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BH2EAR O BEPHDFHORGBE L2 TWDZ EIEHAT, R THLAEMILRIE, E - 23K,
¥, M$I¥ﬁae%LLTA@$%kﬁ%’%%waé DFERBET HEROERERED
ISR AIE A OBREMEIC R E KBS T 570, BREEOBASER L & ITHIK & 5L
EREYpis @%%iﬁ%f%é

SOSHRICR RS TIVER T 2 A58 — R & B A, OGO BM7e Al CERY DD BRI oy HfE -
FINT&E 720, EFERMAZITUO LT DM E 2 ET D BRICRIE & 72 25 &8 2 B - Al
WS HZENTED. e, ®ieESRAMEOHRM G REE 257, REAME I X M7
—Y U RENTSOET R AR TE D, FEIL, HHBERRIEARE R A OBHYE & £ AR
R U-ERAN T iEmoBREE B L.

HREASEINAVBAE ST SONE, [F—0 FIN OB OE T E RE I 2 IR I HEfiliR e 2 H1ET
HY, FHAEB— NORHBECKIE TROEM 2 EICAATh D, EENFTRT H5ETIE, fib
BERAROBPEIZ L0 RT DT L (Pd) OFBETEPEASE I S CRIIT 5, R0 2 BEidiE T
POGHRHE Z2 Fp ot 2 BASE - Bl T\ o. EFH ,MEﬁT‘/ﬁ#*%®A/t/F_%Aé
NT-faA A AZHRstE 201K & 3% Pd il (7% PA/WA30) 78, FHIRERESRL & Pd OAHEMEMIC
SRS BRI E A R T 2 R L7 (Figure 1-1,47) .

BEwM a7 LA T FERER 2 Pd RIS » ) U ST B R — B OGIE, FEREMEME
DEARBERTHDLET YV — I OWEICHR Y
—ThHD. LML, BOGHED EEERME AR

Pd
S~ OBMIEREETH Y, WHEFRE R3_®—
SR ERIEE (AW b A TR e — R @'B‘°“’2 f
AM)

R1

D i 7. I, 7% Pd/WA30 DK,
WA30 EDF =T I 2 FER Pd DY T REL
TER LT, BRSO H FREFRCAE~DER
ERIfmMetE S s 2 & T, Bra 2R3EE O#AR | Figure 1-1. The development of 7% Pd/WA30
— RSN R E S HITH B ik lcEn 7~ | for the chemoselective hydrogenation and
FiE L LCRESZ LT (Figure 1-1, 7). Suzuki—Miyaura reaction using chloroarenes.
B LW EUSEEECHEIN O A A S ~DISHIX, FEHR FEROMSIIRKESFLELTND
PO e B/ NS PS8R I B8 L CRUG T 2 7 v —RUSIE, 77 XA alp E&2 3 515k o
ANy FRABOSEER & B 2 & BUSORIENE S Th 0 AFEMO R L RIAD D720, 7 v —Hif
RS DR PEANCED N TWD . Fe, AY—RMiEZFRIE L 72— Y v (Al —
N v ) &7 —OGREWNICHZA AT FERN 7 a - 2 EFRICER SN TR Y, ZoMG
HTIE, BOSHK & A NN CHeEIZHAL T 5 72 O SUSE M B SN S, 612, B
FITAAL D L FK LT WA — R ASGEMIE 2 FE 7 0 — RN TR TE 5700, Zettors
WIS T BB RAZETED. ZO LD RBLANG, FEEVFTBET H098E Ty —F% Akt
BEFEIE D — NV > PR T 2 FiEmA RIIE L, BAECRS, FEBEITCRIG, B XK
—EIHS~DEA L HE L TN D. v A 7 v g, i’ﬂ*é’ﬂf%?ﬁé’ﬂfxﬂ@m?ﬂﬂﬁ ETHY,
PNNEWE BRI FEEIR L 2 D12 OBG RN E <, SOST 7Y ZADORFHm LIS L T\ o,

RS

-1-



TV L AT AN S BT VA v Pd I A RS B 1 B K —Heck i
Ze, RE) RIS 7 v —k, ¥ A 7 A A DTSR THEmBLT, 7Y —>
e 7atE AEBET HMENED SN TWDHN, ENENOHEFHICTHA BT L7 IS E %
HLTEY, AN

FOGIRE 70 & DFEH Y Microwave (10-15 W)

B D YD R 3 oump (i S f% 2
S o — ! 7% Pd/WA30 R

b5, FEARIHE=O Rl—i)/ + 2 —O— (E,artridge —> Rl—: I

T —~L LT, 7%
PA/WA30 &~ 7 vt
M, 7w —On i
Ao T E AR
AR —Heck SUG OBAFEMIFE A2 21T L7z (Figure 1-2).

NEBRF=UL G DK FRG B SOR TS FEMERE L LTAMN T 5. HEAEENKET D
72, LA ROBEEM 70, Wz F—& LTHER INDKFEOLDIL AR M E LT
BHIn5 7 U=V RKETH D, BRI LT BRIRIRIEKSE DOBAKRER T HLOS TR Z 720k
BSOS TH D720, WMESREONRIFBLETH Y, OSRSCEE —RMEICRE RS D, £y
FARDMKFER G BSOS TIE, FISOEITITHENER T 2KFET R XD, WKFEFELOTI
I (BiEon) ZEES 5720, KBEZEWE DR
MIRVE T > T ZORIGE 7 v —R CET
Dl T — N Yy O TAR LTZKE T AT,
7u =i T — M v AT HEH S
%16, FER A M D38 TC S D EN 2N B4R X
N5, FEEX, ~A 7 v ERRRIETER SRS
L RETH MBS S & R LT, iAo Figure 1-3. Pt on Carbon-bead-catalyzed flow
By78 7 v —RXPAKER S FLBOG & kFE Rk | dehydrogenative  aromatization enhanced by
BN T RSB O R T —~ % %7 L7 microwave irradiation.

(Figure 1-3).
UUIF, BbhicmiaeSEIlnT CGGRdd 2.

with BugN

Figure 1-2. Microwave-assisted flow Mizoroki—Heck reaction catalyzed by
7% Pd/WA30.

Pt/Carbon-bead

Selective heating




B_E MROTR

B I

HEE)TT Y — U REEAER T 1 A MEET H7-DI121E, BRRARM/NE < Rtk

FROBRBENUETHD. ML, SOSHRICER L CIERT 2 1Rl L BERECERT %
(ARl ) D = DIZKBIEND. RE—RfBET, EARITITELRT TRERbONEL, K
IS O A TEIUL - FRIANRAETH LR E, BEERLa X M RT3 =< ADETAY »
FR®HD.

RIJ— R fibll L KT H AT AEOE T, = a7 L7 i EOBRTEERERL 2 KFELT S
PR TAORNE, S T CEMTE 5720, R EREALHRIEL L TERELNLOLZDL
FTLETTEATHHA SN TS B8 ER—EHGHE AAR —Heck RS ED 7 v A v 7Y
VTP OEBALISIC N B E T, KR A T 5 GIEROBBIIRIIZGICES. S5
AN — R, B NI IS ERIR & 2R L CHE R B S RS S/ 5 7 v —A R D [ E i ]
ELTHLAHTHY, BIRMFENEAHED LN TS,

RETIE, RY— R 268 3 2 BRERSEINBEANR T AR, K — B BUG0ME 2 A —Heck
BOG78 & DR — IRFREETERSR &, KBRS BACRISICBET 5 Rp e ey a2, EEMN
AT B HFFE RO & s DA THFZE 143 1 TR 9 5.



B AR AT 5 B EEIREEAME TG
B—H BEEERREORITIE

[f—4rFNOEEOETIEERER DN, Frd 0B RER A4 BRI HAK R 2 B e IR A2
fibig o SOGIE, BT AL — b OB MIG TR O e PREEARE BT 2 F51ERE 0.
REW LAY — REEME ST Cd 537 U7 AfkFE (PAIC) 13BAK BRI 1T 2 Al BETE P
MENT 8, B ORI R RS 7T 2 E T3 E ORI OBRINN 28t N T H 5.

HREAGEINIEZREL T 2 5k LC, R A gET 271k & TR O YRR R 2 5]
A3 20515 BT 600 B8 B 2 ZHEAE SCRR CIE, ~T a2 b obEamntiFEd s &,
AT 0 ORI B~ OB X 0 FE & KE OB R T OB E ST, AETEEN
KBTI 5. £, RS LTHERT 2 &5 FEM OMABOT RO R EE, MARR S omieyER
HAETEEIC B R 52 DA 08B 5. RFENAeBIE LT, Lindlar fillf (Fefgth & X/ U o O
L7e R 71 v o SRR Pd i) 2T 5 &, 7% o O8EMURFELD, Tk vE THEITT
HZ e TN TEIET A Z ERFM BTV S (Scheme 2-1).149]

Scheme 2-1. Semi-hydrogenation of alkynes using poisoned palladium catalyst.

Pd/CaC03-Pb(OAC)2 ,
R—=—R' = R_R —p» ~CR
H, (balloon), quinoline

%72, Cheon H{I A VY KR—F AU H (MCM-48) (K L 4% Pd fillit A2 BHIE L, —@EHT L7
WAE IR DN T =T VOB % ki d 28R ME% H i L7z (Scheme 2-2).81

Scheme 2-2. Pd@MCM-48-catalyzed chemoselective hydrogenation.

Pd@MCM-48
Me Me H, (balloon) Me Me
)\/\/l\/\ )\/\/l\/\
Me” X OBn MeOH, it Me” X OH

5\, Filr, ZHLMERRIRER(LE U 7 2 (porous nanorods CeOz: PN-CeQ,) ##H{kL LT, 7/
A— KV (<Inm) O Pd 7 7 A& —%[EEL LT Qu HIC L VBRI, = heXUEBroiE
TELOGNZHEA LTS, BEET VT B RRTAXFUFET, = halkosz@RmcE T2 2
ENTE D (Scheme 2-3). Z OERVENE, HARORE KBTI = b n EOREFR &R EEH %
RYTeHTH D LI TV 5.

Scheme 2-3. Pd on PN-CeO,-catalyzed chemoselective hydrogenation.

PdSNC/PN-CeO,
OZN@CHO T OS 1Pa) HZNO—CHO

MeOH, 80 °C
O,N = H,N =

LIk, fOWIFE 7 )V —T D3B38 LT AR —5% Pd fE DB 2 7= L7223, S R4l (A 3
DEREINTNORENTH Y, WIKVETCHEERED A J—=0 77, (KRS M
A DOFFN T 720,




B H  IRRENRFRGICFHIEE THRFE L 1ok & 2 EREEARIRAEME T

EHEOWRETIX, ~7 i +0 Pd ~OENAHA/ERICEES  fiEFHEER & & big, mao 4K
& Pd OFEEAER ZFIH U7 S PRI AED LTl Y, 2 BRI 78 B BE R IR 2 R R
j—3% Pd il L UCBAFE L, BRA 2R EREHRIT T D KRBV TR O REA 2 > T 5 (Figure
2-1).17 fidfle = 202, FRrNOBERERLITIETC - MRFERTRETH U, PO BEREEITKR L TITEARRIC
RIEETH 5.

LIF, ZEEOfBIEME & i 2 1 = X K20 TR T 5.

Reducible Functionalities

\ R-O-TBDMS (TES) || Benzyl alcohol || Alkyl-0-Bn

ArCOR

|RCOBn | | | Aromatic-N-Cbz |

Alkyl-N-Cbz

Pd/Fib

R-N,

Figure 2-1. Heterogeneous Pd catalysts for the chemoselective hydrogenation.

855 % R U 7 BRI M O S |

Pd/C Zfilfi: & L7z A %/ — b (MeOH) Hroo#filus oSO T, lER v —7 )L DKFEAL
iR (BARGE) MEIREE CRSICHEITT 52 L3> T % [Scheme2-4,(@)]. L2L, 7 &=
TROWEE T = T M ERFEMIEIL A WINT 5 L, PdIC 8RNI EE S AL CRRBETE M
128, RIS OV —T NV ERFFLIZE E, TAT0oR DA F v LR =)L (Chz) K&
ZEHRAICETT - BiR#ET 5 2 L3 T& 5 [Scheme 2-4, (D). 7235 Z O ETIIMER & 725 7 2
VHRRSNBIRINT H R H Y, RONRITHIH AR EOTRERALETH 5.

PdIC L =F L7 I (en) & MeOH HHEIRFIE N CRIFFIES T2 LI S5 PdIC—=F
LY X UHEARR [PAICEN)] (F, Pd & oen 23491 ¢ 1 DT STV S [Scheme 2-5, (a)].
Pd/C(en)iL, Xy VN —TNUVIHIET, = hulkT vy, BEES o aEfilokFELT L5220
T& % [Scheme 2-5, (b)]. 7235, MeOH 1Tl Chz JEDOBLFENEITT 203, 14-TAFH Tk
Chz BARFFT2ZENTE D, ZOBRMIE, 14-U4FV 0 OfEHE EOINIE T Pd (2731
ZARIZENL T 5 Z & T, PA/IC(en) DFBLEMEN S HIZHET SN TRILZH DO EBE X5 EAHNTH
ZD.[IO]



Scheme 2-4. Chemoselective hydrogenation catalyzed by Pd/C in the presence of ammonium salts.

? )\/\/k/\ )\/\/k/\
5% Pd/C
A X OBn OH

H, (balloon)
_

/[OBn MeOH, rt /[

CbzHN COZH H2N COzH

b) 5% Pd/C
)\/\/k/\ H2 (balloon) )\/\/k/\
N " "OBn  NHjs (in MeOH) or NH,0AC OBn
OBn MeOH, rt OBn

CbzHN COzH HZN COzH

Scheme 2-5. 5% Pd/C(en)-catalyzed chemoselective hydrogenation.

a)
5%PAIC + N> >~ 5% Pd/C(en)
MeOH, rt, argon (Pd:en = 1:1)

(70 equiv vs. Pd metal) 30-48 h : :

o] 5% Pd/C(en) o]
O)L o~0Bn H (balloon) o~0Bn
MeOH, rt
O,N H,N
=~ NHCbz " NHCbz

(in 1,4-dioxane)

Pd/C(en) & FIAR DEER T, ¥ 7 ==L A7 1 K (PhS) % fiifiid & L 7= PdIC-PhS #& 1K
[PA/C(Ph2S)] DBAFEIZHALEI L TV D M gl F1IEHR LV & Pd & MEICFHAIEHT 5720, 78
VARSI 2 R, FEARIIZIE, PdIC B AR LA IS L A 2RI 5 &, PdIC IXRT%
T5. Lo, R E <, EOICHER - EOINLE - & %35 Ph k%4 —SELE L7z PhS
% PA/IC EIZEE L7z 5%Pd/C(Ph.S) I, KiET 2 Z & 7e < W EEfR STkt RE 2 /R L7z, 372D,
NUVUNMRGERRRL Coz B2 RFF LT EE= T U 2B LT 52 L8 T&E 5 (Scheme 2-6).

Scheme 2-6. 5% Pd/C(Ph,S)-catalyzed chemoselective hydrogenation.

a)
5% Pd/IC + Ph,S » 5% Pd/C(Ph,S)
MeOH, rt, argon
(2 equiv vs. Pd metal)
by o o
OBn OBn
O,N H, (balloon) H,N
—_—
9] MeOH, rt 0
Ph O)kph
N3 HoN



HE PRI 2RI U7 TS M o g0 1 |

A¥J—% Pd il 2 i Pd (Pd") ZHMKIZNE S &%, KFIATVEF R T LLE TV
v, KFH A7 ETOMfPd (P (ZEL L TS 5.

B EM TH D DIAIONHP20 (=74 2 1)L, Figure2-2) IR Y AF L —PE=L_ ¥
BRIV ~—ThV, HEHKERLEERE (ca590mg) &HIFL#EE (30nm,1.3mLg) % b >fHE
WIS L TR R ER @S FHEM TH 5. 10 EEWIC/R D X 5 ICHE LR/ T 27 A
[PA(OAC)2] ™ MeOH ¥AHRIZ D HP20 Z Ui L C R = T Hi# L C Pd" % HP20 (W& S5
L, MeOH %iZEjrAl L LBl A L —XZH#EFT LT, B 10% Pd/HP20 2345 5415 (Scheme 2-
7). HP20 RIZHHFFE N7 Pd FEIX P TH Y, HIRRMRIZH—IT/0H LTz Pd O LR A PRI3K 4
nm C& 5. 10% Pd/HP20 |% 10% Pd/C & XX RIS D 5R\ MlENE 4 7~ 3 (Figure 2-1, E356).122

7255, HP20 (ZAWEAE S N7z TR TH 5720, KWk OIGTERABRRIfRE < UIE LIZR
& IR D BEETEDIE DX B RGEET5 Z LN TE 5.

Figure 2-2. Structure of DIAION HP20.

Scheme 2-7. Preparation of 10% Pd/HP20.

1. MeOH
2. HP20, argon, rt
Pd(OAc), > 10% Pd/HP20
3. filter, wash
4. dry

7 47 aA Y (Fib) IEEHER Y X8 FEOERS) ThHD. 5 THNOR Y ~—iEENIc <7
F R, 72 VBB TH L KBRS VR VR POBERENEE TH 5. 10%Pd/HP20 &
[FARICEREL X% 2.5% Pd/Fib OfiEE 1L PA/IC(PhS) & FEEL L Tk W (Scheme 2-8), Fib Lo, 1
SLFE RN E B A B RESC K D A Al B RN IR I K S e b D B X BT 5

Scheme 2-8. 2.5% Pd/Fib-catalyzed chemoselective hydrogenation.

X
2.5% Pd/Fib
CbzHN H, (balloon) ChzHN
—_—
@(\Ns o) MeOH, rt CE\NHZ o)
Cl Ph)]\/\cozH cl Ph)l\/\COZH

Flo, KOTEIZLDE TOWFERE LTHERAINSEL X 27— —7 3A(MS3A) kL
L 72 AR¥J—3% Pd fillft (0.5% Pd/IMS3A) & BA%E ST 2 W0 MS3A |37 A RIF 18 5 WM T T v
=T AR L WO OBEEFR - OFA TR SN D WIS Z EAREKE L-EBRES S T Th D
(Figure 2-3). 0.5% Pd/MS3A X 10% Pd/HP20 & [FIfkD TR TR S, HFHFBEINFR=LESL=n



FERFFLIEE, TR, TATy, TV REBRRINICELT HZ LN TE 5 (Scheme 2-9). 3
PFHERBLD A T3 = X BT S 2N - TOZRWAS, HIFLER 72 & ORI PE 2 s M O 8055 0
ERLTELDEBEZ LTS

Figure 2-3. A single unit of molecular sieves (MS).

Scheme 2-9. 0.5% Pd/MS3A-catalyzed chemoselective hydrogenation.

CHO NH
0.5% Pd/MS3A ©/\/
H, (balloon) O,N

O MeOH, rt P U
N02 NOZ

AR U H#E (BN) 13X, EHEF T &R U RIFETDRAISHEE LS ATE O RIS S 2 AT
LT B R TH S (Figure 2-4). 0.3% Pd/BN i3 0.5% Pd/MS3A & [FEEIC PA(OAC),—MeOH & ¢
I T & 5 101415170 MeOH  Hr il B ESRIE R D 0.3% Pd/BN Z fiftfit & U 72 Befilii yo SO T
L, 7VR, 7Ty, TAXxrORPEIRISETL I, N-Chz &, Xz —7b, XU
TAT), ZRF U, HFEES N, B a Sy, BEO= bl PoReEE RIS
\CIRFEES LD (Scheme 2-10). A MeOH nH B U DU CEF 5 L, —BEHRB IO EHRT L X

YINBRNGST DTN v mRIRAIC G5 2 L3 TE S (Scheme 2-11).
s/

\N/B\N/B‘N

/B\N/B\N/B\

7 e
\N/B\N/B\N

B —B- B-
N — D~
. N

Figure 2-4. Structure of boron nitrite.

Scheme 2-10. 0.3% Pd/BN-catalyzed chemoselective hydrogenation in MeOH.

=
0.3% Pd/BN J@/\
CszN H2 (balloon) O2N CbzHN

MeOH rt

WOBn ©/\)\O|3n



Scheme 2-11. 0.3% Pd/BN-cataIyzed chemoselective hydrogenation in pyridine.

~ X
0.3% Pd/BN
H2 (balloon) ~ ©O2N MeO
TBDMS Pyrldlne rt TBDMS\/\

T U RBRY v —i%, B E BBl O oM B IR0 LlgEE (5 U 2 EE) oRsTH#
MThsd., RIZAFLURRY v— EORE UBRIZ ALK IR A A L7 BEerE A 4 25t
g (A7 7, CM) ZHIKE 325 R¥—% Pd fitlft (5% Pd/ICM) 1%, Pd"ffi% MeOH 1T CM 2%
EHLT-, B RV —/KF¥ (NHNHz-H0) T Pd(ZiE e L CaBl &% [Scheme 2-12, (3)]. 5%
PA/CM [ fil & PE AN <, 10% Pd/C <° 10% Pd/HP20 &[R4 O ffilug eftiiig 2 Lz, £7-, 6
VU T > =7 LA M LT= A A4 U 23 lstls (AM) FREFR Pd filfie (3.9% PA/AM) 1%, #@#tikid
WAL UCTAVT 4 TTEMICRIES N TV D OIS h T r 4 5l bk 3 2 )ik
9 %). 3.9% PA/AM (%, T/ 7 =0 N-Chz a2 R E <EIC - BiRiET 5708, X7 va—iu
DIKFALI R L 72\ (Scheme 2-12).146]

F72, 5%Pd/CM & 3.9% Pd/AM (I HEfE T EOG LISMT E3 AR — B T SOGSOME (2 R —Heck SO 78 & 1k
F— RFBRESTERSOSOMBEE LTHAEBTHD (55 =H1).

Scheme 2-12. Preparation of 5% Pd/CM (a) and 5% Pd/CM or 3.9% Pd/AM-catalyzed chemoselective
hydrogenation (b).

a) 1. MeOH
2.CM, 1t 1. NH,NH*H,0, rt, H,0
Pd(OAc)y ———» Pd/CM » 5% Pd/CM
3. filter, wash  (prown) 2. filter, wash (black)
4. dry 3.dry
b) Pn. Ph.
l}l/\/ H/\/
Ch
both cat.
o 5% PdCM or3.9% PdiAM (both cat.)
)J\ Hz (balloon) o or recovered
MeOH, rt Ph” > Ph substrate

(5% PdICM)  (3.9% Pd/AM)

OH J\/ OH
or
Ph>&\\ Ph Ph></

(5% PAICM)  (3.9% Pd/AM)

FL—ME (Z27 I, CR) FESBRMIEAICHEEINZES T THY, FHNICA I/
VEEER S HWIEAR Y 7 & EE i LT\ b (CR1L & %\ CR20) . PA/CR (3FEE—F /L (EtOAC)
T Pd(OAC), &7 72, NHaNHz-HO TiEoc L Ciifd % [Scheme 2-13, (a)]. 8% Pd/CR11 &
9% Pd/CR20 |ZHABL D TENE 2R L, JRIIES P ram—T b, RUPAT va—L, HH 0Ty
YN T—TF VLSO TTEE R DOKF L i 2 Z LN CE 5. 7eds, )KIE%E 14-U A ¥ P
TEMTDE, TRFVEEBMRHFLAEETET A U 2BITTE 5. ZOERLERMEE, FL—1
HREAED IR 2 i & U CTER LR R TH D £ B2 6T 5 [Scheme 2-13, (b)].1L7



Scheme 2-13. Preparation of 8% Pd/CR11 or 9% Pd/CR20 (a), and 8% Pd/CR11 or 9% Pd/CR20-catlyzed

chemoselective hydrogenation (b).

a) 1. MeOH
2. CR11 or CR20, rt 1. NH;NH,H,0, rt, H,O 8% Pd/CR11
Pd(OAc), » Pd/CR > or
3. filter, wash (reddish) 2. filter, wash 9% Pd/CR20
4. dry 3.dry (black)
b) /@/\/OBH /@/\/OBH
O,5N HoN
o OH

8% Pd/CR11 or 9% Pd/CR20
H, (balloon)
MeO MeOH, rt B MeO

(in 1,4-dioxane)

%i%ﬁ%bf@ﬁéﬂéﬁ??yﬁxm,vuw%Twif%mu@,TwﬁUQE%wa
U THEe R OB LY IZE D EREM TH D, v T I v o ZHER pd fillfl: (5% Pd/ceramic) 1
Pd(OAC),~MeOH &Rt T X v 7 A% G2 T 57217 T MeOH 2B & LTERT 5720, &S
W5 Z LA TE 5. 5% Pd/ceramic & il & U 7= BRI TIE, X D UERERRIIRFF S
%08, N-Cbz FDOKFL I E R < #1735 (Scheme 2-14).[170181 504 Pd/ceramic DR 72 il BTG
PEFEELA 77 = X LIXHIHEIC STV R0,

Scheme 2-14. 5% Pd/ceramic-catalyzed chemoselective hydrogenation.

Ph\N/\/ Ph\N/\/
H

5% Pd/ceramic e}
H2 (balloon)
W T MeOH 1t ©/\)\0|3n
BnO\/\ BnO_~_
VUL, B DEE S 2 3L AT 582 THIZE L 7o ARERAN 72 A1) —3% Pd Al oo G & fibHyE e
WTHERR L7, Zh b oficid, E%Lnﬁmkffﬁ<7mxﬁy7)/&ﬁm%im$%ﬁﬁ

JGOfEE LTHAMR LD L H Y, SARZABIEIEORHMR L, FEHAMED 2 A A BRAME D BJE
HIZVEETHD.
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B FERERCEWEHEMT 2 Y —RAERSAR - EHRG
B AR —EHRRIS

1970 FARLARE Pd Al A Fl - 2 fRF& — IR EHE BT RGO BRFEWFIEATE R s STV 5D,
G a7 NG E AR U FLEWE Pd SRy v 20 v T 7T DA — BRI,
PR3O A e ERESREE M O AR E R & L CEE R BT Y — UER OREELE L LT 1979 )
DTRESNLN Ao 7V U NMERT HARUEREIRKP TLEETH Y, S b EHKEEH
THEITT 570 EEAMENE V. BETAMKRZ BAY L Lo R —% Pd fildiE oo F) <018 i A M o4k
K7L, MEAICHBRAINAZ SN TEY, ERELNILOLR LT TEMRr —/ICE S E TIEIK
KHHENRTWD. 7uxhy 7V IROETIE, RISHBKTH 5 Pd—T7 L— K02 Ebse
il DTEMALE B E LT By REHAT 27 —2083H250, VAV RIEEE - a2 M0
TRERH 0, BRETARC 2 A MERKOBLE S, R¥E—5% Pd filkilfgic ) Ao K7 U —CH#f73 5
AR — BTG OENEE TH 5.

FHEBEFCEMI ST ERRFBEYa UV RILEY & ik 5 & 2 TR SV, LiL,
FHEBEEHFCAWITE AR — BRI OIEE & UTRIGHENME L, R¥—% Pd il % 66 L 7= @561
X720 REITIE, RE—% Pd il O SIS HE-CHIRO RS LICE R A B &, HERESRE
Ww B & LT AR — Bl D AT 2 28 2 THERN 5.

Sowa H 1, PA/C T & 2 HERBFICEMOEAR —EHHILD, GARKNN—IAFALTERT IR
(DMA) I CH#ITT 5 Z L AWME L TWA .08 Z RS TIRIEB ORIV EZETH Y, DMA Fo0&
DKEWINT B & SOSNRNA LT 5. FERICEFREMMEREZEAN L FERERILED DT =
=ALIII KRB EITT R, BAHEHEOE NI D v 7V v T REEOIRIE T 24 <
(Scheme 2-15).

Scheme 2-15. 5% Pd/C-catalyzed Suzuki—Miyaura reaction.

¢l BOH2 o, paic (5 mol%)
© © K5,CO3 (2.0 equiv)
DMA/H,0 (20 : 1)
80 °C, N,
X 1.2 equiv

79-95%, X = NO,, CF3, CN, Ac
32-549%, X = H, CHz, OCHj

Nomura & 1%, BIFFE082.3-2.9nm DL/ T 7 A EHRR Y AF L UACEE L fillE  (PS-
PAdONPs) ZBi%s L, HEREFILEMDEAR — EHBISICHIA LT 2% 201 pS-PdONPs 1%, FEfE/ N
7 Y7 I [PA(OAC),] & EHURA Y 2T L v 2 EAFE TR CMEMEYE L TR S5 [Scheme
2-16, (a)]. A EBRICE LGN B L7 5 HERER AW, RS R HICERIL 2 E A LT
BINCARRIEE TS, BRIOZ a x5y 7 ) U T RIZBIF 72N THBETE 5 [Scheme 2-16, (b)].

-11-



Scheme 2-16. Preparation of polystyrene-supported Pd catalyst (a) and its catalyst activity (b).

a)
lystyrene-supported Pd nanopatrticles
Pd(OAc olystyrene » PO
(OAc), +  polysty K,COq. HyO (PS-PdONPs)
90°C,1h
b) PAONPs (1.5 mol%)

TBAB (1 equiv)

A C X BOH2  1.5MKOHaqg (1 mL)
Rl—— + R >
= = 80 °C

1.5 equiv 13 examples
53-99%

RNYAFx Y eEEETH D NarPWuOo & K & 972 Pd i, MEEESMET, W7 U —ChHE
BT EME 7 == NRa VBT v 7 ) o 7 hER A  fillid 5 Z & % Neumann & 2355 L 7=
[Scheme 2-17, (3)].[2° Na;PW11039 & Ml X7 7 & (PACly) A ANEMEEE L, fafniEbr U v LKA
CHLER U CARBERTERA Ks[PPd(H.0)W11039] % &k L [Scheme 2-17, (b)], T4V Z/KFEHN A TiEIL LT
#% [Scheme 2-17,(c)], 7 /v X FIZWeas S C, @iEME Pd 7/ b2 FH% L T2 [Scheme 2-17,
C)P

Scheme 2-17. Polyoxometalate-supported Pd-catalyzed Suzuki—Miyaura reaction (a) and catalyst preparation

(b).
a)
N cl B(OH)2  Pdy-([PW11030]")y-KF on Al,O3 (280 mgl
R—— + - d A
Z 130 °C R——
. =
1 mmol 2 equiv
94-99%, R = H, 2-Me, 4-CN, 4-Ac, 4-NO,
b) 1. Na7PW1103g'XH20, H20
2.90°C
PdC|2 ' K5[PPd(H20)WllO39] '12H20
3.sat. KCl aq
4. recrystaliztion
©) Acetophenone
H, (30 bar) ;
Ks[PPd(H20)W1103g] *12H,0 ———— Pd,([PW;;034] ")y
200 °C
d)

L KF, AlL,O; N
Pdy([PW11030] ")y TO> Pdy-([PW11030] 7)y*KF on Al,O3
2

LRAKEERO —FETH D MIL-101IE, T L7 ZAEERE Y v h—53F, M7 o s zgiiT &
LCTY U h— Lz =R ER S e@ma T Th o, JNWERBERE (4000 m?g) ZFF>. N,N-
PAFIRNALT IR (DMF) L/ 5 27 2 [PA(NOs),] % MIL-10LIZ @& LT BB T 5
&, PA/IMIL-101735 545 [Scheme 2-18, (a)]. Jiang & 1%, BEREFILEW D 7 = = /1AL, PA/MIL-
101771E F A EBREFILED DO HF FBROBTEEIIZTE A EREEZ T H 2 L HIBICEITT 2
Z & &R L7 [Scheme 2-18, (b)].[20d
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Scheme 2-18. Preparation of Pd/MIL-101 (a) and its application to Suzuki—Miyaura reaction (b).

a) 1. MIL-101, DMF
2. wash, dry
Pd(NO3), » 1% Pd/MIL-101
3.150°C, 8 h

4. H, (stream), 200 °C, 2 h

1% Pd/MIL-101 (0.9 mol%)
NaOMe (3.0 equiv)

X Cl B(OH), TBAB (0.6 equiv)
1 + -
R—F— N - A
= H,0, 80 °C, N, R——
Z
1.5 equiv 81-97%, R = H, 2-OMe, 4-OMe, 4-Ac

Zhang 5%, N-~T BERIK IR DO—FETHD NN-EA2,6-0 A Y 7/ T 2= I X
—2-A VT2 (IPr) L= v 75K Y ~— (ES-IPr, Figure 2-5) Z KL 5%
Z 7 MMl (PA/ES-IPr) %7 & MEEEE N P A [Pd(acac),] & ES-IPr 75 8%L L7= [Scheme 2-
19, (8)]. PA/ES-IPr |22 H1 2 E T, MR IGTFREHFRLEH DT U — b b 2R B  fitff9~2% [Scheme
2-19, (b)].[2%) FEIES B SR~ Pd ORI ERD 528 (0.72 ppm), PA/ES-IPr 1 75F]H
THZLENTED.

Figure 2-5. Structure of ES-IPr.

Scheme 2-19. Preparation of Pd/ES-IPr (a) and Pd/ES-IPr-catalyzed Suzuki—Miyaura reaction (b).

a) 1. ES-IPr (dry), 1,4-dioxane (dry)
2.100°C, Ny, 40 h
Pd(acac), » 1.78% Pd/ES-IPr
3. filter, wash
b) 1.78% PA/ES-IPr (0.5 mol%)
X B(OH)2  t-BUOK (1.5 equiv) 2
2
Ar-Cl + RZ—:(D/ - \.—R
= 2-PrOH, 80 °C Ar
1.1 equiv 19 examples

56%-92%

Drian (%, tert-7 F V7 == )VIR AT 4 ) TAXNIEERCBURICEA LRI AF LY —DE
=NRBUFRRY w— (Figure 2-6) ZHK L9537 U0 Al (PA/[P]-resin) ZBHF L, &K
HWHRALAM O —EIHRISIZE A L T2 .20 Y 37 REL 2 Bllii A pk LT Merrifield S L2 &
ﬂdt L7-%, Pd Z#HE L CRREGHSEL L T 5 [Scheme 2-20, (a)]. Pd/[P]-resin 1328535 K UVKTFAE T
ETHY, NUBUVRICE ML GHEENER LI SEMEWEE 25T, x2S HRESRb
é%&7)~»mu/M®ﬁy7)yaﬁﬁﬁﬁ<kﬁ¢é[&Mmzmxm.
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Q-0

O = Merrifield resin

Figure 2-6. Structure of catalyst support.

Scheme 2-20. Preparation of Pd on phosphine-functionalized resin (Pd/[P]-resin) (a) and Pd/[P]-resin-catalyzed

Suzki—Miyaura reaction (b).

a) Ph
CBULi ﬂ\ o 1. Li, THF, rt \P_é
-BulLi ifi i
PhPCI, p” 2. Merrifield resin, rt -~
c-Hex Ph 3. Pd(PPhy),, toluene, rt
-40 °Cthenrt Pd/[P]-resin

Pd/[P]-resin (0.4 mol%)

b)
X X CsF (1.5 equiv
toluene/H,0O
cl (HO)B reflux, 20 h

1.4 equiv 17 examples
61-98%

Uozumi 1%, P TV EF=TU LT hT7 270037075 [(NH)PAClY] & A &Y — LR <~—
(Figure 2-7) % & /K MeOH FMEE#42% = & T Pd fillit (MEPI-Pd) 2385 L 7= [Scheme 2-21, (a)].12%
MEPI-Pd |3k % 72 FEIREFEALEWM E T V— R VEBEO 7 v A0 v 7Y 7 &l L [Scheme 2-

21, (0)], HAALARETHS.

S

@)
5

Figure 2-7. Structure of poly[(N-vynilimidazole)-co-(N-isopuropylacrylamide)s] (MEPI).

—1n

Scheme 2-21. Preparation of MEPI-supported Pd catalyst (a) and its application to Suzuki—Miyaura reaction

(b).

a)
Poly[(N-Vynilimidazole)-co-(N-isopropylacrylamide)s]
(NH,),PdCl, >  MEPI-Pd
MeOH/H,0, 80 °C, 30 min
R2
b) MEPI-Pd (0.1 mol%)
| TBAF (2.0 equiv) z /
-C X BOH)2  K,C05 (2.0 equiv) ~ I
| + »
e & H0 |
Rl R2 100 OC, Ar Rl/ /
1.2 equiv 20 examples
88-98%

-14-



Adib H1%, H—R>F ) Fa—T LOWNVRXFUIEE, 4 ) VU EEATKE T ERER
T HERR L 7R 255 L, PACl & BAz [E E (b - & oo LT B o fififhE (MWCNTs-imino-pyridine/Pd)
ZBA%E L7 (Figure2-7). Z Oftit L, HEBREFCEVOARBR LT /a0l vy 7Y 7

WCHEH AR TH D73, ISHIEITITUGEDO RN & 5 (Scheme 2-22)22,
7\
N\

~ oF )
( -

Carbon nanotube ]

Figure 2-7. Structure of imino-pyridine-functionalized multi-walled carbon nanotubes (MWCNTs)-supported
Pd catalyst.

Scheme 2-22. MECNTs-imino-pyridine/Pd-catalyzed Suzuki—Miyaura reaction.

R Pdcat. (1 mol%) R
XN B(OH)2 K,CO05 (2 equiv) Xy
o+ o L2
x 50% EtOH, rt X
X=CH, N 1.1 equiv 5 examples
30-86%
4-Cl: 55%
3-Cl: 30%

ZAMEETA FEHEAREKE LT, AT VA I T REEZY T RE L TEALZHEKIZ Pd 85
IR ZBNLEEA L7- PA/IMP-LTA 1 (Figure 2-8), #3R 75 &G E % & Lol S A 2 3
TEMERREECTH Y, HFAIMH S AIEETH S (Scheme 2-23).[220]

Mesoporous LTA zeolite (MP-LTA)

S
sifo” N9

Figure 2-8. Structure of Pd on mesoporous LTA zeolite (Pd/MP-LTA).

Scheme 2-23. Pd/MP-LTA-catalyzed Suzuki—Miyaura reaction.

PA/MP-LTA (1 mol%)

(HO)2B K,COs3 (2 equiv) —\R
Heteroaryl—CI + | —R > Heteroaryl \ //
= 50% EtOH, 50 °C
1.2 equiv Aryl chlorides: 20 examples
Heteroaryl chlorides: 35 examples
81-96%

Uk, BEBREFECEMZEE L LA —FR Pd ARSI — BSOS OS] 2 7= L 7212023
LinL, 1Z& A ENEMRMEZROMIEZEN L TRV, HELFHRNLETHLIH5E1E0.
fRE BRIZA Y DT U T 4 @y, filR S TW RN e ORI 2R B BN S .
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F=1H I RIER KPS LEHFEE THESL L =A%) — RS A — B R G
ELEDPUET DHEETIE, PACIZE DN BFREFBIEWH DTG ERN) 77— e B L
L7V H Y R7 Y —8K—EHBG2TESL LT 5 (Schemes 2-24).1428 = o [ I H 1RO 7 L =
— LDV T V3 — L EKDIREEER TH#AT L, PACIEHFIAT 2 2 N TE 572D HHRWAE
SCREICELVWET U —LOAEMIETHD.
Scheme 2-24. 10% Pd/C-catalyzed Suzuki—Miyaura reaction.
X 10% Pd/C (0.50 mol%)
@ /@ ) NaHCO3, Na,CO3 or NazPO4*12H,0 (3.5 equiv)
+ —R >
et (HO),B” F MeOH, 50% EtOH or 50% 2-PrOH
argon, rt
X =Bror OTf 1.1 equiv

BIET THREAT L7~ 10% Pd/HP20 <° 5% Pd/CM, 3.9% Pd/AM 1%, #flEITC)IGOHR ST Ho K7

U —$ARK —E UG OflE & LT HAaH Th 5 1216250 KRZ, 10% Pd/HP20 Off I X 0 R &R
RRBICEMNOERRET )V —AFHEREZ AT 2 2 ENTE D, £, RSER~DO&FEENS
72 < EUNERIHDER S T 5 (Scheme 2-25).

Scheme 2-25. 10% Pd/HP20, 5% Pd/CM, or 3.9% Pd/AM-catalyzed Suzuki—Miyaura reaction.

10% Pd/HP20, 5% Pd/CM, or 3.9% Pd/AM (0.5 mol%)

- Br A NazP0O,4°12H,0 (3.5 equiv)
| + | /—R2 >
RS = (HO),B 50% 2-PrOH
R ) argon, rt
1.1 equiv

-16-



FNE ~A 7 vEREAER 7 v —Kit
F—H T7ue—K&

K7 2HEH LT, RN ZEE (SEGEIICEE L CRIST A 7 e —bhiE, 77 Axaky

%ﬁ%f%%%ﬂmﬁm%ﬁ(ﬂy%ﬁm)&mﬁbfﬁﬁmﬁﬁﬁﬁgfﬁb APEME D] B
HIADDLZ NS T T I T AbFELED DI =D F TERAMENED SN TS, 71
— S DB 2 i‘JX&~wﬂ%v47HX#—w®%®#ﬁmém5# WIS bk
/NN & BONE MBI 5 2 & C, 7 — ISy FROSRITITEWREZ ~T. T7hbb,
(1) BEORISRERER I X0 7 LR T 25A 10, IWRPE R B —ITRASND A, (2)
2 JERCTHEM LS AICITREEN CBEmEN N LT 570, IWHEOBMBEOENE VA,
(3) WEiEE OENLAFEH 7= ) ORERENKE W20, RISERONIMED 5\ IXmEI 7 EROHIH A
DCHEETE D, (4) ZEREOGOTREEZ 1 T CHEMCT& 2 a[fekEn & 5 s T 5 [26:29.33,3530]
ZOXIBREHIZRY, Tu—FOSTIE, RIS ORI DL B 7 vt 2 ke ERE T v
B A RO TRREMIC & 2 AR EAHIRTE 5.

R A TR B TIAER T 2720 GE—8), RY—Rffiz L= — Y v
(B — NV v P) &2 78— ISHENICHAIAATE FiEGwmN 7' v ' 2 EFICER ST
% Re2 = DAL, SUGEIR & A3 g NS N CRESEICHEL T 272, RS LA
REEND. Fio, Wl UBRIAND LR LT WS —RASRMIE A, HE L7 v —ikK
NTHEHTE 2720, ZEMEORBWKIST R AZBET L2 LN TED.

ZOXIBRBEID, EENFRT HUEETIE, A RAGEMERET— N v &
T2 HEROBBMI A ED TV, HEAMIEITTOGR, 2% 5 FRZIE IO, $5R — B G %
LT 5 124

10% Pd/C & %\ M 10% Pd/HP20 % {9~ % 7 v — Bl o SO T, BRI — - U
v VT 58] 20 TR E A LT X TOETCHEERELZ KR T D2 LA TED [Scheme 2-26,
@] F£72, 05%Pd/MS3A & 5\ iF 0.3% Pd/BN Z fillit & 3~ 254 CTiL, /Ny Ttk E1b & bk
U CIEILhE N M E LT, Sy FRUGEM & 135870 2 BRE IR 235 BL L 7= [Scheme 2-26, (b)].2

Scheme 2-26. Flow hydrogenation using 10% Pd/C, 10% Pd/HP20, 0.5% Pd/MS3A, or 0.3% Pd/BN-packed

cartridge.

10% Pd/C or 10% Pd/HP20

NHCbz H, \QNHCbZ \/©/
4 MeOH, 1.0 mL/min

smgle pass
. 78%, 10% Pd/HP20 100%, 10% Pd/C
(in MeOH, 0.05 M) H, (1 bar), 25 °C H, (1 bar), 75 °C
81%, 10% Pd/HP20
H, (50 bar), 75 °C

b) Ns 0.5% Pd/MS3A or 0.5% Pd/BN NH
H» 2
O,N MeOH, 1.0 mL/min HoN 0

single-pass
(in MeOH, 0.05 M) 76%, 0.5% Pd/MS3A Obtained
H, (50 bar), 100 °C  in Batch conditions
90%, 0.3% Pd/BN
H, (50 bar), 50 °C

a)
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10% v v AfkFE (RhIC) HDHUNME10% /LT =7 AR (RUC) 1, 71 —RA G FZIEICSIT
BOWTHROWBEETEZ R L, 2Ny FROGTEEEM 2 5 BIE Enh D b & 170> 20 B Coehs & &
%2 EITEEN LTS (Scheme 2-27).1290]

Scheme 2-27. 10% Rh/C or 10% Ru/C-catalyzed flow arene hydrogenation.

R R OH
| M 100 Rh/C or 10% RuiC O/
P> H> o
N r

N
o 2-PrOH, 1 mL/min [0) H
\ / single-pass
(in 2-PrOH, 0.05 M) 11 examples
67-100%

10% Pd/C 1Z 7 v — AR — B R U B T H BRVABEE M2 7R U, ROSRIRDMEE D — N Y >
THIEIm T 5K 20 B CRIGHAERET D (Scheme 2-28). filliin b DA BIAHIIREO HiLT, Fi-fik
BEH— U o IFER VIR UEHTE 5 2 &b EAMEN E. 24

Scheme 2-28. Flow Suzuki—Miyaura reaction using 10% Pd/C-packed cartridge.

10% Rd/C
| B(OH .
Rl,_(j/ 4 Rz@r (OH). Na,COs (L5 equiv) R?
N S 50% EtOH, 1 mL/min  g1-fi
(0.05 M) 1.1 equiv szir?-llg-oascs Z
gle-p 18 examples
78-100%

F I ~A 7 A

~A 7 v i3 300 MHz 7°5 300 GHz (i E: 1 mm 225 1m) OFEEEOERIE THY, AFE
ECITE LS L OB OBE R SISV, 1986 FERUICHBEA K T THEH I
TLk, SUSEEFE OB B olRm L& B E LT~ A 7 ail i FA T 2 A s
BFlIFAE 2 HE N LTy 5. Bo38l

~ A 7 AT, FERACREL, SERKEN L TER= XL X =PRI EBm IS (=
FOX—=PREE LTHET D) ZE2FMALTWE BN SR gL X—HK1%, EHREER #
HAER, A 7 aEOMEEE L ESBEIKET S, HEREERIIEERLORNETHY, #
B ETICAECTEBRICEVRET DV 2 — NV EERT. ERFERIFERRORETHS.
BHRF-% F52 0 F % BHWICIRT &, B3NS & R U F A2 72 D K 51203 Efs3 2 723,
~A 7 AR T D EHIIRE L T D720, HINEWMENREIESICI b IhD L HnEwmE
DN ES ORI S THEET 5. 20D L & OPINEWE O BHRT- & SMBES & OO XL
WX 2BMBEINFERRLTH S, FERIE, BEROFERICHT HHWNBDEOFERDOZ &
Th Y WEEA OMEEFED. $INEWE OFERE CLFFER) 13~ A 7 n B RICHET 5.
—fRIZ, IEORE RS FIXFERRDKE WD, v 70l CHREIMAIND (w471
WX =2 BRRINT D).

<A 7 IR CERE L TN E O (HENRIIWEIC LV B2 D) F ChRRICEE
L, BT RLX—NENCERINDT0D, FANNZD L S IR BEEINEE i 2% & 135 0R
HCH— 72 MERRIRE L 72 5. FTo, INBWEE DL DOBRREIRL 725720, FUSK#RE DN
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BCHET AT RAF—RNARETH Y BEENE . 510, FEBEDKE RYWEIOEBRNIC~A
I aFEOTRNF—PNRINEI DT80, RIIMERATRETH L. T D OREMP KIS T 7EAD
BRI BICH G L TWA. 7220, <A 7 nlORGBIEEIIWEIIKGFET D720, RISHEBPKE
BNy FRUGTDO AR —)VT v 7 Zidi L TR0,

R R BAME L ~ A 7 v M E A DR IZE L ED SN TR Y, EROEEINEEF
M 25086 & e U CREROMEER 2 m) EAARE SN TS, ZUTIE, <A 7 e g (&
W) AZMZ T, ~A 7 v R EREE N ORI ISR U 2 9Pl EiRs (Y b AR > ) OFA
NHEHE LTS EEZ LN TV B Kappe 513 Pd ORI &~ A 7 a IINEAD KOS Rz
W, iR TH D Pd RIAITRIED/ N SUVNE LRI R E < 72 5 7205 lBEE M 4 ok
0, ~A 7 aEREEREE T IR RN IR R E b DI~ A 7 niE 2R WIL TRy b
ARy FOBRRICEH G925 L LT\ B2 £7- Horikoshi &% PdIC @ kv ki %1t
LTCAYy NARY NOREZFHEZMHIL TV, AERMEBERFR Y ARy NEEICEETH
L2 EERHOENITLTNDS B Z oBIGITER OB TIIHBNETH L Z Lh, RE—FK
B L~ A 7 0 EIEVOFAE I K D UEE RO FTREMEY, 7 ek 2RI bR ITE T
5.

B <A 7 ulERENRT o —RE

BTl 7 m—OG T, USRI Z MO ISR © Tl T 72D, ~ A4 7 nEo

RBEREOFENRIND. 7o — S TR ZERET 52 & TREGRIEL LTHHEATE
HImDHEMTHD. L, BMEWE OFEREIIHEOREIZHBIND 2D, ~ 4 7 v
BOMRITHICECT DR S5, T7805, FEREOIREKFI R ZIT > TN &
W RN HEREE) LA T20ThD. FREAEE SN H— RO~ A 7 aing
(7 ne—FK) TiE, HEEWNEERE Sz~ A 7 2l OREENEE L\ 2D s
DIRTIZERET 2. £72, IEMEWE R EFERRPNNIWEEM 2B 2121%, &to~A
T OB VBEIZR D720, MIGT Y BT 2B 2GR INECIE EE I 72 E NN 72 5.

L AT, VAKX - FDS tll~ 1 7 vl 7 v — UG E  (tunable single-mode MW—flow 25 7&) 13,
PEAERREIRIR CER LI v 7V E— RO~A 7 a2 R L TN 2 7 a—KSEETH Y,
FISF ¥ €7 4 WO~ A 7 v il & EBIGME 2GR E=2— LT, BETLI~A 27 miEofE
W & BHBRE & SOSSRMBN Sl 7R BEIC 722 2 X O ICHEMICHIEI 5 2 L 28 CT& % (tunable).
Tebb, REZSCEINEWE OF BRI ELZ T 5 2 L7, HERIT RS E R % o
6T D72 DENTME T B ANFEHRTE 5.8 LUIT, ZoiEEZ MR U7 nE Aol 2 5807 5

Akai 51X, tunable single-mode MW—flow %%i& % H L 7= W] D A G RSl & LT, Fischer A >
R —/ L&k & Diels—Alder Si% 2015 A IZHE LT\ 2.8 o7 a4 ) UEBIRIRE 7 = =)V
E RIUT b= b URKE DY AMRT T AROSE I, Fid 15.0 mL/min (4% 0.75 mL/min)
HIE25MPa T, v A 7 miIBINGM TBET D &, DT 20 B OHE R CRISIRE D 240 °C %
TERL, #HET 58 Ra "y — L3 IER 75% TARRT 5 2 & & 52 L7z [Scheme 2-29,
(@)]. [FIERIC Diels—Alder SUSIZOWT d, D0 1.2 2y OB ER] CTRUSIRE 2349 200 °C £ T L&
L, ®ad 20 v 70 o ZIRNENERTHE LD [Scheme 2-29, (b)]. EBHLDOKIGTY, ERM o
BRI 72 0 OIESMENTE Y, Bl O KEIZHKT D LN TE S,
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Scheme 2-29. Microwave-assisted Fischer indole synthesis (a) and Diels—Alder reaction (b).

T

(1.0 equiv)

mixer pump (15.0 mL/min) exit T =240 °C

2.0 M in AcOH
145 W Microwave irradiation 1 N\
<i>7,\”_”\“_|2 (tunable source)
N
11 . H
2 SW I MeEN 75%, 115 g/h
b) Et0,C—==—CO,Et pump (5.0 mL/min) exit T =194 °C
(1.0 equiv) ; /
1.1 Min n-ProH & Helical Tube
o 0, Reactor (6.0 mL) 0
CO,Et
\_/ 60 W Microwave irradiation 71/
(4.0 equiv) (tunable source)
4.4 M in n-PrOH CO,Et

76%, 58.8 g/h

F7- Ley B, [FIZEEZMEHT 5 Wolff #5475 & Wolff-Staudinger Shts % i LT 5 . B800 o2
TS R ERVULT IV EENEEM LT ' b= N U VIEKRE, 2.0 MPa O£ & DT T,
ZhZEH 05 ml/min DFHET 80W DO~ A 7 m ISR FRiKT 5 &, BARIEERTHMNOT I R
(AR ARET 5 [Scheme 2-30, (8)]. %7z, Y7 V7 by 7Y 78—k F—% N-TLF )L
AINTTDE, HSTDHB =T 7 FLEPERTDHZEBHAH LTS [Scheme 2-30, (b)]. #HiHE
BERIIIR 6 0 CTH Y, BUHRWICHEENLER YT Y 7 bonb B E KEIZERTDHZ ENTE
L7280, Ny FRISTIEMBE R DA —NAT v 7ICbInTE D, 2k, Ny FR~v A7 i
G, BRAXO 7 0 — KGR TIICEOR FREETH Y, ~ A 7 a B RNHMICENL
TWn5.

Scheme 2-30. Microwave-assisted Wolff rearrangement (2) and Wolff-Staudinger reaction (b).

a) o) o]
N mixer pump (1.0 mL/min exit T=165°C
RJ\¢ 2 pump ( ) \)J\N/\Ph
(1.0 equiv) BPR H
0.06 M in MeCN 99%, 0.34 g/h
80 W Mi irradiati 0
N icrowave irradiation
Ph™ "NH; (tunable source) R)J\N/\ph
(2.1 equiv) H
0.125 M in MeCN 6 examples
65-99%
b) o} Bn, 0
RlJ\¢N2 mixer pump (L.0 mL/min) exit T = 165 °C N
(1.0 equiv)
0.06 M in MeCN
- . OMe
N R3 80 W Microwave irradiation 85%, 1.05 g/h
R N (tunable source)
RS 0
(2.1 equiv) N
0.125 M in MeCN
R? R?
18 examples
30-85%

Mase HiE[RIZEEEEZFH Liz~A 7 a7 v —54T T Johnson—Claisen Ha{7 St % 1] 8 T 5L
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L, WEND R —)L T v FAREZR UGS 2 fesr L7~ (Scheme 2-31).1330) ik CIEyEE 2 -4 %
WEENRIRL, TUAT NV a—L b A EFRBRF b H IO AR A DY 96%, 89.5 glh TH LT
x5.

Scheme 2-31. Microwave-assisted continuous-flow Johnson—Claisen rearrangement.

R3
R\ __~_OH
ump (2-4.5 mL/min exit T =229-241 °C
R2 R4 pump ( ) /\/\H/OEt
(1.0 equiv) / / BPR 0
5 5 & Helical Tube 96%, 89.5 g/h
R 340R < Reactor (6.0 mL) R
OR® 200 W Microwave irradiation 4 5
(1.5 equiv) (tunable source) " \/Y\I(OR
2 pl
ACOH 6 I:xaiple?s
- 0,
(5-25 mol%) 54-96%

LI E, tunable single-mode MW—flow %5i& DA HMEIZ DWW Tl <7223, % O 1T IEA R KOS
FRIE S AL TUNz.

HEIUE R IER K FE R E TR L2y FRHE B K —Heck Rt

HEGE T AR E TV vk Pd fIMBERIC 7 e A1 7Y v 7 B R —Heck G

ST N VHEROGRKIE E LTRSS TV 2 B30 1 H oK —Heck SIS T, 747
DIRFE — KFHEE & EHIRFE — RFEEEGLT D720, WERDOENKIEE LT a2
IZEN TS, R¥—% Pd A FIH L7c@®EF S H Y, GI2IXEENFTET HF82E Tl 10%
Pd/HP20 o€ / U A A1 Z‘/ﬁc?ﬁiﬁjﬂaﬂﬁ?é Pd fililic X2V o R 7 U —1E K —Heck SUG% #
HL TS (Scheme 2-32).16251 10% Pd/HP20 # M3 2 IGTIL, F Vb7 NI T7FAT o E=D
LIS D LR A 7 VDI SN THFBERFMMAEWMEZEE LTI L6 TED. IHITK
ISR T R O T O BIAEHIT 2B LN W OERAERH S, LovL, 10% PA/HP20 fillin
IaAR TN T RIEOF T, #EAR—Heck SOSIXSUGSEE SRS, 0O F AL — Rl %
PR L7 v — R RICHE L CHAEE D — N YU > DO R ORI EE L 7o ZHRM Tk
i & L COMENLIZITIWN T2 o TR,

Scheme 2-32. Mizoki—Heck reaction catalyzed by 10% Pd/HP20 or monolithic resin-supported Pd catalysyt.

10% Pd/HP20, 5% Pd/CM, or 3.9% Pd/AM (0.2 mol%)
x> BusN (1.1 equiv) X R?
R + R >Riw
= DMA,100 °C =

1.1 equiv

FRE ~A 7L 7 e —RISIZ & SR —REEAK—Heck &

AETIL, RISEHER EZBRE LTy A 7 ani e 7 o — Ot E 2 A5 b TR —% Pd
fl A HEF T3 B3 B R — Heck S D SEATSCERIC DWW THRIT 9 5.
Fr T U — (NEL 1150 um, £ X 10 cm) DOWEEZ PA(OAC), Z 8 Aii L 7= #4812 BEfE AL L C Rl
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L 7-fifit4%  (Pd-coated capillary) 7% Organ ©51(Z & - CBHIZ ST\ 5. Organ 1% Pd-coated capillary
A7 a7 e —E R R —Heck OSIZHEH LT\ 5 .88 5Kk a R/ ba, 7vry, BEW
N =F LT X 2D DMA IR % il 10 pLimin, ~ A 7 2 IBR ST TBET L L, b EI
RCHy TV TRERPSE LD Z & &l LT % (Scheme 2-33).

Scheme 2-33. Microwave-assisted continuous flow Mizoroki—Heck reaction processed through Pd-coated

capillaries.

Pd-coated capillary (0.104 mL)

' Et3N (3.0 equiv R?
Rl@/ + R2 3 ( q ) - Rl—' Ry X
Z =/ DMA, 10 pL/min (

1.3 equiv MW (0-300 W, >200 °C)

6 examples
58-99%

F7o, PAT7A4NATa—T 47 Llexy T ) —%ioT, 227 mE7 =V VHHE 1- T LF L
-1-7mEx7 >, PAdPEPPSI-IPr, 33 XU t-BuONa & bV R ik %~ A 7 v BE T At 15 pL/min
THET DL, ET0 7T I RIS HET L, 5l & k& 51N Heek SIS ET LT, ®nd 5
A v F—/VBF RN AR T D (Scheme 2-34).3%) Pd 7 ¢ JL AT Ze AR L 22 WC~ o 7 1l
R E IR L CTINBME 2 AT 5 72 DI LT b, 4o TRIGOHEITIZIZE—% Pd fillio
WINRMBETHY, GONTERY»EOEBOBRETENINEL 2D,

Scheme 2-34. Continuous flow indole synthesis via sequential amination/intramolecular Heck reaction assisted
by microwave heating.

Pd-film-coated capillary
Pd PEPPSI-IPr (2.5 mol%)

N R’Br NaOtBu (3.0 equiv) N
RI-— + \[]/ > R R?
= Br Toluene, 15 pL/min Z~N

1.2 equiv MW (22 W, 215 OC) H

21 examples
62-85%
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BLE A —REBSRMELMERT 5BUKRRISBLRS
B—H RHRZXAF—L L TOKFE

PESEH A LIRS, ALt O KREMAIC I V5l & Z S & S R 2 KB A HRE & 72

STHEY, LEBREHCED D 7 U — =3 X —ORMIERD, REDOHMERZ 2T D 72D DBRER
DEE 72> TN D . KENRBEL THAERT 2DI1IKOATH Y, “FbRFEZPEH L2 BREE
WELWZRAFXF—HE LTEHINTWS., KEZXAX—DELRHMEL LTZRT 7 — 4%
PREMEMN T D B KFOBNEEHTZ D O X)LX —ATREE (242 MIkg) 1, YU~
(49 MI/kg) ELHEERL TREWD, BNEEH T O =R XF—FE TR0 (kFE: 11.9 MI/m?
vs. #2349 MIIm) B8 K5 oD TR0 OO BRI ARG 5 AR LB 70 ERBED = L F — 2%
AL TIRIRIZT 20BN DD, Fio, @ET AL LR EOERGIAZ 52T 5720, KERT#R - kit
JEHECH D, o T, =X RITENTKFZOITR « EHNEDOBRRITKFE =L ¥ —OFH
JERDTZDDOEERFRRETH 5.

KFEE, KRBT ASLHMEDE L TDORAL R0RAY ) — LV EKRRGE L CRES D, B K
BEOTRNX —NUETH LI TR ZBLREDEAERD E LTEL DD, 7 U — 2 THE
DREWEGEEDHENEE TH 5.

KFEOFIAIERZHTe Z S OMEE AR T 272512, # LT - EiRE, SRS FE SN
Tn5. Bz X, REEDKE 2ed B AREERZ KBEWEWE & U THAT 2 7150140 KFELF
UFRFT RV T LARKBIT VI =T LY FULRETa NAFE FAKREEZBRNT 28BN K7 A
ORI 65 B £, EIRAKFEF ¥ Y 7 (Liquid Organic Hydrogen Carrier, LOHC) 7>
HAKFEAEBEHERY M E (BT I oA RI A4 RIE) OBBEREFRE ey =2 hE LT
D LTS Fir I hng RT4 REE, (D) HREETERETHY, ) bHNICRE
THHRWES R HLEWE (HORR - EWRICBET 54 0 7 7220 EFFHATH ENTE
%), (3) WAF—KFMIA I NVERTHRYELFAT S HERTHD. LEMCREICRES
TV T L3 — 7 =7 51,1 fafns ik RAbLKEEHT 3 LOHC ofEsfifba® s LT
HEASNTEY, 7V —rRST vE ADPREGETE AR — KA X 2 5 1ERRmDNEFR IR S
nTn5,

FBH KRIFBYWEL L TOAFAT T a~FtH v LAKEBRE LTOFHA

FAFBIRRALKETH D 7 anFh oo xF v ra~tthy, Tk Rat 7 X L U dEiHE
LOHC o 3 Bkl I ME TH YV, BfFoAfitia A 7 7220 E R TE 272 LOHC
BEHREEMTH DH. KRS, AT N7 a~FH o LBKFEL S vz 0%, i8RV R (<94 °C
225 101 °C) THIETH Y, AF N7 a~FHhrnbRkREE R Y M3 HikimoRB»NE
FTND,

AF Ny 7 asF Yo ORKEFEFITRD TR E ZRRESER (205 kiimol) Toh 57w, ity
AT N7 andHhohnbkEZRYHTICHZY, fBi4)E (Pt Pd, Ni 72 L) LK (MK,
TNIT, YIATNIRE) OMEENZERF SN TG BT Lo, ROSOEITIZITIRED
TRAF—ZMHH LT 270°C UL EOFIREMFTERT HMENH L. S 6T, FUSOETITH S fil
BETEME O T IR S, Bl ziE, AL TaRE S T, 7A I FHERASE -2 ) 7 A
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(K-P/AI,O3) fillit A BHIE L C, A TF 7 a~FHh o OBKFERICE T L TWDR, KISTA v %
300 °C LA EO@EIRICIENT 2 RS 5. 7ok, KFEEZED HL72EO bz iL, RRH AER
(FRIZAZ V) DEERTNRANE o J—Tliink LC, KAEAKUE TS L 7oK FECTHEZET
ELTHEATF LY Za~XP U ICE L9 2 THORY U —THARL méﬁémf#774%:
—UNIEFERBRTCTH S, L, EHREHRECHKEL, £ L CHFE—EITIC L DB #
AT D TR F — ORI RAICRR T R EBELRMETH 5.
FIPUOSHEOM LA AR E LT, g7 n—2EESC~ A 7 I E T2 A F v 7 mas
FHUMNEOKEREELME SN TETWD .16 f 2 1F, Sekine 51k, MAZEFIGTE LB
FFEND PUALOs (2~ > 7 v & [EE(L L7z 1% Pt-1.4% Mn/Al,Os ZFHHL L, Mn 2BikFET 1€ 22
BT D AR ME & BOSEBIRVEDOIR T2+ 2 2 & 2#E L T2 (Scheme 2-35).1474 i3
350 °C £ CTMEANT 2R B H A, filliai 50 mg BIE L2 — hU » DICAF L T a~nFHh oL
TT, ERORE T A% 3L4mLmin TGS 2 &, ROLPHIIZEHLER 90% CTHE 79 5.

Scheme 2-35. Dehydrogenation of methylcyclohexane (MCH) catalyzed by Mn-impregnated Pt on alumina

catalyst.
1% Pt-1.4% Mn/Al,O5 (50 mg)
Y + 3H2
MCH:Ar:N,=6.4:20:5
31.4 mL/min, 350 °C .
MCH single-pass <90% GC yield

F 72, Kang 1%, PYALO; DI Ca—7 ¢ > 7 Lol E &2 270 °C I\ZHNEL L, AT IL 7 m~
X g eI L CIE AN MV o AT 2 51 A BA%E L 7= (Scheme 2-36).147¢1 A: kL 7= k%
SRR 28 U C v b S 7o, WS EZIflTE 5.

Scheme 2-36. Dehydrogenation of methylcyclohexane using catalytic membrane reactor with Pt on alumina.

Pt/Al,O3 (80 kg/mq)
: + 3H,
0.08 mol/s/im2, 270 °C

Single-pass
100% (Not collected)

AY)— R B OHEEK L LT SN DTEERIT, HFEERDEWZO~ A 7 iz I <RI
T2 EPBATWS. Horikoshi S B ICHRUEL7c~ A 7 mili 7 v —25& & PdIC #yRK A
LT, KRHIID~A 7 ol BEGR0 TETT 5 ATy 7 a~nt Y o OPKESF LG E @S L

TUW % (Scheme 2-37).1461 A= pk U 72 /K3 DO EBEE & & M OS2 6 L TR0V T, iz LTl
PrIpKRFBHABER L TOWDLONARHTH D, S HIZ, v 7 R X 0 IEER Blodk >y &
Wy BB SNTAN=7 LIRS BT T D ERMENE WIS TH DL, KED PAIC Z ] L
TV RICRIBITR D 23, MWK E R~ A 7 2 T T 12W Th Y = /F—2h=RIENT
W5,

Scheme 2-37. Pd/C-catalyzed dehydrogenative aromatization under microwave-flow conditions.

Pd/C (2.5 g)
: + 3H2
0.20 mL/min
12 W MW (203 °C)

single-pass 94% GC yield (Not collected)
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LI E, LOHC & L TENTZENEZFOATF LY 7 a~®H onb kB2 BT HEICHOVTR
NRIED, IS OETITIEEEGSEMH D WIT R EOFBEAVNIETH D720, TR F—5h=R L fh
PR, = L CEeMIENT- FEROBRE N ES EEN TN D,

FZH EMEREEEY OBUKREGFELRIE

HEBACEMIARLEMEHBRT 2 A2 =y FThH Y, EEHOEB ML R EL < ORelk
WEDOEREH TH L. RENEEWY ORERIIK FER S FCEONE, BIAEWMPKFEOHRTHY,
Wi 7 = Ak Y 7 A (CAN) R 237 0m-56-07 /-p-_L Y ¥/ (DDQ) /&%
by EimaEll FERT 27202 BEOREEMORIENMEE e H0ERkE L kT 5 &, BREICELWD
7 V=R biEE LCER ShTn 5 .48 SEa a2 G O MK FZ G FITR & 72k
BSOS Tod D RN LAY G BN, BRAEEENICD < &b DO—2D REFkE & AR
% & HBHE ST 5 0 ZE TR 50582 TlX, Diels-Alder ST L7 7 m~F
TrHLWET T T H T &, PAIC MR K T TR ERIF TS D HIEEMEL L TV D
(Scheme 2-38).1501

Scheme 2-38. 10% Pd/C-catalyzed dehydrogenative aromatization of unsaturated cyclohexanes.

2 2
| R Rs  10% Pd/C (10 mol%) n3

R2 acrylic acid (10 equiv) X

Y ——————>[tT > |
R 8 4 S H,0, 80-150 °C, Ar /G

Diels-Aldar R! Rl

reaction
+H,

AT TIR 72 L 91T, SRRz EW TH DL A TF N7 a~F i o OBUKBRREFE L OREF
BINH X TETNAHD, ZHHIZLOHC & LToOmEMEZHME LTRY, Hkx fafillgR=UtEw
EWKFGFNT D2 EDTE L Mhd 2 FEmOBEBNIIZ & A L7 5L

27T Y AKBEED DT X FEE RO IE OREI MK ER IS FA UG 23 Bl Mizuno
& Nozaki 512 X » TH#iE S 7= (Scheme 2-39).51 Ni, Mg, Al THim &5 @ik = EKER LY
(layered triple hydroxide: LTH) Z#{&& 3% Pd filllifix, > 7 m~FHh /) —n b rmAFi T
Y DPBIKFERGFALZ N RB MBS S, PR E D7 mnFd ) oo sunFtt ) O
TEROGS HFET 2%, ZOMBHTT =/ — /L ORZIE T RS & Bl U722, OGO DECAEE <,
KFT 77X —DRIMNELIEL L7 [Scheme 2-39, (@)]. 7=, BILTF X TV T L—&5H
& FEL L7z PA-AUTIO 235 &, v 7 a~F T I v oliik#LE Zhick < Miaic &
DT V=T I VEPERT DI ELEA LTV D [Scheme2-39, (b)]. 7KL RHIZ Y 7 B
XY BN T DL, AT IVNEARTED. ZNODOMURIE, —BIE R OIRKERIED 2
B0 R ERERE (BAEINCTVKEEREE T I /5 OZRICL Y IREIT LS WD, B
R L SN TV R WEMIZR2 G BR AL G DMK TR G FITK AR L LTHEETH 2.
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Scheme 2-39. Dehydrogenative aromatization of cyclohexanols or cyclohexyl amines.

a)  x . X
Pd(OH),/Ni;Mg,Al; LTH (1 mol%)
> % | + 3H,
R—— o R——
DMA, 150 °C, Ar <
X = OH, NH, 52-99%
b)

H
Au-Pd/TiO, (1 mol% of Pd) 2 L NN
RT— , > R— | | —R + 6H;
mesitylene (2 mL) A =

160 °C, 24 h, argon 19-90%

LIiE, BRIBRIRIRALKSR 2 B & LIZ KRS B LSUSIIBAFEMZE D E A TOR WO RBR T H
2.
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BB BAFTUOREHIERERRANT U LD

F—E BEA A #ME DIAION WA30

B IR T LI L 9, I RIERIK I A Tl B R E AR — R/ )
Z 0 L (Pd) filiiEo BRFEMFSE 2 ke HOIC O T 5 (Figure 3-1). & L— MNEBEILZFF> DIAION
CR11 : LT CR20 X0, A LA NBVAEL L CREX[EO D (BEfS) T2 & THLNLET I v I AR
&, BRI ESTHEMIC Pd 2 - BE(LT D &, HALETICRWT, HREEER S Pd O AME
RSB O B (FUROFMBCHR TSR &) ITHRAT LT RN 72 BRE LR PUE RS B35 =
EaEHE LTV,

b AL At is DIAIONWA30 (WA30, =347 2 L) IX,BANN-V A F LT 2 ) TLF LN
—ERDON R UBR BICA AU RHEE L L TEASINIRROR Y AF Lo =V = AR BRI
U~—TohY (Figure3-2), —EDMENRIES T LHEREE L TKLARL~ Y ORFRICHIH &
TS, WA30 L, HAIARRY ZAFL =V EARCPURRY ~—Th %5 DIAION HP20 & i
T 5 & HRmEfES L OWIFLAREA /N E 0y (Table 3-1).

FFIL, WA30 OHAEHREFL =2 4.96 mmol/lg TH H 7=, mFFED Pd il 2B CTEX 5 b0
LB T F, HRE =T I KB LCPd EEFRICHAEERAT 52 LT, KHR
—ﬁ%ﬁé%&ﬁE&E@ﬁ%Aﬁ%ﬁkLf%@%&%ﬁ%@#%ﬁ#é%@&%ﬁbf,%ﬁ
DOFREL e & ONTEPEREAMG 2 21T L 7=

— PdIC and Pd/HP20 |
R-O-TBS Benzyl alcohol Alkyl-O-Bn

— Pd/C+amines or NH,OAcH PdICR ———
Ar-O-Bn —| Pd/ceramic

Alkyl-N-Cbz
—i Pd/C(en)
Ar-N-Cbz ArCOR
Pd/C(Ph,S)
R-CO,Bn
R-NO, R-N,
Alkyne Alkene

Figure 3-1. Chemoselectvity of various heterogneous Pd catalyst in hydrognation.

HoH

¢

H/n
| A
X/
Xy
\

Figure 3-2. Structure of DIAION WA30.

Table 3-1. Physical property of WA30.

Content of the tert-amino group Surface area Pore volume
4.96 mmol/g 15 m?/g 1.3mL/g
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BE ARSLRE & MR

oA A L AR HRBIRFRERFRL ST O 0 At (PA/WA30) 13, I B3R RS 3 S I0 e CHENL L 7=
FENE T L7, 37006, EEE/ N7 27 A [PA(OAC),] D A% /7 —/L (MeOH) V&R IZHHLIA % i
L P FEOWE RS L8 h — 2 AT 9 HikL, PAROWE L% 2 RS CEIET 2 HIETH D

BRI WA30 ~0 Pd OFLEFZ MeOH HTRagt L7223, WA30 EIZ Pd 3 —I1Cl A& Shieio Tz
e, WE TR EBEILTRERAICHE T HZ L Lz, T7hbb, T &Ik LT 7 HEWIIAR
% X 9 IZFFE L7z Pd(OAC), DOFEfE=F /L (EtOAC) ¥IRHIZ, L7 WA30 (MEfh) ZE L7
LA, R TH o IERITHR 2 ICEEEH & 720, WA30 (2 Afi Pd (Pd") 237E&AIZWE S
-l E O 72 (PAYWA30). ZhzimfE&EDOr K72 —/KF¥ (NHNHz-H0) % i& TAl
ELTAKRP TG S &, Pl 3 I8 T S 72 BB 7% PA/WA30 2346 L7= (Scheme 3-1).
FHFF RIS TR & IB0 TR THER LN AR O Pd R 2 RO CRIE L CRE L.

70k, WA30 D% =#k7 X / Hi&EIE 4.96 mmol/g TH 5729, 7% PA/WA30 NDF =#k7 I /&L
Pd OW/E &HITH 71 E R ST,

Scheme 3-1. Preparation of 7% Pd/WA30.

1. EtOAc 1. NH,NH»H50 in H,O
2. WA30, argon, rt, 4 d argon, rt, 1d
Pd(OAc), > 704 Pd'/WA30 » 7% Pd/WA30
3. filter, wash 2. filter, wash
4. dry 3. dry

T, TR L 72 7% Pd/WA30 (oW C, IR o> Pd FED /3 A, ik, 35 X ORI+ % ohT L7=.
WA a7 N TR (EPMA) (280 il o Pd A2 o L7z & 24, Pd 1Z WA30 ki D
FETEIREL TWD Z ERNH LN E 227 (Figure 3-3). fHEF S/ Pd DOffific = v 7 240
BAEIE (XPS) THMT L& 25, EuueRg b —i Pd" 235%F L T, Pd & Pd" D LITAY
1:1 Toh o7 (Figure 3-4). S HIZ, yR= v 7 ZEHTE (XRD) 12XV, fEauE Pd O+ [(1,1,1),
(2,0,0), (2,2,0)] \THIkT % =2 125U T Scherrer DR 6 Pd ORI R AFH LIZE 25, 3-4.2
nm C& -7z (Figure 3-5 and Table 3-2). AEAFEHE - BAMEE (STEM) LV, PdiXWA30 iz —

WL TRY, Zoki I3 L% 3-20nm Th -7 (Figure 3-6).

100 T LA T T T

T T T
——ICH-3-127
801k | il W Sep. re )
335.38 0.00 29.05 | '}
337.42 2.04 30.95 \

40.c - b
. = 2 S. i9. 1 0
H\'\Pd S0 342068 7.30 20.63,, 1\ Pd

gﬁ 60} \ 1 5000 ’)“ \‘.’\\ ‘(‘ /
E \ f \ | {

8 4so0f-

i " \
\ /
MU\,\'\"’V\ | / ¥ {
/ r ~ |
20 ,\ ) \
F MJ 1 L sl \ J
WY \ e e 1
3000 \ 3
\

OJ\_,I‘ .H‘lulu‘.l.‘.lu.l‘M W

I

0 100 200 300 400 500 600 L ,
352 350 348 346 34 342 340 335 336 334 33 330
Hm Binding Energy (eV)

Figure 3-3. EPMA spectrum. Figure 3-4. XPS spectrum.
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(1,1,1)
[\ (200) (2,2,2)
"\..
l/
- /!
/
0 10 20 30 40 50 60 70 80
2 theta / degree

Figure 3-5. XRD spectrum of 7% Pd/WA30 (red line) and WA30 (blue line).

Table 3-2. Evaluation of Pd particle size.

26 Bobs. Bstruct. Diameter
(degree) (degree) (degree) (nm)
(1,1,1) 39.862 2.062 1.992 4.2
(2,0,0) 46.288 2.971 2.900 3.0
(2,2,0) 67.827 3.047 2.968 3.2

#

Frrreeer
HD-2000 200kV x200k ZC 15/01/20 150nm

Figure 3-6. STEM image.
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B BREEABRRIEMETRIG
B EEEMAME

7% PA/WA30 Zfilfif & LT, kRx 2B EREEZ RO EY % MeOH Hr =il CTHKFE(L L 7=
(Table 3-3). 7 /L% > (Entries 1,9, and 10), 7 R~ (Entry 2), 7 /L% (Entries 3, 7, 11, 15, 18, and
23), = hm kL (Entries3and 4) OEfECIINRE ST L2, HFEBKES 2 (Entries5and 6) & 75
FET VT B R (Entry 7) OEITIE 40 °C THEAE L, ®IET DR VT L a— LB R @R
THELNIZ. NT VU ARSE (PAC) ZMRE L U7I2GE 21T~ VT v a— D KE o 3 e
1792705, 7% PA/WA30 il DI5E121% 24 Rl #: L C b &< KF b fiF S 72 mr -7 (Entries 8
and 9). JEMIEL OGS HFHET I O DA X AR =)L (Chz) fR#EXR, HEHEBEN VLT —
TN, BRORC VLT AT VOMRGEITE S IZHETT Lz (Entries 10-19). 7235, R~ v
T—7 U, FIRFEETIEERICHRFEESNT (Bntries 19-21). B ReFX L AR EE
UV LT Ntert-7 v LR =)L (Boc) &Y UBBEROLGEIZIE, N U —T VB
LT EER NI AT NNOIHEIRIRINKFC GRS D Z &N TE 72 (Entry 19). RXUBUEN
FEE LIZAF LU ARE VRO ESICHEAT 20, kHET 5 DT v a— L ORFALfRIL
2 HEIT LAV (Entry22). S 51T, tert-7F P AF L UL (TBS) PRIk IT 4 < il S s
7> 72 (Entry 23).

Table 3-3. Chemoselective hydrogenation catalyzed by 7% Pd/WA30.

7% Pd/WAS30 (1 mol%)
H, (balloon)

substrate » product
MeOH, rt
Entry Substrate Time (h) Product Ratiol® (SM:Pro)
1 Ph—=—Ph 5 o PN 0:100 (100)

2 EtOZCO—N3 18 EtOzc@NHz 0:100 (100)
NO, NH>
3 /\Q/ 24 /\Q/ trace:>99 (89)
Ph™ X Ph

4 @/\NOZ 24 EEKNHZ 0:100 (81)

50l 6 0:100 (100

Ph)J\Ph Ph)\ Ph (100)

" o OH (100

6 24 0:100 (100
e Y
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716]

10fb]

11

12

13

141

15

16

17

18

19

Meojg/\/
BnO
BocHN__ CO2Bn

\OBn

24

24

24

24

24

24

18

24

MeO

HO

o
\/\O

no reaction

Me_ OH

\/©/NH2
H

©/N\/\
HZNW/\/Ph

BocHN ___CO,H

\OBn

0:100 (94)

100 (100):0

0:100 (99)

0:100 (89)

0:100 (98)

0:100 (100)

0:100 (100)

0:100 (76)

0:100 (98)

0:100 (100)

0:100 (94)

0:100 (100)

0:100 (75)
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20 Bno” 08BN 24 no reaction 100 (96):0

OBn
21 \\T//A\\“/ 24 no reaction 100 (91):0

0 OH

22 18 0:100 (98
PhAPh Ph)\/Ph (98)

23 P X" 0TBS 24 Ph” " 0TBS 0:100 (98)

[a] Determined by *H NMR. Isolated yields were indicated in parentheses.
[b] At 40 °C.
[c] At 50 °C.

B SR L MEEORFH

Pd iZEffiZe & @ Th Y, EERLEIZBITS Pd ORMNIAEISHT 2 E3MERBEAMER ST
L. ETo, R TERLA~ORANL, ZOMRIK T 25 X EZ T rEEER S 5720, Pd DERER
7R[EIR & [RIRF I A A~ D& B IR A DEIEY, A¥)—% Pd B ICI1T 2 HERETH 5.
7% PA/WA30 % fill it & U7 1T W7 v — L ofEfiliE Tot%, iAo A Pd IREEZ, §5EHE
BT AN HTE (ICP-AES) THIE L7 & ZABRMER Lppm) LLFTHY, 7%
Pd/WA30 7>5 @ Pd DIEHIZFR® S 72> 7= (Scheme 3-3).

S HIZ, 7%PA/WA30 (X AHMED A TERINZIENNS 5 Z &N TE, 27p< &b b [alE THBTEMO
KT 7 < BFIHRECTH - 7= (Table 3-4).

Scheme 3-3. Pd leaching test (hydrogenation).

0.2 um
filter

7% Pd/WA30 (1 mol%)

A H, (balloon)
©/\/\OH > OH — ICP-AES
MeOH, rt, 5 h

Leached Pd species:
<1 ppm (detection limit)

Table. 3-4. Reuse test of 7% PdWA30-catalyzed hydrogenation.

7% Pd/WA30 (1 mol%)

X OoH H2 (balloon) OH
MeOH, rt, 5h

Run 1st 2nd 3rd 4th 5th
Recovered 7% Pd/WA30 (%) 97 100 97 97 96
Yield (%) 100 100 100 100 100
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7% PA/WA30 D#EEfliEITIC I 1T 2 i M4, HHF9EEE T 2 E TSRS L 7o REAY 2 bl & b
LTFigure3-7 & L TURL7ZZ. WENBMNOEREZEMIE T L2 LN TE 5. 7%Pd/WA30 &
HedgpsR SR A R U, IBIER Vv —TF 0, RUVALT v a—)L, v vz—T VLIS
OIRTEVEERER AR IC - PR#ET D5 2 LN TE 72, 7% PA/WA30 (X, Pd/IC %7 X Vi CHtE: L7
EEOMPBIEVE L IZIFERIECTH D, bbb, PAFESMAROE KT I v CEEICHFHEI -2 LT
HRERGRINMEN I L - L ZB 25 LA TH S, Pd OfETE & 72 55 =k 7 I 3RO AR
ARG LTS 720, Gk OB Aif & B TR IR kA a5 2 L »
TE%. BAMARETHY, PACIZT I VEEZIINL CHEmET 2 HEL BT DL, L7 rEX
T 2RI A KIGICHETE 5 EORTENL TN S.

—_Pd/C and Pd/HP20 |
R-O-TBS Benzyl alcohol Alkyl-O-Bn

— Pd/WA30 |- Pd/C+amines or NH,OAcH Pd/CR

Ar-0-Bn —| Pd/ceramic

Alkyl-N-Cbz
—| Pd/C(en)
Ar-N-Cbz ArCOR
Pd/C(Ph,S)
R'COan
R-NO, R-N;
Alkyne Alkene

Figure3-7. Catalyst activity of 7% Pd/WA30 in hydrogenation.
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FEUE FERBREAEVDOI T F7 Y —8AR—EHRIE

BB TOLERAN L IS, ~Na AT U = bRy FElER 2 Pd il )
DEAR—EIRNE, HRETEE O EAREEERICER Y — LV Thd. HEEEF LALLM
TAFELTHLHOD, RIGHENMESEHANKNETH L. 7' vt 2L A e AR — Rl
EHEALEFELREFI B TEXTUIW LY, ERFERLY B URAN S HRERLEMIC b iE
M RTRE 72 FikmmIIARTZ A 7.

RITEI D 7% PA/WAS0 fif iRz fmis oSS OfE R, Pd L HREEERSE FIICHAER LTV
ZLEBSKFETLLDOTH D WA EOH =T 2 U Pd OB Y T FE L TERLT,
AR — EH BT U CRUGTE DRV G FREFAC G DT 70 o 7 MRt S D O TRV
EEZT.

B RISSRAORE(L

7% PA/WA30 Zfilifiil LC, 4-7mauar 7=/ & 15 YEBEOT7 2= )Lha fBoH v 7Y
T ROSICBT D OGS A L= (Table 3-5). NN-YAF L 7+E F7 2 F (DMA)H 80 °C T,
Bex IR OBIMIRERF LI 24, BRIE T2 4T EFAE T == VOIENKRESEL
7o IREEKFEF N U 7L (NaHCO;3) TiE, 47T AE T ==L OIERITOT ) 15% TH - 7273
(Entry 1), REET N U 7L (NagCOs) M HIREEH U w7 A (KCOs) &HEIMED A EITHEWINE G
i, Rt 7L (Cs:C03) TiL 97%ICEE L= (Entries2-4). —77, WREELUSDOY VEE=F
U A+ T KF) (NasPO412H0), F h U U Atert-7 R K (t-BuONa), HHWME7 vkt o A
(CsF) TITURDIK TN D HiLT-72®, CsCO3 %% L 7= (Entries 5-7).

T DS SOSIFREZ RE S B EELE R TH 7. 7 v b P TEfitED DMA X N,N-
DAFNHRNLLT IR (DMF) HCRIGIZFEICHET L, 478 F A E T = = V@R TH O AL
(Entries 4 and 8). ML usfRlEA A HAGE LT DMA K ZD BRI L7228 (DMA/H,0 = 20 : 1),
FOSEhEDOIK T 23588 bz (Entry 9). MeOH <CKIZRE SN D 7 v b AR TIIRE A
BHE MK F LU (Entries 10and 11), FEMRMED b Lo o CIISIZIE & A EH#EFT L7220 > 7= (Entry 12).

FOGIRE S B> 70 > 7 OMITICIZTEE CTH Y, DMA H80°C TiX, B v 7V v 7 REERD 97%
D NMR IR THARKT 5725, 60°C £ TR T2 & ISR DOZE LWVMR T 28580 b7z (Entry 13 vs.
4). 728, 80°C THRUGCDMIGE(AZBI L= 24, 4-7uua 7t b7 =/ %6 BTk T 5
ZEMBH BT o7 (Entry 14 vs. 15).

Table 3-5. Optimization of 7% Pd/WA30-catalyzed Suzuki—Miyaura reaction.

7% Pd/WA30 (5 mol%)

Base (2.0 equiv)
Ac Cl + B(OH), Ac
Solvent, 80 °C

argon, 24 h
(1.5 equiv)
Entry Base Solvent Yield (%)
1 NaHCOs3 DMA 15
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2 Na,CO3 DMA 33
3 K2COs DMA 62
4 Cs2C0O3 DMA 97
5 NasPO4-12H.0 DMA 34
6 t-BuONa DMA 74
7 CsF DMA 43
8 Cs2CO3 DMF 89
9 Cs,CO3 DMA/H20 (20 : 1) 77
10 Cs2CO3 MeOH 41
11 Cs2CO3 H.0 15
12 Cs2COs Toluene 2
13 Cs2CO3 DMA 12
14l Cs2CO3 DMA 96 (100)
15[€] Cs,CO3 DMA 84

[a] The yield was determined by 'H NMR using 1,4-dioxane as an internal standard.
[b] At 60 °C.

[c] For 6 h.

[d] Isolated yield.

[e] For 3 h.

B EEEAN

W —TE TR L LT BUSSAE, 37205 7%Pd/WA30 (5 mol%) Zfillfit & L, 2 2480 Cs,CO3 E(E
T DMA H180°C ZFIH L C, F&REIEHRFILAMER 0 U BEO 7 0 21 v 7 ) 7B 5 G — %
PEAMET L7- (Table 3-6). XU P U BRICT B FAIENEA S BEEBEREFEMOSEIE, B
NEIZED O TN HIBICEITL, e 27 F L7 2= RN TN ETHENRTE LN
(Entries 1-3), 72, 7 XU B U OEFER 4 (LI FX AR =L (Entry 4) 0= ki
(Entry5), KU 7w AF)LEL (Entry6) 72 EDOEFREIMEEEZEALHEL., dHET5H7 1A
Ny TV T ENIETERMICER L. ETHGHEOA PRV EEAFFRICEA L7 er T =
V=V TIESEDIR T ARO 5. p-AUm-7 a7 = —/LCiX 7% Pd/WA30, PhB(OH).
L CCOs ZENZENDIEIZED, ST HA MR ET 2= V& BRIFRINETHLIZ ENTE
(Entries7and8). L72>L, 0-Z m a7 =Y —/LOGEIXEFIERICINA CTLARMER G ER > 727
HEEZ LRGN, RIEEAEELTH N v 7Y U VT EROICRSEITRD bl o7 (Entry 9).

FEWT, 7= AR n U BORCEVRICEREEEZEA LT U —/Lhn o A2 RE L
7o, B REMERENDER L7 na X0 B2 EE LGS, 7V — R e g ERED
BIIMEICEDS T 7 0 20 v 7Y o ZRNEIERTH L7 (Entries 10-12). £72, SUSOUEST
WCAFIHAEE ChLIEBETEER /AU BUVHEB T ARRERT V=R ey 7Y v
7 HohE R 4T L7c (Entries 13-17).
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Table 3-6. Substrate scope for construction of non-hetero biaryls.

Cl B(OH),
7% Pd/WA30 (5 mol%) R?
Rl + R? Cs,CO3 (2.0 equiv)
DMA, 80 °C, argon

(1.5 equiv) R? @

Entry R! R? Time (h) Yield
1 4-Ac H 6 100
202 3-Ac H 24 80
30 2-Ac H 24 89
4 4-COzEt H 6 9
5 4-NO; H 6 97
6 4-CF3 H 6 96
70l 4-MeO H 24 63
gtl 3-MeO H 24 83
gll 2-MeO H 24 15
10 4-Ac 4-MeO 4 96
110 4-Ac 3-MeO 24 100
12 4-COqEt 4-Ac 4 91
13 4-Me 4-MeO 24 78
14 3-Me 4-MeO 24 79
15 2-Me 4-MeO 24 66
16 4-Me 4-Ac 24 71
17 3-Me 4-Ac 24 59

[a] PhB(OH)2 (2 equiv).

[b] 7% Pd/WA30 (10 mol%), Cs2COs (3 equiv), and PhB(OH): (3 equiv).

[c] 3-Methoxyphenyl boronic acid (3 equiv).

BHRET V= VEKITIZ L OEFRLXRRYOEREHR TH Y, HMBMERGTERLZLEL L
$R —ETHUS DRI ARG ML FIICERETH S, LnL, EREMEMEREEL DL, =
FROME e EEBERO~T 1 il 728 Pd ITHAT U CHERIR D BT 5 72 O RSN O T &
SN 5. RIZ, CsCOs fE1E{L DMA 1 (conditions A) THEE LT U — /L ERRIEREG 2 #iEt LT
(Table3-7). B'Y UV AR ZEA L7 un ) P 7 V—nRa  Boy 7 v 7T,
TV =R n CEEGEROEFEEICED O T OSITHEICEITL, ST S 4T e v
DR TARC L7 (Bntries 1-3). £72,3-7 1 b Y 0O 7 = = /Wb RS ICH#EIT L72 (Entry 4).
LoL, 2-7er ) DU DORISMHEITE S, MR e A E L CHIEEO K RSGEEIZITE S
727 (30%, Entry5). 7B ZONE, HIEAY VEEH Y UL (KPOs), WA 2-7 1/ ) —)1
W28 x5 Z & T (conditions B), il & MXEE A 56% FE Tl LSE 5 Z LR TE 72 (Entry 6 vs. 5).
AT 2-7aa ) e 7 V—rRa Bohy 7 ) U AICHLEHREETH Y, ST D 2-7
V=LY DU mFREDOINERTES Z LN TE 7= (Entries 6-8). 728, XY EISMEOEW 2-7' 1
TV VCEEELTLE, Wy TV U TRGREEOIERNE LTS5 2 L b THRL TV D
(Entries9vs. 7and 10vs. 8). 2-7 X /UL o7 U —fbiL, 7 U —/ARua U EEOS Y UB 47
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ICEBEAZGEA LTSS, N B VROBEFIIMEIZED & T S EIZHEIT L7 (Entries 11and
12). F7o, KIEROBEALICEREZEALLEEH N 2-A N v 7 o= nha VgEER LGS
WHERET V—NZ2EGMT 52 LA TE 7 (Entry 13).

7% Pd/WA30 Al L7z 7 mu X B Rk L R R/IRA v RO v 7Y 73, conditions
ATHRRESEITLT, AMNETHET Y —AGFEREmIETHEL Z LA TE 22 (Entries 14 and
16), conditionsB TiEA o VEERIENARLETH Y, 7 a A B v TV 7 b L HIToIE b L
7o T2 DRI R & 72 5 7= (Entries 15 and 17). & 512, 7% PA/WA30 (ZEFEERFRI Lo v xh v 7Y v
74 M9 5 Z & BB L7- (Entries 18 and 19). 7235, SUSHENMEW2-7 me ) DU LB
FTRZEOE Y YR n U EHA TS AICIIIT RO MGIT e < #1T L7e o 72 (Entries 20 and
21).

Table 3-7. Substrate scope for construction of hetero biaryls.

Conditions A:
(Het)Art-xX 7% Pd/WA30 (5 mol%)
Cs,CO3 (2.0 equiv)
(X=Cl, Br) in DMA, 80 °C, argon
+ pE—— > (Het)Arl-(Het)Ar?
onditions B:
(He)Ar*-B(OH)2 796 PA/WAS0 (5 mol%)
(1.5 equiv) K3POy (2.0 equiv)
in 2-PrOH, 80 °C, argon
Entry (He)Arl-X (Het)Ar>-B(OH), Conditions  Time (h) Yield (%)
1 HCl - N//\:\>—c| 7 N\ | A 19 100
22 Hel- N H—cl MeO@—i A 10 71
3a HCl » N/ \ cl AC@E A 12 100
X Cl
4 | QE A 12 92
—
N
5b

6° Cl — B 24 56

10 |

11

MeoOi B 12 100

Zg\ /;
0
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X
12 @\/j\ Ac@g B 24 90
N Cl
X
13 @\/j\ QS B 24 55
14 \ A 24 85
AC@C| {
15 o B 24 9
16 O A 35 100
17 ot O ° O B 6 10
o
Br
A
18 ©\/j/ > A 13 9
~
N O

192 HCI « N//\:\>—C| MeO‘@*? A 24 95
—_— N_

> L

21 e

|
N

[a] Cs2COs (3 equiv).
[b] 7% Pd/WA30 (10 mol%), Cs2COs3 (3 equiv), and PhB(OH) (3 equiv).

B A=A

FEVNT, 7% PA/WA30 D F1 > 77V » Z G YE Eod 2 T = XL ARG LTz,

AR D BAE#E DIMRBHE M KAT TR 2 iR~ <, WA30 ETEMERR, & 2 WITEAE & I E
TR VEMARR ) AF L =V =R B RN Y ~—THh D HP20 %Lk L7 (Table 3-
8). HETIR~/7=L 512, 7% PAWA30 (L 4-7 a7t s 7=/ D7 ==/ a3 R < fildii-d
%75 (Entry1), 10%Pd/C TIEEzh= N E L <K T L7z (Entry2vs.1). F£72, 10% Pd/HP20 % fifii
E LA, BOGIE 6 FFR CHRREMEIT L2 b 00, 24 FFICIER L CH 58k LR > 7= (Entry
3. ZDZEMmb, IEHR LD bEKRERTICHFENEGBIHAET LRI AFLURRY v —%HH
RE L7eind, $hAR—ENIxIT % Pd OfMEIEME & < 72 2 AR Sz, SEBATFe L,
10% Pd/HP20 Tid—#B8 Pd 73 HP20 DU P U B E n BFMHAEMEA L TWD Z EBHBNE R T
B ZOEMIZEARTENFE T 7% PAWA30 THRBRICEI L TWDHLEEZ TS, I5IT,
7% Pd/WA30 % 10% Pd/HP20 LV & ABIEMER RV LD, WA30 FEAREHE EOFE =87 I /5
NHEGELTNDZ EFEHATHD.

Table 3-8. Effect of catalyst support.

Pd catalyst (5 mol%)

Cs,CO3 (2.0 equiv)
DMA, 80 °C

argon, 6 h

1.5 equiv
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Entry Pd Catalyst Yield (%)

1 7% Pd/WA30 100!
2 10% Pd/C 7
3 10% Pd/HP20 44 (75)tl

[a] The yield was determined by H NMR using 1,4-dioxane as an internal standard.
[b] Isolated yield.
[c] For 24 h.

Wiz, IR EOFE =T I 7503 Pd OFEIY T KE L TEBIERAL TN D Z & ZFEH TR
<,0%mmmo%%£ﬁ7:/£kﬁ@ﬁfwﬂﬁbt%:%ﬁ—aﬁﬁmmﬁmbt(mm3-
9). YAFNNRUUILT I (MeNBn) ° b U =F LT I > (EN), F72 EEEAMED NNNN'-T
F T AFILZFL VT 2 (TMEDA) THLEE L 72 10% PA/HP20 %% v 7 U o 7 RUSICAE ] L7z,
L2, BLBEEOZNEITIFE A RO LT (Entries3,5,and 7vs. 1), 55 =47 I VEHO DR % ik
\ORTZEIXTE o Tz.

Table 3-9. Mechanistic study of tert-amino group on WA30.

Ac@d

PhB(OH), (1.5 equiv)

additive (35 mol%) Cs,COj3 (2 equiv)
Pd catalyst > > AcC O O
(5 mol%) neat, rt, 1 h DMA, 80 °C, argon, 24 h

Entry Catalyst Additive Yield (%)
1 10% Pd/HP20 none 75
2[b] 7% Pd/WA30 none 100[
3 10% Pd/HP20 MezNBn 80
400 7% Pd/WA30 Me2NBn 100
5 10% Pd/HP20 EtsN 80
6 [F] 7% Pd/WA30 EtsN 8gldl
7 10% Pd/HP20 TMEDA 70
g [b] 7% Pd/WA30 TMEDA 93
[a] The yield was determined by 'H NMR using 1,4-dioxane as an internal standard.
[b] For 6 h.

[c] Isolated yield.
[d] 8% of Substrate was recovered.

SR — BTG O B IL, a7 AL T U — D RFE—HHFE (C-C) FEA 7S P B LRI
THRGETH DN, ZHUEZETLMGT HHiE L, —B7BE (SET) ICL oIS IRE Sh T
WD F 7, EEHENFRT DAFFEE T, PAIC ARELAY TS FRIEFRL AW OIE TR BLE AL SO
(Ar-Cl fEE BRI 28, =Mk 7T I UAF/EF SET 2N LC, 7V — T VWL RRIRE %
U CREIZHETTT 5 Z & 25 LT 5 .51 4a], 7% Pd/WA30 23 il 2 858 — Bl BRI
B TH D 22,6,6-7 T AFLERY Do-1-F %30 (TEMPO) 2N L7223, RUsiE4<
fLEE & 7pdy - 7= (Scheme 3-4). 1t~ T, Az L 25 C-Cl#EATHEMALIX, —B 05+ 58k
IS AR LTS RTREME DS i <, WA30 Z AT 55 —#k 7 I X Pd OETEE A2 EL
T SET {2325 L O TIEARWNWZ LV L=,
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Scheme 3-5. Radical trapping study.

7% Pd/WA30 (5 mol%)
PhB(OH), (1.5 equiv)
Cs,CO3 (2 equiv)

TEMPO (10 mol%)
Ac@—c:l - Ac
DMA, 80 °C, argon, 6 h

96% yield

DLk, 88K —8 NI T D 7% Pd/WA30 DFRVMRELTEM: X, WA30 DR U AF L s Pd
~O dn—pr FAAERICEES BRWEN BRI Z T, REREEL Gt ) ~—BENTE MT
R L PAdBESEATAZLETREALELDLEEZDL LA THS.

FNE SREH L MEOEFH

AR —EHEOSICRB I D PAd AR 2 FE L=, 4-7ue 7k 7=/ (381 mmol)t 7 ==
R u g (L5 %E) 20 v 7V 7 L, T%PA/WA30 % A2 L= A o Pd 121 % 758554
77 X< (ICP) %It t53#Hr (ICP-AES) THERBL7=& Z A, PdIEEIIMRMIEA (Lppm) AT TH

, EHIT 2B Lo 7= (Scheme 3-6). ZDFE, BHROD 4-7T 2TV E 7 = =/L1F 93%D UL
RTELNTEY, X512 3.81 mmol _27—/v7y7°bf%>ﬁnﬂi%ﬁ7‘i<iﬁﬁ?é%ﬁ%éh?‘:. L
DUARRE Y, 7020y 7 > ZROGHK THICE BRI S\ D Z ENTE DA, EAH
T 5 LA N AN BHE L7220, Jimiff“ﬂ@ﬁitﬁrbm » fb;m_ (Table 3-10).

Scheme 3-6. Pd leaching study in Suzuki—Miyaura reaciton.

0.2 um
filter
PhB(OH), (1.5 equiv)
7% Pd/WA30 (5 mol%)

Cs,CO3 (2.0 equiv)
Ac Cl > Ac ICP-AES
DMA, 80 °C

argon, 12 h Leached Pd species:

3(852!Snm;)l 93% <1 ppm (detection limit)

Table 3-10. Reuse study of 7% Pd/WA30 in Suzuki—Miyaura reaction.

7% Pd/WA30 (5 mol%)

Cs,CO3 (2.0 equiv)
Ac Cl + B(OH), > Ac O O
DMA, 80 °C, argon

(1.5 equiv)
Run 1st 2nd 3rd
Time (h) 9 24 24
Recovered 7% Pd/WA30 (%) 99 99 98
Yield (%) 100 100 76

[a] The yield was determined by *H NMR using 1,4-dioxane as an internal standard.
g7 hT /)T =) ViRa BBON T RIS G 1 BRI, il A B
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AL CAREHEMA L= 25, 7aRxh vy 7V U ZIROILED 35 K £ CHEREEINT 5
Z LSRR S Uiz (Table 3-11). $iE-> T, 7% PA/WAS30 il & 2 85K — =i st Tl, 7EMERE & L
TEEPIZD BRI L7 PA R FE =T I EEH L TH 77U 72 il U, ROSHK THRICHEE
WA30 I EENDE W) T a2 &5 2 N R Iy,

Table 3-11. Hot filtration study.

7% Pd/WA30 (5 mol%)

Cs,CO3 (2.0 equiv)
DMA, 80 °C, argon

1.5 equiv
Time (h) Yield (%) Yield (%)
(Standard conditions) (Hot filtration)
1 10 10
2 71 13
35 93 39
6 100 38

[a] The yield was determined by 'H NMR using 1,4-dioxane as an internal standard.

100
90
80
70
60
50
40

NMR Yield (%)

30

20

® Standard conditions
Hot filtration

10

0 1 2 3 4 5 6
Time (h)
Figure 3-7. Time course of Suzuki—Miyaura reaction; standard conditions (blue line) and hot filtration (orange

line).

B D ROSIEFICIE PA 1T RS IEH L TV ieno 72 Z L nh, [\ L7 7% PA/WA30 O Pd & &
T L TRV, RICARBETE PR T ORI 2 fiFB 3~ <, REEH D 7% PA/WA30 & EiAR — B # X
&% D 7% PA/WA30 %, XPS (Figure 3-8), STEM (Figure 3-9), 35 & U EPMA (Figure 3-9) TZZH
SR LT, ISR COfBEMEZ IE L. 37, 7%Pd/WA30 121 Pd" & PO 3477 LT 5
2 (PA:PAO~1:1), SUSHITIE P O DRI 5 Z & 23 XPS JlIlE L W B & s & /e o 7= (Figure 3-
8). LUGHI D STEM HEfg % thigd 5 &, WA30 £ EIZ351F 2 Pd K1 D58 72 & ONT Pd R 1
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BATITZERITT & A LD B~ 7= (Figure 3-9). KBICEUGHIE D WA30 £ Pd D455 Ai%
EPMA Tlb#sd 5 &, RIGHTIETE & LT WA30 REVTHFIZAFE L Tz Pd B2, RIOGH%IZ WA30
DN E TH IR « 9L T\ D Z & 23 » 7= (Figure 3-10).

BENE SRR S O BEE DR XV, 7% PA/WA30 (34 0 K LFIH$ 5@ CIaH Lz
Pd R 7SN ET DEICHARNEICIRBE T 2 & C, By 7 U 7RI LB Y il T & 5 WA30
i Lo Pd 2D LT, MIFLAREA /N E U WAS0 NERICELE Sz Pd 7 =T 4 7 v & 3B
OEMEHEMET L CRUSPBIES N LB XD L, ZOLOBRESEMICHATE 5.

<RIGRT> <RE&>

283169-02 spe 279518-02.3pe
ICH-3-139-¢
——ICH-3-127
Pd" Pdo
{ 8OO0 )

9 pes. Sep. %Area [ 1 Dos. Sep. %Area Pd” [
335,38 0.00 29.05 \ [ h 335.17 0.00 43.89 J \
337.42 2.04 30.95 | | 337.29 2.13 16.11 i f r

ool 340.64 5.26 15.37 N H b PdU ] TS0F 340,43 5.26 29.26 P 7
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Figure 3-8. XPS spectra of 7% Pd/WA30 before and after coupling reaction.
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Figure 3-9. STEM images of 7% Pd/WA30 before and after coupling reaction.
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Figure 3-10. EPMA spectra of 7% Pd/WA30 before and after coupling reaction.

UL BRI, BB REME R Y — RAREE CH D2 A 4 L R IR R ST O A, 7%
PA/WA30 DBIFEICAE L7z, WA30 % =k 7 I 7 5ig, 8K — =TS TIiE Pd OB Y o R
ELTIERL, BUSHEDIRWEERERLEW DO v 7V v T EEET 2 Z E P bt oz
AR, Bl 7 0 R UFRERDSMC b ER S B EOER S ER AR e VRO T
vV I HEHAFRETH Y, FRIRGEDR W 2-7 oy DU B E L TERTE 5.

F72, 7% Pd/WA30 [ZIRFNZR S Nk 4 702 e B RE AL O 4K (b 2 BRI A IS+ 5 Z & b
HOMNE 7o, ZHUTHEROE =7 I U Pd Z2F00ICiliEm T2 2 & TRILL T 5. fillitix
A TEGIZEULTE, AT OLERKMEL BN T-D 7 a2 2AMEZENICENT-FHEEZ A LTV 5.
SRR — B SO CIE A O EZABIZ A 5 A BETE AR R 23588 DD 7o O A IS S 2208,
PEAOR TSR TIXHFI AN AEETH 5. 2= — 7 Aefilliyit: & 7 o & AL EN T FFEN D,
Al D FREE A PSR S 5.
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EBRE ~A 7R o —RE B AK—Heck /7

TN L ERE A0 ALE WM E Pd SERIC 7 v A h ) v T T B R K —Heck UG
T v DR FE— KBRS & BAER B — KRBRCERT 2R FIETH L (F ZHEHENHEIFNIE).
BT, G0 7 ) — o7 at 2eCfi A R A fa 1 U CRY— R il & 7 v — SO AA D
B, FMEED =D MBGNR D EN~ A 7 a MBEEH LR ER ST, T,
RV — Rl A9 5 7 v — R RIS~ A 7 1 INEVE fLA A R T B K —Heck )t & #id &
NTWDEN, MATHRELEKSEEEZFEA L T a~v—3 ¥y L _X—R(ZFS> TN DA
PEAE TR0, SUSIRENBEETH 572 CEANBLEAD DEEORMAH S .

AEITIE, FAVERY A TE 7 T%PA/WA30, ~ A 7 ai#El, B80T e —KisEHAidbii
FE Y721 B R —Heck BUG DBAFEIFFEIZ DWW TERRT 5.

F—H RISEORN L RIGERE

AW THEAT D~ A 7 A 7 10— )52 E  (tunable single-mode MW—flow 2&i&, 1 4 -
FDS) 1%, #iR~L=v b, v~ 7 aREa=y §, ~A 7 alEHlHER, HEH PC TR I T
W5 (Figure 3-11, a). FHEIIRS CTHRAELZ~A 7 ol 1 W BAL COHDHIBERFRETH Y, 4o
Bt 4 L H =T 5 2 & TH—EE D~ A 7 ali 2B T& 5. KISEILF ¥ £ ¢ (10x10x10
cm) AT~ A 7 D?EZ@@*E' DIRRERDAEZINESAICEBELTEY, KISRIIISE T 5
EEICHEALD . RN RIS ITEVE X A LiAA, ROSIROIRE A HRt=4—T& 25 Ko L.
éE_,ﬁm%%t74Wf®ﬁ%V4&n&ﬁ&%%%%:&—bfkw,ﬁﬁﬁﬁﬁ%@%%
(e & e B JE P GHEEIRED) OB(LEABEITEEL, A NLlhd~ A 7 o R 25 ICHE
T2 &N TES.

AT DI ITAREN T ARTH Y, RIENE /RS (N 3.6 mm) OEE THDKIEE A
L, HEO—ITE S A (P‘\Mi 8mm) ZFFOMIGE B D2 FEAEMA L. BHEAIZXTER=1Y
V7 E OO AICE LT\ D, RKISE AT i?%mmmm%zmmgﬁﬁbfﬁﬁbt
(Figure 3-11, b). F7-EE B 1%, "= 7 EERMPEEHEOEHICE L T D, KNE B 121X 7%
Pd/WA30 % 600 mg Fel& L 7z (Figure 3-11, c).

Figure 3-11. a) Tunable single-pass MW—flow reactor, (1) Pump unit, (2) Mirowave generator, (3) Mirowave
control unit. b) Catalyst cartridge A. c) Catalyst cartridge B.
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EBTIH HNAAEREBEEO~A 7 aiftE

7% PA/WA30 Z FRIE L7 T A~ A 7 vl & RS L7 0s D AR 225 L C, A e T
TOWMD~ A 7 o IRE ML, MERLNC~vA 7 il IR FAIRICKIETEELRNAE L
(Table 3-12). i+ 1 MPa T, 7t b= kU /L (MeCN) Zfili#f4 A (2 0.30 mL/min TEXE LN S,
SWHDHWTI0OW D~ A 7 alizlit Lz 24, WIEOREIZZNEILT0 °C & 114 °CIZE#EL
7= (Entries1and 2). #iti# % 0.30 mL/min 7>5 0.15mL/min IZMX T LT, AEO & EBEREICZEL
ITIFEALERBD LN -T2 (Entries 3vs. Land 4 vs. 2). NN-UAF/LT7& F7 I K (DMA) Th
MeCN & [AIERDHA 2558 B LTz, $7eph, K 0.30 mL/min T~ 7 m i 1Z 5W 7225 10 W
IZ B2 & femBlEIR AL 65°C 20D 91°C 12 EF-4 223, Wl OZ iRk mBERE I L
- 7= (Entries5vs. 7,and 6 vs. 8). EEA=F /L (EtOAc), 7 m- X F /)L A F /L —7 /L (CPME), &
WAL ANZBWTH YA 7 nEDOH % BT B <INEATE 5 Z L 23] 5 72 (Entries 9 vs.
10, 11vs. 12, and 13 vs. 14). filiEtH{IATH 5 WA30 Ot FHIEE 23% 100°C TH 572, T# A —Heck
FOGSTABERE 2 100 °C LA FICHIE CE 2 &2 BATo 2L & L.

Table 3-12. Temperature of flowing solvents at the exit of 7% Pd/WA30-packed cartridge under microwave

heating.
Entry Solvent Flow rate Microwave (W) T (°C)H
(mL/min)

101 MeCN 0.3 5 70
2] MeCN 0.3 10 114
3M] MeCN 0.15 5 70
4[°] MeCN 0.15 10 115
5[0 DMA 0.3 5 65
6ol DMA 0.3 10 91
7t DMA 0.15 5 69
8lbl DMA 0.15 10 94
9lb] EtOAC 0.15 5 79
10[b] EtOAC 0.15 10 111
11[°] CPME 0.15 5 90
12001 CPME 0.15 10 119
13[ Toluene 0.3 5 95
14l Toluene 0.3 10 126

[a] Measured by thermocouple. Solvent temperature at the steady state was indicated.
[b] Catalyst cartridge A.
[c] Catalyst cartridge B.

B RKISSRAORE(L

MOIZ, 4-a— K78 h7=/> (L,01M), 128 EDT 7 UABTFLE 15 Y EDO N 7T
T 22 (BusN) D MeCNIRIEZFHHEL L, i 0.30 mL/min T5W D~ 7 oS, 7% Pd/WA30
IR LTS A ICHEREE Lo 24, BH L, p-7 B FARKET TV (2), 44- 7 BTV
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E7xz=)L 3), BXOTE® 7=/ 8) Z2ZNEI 46%, 30%, 16%, 5% DEAME L TH:Z
(Entry 1). i % 0.15mL/min (2K T35 &, REEOfEEN ORI N E L 7220, 2 DILER) 53%
(2 B U7z (Entry2). LA DMAICYID B2 CTIOW O~ A 7 ailz# g Lz 2 A, g v#Elk
L7 APRIET 22 E70<, 23 59%DIETH vz (Entryd). LU, #fid% 0.15 mL/min 2> 5
0.05mL/min (295 & SISOFRMESME T LT 3 & 4 RN L=, hLx o BTl ey &R
DRIEIR EAFEO BN, 3 & 4 OARRBIZFITHEM L (Entry 6). UL EOREREZZT T, Al
R e T D 7o OB S LT DMA 8RR L7z, 7eds, 727 U ALEET F L L BusN ZHi &
THE, 2DIERNR%E T E L7 (Entries7and8). & 512, EEMEEE 0.25M & LTHEIGA
FARICHETT T D720, WIEEZE L CRISHOEFERBEEZ R ICKRELTHZLELAHMETH D
(Entry 9). LvL, HEEEZSOICELSTSHE (05 M), 2 DIRIKT & & HIZ 4 DUCRNEEEIC
BN U7z (Entry 10). 7' & 2{LZFANIC LV iF £ LU EtOAC <° CPME DA I IT SIS M KIE
WIETL, 220322 19%, 29% LovGbiiehoTz.

Table 3-13. Optimization of 7% Pd/WA30-catalyzed flow-type Mizoroki—Heck reaction.

CO,Bu
| 7% PA/WA30 (200mg) -~ Ac
N CO,B BuzN (z equiv) + O +
u >
N DMA, Flow O
; Microwave Ac
Ac (y equiv) Single-pass Ac
Ac
1 (x M) 2 3 4
MW  Flow rate T Yield (%)®!
Entry  x y z Solvent .

W) (mL/min)  (°C)& 1 2 3 4

1 01 12 15 MeCN 5 0.3 80-98 46 30 16 5
2 01 12 15 MeCN 5 0.15 65-80 27 53 9 5
3 01 12 15 DMA 5 0.15 80—-87 55 36 4 0
4 01 12 15 DMA 10 0.15 83-96 33 59 0
5 01 12 15 DMA 10 0.05 80—-132 12 46 31 11
6c] 01 12 15 Toluene 10 0.15 63-71 5 44 17 33
7 0.1 2 1.5 DMA 10 0.15 78-92 0 87 6 0
8 0.1 2 3 DMA 10 0.15 80-95 4 92 4 0

93
9 025 2 3 DMA 10 0.15 80—100 trace 0 0
(91)d
10 0.5 2 3 DMA 10 0.15 80—-106 0 60 1 25

[a] Measured using a thermocouple at the exit of reaction cartridge. The temperature, which was raised by the
passing of only solvent through the catalyst cartridge, is indicated as a lower temperature in each entry. The
temperature increased up to the higher one during the reaction by the passing of the reaction mixture through
the cartridge. MW = Microwave.

[b] The yield was determined by 'H NMR using 1,4-dioxane as an internal standard.

[c] Using Reaction cartridge B [7% Pd/WA30 (600 mg)].

[d] Isolated yield.
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HUE EEEA%

BT, FBE MW THRFI L7 (Table3-14). 3-3— K7k v 7=/ T 7 VAT F v
ZIOW ~A 7 a7V 7 Linb 2A, 4-3— 7' N7 =/ o ORE EFEKZ, 0.1
M IR LV & 0.25 M IO 5 SR BA4FTd> - 7= (34% vs. 62%, Entries 3and 4). 0.25 M O ik &
7.5 WRHIMR D IR UMM IR L7c & 24 (TRBRSIK), BUSEIERPKIEIZH £ LT HBAY 93% D
INRTH LI (Entry 5).

WIZ, 3FFADSEMECTRICHIFEEZFM L. I 7T V— (01M), 24 EDT 7 VY ILEET F )L,
BLOLEYEDBusN D DMA %~ A 7 v % U T A A IS HRIER 3 5 54 %, Z&44 A (condition
A), 7T U= (025M), 77 ULEETFL (2 4&), 3LV BusN (3 2&E) O DMA EZ~A 7
F R IR A T AREAE AL HIERIR T D5k &, 4:fF B (condition B), & A X T'B THRUSEIERNB A+

DTHDLYEA, 37TV —L (0.25M), 77 VU LEET T L (2 4 &), BLOBusN (G &) © DMA
T~ A 7 o RE PR A SRS LT, a4k C (conditionC) EHEL-. 4-3—F
TY N7z LSO EREDS TEEDIE, NP UROEBEFEEICED S FHEEESMEICE
2B BOSRIMENZ L 3]~ 7= (Entries 3, 4,7, 9, 11, 12, 14, 17, and 19). EFR5 o @EH#IL (=
ko, T2AT), ~"a ) d— RRUB U ANICEAN LT REE TIE, RMFEC TRINTHZ LT,
IR TR T DR R 7 T VBN H A7z (Entries 8, 10, 13, and 15). 7=72L, 2-3— K7kt b7
= /) %, BUSROSARIER O =97y, ZF C THRUGICERIZA B LRy > 7= (Entry 6). [ #a
BDHWITE UGN (XA FAHE, XA R UE) 223 — FXUEB T, & C TRISTHIX
BIFch v 7V v 7R E BT 5 Z R TE 7= (Entries 16, 18, 20, and 21). 7=, 77 VU /lxﬁéiﬁ
(Entries 2 and 22) X ¥ & SSEAMEW R F L v b ARSI TE F AT RE T d - 72 (54 C, Entry 24).

FOSIXFEARBNCEIEDZETHZ L E\T LD, = bbb WX AT v EFEoa kT
V=V TP EOET VU —/EORIAENTRD L7z (Entries 8 and 10). 4-7 €3 — KB U0

GAIIISOS R E T2 D IRFE — P UFERD 2 DITFEET 27280, Iy 7V 7R 2 BET LY
x?w&:wNyﬁyﬁﬂ%iﬁLt(mwﬂ)Lm%/ﬁm%$ﬁ%wlmaﬁf%$%’%$

BEBERX 4T 0T N7 =) IESRIG LT 2 Enn, EEOmEHRR 2T
5_&ﬁfgk.ﬁ%,33HFEJV/E77)WM7%W@ﬁV7)/7ii T, &
@7”77T%5E&TN?EF3¢EHF7fF7:/V®ﬁmk@3HP7i;M77UW
i D 5y 1N OGS EE BT T LT

Table 3-14. Scope of substrates.

7% Pd/WA30 (200 mg)
Conditions A: BuzN (1.5 equiv)
DMA (10 mL)
Single-pass
Conditions B: BuzN (3 equiv)
DMA (4 mL)
Single-pass
Conditions C: BusN (5 equiv) R2
| DMA (4 mL)

~ Circulation =z
A + ZTR2 >
| /—Rl 0.15 mL/min N

10 W Microwave | —R!

\
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Entry R? R? Condition T (°O)H Yield (%)®!

1 4-Ac COBuU A 78-92 87
2 4-Ac COBuU B 80104 93 (91)K
3 3-Ac COBuU A 70-89 34

41 3-Ac COBuU B 80-101 62

5 3-Ac COBuU c 77-97 100 (93)Ll
6le] 2-Ac COBuU c 80-98 15 (15
7 4-NO;, COBuU A 67-97 16

8 4-NO;, COBuU c 80-94 76 (76)K!
9 4-CO,Et COBuU A 62-97 33

10 4-CO,Et COBuU c 80-100 — (78)l
11 4-Br COBuU B 80-121 — (69)l
12 4-Cl COBuU A 73-93 65

1311 4-Cl COBuU c 70-119 88 (91)K!
14 4-F COBuU A 80-96 36

15 4-F COBuU c 80-90 57 (57)F!
160l H COBuU c 80-95 86 (86!
17 4-Me COBuU A 68-90 13

180 4-Me COBuU c 80-100 70 (65)!
19 4-MeO COBuU A 70-95 31

201a"l 4-MeO COBuU c 80-100 69 (73)K!
21 3-MeO COBuU c 80-95 - (51)e
22 4-Ac COBn B 80-100 86 (91)K!
23 4-Ac Ph A 70-95 11

24 4-Ac Ph c 80-97 30 (30)

[a] Measured by thermocouple at the exit of reaction cartridge. The temperature, which was raised by the passing
of only solvent through the catalyst cartridge, was usually lower in each entry. The temperature increased
up to the higher value by the passing of the reaction mixture through the cartridge.

[b] The yield was determined by *H NMR using 1,4-dioxane as an internal standard.

[c] Isolated yield.

[d] BusN (5 equiv).

[e] 12 W microwave irradiation.

[f] 15 W microwave irradiation.

[g] 14 W microwave irradiation.

[h] BusN (3 equiv).

FTHIE AH=XA

7 v —RAJEE AR —Heck BSIZBIT 5~ A 7 a il ME DSR2 ST 572012, Hhx e 5 ER
3 U FAEME R LT DMA TR D~ A 7 a S EME 24 Lo (Table 3-15). /T AZICEHLEL A
MAL7Z 4I— KT T7= /b 45— K7 =Y—L®O DMA &%, 10 W ~A 7 o iR T
0.15 mL/min CHMEE 1T E LT & 2 A, IR ORERE X224 105°C £ 99°C Th -7 (Entries
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land3). —J, 3-3— K7 h7x /L 3-3F—RT7=Y—LTEENLN 9 °C & 94 °C £ TH
i L7- (Entries4and5). # = A —Heck SUG CRIGA 2N B < AT L7 5 BEAZITE 7RG I EA
SNz — RRUBUFEROGAIL, EFEERI—FT=Y—1L 0 bR s
(Entries1and 2 vs. 3; 4 vs. 5). [mBVINEAfEH 4 53— K7 =Y — /v Pd fillliti) 7 v 29 » 7Y 7
FOG T, —MRICETIOMEE O A X BRI ST ERINEL D b EOWBISEEZ RT2, ~A 71
WIS O RT BHAR A X BRI D bRV~ A 7 mRREEEZ R L, KISECEND Z &
3 5272 » 7= (Entries 3 vs. 5; Table 3-12, Entries 20 vs. 21). §72b b, ~A 7 B % Rix
FEGEI U EEOEEIKFELTEY, KRUSZHEIT HROMMEICERET 5 Z ERHRENT. S
bz, 77 U7 F Al BusN O DMA SR S INEA L7278, ZnbD~A 7 migSEETa — 7
=V — L0 LR\ 2357 (Entry 6).

Table 3-15. Microwave responsiveness of substrate solution.

Entry Solute T (°C)
1 4-Ac-CeHa-1 105
2 4-Cl-CgHa-1 100
3 4-MeO-CgHa-1 99
4 3-Ac-CeHa-1 95
5 3-MeO-CsHy-1 94
6] n-Butyl acrylate + BusN 91

[a] The highest temperature was measured by thermocouple.
[b] n-Butyl acrylate (2 mmol) and BuzN (3 mmol) in DMA (4 mL).

WRIZ, A—7 FINBEEE 2 2 7o 7 v — BOGEEE 2l U TSR 2 520 L 7= (Scheme 3-7).
1(0.25M), 77 UV LEET T (2 4 &), BLOBuN (3 %) @ DMA &K%, 0.1mL/min T 100°C
(A—7 U NIRFEE) (BN L 7= 7% Pd/WA30 (200 mg) Feti A — kU » ¥ (SUS ) IZHMEIZEIR LT-
L2 A, 1(9%), 2(87%), k;oem%)@méwﬁﬁgnt 1> T, MW OHGHA TRhERA 72N
EVRFENZ 35D < BUSEERD RS HEIZER D H A7z (Scheme 3-7 vs. Table 3-13, Entry 8).

Scheme 3-7. Control experiment (MW heating vs. conventional heated air-mediated heating).

7% Pd/WA30 (200 mg)
BuzN (3 equiv)

1+ Z>co,Bu — > 2+ 3 + 4
DMA, 0.1 mL/min

0.25M 2 equiv 100°C 'H NMR yield

Single-pass 1/2/3/4

=9/87/4/0

BANE OB L &REH

7 u—REGEFH LR B % Pd i s~ 7V > 7 OSSR 5 Pd FEOEHIE, KR OIE
Emiéx#—w7y7%ahﬁﬁﬁ%Lmﬁm%7)~/7uﬁx@ﬁﬁfigﬁﬁ%f&5.
7% PA/WA30 filliiic L2 1 &7 7 VBT F LD~ A 7 ajlg—7a—Rh v 7 U o 7D, B
DIRIZE END Pd IBEZ R FWRIEETHON LT-. ZOREE, FE L7 Pd OF 1%I2/8% 3% Pd
RN L TR, v U B 7V CHEELEET 5 Z & CTHEBD 2 D HIRED Pd 2RETE 2L
SN E o7 (<1 ppm: BHIFRA).

Wz, s A OFFIAZRFI LI E 2 A, o HEE LB x 2 MBSt b s T, A
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< &b S E THABHOMLENES, MR UMEHT D LR TE /2 (Table 3-16).

Table. 3-16. Reuse test of 7% Pd/WA30-packed cartridge.

7% Pd/WA30 (200 mg)
BusN (3 equiv)

1+ Z>coBu > 2 + 3
DMA (4 mL), 0.15 mL/min
1 mmol 2 equiv 10 W Microwave
Single-pass

Run T (°C)H Yield (%)0]

1 2 3
1st 111 0 98 2
2nd 107 0 98 2
3rd 108 0 92 6
4th 112 0 98 2
5th 106 0 87 5

[a] The highest temperature was indicated.
[b] The yield was determined by *H NMR using 1,4-dioxane as an internal standard.

LIk, 7% Pd/WA30 & tunable single-mode MW—flow & % /1 2~ & o1 721 (2 A —Heck )i % g T
Lz, AREOGHR T, HEED MW JERREOEG) 22623 /[ Th 572, 7% PA/WA30 (F1E T,
FTnip~A 7 mE7) (5-15 W) THEBEBZ DRE MBS 2 Z e TE . aelravibTV
—NVETNT DTy T TIEMATED T E bR L2, 7% PA/WA30 % FeiE L 7= filfl 372 <
L 5EIFETHERMAT L Z LN TE. K%, F LR ~O Pd O¥EHIEA 7 <, ML
72 PAd IZHEEHRECARDICRET L Z LN TE D0, EAMBEAICLEL TV,
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BUE CRRREEREFSEQSMEIC KD~ 7 vl RE 7 v —XBiAkR
iy AN

NEBRAUL B DOBIK TR FALSNE, HEEOBEEL LCHATH S, REAEEMKFEL
TEMLT 5 72%, BLANCHT 2D OOLENR /2 <, KEOLRDIAERY & LTl shd 7
U= eBOSTh %D (5 EHAHE) . JEEREMENICD 2L &b — 2D RS &R ET D &
ik B FACIT AR S T2 0, B H 2008, sERICffn U7-BRIRIR LK & Dk FRFF AL
FOSIERD TR EREREIETHD. o T, MEFI G, BEERKCGEGELE LT 5546
WEEAETHY, IEEhE, EE—MMR & OMBENED

WA SERG FACSS T, RIS DOEATICHEWAER T HKEHT AL D8I, TRDBBKE
FCOW G % B BN OB A FRET 5720, KBESHEWE OKFT7T 7874 —) ek
DOEWMBUETH -T2, 7eB, ZOKGE 7R —RTEETHE, fllEih— Y v O TER LK
FHAE, 7 —REKICh>ThH— M) v UM SN D78, BB DR ST RIS E 23
WrEENn5.

L AT, R¥—REOMHAKE U TER INATEERIY, FERPKEWIZDENT-~A 7 1
BRI A2 R 2 E R BILTWD . Ee, IEWRERRESSEMEIC L 20 v 7 v 7Kk
HTO~A 7 MBS ENRFHE SN TETRY, IGMEREFFARAE & ~ 1 7 a A LZ 6
ERESBET DI EDRHON IR -oTETWD. T78bb, IKMERN~A 7 oIz X0 2%
BLMAIND 20D, =3 F—NBERAICERT 2 2 & TRUKSBRIS FLROGIZ I T 2 flliing
PEA B HAIREE B,

RETHE, BEEmEHECHE LI~ A 7 a7 o — SR EFRIH Uiz, @822/ 72 K
FREFACIGE DB HOWTEERT S (Scheme 4-1).

Scheme 4-1. Dehydrogenative aromatization and hydrogen generation system.
SMw
L(1ow);

5%

Heterogeneous

5% Pt/CB

Gas buret

reservoir
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F—E ATFAVIu~FHUrEARRE LAROEGRIERE

RO KFE ST AOF - Bk - GBS & U QR EESRME TR AR S Tl S & 5 AN E RS

LTCWBA, Bk 2KBHRITMADERTIE, SHIHEORWHEORENEZENTND
HAREE TR WAL R RAb &M bKFZRY MU TR 2887 I vt RT A4 FIEIE,
BEOAHTZRAF =B N THA L TWAA 7 T2 FDEEMEZL5-0HESN TN
(O “FEREE —HEH) . AFLL 7 a~®dr (MCH) 13 CHEET DIREIR LN T 0K FE T
BYEE L THNTHS. L, THETICEZS @E SN TV D A — R AR 2641 L 72 MCH
2D OB K R RIERIT, WIS BE R SO RIF BRI T H 2 i O KIE e L, =¥
— IR FHEE 2R IR T, WEERBEANS L, ERAEOMNITIZE > T,

I, ~A 7 a2 7o —E, S5 T7 VY ARBHREZMAEDE T MCH LKA
SIKFBAEY HT UG HE S0, KREDMIE 2 # H 9 5 7210 Tle <TEPER B CO RIS T
Th Y FEHBRISHICIZREDR B 5.

FEFIL, AIEE COMETELNZMAEZITA L, tunable single-mode MW—flow %£i& (Figure 4-1.
a—d) ZfEHT 5 MCH 5 ORI 72 KFZRELEOMNLIZET Uiz, JOSEIE, —H 03O ATHE
EDOH T AMEZE 2 L7 (¢3.6mm : FIVERSY, ¢10mm : KWEE4Y). HT AE12201g DA
T AL =X ($0.991-1.397mm) Z L, S HITH T A7 —)b, 5% KOIRTEMERERA [ 4 ftiE (5%
Pt/CB, 80mg), ¥ X N T A ¥ — L % 4Lfjf U 7o At 2 308 U (Figure 4-1.€), SUSF v ©7 ¢ (Figure
4-1. ¢) NOBHBENRKICRDHINCERE Lz, 512, BIEROREZHES 5 72D BvExt
Z A B~ A 7 v RS SR WALE I FHT 7.

HZRAD—)L

5% Pt/CB

HSRA9—)L

Figure 4-1. Tunable single-mode MW—flow system. a) Microwave controller unit. b) Microwave generator unit.
c) Cavity (red frame). d) Pump unit. e) 5% Pt/CB-packed cartridge.
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B RSSO REL

AT CTIX, 2 FEORK S IEEZ R Uiz, T70bh, RINK % B 12— FE 721 il S 2 HiA|
EWRE (single-pass) &, BOGR % #0 R UMREEE 2Bk 4 2 EBR 5L CToH % (circulation).

MCH %, DTN 10W O~ A 7 vz BE LR s, M5E, i 0.50 mL/min < 5% Pt/CB (80
mg, 20.5 umol) % FRiE U 72 A5 12 1 Refe) BB % L7 (Figure 4-2). 7¢d5, BUGE ICRIN ST,
R E LTSN~ A 7 aiEDOEINL 094 W TH-ZZ LD, 90.6%D~A 7 il A&
F (fRsE, o A —X, BOGE, BIOBUSER) ITRINI/-Z &7 2. MCH DOl
IITHIBICHEITLC, KEBEZBELLRND M BRI, BAELTEKEE FE L E5UR%E
WL72%, A2y b (ILx2) [CHifE L, B8 ERkRHEs (TCD) 23 L7 W A7 a~ bk
77 74— (GC-TCD) TH#r L7z, DR, MEE>99%D /K A 7% 3.30 L (X 19%) Ak L7z,
F72, SISIED HNMR EHTIZ LY MCH OEHRN 18% ThH D Z ENHL MM E 2o 72,

5% PY/CB (80 mg)
- + 3H;
0.50 mL/min

10 W Microwave 3.30L

1 Single-pass for 1 h 2 19% yield
1:2=82:18
MW generator
MW irradiator \
HAE 2Lk
5% Pt/CB-packed cartridge
Pt/CB GC-TCD
‘ ‘ H, ﬁ’ AAE 2Lk

ri‘rﬁ#ﬁ
Figure 4-2. Dehydrogenation of MCH (1) under 10 W microwave irradiation in a single-pass manner.

HARERIE TIEA2TO MCH 2 TE o Toio, BEom Ba AL U CRBERSIRIES
gt L7z & Z A (Table 4-1, Entry 1), MCH 25 kbt /mmwmﬁbs 93%E T 342 & & biTk
T AU 95%, HIEE 99.75% T iz, BIAEME LT, T<MED A X 5 GC-TCD THER
I, £72, MCH & M= U R F /UL E NIy 7 a~F o bR B 0% tHNMR TSGR
L7z. Wiz L5 (0.80 mL/min, Entry 2), & 2 WNEK T (0.30 mL/min, Entry 3) 325 & UG 2h3 1358
FIETF Lz, £, 20W <A 7 v i IRHC 1 MPa B EEME T CORKTER, B O EHEIE
B L7- 7= ik TX 72 h o 72 (Entries4and5). 5%PUCB 285 L2 & 25, Kif~A 7 o 2.58
W ZHIIN U C RSN ERA RIEIZAR T L7= (Entry6). Pt BAfEAE L7RWR TIIAZFIRTE A AR LA
3o 7= (Entries7and8). 7=, AR E Pt )5 /8T D0 MIEFE T 5 & USRI KIE ’1&? L
7= (Entry9). Table4-1 27" L7obkx 72 SSGMED B i bl L7- Entry 1 Z388R L C, Zilseffic
2 KFETT AL ORRRFEABES U7z, ROSBHAGE S 1.5 KfEl £ TKFE N ZT—E DK VTEEJZLK
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Dy, IKFEIT AN T0%AERE L 7 Be g7~ & KB AERE R DMR 4 IR T L7z (Figures 4-3).

Table 4-1. Optimization of reaction conditions.

Catalyst Cartridge
> 3H2 + + +
Flow
2 3 4

Microwave irradiation

1 Circulation
Entry Cartridge Infill Flow rate  Microwave t Tl Yield Purityl Ratio
(mg) (mL/min) (W) (h)y (°C) (%) (%) 1:2:3:4)
1lc] 5% Pt/CB (80) 0.5 10 3.7 127 95 99.8 6:93:1:trace
2] 5% Pt/CB (80) 0.8 10 5.5 125 87 99.7 10:83:trace:6
3lel 5% Pt/CB (80) 0.3 10 35 119 57 97.9 45:52:1:2
4[] 5% Pt/CB (80) 0.5 20 0.5 117 20 99.5 79:19:1:1
5leel 5% Pt/CB (80) 0.5 10 1.0 130 28 99.8 73:27:0:trace
6l 5% Pt/CB (100) 0.5 10 3.5 119 49 100.0 48:52:0:0
7lcl Carbon beads (80) 0.5 10 05 109 trace - -
8 None 0.5 10 0.17 103 0 - 100:0:0:0
9c 5% Pd/CB (80) 0.5 10 3.7 109 10 100.0  90:10:trace:0

[a] The highest temperature observed during the reaction at the thermocouple.

[b] The purity of obtained hydrogen gas was determined by GC-TCD.

[c] 12.2 mL (95.6 mmol) of MCH (1) was used. 7.00 L (287 mmol) of hydrogen gas could be theoretically
generated from the 12.2 mL (95.6 mmol) of MCH (1).

[d] 10.7 mL (83.9 mmol) of 1 was used. 6.15 L (252 mmol) of hydrogen gas could be theoretically generated
from the 10.7 mL (83.9 mmol) of MCH (1).

[e] The reaction was carried out under 1.0 MPa backpressure.

[f] 11.0 mL (86.3 mmol) of MCH (1) was used. 6.32 L (259 mmol) of hydrogen gas could be theoretically
generated from 11.0 mL (86.3 mmol) of MCH (1).

100

Yield of H, (%)

Figure

90
80
70
60
50
40
30
20

10

0
0 1 2 3 4

Time (h)

4-3. Time course study of the dehydrogenation of MCH when the flow mixture was circulated.
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B=E ARETERICBE T D REY

BOGHEEMPME N L2 B A2 5023 572912, 20%D MCH % ¥R L 7= bV ik (Figure 4-
4, H)L 5% MCH bV ¥R (Figure4-4, JK) TRIBRICHER L7Z. ZEORE, KOGHEEITWNTND
HOLNETLTERY, TOETORE (77 70EED 1%, TFh MCH Z Bl i L7 )& o
2 FEM#% I L OV 35 KR LI C IZIERIR CTH o 72, T72b b, KISHEE DK I, 5%PUCB DK%
TIE2 L, WRO MCHIREDME T L2 Z I8 260 THY, MR ENM E L Z & BRKE
THDHIENHLNE 72Tz, SOSHIIERE Tl MCH 26 OKBRIG hvmy, AF v s n
XY, HOLWEATF AT anF T ORI EE U TH#EITT 528, BUSOEITICE
ST MCHRBEME NI 2 & #AFT D Mz OER IR GERIR) BWEHETE <720, RS
FRISHEEMET LI b0 L EZ D EAHENTHS.

100
. /
80

70
MCH/TOL = 100/0

60 * MCH/TOL = 20/80
MCH/TOL = 5/95
50

40

Ratio of Toluene (%)

30
20

10

0
0 1 2 3 4

Time (h)
Figure 4-4. Accumulated hydrogen gas with various ratios of methylcyclohexane and toluene.
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FUE  ERER S~ DE

10W ~ A 7 v RS SAC MCH DK 3R SO & e Rpfiladife L CFEM L7 & 25, FOGIE
TE IR FE CREGERIICHETT L, 12 e[l CHIEE 99.9% D /KB A% 33.9 L £k L 7= (Figure 4-5). 10 W ~ A1 7
2% L 5%PUCB, 7 v — [t & LA E DR T ARIE T, S RIET 22 e, D7l & 67,773
B F—F—"—F 5 EDBHLNE RS T

5% PY/CB (80 mg)
[Pt: 20.5 pmol]
+ 3H,
0.50 mL/min 33.9L

200 mL 10 W Microwave 99.9% purity

(1.57 mol) Cireulation for 12 h Turnover umber: 67773 times
1 2

35

30

25

20

15

Evolved gas amount (L)

10

0 2 4 6 8 10 12
Time (h)

Figure 4-5. Time course study of long-time experiment.

BTk IS, BN T A RETIIKREREICBIT 2 = 0L X =R b CEE
277 B —L72%. MCH /D hL= /m@“%ﬁﬁﬁi N fx%ﬁﬂ}iﬂ? (205 kJ/mol) T&H 57
33.9 L (1.51 mol, EPUEN) DAkFEEHEET 5 7-0121E, 103 kI ORENHEGRICVLETH D (eq 1).
12 IffE] (43,200 7)) ® 10W D~ A 7 m&ﬁ’c"%ff;ﬂiﬁﬁa“éiz\/vﬂe~ 12432kl (eq2) TH D=
BE LT=~A 7 0l 3L —DND, 23.9% (eq3) MNEEMNIASZRGIIT 5 R#E—KkHE (C—H)
fE e DA L KT —IKFE (H-H) fA ORI SN &1k b.

F A PEMEDIRIE T D A= Z A LR (STY) bEMMZ RTICODOEERT 7 7 X
— o 5. Figure 4-5 12~ L7- KIS TIE 80 mg (0.142 mL) D 5% PY/CB #flifHl LTk v, 12 K
filC 1.51 mol DKFENAERL L7=7=®, STY IE 1573 (mol/kgea/hrs) (eq 4) & 886 (mol/Lea/hrs) (eq5) T
bb. WEoT, KiEIL, BHEEZFE v Y =7 b & L TTREE TR SCPE LB A IZE AT 25 B %
WA TWD DY UL —HeT VI TN L5681 K7 A4 RiE (46.3 mol/Leadhrs)81 & b
B LRI 19 fE2h a3 m L TR0, FEHEHANEF IS (eq6).

205 (kJ/mol) x 1.51 (mol) X % =103((k])) (eql)

10 (J/s) X 43200 (s) = 432 x 103 (J) =432 (k]) (eq2)
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103 x 100 = 23.9% 3
132 =23.9% (eq3)

1.51 (mol) = 1573 (mol/kg/hrs) 4

80 x 106 (kg) x 12 (hrs) mol/kg/hrs)  (eq4)
1.51 (mol)

0.142 x 103 (L) x 12 (hrs)

886 x 100 = 19.1% 6
163 =19.1% (eqb6)

= 886 (mol/L /hrs) (eq5)
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EBHE ~A7uEEr a7y A NVICET sREE B8

~A 7 BRI DK R BUS DETICRETRBEZH LT D701, SF ¥ E7 « (Figure
4-1,c) WCOMBSRIZRIN S D~ A 7 v OB 4 |IE L7z (Figure 4-6). 7235, B — 27 BEIE4A
JE g (B (CH 1 DA~ A 7 a T D~ A 7 a ORI R () 2L, FOGR
D<A 7w ERINEPHEINT D LR~ A 7 nlOEIFET T2 (FTMEor—2r & LTRLD).
fil i A FEIE L TR W T AREAE IC SR OB [MCH (], 2J¥), MCH/ hLrx (1) (3%, =
AF), Mz (F, )] ZRELT, v A7 2 ERIRREZER LIZE 25, Wb FRIEOK
BRIt Z R Lz, UL, 5%PYCB #FHE L7-H 7 AREZIC MCH 2 £ 2% & (O, WAE)
~A 7 aFERNNE LA LTS E LB, v A 7 uiliORKEIEZ R ENEREMIZS 7 b
THZERH LNl Thbb, JUGRICYA 7 a3 R R < WIS 57291213 5% P/CB
M THDZ ENB AR Iz,

2.00
0.00
)
T
=
2 -2.00
c
_"]3
=
£ 400
[e]
o
o % MCH
o MCH/TOL (1:1)
o _
D 6.00 e TOL
o« = MCH with 5% Pt/CB
-8.00
-10.00
235 240 245 250 255 260

Frequency (GHz)

Figure 4-6. The relative intensities of microwavve absorption into the straight glass cartridge filled with three
different solutions [MCH (1), MCH (1)/toluene (2) (1:1), and toluene (2)] without 5% Pt/CB showing the similar
patterns [black (rhombus), yellow (triangle), and blue (circle) lines, respectively]. The red line (square) indicates
the property of microwave absorption into the cartridge filled with MCH (1) in the presence of 5% Pt/CB.

WIZ. BUSF v B 4 —NICBIT 5 RISE DB % —EF 7 7 7 THIZE L7 (Figure 4-7). 5% Pt/CB
(80 mg) FEIEFRALOIREIL~ A 7 v R ZIECC EF LTH 7 0T 248 °C £ THRIFEL -
(Figure4-7,a). L2>L, flEFEIEIEAL L 0 DTS EFROIEEIZRI 50°C TH Y, it FiMl< b
#1100 CRRETH 7. o T, KISENZWILD MCH (X~ 4 7 2 OWRIUTITE A L7, %)
PR EASN Tl E > b OBMRE THFNEAEIN D OO, @iRkIREICEm SN D 2 LR
flodz. 723, CB(BOmMY) HIMTYH, ~A 7 mMEIC XV CB FREHLOIREL X 242°C £ T LA
L7 Z &b (Figure 4-7,¢), FRR SVo~ A 7 a3 DMRiEFER & LT CB JRpTiglZ I
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ENT, DTN IOW O~ A 7 o RE T 6 EIEO ISR ERR S 71, MCH O Pt fil i i K 35 RO
DNFERSETLIEEEZOND. —FH, RIAFLU—VE= AR BURY v —THRIND
DIAION HP20 (80 mg) O~ A 7 wINEh=RIFAR <, HP20 FIEEZOWEEIL 103 °C Th o722 &
726 (Figure 4-7,d), MW Z il B2 JRTERIICEER S CTRIGYE 2 AT 5 72 DI IXIGTE RSB R 036
YUThbHZEbRINT.

Flow
direction

- g
-ema

529

Os 40s 441 s

Flow Flow
direction direction

242 °C [gd

Figure 4-7. The heating profile of the straight glass cartridge with flowing MCH (1) in the presence of 5%
Pt/CB, CB, or DIAION HP20 (HP20) polystyrene-divinylbenzene polymer beads. a) The heating profile of the
5% Pt/CB-packed straight glass cartridge with flowing MCH (1) under 10 W microwave irradiation after 0, 40,
and 441 s, respectively. b) The temperature of the 5% Pt/CB-packed straight glass cartridge with flowing MCH
(1) under 10 W microwave irradiation after 441 s. ¢) The heating profile of the CB-packed straight glass
cartridge with flowing MCH (1) under 10 W microwave irradiation after 440 s. d) The heating profile of the
HP20-packed straight glass cartridge with flowing MCH (1) under 10 W microwave irradiation after 390 s.

WA, BAKRFERIRZ BT D~ A 7 a MBDOEAME (~ 4 7 2 E) (2 oWTHRETL 72 (Scheme
4-2). SUS BLD BT 5% PYCB (80mg) % Fed L, A A /L S RZ{k 248 °C IZMEN L 7253 5 MCH
ZIEBRIEIE LT27Y, 30 M CThHhF0 015 L 2%) DAZBNELNDLIDHTH-T-. 10W <A 7 1
PR 2541 T 30 43T 1.80 L (25%) DKFZEMNAEKRT D728, ~A 7 v MEOBEN X &2 T
H5.

LI E, FREAZINEEEE RS~ A 7 aiiic kY, RFMICRE MBS CB Lo Pt &
MCH 78 7 o — i RS BN CIEBEREMT 5 = & T, BIKBRIEA O THERBELSHEITLTND HO
ZEEARBMIRT I ENTE .
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Scheme 4-2. Controlled study under conventional oil bath heating continuous flow conditions.

506 PY/CB (80 mg)
0.50 mL/min + SH
. mL/min

248 °C (oil bath) géylosy:_e §

(9%,262an|'0|) Circulation for 0.5 h
1 2 1:2 =97:3
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B EEERA

AT Cor U 72 Wik BB AL BOS O B A 2 f5t L 72 (Table 4-2). > 7 maF i bz L
I aAnFY U AT T aanF Y o LERRICEM LT E 2 A, 7 masF R 2K /] T,
FlomTF AT T a~FH 0% 5.5 KR Txbn T 5 HHERIC RAF 2L TAEH L <72 (Entries 1 and
2). 7z =)Ly 7 u~FP (Entry3), B 7 n~F oL (Entryd), cissT b Ra 7% L (Entry
5), 12347 hZ7tb RuAYx /U (Entry6), BILW4-ATFLEXY T2 (Entry T)IZOWTIE,
NVE IR - TR LT E O CRES Lz, $742b 5, E (3.00mmol, 0.5 M) 2% LT k
Nz emLfEMA LT, 10W ~ A 7 mETF, ¥t 0.50 mL/min, 5+ 0.5 MPa T 5% Pt/CB #&
HA— P o DICEREK LY. 7=y aand o OFEFITHEICEIT L, 3 T 75%
DETZ7 2= LNERR LT, BV 7 BT ILOEEICE, BV 2=V EESRIcERbENnN-7 =
=TT aasF Y URENEN 64% & 10%DINER T bve. KEITEYE L L THER ZRIED
cis-7 Ak ReF 77X LU DOliKEGDIRERREITL, 77X L UPNEINERTER L. 51T, #H
BRI OV IRNEREEGOERIRBEILAEY (TR e yX /) )b 4 2AFALEXY DY) O
FEZOHEMARETH Y, ST 2ERGTEFBRICEMNER AR L.

Table 4-2. Dehydrogenation of alicyclic compounds.

R R
ﬁj 5% Pt/CB (80 mg) @
X Toluene (6 mL), 0.50 mL/min X/

A 10 W Microwave, 0.5 MPa

H Circulation
X=CH,N
(3.00 mmol)
Entry Substrate Product Time (h) GC yield (%)

S S N o R
:

H
H
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6 h 2 9
NH N 5
7 —<:)H —{j% 35 78

[a] Cyclohexane (11.0 mL, 102 mmol) and ethylcyclohexane (12.2 mL, 85.7 mmol) were used directly in the
flow solutions without backpressure.
[b] The product ratio was determined by '"H NMR.

PLE, 5% PYCB &~ A 7 a7 o — IS EMAEHLET, DT 210 W DO~ A 7 a4 T
AHEANA RTA4 R OKEITHAEDE) & L THZER MCH 76 KFEZZFER < B 3 FEOHL
B L7z, BB Shio~A 7 a2k cd 5 CB TN S ® 5 Z & T, 1Ekoix
BB CIIR CE RV R X —ER OSSR L T b, B Lo~ A 7 1l (10 W) @
90%LL LSBT S 4, & BIZHRE Lz~ A 7 oD 23.9% N EEPAKE T 1t ADFEE
B X —L LTHEHASN TS, RETT RV F—RICEN T AFELSE XX Dk
ELCoAgtEn RS, EHT 0L, [EEME T35 2 &<, A< &b 12 K o
KFRERARETH Y, EWVABERSRE AT 5 2 L b FEM LomATh L. EREBERAEAEY
Zate MCH LIS o stk ik b /K OBiKFRGHICHEMA TR TH Y, HEIEMOFRE
piEE LComA b I D.
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BLE AW

T ) — Ve BB T 0 AR T 570121, BREAMINE Bl il 1
IR SRR N T IR OBSE & T b 2 MAB DR HEROBBRLEATH L. R —Rfil
X, EARIIIZERP CEERbONE L, RIN%E O R A1 CHIY - FFAHR R TH 572
E, BEESRC I A MR T =< U ADORTA Y v bBH 5. 7o —HINIEEOR EXORES
FRICHE L CTRY, ~A 7 vl b8 baMENRRMAT D10 FHEHiTH 5.

FEVL, T UWEREME AR — RO & & HiT,, Ta—Kih e~ A 7 a RN ARG b
THEmERRE LI, UT, SonizmiasZ38T 5.

1. D FPICE =T 2 0N S T=Fa A 4 U AR HBHIR ICHER L 723 T 2 0 Al 7% Pd/WA30
%, 2 i Pd Z#IIEICE SIS L2t%, BIeT 52 & T L. FRg o, 2/ME 01
O PAdFEN T ) VA XDk & L TH oL TWDZ EEH LN L.

2. 7% Pd/WA30 [T LAY B ST AR E 2R U, RIS U= —TF b, XU U7 v
—, VU NTZ—T VLS OB T ERERE AR T - MR TX 5. Z OfMBIEMEL, Pd A
ROHEMMT I CHEICHFESN TRALEZ L EZ TS, WET A~ 4 B IR
ST EUEFIANATRETH 5.

3. WA30 O =7 2/ T AK —EHE TiE Pd OB Y T FE LTER L, BISTEDEN
BB FBACBMO T » TV v T ERET D Z RSN E Aol I AE TES ICEIY
TE, T OEEIMELENZD T v 2EFRNEN T REE A LTS, o s
BAIZFE S fbBETEPE(R R 23588 540 25 72 80 BRI IS 108 S 72200,

4. 7% Pd/WA30 & ~A 7 ali— 7 a—3EE a2 lAG b 70E 0K —Heck SUSEMESL LT, BRx 7e
ATV =TT DH T TICHEATE A E bR LT, o E G EH b T Ee
THYFERPBEHICHLEL T\,

5. RDRIGVERFAFF B4Rt (5% PUCB) &~ A 7 vl 7 o — L ZMAAHET, DT 10W
D<A 7 aEBH CTHEITTE A F LT 7 a~F Vo OBKFILNC L DkFEMEE S, #HE
NEERFzUL G 2 3 T B IR R ALK TR DK R RG BACSOR ML LT, ARG TIIRLIRTIE MR
W~ A 7w A RPN T 5 2 L TR SN D =3 X —E W SE RO CTEETH
L. THRAFFHRICHEN TR, RFFHOEGKRIENTETHD.
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(1) Tertiary-amino-functionalized resin-supported palladium catalyst for the heterogeneous Suzuki—
Miyaurareaction of aryl chlorides, Y. Monguchi, T. Ichikawa, M. Netsu, T. Hattori, T. Mizusaki, Y. Sawama,

H. Sajiki, Synlett 2015, 26, 2014—2018.

(2) Development of a unique heterogeneous palladium catalyst for Suzuki—Miyaura reaction using (hetero)aryl
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Eif5E

ARHFFEO BN DN ARFRSCVERICEE L C, #AaRER 5 JHHE & THifEA B0 £ U7 BR I RIERK
FRIFEAF RGP0 VAL BURICER R OB AR LET.

HRERBRN O R EICOIEY, RFROEN, BEHEEY, HFEONCEM A2 THE £ LH—
ERRFHEM P S o ERIERIRFAIS RGP = HEEeR) M nRt Buz
WS BEH W LET.

AR OHEREZ 7= 0 FLIE 7280 S, BRI OV 2 TH & £ L 72l R 3ER KR AIER b G
JEIE S FEEE VRS HEEERITIR BV 2 L E T

AR OHEREZ 7= 0 FLIE 72 MBS, BRI OV 2 TH & £ L 72l R 3ER KR AIER b G
JESE AR SR (LR BhBUC TR W2 L E T

AWFFEOHEE 7 0 MR TR TR X 20 &2 CTLEE Y, £HA820MBE, M2 TE
F L 7ol RIERR RIS P OGRS P Je = B THe FEEICER @2 LET.
FBRICER U CEllp A TE & £ U7 iREB ML L, MR+ FLh, EWEZ B, KERL FLh, R
AR, SONHE RIS - L ET.

FEROHEEIZEE U CHASZREBY S 72 & QNS EANBHRE A 15 0 £ L 77 B8 1k N PE SEHART R AP 4E
AT MORHMIFZEER P AT B A ILIE— ISR < EHh 2 LE T

Fa A A 25t R DIAION WA30 % ZHRf L Cue/i2 & & Lz =227 2 W RS SHRIC RGO = L
£

~A 7T o —dEEO TR NCH R R E 2 W2 & E LIRSt A & - FDS O/)H
SERERR, KRARBEIZAE, HHREERICE S EH 2 LET.

filfi D ZHEEIE ONTMERIINIC ST L QW R E E LT X - A — T Ax v v MEESHoEA
ML IRk, HAEFRR, AKIEFRIREICEGE N L E T,

FEH LR A Ze it 32 (N-163606) T, “Fk 28 4EEEN D 29 4FMICHE Y MR DA IC
BT 2 A2 W2 W BRI PSR G W2 LE T

Rk 29 4R ) 1RMARFZEB AL (No. 29-305) (2 L C, RIS T HAFFEA TR & 15 - 7= A4
ARAE N B ARV E S 2R V2 LE T

JSPSDC2 #55BIAfFFEE (18]14100) & LT, Wik 30 4 DAFIEAT & IR E D 31 & W) - 7= H ARl
RS IR L E T

FEBRICER U CHlER. B S 2 Win 72 & £ LI REER R PRI b 2 G S S L A R R DFE K
WG B L £,

%I, FEERUB D 6 FERTTE 2 — DISHe T TORONT=DIX, —EIZFKEO L Z DFBINT T,
DX VEHNZ L ET.
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General

All reagents and solvents were obtained from commercial sources and used without further purification.
Pd(OAc), and 5% Pt/CB were obtained from N.E. Chemcat Co. (Tokyo, Japan). The microwave flow reactor
(MW generator: MOC-33, MW irradiator: MA-41, pump unit: YA-20) was developed by Saida FDS Inc.,
Yaidzu, Shizuoka, Japan. The straight glass cartridge was also obtained from Saida FDS Inc. Gas
chromatography (GC) analyses were performed on Shimadzu GC-2010 equipped with a flame ionization
detector (FID) and a DB-WAX capillary column and GL Science GC-3200 equipped with a thermal
conductivity detector (TCD) and an MS-5A-packed column. Melting points (uncorrected) were determined on
a Sansyo melting point apparatus SMP-300. IR spectra (neat) were measured using a Bruker Alpha FT-IR
spectrometer. The *H NMR and *3C NMR spectra were recorded on a JEOL JNM ECA-500 (500 MHz for *H
NMR and 125 MHz for 3C NMR), ECS-400 (400 MHz for 'H NMR and 100 MHz for 3C NMR), or AL-400
(400 MHz for 'H NMR and 100 MHz for 3C NMR) spectrometer. CDClz or CDsOD was used as the solvent
for NMR measurement. Chemical shifts (8) are expressed in part per million and internally referenced (0.00
ppm for tetramethylsilane for 'H NMR and 77.0 ppm for *C NMR for CDCls, and 3.30 ppm for *H NMR and
49.0 ppm for 3C NMR for CD30D). Mass spectra (EI) were taken on a JEOL JMS Q1000GC Mk Il Quad
GC/MS. High resolution mass spectra were measured by Shimadzu hybrid LCMS-IT-TOF (LCMS-IT-TOF).
The Hitachi HD-2000 STEM, ULVAC-PHI PHI QuanteraSXM, Shimadzu ICPS-8100, and PANalytical X'Pert
PRO-MPD were used for the scanning transmission electron microscope (STEM) analysis, X-ray photoelectron
spectroscopy (XPS), inductively coupled plasma-atomic emission spectroscopy (ICP-AES), and X-ray
diffraction analysis (XRD), respectively. All of *H NMR spectra of known products were identical with those

in the literature.

Abbreviations
s = singlet, d = doublet, dd = double doublet, ddd = double double doublet, t = triplet, g = quartet, m = multiplet,

br s = broad singlet, MW = microwave, MCH = methylcyclohexane.
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Preparation of 7% Pd/WA30 (Scheme 3-1)

A mixture of the lyophilized DIAION WA30 [3.00 g (net)] in a solution of Pd(OAc), [476 mg, 2.12 mmol (226
mg, palladium quantity)] in EtOAc (30 mL) was stirred under an Ar atmosphere at rt for 4 days. The resulting
reddish solid was collected on a Kiriyama funnel (1 wm), washed with EtOAc (20 mL x 5), H2O (20 mL x 5),
and MeOH (20 mL x 5), and dried under vacuum for 12 h. The filtrate was concentrated in vacuo and then
transferred to a 100 mL volumetric flask with H»O. Its atomic absorption analysis indicated that 1.78 ppm (178
ug) of palladium species was present. The collected solid was then stirred with NH2NH»-H20 (319 mg, 6.37
mmol) in HO (30 mL) under Ar at rt for 1 d. The black solid was collected on a Kiriyama funnel (1 pm),
washed with H>O (20 mL x 5) and MeOH (20 mL x 5), then dried under vacuum for 12 h to produce the
Pd/WA30 (3.43 g). The filtrate was concentrated in vacuo and then transferred to a 100 mL volumetric flask
with H20. Its atomic absorption analysis indicated that 0.12 ppm (12 ug) of the palladium species was present.
The palladium amount, which was not captured on WA30, was found to be 190 ug (178 + 12 pg), which means
that the palladium ratio of Pd/WA30 was 6.6% [(226—0.19)/3430 x 100].

BoE B ERARREMETRIG
B=E =M B AEHEAMEICETIER

Typical procedure for the hydrogenation reaction (Table 3-3)

A mixture of the substrate (250 pwmol) and 7% Pd/WA30 (3.8 mg, 2.50 wmol) in MeOH (1 mL) was stirred
under H2 atmosphere (balloon) at room temperature. After a specific time, the mixture was passed through a
cotton filter. The catalyst on the filter was washed with MeOH (5 mL x 3). The filtrate was concentrated under
decreased pressure to afford the corresponding spectrometrically pure reduced product. If the reaction was

incomplete after 24 h, the temperature was raised to 40 or 50 °C.

1,2-Diphenylethane [CAS Reg. No. 103-29-7] (Table 3-3, entry 1)/

Obtained in 100% vyield (90.7 mg, 498 umol) from diphenylacetylene (89.2 mg, 500 umol).

'H NMR [400 MHz (ECS-400, CDClI3)] 6 7.23 (4H, m), 7.17 (6H, m), 2.90 (4H, s); **C NMR [100 MHz (ECS-
400, CDCl3)] 6 141.7, 128.4, 128.3, 125.9, 37.9; MS (El) m/z (%) 182 (M*, 66%), 91 (100%).

Ethyl 4-aminobenzoate [CAS Reg. No. 94-09-7] (Table 3-3, entry 2)7

Obtained in 100% yield (82.6 mg, 500 pumol) from ethyl 4-azidebenzoate (95.6 mg, 500 pwmol).

IH NMR [400 MHz (ECS-400, CDCls)] § 7.82 (2H, d, J = 8.8 Hz), 6.61 (2H, d, J = 8.8 Hz), 4.30 (2H, q, J =
7.4 Hz), 4.07 (2H, brs), 1.34 (3H, t, J = 7.4 Hz); 13C NMR [100 MHz (ECS-400, CDCls)] 5 166.7, 150.7, 131.5,
120.0, 113.7, 60.3, 14.4; MS (EI) m/z (%) 165 (M*, 30%), 120 (100%).

4-Aminobibenzyl [CAS Reg. No. 13204-49-2] (Table 3-3, Entry 3)%’

Obtained in 89% vyield (87.7 mg, 445 umol) from 4-nitrostilbene (113 mg, 500 pmol).

'H NMR [400 MHz (ECS-400, CDCl3)] & 7.24 (2H, d, J = 6.8 Hz), 7.15 (3H, m), 6.93 (2H, d, J = 8.4 Hz), 6.55

(2H, d, J=8.4 Hz), 3.37 (2H br 5), 2.86-2.76 (4H, m); 1*C NMR [100 MHz (ECS-400, CDCl3)] 5 144.2, 142.0,
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131.8, 129.1, 128.4, 128.2, 125.7, 38.2, 37.0; MS (EI) m/z (%) 197 (M*, 20%), 106 (100%).

1,3-Dimethyl-2-aminobenzene [CAS Reg. No. 82-67-2] (Table 3-3, entry 4)*’

Obtained in 81% yield (48.8 mg, 403 umol) from 1,3-dimethyl-2-nitrobenzene (75.6 mg, 500 umol) at 40 °C.
'H NMR [400 MHz (ECS-400, CDCls)] 6 6.88 (2H, d, J = 7.3 Hz), 6.59 (1H, t, J = 7.3 Hz), 3.40 (2H, br s),
2.06 (6H, s); *°C NMR (125 MHz, CDCls) § 142.5, 128.0, 121.3, 117.7, 17.3; MS (El) m/z (%) 121 (M*, 100%).

Benzhydrol [CAS Reg. No. 91-01-0] (Table 3-3, entry 5)%8

Obtained in 100% yield (92.2 mg, 500 umol) from benzophenone (91.2 mg, 500 pmol) at 40 °C.

'H NMR [400 MHz (ECS-400, CDCl3)] § 7.31-7.17 (m, 10H), 5.71 (s, 1H), 2.59 (br s, 1H); *C NMR [100
MHz (ECS-400, CDCls)] 6 143.8, 128.4, 127.5, 126.5, 76.2; MS (El) m/z (%) 184 (M*, 42%), 105 (100%).

1-Phenyl-1-propanol [CAS Reg. No. 93-54-9] (Table 3-3, entry 6)°

Obtained in 98% yield (66.7 mg, 490 pmol) from propiophenone (67.1 mg, 500 pmol) at 40 °C.

'H NMR [400 MHz (ECS-400, CDCl3)] 6 7.33—7.21 (5H, m), 4.50 (1H, t, J = 6.8 Hz), 2.53 (1H, br), 1.80~1.65
(2H, m), 0.87 (3H, t, J = 7.4 Hz); *C NMR [100 MHz (ECS-400, CDCl3)] & 144.6, 128.4, 127.4, 126.0, 76.0,
31.8, 10.1; MS (EI) m/z (%) 136 (M*, 48), 77 (100).

4-Propoxybenzylalcohol (Table 3-3, entry 7)

Obtained in 97% yield (66.7 mg, 401 pumol) as white solid from 4-(2-propen-1-yloxy)-benzaldehyde (67.1 mg,
414 pmol) at 40 °C.

m.p. 31.0-31.8 °C; IR (neat) vmax 3332, 2964, 2876, 1611, 1584, 1510, 1470, 1391, 1299, 1241, 1172, 1112,
1046, 1005, 977.2, 824.6, 586.5, 516.3; 'H NMR [400 MHz (AL-400, CDCl3)] 6 7.27 (2H, d, J = 8.4 Hz), 6.89
(2H, d, J = 8.4 Hz), 4.61 (2H, 5), 3.92 (2H, t, J = 6.6 Hz), 1.81 (2H, m), 1.62 (1H, br s), 1.03 (3H, t, J = 6.6 Hz);
13C NMR [100 MHz (AL-400, CDCl3)] 5 158.8, 132.9, 128.6, 114.5, 69.5, 65.1, 22.6, 10.5; HRMS (LCMS-IT-
TOF) calcd. for C10H1402Na [(M+Na)*]: 189.0886, Found 189. 0873.

1-(4-Aminophenyl)ethanol [CAS Reg. No. 14572-89-5] (Table 3-3, entry 8)
Recovered in 100% (68.6 mg, 500 pmol).

1-Phenylisobutanol [CAS Reg. No. 1565-75-9] (Table 3-3, entry 9)%

Obtained in 99% yield (74.1 mg, 493 umol) from 2-phenyl-3-butyn-2-ol (73.0 mg, 500 pmol).

1H NMR [400 MHz (ECS-400, CDCl3)] § 7.41 (2H, d, J = 7.8 Hz), 7.31 (2H, t, J = 7.8 Hz), 7.21 (1H, t, J = 7.8
Hz), 2.00 (1H, s), 1.82 (2H, g, J = 7.5 Hz), 1.52 (3H, s), 0.78 (3H, t, J = 7.5 Hz); 13C NMR [100 MHz (ECS-
400, CDCl3)] 5 147.7, 127.9, 126.4, 124.8, 74.8, 36.6, 29.5, 8.2; MS (EI) m/z (%) 150 (M*, 0.2%), 121 (100%).

4-Ethylaniline [CAS Reg. No. 589-16-2] (Table 3-3, entry 10)*’

Obtained in 99% yield (60.4 mg, 498 pumol) from benzyl N-(4-ethynylphenyl)carbamate (50.3 mg, 500 umol).
'H NMR [400 MHz (ECS-400, CDCls)] & 8.99 (2H, d, J = 8.6 Hz), 8.62 (2H,d, J = 8.6 Hz), 3.35 (2H, br s),
2.54 (2H,q,J=7.7Hz), 1.18 (3H, t, J = 7.7 Hz); 1*C NMR [100 MHz (ECS-400, CDCl5)] 5 144.4, 134.6, 128.8,
115.5, 28.3, 16.2; MS (El) m/z (%) 121 (M*, 28%), 106 (100%), 91 (6%), 77 (13%).

N-Propylaniline [CAS. Reg. No. 622-80-0] (Table 3-3, entry 11)*®
Obtained in 98% (26.4 mg, ) from benzyl N-allyl-N-phenylcarbamate (53.5 mg, 200 umol) at 40 °C.
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IH NMR [400 MHz (ECS-400, CDCl3)] & 7.18 (2H, t, J = 7.7 Hz), 6.68 (1H, t, J = 7.7 Hz), 6.60 (2H, t, J = 7.7
Hz), 3.07 (2H, t, J = 7.3 Hz), 1.63 (2H, m), 0.99 (t, 3H, J = 7.3 Hz); 3C NMR [100 MHz (ECS-400, CDCl3)] §
148.5,129.2, 117.1, 112.7, 45.8, 22.7, 11.6; MS (EI) m/z (%) 135 (M*, 27%), 106 (100%).

2-Amino-4-phenylbutane [CAS Reg. No. 22374-89-6] (Table 3-3, entry 12)5!

Obtained in 100% yield (29.8 mg, 200 pumol) from benzyl N-(1-methyl-3-phenylpropyl)carbamate (56.6 mag,
200 pmol).

IH NMR [400 MHz (ECS-400, CDCl3)] § 7.27 (2H, t, J = 7.6 Hz) ,7.17 (3H, t, J = 7.6 Hz), 2.95-2.91 (1H, m),
2.68-2.60 (2H, m) , 2.22 (2H, br s), 1.70-1.64 (2H, m), 1.12 (3H, d, J = 6.4 Hz); $*C NMR [100 MHz (ECS-
400, CDCl3)] 8 142.2, 128.3, 128.3, 125.7, 46.5, 41.6, 32.7, 23.7; MS (EI) m/z (%) 149 (M*, 2%), 91 (100%).

N-(2-methoyphenyl)piperazine [CAS Reg. No. 35386-24-4] (Table 3-3, entry 13)%

Obtained in 100% yield (42.5 mg, 221 pmol) from benzyl 4-(2-methoxyphenyl)piperazine-1-carbozylate
(72.2mg, 221 pmol).

IH NMR [400 MHz (ECS-400, CDCl3)] 5 7.02-6.85 (m, 4H), 3.86 (3H, s), 3.07-3.02 (8H, m), 2.32 (2H, s,);
13C NMR [100 MHz (ECS-400, CDCls)] & 152.2, 141.8, 122.8, 120.9, 118.2, 111.1, 55.3, 52.1, 46.3; MS (El)
miz (%) 192 (M*, 38%), 150 (100%).

Phenylethylamine [CAS Reg. No. 64-04-0] (Table 3-3, entry 14)%

Obtained in 76% yield (23.0 mg, 190 umol) from benzyl N-(2-phenylethyl)carbamate (63.8 mg, 250 pmol) at
50 °C.

'H NMR (500 MHz, CDCls3) 8 7.31-7.19 (5H, m), 2.97 (2H, t, J = 7.5 Hz), 2.76 (2H, t, J = 7.5 Hz), 2.10 (2H,
br s); 33C NMR (125 MHz, CDCls) § 139.5, 128.8, 128.4 126.1, 43.3, 39.6; MS (El) m/z (%) 121 (M*, 11), 91
(100).

3-Phenylpropaonic acid [CAS Reg. No. 501-52-0] (Table 3-3, entry 15)%

Obtained in 98% yield (73.9 mg, 492 umol) from benzyl cinnamate (119 mg, 500 umol).

H NMR [400 MHz (ECS-400, CDCl3)] 8 11.5 (1H, br s), 7.30-7.20 (5H, m), 2.95 (2H, t, J = 7.7 Hz), 2.67 (2H,
t,J = 7.7 Hz); 13C NMR [100 MHz (ECS-400, CDCls)] 8 179.5, 140.1, 128.5, 128.2, 126.3, 35.6, 30.5; MS (El)
m/z (%)150 (M*, 38%), 104 (60%), 91 (100%).

Hydroquinone [CAS Reg. No. 123-31-9] (Table 3-3, entry 16)%°

Obtained in 100% yield (64.2 mg, 583 umol) from hydroquinone monobenzyl ether (117 mg, 584 umol).

'H NMR (500 MHz, CDs0D) § 6.60 (4H, s); 13C NMR (125 MHz, CD30D) & 151.2, 116.8; MS (EI) m/z (%)110
(M*, 100%), 81 (32%), 53 (23%).

Hydrobenzonitrile [CAS Reg. No. 767-00-0] (Table 3-3, entry 17)%

Obtained in 94% yield (56.2 mg, 472 umol) from 4-benzyloxybenznitrile (105 mg, 500 umol).

'H NMR [400 MHz (ECS-400, CDCls)] 8 7.54 (2H, d, J = 7.4 Hz), 6.95 (2H, d, J = 7.4 Hz); C NMR [100
MHz (ECS-400, CDCl3)] 6 160.1, 134.3, 119.2, 116.4, 103.2, 29.7; MS (El) m/z (%)119 (M*, 100%), 91 (26%).

2-Methoxy-4-propylphenol [CAS Reg. No. 2785-87-7] (Table 3-3, entry 18)%"
Obtained in 99% yield (82.3 mg, 495 pmol) from 1-benzyloxy-2-methoxy-4-(1-propenyl)benezene (127 mg,
500 pmol).
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IH NMR [400 MHz (ECS-400, CDCl3)] & 6.83 (1H, d, J = 6.2 Hz), 6.65 (2H, d, J = 6.2 Hz), 5.59 (1H, s), 3.84
(3H, s), 2.50 (2H, t, J = 6.2 Hz), 1.56 (2H, m) 0.95 (3H, t, J = 6.2 Hz); 3C NMR [100 MHz (ECS-400, CDCls)]
§145.2, 143.5, 134.6, 120.9, 114.1, 111.0, 55.7, 37.7, 24.8, 13.7; MS (EI) m/z (%)166(M*, 77%), 137(100%).

Boc-Ser(Bn)-OH [CAS Reg. No. 23680-31-1] (Table 3-3, entry 19)

Obtained in 75% yield (44.0 mg, 149 umol) from Boc-Ser(Bn)-OBn (77.1 mg, 200 pmol).

'H NMR [400 MHz (AL-400, CDCls)] 6 7.36-7.28 (5H, m), 5.39 (1H, d, J = 8.0 Hz), 4.56 (2H, s), 4.47 (1H,
m), 3.94 (1H, m), 3.71 (1H, m), 1.42 (9H, s); 3C NMR [400 MHz (AL-400, CDCls)] 6 175.6, 155.7, 137.3,
128.4, 127.8, 127.6, 80.3, 73.4, 69.7, 53.8, 28.3; HRMS (LCMS-IT-TOF) calcd. for Ci1sH21NOs [(M+H)*]
296.1492, Found 296.1462.

1,2-Dibenzyloxyethane [CAS Reg. No. 622-22-0] (Table 3-3, entry 20)
Recovered in 96% (109 mg, 450 pumol).

Benzyl isoamyl ether [CAS Reg. No. 122-73-6] (Table 3-3, entry 21)
Recovered in 91% (81.2 mg, 455 pmol).

1,2-Diphenylethanol [CAS Reg. No. 614-29-9] (Table 3-3, entry 22)58

Obtained in 99% yield (96.7 mg, 488 umol) from trans-stilbenoxide (98.1 mg, 500 umol).

'H NMR [400 MHz (ECS-400, CDCl3)] & 7.30-7.11 (10H, m), 4.77 (1H, m), 2.94 (2H, m) 2.23 (1H, br s); 13C
NMR [100 MHz (ECS-400, CDClI3)] 6 138.5, 128.9, 128.4, 126.3, 63.5, 39.1; MS (El) m/z (%)122 (39%),
91(100%), 77 (5%).

1-tert-Butyldimethylsilyloxy-3-phenylpropane [CAS Reg. No. 69404-95-1] (Table 3-3, Entry 23)!8
Obtained in 98% (126 mg, 505 umol) from trans-cinnamyl tert-butyldimethylsilyl ether (128 mg, 515 pmol).
'H NMR [400 MHz (ECS400, CDCls3)] 6 7.26 (2H, m), 7.19-7.14 (3H, m), 3.62 (2H, t, J = 6.4 Hz), 2.67 (2H,
t, J = 6.4 Hz), 1.83 (2H, m), 0.91 (9H, s), 0.05 (6H, s); 3C NMR [100 MHz (ECS400, CDCl3)] & 142.2,
128.5,128.6, 125.6, 62.3, 34.5, 32.1, 26.0, 18.3, -5.3; MS (EI) m/z (%) 193 (M*, 100%), 117 (21%), 89 (85%),
75 (43%).

FBoE B FTH SRBFHIMECHEAMICET S ER

Reuse test of 7% Pd/WA30 in hydrogenation (Table 3-4)

A mixture of cinnamyl alcohol (335 mg, 2.50 mmol) and 7% Pd/WA30 (38.0 mg, 25.0 pmol) in MeOH (10
mL) was stirred under H, atmosphere (balloon). After 5 h, the mixture was filtered using a Kiriyama funnel (1
um filter paper). The catalyst on the filter was washed with EtOAc (3 mL x 5), and the filtrate was concentrated
in vacuo to give 3-phenyl-1-propanol in 100% yield (342 mg, 2.51 mmol). The recovered catalyst was dried at
room temperature under reduced pressure overnight, then weighed (36.9 mg, 97 %). The reaction for the second
run was carried out in the same manner as the first run except for the usage of cinnamyl alcohol (326 mg, 2.43
mmol) and 7% Pd/WA30 (36.9 mg, 24.3 pmol). 3-Phenyl-1-propanol was obtained in 100% yield (330 mg,
2.42 mmol). The recovered catalyst was dried at room temperature under reduced pressure overnight, then
weighed (36.9 mg, 100%). The reactions for the third to fifth runs were also carried out likewise first run except
for the usage of substrate and catalyst. The results were summarized in the following table.
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7% Pd/WA30 (1 mol%)

WOH H, (balloon)

MeOH, rt, 5 h

@MOH

Run

Quantity

Substrate

Used catalyst

Product yield

Recovered catalyst

1st

335 mg, 2.50 mmol

38.0 mg, 25.0 umol

342 mg (100 %)

36.9 mg (97%)

2nd

326 mg, 2.43 mmol

36.9 mg, 24.3 umol

330 mg (100%)

36.9 mg (100%)

3rd

326 mg, 2.43 mmol

36.9 mg, 24.3 umol

329 mg (100%)

35.8 mg (97%)

4th

316 mg, 2.35 mmol

35.8 mg, 23.5 umol

320 mg (100%)

34.7 mg (97%)

5th

306 mg, 2.28 mmol

34.7 mg, 28.8 umol

310 mg (100 %)

33.2 mg, (96%)

3-Phenyl-1-propanol [CAS Reg. No. 122-97-4] (Table 3-4)%°

IH NMR (500 MHz, CDCls) § 7.29-7.16 (SH, m), 3.63 (2H, t, J = 6.5 Hz), 2.68 (2H, t, J = 6.5 Hz), 1.87 (2H,
m); 3C NMR (125 MHz, CDCls) § 141.7, 128.3, 128.3, 125.7, 62.0, 34.1, 32.0; MS (EI) m./z (%) 136 (M*, 33),

91 (100).
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Typical procedure for the coupling reaction between aryl chlorides and arylboronic acids (Table 3-6)
7% Pd/WA30 (19.0 mg, 12.5 pmol), the aryl chloride (250 pmol), the arylboronic acid (375 pmol), Cs2CO3
(163 mg, 500 pmol) and DMA (1 mL) were added in a test tube. The mixture was stirred at 80 °C under Ar
atmosphere. The reaction progress was monitored by thin layer chromatography (TLC) (hexane/EtOAc, 5:1).
After complete consumption of the aryl chloride or 24 h (if the reaction was incomplete), the mixture was cooled
to rt, diluted with Et,O (5 mL), and filtered through a cotton filter. The catalyst on the filter was washed with
Et,0 (15 mL x 2) and H2O (10 mL x 3). The combined filtrates were separated into two layers. The aqueous
layer was extracted with Et,O (20 mL), and the combined organic layers were washed with H,O (20 mL x 4)
and brine (20 mL), dried over Na,SOu, filtered, and concentrated under decreased pressure. CDClIs (ca. 1 mL)
and 1,4-dioxane (8.53 pL, 100 umol) were added to the residue. After the determination of the reaction yield
by 'H NMR, the product was purified by silica gel column chromatography using hexane/EtOAc (10:1) as
eluents to afford the corresponding biaryl.

4-Acetylbiphenyl [CAS Reg. No. 92-91-1] (Table 3-6, entry 1)7°

Obtained in 100% yield (48.6 mg, 248 pmol) from 4'-chloroacetophenone (38.3 mg, 248 pumol) and
phenylboronic acid (45.7 mg, 375 umol).

'H NMR (500 MHz, CDCl3) 6 8.04 (2H d, J = 8.5 Hz), 7.69 (2H, d, J = 8.5 Hz), 7.64 (2H, d, J = 7.3 Hz), 7.48
(2H, dd, J = 7.3, 7.3 Hz), 7.41 (1H dd, J = 7.3, 7.3 Hz), 2.65 (3H, s); *C NMR (125 MHz, CDCl3) & 197.8,
145.8, 139.8, 135.8, 128.9, 128.9, 128.2, 127.3 127.2, 26.7; MS (EI) m/z (%) 196 (M*, 41), 181 (100).

3-Acetylbiphenyl [CAS Reg. No. 3112-01-4] (Table 3-6, entry 2)"*

Obtained in 80% yield (38.9 mg (198 pmol) from 3'-chloroacetophenone (38.3 mg, 248 pmol) and
phenylboronic acid (61.0 mg, 500 pmol).

'H NMR [400 MHz (AL-400, CDCls)] 6 8.18 (1H, s), 7.93 (1H, d, J = 7.4 Hz), 7.79 (1H, d, J = 7.4 Hz), 7.62
(2H,d,J=7.3Hz), 753 (1H,dd,J=7.4, 7.4 Hz), 7.47 (2H, dd, J = 7.3, 7.3 Hz), 7.38 (1H, dd, J = 7.3, 7.3 Hz),
2,65 (3H, s) ; 3C NMR [100 MHz (AL-400, CDCl3)] 8 198.1, 141.7, 140.1, 137.6, 131.7, 129.0, 128.9, 127.8
127.2,126.9 (2C), 26.7; MS (EI) m/z (%) 196 (M*, 66), 181 (100).

2-Acetylbiphenyl [CAS Reg. No. 2142-66-7] (Table 3-6, entry 3)"*

Obtained in 89% yield (43.6 mg, 222 pmol) from 2'-chloroacetophenone (38.4 mg, 249 pmol) and
phenylboronic acid (61.0 mg, 500 umol).

IH NMR [400 MHz (AL-400, CDCl3)] § 7.56—7.49 (2H, m), 7.45-7.33 (7H, m), 2.00 (3H, s); $3C NMR [100
MHz (AL-400, CDCls)] 8 204.9, 140.8, 140.7, 140.4, 130.7, 130.1, 128.8, 128.6, 127.8, 127.8, 127.4, 30.4; MS
(EI) m/z (%) 196 (M*, 46), 181 (100).

Ethyl Biphenyl-4-carboxylate [CAS Reg. No. 6301-56-0] (Table 3-6, entry 4)"°

Obtained in 94% yield (53.4 mg, 236 pmol) from ethyl 4-chlorobenzoate (46.2 mg, 251 umol) and
phenylboronic acid (45.7 mg, 375 umol).

'H NMR [400 MHz (ECS-400, CDCls)] 6 8.11 (2H, d, J = 8.4 Hz), 7.64 (2H, d, J = 8.4 Hz), 7.61 (2H, d, J =
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7.4 Hz), 7.45 (2H, dd, J = 7.4, 7.4 Hz), 7.38(1H, dd, J = 7.4, 7.4 Hz), 4.39 (2H, g, J = 7.4 Hz), 1.40 (3H, 1, J =
7.4 Hz,); 3C NMR [100 MHz (ECS-400, CDCls)] & 166.5, 145.5, 140.0, 130.1, 129.2, 128.9, 128.0, 127.2,
126.9, 60.9, 14.3; MS (EI) m/z (%) 226 (M*, 27), 198 (20) 181 (100).

4-Nitrobiphenyl [CAS Reg. No. 92-93-3] (Table 3-6, entry 5)"°

Obtained in 97% yield (48.1 mg, 242 pmol) from 4-chloronitrobenzene (39.4 mg, 250 pmol) and phenylboronic
acid (45.7 mg, 375 pmol).

'H NMR [400 MHz (ECS-400, CDCls)] 6 8.28 (2H, d, J = 8.9 Hz), 7.72 (2H, d, J = 8.9 Hz), 7.62 (2H, d, J =
7.2 Hz), 7.51-7.42 (3H, m); 13C NMR [100 MHz (ECS-400, CDCl3)] 5 147.6, 147.0, 138.7,129.1, 128.9, 127.7,
127.3, 124.0; MS (El) m/z (%) 199 (M*, 46), 152 (100).

4-(Trifluoromethyl)biphenyl [CAS Reg. No. 398-36-7] (Table 3-6, entry 6)"*

Obtained in 96% vyield (57.0 mg, 257 pumol) from 4-chlorobenzotrifluoride (48.0 mg, 266 pmol) and
phenylboronic acid (45.7 mg, 375 umol).

H NMR [400 MHz (ECS-400, CDCl3)] 8 7.67 (4H, s), 7.59 (2H, d, J = 7.4 Hz), 7.46 (2H, dd, J = 7.4, 7.4 Hz),
7.39 (1H, dd, J = 7.4, 7.4 Hz); *C NMR [100 MHz (ECS-400, CDCl3)] 6 144.7, 139.8, 129.3 (3Jcr = 32 Hz),
129.0, 128.2, 127.4, 127.3, 125.7 (3Jc¢ = 3.8 Hz), 123.0 (Nc_¢ = 270 Hz); MS (El) m/z (%) 222 (M*, 100).

4-Methoxybiphenyl [CAS Reg. No. 613-37-6] (Table 3-6, entry 7)°

Obtained in 64% yield (29.7 mg, 161 pmol) from 4-chloroanisole (35.7 mg, 251 pmol) and phenylboronic acid
(91.4 mg, 750 pmol) using 7%Pd/WA30 (38.0 mg, 25.0 umol) and Cs,COs3 (244 mg, 750 umol).

'H NMR [400 MHz (AL-400, CDCls)] 6 7.55 (2H, d, J = 7.7 Hz), 7.52 (2H, d, J = 8.8 Hz), 7.41 (2H, dd, J =
7.7, 7.7 Hz), 7.30 (1H, dd, J = 7.7, 7.7 Hz), 6.97 (2H, d, J = 8.8 Hz), 3.84 (3H, s); 1*C NMR [100 MHz (AL-
400, CDCl3)] 6 159.1, 140.8, 133.7, 128.7, 128.1, 126.7, 126.6, 114.2, 55.3; MS (EI) m/z (%) 184 (M*, 100).

3-Methoxybiphenyl [CAS Reg. No. 2113-56-6] (Table 3-6, entry 8)7°

Obtained in 83% yield (37.9 mg, 206 pmol) from 3-chloroanisole (35.5 mg, 249 umol) and phenylboronic acid
(91.4 mg, 750 pmol) using 7%Pd/WA30 (38.0 mg 25.0 pmol) and Cs2CO3 (244.4 mg, 750 pmol).

'H NMR [400 MHz (ECS-400, CDCls)] 6 7.58 (2H, d, J = 7.1 Hz), 7.42 (2H, dd, J = 7.1, 7.1 Hz), 7.36-7.32
(2H, m), 7.17 (1H, d, J = 8.2 Hz), 7.12 (1H, s), 6.89 (1H, d, J = 8.2 Hz), 3.85 (3H, s); *C NMR [100 MHz
(ECS-400, CDCl3z)] 8 159.9, 142.8, 141.1, 129.7, 128.7, 127.4, 127.2, 119.7, 112.9, 112.7, 55.3; MS (EI) m/z
(%) 184 (M*, 100).

2-Methoxybiphenyl [CAS Reg. No. 86-26-0] (Table 3-6, entry 9)7

Obtained in 15% yield (6.9 mg, 38 umol) from 2-chloroanisole (35.6 mg, 250 pmol) and phenylboronic acid
(91.4 mg, 750 pmol) using 7%Pd/WA30 (38.0 mg 25.0 pmol) and Cs>CO3 (244 mg, 750 pmol).

'H NMR (500 MHz, CDCl3) 6 7.54 (2H, d, J = 7.7 Hz), 7.42 (2H, dd, J = 7.7, 7.7 Hz), 7.35-7.31 (3H, m), 7.04
(1H, dd, J = 8.0, 8.0 Hz), 7.00 (1H, d, J = 8.0 Hz), 3.82 (3H, s); 1*C NMR (125 MHz, CDCls) § 156.4, 138.5,
130.9, 130.6, 129.5, 128.6, 128.0, 126.9, 120.8, 111.1, 55.5; MS (EI) m/z (%) 184 (M*, 100).

4-Acetyl-4'-methoxybiphenyl [CAS Reg. No. 13021-18-6] (Table 3-6, entry 10)"®
Obtained in 96% yield (54.2 mg, 240 umol) from 4'-chloroacetophenone (38.5 mg, 249 umol) and 4-
methoxyphenylboronic acid (57.0 mg, 375 umol).
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IH NMR [400 MHz (AL-400, CDCls)] § 8.00 (2H, d, J = 8.8 Hz), 7.64 (2H, d, J = 8.8 Hz), 7.57 (2H, d, J = 8.8
Hz), 6.99 (2H, d, J = 8.8 Hz), 3.85 (3H, 5), 2.62 (3H, 5); 3C NMR [100 MHz (ECS-400, CDCl3)] § 197.7, 159.9,
145.3,135.2, 132.1, 128.9, 128.3, 126.6, 114.4, 55.3, 26.6; MS (EI) m/z (%) 226 (M*, 59), 211 (100).

4-Acetyl-3'-methoxybiphenyl [CAS Reg. N0.76650-30-1] (Table 3-6, entry 11)™

Obtained in 100% yield (56.5 mg, 250 pmol) from 4'-chloroacetophenone (38.8 mg, 251 umol) and 3-
methoxyphenylboronic acid (76.0 mg, 500 umol).

'H NMR (500 MHz, CDCls) 6 8.01 (2H, d, J = 8.0 Hz), 7.66 (2H, d, J = 8.0 Hz), 7.38 (1H, dd, J = 8.0, 8.0 Hz),
7.20 (1H, dd, J=8.0, 2.0 Hz), 7.14 (1H, m), 6.94 (1H, dd, J = 8.0, 2.0 Hz), 3.86 (3H , 5), 2.62 (3H, 5); 3C NMR
(125 MHz, CDCl3) 6 197.7, 159.9, 145.5, 141.2, 135.8, 129.9, 128.8, 127.2, 119.6, 113.4, 113.0, 55.3, 26.6; MS
(EI) m/z (%) 226 (M*, 65), 210 (100).

Ethyl 4'-Acetyl-4-biphenylcarboxylate [CAS Reg. No. 119838-61-8] (Table 3-6, entry 12)"®

Obtained in 91% yield (60.9 mg, 227 umol) from ethyl 4-chlorobenzoate (46.1 mg, 250 pmol) and 4-
acetylphenylboronic acid (61.5 mg, 375 pumol).

'H NMR [400 MHz (AL-400, CDCls)] 6 8.13 (2H, d, J = 9.0 Hz), 8.04 (2H, d, J = 8.8 Hz), 7.70 (2H, d, J=9.0
Hz), 7.68 (2H, d, J = 8.8 Hz) 4.41 (2H, q, J = 7.1 Hz), 2.64 (3H, s), 1.42 (3H, t, J = 7.1 Hz); *C NMR [100
MHz (ECS-400, CDCl3)] 6 197.5, 166.2, 144.4, 144.0, 136.3, 130.1, 128.9, 127.3, 127.1, 61.0, 26.6, 14.3; MS
(El) m/z (%) 268 (M*, 32), 253 (100).

4-Methoxy-4'-methylbiphenyl [CAS Reg. No. 53040-92-9] (Table 3-6, entry 13)76

Obtained in 78% (38.4 mg, 194 umol) from 4-chlorotoluene (31.6 mg, 250 pmol) and 4-methoxyphenylboronic
acid (57.0 mg, 375 pmol).

'H NMR (500 MHz, CDCls) 6 7.51 (2H, d, J = 8.6 Hz), 7.45 (2H, d, J = 8.3 Hz), 7.22 (2H, d, J = 8.3 Hz), 6.96
(2H, d, J=8.6 Hz), 3.84 (3H, s), 2.38 (3H, s); *C NMR (125 MHz, CDCls3) 8 158.9, 137.9, 136.3, 133.7, 129.4,
127.9, 126.6, 114.1, 55.3, 21.0; MS (EI) m/z (%) 198 (M*, 100).

4-Methoxy-3'-methylbiphenyl [CAS Reg. No. 17171-17-4] (Table 3-6, entry 14)7’

Obtained in 79% (39.0 mg, 197 umol) from 3-chlorotoluene (31.6 mg, 250 wmol) and 4-methoxyphenylboronic
acid (57.0 mg, 375 umol).

1H NMR (500 MHz, CDCl3) § 7.51 (2H, d, J = 8.5 Hz), 7.36-7.34 (2H, m), 7.30 (1H, dd, J = 7.5, 7.5 Hz), 7.15
(1H, d, J = 7.5 Hz) 6.96 (2H, d, J = 8.5 Hz), 3.83 (3H, s), 2.40 (3H, s); 3C NMR (125 MHz, CDCls) § 159.0,
140.8, 138.2, 133.8, 128.6, 128.1, 127.5, 127.4, 123.8, 114.1, 55.3, 21.5; MS (EI) m/z (%) 198 (M*, 100).

4-Methoxy-2'-methylbiphenyl [CAS Reg. No. 92495-54-0] (Table 3-6, entry 15)7"

Obtained in 66% yield (32.7 mg, 165 pmol) from 2-chlorotoluene (31.6 mg, 250 pmol) and 4-
methoxyphenylboronic acid (57.0 mg, 375 umol).

'H NMR (500 MHz, CDCls) § 7.27-7.21 (6H, m), 6.95 (2H, d, J = 9.0 Hz), 3.84 (3H, 5), 2.28 (3H, 5); 3C NMR
(125 MHz, CDCls) 6 158.4, 141.5, 135.4, 134.3, 130.3, 130.2, 129.9, 126.9, 125.7, 113.4, 55.2, 20.5; MS (EI)
m/z (%) 198 (M*, 100).

4-Acetyl-4'-methylbiphenyl [CAS Reg. No. 5748-38-9] (Table 3-6, entry 16)’®
Obtained in 71% yield (37.1 mg, 176 pmol) from 4-chlorotoluene (31.6 mg, 250 pmol) and 4-
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acetylphenylboronic acid (82.0 mg, 500 pmol).

'H NMR [400 MHz (ECS-400, CDCl3)] & 8.05 (2H, d, J = 8.4 Hz), 7.65 (2H, d, J = 8.4 Hz), 7.52 (2H, d, J =
7.8 Hz), 7.27 (2H, d, J = 7.8 Hz), 2.61 (3H, s), 2.40 (3H, s); *C NMR [100 MHz (ECS-400, CDCl3)] 6 197.7,
145.7,138.2, 136.9, 135.6, 129.6, 128.9, 127.0, 126.9, 26.6, 21.1; MS (EI) m/z (%) 210 (M*, 82), 195 (100).

3-Acetyl-4'-methylbiphenyl [CAS Reg. No. 893734-36-6] (Table 3-6, entry 17)7*

Obtained in 59% (31.0 mg, 148 pumol) from 4-chlorotoluene (31.6 mg, 250 pmol) and 3-acetylphenylboronic
acid (61.5 mg, 375 pmol).

H NMR (500 MHz, CDCls) & 8,17 (1H, dd, J = 2.0 Hz), 7.91 (1H, ddd, J = 8.0, 2.0 Hz), 7.78 (1H, ddd, J =
8.0, 2.0 Hz), 7.54-7.50 (3H, m), 7.28 (2H, d, J = 8.0 Hz), 2.66 (3H, s), 2.41 (3H, s); 1*C NMR (125 MHz,
CDCl3) 6 198.2, 141,6, 137.7, 137.5, 137.2, 131.5, 129.6, 129.0, 127.0, 126.9, 126.7, 26.8, 21.1; MS (EI) m/z
(%) 210 (M*, 53), 195 (100).

Typical procedure for the synthesis of heterobiaryls (Table 3-7)

Conditions A: The conditions were the same as for the coupling between aryl chlorides and arylboronic acids.
The residue was purified by silica gel column chromatography using hexane/EtOAc as eluents to afford the
corresponding heterobiaryl.

Conditions B: 7% Pd/WA30 (19.0 mg, 12.5 umol), the aryl chloride [or the heteroaryl chloride (250 pmol)], the
aryl boronic acid [or the heteroaryl boronic acid (375 umol)], KsPO4 (106 mg, 500 umol) and 2-PrOH (1 mL)
were added in a test tube. The mixture was stirred at 80 °C under Ar atmosphere. The reaction progress was
monitored with TLC (hexane/EtOAc, 5:1). After complete consumption of the aryl chloride or after 24 h (if the
reaction was incomplete), the mixture was cooled to rt, diluted with EtOAc (5 mL), and passed through a cotton
filter. The catalyst on the filter was washed with EtOAc (15 mL x 2) and H>O (10 mL x 3). The combined
filtrates were separated into two layers. The aqueous layer was extracted with EtOAc (20 mL), and the combined
organic layers were washed with H,O (20 mL) and brine (20 mL), dried over Na2SOu, filtered, and concentrated
under decreased pressure. The residue was purified by silica gel column chromatography to afford the

corresponding heterobiaryl.

4-Phenylpyridine [CAS Reg. No. 939-23-1] (Table 3-7, entry 1)"®

Obtained in 100% yield (38.7 mg, 249 umol) from 4-chloropyridine hydrochloride (37.5 mg, 250 umol) and
phenylboroic acid (45.7 mg, 375 umol) using Cs>CO3 (244 mg, 750 umol).

'H NMR (500 MHz, CDCls) 8 8.66 (2H, d, J = 6.0 Hz), 7.64 (2H, d, J = 7.0 Hz), 7.43-7.51 (5H, m); 1*C NMR
(125 MHz, CDCl3) 6 150.2, 148.3, 138.1, 129.1, 129.0, 127.0, 121.6; MS (EI) m/z (%) 155 (M*, 100).

4-(4-Methoxyphenyl)pyridine [CAS Reg. No. 5938-169] (Table 3-7, entry 2)7°

Obtained in 71% yield (32.9 mg, 178 umol) from 4-chloropyridine hydrochloride (37.5 mg, 250 umol) and 4-
methoxyphenylboronic acid (57.0 mg, 375 umol) using Cs2CO3 (244 mg, 750 umol).

!H NMR (500 MHz, CDCls) § 8.61 (2H, d, J = 6.0 Hz), 7.60 (2H, d, J = 8.5 Hz), 7.46 (2H, d, J = 6.0 Hz), 7.01
(2H, d, J = 8.5 Hz); 3C NMR (125 MHz, CDCls) 6 160.5, 150.1, 147.7, 130.3, 128.1, 121.0, 114.5, 55.3; MS
(E1) m/z (%) 185 (M*, 100).

4-(4-Acetylphenyl)pyridine (Table 3-7, entry 3)
Obtained in 100% yield (49.2 mg, 249 pumol) as white solid from 4-chloropyridine hydrochloride (37.5 mg, 250
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umol) and 4'-acetylphenylboronic acid (61.5 mg, 375 pmol) using Cs2CO3 (244 mg, 750 pmol).

m.p. 92.3-94.2 °C; IR (neat) vmax 2922, 2249, 2236, 2204, 2175, 2154, 2112, 2066, 2023, 2000, 1974, 1960,
16778, 1571, 1541, 1418, 1398, 1355, 1286, 1258, 1192, 1024, 958, 849, 804, 721, 679, 591, 564, 547, 520,
506, 489, 560, 440, 431, 410; 'H NMR (500 MHz, CDCls) 6 8.71 (2H, d, J = 6.0 Hz), 8.08 (2H, d, J = 9.0 Hz),
7.74 (2H, d, J = 9.0 Hz), 7,55 (2H, d, J = 6.0 Hz); *C NMR (125 MHz, CDCls) § 197.5, 150.2, 147.1, 142.4,
137.2,129.1, 127.2, 121.7, 26.7; MS (EI) m/z (%) 197 (M*, 22), 182 (100); HRMS (LCMS-IT-TOF) calcd. for
C13H12NO [(M+H)*] 198.0913, Found: 198.0909.

3-Phenylpyridine [CAS Reg. No. 1008-88-4] (Table 3-7, entry 4)&

Obtained in 92% yield (35.5 mg, 229 pmol) from 3-chloropyridine (28.4 mg, 250 umol) and phenylboronic acid
(45.7 mg, 375 pmol) using Cs2CO3 (163 mg, 500 pwmol).

'H NMR (500 MHz, CDCls) 8 8.86 (1H, d, J = 2.3 Hz), 8.60 (1H, dd, J = 5.0, 1.5 Hz), 7.88 (1H, ddd, J = 8.0,
2.3,15Hz), 758 (2H, d, J =7.3 Hz), 748 (2H, t, J = 7.3 Hz), 7.41 (1H, t, J = 7.3 Hz), 7.37 (1H, dd, J = 8.0,
5.0 Hz); 3C NMR (125 MHz, CDCls) 6 148.4, 148.2, 137.7, 136.6, 134.4, 129.0, 128.1, 127.1, 123.5; MS (El)
m/z (%) 155 (M*, 100%).

2-Phenylpyridine [CAS Reg. No. 1008-89-5] (Table 3-7, entries 5 and 6)&

Obtained in 30% yield (11.5 mg, 74.1 pmol, entry 5) from 2-chloropyridine (28.4 mg, 250 umol) and
phenylbornic acid (91.4 mg, 750 pumol) using Cs2CO3 (244 mg, 750 pumol) and 7% Pd/WA30 (38.0 mg, 25.0
pmol).

Obtained in 56% vyield (21.5 mg, 138 umol, entry 6) from 2-chloropyridine (28.4 mg, 250 pumol) and
phenylbornic acid (45.7 mg, 375 umol) using K3PO4 (106 mg, 500 umol) and 7% Pd/WA30 (19.0 mg, 12.5
umol).

H NMR (500 MHz, CDCls) 8 8.70 (1H, dd, J = 4.8, 1.5 Hz), 7.99 (2H, d, J = 7.3 Hz), 7.78-7.73 (2H, m), 7.48
(2H,t,J=7.3 Hz), 7.42 (2H, t, J = 7.3 Hz), 7.24 (1H, ddd, J = 7.0, 4.8, 1.5 Hz); 3C NMR (125 MHz, CDCl3)
8 175.5, 149.6, 139.4, 136.7, 128.9, 126.9, 122.1, 120.6; MS (EI) m/z (%) 155 (M*, 100%).

2-(4-Methoxyphenyl)pyridine [CAS Reg. No. 5957-90-4] (Table 3-7, entries 7 and 9)3!

Obtained in 47% yield (21.7 mg, 117 umol, entry 7) from 2-chloropyridine (28.4 mg, 250 pmol) and 4-
methoxyphenylboronic acid (57.0 mg, 375 umol) under conditions B.

Obtained in 94% yield (43.6 mg, 235 pumol, entry 9) from 2-bromopyridine (39.5 mg, 250 pmol) and 4-
methoxyphenylboronic acid (57.0 mg, 375 umol) under conditions B.

'H NMR (500 MHz, CDCls) 6 8.65 (1H, dd, J = 4.0, 1.0 Hz), 7.95 (2H, d, J = 8.5 Hz), 7.72-7.65 (2H, m), 7.16
(1H, ddd, J = 8.0, 4.0, 1.0 Hz), 7.00 (2H, d, J = 8.5 Hz), 3.85 (3H, s); *3C NMR (125 MHz, CDCls) & 160.4,
157.0, 149.5, 136.6, 132.0, 128.1, 121.4, 119.8, 114.0, 55.3; MS (EI) m/z (%) 185 (M*, 100).

2-(4-Acetylphenyl)pyridine [CAS Reg. No. 173681-56-6] (Table 3-7, entries 8 and 10)%?

Obtained in 40% yield (19.7 mg, 100 pmol, entry 8) from 2-chloropyridine (28.4 mg, 250 pumol) and 4'-
acetylphenylboronic acid (61.5 mg, 375 pmol) under conditions B.

Obtained in 52% yield (25.6 mg, 130 umol, entry 10) from 2-bromopyridine (39.5 mg, 250 umol) and 4'-
acetylphenylboronic acid (61.5 mg, 375 pmol) under conditions B.
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IH NMR (500 MHz, CDCls) 8 8.74 (1H, ddd, J = 5.0, 1.5, 1.5 Hz), 8.11 (2H, d, J = 8.5 Hz), 8.07 (2H, d, J =
8.5 Hz), 7.81-7.80 (2H, m), 7.30 (1H, m), 2.66 (3H, s); 13C NMR (125 MHz, CDCls) § 197.8, 156.0, 149.9,
143.5,137.1, 136.9, 128.8, 127.0, 122.9, 120.0, 26.8; MS (EI) m/z (%) 197 (M*, 47), 182 (100).

2-(4-Methoxyphenyl)quinoline (6h) [CAS Reg. No. 16032-40-9] (Table 3-7, entry 11)%

Obtained in 100% yield (58.7 mg, 249 pumol) from 2-chloroquinoline (40.9 mg, 250 pmol) and 4-
methpxyphenylboronic acid (57.0 mg, 375 umol) under conditions B.

'H NMR (500 MHz, CDCls) 8 8.14-8.11 (4H, m), 7.79-7.75 (2H, m), 7.69 (1H, ddd, J = 7.5, 7.5, 1.0 Hz), 7,47
(1H, ddd, J= 7.5, 7.5, 1.5 Hz), 7.03 (2H, d, J = 8.5 Hz); 3C NMR (125 MHz, CDCls) 8 160.7, 156.8, 148.2,
136.5, 132.1, 129.5, 129.4, 128.8, 127.4, 126.8, 125.8, 118.4, 114.1, 55.3; MS (EI) m/z (%) 235 (M*, 100).

2-(4-Acetylphenyl)quinoline (Table 3-7, entry 12)

Obtained in 90% yield (56.0 mg, 226 pumol) as a white solid from 2-chloroquinoline (40.9 mg, 250 pmol) and
4'-acetylphenylboronic acid (61.5 mg, 375 umol) under conditions B.

m.p. 133.7-135.7 °C; IR (neat) vmax 2959, 2924, 2853, 2349, 2237, 2330, 2324, 2319, 2195, 2166, 2139, 2030,
2011, 1726, 1669, 1616, 1598, 1575, 1550, 1510,1435, 1403, 1355, 1320, 1285, 1128, 1077, 1042, 1009, 974,
958, 939, 863, 817, 788, 761, 671, 666, 641, 630, 615, 593, 573, 515, 483, 458, 423, 414, 406; *H NMR [400
MHz (AL-400, CDCI3)] 6 8.25 (2H, d, J = 8.4 Hz), 8.22 (1H, d, J = 8.6 Hz), 8.18 (1H, d, J = 8.6 Hz), 8.08 (2H,
d, J=8.4Hz),7.89 (1H, d, J=8.4 Hz), 7.82 (1H, d, J = 8.4 Hz), 7.74 (1H, m), 7.54 (1H, dd, J = 8.4, 8.4 Hz),
2.65 (3H, s); °C NMR [100 MHz (AL-400, CDCls)] 5 197.8, 155.7, 148.2, 143.7, 137.2, 136.9, 129.9, 129.8,
128.8, 127.6, 127.4, 127.3, 126.7, 118.8, 26.7; MS (El) m/z (%) 247 (M*, 53), 232 (100); HRMS (LCMS-IT-
TOF) calcd. for C17H13NO [(M+H)*] 248.1070, Found 248.1069.

2-(2-Methoxyphenyl)quinoline [CAS Reg. No. 72195-25-6] (Table 3-7, entry 13)%

Obtained in 55% yield (32.2 mg, 137 pmol) from 2-chloroquinoline (40.9 mg, 250 pmol) and 2-
methoxyphenylboronic acid (57.0 mg, 375 umol) under conditions B.

'H NMR [400 MHz (AL-400, CDCls)] 6 8.17 (1H, d, J = 8.4 Hz), 8.13 (1H, d, J = 8.4 Hz), 7.89-7.81 (3H, m),
7.70 (1H, m), 7.52 (1H, m), 7.42 (1H, m), 7.13 (1H, ddd, J = 8.0, 8.0, 1.2 Hz), 7.03 (1H, d, J = 8.0 Hz), 3.85
(3H, s); 3C NMR [100 MHz (AL-400, CDCls)] 8 157.2, 157.1, 148.3, 135.1, 131.4, 130.8, 129.7, 129.6, 129.2,
127.4,127.0, 126.1, 123.4, 121.2, 111.4, 55.6; MS (EI) m/z (%) 235 (M*, 85), 234 (100).

2-(4'-Acetylphenyl)benzofuran [CAS Reg. No. 132932-61-7] (Table 3-7, entries 14 and 15)%*

Obtained in 85% yield (50.2 mg, 212 umol, entry 14) from 4'-chloroacetophenone (38.6 mg, 250 pmol) and 2-
benzofuranyl boronic acid (60.7 mg, 375 pmol) under conditions A.

Obtained in 9% yield (5.4 mg, 22.9 umol, entry 15) from 4'-chloroacetophenone (38.6 mg, 250 umol) and 2-
benzofuranyl boronic acid (60.7 mg, 375 pmol) under conditions B.

'H NMR (500 MHz, CDCls3) 6 8.02 (2H, d, J=8.5Hz), 7.92 (2H, d, J = 8.5 Hz), 7.61 (1H, d, J = 7.5 Hz), 7.54
(1H,d,J=7.5Hz), 7.33 (1H, dd, J = 7.5, 7.5 Hz), 7.25 (1H, dd, J = 7.5, 7.5 Hz), 7.15 (1H, s), 2.62 (3H, s); 13C
NMR (125 MHz, CDCls) 6 197.3, 155.1, 154.5, 136.4, 134.5, 128.9, 128.8, 125.1, 124.7, 123.2, 121.3, 111.3,
103.6, 26.6; MS (EI) m/z (%) 236 (M*, 72), 221 (100).

4-(4-Nitrophenyl)dibenzofuran [CAS Reg. No. 578027-20-0] (Table 3-7, entries 16 and 17)%»
Obtained in 100% yield (72.2 mg, 250 pmol, entry 16) from 4-chloronitrobenzene (39.4 mg, 250 pmol) and 5-
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dibenzofuranyl boronic acid (53.0 mg, 375 pmol) under conditions A.

Obtained in 18% yield (13.0 mg, 44.9 umol, entry 17) from 4-chloronitrobenzene (39.4 mg, 250 umol) and 5-
dibenzofuranyl boronic acid (53.0 mg, 375 pumol) under conditions B.

H NMR (500 MHz, CDCls) 6 8.36 (2H, d, J = 8.5 Hz), 8.07 (2H, d, J = 8.5 Hz), 8.06-7.98 (2H, m), 7.62—7.60
(2H, m), 7.51-7.44 (2H, m), 7.39 (1H, ddd, J = 8.0, 8.0, 1.0 Hz); *C NMR (125 MHz, CDCls) § 156.1, 153.1,
147.1, 143.0, 129.4, 127.7, 126.7, 125.4, 123.9, 123.7, 123.4, 123.3, 123.2, 121.4, 120.8, 111.8; MS (EIl) m/z
(%) 289 (M*, 100).

3-(2-Benzofuranyl)quinoline [CAS Reg. No. 1004751-40-9] (Table 3-7, entry 18)%

Obtained in 96% yield (58.9 mg, 240 pmol) from 3-bromoquinoline (52.0 mg, 250 pmol) and 2-
benofuranylboronic acid (60.7 mg, 375 pwmol) under conditions B.

IH NMR (500 MHz, CDCl3) § 9.31 (1H, d, J = 2.5 Hz), 8.50 (1H, d, J = 2.5 Hz), 8.09 (1H, d, J = 8.5 Hz), 7.84
(1H, d, J = 8.5 Hz), 7.68 (1H, dd, J = 8.5, 8.5 Hz), 7.60 (1H, d, J = 8.0 Hz), 7.55-7.52 (2H, m), 7.31 (1H, dd, J
= 8.0, 8.0 Hz), 7.25 (1H, dd, J = 8.0, 8.0 Hz), 7.17 (1H, s); 3C NMR (125 MHz, CDCls) § 155.0, 153.1, 147.5,
147.4, 130.6, 129.7, 129.3, 128.8, 128.1, 127.6, 127.3, 124.9, 123.6, 123.2, 121.2, 112.2, 102.9; MS (EIl) m/z
(%) 245 (M*, 100).

6'-Methoxy-4,3'-bipyridine [CAS Reg. No. 381725-49-1] (Table 3-7, entry 19)

Obtained in 95% yield (44.1 mg, 237 umol) from 4-chloropyridine hydrochloride (37.5 mg, 250 umol) and 2-
methoxypyridine-5-boronic acid (57.4 mg, 375 pmol) under conditions A.

H NMR (500 MHz, CDCls) 6 8.67 (2H, d, J = 6.0 Hz), 8.47 (1H, d, J = 2.5 Hz), 7.85 (1H, dd, J = 8.5, 2.5 Hz),
7.47 (2H, d, J = 6.0 Hz), 6.87 (1H, d, J = 8.5 Hz), 4.00 (3H, s); *C NMR (125 MHz, CDCls) § 164.7, 150.1,
145.3, 137.0, 126.8, 120.9, 113.3, 53.7; MS (EI) m/z (%) 186 (M*, 94), 185 (100).
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Procedure for the study of carrier efficiency (Table 3-8)

10% Pd/C or 10% Pd/HP20 (13.3 mg, 12.5 pmol), 4'-chloroacetophenone (38.6 mg, 250 umol), phenylboronic
acid (45.7 mg, 375 pmol), Cs2CO3 (163 mg, 500 pmol) and DMA (1 mL) were added in a test tube. The mixture
was stirred at 80 °C under argon atmosphere. After 6 h, the catalyst on the filter was washed with Et,O (15 mL
x 2) and H>O (10 mL x 3). The combined filtrates were separated into two layers. The aqueous layer was
extracted with Et,O (20 mL), and the combined organic layers were washed with H,0 (20 mL x 4) and brine
(20 mL), dried over NazSQy, filtered, and concentrated under decreased pressure. CDCls (ca. 1 mL) and 1,4-
dioxane (8.53 uL, 100 pmol) were added to the residue to determine the reaction yield by *H NMR.

Procedure for the mechanistic study (Table 3-9)

A mixture of Pd catalyst (12.5 umol) and amine (87.5 umol) in a test tube was stirred at room temperature under
an Ar atmosphere. After 1 h, 4'-chloroacetophenone (32.4 pL, 250 pumol), phenylboronic acid (45.7 mg, 375
umol), Cs2,CO3 (163 mg, 500 umol) and DMA (1 mL) was added to the mixture. It was stirred at 80 °C under
an Ar atmosphere. After the specific time, the mixture was cooled to room temperature, diluted with Et,O (5
mL), and passed through a cotton filter. The catalyst on the filter was washed with Et,O (15 mL x 2) and H20O
(10 mL x 3). The combined filtrates were separated into two layers. The aqueous layer was extracted with Et,O
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(20 mL), and the combined organic layers were washed with H,O (20 mL x 4) and brine (20 mL), dried over
Na»SO., filtered, and concentrated in vacuo. CDCls (ca. 1 mL) and 1,4-dioxane (8.53 pL, 100 umol) as an
internal standard were added to the residue, and the yield of 4-acetylbiphenyl was determined by 'H NMR
analysis.

Radical trapping study (Scheme 3-5)

A mixture of 7% Pd/WA30 (19.0 mg, 12.5 pmol), 4'-chloroacetophenone (32.4 pL, 250 umol), phenylboronic
acid (45.7 mg, 375 pmol), Cs,CO3 (163 mg, 500 umol), and TEMPO (3.9 mg, 25.0 umol) in DMA (1 mL) in a
test tube was stirred at 80 °C under an Ar atmosphere. After 6 h, the mixture was cooled to rt, diluted with Et,O
(5 mL), and passed through a cotton filter. The catalyst on the filter was washed with Et.O (15 mL x 2) and
H20 (10 mL x 3). The combined filtrates were separated into two layers. The aqueous layer was extracted with
Et2O (20 mL), and the combined organic layers were washed with H>O (20 mL x 4) and brine (20 mL), dried
over NaySOq, filtered, and concentrated in vacuo. CDCl; (ca. 1 mL) and 1,4-dioxane (8.53 pL, 100 pmol) as an
internal standard were added to the residue, and the yield of 4-acetylbiphenyl was determined by 'H NMR

analysis.
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3.81 mmol-sacle reaction between 4'-chloroacetophenone and phenylboronic acid (Scheme 3-6)

In the 50-mL round bottom-flask were placed 7% Pd/WA30 (285 mg, 188 umol), 4'-chloroacetophenone (589
mg, 3.81 mmol), phenylboronic acid (586 mg, 5.63 mmol), Cs,COs (2.44 g, 7.50 mmol) and DMA (15 mL).
The mixture was stirred at 80 °C under an Ar atmosphere. After 12 h, the mixture was cooled to rt, diluted with
Et,O (10 mL), and passed through a cotton filter. The catalyst on the filter was washed with Et,O (20 mL x 2)
and H,O (20 mL x 2). The combined filtrate was separated into two layers. The aqueous layer was extracted
with Et,O (40 mL), and the combined organic layers were washed with H.O (20 mL x 4) and brine (20 mL),
dried over Na S04, and filtered. The organic layers were transfered to a 200-mL volumetric flask, and Et,O was
added to 200 mL. The aqueous layers were also transfered to a 200-mL volumetric flask, and water was added
to 200 mL. 500 pL was sampled from the volumetric flask for organic layers, and concentrated in vacuo. To the
residue was added CDCl; (ca. 0.5 mL) and 1,4-dioxane (4.25 pL, 50.0 pmol). The *H NMR smnalysis indicated
that the reaction was completed and 4-phenyl-acetophenone was obtained in 93% yield. No palladium was
detected from both layers by the ICP-AES.

Reuse test of 9% Pd/WA30 (Table 3-10)

Eight test tubes were prepared, and 7% Pd/WA30 (19.0 mg, 12.5 umol), the 4'-chloroacetophenone (32.5 pL,
250 umol), phenylboronic acid (45.7 mg, 375 umol), Cs2CO3 (163 mg, 500 umol) and DMA (1 mL) were placed
in each tube. The mixture in each test tube was stirred at 80 °C under an Ar atmosphere (balloon) for 9 h, then
all the mixtures were filtered using a Kiriyama funnel (1 um filter paper). The catalyst on the filter was washed
with Et,0 (10 mL x 4) and H20 (10 mL x 6). The combined filtrates were separated into two layers. The aqueous
layer was extracted with Et,O (20 mL), and the combined organic layers were washed with H20 (20 mL x 2)
and brine (20 mL), dried over Na,SOs, filtered, and concentrated in vacuo. To the residue was added CDCls (ca.
1 mL) and 1,4-dioxane (8.53 pL, 100 pmol), and the yield of 4-acetylbiphenyl was determined to be 100% by
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IH NMR. The catalyst on the filter was washed with Et,O (15 mL x 2) and H2O (10 mL x 3). The recovered
catalyst was dried at room temperature under reduced pressure for 12 h, then weighed [150 mg, 99%, 150 +
(19.0 x 8) x 100]. The reaction for the second run was carried out in the same manner as the first run, but using
five test tubes [total 4'-chloroacetophenone amount, 163 pL (32.5 uL x 5), 1.25 mmol (0.250 mmol x 5); total
phenylboronic acid amount, 229 mg (45.7 mg x 5), 1.88 mmol (0.375 mmol x 5); total Cs2CO3z amount, 815
mg (163 mg x 5), 2.50 mmol (500 umol x 5); total catalyst amount, 95.0 mg (19.0 mg x 5)]. 4-Acetophenone
was obtained in 100% yield after 24 h by *H NMR using 1,4-dixoxane (8.53 pL, 100 pmol) as an internal
standard, and the catalyst was recovered (94.3 mg, 99%). The reactions for the third to fifth runs were also
carried out in the same manner as the first run except for the number of used test tubes. The results are

summarized in the following table.

Quantity
Run | Numer Reaction | Substrate & Reagents Used catalyst Recovered | Product
of test | Time (h) catalyst yield™
tubes
st |8 9 4'-Chloroacetophenone 152 mg (100 | 150 mg 100%
260 pL (2.00 mmol) pumol) (99%)
[32.5 uL (250 umol) x 8] | [19.0 mg (125
Phenylboronic acid pmol) x 8]
366 mg (3.00 mmol)
[45.7 mg (375 umol) x 8]
Cs2CO3
1.30 g (4.00 mmol)
[163 mg (500 pmol) x 8]
2nd |5 24 4'-Chloroacetophenone 95.0 mg (62.5]94.3mg 100%
163 mg (1.25 mmol) pumol) (99%)
[32.5 uL (250 umol) x 5] | [19.0 mg (125
Phenylboronic acid pmol) x 5]
229 mg (1.88 mmol)
[45.7 mg (375 pumol) x 5]
Cs2COs3
815 mg (2.50 mmol)
[163 mg (500 umol) x 5]
3rd |3 24 4'-Chloroacetophenone 570 mg (375 56.1mg 76%
97.5 uL (0.750 mmol) umol) (98%)
[32.5 uL (250 pmol) x 3] | [19.0 mg (12.5
Phenylboronic acid pumol) x 3]
137 mg (1.13 mmol)
[45.7 mg (375 pumol) x 3]
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Cs,COs3
489 mg (1.50 mmol)
[163 mg (500 umol) x 3]

[a] The yield was determined by *H NMR analysis using 1,4-dioxane as an internal standard.

Time-course study of the cross-coupling in the filtrate after removal of 7% Pd/WA3O0 by hot filtration
(Table 3-11 and Figure 3-7)

Standard run: Four test tubes were prepared, and the cross-coupling of 4'-chloroacetophenone (38.6 mg, 250
umol) with phenylbronic acid (45.7 mg, 375 umol) under Ar atmosphere was carried out using Cs,CO3 (163
mg, 500 pmol) and 7% Pd/WA30 (19.0 mg, 12.5 umol) in DMA (1 mL) at 80 °C in each test tube. The reaction
mixture was treated after 1 h, 2 h, 3.5 h, or 6 h, according to the general procedure for the 7% Pd/WA30-
catalyzed Suzuki—Miyaura reaction. Et,O extracts of each reaction mixture were concentrated in vacuo, and
yield of 4-acetylbiphenyl was determined by *H NMR using 1,4-dioxane (8.53 pL, 100 umol) as an internal
standard (10%, 71%, 93%, and 100% after 1 h, 2 h, 3.5 h, and 6 h, respectively).

Hot filtration: Three test tubes were prepared, and the cross-coupling of 4'-chloroacetophenone (38.6 mg, 250
umol) with phenylbronic acid (45.7 mg, 375 pmol) under Ar atmosphere was carried out using Cs,CO3 (163
mg, 500 pmol) and 7% Pd/WA30 (19.0 mg, 12.5 umol) in DMA (1 mL) at 80 °C in each test tube. After 1 h,
each reaction mixture in the three test tubes was filtered using a 0.45-um Millipore membrane filter without
cooling, and the catalyst was washed with DMA (1 mL). Each filtrate was heated again at 80 °C for 1 h, 2.5 h,
or 5 h, then H,O (10 mL) was added. The aqueous layer was extracted with Et,O (15 mL x 2), and combined
organic layers were washed with H,O (10 mL x 3) and brine (10 mL), dried over Na,SO,, filtered, and
concentrated in vacuo. The yields of 4-acetylbiphenyl after reheating for 1 h, 2.5 h, and 5 h were determined
using the same procedure for the standard run (13%, 39%, and 38%, respectively).
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Preparation of catalyst cartridge

7% Pd/WA30-packed cartridge A: Glass beads (0.991-1.397 mm diameter, 25 mg) were put on the glass filter,
which was placed in a straight glass tube (cartridge A), then a small amount of cotton (ca. 7 mg) was placed on
the glass beads. The 7% Pd/WA30 (203 mg) was tightly filled on the cotton plug by tapping the tube (3.8 cm
catalyst layer in height), and another cotton plug (ca. 7 mg) was then placed on the catalyst to prevent movement
of the 7% Pd/WAZ30 from the cartridge. Finally, more glass beads (250 mg) were placed on the cotton plug.
7% Pd/WA30-packed cartridge B: The 7% Pd/WA30 of (600 mg) was placed on a glass filter attached to the
bottom of the bulging part (internal diameter, 8 mm) of the straight tube (internal diameter, 3 mm) (cartridge

B), and glass beads (ca. 400 mg) were then placed on the catalyst.

BE BLE FTH NHABREDO~A 7 vl RBHIZET 5 2R

Solvent heating test (Table 3-12)

Into the 7% Pd/WA30-packed cartridge A was flowed MeCN (50 mL) from an Erlenmeyer flask acting as a
reservoir at the flow rate of 0.30 or 0.15 mL/min along with irradiation of 5 or 10 W MW under a 1 MPa back-
pressure. The temperature was measured using a thermocouple at the exit of the cartridge to avoid MW
irradiation of the thermocouple. The MW irradiation was maintained until the temperature reached the steady
state. DMA, EtOAc, and CPME (10 mL) was also flowed into the 7% Pd/WA30-packed cartridge A and the
temperature was measured by a procedure similar to that for the MeCN.

In the case of toluene (50 mL), the temperature change was investigated in a setup similar to MeCN and DMA

except for the use of cartridge B.

BE BLE FNE AEEAMICET HER

General procedure for Mizoroki—Heck reaction (Table 3-13)

Single-pass manner (conditions A and B): A solution of iodoarenes (1 mmol), alkenes (2 mmol), and BusN
(condition A, 1.5 mmol; condition B, 3 mmol) in DMA (condition A, 10 mL; condition B, 4 mL) was prepared
in a vial and flowed into cartridge A packed with 7% Pd/WAS30 at the flow rate of 0.15 mL/min along with the
MW irradiation (10 W) under the 1 MPa back-pressure in a single-pass manner. After the entire solution in the
vial had passed through the catalyst cartridge, additional DMA (15 mL) was passed through the path to wash
out the remaining reagents (total operation time: ca. 140 min). To the collected mixture were added EtOAc (20
mL) and H>O (10 mL), and the layers were separated. The aqueous layer was extracted with EtOAc (20 mL).
The combined organic layers were washed with H,O (20 mL x 4) and brine (20 mL), dried over Na;SQO,, and
concentrated in vacuo. To the residue was added CDClz (ca. 1.5 mL) and 1,4-dioxane (8.53 pL, 100 umol) as
an internal standard, and the yield was determined by *H NMR. The *H NMR sample was diluted with EtOAc
(15 mL), washed three times with sat. ag. CuSO4 (5 mL) and H>O (10 mL), dried over Na,SOa, concentrated in
vacuo. The residue was purified by silica gel column chromatography using hexane/EtOAc (10 : 1) as the eluent
to give the corresponding substituted alkenes as the Mizoroki—Heck reaction product.
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Circulation manner (condition C): When the TLC analysis revealed that the aryl iodide still remained unreacted
after a single-pass of the reaction solution through the catalyst cartridge, both the starting and ending parts of
the flow path were dipped into the reaction solution in a reservoir for circulation. After 7.5 h of circulation at
the flow rate of 0.15 mL/min, the flow path was washed with DMA (15 mL). The recovered mixture was treated
according to a procedure similar to that described for the single-pass setup.

(E)-n-Butyl 3-(4-acetylphenyl)acrylate [CAS Reg. No. 173464-57-8] (Table 3-14, entry 1)%

Obtained in 91% yield (223 mg, 0.905 mmol) by flowing a solution of 4'-iodoacetophenone (246 mg, 1.00
mmol), n-butyl acrylate (285 pL, 2.00 mmol), and tributylamine (716 pL, 3.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

H NMR (500 MHz) & 7.95 (2H, d, J = 8.3 Hz), 7.67 (1H, d, J = 16.0 Hz), 7.59 (2H, d, 8.3 Hz), 6.51 (1H, d, J
=16.0 Hz), 4.21 (2H, t, J = 6.8 Hz), 2.60 (3H, s), 1.69 (2H, m), 1.44 (2H, m), 0.97 (3H, t, J = 6.8 Hz); 1*C NMR
(500 MHz) & 196.8, 166.1, 142.6, 138.4, 137.6, 128.5, 127.8, 120.4, 64.3, 30.4, 26.3, 18.9, 13.4.

(E)-n-Butyl 3-(3-acetylphenyl)acrylate [CAS Reg. No. 946008-51-1] (Table 3-14, entry 5)8¢

Obtained in 93% yield (228 mg, 0.926 mmol) by flowing a solution of 3'-iodoacetophenone (246 mg, 1.00
mmol), n-butyl acrylate (285 uL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

'H NMR (500 MHz) & 8.10 (1H, s), 7.95 (1H, d, J = 7.3 Hz), 7.72-7.68 (2H, m), 7.49 (1H, d, J = 7.3 Hz), 6.52
(1H, d, J = 16.0 Hz), 4.22 (2H, t, J = 7.3 Hz), 2.63 (3H, s), 1.70 (2H, m), 1.44 (2H, m), 0.97 (3H, t, J = 7.3 Hz);
13C NMR (125 MHz) 6 197.1, 166.3, 143.0, 137.4, 134.7, 131.9, 129.5, 129.0, 127.4, 119.4, 64.3, 30.5, 26.4,
18.9, 13.5.

(E)-n-Butyl 3-(2-acetylphenyl)acrylate [CAS Reg. No. 1269637-25-3] (Table 3-14, entry 6)%’

Obtained in 15% yield (36.9 mg, 0.150 mmol) by flowing a solution of 2'-iodoacetophenone (246 mg, 1.00
mmol), n-butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 12 W
Microwave irradiation was used.

'H NMR (400 MHz, AL-400) 6 8.15 (1H, d, J = 16.2 Hz), 7.75 (1H, d, J = 7.2 Hz), 7.59 (1H, d, J = 7.2 Hz),
7.52-7.46 (2H, m), 6.29 (1H, d, J = 16.2 Hz), 4.21 (2H, t, J = 7.0 Hz), 2.62 (3H, s), 1.69 (2H, m), 1.44 (2H, m),
0.96 (3H, t, J=7.0 Hz); 3C NMR (100 MHz, AL-400) 6 200.7, 166.5, 143.8, 138.1, 134.7, 131.8, 129.3, 129.1,
128.3,120.8, 64.4, 30.6, 29.2, 19.1, 13.6.

(E)-n-Butyl 3-(4-nitrophenyl)acrylate [CAS Reg. No. 86622-84-6, 131061-15-9] (Table 3-14, entry 8)
Obtained in 76% yield (189 mg, 0.758 mmol) by flowing a solution of 4-iodo-1-nitrobenzene (249 mg, 1.00
mmol), n-butyl acrylate (285 uL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

IH NMR (400 MHz, AL-400) 5 8.24 (2H, d, J = 8.8 Hz), 7.73-7.68 (3H, m), 6.58 (1H, d, J = 16.0 Hz), 4.24
(2H, t, J = 7.2 Hz), 1.71 (2H, m), 1.45 (2H, m), 0.97 (3H, t, J = 7.2 Hz); 13C NMR (125 MHz)  165.9, 148.3,
141.4, 140.4, 128.5, 124.0, 122.4, 64.7, 30.5, 19.0, 13.6.

(E)-4-(2-Butoxycarbonylvinyl)benzoic acid ethyl ester [CAS Reg. No. 1221682-74-1] (Table 3-14, entry

10)88

Obtained in 78% yield (216 mg, 0.782 mmol) by flowing a solution of ethyl 4-iodobenzoate (276 mg, 1.00
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mmol), n-butyl acrylate (285 uL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.
'H NMR (400 MHz, AL-400) & 8.05 (2H, d, J = 8.6 Hz), 7.69 (1H, d, J = 16.2 Hz), 7.58 (2H, d, J = 8.6 Hz),
6.52 (1H, d, J =16.2 Hz), 4.38 (2H, q, J = 7.1 Hz), 4.22 (2H, t, J=7.1 Hz), 1.70 (2H, m), 1.47—-1.38 (5H, m),
0.97 (3H,t,J=7.1 Hz); 3C NMR (100 MHz, AL-400) 5 166.4, 165.7, 143.0, 138.4, 131.5, 129.9, 127.7, 120.4,
64.4, 61.0, 30.6, 19.0, 14.0, 13.6.

(E)-n-Butyl 3-(4-bromophenyl)acrylate [CAS Reg. No. 91911-22-7, 131061-14-8] (Table 3-14, entry 11)%
Obtained in 69% vyield (196 mg, 0.692 mmol) by flowing a solution of 4-iodo-1-bromobenzene (283 mg, 1.00
mmol), n-butyl acrylate (285 pL, 2.00 mmol), and tributylamine (716 pL, 3.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

'H NMR (500 MHz) 6 7.60 (1H, d, J = 16.0 Hz), 7.49 (2H, d, J = 8.5 Hz), 7.37 (2H, d, J = 8.5 Hz), 6.42 (1H,
d, J =16.0 Hz), 4.20 (2H, t, J = 7.0 Hz), 1.68 (2H, m), 1.43 (2H, m), 0.96 (3H, t, J = 7.0 Hz); *C NMR (125
MHz) 6 166.6, 143.0, 133.2, 132.0, 129.3, 124.3, 118.9, 64.4, 30.6, 19.1, 13.7.

(E)-n-Butyl 3-(4-chlorophenyl)acrylate [CAS Reg. No. 42175-12-2, 123248-22-6] (Table 3-14, entry 13)%
Obtained in 91% vyield (216 mg, 0.905 mmol) by flowing a solution of 4-iodo-1-chlorobenzene (238 mg, 1.00
mmol), n-butyl acrylate (285 uL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 15 W
Microwave irradiation was used.

H NMR (400 MHz, AL-400) 6 7.60 (1H, d, J = 16.0 Hz), 7.41 (2H, d, J = 8.6 Hz), 7.31 (2H, d, J = 8.6 Hz),
6.39 (1H, d, J = 16.0 Hz), 4.20 (2H, t, J = 7.0 Hz), 1.67 (2H, m), 1.42 (2H, m), 0.95 (3H, t, J = 7.0 Hz); 13C
NMR (100 MHz, , AL-400) 6 166.4, 142.7 135.8, 132.7, 128.9, 128.9, 118.6, 64.2, 30.5, 19.0, 13.5.

(E)-n-Butyl 3-(4-fluorophenyl)acrylate [CAS Reg. No. 131061-12-6] (Table 3-14, entry 15)%

Obtained in 57% yield (127 mg, 0.571 mmol) by flowing a solution of 4-iodo-1-fluorobenzene (222 mg, 1.00
mmol), n-butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

'H NMR (400 MHz, AL-400) & 7.62 (1H, d, J = 16.0 Hz), 7.50 (2H, m), 7.06 (2H, m), 6.36 (1H, d, J = 16.0
Hz), 4.21 (2H, t, J = 7.0 Hz), 1.68 (2H, m), 1.43 (2H, m), 0.96 (3H, t, J = 7.0 Hz); *C NMR (125 MHz) §166.8,
163.7 (d, Jc_r = 251 Hz), 143.1, 130.6 (d, Jc-r = 3.3 Hz), 129.8 (d, Jcr = 8.4 Hz), 115.9 (d, Jcr = 21.5 Hz),
64.3,30.7,19.1, 13.6.

(E)-n-Butyl cinnamate [CAS Reg. No. 52392-64-0] (Table 3-14, entry 16)

Obtained in 86% yield (176 mg, 0.861 mmol) by flowing a solution of iodobenzene (204 mg, 1.00 mmol), n-
butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 15 W
Microwave irradiation was used.

'H NMR (400 MHz, AL-400) & 7.68 (1H, d, J = 16.6 Hz), 7.50 (2H, m), 7.38-7.34 (3H, m), 6.43 (1H, d, J =
16.6 Hz), 4.20 (2H, t, J = 7.0 Hz), 1.68 (2H, m), 1.43 (2H, m), 0.96 (3H, t, J = 7.0 Hz); 13C NMR (100 MHz,
AL-400) 6 167.0, 144.5, 134.4, 130.1, 128.8, 128.0, 118.2, 64.3, 30.7, 19.1, 13.7.

(E)-n-Butyl 3-(p-tolyl)acrylate [CAS Reg. No. 123248-21-5] (Table 3-14, entry 18)%

Obtained in 65% yield (141 mg, 0.646 mmol) by flowing a solution of 4-iodotoluene (218 mg, 1.00 mmol), n-

butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 12 W
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Microwave irradiation was used.

'H NMR (500 MHz) & 7.65 (1H, d, J = 16.0 Hz), 7.41 (2H, d, J = 8.0 Hz), 7.17 (2H, d, J = 8.0 Hz), 6.39 (1H,
d, J=16.0 Hz), 4.20 (2H, t, J = 7.3 Hz), 2.35 (3H, s), 1.68 (2H, m), 1.43 (2H, m), 0.96 (3H, t, J = 7.3 Hz); 13C
NMR (125 MHz) & 167.2, 144.5, 140.6, 131.7, 129.6, 128.0, 117.2, 64.3, 30.8, 21.4, 19.2, 13.7.

(E)-n-Butyl 3-(4-methoxyphenyl)acrylate [CAS Reg. No. 173464-57-8, 40458-52-4, 121725-19-7] (Table 3-
14, entry 20)%

Obtained in 73% vyield (172 mg, 0.734 mmol) by flowing a solution of 4-iodoanisole (234 mg, 1.00 mmol), n-
butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

'H NMR (400 MHz, AL-400) 6 7.63 (1H, d, J = 16.0 Hz), 7.46 (2H, d, J = 8.8 Hz), 6.88 (2H, d, J = 8.8 Hz),
6.31 (1H, d, J=16.0 Hz), 4.19 (2H, t, J = 7.0 Hz), 3.81 (3H, s), 1.68 (2H, m), 1.42 (2H, m), 0.96 (3H,t,J=7.0
Hz); 13C NMR (100 MHz, AL-400) 5 167.3, 161.2, 144.1, 129.5, 127.1, 115.6, 114.2, 64.1, 55.2, 30.7, 19.1,
13.6.

(E)-n-Butyl 3-(3-methoxyphenyl)acrylate [CAS Reg. No. 346586-17-2] (Table 3-14, entry 21)*

Obtained in 51% vyield (119 mg, 0.508 mmol) by flowing a solution of 3-iodoanisole (234 mg, 1.00 mmol), n-
butyl acrylate (285 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

1H NMR (400 MHz, AL-400) 6 7.64 (1H, d, J = 16.0 Hz), 7.28 (1H, t, J = 7.9 Hz), 7.11 (1H, d, J = 7.9 Hz),
7.03 (1H, s), 6.92 (1H, d, J = 7.9 Hz), 6.43 (1H, d, J = 16.0 Hz), 4.21 (2H, t, J = 7.2 Hz), 3.81 (3H, s), 1.69 (2H,
m), 1.44 (2H, m), 0.96 (3H, t, J = 7.2 Hz); 3C NMR (100 MHz, AL-400) & 166.9, 159.8, 144.3, 135.7, 129.7,
120.6, 118.4, 116.0, 112.8, 64.3, 30.7, 19.1, 13.6.

(E)-Benzyl 3-(4-acetylphenyl)acrylate (Table 3-14, entry 22)

Obtained in 91% vyield (254 mg, 0.906 mmol) as yellow solid by flowing a solution of 4'-iodoacetophenone
(246 mg, 1.00 mmol), benzyl acrylate (307 uL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA
(10 mL). 10 W Microwave irradiation was used.

m.p. 51.7-52.8 °C; IR (neat) vmax 3035, 2996, 2957, 1713, 1673, 1631, 1562, 1454, 1410, 1369, 1356, 1329,
1307, 1281, 1263, 1204, 1182, 1148, 1116, 1075, 1003, 988, 956, 910, 870, 826, 750, 696, 682, 589, 580, 529,
498, 479, 455; 'H NMR (500 MHz) § 7.95 (2H, d, J = 8.3 Hz), 7.73 (1H, d, J = 16.0 Hz), 7.58 (2H, d, J = 8.3
Hz), 7.42-7.33 (5H, m), 6.56 (1H, d, J = 16.0 Hz), 5.26 (2H, s), 2.60 (3H, s); 3C NMR (125 MHz) § 197.3,
166.1, 143.5, 138.5, 137.9, 135.7, 128.7, 128.5, 128.3, 128.2, 128.1, 120.3, 66.5, 26.6; HRMS (ESI-IT-TOF)
calcd. for C1gH1603Na [(M+Na)*] 303.0992, Found: 303.0988.

4-Acetyl-trans-stilbene [CAS Reg. No. 20488-43-1, 3112-03-6, 20488-42-0] (Table 3-14, entry 24)%
Obtained in 30% yield (66.7 mg, 0.300 mmol) by flowing a solution of 4'-iodoacetophenone (246 mg, 1.00
mmol), styrene (223 pL, 2.00 mmol), and tributylamine (1.19 mL, 5.00 mmol) in DMA (10 mL). 10 W
Microwave irradiation was used.

IH NMR (400 MHz, AL-400) & 7.92 (2H, d, J = 8,4 Hz), 7.56-7.50 (4H, m), 7.36 (1H, t, J =7.5 Hz), 7.28 (1H,
t,J=7.5Hz), 7.19 (1H, d, J = 16.4 Hz), 7.09 (1H, d J = 16.4 Hz); 1*C NMR (100 MHz, AL-400) & 197.3, 141.9,
136.6, 133.8, 131.3, 128.8, 128.7, 128.2, 127.3, 126.7, 126.4, 26.5.
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Heating efficiency of aryl iodides (Table 3-15)

Into the 7% Pd/WA30-packed cartridge A was flowed a solution of iodoarenes (1 mmol) in DMA (4 mL) from
an Erlenmeyer flask acting as a reservoir at the flow rate of 0.15 mL/min along with irradiation of 10 W MW
under a 1 MPa back-pressure. The temperature was measured using a thermocouple at the exit of the cartridge
to avoid MW irradiation of the thermocouple. The MW irradiation was maintained until the temperature reached
the steady state. The heating efficiency of a solution of n-butyl acrylate (2 mmol) and BusN (3 mmol) in DMA

(4 mL) was also investigated in a procedure similar to that for iodoarenes.

Flow Mizoroki—Heck reaction using a heating oven (without MW irradiation) (Scheme 3-7)

A solution of 4'-iodoacetophenone (246 mg, 1 mmol), n-butyl acrylate (285 pL, 2 mmol), and BusN (716 uL, 3
mmol) in DMA (4 mL) was prepared in a vial and passed through the 7% Pd/WA30-packed (203 mg) cartridge
in heated oven at 100 °C at the flow rate of 0.1 mL/min in a single-pass manner using KeyChem-H® (YMC Co.,
Ltd). After the whole solution of in the vial was flowed to the catalyst cartridge, additional DMA (15 mL) was
passed through the path to wash out the remaining reagents. To the collected mixture were added EtOAc (20
mL) and H2O (10 mL), and the layers were separated. The aqueous layer was extracted with EtOAc (20 mL).
The combined organic layers were washed with H,O (20 mL x 4) and brine (20 mL), dried over Na;SOa,
concentrated in vacuo. To the residue was added CDCl3 (ca. 1.5 mL) and 1,4-dioxane (8.53 pL, 100 umol) as
an internal standard. The desired product was produced in 87% yield determined by *H NMR analysis.
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Pd-leaching test

A solution of 4'-iodoacetophenone (246 mg, 1 mmol), n-butyl acrylate (285 pL, 2 mmol), and BusN (716 uL, 3
mmol) in DMA (4 mL) was prepared in a vial and passed through the 7% Pd/WA30-packed [203 mg (14.21 mg
as Pd species)] cartridge at the flow rate of 0.15 mL min~* under MW irradiation (10 W) at 1 MPa back-pressure
in a single-pass manner. After the entire solution in the vial had passed through the catalyst cartridge, the path
was rinsed with additional DMA (15 mL) to wash out the remaining reagents. The combined DMA solution
was diluted with EtOAc (20 mL) and washed with H20 (10 mL), and the layers were separated. The aqueous
layer was further extracted with EtOAc (20 mL). The combined organic layers were washed with H.O (20 mL
x 4) and brine (20 mL), and was transferred to a 100 mL volumetric flask together with additional EtOAc. Its
atomic absorption analysis indicated that 1.249 ppm (124.9 pg) of Pd species were eluted from the 7%
Pd/WA30-packed cartridge into the organic layers. The combined aqueous layers were also transferred to a 100
mL volumetric flask together with additional H,O and its atomic absorption analysis indicated that Pd species
were not detected in the aqueous layer (< 1 ppm; detection limit). The total Pd amounts leached from the catalyst
was found to be 124.9 ug (ca. 1% of Pd).

The crude compounds obtained from the reaction using a solution of 4'-iodoacetophenone (246 mg, 1 mmol),
n-butyl acrylate (285 pL, 2 mmol), and BusN (716 pL, 3 mmol) in DMA (4 mL) under condition B was purified
by silica gel column chromatography using hexane/EtOAc (10 : 1) as the eluent to give the coupling product
(223 mg). The purified coupling product was solved in EtOAc (100 mL) using 100 mL volumetric flask. Its
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atom absorption analysis indicated that no Pd species were observed (< 1 ppm; detection limit).
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Preparation of 5% Pt/CB-Packed Cartridge

Glass beads (0.991-1.397 mm diameter, 2.01 g) were put on the glass filter, which was placed in a straight glass
tube, and then a small amount of glass wool was placed on the glass beads. 5% Pt/CB (80.0 mg) was tightly
filled on the glass wool by tapping the tube (1.4 cm catalyst layer in height), and another glass wool was then
placed on the catalyst to prevent movement of the 5% Pt/CB from the cartridge (Figure S1). The average particle
size and the surface area of CB are approximately 500 um and 1200 m?/g, respectively.

Figure S1. The 5% Pt/CB-packed cartridge.

Components of Experimental Devices

When the 5% Pt/CB (80 mg)-packed cartridge equipped with thermocouple was set in the MW cavity (Figure
S2a, red circle), the catalyst was located on the horizontal center line in the MW cavity. Positional relation of
the 5% Pt/CB-packed cartridge and the MW cavity is shown in Figure S2b. This device uses a solid state
oscillator and enables to change the frequency of the irradiated microwave based on the shift of the resonant
frequency with 1 W increment in between 1-50 W. The pump unit was equipped with plunger pump, two
pressure gauges at the upstream and the downstream of 5% Pt/CB-packed cartridge, inline filter, and
backpressure regulator. The reaction mixture was passed through the line as follow order: (1) reservoir, (2)
plunger pump, (3) pressure gauge, (4) 5% Pt/CB-packed cartridge, (5) pressure gauge, (6) inline filter, (7)
backpressure regulator, and (8) receiver (Figure S3). Two gas burets (1 L) were connected to reservoir at the
end through the water-filled gas washing bottle. The generated gas flowed to receiver and was collected through
the gas-flowing line as follows: (1) receiver, (2) water-filled gas washing bottle, (3) three-way stopcock for
switching lines toward each gas burets, and (4) three-way stopcock for switching lines toward a gas buret or a

gas-sampling bag (1 L) (Figure S3).
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Figure S2. The positional relationship between 5% Pt/CB-packed cartridge and MW cavity. a) 5% Pt/CB-
packed cartridge was set as ordinary. b) The position of 5% Pt/CB in the MW cavity.
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| Filter
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H

Figure S3. Experimental Device.

Dehydrogenation of methylcyclohexane (Table 4-1)

Single-Pass Manner: The whole flow path was filled with MCH. The exit line penetrating through the rubber
septum was attached to receiver connected the gas-flowing line via a needle. MCH (total usage: 30 mL, 23.1 g,
235 mmol) was passed through the 5% Pt/CB (80 mg)-packed cartridge at the 0.5 mL/min under 10 W MW
irradiation conditions without backpressure in a single-pass manner for 1 h. The generated gas was collected
into two gas burets one by one in alternate shifts (3.30 L, Figure S3). The yield and purity of hydrogen in
collected gas was determined by GC-TCD. The reaction conversion was determined by *H NMR. Since 17.2 L
(705 mmol) of hydrogen gas can be theoretically generated from 30 mL (23.1 g, 235 mmol) of MCH, 19.1%
(3.30/17.2 x 100) of hydrogen was actually dehydrogenated from MCH during the single-pass operation.
Circulation Manner: The whole flow path was filled with MCH. The suction line and exit line were penetrated
through the rubber septum and attached to reservoir connected the gas-flowing line via a needle. MCH was
passed through the 5% Pt/CB-packed cartridge at the 0.5 mL min~* under 10 W MW irradiation conditions
without backpressure in a circulation manner for specific time (Figure S4). The operation was stopped when

the rate of gas generation got decreased. The generated gas was collected into two gas burets one by one in
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alternate shifts. The yield and purity of hydrogen in collected gas was determined by GC-TCD. The reaction

conversion was determined by 'H NMR.
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Figure S4. The reaction system for a circulation manner.
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Study for the catalyst activity using various ratios of methylcyclohexane and toluene (Figure 4-4)

The whole flow path was filled with MCH. The suction line and exit line were penetrated through the rubber
septum and attached to reservoir connected the gas-flowing line via a needle. MCH was passed through the 5%
Pt/CB-packed cartridge at the 0.5 mL/min under 10 W MW irradiation conditions without backpressure in a
circulation manner for specific time. The operation was stopped when the rate of gas generation got decreased.
The generated gas was collected into two gas burets one by one in alternate shifts. The yield and purity of

hydrogen in collected gas was determined by GC-TCD. The reaction conversion was determined by *H NMR.
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Time Course Study of Long-Time Experience (Figure 4-5)

The reaction was carried out similar to that of “circulation manner” described above using 200 mL of MCH.
MCH was passed through the 5% Pt/CB-packed cartridge at the 0.5 mL/min under 10 W MW irradiation
conditions without backpressure in a circulation manner for 12 h. The generated gas was collected into two gas
burets one by one in alternate shifts. The purity of hydrogen in collected gas was determined by GC-TCD.

Calculation of Space Time Yield (STY)

Our system: Based on the long-time experience, 33.9 L (1.51 mol) of hydrogen gas were obtained in the
presence of 80.0 mg of 5% Pt/CB for 12 h. The volume of 5% Pt/CB in the straight glass cartridge (0.36 mm in
diameter and 1.4 cm of 5% Pt/CB in length) is 0.142 x 103 (L) [0.18 x 0.18 x 1.4 x 3.14 = 0.142 mL]. Thus,
the volume of 5% Pt/CB based STY is 898 (mol/Lca/hrs) [1.51/(1.42 x 10-%)/12]. Also, the weight of 5% Pt/CB
based STY is 1573 (mol/kgca/hrs) [1.51/(8.0 x 1076)/12].

Reported system (Chiyoda Corp.): The volume of K—Pt/Al>O3 based STY is reported as 1036 (cc/ccca/hrs, at
0°C under 1 atm) in the patent.! Thus, 1036 (cc/ccca/hrs) equals to 46.3 (mol/Lca/hrs). The weight of used
catalyst was not described in the patent.
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Study for Reflected Power Intensity (Figure 4-6)

This study used the feature preliminarily equipped to the MW-flow device by Saida FDS Inc.

The straight glass cartridge was set same manner to the dehydrogenation reaction and filled with MCH by using
pomp unit. MW of various frequencies (2.357—2.609 GHz) was irradiated to the glass tube for a moment. The
intensity of the MW which was not induced into the glass tube (i.e., the reflected MW) was observed by an
antenna equipped at the side of the reaction cavity. The intensity of the reflected MW to each frequency was
summarized in Figure 4-6 (black line). The intensity of reflected MW in cases of MCH/toluene (1:1) and toluene
were also observed in a same manner of MCH and summarized in Figure 4-6 (yellow and blue lines,
respectively). The 5% Pt/CB-packed cartridge filled with MCH was also analyzed in the same procedure and
summarized in Figure 4-6 (red line). The height of the peak indicates the intensity of reflection of MW.

Thermographic Measurement

The surface temperature of the glass cartridge was calibrated by the determination of the radiation factor
corresponding to the net temperature of the MCH flow (0.50 mL/min) under 10 W MW irradiation by the use
of fluorescent-fiber thermometer (Figure S5). The thermal distribution of surface of the cartridge indicated in
Figure 4-7 could be considered as the net temperature of the solution flow.
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Figure S5. The calibration curve.

Controlled Experience (Scheme 4-2)

The whole flow path was filled with MCH (12.2 mL as total volume). The suction line and exit line were
penetrated through the rubber septum and attached to reservoir connected the gas-flowing line via a needle.
MCH was passed through the 5% Pt/CB (80 mg)-packed stainless steel cartridge in oil bath (248 °C) at the 0.5
mL min~* without backpressure in a circulation manner for 0.5 h. The generated gas was collected into a gas
buret. The yield of hydrogen in collected gas was determined by GC-TCD. The reaction conversion was
determined by 'H NMR.
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Dehydrogenative Aromatization (Table 4-2)

For Entries 1 and 2: The whole flow path was filled with cyclohexane (Entry 1) or ethylcyclohexane (Entry 2).
The suction line and exit line were penetrated through the rubber septum and attached to reservoir connected
the gas-flowing line via a needle. Cyclohexane (11.0 mL as total volume) or ethylcyclohexane (12.2 mL as total
volume) was passed through the 5% Pt/CB-packed cartridge at the 0.5 mL/min under 10 W MW irradiation
conditions without backpressure in a circulation manner for specific time. The amount of generated gas was
measured using gas burets. The operation was stopped when the rate of gas generation got decreased. The
reaction conversion was determined by 'H NMR.

For Entries 3—7: The whole flow path was filled with toluene. The solution of alicyclic compounds (3.0 mmol)
in toluene (6 mL) was passed through the 5% Pt/CB-packed cartridge at the 0.5 mL/min under 10 W MW
irradiation conditions and 0.50 MPa backpressure in a circulation manner. The flow path was washed with
toluene and the recovered reaction mixture was analyzed by GC-FID to determine the yield of resulting

aromatized compounds.
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