFRIBURIE Y . EREFA N R R ATIA 96%, X
TA R B R HAE B RS0 3 AE 81-98% 2 1], R WHZMEAL 71 B AT BLmii
MEAGTE PEANGE £ . Chen SR T A 1T L. 2057 Hm B CuCl/ /K IR M
WAk %, iz R AT LAk Sonogashira B S M ARl AT H) S5 A4 T RS E #EAT,  JF HX
TAE R ERADIRAZ =W AE 18-95% 2 18] [FIRF, MBI SF, B W] REfE
9B B BEOE E AL TE PR T TR EL AT 18 . Kazemnejadil7?%E N Co(IIT)Schiff
5 TP /N T S G S oy O ()10 S w1 Sl B N A o 1 =M 1
Fe304@SiO>@Im[Cl]Co(IIN H] =R FEAP K E AR, 7ELBERLARE Cu EH) i
635, 34T Sonogashira fHIEK N, 4 HEN 0.5 mol %l B 15 21 S 8 1) f A4 7
#o Zhang!PHR A R A0 40 & B HEAT I & S AL FRAR B 90K 22 FLA AR AL
A, KA TIE Sonogashira 58 XAKER [ B 1 AT FFEEAEAL ), 7ETC LA 21
AR B A IR DL S AL SN, FE SRS N B FATIE 90%LL b, ]
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gk 2 LRI EEEMAH 5 K5, T DURIFRRE, A IR 1R H B
AL VE TS 2 . Slavik74%5E N JRAZIE R PA(ID), #5 Pd 99KKL T (PANPs) 3 25 78 ik
T REAL ¥ DBS-CONHNHS, #E 57570 B IR 0 2R & 0 il %45 B /K eI - 1R 1%
AT ML T, Sonogashira {6 NG 75 (E P PE A EAT, SefE = e mT ik
95%c Ao [FI I 122 P A R R DATE 35 o (il 8 A, 9 HL AT DL S AR BA 8
W, A E] DUR R R AL TSP . Bakherad 7S5 A Shif & 7 — R B — 20
= WL REAL A G K RIURL 71 38 Cu(DMEALF,  IFERTHUE T 4L Sonogashira 1
BRI, TEBAE G B 2 B BER =R Eid 95%A b, [ Iy 1 e 0 i
JETT U AL R S AE T, FEDEFR 6 RIS, P23 AKIB A LA F] 77%.

L5 FBEURM THBNE R R X

1.5.1 EEREN Y Heck B8k Rk M2

Glasnov! 7R A4 55 BRI AR 5 TG TR T T8 PR BV E N BEAR S
f#H PA/C AN EREE 43 A A E S sh T 2 a8 ok, 76 s Rk T =
B, 4 Pd FEKT 107 mol%if, RFIAFE&FA, I HEAGR ML EEE.
FEAEH PA/C AR RIS BN R, RET- 05 FE U AR ), 393545
TR E R AAERREE 2 B e R, R % R LB AT T — S IR A
Monguchil” 5 N H 88 T FI il B i A SR s 38 B, 135 B I RN
Horr T DA 7S R AR AL, W Pd-film. Pd/ALOs. Pd/SiOx AR #E T RS
Y LW Pde FEREZIESES) T2 N TE Suzuki-Miyaura J ¥ Fl Mizoroki-Heck /%
Pidh . ZERERM, RSN, B, AR R R
REE— D4 T, RN 3RS RAF I B AR P0U % . Bourne* 1R &2 1 F & b
SN EE, FEARAEAL R AT SIS Heck MBI SN, 76N FE A, I il 40
SMELR ST LIFHIE DT, FF BN AT i 42, A4S I R PE B A R T T3] P9
RETS 2 & Fp BT AR R 2R L d 7=, IF Hr= 2396818 3] 80%7/ 41 . Nikbinl™!
WEHTT K T —MESR N T E B RN &, 1k Heck ) MAETCECARRITE LT
BEAT, FIH PAO)PKRL AL I N o % B AL R TS 100%, FRAGHI H bR
PR BRI 85% iAo 1 E T, BN TSR RS, 1L RO
IR AR AR B S B, AT T = M B 4T o LiulO%5 A\ s B ICAS BE B 1
AR ((bmimINTE)EA Heck SIS JHT, F1) F AR AL FRIFEZE B0 R G b kAT
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TEA RN o il T 7R EE & U™, 7738 80%(115.3 g, 10 g/h). Hirr, 4
TG ] 58 A2 B A, IFREE R R IR E P E A o Jumde® 145 AR H
HRIRA AR IRFAEGURRL T, HRE KN 2.3 nm, KHEEER 4-2455
MERE R Z AL B, XA AT DL E oK bL 7, PGS 2 i A
WEIRTE B AL, TR — > e B B4k, B b s e s, i
17 Heck MR M. FERAER L2, HEMFHNIE 9% . BA RG]
BELLAN 65 /NI LL_E RN RIE S AL 2R AL TR HI7K o Stouten!® R BZH F D ()
Y AR AL FRI(SLPC) iR /2 N BE S 8 ) B s » TEUBIEE S s, KM
1A 230°C, 1FEEIE]DY 26 708 LA, AT H) Heck S B = 2 A0 3R T8 31 94%,
[FIRFIZ4T 50 h 5, FERAABCERMIEE SRR B8, Fix gk R 0HIR HKCPE,
BAMEL RGBT -

' toluene ~~C02Bu
N-C0Bu 230 °C, 26 min 94%
1-4 S EEBAR AL 13 2 F T Mizoroki-Heck i 5l & 32132

Fig.1-4 Supported Liquid Phase Catalyst coating in micro flow Mizoroki-Heck reaction.[%]

1.5.2 HLR TN T B Sonogashira {HEL & K

Znidar®™EEANWFFL | ISR HESRE) Sonogashira KT 2. (AR
SAAE AR, K FA BRI B R BRI, #HTIESRE R Y. %R
IS 8 FR 7 A0 A — Fh OB R PR B 2 D IR OB R (Al . AE SRR T2 T
FRINFRAR T =18 91%IEFEMER 83% B =M, JF Hix L2 ES e Eizit—
BeI), AR S E B K. TanB RS R E T —FhE X ALK
EERAN RN RS HEH PdIRENERRNESEH Cu iRERNE RS
FHIE, SKAEL Sonogashira fHIB S N . FEPRZR BB £ 554 T AT LATF 2] 40-90% AN 55
= Ee . OB RE T, SR A 2 b H R B AR, E 2R G ) AR B ) FH 46
JEIE R AR R, DUBSR AR H B . Ferlin®™15 AJF & T Si-Gly-CD-
PANPs {E MR G AT, 1EESRE) L2 M it Sonogashira RN . 1R
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ZITETN, AT RSO A, R R T S T BRI . R TR
T, ATLGELSEA S 20 mmol PR FIBURAL G Y. I FGH R BERRHIE A 4R (o f b it
17 TvPAl, R RGEEIEMHDN EAH BN R IR TE4L.

1.6 KiRFHHRASTIENX

1.6.1 fARAE

AR EE I B F o T IR IS T 4E(PAN)REAT A, #5315 -NH,. -OH 3
AR e Ji 41 4E(AOFs) . i< B & 1 5 4 4E ik L 1-NHo. -OH E:HIRC AL,
B3 B — et fa e tEr) AOFs-PAAD AL, 2 J& %+ AOFs-PA(IT) {4k 713317
FHRLFIRAEM:  AGTE AOFs-PAIDHEAL AT, IR 5 15 5 M /e s =
[ R A B R R 4R WS B R N B, ¥ AOFs-PA(IDfE AL
A, TR SOEE T, RITELLRB KT AOFs-PA(I)/ AL IRAC AR IR T
1 5 55 1 R AR R RL Be A T2 S8 1 Se 50 = A S IE S 3 & st
ATXFEE, ARBLESRA L EMMRH: RIT T O RGN A [F] B EE B A7 1) e 28
Y, DL AOFs-Pd(IDfEALTRI MRS E ;s 55 A Matlab 06 T BARUR BIZh 75
FH .
1.6.2 FAREX

1] A A 55 R A5 I/ B R AR IR SSE,  TE 18 & B o R A 3 1 R e 3 1) 350 A
AR R, 382 2% 61 5 2 4 B Rl R B AR AR 2R, R R AR BN L
AR FH BRAN 20 15 I R IR IS AR, o L ootk I 5 i U & SR e A7 15 3 47 4 4
R A BA AL AR TESR ) T2, Wi S ERELREI RN R
g1, SEPLRONI S AU I E SR . FR, R RO TR
AR AE S S B IR REAT R T, §F 1 ISR B S B TG B, e 2 A
RBARE— N EEE RN BERTE. &5, @idirERERNsI 12T, AR
HHIZ ISR S 7 () b AR R FH $ AR 2 1 R i
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F2E BIRIEAEAEIEEXTINFIZESRIE
21518

Heck Al Sonogashira B [ N 2 & C-C # R IEA M & ik — B8,
PR ILAK, FfA R S AR . & s A . RE R
LN AE AT TR SR . e, AR RO S B R R SRR, AR AT
Gy NSRS ARSI R R S o SRR H R T AR STl U2 B s SR I A0
giadESRMEARS, BRMEATIR 2 BA B A E T, JF Hadsd 4
Fofk, EREHEB R AR EENE, RARE LS (RS RPERE AR, XK
AU, SN HME A 23 85 TR o T Sl R A A 70— R ph o IR < B AR D TR
B, SHBRBAEMEL G, BB E K AR R S, i —
SACEEPY, BREMEILD, @ TREWP), SR ANHERPIE A, %A
TR TE SHe TR v 1) fRE A TR A [ I, )% L AR T B, OBES & T IR A
PAIR SR 2255 10 H 1.6

AR SR I I A RN A SRR G, i I SRR i AN B IR AN e A5 B
A-NH, FI-OH Q& el 44k, B 5 ESRECAL, 1538 ML A 45 a8
7). FEXHEATHIN A SEM. EDS. XRD. IR. XPS. DSC. TG. ICP i
SR, EHAgE S SRS TR G, R S NS R T Re g
ORIFEC R ATE 1 DA S A e
2.2 KT SR

2.2.1 £

ROENE A, PEAMZRERS AR SRR KRR . HhiR. &
WAL, BT G 75 AT A A Al M5 P LA
222 KGNSS

SEIANES A1 R P

13



TR TR KA AR

R 2-1 LR BLA AN 45

Table 2-1 The list of experimental instrumental and equipment.

SIGAL R Ui EFET R
LY PN FA224 L s R RS A R A
Bt 1-100 puL b AR R R A BR A 7
FATRA DZF-6053 bR A PR A
A IE IR AR 2 SHA-CA EIRTH AN /R 2 PR 7]
X B ERATHAX D8-Focus f# [ Bruker /A
1 PR I R A L B S-4800 H 4% Hitachi 24
B & 55 B TR R A ICP-5110 [H Agilent 27
X S HL T REIEAX K-Alpha %[ Thermo Fisher Scientific /A 7]
FERARE X DSC-25 % [ Waters A 7]
IRE T TG209 fHE NETZSCH 2 ]

2.3 AOFs-Pd(ID &L I B HI & S FRAE

2.3.1 AOFs-Pd(I1) A &
(1) AOFs [l %%

REIE e 228 SRV AT . 8 B TG /K B R BN AN 36 TR 72 e [ 251K
BCHE 0.8 mol/L FIFRIIE R . BOE & SR NI I A 4e N R LI, 7E 65 °CF
KRG 90 min J5, BUHHZB/K M 2 RIVEIIE, 1EHRRE FIT,
13 2R O & 2 5 2T 4E(AOFs).

(2) AOFs-Pd(ID) 1] 4%

FERRIELE 0.02 mol/L B —FALAEIA, H 12 g (B a5 er4e, WRIREMA
B S AL (0.02 mol/L, 7.1 mL)H, #E 1 h 5HuH, HAEMKEE, BR
RAETIET, 9236 AOFs-PAIDAEALF . I8 FUBRE & 55 5 TR R 614
(ICPYMAF %L HE AL 7 & 50 & & B HE 09 0.001196 g.
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NH,0H PdCl,

W o&: y
AOFs-Pd(II_),/

K7~ 2-2 AOFs-Pd(11) (%%

Scheme 2-2 Synthesis of AOFs-Pd(II).

2.3.2 AOFs-Pd(IN)AY FRAE
(1) =7 R R F B

AT R R AR R R I R R S SR T, AR AR
REEHUN, BB AR TR X SR EAT T, (R IR L PRI A
MR X EAE S E T SRR S, A5 B R UG T R TR BT R
RIMEI . TEXLF4EMEAATH0TE SEM BRRT, FHFEATHI AR : R
FERES G B, BUERMAYE, WAMEESER FRELFEAEZL
B, TAEmT AL, BT SRR, bR R SR MAPRE TR
BE, NI AL IS AR O ISR T T 30 DA K% 4 e R RS AN A AT I o
(2) X B REiEAL

X SR BEIEOCR MR B T B RS A, AR RN X oT R
P K Bt e IR AT 75 R A AR R A A R e T A BT, PRI S TE 5 B
MRES & L, R 15 kv I TAERE, WEF4emi, ME TR —fHUNX i
TR MG .
(3) X BHERATHHMX

W X BT ERAT I DA BRI B ARG B Sk b, 2 BRI RO, %
B AR MR -0 R BB T VR BRI ) B T JR 7 10 B IR HE S, U B
B2 AFAE 8 AR G R, BOEE L J5 [ (1 BR T VR A E N s oM AR, A
M5 AT LR IR . BRI 4EF S O AR, TEH KN 0.1541 nm, TAEH
JE R 40 KV AT 40 mA, FEHVER 10~90°, H#E % 2° /min T AT
(4) X BT RE TS

X SHEOGHF RIS 2R X S EAE fhgAT B, AR b s B
HLF B ORI R G e BHOGFIOR T RR 2 ot s, i I O o7 1 A
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B, W LOCH TSGR ABAATR, AHXT N 58 FE A AR 1) F - RE T 1A
Mo AT DA B SR T AR T M S5 R . K £ e B Ok oK 5 TR A IR, @
SRR T TS . TRMEEER.
(5) FEIBHRA A 55 28 1A R S REAY

FEL KR A S5 8 R R SR U (3R R FH S AT S 88 05 e 401 i o R LA
e b, RBEh R SR TIEE, SR TEE A m Y, F R KA
SRR, AREARE RS, ERER T RGO, SRR s BTk .
KT RSB TR A 4R, RS ANFZ RS, IS BRAEE N EIE
FERREE AR AR BT, BHEAEUR, KFHITRIRSIEL, et
YE ¥ T R AT E R E BT
(6) ZERHRE R

ZE N A B OGRS I E IR T T A KA Z ),
TEAH RN 26 2 B SR ARIA 50, SRR R SR AEARRI, #5552 1]
PEAE - ANELE 2 o I s AR PR AR I S L, B T SRAME UK A E B
TAME MR R, ERER S ZSZ AiR EEIL T E . IR AMERGE
B[ A A it B AR
(7) HE X

T S AT SO A RIS il BSCLE T T A SR e, e 3 B m R s IR
FER) R A o, AP B R R AOREBA FE B R AR FGRI Ve A B R LT
T Rr NP 23 RO 5 80 E & s AR, X AR il AR A i R R
AT PA T E IR SR B A P B, A3 2] — 4% ot i o0 TR Y # 2k
2.4 HER5T1R

2.4.1 SEM F1 EDS ZFR1{E
P T 0 R 37 e S F 7 B (SEM) A X B4R RE A (EDS) Rt A A4k,
TR S B ) AOFs-PA(ID) FIEAL AR B 52 B S5 Fr) AOFs-PA(IDEEATINR, & 2-1

7N o
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- 2(b)

K 2-3 (a), (c): AOFs-Pd(I1)[f] SEM. EDS [&; (b), (d): AOFs-Pd(II) AL ABER 5N 5 Y SEM.
EDS K.
Fig.2-3 (a), (c): SEM and EDS images of AOFs-Pd(II); (b), (d): SEM and EDS images of
AOFs-Pd(II) after coupling reaction.

] 2-3 () v AOFs-P(I)7E PR FIAS R TEOR A5 26 T 3 T BB B . M
AT LAE i, AOFs-PA(I)R DG, SCHEEM. 1K 2-3 () Jv AOFs-Pd(I1)H]
REIE EIMR, AT RLWEE S| AOFs-P(Il) RIEHMATRET. B 2-3 (b) 2 MEE
IR S 1) AOFs-Pd (1) 7E P R AN [F] TEOR A% 26N 144 1 A i % . T A
EE, AETEMBOR)S, AOFs-PA( LR FrH A A 4R E RS, (R
HIL T & BBk It B aAmsss). B 2-3 (d) 2 AEE R N 5 1) AOFs-Pd(I1) 6
WG, AT LLMEES] AOFs-Pd RTAL. MARTEES.

2.42 FT-IR RAE
51 5H%t AOFs il AOFs-PA(ID)HEAT T ZLAMFT-IR)MIAR, AHICEHE LI 2-4 Fir

P 2-4 435 7& AOF Fil AOFs-Pd(ID)[J FT-IR FRAE K. MEEG ETRLEH,
AOFs 7E 2237, 1647, 1024 F1 927 em™ &b, 73752 ve=ns vens vens vneo FRIHF
fIEVE . XFSF AOFs-PA(IT)TE 2247, 1660, 1033, 933 cm™, 4352 vens Vens
vens o HURFIENE . P RTLL, SN IR A BRI S RO MRS T e iR
B WA HTA %1, AOFs H1-OH MI-NH2 5 PA(I#EAT T BiAL, M S 8UE RER
ILT MR S A T 8, AR AR T R AR E T AOFs-PA(IDAC &4 -
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C-N,
1033. : 939

AOFs

4000 3000 2000 1000
Wavebumber/cm™!

] 2-4 AOFs A1 AOFs-Pd(I)f#] FT-IR 4L
Fig.2-4 FT-IR characterization of AOFs and AOFs-Pd(I).
2.4.3 XRD FRAE
il X SR ATATAU(XRD) R ST 5 ¥) AOFs-PA(IIIR, 45 R 2-5 ff

7N

Intensity(a.u.)

46.7
AOFs-Pd(reacted)
| AS)F;?-I’d[unreacted)

10 20 30 40 50 60 70 80
Two-theta(deg.)

2-5 AOFs-Pd(IT) s I B J& 1 XRD FRAE

Fig.2-5 XRD of the AOFs-Pd(II) before and after reaction.
M 2-5 1) XRD EHE R LU, AOFs-PA(IN/E S 5 185K SN HiT Je 4B ] LA

T AT b 0 5% B AR AR RFAEAT S 0, R B RIAE SR SE R IS B ORFE T 4R 1) dh Ak

4hK. @I 5 PA RIFRAE PDF & (PDF#46-1043) LU X, R ELLE 20 £ 4 40.1° (111)
LCTEAE P S AEATSIIE . X P 8] AOFs-PA(IDH&F Pd(0)tH. HIt, 4582
AU SEM A EDS #4558, wLLt— BN, ExMEFEH, AOFs-Pd(IN)f#
TR ) PAQDBE R % 1 PA(0)-
2.4.4 XPS FRAE
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1 X SR T AE 1 (XPS) X AOFs 5 AOFs-PA(IDiEAT 1 RAE, AN K1
JLH 2-6:

(a) Survey (b) Pd 3d
Pd(I1)3d,
= — 337.58
5 é PA(I1)3dy,
Z Z 342.93
-] =
e e
= =
AOFs-Pd(IT)
0 400 800 330 335 340 345
Bingding Energy(eV) Binding Energy(eV)
(c) N1s|(d) O1s
_— 532.20
5 400.62 ;
= 3 AOFs-Pd(IT)
z AOFs-Pd(IT) z
§ é 531.40
g 398.86 = o
400.31
AOFs AO¥s
392 396 400 404 528 532 536 540
Binding Energy(eV) Binding Energy(eV)

2-6 (a) AOFs-Pd(II)[] XPS 4=it%: (b) AOFs-Pd(II)} Pd3d /] XPS fEi%: (c), (d): AOFs
A1 AOFs-Pd(IT) /1 N1s 1 Ols f] XPS GEi.

Fig.2-6 (a): XPS spectra of the survey in the AOFs-Pd(II); (b): XPS energy spectrum of Pd3d in
the AOFs-Pd(II); (c) XPS energy spectrum of N1s in the AOFs and AOFs-Pd(II); (d) XPS energy
spectrum of Ols in the AOFs and AOFs-Pd(II).

Kl 2-6(a) 1 AOFs-Pd(I)#) XPS 2% &, ME(a)F A% AOFs-Pd(I)F ZH
C. N. O. Pdt%. K 2-6(b) ;y AOFs-Pd(I)F" Pd3d [ XPS ¥52HAEILE, M(b)E
W, AOFs-PA(IN)H Pd 3ds, 1145 & RESUE N 337.58 eV, L PACL H1#) 338.0 eV
/N T 0.42 eVe XULEH PA* 4252 12K H-OH AI-NHa b O, N 2L fiint 7,
ST ZEERM, MG aem/N. Bl 2-6(c)y AOFs Al AOFs-Pd(1I)
H N1s FEAARERE, M (c) Bl AT DAL %25 AOFs-Pd(I)f) N1s 45 & BE 399.64 eV
F1400.62 eV, Lt AOFs [l N1s 254 fit 398.86 eV Al 400.31 eV 3/ T 0.78eV Al
0.31eV, FIH-NH,5 P> &7 RAERN. K 2-6(d)~N AOFs fil AOFs-Pd(II) Ols
RS AHAERE, M(d)EE AT LI % 5] AOFs-Pd(I)H Ols [4E&fE 532.20 eV, L
AOFs F1 Ols (45468 531.4 eV IEIN T 0.8eV, IXFKHH-OH H1 1 O J&-FHE ALK
H74h P, 33 O BT % ERIC, WML SRen. 25 Epmik, Eigd
WEs& R MR RIS GG 4 5 — AR A T REFIIECAL, IF5IK T HT
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R A EME M. XEHIE S5 SEM, EDS fl XRD 14 H1—5.
2.4.5 DSC #0 TG A

FE— BN, il Z R4 B AAU(DSC)M A E 73 T AL(TG) R £ 4E 73 5
FE— IR N, PR N, 73 2080 W& 2-7 F 2-8 FTR:

AOFs-Pd(1I)

—

AOFs

Heat Flow (W/g)

0 50 100 150 200
Temperature (°C)

& 2-7 AOFs #1 AOFs-Pd(IT)f#] DSC ZE1iF

Fig.2-7 DSC of the AOFs and AOFs-Pd(II).

—— AOFs
—— AOFs-Pd(IT)

100

80

60

Mass(%)

a0}

20

200 400 600 800
Temperature(°C)

2-8 AOFs il AOFs-Pd(ID){f] TG 4L
Fig.2-8 TG of the AOFs and AOFs-Pd(II).

ME A LLEH, 78 0-200 °CF 1) DSC M+, AOFs Fl AOFs-Pd(I1) %%
2B AR R T AR, UL/ NR VO, AF4Ea B EEEA . [, fE o-
800 °C NI TG Mk, AOFs 1 AOFs-PA(IT) M5 4% i £k 517 200 °CA AN, Tl &
A BB RENF T . BHILA L, 454 DSC Ml TG BiFhillitihsk, wLifE
$| AOFs f1 AOFs-Pd(I)#E 200 °CLL R B B I A Ra e 1 .

2.4.6 AOFs-PAd(IDEXFIBIRIZE 5%
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LA, AOFs-PA(IDAEALFIIRLEE 7346 9 0.08917 + 0.02842 pm. UL K] 2-
9 FIR.

16 N\ D=0.08917+0.02842 pm
/| \
, / \\
S sf " .
/ \
i / %
/ ]
P4
o e
o= | ) | i~
0.00 0.04 0.08 0.12 0.16 0.20
Size(pm)
Kl 2-9 kif2 oA

Fig. 2-9 Particle size distribution.
2.5 KEINEE

YUK B 110 5 TR M7 G 4 R PR e ek A7 e, 75 380 B TG A7 BB ) AR e s 4
YE(AOFs). i AOFs [ffJ-OH AI-NH, %[5 Pd &-FiATHEAL, IhHI4& T
AOFs-Pd(IDfEAL ] FERIH @ HE R RO S . X ERATH. X 4
JGHLFRENEA . B GEE T ARR SO EaRARERAL RE ST
BEATRAE, EWIAEES 5 AOFs ERJ-OH FI-NH, &IhECfr, 3 EA RIFHiL
faEtE. % AOFs-PAIDMELFIEA LRTEAUR, MIEE AEXARF] T [,
LR DTS
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% 3 E AOFs-PAd(IN B R IF TR EF G EER B
RE
3.15|8

HUHEAL Y Heck BB SON A2 EE C(sp?)-C(sp?)it i i F I VELT98), R 2 o5
SERTAEMIM A IRAL T A A s A0 RIZ =4 B A B ) A 2R 100,
IR 2 BN T AEU00 BRyr 02l AR 0030 G HLA el 04T, .

HOAT, 2N B A28 OB SR A e A L B S5 BT 70 0 RE 0 k394
LHOS.1071 A 235 1) B3 AR e A TR AE 2 S S Y, 2 UL HE 2650 v 11 30 38 AP0 R £ A T 128
BB & 2% . SN SRR T2 HE LUy B9 [ml e 25 IR ) 1 AR Tk BB
W v 1 < e e ) B A 2 R 2 T BT RE B % S BRI AL R &
W RORIS Ui Jadhav 55 ALK S 4 8 40 41 303 — bRl B
R Heck B, #ELT FMEREEII S A ). Mastalirt "M I A &S
TREA RS S IR 52K CIRARERIR L, 773 1K 91-96%. Konarl''Hi] #1531
Pd-MOF 4L, % Heck BRI SR IHEAL IR REREAT THRFT, 45 REBW ML
FXS 77 FE MR C-N B IE R C-C B8 B B m AT VEANE 5 . SR, XL
WAL TR B RS AN E 2%, BAES &G4, MR R T 55 %
) e e, HE DL 2 T AN SRk S5 ) . IR R 518 5iEtEse
JBEE G 1 BA m i AE R SR R R AR, AT e EE B SRR B A .

AR, LR BN H AR HUAL 15 2 P &k e8], Larhed! PR
IR T PAD AL ) 5 BB IR IR A E SN Heck (RBRR L, RS &MV i
ROPE R HEAT, RIS A3 BB 1) B AR I . Reynolds! 14 AR F ik B A4k
13, PA(0)IEELL M N 2% T iEAT Heck N, SZO6 45 3R ISR S BT LA
FERUR (15 BRI T N SR MR e e A e, BT 50 h AL NS R A W 1%
i, IR HIKTN 1 ppm(0.05%). 2022 4F Vucetic PRMOIRRZH K48 471 38 ) 55 11k
RAEAGT) b, SRR S IR T AT IS, MERASERE M, A &
HiEME RIS 1470 molan molPd™-h !, HARE R TN HMME. HILAT W, %
S s BAT SE AL BAL e . BRI RIS TA) . 2 T S N0 A R A 3,
RKA WG AR I) R aH, 1R TAT A AT FE 8 BT 5

AN BN T 1510 S I A IS 47 i i ¥R e ol ik, 45 21 BCA B AT BB ) 8 7%
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FEerdt, Flse i miar s AR B A4E B, W& A4S B &Y
EALFI[AOFs-PA(ID)], & JEALAE A G M O ERC AL B AR, 350 B[ 1)
ALY E AR T, T AOFs-PA(IDE & LI RE AL = R k. BT 4F
YR B R A, AE A E S sh R 78 R S B 2% o HAT A 57 1R R i 3
PERR, DK AOFs-PA(I) 5L ah T M &, U MIF R, &5k
B AR A 5 M5 2R 073047 Heck fRIBCRSL, #RIT TIELLREN N iR
JEL T JRPIRE . AR AR YE R . SRR, AHESIR
) LA IR TSP 75 LI FR B 56 A, [ I DR B2 T A R IR AL R0
B 5 s = A AR b, B HEL RS TS . &5
MATLAB % [ S (8 71 5 83R AT T &, BRNZRE) 3071, ATk
R RS AR At
3.2 KR FI S EE
3.2.1 SEIGF

KON, -HEF N, 2-HARKLE, 4-RIELIH, 2-HmnE, 3-8
MEWE, 4-URMENE, 2-FEJE-3-RAbNE, 4-F B3Rk E, 3-F LSk e, 2-H
Be-3-JRIENE, 2-FAHE-3-URIENE, 4-FFAURR-3-IRL e, 3-F AU L5k, 2-
AR BE-3-JRMEIE , 3-FR5E-S-IRMLNE, WROK, 2-JRMEWY, 3-VRMEWy, 3-JRMENE,
NN-Z R EERG, CHJEWN, TEK R, RS, AW, =R,
B, WEERER, 200-300 HHEERS, GF254 KEFR, AHERy, GiSsiFRE, ighimh:
TR ERAR: A RFIARRE RN o, JoFRaik ] B .
3.2.2 SLHLER

SEIA A W R K 3-1 s
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R 3-1 LR BLA AN A5

Table 3-1 The list of experimental instrumental and equipments.

SR Ui EFET R
SN FA224 bt ARG A PR
Bt 1-100 puL AR AR IR A R
FATRA DZF-6053 Fig—1ER A PR A A
IR IR N L 25 DF-1018 TH T A A R A
e R € LC-16 HA i ]
TR JY-PG-450 BN 75 B 7K FH it AT BR 22 ]
Jrede 7% A RE-2000B B R DAL AR B & A IR A A
iF AR BT100LC/YZ15MaT TRE BB AL A IR A F
R LR EAX Bruker AV 500M 1% ¥ Bruker 2 F

3.3 SKREERSY

3.3.1 AOFs-Pd(ID) &1t 3-;RAIE S5 2 1% B BRI 1B BX /e N2

(e {0 o [ Y
r -
N= / base, solvent, temp, time

N=

K7~ 3-1 AOFs-PA(IDf#E Ak 3-1ME 5 25 2 45 (B BE S N

Fig. 3-1 Batch catalysed coupling of 3-bromopyridine with styrene by AOFs-Pd(II).
£ 50 mL KA 73 N 3-IRIERE FIR £0(1:1.2), H8ik77(0.5 equiv),
W57 20 mL, AOFs-PA(INHEALFI0.12 wt%), T-HFHHE I THERE M B 5 SR
FE IR BLEE R H =W FH R C R AR & Sh K I N 2 IR, A R REH
HIA LA, FEHTEK MgSO4 Bir7K, 28 Ja 43 200> i Kk~ smAZ] 200-
300 HEERR K EHTAE 7 R 4L .
3.3.2 AOFs-PA(IN AR RIFA T IR SR C B ELR N B R

/\ /_@ AOFs-Pd(II)
- Br + / DMEF/H,0 (1:1), K,CO3, [ /
N=

t °C, flow rate, concentration

K7~ 3-2 AOFs-Pd(IDf# ik 3-IRMENE 5 2K LM SR SRR N
Fig. 3-2 AOFs-Pd(II) catalyzed continuous flow coupling of 3-bromopyridine with styrene.

BOH R EE LB R MR E (B 3-3) TERIERBER A 3-S5 2,
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Mi(1:1.2)s BRG] BRERHH (0.5 equiv) ¥ 7T: NN-HEFEZ 5 K(1:1); #R
HY 12 g AOFs-PA(IN) R4l ) e T e A, I G N #4he B0 I AT gk 4745
o S EEAMA R BIATUH R IRE G, WO Whsh R, A3 JEURNE DUE 2
Bl R, HEN B SOV AT S AR TR o B, AR SRORERE R i iU EE
SR o A5 FH i OB 3 (HPLC) WA St dh 47 € B0 i (NN & A IR T i i
C18-WR 5um, #K 254 nm, /K/FHEE, & 1.0 mL-min-1, A& 20 ul, ).
FIH 18 g AR ER AT [ SR 22 IR A IS B, FRAE AT = i
Yyt —0 o B aift . BUAiAL 5 FE AT CDCL 5 DMSO-d6 H, #1417 '"H NMR
A1 13C NMR 43 #7 .

| Heating device 1
Styrene, 3-Bromopyridine, Sample collection

base, solvent
K7 3-3 AOFs-Pd(IN AL 3-TRIEIE 55 7K £ 07 S B R R S B
Fig. 3-3 Continuous flow coupling reaction of 3-Bromopyridine and styrene catalyzed by AOFs-
Pd(D).

34 ERSTHL

3.4.1 AOFs-Pd(ID#E 1L 3-RIMIE 5K Z 15 B 8X X & R 1L
(1) VXS 3-IRAEIE 5 2K 2 ) AR TSR PR 52

1E S5 = W Ja & o, B SEiRiE T DMF. DMSO. EtOH. DMF/HO
(1:1)« DMF/H20(2:1)~ DMF/H,O(1:2)JUFF A [B] Fr 3 71050 1 A s I P 42 B 52 1
SERIFR 3-2 Fiom.

M 32 R ERATRT DAE A E BV R RS FBOR IR, 2448 % 71
N DMF/H O(1: 1), AZAB IR 5 B 7 2838 21 5t KN 70%

p=
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TR 3-2 WIS 3-WRMIE 55 4 LA I BB S B PR 2

Table 3-2 Effect of solvent on 3-Bromopyridine with styrene coupling reaction.

@Br . /_@ AOFs-Pd(II) I\ /
= / K,CO3, solvent, 100 °C, 8 h _

N
entry solvent base temp(°C) time(h) yield(%)
1 DMF K2COs 100 8 64
2 DMSO K2COs3 100 8 45
3 EtOH K2COs 100 8 23
4 H20 K2COs 100 8 36
5 Dioxane K2COs3 100 8 25
6 DMEF/H20(1:1) K2CO:s 100 8 70
7 DMEF/H20(2:1) K2CO:s 100 8 59
8 DMEF/H20(1:2) K2COs 100 8 62

“Reaction Conditions: The molar ratio of 3-Bromopyridine to styrene is 1.0:1.2, The AOFs-Pd(II) catalyst dosage is
0.12 wt %, K2CO3(0.5 equiv), reaction temperature (100 °C), reaction time (8 h).
Yield data is calculated based on 3-Bromopyridine.
(2) BARGRNT 3-TRAEE 15 28 £ I AR T S ) 5
ARSI IREL T EtN. NaxCOs+ K3POs. KoCOs JURNAS[E BT,
SRR IR SR, FHOCZE R ILER 3-3.
22 3-3 WG 3-UR ML E 5 2 O AR DR S ) 5 el

Table 3-3 Effect of base on 3-Bromopyridine with styrene coupling reaction.

N= 74 base, DMF/H,0(1:1), 100 °C, 8 h -

entry solvent base temp(°C) time(h) yield(%)
1 DMEF/H20(1:1) Et:N 100 8 67
2 DMEF/H20(1:1) Na2CO3 100 8 45
3 DMF/H.0(1:1) K3PO4 100 8 33
4 DMF/H.0(1:1) K2COs 100 8 70
5 DMF/H.0(1:1) NaOH 100 8 52
6 DMF/H20(1:1) No base 100 8 Trace
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“Reaction Conditions: The molar ratio of 3-Bromopyridine to styrene is 1.0:1.2, The AOFs-Pd(II) catalyst dosage is
0.12 wt %, DMF/H0(1:1) (20 mL), reaction temperature(100 °C), reaction time(8 h).
bYield data is calculated based on 3-Bromopyridine.

& 3-3 AR, AfEH KoCOs VR Vi AR I B BRGRINy, 7 25804 B e i+
N 70%, A% F AR R B I A A ACR, WUk KoCOsz AR i
(ERTARwAIP
(3) R XS 3-VRAEE 5 2R LA AR TR S S PR 52 )

HEEX 90-130 °CHELE X 8], PL90 °C. 100 °C. 110 °C. 120 °C. 130 °CHif
FERRIE, TRFTA R BRI R N . 45 N3k 3-4 PR .

e 3-4 T FEXT 3-VRMENE 52K Z AR AR IR B SR S

Table 3-4 Effect of temperature on 3-Bromopyridine with styrene coupling reaction.

@B . /_@ AOFs-Pd(IT) I\ /
= N/ K,CO3, DMF/H,0(1:1), temp, 8 b\

entry solvent base temp(°C) time(h) yield(%)
1 DMEF/H20(1:1) K2COs 90 8 63
2 DMF/H20(1:1) K2COs3 100 8 70
3 DMF/H20(1:1) K2COs3 110 8 72
4 DMF/H20(1:1) K2CO3 120 8 76
5 DMEF/H20(1:1) K2COs 130 8 76

“Reaction Conditions: The molar ratio of 3-Bromopyridine to styrene is 1.0:1.2, The AOFs-Pd(II) catalyst dosage is
0.12 wt %, DMF/H20(1:1)(20 mL), K2CO3(0.5 equiv), reaction time(8 h).
Yield data is calculated based on 3-Bromopyridine.

MRAEHE TR, U0 R SN RS, PR BN, MAE 120 °CHN
130 °CH Rk Bt m N 76%. FRATAIBICE 120 °CHY,  BIIA R 7% N (I Fc IR
Ak IR HA IR S =2, BRUIRATIESE 120 °CAZ R I SRR
JE A
(4) SRS TRLXS 3-JRAH I 5 28 20 A TR S L Py 52 i

FEVL BRI B 2R A R, IR AN [ (%) S RIS TR], - 25 AN [R] g I I [A] o] £
TR L= 2 RGN, 25 R L3R 3-5.
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Table 3-5 Effect of reaction time on 3-Bromopyridine with styrene coupling reaction.

N= 74 K,CO5, DMF/H,0(1:1), 100 °C, time  \
N

entry solvent base temp(°C) time(h) yield(%)
1 DMF/H,0(1:1) K>COs 120 6 53
2 DMF/H,0(1:1) K>COs 120 7 67
3 DMF/H>0(1:1) K2COs 120 8 76
4 DMF/H20(1:1) K2COs 120 9 79
5 DMF/H20(1:1) K2COs 120 10 79

“Reaction Conditions: The molar ratio of 3-Bromopyridine to styrene is 1.0:1.2, The AOFs-Pd(II) catalyst dosage is
0.12 wt %, DMF/H20(1:1)(20 mL), K2CO3(0.5 equiv), reaction temperature(120 °C).
Yield data is calculated based on 3-Bromopyridine.

SGERRW, BEAE W R BRI, ARSI M G, NN 9 h
10 h i, XFFRAR7 AN T9%. BNV A 9 h HINE] 10 h i, P& IEA
SBEZ G, R FRATT ) T2 A BB s 2 ) e £ S 2R 8] 4 9

25 L RTIR, 3-IRLIE 5 2K 0 T8 S50 5 1A B I B R R N AR AR VRN
DMF/H20(1:1) #8718 KoCOs, MR EA 120°C, RMET AR 9he £ 23R
1FI72 3 79%, X R ERAL I (8] 72 & 0.198 mmol-h'.

3.4.2 AOFs-Pd(IDEWRR AN F IR SR O B ELERINBER B RS L
()i 2T 3-IRMIE 15 2R 238 2237 20 1 156 s I Fy 2 i

FREX AOFs-PA(IDEAL T 12 g 2 T fiEfb AT, BL DMF:H0 = 1:1 5,

3-IRIMENE 52K ZJR I EE R BN 1.0:1.20 BREREF(0.5 equiv)Fe B [ N, K ik sh 7%

TR E N 0.4mL min!, JEYKRE 20mmol-L", LL50. 60, 70, 80. 90. 100°C

DR BRI, IR FUE S A A I S N 1) fo LR IR 26 A P e TR i o 48
HRE NI~ AT s B M. AR LR 3-6.
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Table 3-6 Effect of temperature on the continuous flow coupling reaction of 3-Bromopyridine with

styrene.

/ \ Continuous flow /
O*Br + //—Q AOFs-Pd(1l), K,CO5, DMF/H,0(1:1) /7 N
N= N=

temp, 0.4 ml/min, 20 mmol/L

temp flow rate concentration conversion  yield production  Pd catalytic activity
entry
(°C)  (mL-min™) (mmol-L") (%) (%)  (mmol-h'") (mmol-h'-g")
1 50 0.4 20 30 28 0.134 9.366
2 60 0.4 20 49 46 0.221 15.387
3 70 0.4 20 68 65 0.312 21.743
4 80 0.4 20 78 74 0.355 24.753
5 90 0.4 20 93 89 0.427 29.771
6 100 0.4 20 96 89 0.427 29.771

aReaction conditions: AOFs-Pd(I1)12 g, flow rate 0.6 mL-min"!, concentration 20 mmol-L"!, molar ratio of 3-
Bromopyridine with styrene based compounds is 1.0:1.2, solvent 100 mL.
Yield data is calculated based on 3-Bromopyridine.

MR PR R, AR E R TS, AR B R T e, BBk
90 °CIf 7™ 221K B e KN 89%,  FRALIN [A] ™ & AR A AL 5 % 23 73 9 0.427 mmol-h
VA1 29.771 mmol-h!-g!, gREEHA SRR 100 °CHY, =R IFEAYLSF 5,
BB 90 °Cy HE SE IR A B I S B i e S A
Q)R 3-VRMLIE 55 2K 2 )5 1 LR ) AR T SR R 52 0

FREL AOFs-PA(INAEAL T 12 g 2 T fiEfb At BL DMF:H0 = 1:1 5,
3-IRIENE 52K 2R EE RGN 1.0:1.20 BRIREF(0.5 equiv)BL B [ MR, K& ikt
BN 90 °C, WK 20 mmol- L', LA 0.1. 0.2, 0.4. 0.6. 0.8. 1.0 JFHAS
FE, TRICEL TR AN B SN 1) B AT 25 7 A5 FH o A £ 1% o A K S B2
AT R E ST, SR IE 3-7.
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Table 3-7 Effect of flow rate on the continuous flow coupling reaction of 3-Bromopyridine with

styrene.

/ \ Continuous flow /
O*Br + //—Q AOFs-Pd(1I), K,CO5, DMF/H,0(1:1) /N
N= N=

90 °C, flow rate, 20 mmol/L

temp flow rate concentration  conversion yield production  Pd catalytic activity
entry
(°C)  (mL-min’") (mmol-L") (%) (%) (mmol-h") (mmol-h!-g!)
1 90 0.1 20 86 84 0.101 7.025
2 90 0.2 20 89 87 0.209 14.551
3 90 0.4 20 96 89 0.427 29.771
4 90 0.6 20 93 89 0.641 44.656
5 90 0.8 20 74 72 0.691 48.169
6 90 1.0 20 64 63 0.756 52.684

“Reaction conditions: AOFs-Pd(I1)12 g, temp 90 °C, concentration 20 mmol-L-! , molar ratio of 3-Bromopyridine
with styrene based compounds is 1.0:1.2, solvent 100 mL.
Yield data is calculated based on 3-Bromopyridine.

ME3-TRIAE M, BEETUERIIGI, 7R ZRE EAE TR i
AR, SV RAE A AE 00 45 BRI (A1, T B2 5 B0 s B 19 A A |
FEBITE R NI RBUZR T . MR, sy, SROE R 45 B I A
iR, TR B L R NYITE AR T, R BEIT A A, e RE
PR R B, SRR R SER, %4 0.6 mL-min! (IR EAE i B
SRS AR T ETGE, =5 89%, X B HLA7 I (8] 7= &4 0.641 mmol-h!, 4
AL VG N 44.656 mmol-h!-g !,

Q)RR o0 3-IRMENE 5 2K £ I S ) AR T SR R 52 0

PREL AOFs-PA(IDfiEAL ) 12 g 2 T, BL DMF:H20 = 1:1 J9i& 7,
3-JRIEIE 5K 2GR BE /RN 1.0:1.2. BREREH(0.5 equiv)iC & N, iR
BN 90 °C, ¥i#A 0.6 mL-min!, LL 10, 20, 30. 50. 70. 100 mmol-L! ik
FERRRE, PR ICGE B s AR I SN, 1) B FE I P %A, 8 FH v 235 A 2 it o) 41
TS SE RS P ) HEAT e B dr e S5 R LK 3-8,
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Table 3-8 Effect of concentration on 3-Bromopyridine and styrene continuous flow coupling

reaction.

/ \ Continuous flow /
O*Br + //—Q AOFs-Pd(1I), K,CO5, DMF/H,0(1:1) /7 N
N= N=

90 °C, 0.6 ml/min, concentrate

temp flow rate concentration conversion  yield  production Pd catalytic activity
entry
(°C)  (mL-min™") (mmol-L") (%) (%)  (mmol-hT) (mmol-h!-g1)
1 90 0.6 10 91 87 0.313 21.826
2 90 0.6 20 93 89 0.641 44.656
3 90 0.6 30 89 86 0.929 64.727
4 90 0.6 50 84 83 1.49 104.114
5 90 0.6 70 85 79 1.99 138.736
6 90 0.6 100 78 71 2.56 178.123

“Reaction conditions: AOFs-Pd(IT)12 g, temp 90 °C, flow rate 0.6 mL-min"', molar ratio of 3-Bromopyridine with
styrene based compounds is 1.0:1.2, solvent 100 mL.
®Yield data is calculated based on 3-Bromopyridine.

MR 3-8 AT LA H, 3R E L 20 mmol-L! i, JRERIMIR L T #1k
FIFTREAR Z AL RE 1, BB RRHE R A 7870 R IEOL TR, SOV
AR RN, MIREIAR] 20 mmol-L i, F=3 89%, X B FRA I [a] 7~
4 0.641 mmol-h!, FUMEALIEM:A 44.656 mmol-h!-gl. E ARSI AL
TEPE. R, FATESE T A& R E 20 mmol L HEAT i — 0 I SLIS B AT

25 L PR, AOFs-PA(IT) MEALIRILIE 5 24 45 )3 S5 i S AR I SN, ) e 1 2%
PESTRE 90 °C P& 0.6 mL-min™\ JERAJUIE 20 mmol- L', AR Ny
89%, XTI FAALAS A= &N 0.641 mmol-h!, AEMEALIEYE N 44.656 mmol-h! g,
(4) A TR AT of T8 297 B AF IR IS L PR 52 e

FERAE L 24T, WY R &ME WBCE, WR T ENRG R E .
XN FE AT 7RI, LB SR ) T 2R B 5R A, 4R NE
3-9 Fi7R.
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Table 3-9 Effect of different substituents on the coupling reaction of bromopyridine with styrene.

. /_@ AOFs-Pd(I) \ o
74 —INgz  DMF/H,0 (1:1), K,COs,

//j>7
90 °C, 0.6 ml /min, 20 mmol /L

3a-3s
:N L{: ::l N\~ f}—"" :
3a, X =1, (96%) 3b, X =1, (93%) 3¢, X =1, (98%)
X = Br, (89%) X = Br, (82%) X =Br, (92%)
X =Cl, (18%) X =Cl, (18%) X=Cl, (33%)
CH,
y I I
N7 CH; N N
3d, X =Br, R! = 2-CH3, (81%) 3e, X = Br, R! = 4-CH3, (82%) 3f, X = Br, R! = 5-CHs, ( 86%)
QCH,
= o,
.
N7 TDCH;
3g, X =Br, Rl =6-CHs, (84%)  3h, X = Br, R! = 2-OCHj, (76%) 3i, X = Br, R! = 4-OCHs, (80%)
.
Hx:CO™ M
3j,X=Br,R'=5-OCHs, (81%) 3Kk, X =Br, R! = 6-OCH3, (85%) 31, X =Br, R' = 5-OH, (81%)
oH
fjA/@ F | = cH, (j/\/@
s, | =, DCH,
3m, X = Br, R? = 4-OH, (80%) 3n, X = Br, R? = 3-CHj3, (86%) 30, X = Br, R = 2-OCHj3, (85%)
3p’ X = Br (93% 3q, X=2- BI' (79%

N

Savy

3r, X =3-Br, (75%)

3s, X = 3-Br, (83%)

aReaction conditions: AOFs-Pd(I1)12 g, 90 °C, flow rate 0.6 mL-min-!, concentration 20 mmol-L-!, molar ratio of
halogenated heterocyclic aromatic hydrocarbons with styrene-based compounds is 1.0:1.2, solvent 100 mL.

bYield data is calculated based on Bromopyridine.
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MR 3-9 FH[1F, AOFs-PAIDENFITEELSRB TE T, (#13 R NIRMGFR
IR, AN R B EE DA U EEAN F AL B, e B bR = 7= 23 1E 80%
A
3.4.3 AOFs-Pd(ID L 3-RIMIES K C BB & B S ELER & T EE

N T RIESRE) T2 MRS, HES RS T2 RN &M, 7ER
FE90°C, JeMFIE 3h, JEXIME 20 mmol-L', DMF:H,O(1:1)100 mL, 0.12 wt%
(1) AOFs-Pd(Il) T, AR S BLiEAT St =8 (A | ol il FEMLZRAE T, &
RSN 24%, BT AP BN 0.173 mmol-h's TELER SN E A 89%, HfT
I [E] 7 &4 0.6408 mmol-h!, A& A& A T 3.71 £i%.

[FIF, AV T 3-1R0EE 52K 245 7E AOFs-PA(IDfEAL T 5250 % [ B &
BB FE Sk . 7E 120°CR, BFFIA] 9 h, 3-IRALNE 2 mmol, K Z4% 2.4 mmol,
DMF:H,0(1:1)20 mL, 0.12 wt%#] AOFs-Pd(IN/SEIF=ZNy 79%, EAfL 8] &
4°0.198 mmol-h'. ZXFLLTITR, LRI SN 1 B AL )= B2 A1 ER A B 3.24
.

2 3-10 [ B R 5 E SR B T 20 EL

Table 3-10 Comparison of batch and continuous flow processes.

P e ELLRAN A R (B 2 e IF] B A i

72 2(%) 89 24 79
B4 B [F] 7= & (mmol-h™) 0.6408 0.173 0.198

(=R 1 3.71 3.24

- E S 20 UL FEE AVVIRE 1) 4% 2 b-foe ok 2% 1

Zi LR, BRSNS L2 & AU AL R R AR T RS
T SAE, EAFEE R R, BRI T R, BRI REFENY
I ST T AR . ARSEIG T ) AOFs-PA(I) Ak 75 & By a7 B, 7T
B, SiEEER TE, IRV L =GB — A SR %,
[ 2 DA RS A P 7R, A — 5 A S B AR o
3.4.4 AOFs-Pd(IN L 3-RIUIE 5K O EELE RN N FRR

H1 T E bR =0 9 PR R I S R 264 — 8 (s, BRI 7 38 4o X R
e, RAWIEIR FEVE RN E AR EE R 1 3-IRMEE VI 4R R NOH = . BEJE, @
LR T8 ASABIER SN FR) SN R
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WML T
aA+bB =cC
A JE 3-MEE, BAEAR LM, C 2K LEIE =)
R R Z TR AT
Vo =kC4 0Cho
N SGEFE RGN BIR IR, O, TR DR R
Vo =kChp
¥ 25 P [RI HOR 5, AT 1
InV = alnCy o+k'
PA_E 2Ry 3Rk I (1 s I 0 5 72
7£90°C ~, el 0.05. 0.010. 0.015. 0.020 A1 0.025 mol /L ] 3-HRALE %
Wo MR IR BEARAS I, WA 6] S 2T 8] R 3-JL ML E IR IR FE AR 4K, 3R
TFIRER TR -t El. FH Matlab F2 7 iR 30 S 1 EVIEERHE (Vo). LA InCap
RS, InVo A, 3R NEEOTTRE, Hrha" R RN

0.025 ﬁ I I r ‘ "] -1.6

0.02
r InV =1.0045InA +-3.9309 R*=0.999
)

0.015

C (mol/L)

0.01 G

0.005

0r

0 10 20 30 40 50 52 5 48 46 -44 -42 -4 -38 -36
t (min) InA

3-4 NI E
Fig.3-4 Determination of the reaction series.

T I HCHE A BT H AR ) S REBT IR T R y = 1.0045% - 3.9309,  HorhR A

"a" WA 1o DRI, AR S S A — G B TR
In(c,/cp) = -kt

X, coRBWIMHIKEE, cRERPOSEFAIKRE. WELIRREME ST —
0 I B IR 3R W 2 B (k)

#i14¢ 0.010 mol/L ] 3-BRMLIEIFW, 7E 60+ 70, 80 90 Hl 100 °CF AT X
Lo SR B TA) i, DA [ f () R E S R, DA 3-RAEE e 94 B2 (1 A8 4K, o
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L e In(eoo) AR AR RO R (RIS T (03 R
H (K

ok
02F &

H

-04f
0.6
2081
-1F
-1.2F

-l4

-l F

-1.8

L L 1 L L L L 1 Il L L L L L L
10 15 20 25 30 35 40 45 50 27 275 28 285 29 295 3
t (min) 1 <10

B 3-5 i i T R BORNE G RE
Fig. 3-5 Determination of rate constants and activation energies.

s IR Y ERET T rp s

K = A-exp(-E,/RT)
T A T 3 R O T 15

InK = -E,/RT+InA
Horp K RFEBRFH, R ZHAARELR, T RAXRE, Ea & RBEN
A ZIRATR T 4
¢ ] Matlab 48, DL InK 99\EL, 1/T AkEhh, 26— %&ia sk, 53
AN y =-920.6009x - 0.91235. [FL, THHEASHFTEEE(Ea) AN 7.6539 kI/mol,
BN SONAR RIS REAEO A, R T AR 4Ee AR s e A ig 1t . Ik Ah,
BT LAHE S Y AOFs-PA(IN AL FITEE SR B 26 A1 T AL 3-1REnE 5 2R 2 A% BBk
SIS AR 2 Il

pani
[aln

C=CyetOP™

3.4.5 AOFs-Pd(IT) LTI B ELEILIR E MHIRR
B FIR B T 24, XA S S A AR e PR AT IR T . TSR
50 horfr,  IEIUAB IR SO H AR P 2R (LB 3-6) . R NMAEIELEIZAT 50 h S,
AR E A S L H R (A V& PR IH ORI B 7K, PITRAS 0 H A4 7 R
AUREEAS, 77FN 84%, FAIEF A&y 0.504 mmol-h™, FEMEAIEIEN
35.01 mmol-h!-g . [FIRf, 8 ICP XJ B 50 h J5 Mt A Tl e, 15 2%
A BN 0.033 mg/L, ARZFNT 2%. HITH, RNZEREELES
AOFs WRIHEH G, AR MFERL TEBMKF, i AOFs-Pd(ID)
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Yield/%

40 -

20

0
10 20 30 40 50

Time/h
] 3-6 OFs-Pd(IDHEAL T RIE SEAEAL AR E I
Fig.3-6 Continuous operation stability of the Pd(II)-AOFs catalyst.

3.5 RE /I

g ERR, FIFHBRR BRI 51300 PAN LR 4eitAToktt, B3 Ti54 RS
FECALH) AOFs. £F4E I f-OH A1-NH, £ 5 P& FHIAL, #)4H AOFs-
PN, FEELLRBN T2 T, A A AOFs-PAID)AEAL ML 3-IRIEIE 5
RS AR S, FHARBE =PI 7= 215 8] 89%. 55 = (i # &
FRA LG, fEAGRRE RESE m. [FIRT . P AN A BRI BAS (R B 0 A B S RE
FEMISCRAK IH AT IA S 80% /547, W] AOFs-PA(INEALFIAESH RS T &4 &,
HA RIFREYEN . fEESMELL 50 h J5, AOFs-PA(IDEALFI R FR 48w 1)
A ENE, SR RIFMERE M. B2, SESME ST ML, AOFs-
PA(IDEAL T SIELR L2 g a4 & T E R et FEAIC T RO
WEE, $em T IRMAR, ESLi = R R M A SR T2,
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2 4 & AOFs-Pd(INELRK I F R EFREERENBEL
&N
4135|5

U G JE AL 1) 2% 0 5 g A 5 ok e 2 TR A8 SR BRAR Ak I B R B L&
o i 7k —, HARBE I 2 N T E . ZaW Ak, TR
FEL BHLA BRSO EZ R e ORI CAK:,  BEAMEAL AR R BT
1 ER R AR T G, HerR AR RS, — RERCORIE FE I L, o A
BoAR . BRI RERAA. goRR 7. SRAVHEL. HEMmME. &0 1M
BHESE, TR OB R I REAS 21 R 4F 1 e B Re 20127 fH 2 X SE i AL K £ J)
PR T 520 = R e =N F B 4%, TTIEA RN K= A, ESLm s H AR AL
yRAN T 1A ER A B SR, IFREAEIE S S BT R B AE — 2 B b el I S [ s
B DA K2 S5 87 AT

Bk, AZFAH AOFs-PAI)#EALTISS G &SRB H AR MR TR
KO BNESRANBIR N . TRFIFEAAL T IELL A REE 2k, AOFs-Pd(I1)-5 1% 4:
BB ARN YR 1, AOFs-PA(IN)IE S LA e 1, FIRPE ESER B Hi AR
5 5p 56 5 () a A AT TXT R, R AN N R Gt AT T iE AL RE IR AT
=
42 STHRIRF S5

4.2.1 LI

KK, 2-IRMEE, 3-VEMENE, 4-IRALGE, 2-RMENy, 3-JRMEWY, 3-BRPENE,
2-UR-3-FRAE ML NE, 2-9R-5-FR AR E, 2-UR-3-FRJRbnE, 2-1R-5-FJENLE,
-HEE OB, 4-HEIEEF LM, NN-ZHEFERG, —HETMN, LK,
TRIREN, =Zf%, TRIREN, TRIREHN, 2 —FE, BERRAED, DUZME, 200-300 H
FERZ, GF254 HEfR, Aoekb, BREaimE:, Lk TRmERAR: Frak
PRI A A, ToR AT B
4.2.2 SEEGINE

5% 3-1 MF.
4.3 L ERSY

37



TR TR KA AR

4.3.1 AOFs-Pd(I1)#E 1k 2-RILNE 57K 2 Bria) 8k = (BB & 2
72\ — 7 N\ AOFs-Pd(1I) </ \\/ o :::
QBI T Q base, solvent, temp,Ar =N —

EI7R 4-1 AOFs-Pd(IDf#Ak 2-35 ke 55 2K 2, B ) i AR B s B

Scheme4-1 Batch catalysed coupling of 2-bromopyridine with phenylacetylene by AOFs-Pd(Il).
£ 50 mL [EEEHHH 20 AN 3-BRMEIE AR Z5(1:1.5), BikFA(1.0 equiv),
7 20mL,  AOFs-PA(IN)EALF(0.12 wt%), T4 35 £ 8 Hh S b
PR EERAHZIR)G, FHOBRAH A i B A A& 6K & BB =0,
EHREWENAE, K MgSOs HHTR/KERE, TeZ MR M. K
PR IRAE] 200-300 HAEBKY B JZE M AL otk — 20 o i Al
4.3.2 AOFs-Pd(ID L 2-RMES K S HELERoNBEL R N

@X L = < > AOFs-Pd(II) 7 N\ —
=N C2H50H/H20 (31), C4H9N, =N

t, flow rate, concentration

KI7R 4-2 AOFs-PA(ID/ AL 2- IR IE 5 28 2 I SR sl A3 B SR

Scheme 4-2 AOFs-Pd(1]) catalyzed continuous flow coupling of 2-bromopyridine with

phenylacetylene.

PRSI RN E . ERRPR T 2-IR0tE 528 ZH0(1:1.5). Tk
R PUEE% (1.0 equiv). W&7: LRFE/K3:1); FREL 12 g AOFs-PA(D)f#AL 57
BT SONVAE A, I PEFR NI B A RGFEAT I  R SR L Bk T
JABCE IR S, W EIRZN IR, A B A 0SSR DL i R B R i A
B, BENBRNAE S AR B, LRI OB, E R G A i O R N
A5 e OBURH v X SO ER B S R4 RE B0 I 2R T A AN £ 6 K0
SRV 2 I REBUAS B, AR A E N it — b ik . B G
IRE 3547 TH NMR A1 13C NMR 4347 -

44 ERE5TL

4.4.1 AOFs-Pd(IDfEL 2-RAIE 57K Z HRIBI AT & AR AL
(1) VIR 2-IRHE0E 55 2 2 BRAR T . 1) 5 )

AR NE ) SE UG 5 B CA R, E SR IRIE T DMF. DMSO. C2HsOH. HO.
(CH20H),. CpHsOH /H,O(1:1). C,HsOH /H2O(2:1). CoHsOH /H20(3:1)J LA A E]
(R X 2-JRIENE 528 Z R AR I S B PR R 2 . &5 SRR3R 4-1.
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Table 4-1 Effect of solvent on 2-Bromopyridine with phenylacetylene coupling reaction.

@Br e < > AOFs-Pd(II) </ \\/ - <:>
= K,COs, solvent, 70 °C, 2 h =N _

enty solvent base temp (°C) time (h) yield (%)
1 DMF K2COs 70 2 63
2 DMSO KoCOs 70 2 45
3 C2HsOH K>COs 70 2 68
4 H20 K2CO:s 70 2 13
5 (CH20H)2 K2COs 70 2 59
6 C2HsOH/H20(1:1) K2CO:s 70 2 71
7 C2HsOH/H20(2:1) K2CO:s 70 2 76
8 C2HsOH/H20(3:1) K2COs 70 2 77

“Reaction Conditions: The molar ratio of 2-Bromopyridine to phenylacetylene is 1.0:1.5, The AOFs-Pd(II) catalyst
dosage is 0.12 wt %, K2CO3(1 equiv), reaction temperature(70 °C), reaction time(2 h).
Yield data is calculated based on 2-Bromopyridine.

H R AT A, ANFERE R R YA E R KM, 48 HERN CoHsOH
MH203: DI, Z AR B & B F= 2K Bl i KA 77%, BFG, FATEE C.HsOH
MH20(3:1) 9 A BT 5 L 1) B 35 ) e A9 7)o
(2) Bl 2-RALLIE 5 2K 2R AT e 82 P 52 i

A SZE 4y ) 3% BT NaOH. KOH. K>COs. NaCOs. NaHCOs. Et;N.
C4HoN JUFPAS B IR, 25 A R A A6 AR DE I B (R 2, A DG &5 1
IR 4-2.
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Table4-2 Effect of base on 2-Bromopyridine with phenylacetylene coupling reaction.

@Br . }@ AOFs-Pd(IT) 7N\ — )
—N base, C,H;OH/H,0(3:1), 70 °C,2h  \—=y

entry solvent base temp(°C) time(h) yield(%)
1 C2HsOH/H20(3:1) NaOH 70 2 62
2 C2HsOH/H20(3:1) KOH 70 2 54
3 C2HsOH/H20(3:1) K2CO:s 70 2 77
4 C2HsOH/H20(3:1) NaxCOs 70 2 65
5 C2HsOH/H20(3:1) NaHCOs 70 2 73
6 C2HsOH/H20(3:1) Et:N 70 2 70
7 C2HsOH/H20(3:1) CsHoN 70 2 79
8 C2Hs0OH/H20(3:1) No base 70 2 Trace

“Reaction Conditions: The molar ratio of 2-Bromopyridine to phenylacetylene is 1.0:1.5, The AOFs-Pd(II) catalyst
dosage is 0.12 wt %, C2HsOH/H20(3:1)(20 mL), reaction temperature(70 °C), reaction time(2 h).
Yield data is calculated based on 2-Bromopyridine.

55 ot 1 P U RN =N R (SN RE S 05 A R 7 [ e S e B & E 5
N 79%, T FH H A S RSB I 0 S A A AR, Wk B S Dy AR S
B AR o
(3) i XS 2-VRALIE 5 2R BRI SN R 2 iR

IEHY 50-100 °CIRLE X (8], LA 50°C. 60°C. 70 °C. 80°C. 90. 100 °CAHif
FERRIE, TRITA R BRI R SR . &5 a1k 4-3 Pios.
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Table 4-3 Effect of temperature on 2-Bromopyridine with phenylacetylene coupling reaction.

AOFs-Pd(I1
L =0 i L=
— C4HoN, C,HsOH/H,0(3:1), temp, 2 h  \—;

entry solvent base temp (°C) time (h) yield (%)
1 C2HsOH/H20(3:1) CsHoN 50 2 67
2 C2HsOH/H20(3:1) CsHoN 60 2 72
3 C2Hs0OH/H20(3:1) CsHoN 70 2 79
4 C2HsOH/H20(3:1) CsHoN 80 2 78
5 C2Hs0OH/H20(3:1) CsHoN 90 2 73
6 C2HsOH/H20(3:1) CsHoN 100 2 69

“Reaction Conditions: The molar ratio of 2-Bromopyridine to phenylacetylene is 1.0:1.5, The AOFs-Pd(II) catalyst
dosage is 0.12 wt %, C2HsOH/H20(3:1) (20 mL), C4HoN (1.0 equiv), reaction time(2 h).
Yield data is calculated based on 2-Bromopyridine.

MR EIE AT R, BEE TR BN, AR RS s S R, A
70 °CHf Bikf iy 79%. HEETFHEIRE, PRS2 MR, Fi, #HEREN
70 °CH,  RIGR B 1 12 5 8L ) o At P 2% At o
(4) S SEIT TE] T 2- R e 55 248 2 HeAB IR IS S 1) 5 i

L ERE SR, JEE 0.5 1.0 1.5. 2. 2.5, 3.0 h AAEMRMN
I PR AT A IR S N, LA = AN [ Jse I i 1) Xof A BBG s I 72 R FRI B I, 45 SR L%
4-4.,

SERRIGER 4-4), BEAERTRIFE M, ARSI RE M 3G, R R
[A]24 2.5h, IERNERART7HN 82%. NI M 2.5 h BRI, 7=
bt 2 30, DRI FRAT T J W22 A DK S S ) B A S B T Ay 2 e

Zr EPTR, 2-IRHNE 52 2 MeAE S0 = R BGOSR SRSk TR
CoHsOH/HO(3:1) FFIRFA A IU ML (1.0 equiv), MNIRE N 70 °C, [N [E]
N 2.5he FASIGHMBEGYIr= 2R 82%, XM AL [A] 7= &4 0.328 mmol-h”

1

o
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Table 4-4 Effect of reaction time on 2-Bromopyridine with phenylacetylene coupling reaction.

—\ C4HoN, C,HsOH/H,0(3:1), 70 °C ime  \—,

entry solvent base temp(°C) time(h) yield(%)
1 C2HsOH/H20(3:1) CsHoN 70 0.5 44
2 C2Hs0OH/H20(3:1) CsHoN 70 1 58
3 C2Hs0OH/H20(3:1) CsHoN 70 1.5 70
4 C2Hs0OH/H20(3:1) CsHoN 70 2 79
5 C2HsOH/H20(3:1) CsHoN 70 25 82
6 C2HsOH/H20(3:1) CsHoN 70 3 63

“Reaction Conditions: The molar ratio of 2-Bromopyridine to phenylacetylene is 1.0:1.5, The AOFs-Pd(II) catalyst
dosage is 0.12 wt %, C2HsOH/H20(3:1) (20 mL), CaHoN (1.0 equiv), reaction temperature(70 °C).
Yield data is calculated based on 2-Bromopyridine.
4.42 AOFs-PA(INENRR I F R E X CHRELRNBIR R M F L
(1)U BT 2-VRMEIE 55 2 2 i S 20 A B S R PR 5

PREL AOFs-PA(IDHEALF 12 g 336 AL AT, Bl CoHsOH:H2O(3:1) A,
2-JRIENE 52K 2B I BE R EE N 1.0:1.5. DUEIERE (1.0 equiv)fiC & R Bk, 1% B I%
HFERAE AN 1.0 mL-min™, JEMIKE 10 mmol-L', LA 40. 50, 60. 70. 80. 90 °C
IR EERRIE, TR USRS AR IE B S fe A T P 2 A, S FH e A0 € 3 o) £
RIS P DIEAT s BT . AR R 4-5.

M A5 B mT AN, BEAE IR RO T, (RIS N I R T,
TR BE 60 °CHY 72 3Rk BB kN 80%, Ko I By Fisf 1] 7 B AR AL T4 40 301 N
0.480 mmol-h™ F133.450 mmol-h™-g!, MRS iR ERS, F=ZIRf i —24
Tt, BIGIESE 60 °CAIELR AN I R B 55 FE il B 2% A
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Table 4-5 Effect of temperature on the continuous flow coupling reaction of 2-bromopyridine with

phenylacetylene.

@x b= </ \> AOFs-Pd(ID) 7N\ —
=N —/  CH;OH/MH,0 (3:1), C4H,N, —

temp, 1.0 ml/min, 10 mmol/L

Temp Flowrate  Concentration Conversion  Yield Production  Pd catalytic activity

e (°C)  (mL-min) (mmol-L) (%) (%) (mmol-h1) (mmol-h!-g)
1 40.0 1.0 10 45 42% 0.252 17.561
2 50.0 1.0 10 71 67% 0.402 28.015
3 60.0 1.0 10 86 80% 0.480 33.450
4 70.0 1.0 10 75 73% 0.438 30.523
5 80.0 1.0 10 68 64% 0.384 26.760
6 90.0 1.0 10 53 51% 0.306 21.325

aReaction conditions: AOFs-Pd(I)12 g, flow rate 1.0 mL-min’!, concentration 10 mmol-L"!, molar ratio of
halogenated heterocyclic aromatic hydrocarbons with phenylacetylene compounds is 1.0:1.5, solvent 100 mL.
"Yield data is calculated based on 2-Bromopyridine.
Q)R 2-VRMEIE 5 2K 2% S 2 A B R RE R 5 1

PRI AOFs-PA(IDf#EALFF] 12 g B T AL, DL CoHsOH:H20(3:1) ¥ 7,
2RI IE 5 AR P EE R EE N 1.0:1.5. PUEIMEME (1.0 equiv)FELE MR, K E
WHEN60°C, JEMIKRE 10 mmol-L', LL0.5. 1.0, 1.3, 1.5, 2.0 mL-min"' Jyif
TRBRRE, TR ICE B B AR I S . ) e FE AU A1 A i OB i B I
RLFI = IAT B AT . SR K 4-6.

MR 4-6 FRTLAE H, 3G IR SR IR, =250 E A G F R i
N 1.3 mL-min B 72 R BE R KN 82%,  Xif B FAAL ]2 &M 0.642 mmol-h!,
ETEYEY 44.573 mmol-h!-gle ARSI RUIE, T OMRA S S
Pt N, SEGER—EREE LR, Rk, 456 BT M A AT A 45 B s T
BRI YR, BT 4N 1.3 mL-min' I, A% A5 B SN BRI
A
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Table 4-6 Effect of flow rate on the continuous flow coupling reaction of 2-bromopyridine with

phenylacetylene.

@X L = </ \> AOFs-Pd(1D) I\
—\ —/  CoHsOH/H,0 (3:1), C4HN, .

60 °C, flow rate, 10 mmol/L

Temp Flowrate  Concentration Conversion  Yield Production  Pd catalytic activity

e (°C)  (mL-min) (mmol-L) (%) (%) (mmol-h!) (mmol-h!-g)
1 60 0.5 10 71 68 0.204 14.216
2 60 1.0 10 83 79 0.474 33.032
3 60 1.3 10 88 82 0.642 44.573
4 60 1.5 10 77 73 0.657 45.785
5 60 2.0 10 56 48 0.576 40.140

aReaction conditions: AOFs-Pd(I)12 g, temp 60 °C, concentration 10 mmol-L-' , molar ratio of halogenated
heterocyclic aromatic hydrocarbons with phenylacetylene compounds is 1.0:1.5, solvent 100 mL.
"Yield data is calculated based on 2-Bromopyridine.
BB FE X 2-JRMHEIE 155 2, b 3%E B2 37 50 AR BB e o7 F 52

PRI AOFs-PA(IDf#EALFF] 12 g B T AL, DL CoHsOH:H0(3:1) ¥ 7,
2V 52K 2R BE AR B 1.0:1.5 DUAER$(1.0 equiv)FL B R MR, 4 iEE
WHEAN 60 °C, W# A 1.3 mL-min’', L 5. 10, 15, 20. 25. 30 mmol-L' fJ¥k
FERERE, R FUEE IR AN AR I S S 1) de (TR DR B2 2% A1, A8 F v 280 €35 0 1)
IR L) P D IEAT S8 B i AR WK 4-7,

M 4-9 FTLARH, 24¥REEA 10 mmol- L N P~ R s A 85%, Xf i B {7 i
(8] 7= & 0.663 mmol-h!, HELIEYEA 46.203 mmol-h!-g !, 44k ELIE KRk
FE, WRe @ AR MR, SBUBIBR K S S, AT BEAIS T
PR, R A T B A& Y 10 mmol- L YA E B I B B 4, HEAT R —

25 EPTIR, AOFs-Pd(IT) fEAGIRILIE 5 2K £k ()32 SR 3 Am I S S 1) e 1 2%
HENIEREE 60 °C Yiti# 1.3 mL /min. JEYIKE 10 mmol /L, EEC=AIHIE K
85%, Xf N AL B = B4 0.663 mmol-h!, ARMEALIE A 46.203 mmol-h!-g's
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Table 4-7 Effect of concentration on the continuous flow coupling reaction of 2-bromopyridine

with phenylacetylene.

@x L = </ \> AOFs-Pd(II) I\
=N —/  CyH;0H/H,0 (3:1), C4H,N, —\

60 °C, 1.3 ml/min, concentration

Temp Flowrate  Concentration Conversion  Yield Production  Pd catalytic activity
Entry

(°C)  (mL-min™) (mmol-L") (%) (%)  (mmol-h) (mmol-h!-g!)
1 60 1.3 5 82 79 0.308 21.471
2 60 1.3 10 88 85 0.663 46.203
3 60 1.3 15 84 83 0.971 67.674
4 60 1.3 20 85 80 1.248 86.971
5 60 1.3 25 82 76 1.482 103.278
6 60 1.3 30 75 69 1.615 112.519

“Reaction conditions: AOFs-Pd(I)12 g, 60 °C, flow rate 1.3 mL-min"', molar ratio of halogenated heterocyclic
aromatic hydrocarbons with phenylacetylene compounds is 1.0:1.5, solvent 100 mL.
Yield data is calculated based on 2-Bromopyridine.
(4) AN IR IR R X 2 488 YAt ) A BB S5 o ) 5 )
fE ERIRARREL 20T, @y RA R R E W BACEE, RE T4
WRG P& RYE L 77 2R, KRB SGESRE) L2 E 5K
HIsesrE, S5 RIR 4-8 s
MK 4-8 1], (EIESA L Z%M4 T, AOFs-PA(ID)f#E b 7L IR AR
7 95 UL B o BUR AN [FA B AT AR, BAR =PI R A Bl e e, 1A
b, SRR T2 AOFs-PA(ID)HEAL I 2 S BB AT RUBF I Fe A1
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Table 4-8 Effects of different substituents on Bromopyridine and phenylacetylene coupling

reactions.

1
\,/C\>_ < \ AOFs-Pd(Il) RN /=
N g2 CHSOHH,0 (3:1), C4HoN, &:N =\ R
1

50 °C, 1.3 ml /min, 10 mmol /L

3a-3k
_ 4
o=0 0=-0 0-=0
N_ J—
3a, X =1, (95%) 3b, X =1, (96%) 3¢, X =1, (96%)
X = Br, (85%) X =Br, (86%) X = Br, (88%)
X =Cl, (12%) X =Cl, (11%) X =Cl, (13%)
H5CO
\ N \ N
3d, X = Br, R' = 4-CHs, (82%) 3e, X = Br, R! = 5-CHs, (84%) 3f, X = Br, R! = 4-OCHj, (80%)
CHj H5CO
\ N \ N
3g, X = Br, R! = 5-OCH3, (80%) 3h, X = Br, R = 3-CHs, (81%) 3i, X = Br, R? = 2-OCHj, (79%)
— | S
i\ — O Q%@
\ / Y/
3j, X =3-Br, (71%) 3k, X =2-Br, (76%)

aReaction conditions: AOFs-Pd(I[)12 g, 60 °C, flow rate 1.3 mL/min, molar ratio of halogenated heterocyclic
aromatic hydrocarbons with phenylacetylene compounds is 1.0:1.5, solvent 100 mL.
bYield data is calculated based on Bromopyridine.
4.4.3 AOFs-Pd(INEL 2-/RALIE 5K CRIBJBRTN & B S ELLR BN & T EE

N TR IUESRE) T2 M3, ] i@ﬁ?fﬁiﬂi%ﬂ@%ﬁ&fm# 15 IR
F¥ 60 °C, [MNEFTE] 1.28 h, JEAYIKE 10 mmol-L!, CoHsOH:H,O(3:1) 100 mL,
0.12 wt%[¥] AOFs-Pd(Il) T, HABEHR S S ghAT S = Al R & . ZEUGSRAT T
[ KB ™= 208 38%, AL =& 0.296 mmol-h's iSRS = N
85%, FANLA B * &N 0.663 mmol-h™!, f&EIEK 2.23 f%.

IR T AOFs-PA(IN) Ak 2-JRMEIE 52K ZBRAE T S0 =5 ) B B ) e
AL . N 70 °C, BT[] 2.5 h, 2-JRIEHE/ R L PR E TG(1:1.5),
557 CoHsOH:H20(3:1)20 mL,  0.12 wt%[¥] AOFs-Pd(IN53-3] H #5=#07 %N 82%,
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Table 4-9 Comparison of batch and continuous flow processes.

PERE TSR B) A R [ eawedna ) B A

F=2(%) 85 38 82
AL B] 7 B (mmol-h') 0.663 0.296 0.328

54 1 2.23 2.02

a- 14 SR B (1)U 5 RN B) 26445 b 2 1

AT W, AOFs-PA(IDMEWAIEIE LB T2 %M T, —@ERE L T
SONEISA],  BEAR T SRR, BN T AR A TR, AT ER T T AR B S
MR . RIFBCRRIRTIR S, MR EE M, BASShNAME, Wi
e S B — P B ARTT 6
4.4.4 AOFs-Pd(IDEL 2-RULIES K CHEESRHNEN N FRR

MR B —F A7, ARER IR BEVE RN 8 AN VR FE T (1 2-IR L g %)
URRBLIRZR o E I B A VAR R IR S I ) e R 4

AARIR SN T R

aA+bB = ¢C
A 2-RIEIE, B RIROMR, C & 2-IR SHRFERLIE 1)
R IR TR T -
Vo =kC4 oCho
RPN B OB, AU EE, A4S LR AR
Vo =k'C4
¥ 25 P I R O 4, A4S
InVj = alnCy ok’

PA b 2-JR ML NE 528 2B AR S B BT R

£ 60 °C ~, Tl 0.010. 0.020. 0.030. 0.040 F10.050 mol/L ] 2-JLMLnE i
W MR CHORE R, WE AR BN RT 2-JREE ik 484k, Bim]
PSR R (c-t) ) A 2RI . TR Matlab F2 540045 5 12 SN ORI EA TR (Vo) o
PA InCao AHEH, InVo RGN, 15 AR S R B R BT, Hdra"RE Kk
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Fig.4-3 Determination of the reaction series.

TE O AL ER A %RV I R BB IR T RN y = 1.0138x —2.2784, R?74 0.99,

Hrp R g = 1.0138 Al ITUA 1. Rk, i %A B S S A — B )12 T e
In(c,/co) = -kt

XE, co(WIaaIR BRI oS5 B I 2 AR P AU A 6 (IR 236 A 2 F— U
I R 2 (k) o

il 4 0.020 mol/L ) 2-JMEBE AW, 7E 50+ 60 70 80 F190 °CF HEAT R,
SRS TE I ) J5 AN R] R T B B A, LA 2- Rk g ik FE 1R A8 Ak o BA
"N, In(c/co) NI HITZE . IR AT RACR AR IR PSR
(K)o

InC

4-4 Bl R TR R HORS AL fiE
Fig. 4-4 Determination of rate constants and activation energies.
MRAEBI & Je 15 15 R«
K = A-exp(-E,/RT)
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T A T RS OG5 T 15
InK = -E,/RT+nA
Horh K RFHEFH, R BEASAEEL, T RAMNRLE, Ea £ RNEN
RE, A IR 4L
fd ] Matlab 45 f2, UL InK APNE, 1/T BEsh, 2 &Mk, 538
AN y =-542.9005x -1.1323. R, H5HSH KGR AE(Ea) N 4.5137 kI/mol,
R ISR R IECREAI R AR, R T LR 4E M A R 1 m AL TS 1 . e A,
A LLHES - AOFs-PA(IN AL TRITE B8N 26 AF T AL 2-TRIEIE 5 2K L BBk
RSN 715 R~
C = C,-e 00606t
4.4.5 AOFs-Pd(ID)f# {4 71) 132 S AL F2 e AR 5T
7E LR IR T B A B2 T, X AOFs-PA(ID {1k 7 i 4 A 2-3nit
NE 52K ORI R MRS E VAT IR AT . T B R W RN, SRR 25
h, S8 E I AR B S B AR ZE (LB 4-5).

100

80|

Yield(%)
N
S

=
=]
T

[
(=]
T

é 1I0 Til‘llllse " 2.0 2I5
K 4-5 AOFs-Pd(II) A 711 Y 1 SR A0 A E 1
Fig.4-5 Continuous operation stability of the Pd(II)-AOFs catalyst.

BB, %R NAEESHEAT 25 h 5, AOFs-PA(IT)HEAL K IH CRH5 48 = i)
EAGTEPERIRR EVE, FTSRAG I B AR R R W R, LML 25 h J5 1
PN 79%, SIS BRI R P2 &N 0.616 mmol-h, R ALIEPEN 42.80
mmol-h™-g e FIH ICP X}V 25 h J&5 HIREBREAT BRI €, 13 BE R &8
TN 0.019 mg/L(ARFRE/NT 2%), BEHIZMENFIELAEANIZ N 25 h J51T)

A BRI AR E
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4.5 RE/\ZE

FIF AOFs-PA(INEALFIFEELR B T &M R, AT L 2-1R0L e 52K
R BEBR RN, FARBC =) 0 P2 215 B 85%. 71 I ] FHG FE DA K B A 3R AR 1
FEE BT S A O e R, B A [R] B DL S AN R HR
AIELT BB N, =W AT R R B AE 80% B, HHILER ] AOFs-Pd(I)
AT FELLRZ) L 2SS G, BA R IRY)E S He A e
25 h i, JRNARIBARERE R R, fRBLH AOFs-Pd(ID)fE Ak 77 s (o HE Ak s 1k
MR A AR ENE . 28 EIA, MECT LS 9:5 % A 8 & i, AOFs-Pd(Il)
AR S LR T EME G, AMURE 7RG RIS E DL N 33
AR T SRS, — A R S AT %
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FEEERERE
5.1 KRR

LI BN A ) S BILE e 7 A T IR I R o I HR = R A
JRAERRER, W N SE, ESA WA B SR T e = R
AR 1 EBHRBIFAR S AOFs-PA(INHEAL AL IR I5 ke 5 57 I i)
BESRANRER R, RIC T LA B R L2501 6] e A S P i
i, AOFs-PA(DMEAL I I FR @ M, 5 e = A) 8l A Bont B AR 35 DL R R 3
GBS IFETTE, SR

(D) FH SR ER P2 et T s G AF e iet, 459 305 -NH, F1-OH J: [ ¥ 1 i 5 47
Y, TERATEBERIER T 548 PARCAL, 13 B0 5 e E 1Y) AOFs-Pd(IDf#
WAl BT 4RI BEIEE, AR @ R R LA ERL,  [FR B A R
IFIARI BN ERE, SIELRBI ARG, A LA U .

(2) 187 AOFs-Pd(IN) AL FIARAL T S50 5 R] B 2 A i 3-UR I E 5 2K 075 1 e
FET 25 %558 DMF/H0(1:1) B8 KoCOs, RV E N 120 °C,
IS IEA 8 ho S ZIRIF =N 79%, SFRLHALI [A]7=F4 0.198 mmol-h'.
£ AOFs-PA(INEAL 745 SRz T 24T, MABREK IR 5K LIGE
SR AR N o 3-TRIEIE 5 2K 2GS A R B R N T AN B
90 °C. Jiti% 0.6 mL-min'. JEYIKE 20 mmol-L", BRHEG=MHINCE N 89%,
XT N AT IS ] & 0.641 mmol-h!, #EfEALIE M 44.656 mmol-h!-g!e XF A1,
B A T2 N AL )= B2 [ R 3.24 fif. ARFERET, XA R HUAREE K
HUARZEAT B R A RAFIIENE, PR I7E 80% - F. FFRIFT AOFs-
PA(IDEALFESEMEA AR E 1, FEESMEAL 50 h 5/ S AA PR K, @i ICP
XL 50 h G HEBOEATINE , 15 2R RS EUN 0.033 mg/L, fRE/N
T 2%, WHRPEG, @REKIHSA4ERRERIFMECN, BA—ErRtst
EME. BJa, EIE MATLAB LG T2 N TG BE Ea = 7.6539 k/mol, 4t
TRARMIZKT

(3) 13 F AOFs-Pd(IN)fEALFIARAL T S50 5 (R Bk 2 A i 2- TRk e 5 2K 2 e
T EH&M: BN CHsOH/H0(3:1) BRI A TIEME (1.0 equiv), SN
JENT0°C, JESTEY 2.5 he BZARIF IRV 39 82%, X B BAA I [A]
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FEE 4 0.328 mmol-h's £ AOFs-PA() LTSS & S0mas T 2% T, a7
RARAIR T 12 52K QIR IOR B R B . R N B T 246 IR 60 °C. itiE
1.3 mL'min”' JRZVKE 10 mmol- L', 33K 85%, iR HLA7 I ] &k
0.663 mmol-h™', FUf#EALIE M 46.203 mmol-h'-g!, B ] 7= e S == A B
AU 2.02 %, [FN, ZELR BN ZN A [F R85 Re 3 28 = U,
B RIFREMEN . 577 AOFs-PAIDEALFES AR E M, fEIESL M
1k 25 h GO BoE AL TE M, @I ICP XN 25 h 5 R T E, 153
RS RN 0.019 mg/L, HURFE/NT 2%, BARGFILERENE. &5,
i MATLAB &5 112 N ELEEN Ea =4.5137 kl/mol.

gi bRk, SRR RIS A4S PAADAERA B MIER T, AR
YA E I AOFs-PA(INEALFA, HIELRBNBAAM L G AR IIA S B 555
W/ AR SUSE,  TE BRI SR SEIR P, kb S LR 8] (9 R BN, 42 7 T R G AL
B NGBS T — R AT AT & .
5.2 AR BHF =

AR ANHT S0 .

(L)X ) S 74 4 P 2T 4 i 7 B e A 8 R . R R 1 e T T 4
(AOFs), it iy 5t I & A B a5 &, BRIAIEE R . HI&FIE . N
MR Gy sali. BA RIFFRENER AOFs-PAID AT, 4@/ NG
Perly, WA EHEA 4RI, RIHEILAE.

Q&SRB F B A R AL AL ORISR a2 N BIE LA
B, AR T AVLE BOL R ROV 26, RIS ST T 8A OV AR FR 1
EARLE . AOFs-PA(ID) AL S LM BT RS &, AIRGHIE S % KR
PEFRALHR LA, o S = A R — M OB AT &

(3) A LR ) e 2 AR o DA ST RS 2 5 54, B T % KT RS2
R, T RN SRR AL B 2 ik R
53 RE

LR B B e WA A IRy 1 AT DU HLE i K8 m AL
R, 3 AT DAREAR S LI R A B i 7 ) 220K, e ekt S R R,
HHEBON KRR . ARSCH S RGeS BRI 2], (BAERE MER
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NalEBlE. Wik, SaREraRnE, e RE A S, JRITHR T
AR, GG ESHRENER W] LLtt— DR THEAL R . ELLR IR 17
IREURLBE A/ —E I EK, BN EHEEIE, FECRE, R 1R
FER B BT AR R BV IRAT X BRI R JE S 8] . MUEEARK, BEEITTE
XHZIBAR K LI RANCHT, LR BARE SO A T AT A A
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FMf %
1.MATLAB & F{X 2

L1 =R NFREWT

% Raw Data

T1 =10, 10, 20, 30, 40, 50];
C1=[0.01, 0.00493, 0.0036, 0.00281, 0.00189, 0.00119];
T2=1];

C2=[];

T3=[];

C3 =1l

T4=T];

C4=1I;

TS5 =1l

C5=[I;

% Plotting points and lines
figure;

hold on;

% Data line 1

plot(T1, C1, '-0', 'LineWidth', 1);
% Data line 2

plot(T2, C2, '-0', 'LineWidth', 1);
% Data line 3

plot(T3, C3, '-0', 'LineWidth', 1);
% Data line 4

plot(T4, C4, '-0', 'LineWidth', 1);
% Data line 5

plot(T5, C5, -0, 'LineWidth', 1);
% Setting up point and line plot titles and axis labels

title(' line graph of data points ');
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xlabel("T");

ylabel('C");

% Add Legend

legend('C1", 'C2','C3','C4', 'C5");

% Show gridlines

grid off;

% Maintaining the aspect ratio

axis square;

% Taking points to fit the curve

T fit=T1(1:2);

C fit=C1(1:2);

% Calculate the slope of the fitted curve
V1 = diff(C_fit) / diff(T _fit);

V2 =(C2(2) - C2(1))/(T2(2) - T2(1));
V3 =(C3(2) - C3(1))/(T3(2) - T3(1));
V4 =(C4(2) - C4(1)) / (T4(2) - T4(1));
V5 =(C5(2) - C5(1)) / (T5(2) - T5(1));
% logarithmic

InA =log([1);

InV =log([V1, V2, V3, V4, V5));

% Scatterplotting

figure;

scatter(InA, InV, 'filled");

title('InV-InA scatterplot ');
xlabel('InA");

ylabel('InV");

% Show gridlines

grid off;

% Fitting the InV-InA curve

p = polyfit(InA, InV, 1);
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% Extracting the fitting parameters

a=p(l);

b=p(2);

% Calculating R-squared

y_mean = mean(InV);

ss_total = sum((InV - y_mean)."2);

ss_residual = sum((InV - polyval(p, InA))."2);

r_squared =1 - ss_residual / ss_total;

% Plotting the fitted curve

InV_fit = polyval(p, InA);

hold on;

plot(InA, InV_fit, 'r-', 'LineWidth', 1.0);

% Setting the display position of the fitted equation, slope and R

X_pos = -4;

y_pos = polyval(p, x_pos) + 0.1 * (max(InV) - min(InV));

% Output fitted equations and slopes a

fit_equation = sprintf('InV = %.4f InA + %.41, a, b);

text(x_pos, y_pos, fit_equation, 'Vertical Alignment', 'bottom');

text(x_pos, y pos - 0.1 * (max(InV) - min(InV)), sprintf('a = %.4f, a),
"Vertical Alignment', 'bottom");

text(x_pos, y pos - 0.2 * (max(InV) - min(InV)), sprintf('R = %.2f,
sqrt(r_squared)), 'Vertical Alignment', 'bottom');

% Output fitted equations and slopes a

fprintf(' fitted equation: %s\n', fit_equation);

fprintf(" Slope a: %.4f\n', a);

fprintf(' R-square: %.2f\n', r_squared);
12 g R SE AN T

% Raw Data
tl =]
Cl =[]
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2 =1;

C2=T};

3 =11

C3=11

t4=;

C4=1l;

t5=1l;

C5=Tl

% Plotting Scattered Lines
figure;

hold on;

% Plotting Scatter
scatter(tl, C1, 'filled');
scatter(t2, C2, 'filled');
scatter(t3, C3, 'filled');
scatter(t4, C4, 'filled');
scatter(t5, C5, 'filled');

% Curve Fitting

fitl = polyfit(tl, C1, 1);
fit2 = polyfit(t2, C2, 1);

fit3 = polyfit(t3, C3, 1);
fit4 = polyfit(t4, C4, 1);

fit5 = polyfit(ts5, C5, 1);

% Calculate the points on the fitted curve
t fit = linspace(min([t1, t2, t3, t4, t5]), max([t1, t2, t3, t4, t5]), 100);
C_fitl = polyval(fitl, t_fit);
C_fit2 = polyval(fit2, t_fit);
C_fit3 = polyval(fit3, t_fit);
C_fit4 = polyval(fit4, t_fit);
C_fit5 = polyval(fit5, t_fit);
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% Plotting the fitted curve

plot(t_fit, C fitl, 'r-', 'LineWidth', 1);

plot(t_fit, C fit2, 'g-", 'LineWidth', 1);

plot(t_fit, C fit3, 'b-', 'LineWidth', 1);

plot(t_fit, C fit4, 'm-', 'LineWidth', 1);

plot(t_fit, C_fit5, 'c-', 'LineWidth', 1);

% Setting up titles and labels

title(" Scatterplot and fitted curve ');

xlabel(' times '),

ylabel('value ');

% Add Legend

legend(' Data 1', ' Data 2', ' Data 3', ' Data 4', ' Data 5', ' fit a curve 1', ' fit a curve
2', ' fita curve 3', ' fit a curve 4', ' fit a curve 5');

% Show gridlines

grid on;

% Optional: Resize image

set(gcf, 'Position', [100, 100, 800, 500]);

hold off;

% Calculate the slope

k1 =fitl(1);

k2 = fit2(1);

k3 = fit3(1);

k4 = fit4(1);

k5 = fit5(1);

% Output slope

disp("Slope 1: " + k1);

disp("Slope 2: " + k2);

disp("Slope 3: " + k3);

disp("Slope 4: " + k4);

disp("Slope 5: " + k5);
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% Take the logarithm of In

k1l In=log(kl);

k2 In=log(k2);

k3 In=log(k3);

k4 In =log(k4);

k5 In=log(k5);

% Output logarithmic value of In
disp("Slope 1 In: " + k1 _In);
disp("Slope 2 In: " + k2 In);
disp("Slope 3 In: " + k3 In);
disp("Slope 4 In: " + k4 _In);
disp("Slope 5 In: " + k5 1n);

% Data

A=[];

In k=[k5 In, k1 In, k4 In, k3 In, k2 In];
% Scatterplottingfigure;

scatter(A, In_k, 'filled');

% Curve Fitting

fit_result = polyfit(A, In_k, 1);
fit_slope = fit_result(1);
fit_intercept = fit_result(2);

fit In_k = polyval(fit_result, A);

% Plotting the fitted curve

hold on;

plot(A, fit_In k, 'r-', 'LineWidth', 1);
% Setting up titles and labels

title(' Logarithmic value versus A ');
xlabel('A");

ylabel('In(slope)");

% Add Legend
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legend(' scatter ', ' fit a curve (i.e. plot plot) ');
% Show gridlines

grid on;

% Optional: Resize image

set(gcf, 'Position’, [100, 100, 800, 500]);
hold off;

% Output intercept

fit_intercept real = real(fit_intercept);
disp("fit intercept: " + fit_intercept_real);
% Output slope

disp("slope of the fit: " + fit_slope);
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2. R FT MM 'H NMR F1 °C NMR [&]jE128.130]

(E)-3-Styrylpyridine.

"H NMR (500 MHz, CDCIl3) & 8.72 (d, J = 2.3 Hz, 1H), 8.49 (dd, J= 4.9, 1.6 Hz,
1H), 7.83 (dt, J = 8.1, 2.0 Hz, 1H), 7.55-7.50 (m, 2H), 7.38 (dd, J = 8.3, 6.9 Hz, 2H),
7.33-7.25 (m, 2H), 7.16 (d, J= 16.4 Hz, 1H), 7.06 (d, J = 16.3 Hz, 1H); 3*C NMR (125
MHz, CDCls) 6 148.5 (20), 136.6, 133.0, 132.7, 130.8, 128.8 (2C), 128.2, 126.7 (2C),
124.8, 123.6;
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(E)-2-Styrylpyridine.

"H NMR (500 MHz, CDCls) & 8.53 (d, J= 5.0 Hz, 1H), 7.62 (td, J= 7.7, 1.9 Hz,
1H), 7.47-7.38 (m, 3H), 7.34 (t, J = 7.5 Hz, 2H), 7.32-7.21 (m, 2H), 7.19 (dd, J = 7.5,
5.0 Hz, 1H), 7.11 (d, J = 7.8 Hz, 1H).*C NMR (125 MHz, CDCls) § 155.7, 149.8,
136.7, 132.9, 128.9 (2C), 128.5, 128. 0, 127.2 (2C), 122.2, 122.2.
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(E)-4-Styrylpyridine.

'H NMR (500 MHz, DMSO-d6) § 8.55 (s, 2H), 7.79-7.11 (m, 9H).3C NMR (125
MHz, DMSO-d6) & 150.0 (2C), 144.2, 136.1, 133.00, 128.8 (2C), 128.6, 127.1 (2C),

125.9, 120.9 (2C).
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(E)-2-methyl-3-styrylpyridine.

"H NMR (500 MHz, CDCl3) 6 8.59 (d, J= 2.4 Hz, 1H), 7.74 (dd, J= 8.1, 2.4 Hz,
1H), 7.53-7.48 (m, 2H), 7.37 (t,J= 7.7 Hz, 2H), 7.30-7.25 (m, 1H), 7.14 (d, /= 8.1 Hz,
1H), 7.08 (q,J = 16.4 Hz, 2H), 2.56 (s, 3H)."*C NMR (125 MHz, CDCl3) § 156.0, 147.9,
137.1, 132.9, 132.0, 131.9, 128.9 (2C), 128.2, 126.8 (2C), 124.8, 121.70, 22.9. HRMS

(ESI-TOF) Calculated for C14H 4N ([M+H]"): 196.1126, found 196.1123.
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(E)-4-methyl-3-styrylpyridine.

"H NMR (500 MHz, CDCls) & 8.74 (s, 1H), 8.35 (d, J=5.0 Hz, 1H), 7.52 (dd, J =
7.5, 1.7 Hz, 2H), 7.37 (t,J = 7.7 Hz, 2H), 7.31-7.25 (m, 1H), 7.19 (d, /= 16.3 Hz, 1H),
7.07 (d, J= 5.0 Hz, 1H), 7.04 (d, J = 16.3 Hz, 1H), 2.39 (s, 3H). 3C NMR (125 MHz,
CDCI3) 0 148.2,146.9,144.3,137.0,132.9,131.9, 128.8 (2C), 128.2, 126.8 (2C), 125.1,
123.2, 19.4. HRMS (ESI-TOF) Calculated for CisHisN ([M+H]"): 196.1126, found
196.1129.
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(E)-3-methyl-5-styrylpyridine.

"H NMR (500 MHz, CDCl3) § 8.50 (d, J = 2.3 Hz, 1H), 8.30 (d, J= 2.3 Hz, 1H),
7.57 (t,J=2.3 Hz, 1H), 7.51-7.46 (m, 2H), 7.34 (t, J=7.6 Hz, 2H), 7.26 (t, J= 7.4 Hz,
1H), 7.13 - 6.96 (m, 2H), 2.31 (s, 3H). 3C NMR (125 MHz, CDCls) & 149.1, 145.8,
136.7, 133.1, 132.9, 132.4, 130.4, 128.8 (2C), 128.1; 126.6 (2C), 124.9, 18.4. HRMS
(ESI-TOF) Calculated for Ci4sH 4N ([M+H]"): 196.1126, found 196.1120.
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(E)-2-methyl-5-styrylpyridine.

"H NMR (500 MHz, CDCI3) & 8.58 (d, J=2.3 Hz, 1H), 7.71 (dd, J= 8.1, 2.4 Hz,
1H), 7.52-7.47 (m, 2H), 7.35 (dd, J = 8.4, 6.9 Hz, 2H), 7.30-7.23 (m, 1H), 7.12 (d, J =
8.1 Hz, 1H), 7.05 (q, J = 16.4 Hz, 2H), 2.55 (s, 3H). *C NMR (125 MHz, CDCls) &
157.2, 147.8, 136.7, 132.7, 129.9, 129.5, 128.6 (2C), 127.8, 126.4 (2C), 124.7, 123.0,
24.1. HRMS (ESI-TOF) Calculated for C14H14N ([M+H]"): 196.1126, found 196.1131.
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(E)-2-methoxy-3-styrylpyridine.

"HNMR (500 MHz, CDCl3) § 8.04 (dd, J=4.9, 1.9 Hz, 1H), 7.72 (dd, J= 7.4, 2.0
Hz, 1H), 7.49 (d, J = 7.8 Hz, 2H), 7.34-7.25 (m, 3H), 7.22 (t, J=7.4 Hz, 1H), 7.11 (d,
J=16.5 Hz, 1H), 6.83 (dd, J = 7.5, 5.0 Hz, 1H), 3.99 (d, J = 1.6 Hz, 3H). *C NMR
(125 MHz, CDCl3) 6 161.0, 145.5, 137.4, 134.4, 130.8, 128.7 (2C), 127.8, 126.7 (2C),
122.4, 120.8, 117.0, 53.5. HRMS (ESI-TOF) Calculated for Ci14HisNO ([M+H]"):
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(E)-4-methoxy-3-styrylpyridine.

"H NMR (500 MHz, CDCls) § 8.65 (s, 1H), 8.37 (d, J= 5.7 Hz, 1H), 7.52 (d, J =
7.7 Hz, 2H), 7.35 (t,J = 7.6 Hz, 2H), 7.29-7.19 (m, 3H), 6.78 (d, J= 5.7 Hz, 1H), 3.90
(s, 3H).*C NMR (125 MHz, CDCl3) § 162.6, 145.0, 148.3, 137.4, 131.1, 128.7 (2C),
127.9, 126.7 (2C), 122.7, 120.7, 106.2, 55.4. HRMS (ESI-TOF) Calculated for

C1sH1NO ([M+H]"): 212.1075, found 212.1079.
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(E)-3-methoxy-5-styrylpyridine.

"H NMR (500 MHz, CDCl3) § 8.30 (d, /= 1.9 Hz, 1H), 8.18 (d, J= 2.9 Hz, 1H),
7.51-7.45 (m, 2H), 7.34 (t, J = 7.6 Hz, 2H), 7.30-7.23 (m, 2H), 7.10 (d, J = 16.4 Hz,
1H), 7.00 (d, J = 16.4 Hz, 1H), 3.83 (s, 3H).">*C NMR (125 MHz, CDCls) & 155.69,
140.98, 136.44, 133.55, 130.90, 128.71 (2C), 128.17, 126.62 (2C), 124.59, 116.62,
55.43. HRMS (ESI-TOF) Calculated for CisHisNO ([M+H]"): 212.1075, found
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(E)-2-methoxy-5-styryl pyridine.

"H NMR (500 MHz, CDCl3) 6 8.22 (d, J= 2.4 Hz, 1H), 7.79 (dd, J= 8.7, 2.4 Hz,
1H), 7.49 (d, J = 7.7 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H), 7.25 (t, J = 7.4 Hz, 1H), 7.06-
6.94 (m, 2H), 6.75 (d, J = 8.5 Hz, 1H), 3.95 (s, 3H). '*C NMR (125 MHz, CDCls) &
163.7, 146.0, 137.2, 135.5, 128.8 (2C), 128.1, 127.8, 126.7, 126.5 (2C), 124.8, 111.2,
53.7. HRMS (ESI-TOF) Calculated for CisHisNO ([M+H]"): 212.1075, found
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(E)-5-styrylpyridin-3-ol.

"H NMR (500 MHz, DMSO-d6) § 10.02 (s, 1H), 8.27 (d,J= 1.7 Hz, 1H), 8.04 (d,
J=2.6 Hz, 1H), 7.63 (d, /= 7.6 Hz, 2H), 7.41-7.38 (m, 3H), 7.32 (d, /= 8.6 Hz, 1H),
7.29 (d,J=7.0 Hz, 1H), 7.23 (d, J = 16.5 Hz, 1H)."*C NMR (125 MHz, DMSO-d6) §
153.8, 139.4, 137.1, 136.1, 130.4, 128.8 (2C), 128.1, 126.7 (2C), 125.1, 118.5, 39.1.
HRMS (ESI-TOF) Calculated for Ci3H2NO ([M+H]"): 198.0919, found 198.0925.
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(E)-4-(2-(pyridin-3-yl)vinyl)phenol.

'H NMR (500 MHz, DMSO-d6) § 9.79 (s, 1H), 8.50 (d, /= 5.2 Hz, 2H), 7.51-7.43

(m, 5H), 7.01 (d, J = 16.4 Hz, 1H), 6.80 (d, J = 8.3 Hz, 2H).*C NMR (125 MHz,

DMSO-d6) & 158.3, 149.9 (2C), 145.0, 133.2, 128.7 (2C), 127.2, 122.5, 120.6 (2C),

115.7 (2C). HRMS (ESI-TOF) Calculated for Ci3H;2NO ([M+H]"): 198.0919, found
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(E)-3-(3-methylstyryl)pyridine.

"H NMR (500 MHz, CDCl3) § 8.66 (d, J = 2.5 Hz, 1H), 8.43 (d, J= 4.9 Hz, 1H),
7.73-7.67 (m, 1H), 7.26 (d, J = 8.0 Hz, 2H), 7.24-7.15 (m, 2H), 7.08 - 7.01 (m, 2H),
6.95(d,J=16.4 Hz, 1H), 2.32 (d,J=2.0 Hz, 3H)."*C NMR (125 MHz, CDCl5) § 148 .4,
148.3,138.2,136.4, 132.9, 132.5, 130.8, 129.0, 128.6, 127.3, 124.5, 123.8, 123.4, 21 .4.
HRMS (ESI-TOF) Calculated for Ci4sH1sN ([M+H]"): 196.1126, found 196.1117.
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(E)-3-(2-methoxystyryl)pyridine.

"H NMR (500 MHz, CDCl3) & 8.67 (d, J= 2.5 Hz, 1H), 8.42 (dd, J= 4.9, 1.6 Hz,
1H), 7.76 (dd, J = 8.1, 2.1 Hz, 1H), 7.56-7.46 (m, 2H), 7.22 (t, J = 7.8 Hz, 1H), 7.17
(dd, J=8.0,4.8 Hz, 1H), 7.01 (d, J=16.6 Hz, 1H), 6.93 (t, J= 7.5 Hz, 1H), 6.83 (d, J
= 8.3 Hz, 1H), 3.79 (d, J = 1.9 Hz, 3H)."*C NMR (125 MHz, CDCl3) § 156.8, 148.3,
147.9, 133.4, 132.4, 129.1, 126.4, 125.5, 125.4, 124.8, 123.3, 120.5, 110.69, 55.2.
HRMS (ESI-TOF) Calculated for C14H14NO ([M+H] ): 212.1075, found 212.1077.
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(E)-1,2-diphenylethene.
"H NMR (500 MHz, CDCl3) § 7.47 (d, J= 7.9 Hz, 5H), 7.33 (s, 1H), 7.30 (s, 1H),
7.22 (t,J=7.4 Hz, 2H), 7.07 (d, J= 2.1 Hz, 2H). *C NMR (125 MHz, CDCls) § 137.4
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(E)-2-styrylthiophene.

"HNMR (500 MHz, CDCl3) § 7.46 — 7.41 (m, 2H), 7.31 (dd, J= 8.5, 6.9 Hz, 2H),
7.24-7.13 (m, 3H), 7.03 (d, J=3.7 Hz, 1H), 6.97 (dd, /= 5.1, 3.5 Hz, 1H), 6.91 (d, J
=16.2 Hz, 1H). *C NMR (125 MHz, CDCl3) § 143.0, 137.1, 128.8 (2C), 128.4, 127.7

(20), 1264(2C) 126.2, 124.5, 121.9.
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(E)-3-styrylthiophene.

"H NMR (500 MHz, CDCl3) & 7.50 — 7.45 (m, 2H), 7.38 — 7.29 (m, 4H), 7.28 —
7.21 (m, 2H), 7.13 (d, J= 16.2 Hz, 1H), 6.95 (d, J= 16.3 Hz, 1H). *C NMR (125 MHz,
CDCl) 6 140.2, 137.5, 128.8 (3C) 127.6, 126.4 (2C), 126.3, 125.0, 123.0, 122.5.
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(E)-3-styrylquinoline.

"HNMR (500 MHz, CDCl3) § 9.06 — 8.94 (m, 1H), 8.05 (d,/J=8.6 H z, 1H), 7.89
(d, J=2.3 Hz, 1H), 7.63 (d, J = 8.3 Hz, 1H), 7.58 — 7.53 (m, 1H), 7.42 (dd, J = 16.4,
7.6 Hz, 3H), 7.31 (t, J = 7.5 Hz, 2H), 7.22 (q, J = 6.8 Hz, 1H), 7.10 (d, J = 14.3 Hz,
1H), 7.02 (d, J = 16.5 Hz, 1H). 3C NMR (125 MHz, CDCls) & 149.2, 147.2, 136.5,
132.0, 130.5, 130.0, 129.0 (2C), 128.9, 128.6 (2C), 128.0, 127.6, 126.7, 126.5 (2C),
124.9.
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2-(phenylethynyl)pyridine.

"H NMR (500 MHz, CDCls) & 8.62 (dd, J=5.0, 1.8 Hz, 1H), 7.67 (td, J=7.7, 1.8
Hz, 1H), 7.61 (dd, /= 6.7, 3.0 Hz, 2H), 7.52 (d, /= 7.8 Hz, 1H), 7.36 (dd, /= 5.0, 2.0
Hz, 3H), 7.26 — 7.20 (m, 1H). 3C NMR (125 MHz, CDCl3) § 150.1, 143.4, 136.2,
132.1(20), 129.0, 128.4(2C), 127.2, 122.8, 122.3, 89.3, 88.6.
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3-(phenylethynyl)pyridine.

"H NMR (500 MHz, CDCl3) § 8.77 (d, J = 2.5 Hz, 1H), 8.48 (d, J= 5.1 Hz, 1H),
7.69 (dd, J=17.9, 2.0 Hz, 1H), 7.52 (dd, J=7.0, 3.1 Hz, 2H), 7.34 - 7.22 (m, 3H), 7.12
(dd,J=8.0,5.1 Hz, 1H). >*C NMR (125 MHz, CDCl3) § 152.1, 148.5, 138.2, 131.6(2C),
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4-(phenylethynyl)pyridine.
"H NMR (500 MHz, CDCI3) & 8.59 (d, J = 5.5 Hz, 2H), 7.58 - 7.52 (m, 2H), 7.41
- 7.33 (m, 5H). *C NMR (125 MHz, CDCl3) § 149.8(2C), 131.9, 131.6, 129.3(2C),
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2-(phenylethynyl)thiophene.

"H NMR (500 MHz, CDCl3) § 7.51 (qd, J= 6.3, 5.2, 2.3 Hz, 2H), 7.34 (d, J= 4.3
Hz, 1H), 7.33 - 7.24 (m, 4H), 7.00 (dd, J = 5.2, 3.6 Hz, 1H). *C NMR (125 MHz,
CDCl) 6 132.0, 131.5(2C), 128.5(3C), 127.4, 127.2, 123 .4, 123.0, 93.1, 82.7.
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3-(phenylethynyl)quinoline.

"H NMR (500 MHz, CDCl3) § 9.00 (d, J = 2.1 Hz, 1H), 8.28 (d, J= 2.2 Hz, 1H),
8.10 (d, J=8.5 Hz, 1H), 7.77 (d, J = 8.2 Hz, 1H), 7.70 (dd, J = 8.5, 6.9 Hz, 1H), 7.59
(dd, J= 6.8, 3.0 Hz, 2H), 7.54 (t, J= 7.5 Hz, 1H), 7.37 (p, J = 3.9 Hz, 3H). 3°C NMR
(125 MHz, CDCl3) & 152.1, 146.7, 138.3, 131.7(2C), 130.1, 129.3, 128.8, 128.5(2C),
127.6,127.3,127.2, 122.6, 117.4, 92.7, 86.6.
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4-methyl-2-(phenylethynyl)pyridine.

"H NMR (500 MHz, CDCI3) & 8.45 (d, J = 2.2 Hz, 1H), 7.62 - 7.55 (m, 2H), 7.48
(dd, J= 8.0, 2.2 Hz, 1H), 7.42 (d, J = 7.9 Hz, 1H), 7.38 - 7.31 (m, 3H), 2.35 (s, 3H).
3CNMR (125 MHz, CDCl3) § 149.8, 147.5, 143.2, 132.0(2C), 128.9, 128.4(2C), 128.0,
123.90, 122.4, 88.9, 88.7, 20.9.
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5-methyl-2-(phenylethynyl)pyridine

"H NMR (500 MHz, CDCI3) 6 8.47 (d, J = 5.1 Hz, 1H), 7.63 - 7.57 (m, 2H), 7.39
- 7.31 (m, 4H), 7.06 (d, J = 5.0 Hz, 1H), 2.35 (s, 3H). *C NMR (125 MHz, CDCl3) &
150.6, 140.5, 136.8, 132.8, 132.0(2C), 128.8, 128.4(2C), 126.7, 122.5, 88.7, 88.6, 18.5.
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4-methoxy-2-(phenylethynyl)pyridine.

"H NMR (500 MHz, CDCl3) & 8.41 (d, J= 5.8 Hz, 1H), 7.60 (dd, J= 6.7, 3.0 Hz,
2H), 7.36 (hept, J = 4.0 Hz, 3H), 7.06 (d, J = 2.6 Hz, 1H), 6.77 (dd, J = 5.8, 2.6 Hz,
1H), 3.84 (s, 3H). *C NMR (125 MHz, CDCl3) § 165.7, 151.1, 144.6, 132.1(2C), 129.0,
128.4(2C), 122.2, 113.0, 109.6, 88.8, 88.6, 55.3.
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5-methoxy-2-(phenylethynyl)pyridine.

"H NMR (500 MHz, CDCl3) § 8.31 (d, J = 3.0 Hz, 1H), 7.58 (h, J= 3.9 Hz, 2H),
7.48 (d, J= 8.6 Hz, 1H), 7.35 (q, J = 3.2, 2.8 Hz, 3H), 7.18 (dd, J = 8.7, 3.0 Hz, 1H),
3.88 (s, 3H). 1°C NMR (125 MHz, CDCI3) § 155.0, 138.0, 135.5, 131.9(2C), 128.6,
128.3(20), 127.7, 122.6, 120.5, 88.4, 87.9, 55.7.
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2-(m-tolylethynyl)pyridine.

"H NMR (500 MHz, CDCl3) & 8.61 - 8.56 (m, 1H), 7.62 (td, J=7.7, 1.8 Hz, 1H),
7.48 (d,J=7.9 Hz, 1H), 7.40 (d,J=9.1 Hz, 2H), 7.26 - 7.14 (m, 3H), 2.32 (s, 3H). °C
NMR (125 MHz, CDCl3) 6 149.0, 142.4,137.0,135.1, 131.5, 128.9, 128.1, 127.3, 126.1,
121.7,121.0, 88.4, 87.3, 20.2.
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2-((4-methoxyphenyl)ethynyl)pyridine

"H NMR (500 MHz, CDCls) & 8.60 (dd, J=4.8, 1.7 Hz, 1H), 7.65 (td, J=7.7, 1.8
Hz, 1H), 7.58 - 7.52 (m, 2H), 7.49 (d, /= 7.9 Hz, 1H), 7.20 (dd, J= 7.7, 4.8 Hz, 1H),
6.92 - 6.86 (m, 2H), 3.81 (s, 3H). *C NMR (125 MHz, CDCls) § 160.2, 145.0, 143.7,
136.1, 133.6(2C), 126.9, 122.44, 114.2, 114.1(2C), 89.5, 87.6, 55.3.
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