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B B IE, 7r—U T 72— ZV Y ARERICV ATFARY T v LRI Pd & EE
LU flfiE 2T L, Th = h UL E I LESBOEME REICEY, THUT 3
v (DEBEAINY) % EILRTE TV 5 (Scheme 2-2-1-H'Y growme, 7u—U 7
72— DRI X it & OBt m b & RISFREROBMEIC LD @ 18T I v

BIRMEZZER L TWDHHDLEEZ TV,
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Scheme 2-2-1-7

H. (50 kPa(G)) DMPSi-Pd/SiQ

—{ [ F— nCeHirCHxNH; * HCI
NCyH15-CN
HCI (1.5 equiv) ——— Glass column 98%
1-PrOH/HO=4/1 60°C

Lo LBEMOESWERRZ 7 —U 7 7 2 =2 L THY | LEFE TOREAEEITIT
RIEDE D,

Pk, BB = b U Vv OEMKEIZ LD 1T 2 2@ RIICE 5 1I21E, X=X A
Zva it & U CRE T TKEIET 570 BRI L EH T 25610 bRk EMET
TOESBMBESICPLATH Y R TEERORENE= U 25 17 I o~

DIEFOKFIEDORENE TN TN D,
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BRI OB 2 B4 21213, RUSSRACROGTT Rz kb3 2 2>, ik o

BRMEEZSETDLERDH D, 2095, A EORBRMESEEICE L, BaEMEL

B, BEXONLHIEER & BB L OEEAERZ TRRICE L DD,

K. E& AR ORI AR & 3

fHll{EE B H it R
L) PUSERED = 2 P2/l g bt g X OB R4
2) BT BT 19V | g
e (E A e 72 & OB A BTN 72 E P S
ottt (emTeE) | S0 VT
3) KL OB SRE D T b | e 708 A FE ORIN
w—)
4) RIGEED 2 bu—/Lic | E4&EHEP L OHEESL
@PM HEFNT & LABANRS 20z hu— | Rk
Jv 168 B Zp FRARFE O BRR
] 5) HeREKIF EDa—f-, ¥ | 52 ®KAy O (N,S,P
TEPESR 72 8 OFRRRERRIEERD | 6 {Lew)
Tay s N
. _ 9 wm v
6) ik L DHE(ERIC L5 | T 2RI OH
@FEFINHE B B T A ) BB T RE S . TWV+HEERE
%’;i}%*i%iﬁi B IREER otc) B A Sl
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@VEME A O/ - L7 + | 8) INIZHE LGS okEsE | 881/t
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9) KEHAHWITHRAERMIZ
GOHEAEMFLEE E oMLY A Xy bo— | W RHEAEREORER
V4%
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CEwEETHE
R (AR SR DB - HELIRE
BLUOE

10) ERISORHE D 5 VT E
B o> #nil
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T B 2 R TE 0D 13 4R
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INEOERMER EERO O B, TEFIREZHIET 5] 7290121%, F 2 cE 2R
TEHHERD Y . FORFHIZ2E Lindlar fili it < & 2 B8,
Scheme 2-2-2-1

Pd/CaCO,/Pb(OAC), Ry R
+ quinoline _
RI——R, v >
2

H H

Lindlar itifiiZ, 7% 2T o E T KFT 2720 OMIETH 575, Pbik &
O/ U RN PAREICEE L THEEOREWPdZ 70y 7 LTS, HDHWIE PdRiT
KEIIHRETHZ L TPAEFREZEMSETEREZREBLL TWDHEEZZ LT
%o FTo. P I L0 EEIRMEE B L T AL LT, B BRIC & - TRR S
Nl AFAAZ 7Y L— (MMA) &R PdPb Y RNz & D | Mgt T
1% PoyPdy D@ BEMLAEWANEER L S TE Y  PhOTINZ LY PAdOETIRIEL KX
SEEEE D Z & TMMA BIRMED KIE RSB % R L TV DR F72 | IRRIERIR S
AL PRI BN TS BRI LA S LT = F Lo o7 IRy 7=
ZNANT 4 ROL 72— X7 2(GT 55 N HLWVEE SILaWwZ i L7z Pd/IC
LB STV B = F L DT I U TERMI LT PAICZ WD & 7o fli
UAHO Bn HABBET S Z e, ZEHEAEZRIRWICKFELT LN TED
(Scheme 2-2-22 1)

Scheme 2-2-2[8"]

X OBn  5%Pd/C(en), H,(baloon) OBn
MeOH B

95%

INHOMBLIIBNTH, ZF LU T IRV T 2=V AT 4 RS PRI LD =

— =, Ty VR EORNAEMRAEERE Ty 7 L2 Pd KL & OFEERIC
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L0 PADBEFIREEA LSS 2 L TRIMERAKZES LTS EEZ LD,

F7o, NEMEROHERIE] 2oV Tk, il e =L AR AL Pd,Au > U 7 fillitlc
BT 5 AuDBEE L LT Aud Pd & 4k L THEEZLANE 2 v I L7- Pd-Pd
FIEEREAS 1S 5 4L 5 7= OMIEEMEA ) B LT % & ST p B0

HEAIZE L CiE, Hao 523 PA fllC £ 57 F v = | U Lok FELRIEICHW T
il b OWe MBIV ERM OB B L TR0 3L AL OBREAHEIKERTH D
ENBHE EOBRESHENEETHD Z L 2RE LT 5l

= N UL OEMAKFIZED 1T 2 ARAMEEC S\ TS, B L S 2
5 2 Ay OWINIC X 0 BT IRRECIEME A ORERIE 21T 5 = & CRIMESEN I &
NN, ZHECTESBAMBICE LT, %2 BAOHRINC & 0 RIS 5 L= s 0

A/AN
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B=F Pd/HP20 2R\ cEMEBITRIGE X TRRE — REMHESTRRIG

i PA/HP20 OREE & B

WFFEDTE 5 T ~7z K 951, #MUKE(LEOSICIUH S D PA/C 1E, HIETH L I —AR

S

BN T OEND LT, fEEOTENE  BIRMEIC S AN T HSEBRAEL D, EEE, b L
EHEA SN DG EIC O REREIENN D r— A0 b5, —Hamkmafid, EE
PRICKT LS E SR E B SN LERGTH Y | HWEMESHER SN TWD 2D, EiRfh
SR L LGl LT\ %, DIAION HP20 1%, =347 I Ui flis4 2 Ak & <
Y, 7w NI THHECHEMASNAIR) ZAF LY =R B AR B 2= T
%3 EAA T, BET R 590 m2/g THEA 120 nm OMIFLEZ A3 DRIk CEEER
440 pm) OMEFCTH 5181, £ 7= DIAION HP20 I3, AHEEBCRE - 740 VIREH TH &

ETHY ., RE—RfEOHMEKLE L TERSNIFEELZA L TWD,

Table 3-1. Comparison of the properties of HP20activated carbon.

DIAION HP20 Activated Carbon

Copolymerization of

Steam or chemical

Preparation L activation
styrene and divinylbenzene
of wood or coal
QO
Structure 7& N
Form (size) Particle Powder
(440 pm) (1 — 100 pum)
BET surface area [m?/g] 590 800 - 1,500
Pore size [nm] 120 4
Impurities - Cl,Na, N, S, Fe
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AR#FETIE, DIAION HP20 |2 Pd ZHEE Lo il 0L, v T 74 V¥ —va
& BRRITCSOSE I T R 7 U =R —El0 v 7V » 7 FOG, B A-Heck
B, BEERSOfE E L CoIGHRIC YW CRR T 5,

PA/HP20 fl i ILL F D X 5 72 FIAETHHAEL L 7=, DIAION HP20 (5.00 g) % Pd(OAc):
(5627 mg) Z#ET A X /) —/NVEHRGO mIZMZ, 72 FAKFEIRICT 4 AR
L7, WIRD BB AIIHR 2 @D RKIT TREIISER £ 72 0 | B Th - 72 DIAION
HP20 [ZJK 225k U PAADFE SN RICRE SH1D & & BT PA0)~ &8I S izl
PA(O) DA el Tt XRD I THER L7z (XPS1ZF v — 7 v 7 ORI CHIERHE)
JREFEERZ ABL T KE A Z ) —)VCIERBES L BERZRET 5 2 & T 10% PA/HP20
BF 5T (ICP HHric T Pd & £ 9.9wt% % fERR) . 3 EHIE O &5, 300 nm (1=5 ns,
S1—=S0) DR Y ZAF L HEOEFLIMNT, 375 nm(1=1 ms, T1i—So) DL FHER S 1
T EDB NIV LEWMEMFORCE VR EO BT L OB CTHEM A EER
WD ERNbhoWl, £ BU3HT (The thermogravimetry-differential thermal
analysis (TG/DTA)) O#ER., IS ZH L TRV I &R S (HP20
13 55-65Wt% DK & & ATV 5 A3, Pd #HFF TREH I X OMREBIEIZBE T ICRE S L),
STEM (scanning transmission electron microscopy) BEZfERNS ., /8T V7 LKL T
(Figure 3-1-1 O H ) X FHTH 3.1nm TH Y | K XBREPFT T — 2 0 HEHHE S

Niz4nm EBRS AL,
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{ I T T O O |
100nm

HD-2000 200kV x300k ZC 07/10/24

Figure 3-1-1. STEM image of 10% Pd/HP20

10% Pd/HP20 ® EPMA (Electron probe microanalysis)/o#TiZ LV . /3T P Lkiv
IEREM EIZH 1208 LT D Z & 23 52272 5 72 (Figure 3-1-2),

80 -
Pd

60 -

Intensity

40 -

20 - C

0 1 1 1 1 | 1
0 10 20 30 40 50 60 70

pum

Figure 3-1-2. EPMA of 10% Pd/HP20

Pl k. 10% Pd/HP20 135708 Pd KL - CHERL S LTl D | filllt & U CH 407 iE 03 1

FFShDZ LA LT
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% _H1 PA/HP20 % 7= 8tk LU

il b U CoOmMBAMEAZERT 5720, £TIEEMETRIGIIBW T, Bax g s
eIk A IEMEZ TR L=, 10% PA/C OfitfiE i 2 ekt g & U T, Z Oatis 5
% Table 3-2-1 IZ7:7,

Table 3-2-1. 10% Pd/HP20-catalyzed hydrogenation

catalyst (10 wt% (1 wt% as Pd)
of the substrate)

H, (balloon)
Substrate » Product
MeOH, rt
10% Pd/HP20 10% Pdfc
Entry Substrate Product Time Yield® Time Yield™
[h] [%0] [h] [%0]

NHCbz

3.5 100 3.5 95

1 /@/\/NH%Z /@/\/NHz 2 100 1 100
MeO MeO’
NH,
Me\/©/

N
AN

4 24! 100 24! 91

O
é OBn Me\/\/\)J\OH
OBn

©A\i



6 N Me 7 100 2 87
BnO HO
OMe OMe
7 cN /[:j/~NH2 24 100 241 100
Meo/©/ MeO
8 /[::rNoz /[::erz 2 100 1 93
MeO’ MeO
9 Na NHo 3 100 4 99
MeO MeO
OMe OMe

10 24! 100 24! 91

[a] Obtained from the N. E. Chemcat Corporation (product name: 10% Pd-C(W)K-type). [b] Isolated
yield. [c] Due to the difficulty in monitoring by TLC, the reaction was continued for 24 h. Cbz =
benzyloxycarbonyl. Bn = benzyl.

NCbz BIIEG Chif#E SN Entry 1 BEO 2), TAF U707 bt d 5
Tk ETKENENTZ Entry 2-5). XD NT AT ILOKBSHE LRV LT
— 7 LR RIICHEIT L(Entry 3,5, 6), 7 /&, = hu TV NELRIETS
T I~ EKFTE(Entry 7, 8,9), [AHRICEEHRRF LR L KBRS
7= (Entry 10), P EOBLEND, BEALELKISIZEIT 5 10% PA/HP20 & 10% Pd/C @
fBEEIXIZIERIE CTH D Z LN LI 5T,

WICTEFER O RN, 72 MER - BEDEREZ BRI, 4= e T =Y —
N DK FELEET VRIS E LT 10% PA/HP20 OFFIHZRGF L7z 2 A, D/l

EH4EFETIEEOE TR ERTE S Z L2 ST/ - 7= (Table 3-2-2),
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Table 3-2-2. Reuse test of 10% Pd/HB20

recovered 10% Pd/HP20

QNOZ H, (balloon) /©/NH2
MeO MeOH, rt, 2h MeO

1 mmol

Run 1st 2nd 3rd 4th

Yield [%] of 4-Methoxyaniline 100 96 100 100

Yield [%] of Recovered 10% Pd/HP20 98 95 97 91

[a] All amounts of recovered catalyst were usedfiernext run.

FOGR7> & il 2 AR U 7= 1% O S RIZEEH L2 Pd O % | ICP(Inductively
coupled plasmay sl L7z & Z A, Lppmll T (BHRALLT) TH Y, FEANIC PAdiE

S 2 WED RS STz,
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= PA/HP20 & A=k #E — IR FBFE A TER G

—IH $hR—E I a2l v 7Y TG

IO R THRARZN, TV —AdRa e T V=T ROBA—E/ Iy
U ZROSE. BEEPEE, BEPBE @A R EOERER THLET UV —LEaY

AR M2 5 iERm Tl 216, I BIEH R FH L2582 T, PA/C 2 filfit & L
ToKFRTOEAR —E MG Z IS L TR0  Rkx 27 U — ke VB E BT Y
—NHDHNNIT V=NV )T T7—= Dh TV TRIEHIR L ETT 52 & 2R
LCnplael Al PA/HP20 fBED T » 7V 2 7 R~ DG % FERd 3™ 2 728
EFTVH N7V —8AR—EHA v 7V VIS~ 2 it LT,

BT V=& L1 YEDT Y —AR e U, 0.5 mol%® 10% PA/HP20, 3.5 4 &
? NasPO412H20 % AV T, 50% IPA KEERH, EIR TG L7z (Table 3-3-1-1),
4-7nE= b B LT 2ol a R E DRI T, 4RFFTRISHTERM L, 4-
= hebE 7= VRN EEIZERK LT (Table 3-3-1-1, Entry 1) 7 0 £ B X, BH

BEHEOMHEICEL T RAFICEIG L, XS T 5 Y7 = =/L % 5 % 72 (Entries 1-8)
L LERD, 26-VAF AT aERCBUEaE L LIEGEAICE, BB 2002 F
JVHIT L BSRREEC L RS IHET L2 o 7= (Entry 9) E7-. 17 HEF T A L
L7 z=ve UBEORINE, 80 C, 1K TRISHFET L7z (Entry 10) MO E
TNVRFVEDDNTE e EE2 0BV 4ANICEA L2 HEE T, 50% IPAKEA
R TlE, 10% Pd/C & el L TR ORI T L7225 (Entries 11 and 13) flio &AL
7V = NVEEOGEITIE, METEEICEITFE O b o7 (Entries 1-9) L2 L7273
O, WVARFVEDLDLNITE R v EERVBUBRAMICEALZEEICBN T,

50% IPAKIEIRIZAS 2 TP CTRIET 5 & 10% PA/HP20D &M N Kiglcfm E L=, Z @

.27.



BRI, JoEom KR CRISLIEZ Sk 4T ne R FRE, 4T RET =
J =V OFIRPEDFER YT R U BIRPEIER HP20ICHEFF S L7z T 0 TR
KRG S ALD 2 & Ty ZhERBWEEARFRRICR -T2 b D L BEZNITEHEITH D
(Entries 12 and 14) RAEDZNRIL, 3-THET = /) — L T 2= LR L BOH v 7

> U RSBV T b R S 4172 (Entries 15 versus 16)

Table 3-3-1-1.10% Pd/HP20-catalyzed Suzuki—Miyaura reaction.

RZ
Br B(OH), 10% Pd/HP20 (0.50 mol%)
| N " | N NasPQO,412H,0 (3.5 equiv.);
[ [ 50% iPrOH, Ar, RT
R’ R?
(1.1 equiv.)
Entry R R? t [h]® Yield [9%]"!
1 4-NQ, H 4 (3.5) 97 (93)
2 4-CHO H 2.5 (3) 100 (91)
3 4-CQEt H 5.5 (6) 91 (99)
4 4-NQ, 4-COMe 18 (12) 91 (91)
5 4-OMe H 24 (24) 93 (93)
6 4-OMe 2-OMe 7 (6) 100 (90)
7 4-OMe 3-OMe 24 (10) 96 (96)
8 2-Me H 3 (4) 90 (90)
9 2,6-di-Me H 48 (48) NR (NR)“
104 Br H 1 87

11 4-CQH H 12 (3.5) 78 (100)
12¢ 4-COH H 6 100
13 4-OH H 48 (3.5) 78 (91)
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14 4-OH H 3 88
15 3-OH H 12 63

16° 3-OH H 4 88

a] Results using 10% Pd/C as a catalyst are itetica parentheses.
b] Isolated yield. [c] No reaction. [d] The reamtiwas carried out at 80 °C.
[e] The reaction was carried out in®l

T REETLEEOSE

10% PA/HP2QZ X 285K =il » 7'V v 7O, o 7 2/ Fak o 2-7 nE
7=V EEEE LT, BRCTRKISEIToTEHEIT, KISOBIENFE S Hivi-(Table
3-3-1-2,Entry 1) L2 UIGNEE A 80 CIZHIBET 5 Z & T, MISHMEESNERE T
% 2-7 X BT = =)L IR 92% T 15 b 47z (Table 3-3-1-2, Entries 1 and, 3 35 &
W 4-7eET7 =Y &2 EEE LEGAICHREBRICHIRIC X 0 A3 M | L7 (Entries
3-6), ZNHDH v SV TRIGIE 10% Pd/CE il & 4 5 L 52k L7V (Entries 2, 4,
and 6) > TT7rET =V VOE8AR—EHT > 7Y 7 KIED 10% Pd/HP20DfE 2
KV ER SN D RITAREREFRICEETH D, T, 10% Pd/HP20DHHE & HP20

OB L D T7%0b b PATEM HIEE~OBKEFRENRICL 2 b0 EHEB L TV 5,

Table 3-3-1-2.10% Pd/HP20-catalyzed Suzuki—Miyaura reaction rgf bromide bearing a free
amino group.

Br B(OH), Catalyst (0.50 mol%)
NazPO,4 12H,0 (3.5 equiv.)
| X + >
A~ 50% iPrOH, Ar, 80 °C N
HaN (1.1 equiv.) |//
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Entry  X-NH, 10% Pd/HP20 10% Pd/C
t[h Yield t [h] Cony.
" [%6]® [%w
1¢ 2-NH, 6 18 1 .
2 2-NH, 3 92 24 64
30c] 3-NH, 6 gl _ld) _ld)
4 3-NH, 24 69 24 45
5t 4-NH, 6 54 1 .
6 4-NH, 1 88 24 65

[a] Isolated yield. [b] Conversion (conv.): theioadf the product to
the total amounts of recovered starting materidl @moduct.
[c] The reaction was carried out at RT. [d] Notastigated.

TU—=ARa B AT VEEER LSS

T =R BT AT VAL, AHSABE T A AR & BV R EE SRV E 0D
FRTHDH, 4707 =V —LBLO4= a7 aEXP o0, 10% Pd/ICE filllt & L
73A L RIEEIC, 10% PA/HP20#1LT U —/L® 1.0 mol% )= NaCOs; (2.5 4 E)FE T, 7 =
AR VR AN F NI Y a2 ATV E G LT, 50% =X —/LKIRIERF ., =
IR CHRG/A5E4Ed 5 (Table 3-3-1-3, Entries 1 and.2@-7 07 = = L& B L L72BEI1C
I%. 10% Pd/HP2Cx fil it & U 7= 551213 24 e ] TILBUGIEL5ERS L7272 > 7223 (Entry 3). 50%
IPA KR 2 Vi & L NagPOy 12H,0 A8k & 972 2 & THRAM M E L, HRAERY TH

DA —7 x =)V EEIIINCE BT (Entry 4),
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Table 3-3-1-3.10% Pd/HP20-catalyzed Suzuki—Miyaura reaction gugphenylboronic acid
neopentylglycol ester.

Me_, Me
Br 10% Pd/HP20 (1.0 mol%)

O._ O Na,CO3 (2.5 equiv.)

+ B -
50% EtOH, Ar, RT O
R
R
(1.1 equiv.)
Entry R 10% Pd/HP20 10% Pd/C
i o1l i
t [h] Yield [%] t [h] [\g}ﬁlg
1 OMe 18 87 12 92
2 NO, 1 94 2 96
3 Ph 24 incomplete 6 95
4 Ph 24 98 - -

[a] Isolated yield. [b] The reaction was carried osing 2.5 equiv. of
NagPOy-12H,0 instead of NgCOs in 50%iPrOH.

Tz bR Bl a—l o A5)uE, YR rBRA X FAs ) a—x
AT I HA . ROSPEDMEW S W71 10% PA/HP20 A fiifl s L2 7 == /Lh e e =
— VAT NDT ATy Y T RO, EEEOE W NasPO4s 12H0 2335 2

T EBERTHIRISETL, it 5 7 = =235 517~ (Table 3-3-1-4, Entries 1-3).

Table 3-3-1-4.10% Pd/HP20-catalyzed Suzuki—Miyaura reactiongipinenylboronic acid pinacol

ester.
MeMe
Br Meﬁ_H/le 10% Pd/HP20 (1.0 mol%)

O O NazPO,4 12H,0 (2.5 equiv.)

+ B -
© 50% iPrOH, Ar, RT O
R

R

(1.1 equiv.)
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Entry R 10% Pd/HP20 10% Pd/C

t[h] Yield t[h] Yie|d

[%]™ [%]
1 OMe 24 89 24 96
2 NG 4 88 6 98
3 Ph 24 99 18 90

[a] Isolated yield.

~TaEE AT LA VBEEH LA

~TrET U= b G iR, B RRY. R R L OEERIMAOME Th D,
AT REBEEGZUHA S v 7 ) VT RIGICEBWTIX, ~7T R 73N T7 U0 SIS L
fibii & LK 2 2B B0, RO TR RRIER Y SR 725 2 &3,
AEFEHF X, 10% PA/HP20: W2 U B K7 U — (FRINY B RORW) FfETo~T 1
L&D —E T >~ 7V » VFOR& #ET L7z (Table 3-3-1-5)4-7 == fr X B
L 4RV T TR e UER(L5 Y E)Z 10% PA/HP20 (3.5 mol%)- NagPOy-12H0 (3.5%4
B)YDIFEMET, 70 CTRIG LIz & 2 A, GO 5EEIC 35K/ 23 L= 7= (Entry 1), 80 C
THEM L7z & 2 ARG 1 C5efs L7z (Entry 2), FOGREZ 90 CE TP T KGR
ICWEN R SNz (Entry 3} A FDORISIE 80 CITTITH Z & & Lz, 4-
VY7 TR e gL, EREIFE(ENO, or -COMe) B L OVEFH 5L (-OMe), W hun
B LT REXC B RIFIZZ v AN v 7Y 7 L (Entries 1-7) S 512, 4-T
7T oRa U BT, BEREAETASLOD 4= T nEeXRo P04 0T =Y
— /L EER TG LT (Entries4and 7) £72, 2-_X0 Y 7 F vAhn g, 20V FF T o
YRR U, 2-A XUV VrRn UEES BRIFICRISAEITT O RE TH D I LA

R 37z (Entries 8-1Q)
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Table 3-3-1-5. 10% Pd/HP20-catalyzed Suzuki—-Miyaura reaction between aryl

bromides and heteroarylboronic acids.

ROBF 10% Pd/HP20 (3.5 mol%) R

NasPO,4-12H,0 (3.5 equiv.)
_|_ -
Heteroaryl—B(OH), 50% iPrOH, Ar, 80 °C

(15 cquiv) Heteroaryl
Entry R Heteroaryl-B(OH) t [h]™ [Jiﬁﬂ]
Ale
10 NO, O 35 88
02
B(OH)2
2 NO, 1(2) 89 (98)
3l NO, 1 88
¢! NO, 24 95
5 COMe 1(2) 84 (96)
6 OMe 3(1) 96 (98)
79 OMe 36 100
3 NO, ®B(OH)2 1(1) 100 (98)
(0]
9 NO, @j\>—5(0H)2 24 (12) 83 (72)
S
N—
10 NO, oo @78(0% 24 (24) 97 (99)

[a] Results using 10% Pd/C are indicated in pars#h. [b] Isolated yield.
[c]At 70 °C.[d] At 90 °C. [e] At RT.
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~TagEEATAIT T V=L AR LSS

PAHP20 (X, &~T v BAbT U — kG E~T R TE2EE£RWT U —/h e g
DAy TV TRIGEbRLL T 5, 2-7 v DUL, WEHRDS D OITE
HEWEZFFOT7 2= R VREFUS L RIS T D 2-7 ==V B ) V& BAFRINERT
5.2 7=(Table 3-3-1-6, Entries 1-4)¥ 72, 5-7 2 E LU I VU F4-A FF T 7 2=/l n
YL RIS LT, ST o 8T U — bW & IR 74% T 5- 2 7253 (Entry 5). 3-7 =
X U U OGEITIE R INER S LR o T2 (Entry 6), 3-7 2EX /U U DRIGIE,
Vi % 50% IPAKIRIR /& IPAIZEE Liz & 2 AKIgIZm E L, 5T 92%D 7 v~
Vo TIRESD 2 ENTER(ENY 7)), ZIUIAEBOZETIZ LD NagPOy 12H0 DI H

PEDSFRRIBIIC T B LTc7eh & B2 T D,

Table 3-3-1-6.10% Pd/HP20-catalyzed Suzuki—Miyaura reaction betwheteroaryl bromides
and arylboronic acids.

Heteroaryl—Br ~ 10% Pd/HP20 (3.5 mol%) Heteroaryl
Naz;PO,4-12H,0 (3.5 equiv.)
+ - 3
50% iPrOH, Ar, 80 °C

- X

(1.5 equiv.)
. [a] i
Entry Heteroaryl-Br R t[h] [OYA)Iﬁél‘q’]
1 B H 24 (24) 92 (94)
N” Br
2 4-Me 4 (5) 93 (97)
3 4-OMe 4 (5) 97 (97)
4 <OI>/B(OH)2 4 (5) 90 (96)
(0]
5 B 4-OMe 5 (6) 74 (79)
Ly
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6 N B 4-OMe 24 (24) 24 (24)

79 B 4-OMe 5 (6) 92 (99)

[a] Results using 10% Pd/C are indicated in paes#h. [b] Isolated yield.
[c] The reaction was carried outiiarOH.

~7a7yl)—nrguI Ré~Tur7V—niug Bl A 0y 7Y T RIG

~Tar7l)—rr7aI Re~gua7 ) —Rarfigtorsazxly 70 o 7T
1T, 10% Pd/HP20% NagPOy 12H0 Offf &%, £ 4 1.0 mol%: 1.0 & £ TR
T&EJe, 5-7RERY IV E 2RV TTRn U (L6YE) O/aA )y 7Y
> 7%, 10% Pd/HP20: NagPOy- 12H0 f7#7E T, IPA 1 80 C. 2 F¥fH D KUk T E &EIC
5-(benzofuran-2-yl)pyrimiding 5- 2 7= (Table 3-3-1-7, Entry 1)—75, 50% IPA/K¥&{Z+ C
X, 24BFRI CH SN FERE LR o 72(Entry 2), 3-7 0/ U U RBRBFIME# S
NTCWRNWE-TBEA U =72 EDO~TrT7 J—7r I MEL LT 5 E~T 1
7V —AfbB Y~ L BhR K B S 7= (Entries 3-11) T4 7 = U RBE R | it

T 2 lE R Iy Y T RIGH BAFIZHELT L 72 (Entries 6, 10, and 11)24 F 10%
Pd/HP20i%, ERBEEEREON v 7Y VRIS TH, BOBHEEZ R L, NJREF%
R L CORNWE-T rEA v R—)L7 EEONOBI I T 10%Pd/ICH % <R % 5-
Z7-(Entry 9), 72k, LEMICFIAMEOE W na 7 L— 0%, 10% Pd/HP20E
VA K7V =Dy 7 RO, Z85 < PAOY~DEELAIFHINAE E 22 72D

FOGHETET, BEL L TERTE o7,
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Table 3-3-1-7.10% Pd/HP20-catalyzed Suzuki—Miyaura reaction betwheteroaryl bromides and
heteroarylboronic acids.

10% Pd/HP20 (1.0 mol%)
NazPO,-12H,0 (1.0 equiv.)
+ > Heteroaryl'—Heteroaryl?

2 iPrOH, Ar, 80 °C
Heteroaryl“—B(OH),

Heteroaryl'—Br

(1.5 equiv.)
Entry  Heteroaryl-Br Heteroany#-B(OH),  t[n]™ [Ji]%q)]
ol
1 Br 2 (3 100 (98
2lc! 24 45 (15)
(24)
3 A~ ®B<OH>2 1(1) 91 (100)
N ©
4 6(12) 90 (75)
O O
(6]
B(OH),
5 O —B(OH) 24 80 (83)
o (24)
6 S<_B(OH) 24 80 (91)
e (24)
7 N= 24 80 (71
MeO*@*B(OHh (24) ( )
8 N 24  72(78)
|
. O (24)
B(OH),
9 Br N 24 90 (70)
o e Gay
H
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S
10 eS8 [::[§>—MOHb (gi) 96 (97)

11 6 (1) 93(91)

B(OH),

[a] Results using 10% Pd/C are indicated in paes#h. [b] Isolated yield.
[c] The reaction was carried out in 50% iPrOH.
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% IA i A—Heck i

RIZ 10% PA/HP20x fili it & U 7238 5 K — Heck UG & #iFt L7z,
VA O Fs Ak

KPFTI— RV 77 UAEBETF A3 Y& %, 10% Pd/HP20 (1.0 mol%)
BusN (1.5 4 &) FfE T, 100 ‘CTRIG L= & 2 A, 24T 6 ST wkeE1. BI
ETDHTTFI(E)-V T A— NOPNFEITHOT ) 31% T H - 7-(Table 3-3-2-1, Entry 1) L
7>L, DMSO, NMP, DMA 72 EDIET a0 b MRS ORI L0 . RS IZEIFIC
e S H, 4 BRRILIPNIC 58#E L 7= (Entries 1-6) 7235, DMF (Z#E EM2ME< . NMP (X
FEEA R TR EDOHERIZLY . DMA 28R L7z, DMA HORJRNIFEIR TIT#EIT L7
ooy (Entry 7). FHET D ICONISREN A L L, RAEANCSIGIRE 4 100 Cl2
THZ LWL, IXEEEMCEITT S Z ENHALNE 7257~ (Entries 6, 8, and 9) & 5
12 120 CTHIRFT L7203 BUSEIZZEA(L L7 b 72729 (Entry 10) LT, DMA ¥

100 C % ARSI E LTz,

Table 3-3-2-1.Solvent and temperature effect on 10% Pd/HP20yzata Mizoroki—Heck

reaction.

10% Pd/HP20 (1.0 mol%) Ph

| n-Bu.N (1.5 equiv.)
Ph—I + K(O ° Lo
Ar

oBu"

oBu"
(1.3 equiv.)
Entry Solvent T[°C] t [h] Yield [%]®
1 H,O 100 24 3]
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2 MeOH 100 24 ol

3 DMSO 100 9 98
4 DMF 100 4 96
5 NMP 100 4 99
6 DMA 100 4 99
7 DMA RT 24 trace
8 DMA 60 12 97
9 DMA 90 6 95
10 DMA 120 4 98

[a] Isolated yield. [b] Determined byt NMR analysis using
1,2-methylenedioxybenzene as the internal standard.

RO Fdl

BUsN f77E T Tl SO 4R Coaft L. B BIAE R 03 BLEEIN 58 99% C 15 B A1 7= (Table
3-3-2-2, Entry 1) L7 L. BuNH TIZSUSHIHRDOE T DOIRT 25588 H 4L(Entry 2). BUNH,
DA ITITILZRITRIE LT L7 (Entry 3), Et;N ° 'PRLEIN 72 K OEHRD 3T I o
THRISHEN M E LA (Entries 4 and B) BRIR 3T I ThH 147 rnm
-[2.2.2[4 7 % > (DABCO)TILBEAF 72 & I35 LN/ > 72(Entry 6), X & | T L
TdH 5 NagPQ,. LioCOs, NaCOs, NaHCQy, CsCO; Th, IFWEEET T L% BAF72IT
KTHD Z &N TE 2 (Entries 7-11) CaCQ DBAICITR BN IS EIT L7y »

fe 5252 L,

i

72(Entry 12) Z OFERIT, HWEO D T o F—T1 F 4 2 BRIEEhERIZ
Thbb, MEENTWKEBET FLVOERICEDN THDH Z L2 L TWD, FEROMHE
M, BEREIE 2 L7358 10 bR ST Y . CsOACY KOAc X NaOAciZtt LT
B TH - 7= (Entries 13-15) 725, CCO; DANKS FRIEERN R4 %4 L T, BuN %1%

WL,
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Table 3-3-2-2. Optimization of base on 10% Pd/HP20-catalyzedokiki-Heck reaction.
10% Pd/HP20 (1.0 mol%) Ph

| o n-Bu,N (1.5 equiv.) ‘
DMA, Ar, 100 °C, 4 h

oBu"

oBu"
(1.3 equiv.)
Entry Base Yield [%4}

1 BN ogh!

2 BwNH 83

3 BuNH, 20

4 EtN 88

5 iPrLEtN 88

6 DABCO 59

7 NaPO, 71

8 NaCOs 61

9 NaHCQ 60

10 Li,COs 52

11 CsCOs 100

12 CaCQ trace
13 NaOAc 54

14 KOAc 77

15 CsOAc 90

[a] Determined byH NMR analysis using 1,2-methylenedioxybenzene
as the internal standard. [b] Isolated yield.

AE . AR L ORI B O RiE{k

10% Pd/HP2OE fitfit L 4+ A 3 — NRUEB L L OIS TIZ. 727 VAT F L0 E

Z13YEND LOYEE CEBTE % Z L)~ 7=(Table 3-3-2-3, Entries 1-3BusN
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OfFEAEICBE LTt 11 Y ETIERIGIT 4 R Toafl Lo A K7 I /VILE &I
HALTE 3 (Entry 4), 1.0 %4 & T3 88%F T T L7=(Entry 5), & 512, 10% Pd/HP20
B WRICEET L2 L72< 0.2mol%E THETE 5 Z Lo (Entry 6), S HIC
fil B 0 5 L 0.1mol%R° 0.05 mol%e: L 7=35412 & IS IEHETT L7248, RO T 243

8 57~ (Entries 7 and 8)

Table 3-3-2-3. Optimization of quantity of alkyne, BN, and 10% Pd/HP20 for the

Mizoroki—Heck reaction.

| 10% Pd/HP20 Ph
n-Bu,N
Ph—I + kfo : | 0O
oBu" DMA, Ar, 100 °C, 4 h
oBu"
Entry alkene BusN 10% Yielq
(equiv.) (equiv.) Pd/HP20 [%0]®
(mol%)
1 1.3 15 1 99
2 1.1 15 1 100
3 1.0 15 1 98
4 1.0 1.1 1 96
5 1.0 1.0 1 88
6 1.0 1.1 0.2 98
7 1.0 1.1 0.1 92
8 1.0 1.1 0.05 92

[a] Isolated yield.

AT ¥ T LTSRS T RICEEZ 43— R MV BB LCT 7 U VR

TF(LOYE) L DRSS EBFT LA, 24 TIXEE Loz, T 4-3—F
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Mz DEEITIE4-3— RRUB N L THER LOBFEENELS RD 2D N
TV LSORBEEIINAEIT LICK K RD72D EER BN D, ZOMBEEZ RIS 572
DIZ, TATr O fELY 124 &ICHELLE ZA, JUSIEMBICETLENE TS
(B)-3-(4-AFNT = =)V) T2 UNEET FVEINE 3% T 5H Z & T X 7= (Scheme

3-3-2-1)

| Me
10% Pd/HP20 (0.20 mol%)
N U7¢O n-Bu,N (1.1 equiv.)
0 O
oBu" DMA, Ar, 100 °C, 24 h
n
Me (1.2 equiv.) 93%  OBu

Scheme 3-3-2-1. Cross-coupling between 4-iodot@werd 1.2 equiv. of butyl acrylate.

ZHE THEEAR—Heck UG T Ar ZRFAS T TR L7225, Ar RFEST & KRS T
TRISNRIZHAE 72 213388 72 - 7= (Table 3-3-2-1 and Table 3-3-2-4, Entry B =
T U TORGFHIT R TRRGHETEM L7, 39— RRXUEB U OFHFRICETFRTIE(BT,
Cl, Ac, COEt, COH, and NQ, Entries 2-9) ¥ X W& 1t 5% (OMe, OH, NH, and Me,
Entries 10-15F B A L T, BHEICEAL T, 727 VBT TNV ERERR D v T
Y ROGNEIT L, 7 A Bl 7 FIVEN BRI THE LN, L 2AT, 23— F-m
XL E L LI2SHEIZIE 100 CTIERISEERME o 7o 3, 2 a vREZD
D2ODAF NI L HNKREEICLDZ LD EEZTWDH(Entry 16) LU, fillii &4
2 mol%, SSIREE % 140 °C &+ 5 = & TILE T 83%C (A _F L 7=(Entry 17) 10% Pd/HP20
R L LG AICIE3- 3 — R bR B o 43— RT7 =Y — LD v 7T
7RSI B LT L7223, 10% PAICO & (IR RS TIRISIETER Led -7

(Entries 8% X 10 10), it~ T, 10% Pd/HP20%, ## =K —Heck SIS Ofli LT, 10%

.42.



Pd/C X 0 FEEISFHFHARNE TN D EEZ TS,

Table 3-3-2-4.10% Pd/HP20-catalyzed Mizoroki—Heck reaction befwvaryl iodides and butyl

acrylate.
| 10% Pd/HP20 (0.2 mol%) /f_%_R
| N u\f’o n-Bu,N (1.1 equiv.) \\
A~ DMA, Air , 100 °C _0O
R (1.2 equiv.) OBu
Entry R t [h]™! Yield [%6]®"
1 H 4 95
2 4-Br 8 91
3 4-Cl 8 92
4 4-Ac 12 (12) 97 (93)
5 4-CQEt 24 81
6 4-CQOH 24 (24) 88 (92)
7 4-NO; 4 81
8 3-NO, 24 (24) 98 (84)
9 2-NG, 4 100
10 4-OMe 4 (4) 98 (d9)
11 4-OH 24 92
12 4-NH, 24 80
13 4-Me 24 93
14 3-Me 4 92
15 2-Me 8 (4) 90 (97)
16 2,6-di-Me 24 32
17 2,6-di-Me 24 83

[a] Results using 10% Pd/C are indicated in paesdh. [b] Isolated yield.

[c] Starting 3-iodonitrobenzene was recovered (4e4)Starting 4-iodoanisole
was recovered (4%). [e] The reaction was carrigdusing 2 mol% of

10% Pd/HP20 at 140 °C.
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& 227 v A A T B R G T

I, PAIHP20& filifif & L 7chk 2 e 7 Vv or & I — R B U L ORISZBE LT
(Table 3-3-2-5) 7 7 Y V= F )L &7 7 U VR DIV OIS TIE, BIFRIENEG
AU(Entries 1-3) AF L URT 7 VAT I ROKISICO ARG ZEWAT 5 Z LN T&E
23(Entries4and 8) 77 U v = ~ U L OGEITIFERIG T2 < #IT L7225 72 (Entry 6),
LrL, &2 1058, 370bb, 20mol%:§2 2 & T, RISHEEm EL,
SHET D7 A =8 VDI T73% (BE/Z1=86:19 THELIL, 7RIS, EERMEDHE
FRVDIF, 77 V=) rEHWZEAR-Heck G TR BEINLIFERTH D |

ST EAFE/ N S OWVER ISR L BB

Tﬁ(ble 3-3-2-5.10% Pd/HP20-catalyzed Mizoroki-Heck reaction betwdéodobenzene and
alkenes.

10% Pd/HP20 (0.2 mol%)
n-Bu;N (1.1 equiv.)

R
Ph—1 + X\ R
N DMA, Air . 100 °C P N

(1.2 equiv.)
Entry R t [h] Yield [%]®

1 CO,BU" 4 95

2 CO,Et 4 96

3 CO,Bn" 4 90

4 Ph 24 64

5 CONH, 24 65

6 CN 24 0

70 CN 12 73E:2=86:

14y

a] Isolated yield. [b] 2.0 mol% of 10% Pd/HP20 wessd.
c] The ratio was determined Bl NMR analysis.
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~F a7 U a— NEE RO SRS

~7u7 ) E— METE, ~T RT3 7 V0 MIEM LS < SO K T
PR ESND 20, HEAAR-Heck US~DOMANHEETH 5HAB LV, 33— R
YUY % DMA H 100 CIZ T, 12807 7 VA7 F e LIYED N -n 7 F L
722k & B2 0.20 mol%d 10% PA/HP20k fili & L 7= KU id 4 < #1T L7s o 7z
(Table 3-3-2-6, Entry 1) L2>L, filift &% 2.0 mol%k THEE L7- & Z AL ET L,
71 7N T RIS DN 88% TG H AL/ (Entry 2) 4-3— Kv U vy 2-3—K
FA7 = EEL LIEHA S, FOGREZ 120 CE 352 LT, RINITETLE
(Entries 3-5) AF L& a3 — R Y VUHEOKIGTIL, 93— NE%Z 15%&, N
TFLT I A L5YEE LT, KIGREL 140 CE 352 & T, 60%L EOIHETH
HIAER 21525 Z LN TE - (Entries 7B LT & 6 BLW 8 &) A, 2-9— KF
F7 = E ATF LU DFORMEIIGEGAFE D EEAIZ & 220D B3 24%E RIRTH - -

(Entry 10)

Table 3-3-2-6.10% Pd/HP20-catalyzed Mizoroki—-Heck reaction betvdeteroaryl iodides
and alkenes.

10% Pd/HP20 (2.0 mol%)

n-Bu;N (1.1 equiv.) R
- R /\/
Heteroaryl —1 -+ \/ OMA A 22 Heteroaryl XX

(1.2 equiv.)

Entry Ar-l R T[°C] Ef(’/lcﬁlg

10 0 ! COBU" 100 0

N/

2 B ! COo.BU" 100 88
N/
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3 ! COBU" 100 49

N__~

4 N COBU" 120 71
N__~

5 QiV/' COBU" 120 60

6 B ! Ph 120 53
N/

7 ~! Ph 140 67

N
8 N : Ph 120 54
o

g ! Ph 140 60
N__~
10 Qi?/4 Ph 120 24

a] Isolated yield. [b] 0.2 mol% of Pd/HP20 was disig] 1.5 equiv. of
iodide and 2.0 equiv. of BN vs. alkene were used.

7o' O ERE IO

g — R (Table 3-3-2-4, Entry YR A CT7 BEX B 2T 7 UART FL L
FOS L2855 8121d, &2 5.0 mol% SUGIREEZ 140 CTL LTHIT e A L HIVAERK
WIfE b7z o 7= (Table 3-3-2-7, Entry 1) L22L, 4-72E= hr_X B 28BN T
X, 77 UNABTF I ERNREBL D v 7V 7 LT(E)- T W EEE T F LN R 84% T
LTz (Entry 2), ZORERICESE, EBFRIIELZEALLL T BT B ORISR
ALz, 4-7 v B R EEBHET T IVORIEHFRITE > 7223 (Entry 3), RHFICT FFT7F

NToE=Z A7 B FTBAB) K7 R 7 7F AT =y AF— R(TBAI R ED 4%
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TrE=ULEAZ LOYMENMR D Z & TRIGHHENM LT 5 2 & 23R S iz (Entries 4
BLUE), EBHI2.4-F3—F7 & b7 =/ OBAITIT. TBAI fFE T, fill i &% 10 mol%

FCHET S Z & TN L7 (Entries 635 LTV 7),

Table 3-3-2-7.10% Pd/HP20-catalyzed Mizoroki—-Heck reaction betwaryl bromides and
butyl acrylate.

10% Pd/HP20 (5.0 mol%)

Br | n-BgsN (11 equiy.) /+R
@ + kfo Additive (1.0 equiv.) X
Opy"  DMA Ar, 140°C, 24 h o
R (1.2 equiv.) oBu"
Entry R Additive  Yield [%]*

1 H _ 5

2 4-NG, - g4

3 4-COEt - 28

4 4-CQEt TBAB 50

5 4-CQEt TBAI 64

6 4-Ac - 32

7 4-Ac TBAI 80

[a] Determined byH NMR analysis using 1,2-methylenedioxybenzene
as the internal standard. [b] Isolated yield. [@]nkol% of 10% Pd/HP20
was used.

# B AR—Heck /i, Scheme 3-3-2-22 RIS H A 7 NV TH#EITT 5 L ZE X HILD M,
T EIZTFNT =T DEOTIN & D RIMEEDRIT, Z OIS A 7 vty v 7
U > TARD PAD D BBEL 725 ICAERT S KU R-Pd'-Brf& (Scheme 3-3-2-2f o
BYZxtL., 7 NI T FNAT U E=T LEDNKEREEZI L CEEIZEH L(Scheme

3-3-2-21 ok D), Pd FE(Scheme 3-3-2-20 D E)~D S5 fRZRHET 5 Z L2k,
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SEORKIGEEZ T ESE TV EE2 559 DI E. 10% Pd/HP20%, & 1857
TJuEe7 ) —VEICH L CIEARHE LWL OD, I—RT7T U — LB REDT a0
TU— L EEE L LT-EAICI3#E B R—Heck b 2 BB < il 2 Z L 28 S &

foﬁ ) f:o

HI Pd° Ar—Br
Bu,NBr E \<

BU3N Huu||_ Ar—Pd”-Br
Pq' ‘B OB
Br NBug u
) b Y
BusNHX O
B KHJ
e Pd"-Br
(BU4NX) H Pdll Br Ar OBu

Scheme 3-3-2-2Proposed effect of TBAI on the cross-coupling lesw 4-bromoarene and
butyl acrylate.
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RIZ 10% PA/HP20D 58 S i~ D M & ff ~ 7=, AFFEDOBE R THR LI K D IT,
EEERG TR, AREE, 70, AR T 4 VAR L OREEIRMT DMERDH D720
PA/HP20Zfillit & 45 Z & T, 2O AR LRV TR ZEITIE DL Z LB TE T,

FERMICbED R iEwma R T 52 LN TE D,

S—RFRUBUVEHE, 12Y9EO7T VX UEFEER%Z | 0.40 mol%D 10% Pd/HP20 2.0
Y 8D NagPOy 12H0 777E T, 50%IPA KR H 80 C T/ L7z (Table 3-3-3-1) 7t
FNERL= e R EOEFRIELFO I — PR BT AL—RITRHIGE LT
(Entries 1-5) L/ L, I— RXUEBURA M VEO LI B G ENER L= 3
— FRUB U OGEITIE, WEREOEKTRRO bz, RICEDOIERWET Y v FREE T
X, RT VT LSO NEE L 720 . TAF L O—EBRED v 7V 7 THH
HIN TV 5 (Entries 6-11) 3-A F /LI — KRB U OBEIC S KSIEHEST L(Entry 12)

TAFOMMEZ 2H8ELT L2 L TIEROWENZO L7z (Entry 13)

Table 3-3-3-1.10% Pd/HP20-catalyzed Sonogashira reaction betaggindides and alkynes.

R2
I 10% Pd/HP20 (0.40 mol%)
R2  NagPO, 12H,0 (2.0 equiv.) I
// m 50% iPrOH, Ar, 80 °C N
R’ . =
(1.2 equiv.) R1/
Entry R R? t[h] I
oo
1 4-Ac (CH),OH 0.5 (0.5) 89 (85)
2 4-Ac Ph 0.5 (0.5) 94 (95)
3 4-Ac 2-CRCeHa 1 (0.5) 92 (90)
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4 4-NO; Ph 1 (0.5) 100 (95)
5 4-NO; 2-CRCeH, 0.5 (0.5) 88 (90)
6 H Ph 0.5 (0.5) 50 (66)
7 H 2-CR-CeH, 0.5 (0.5) 88 (86)
8 H 4-MeO-GH, 0.5 (0.5) 59 (76)
9 4-OMe (CH),OH 0.5 (0.5) 37 (38)
10 4-OMe Ph 0.5 (0.5) 42 (51)
11 4-OMe 2-CECeH, 1 (0.5) 71 (87)

12! 3-Me (CH),OH 8 52

139 3-Me (CH),OH 8 65

[a] Results using 10% Pd/C are indicated in paes#h. [b] Isolated yield.
[c] Determined by'H NMR analysis using 1,2-methylenedioxybenzene as
the internal standard. [d] 2.0 equiv. of alkyne wasd.

WiZ, ~T a7 U —L & 1@HBT VY DORGE MG L= (Table 3-3-3-2) £ D
FEH. 10% Pd/HP20E filltt & U 7= BEE R IE. 10% Pd/CEL VY & BAFICEIT L., Xhed

DNy TV T ERE/RDLENTET,

Tﬁ.(b|e 3-3-3-2.10% Pd/HP20-catalyzed Sonogashira reaction betwetsroaryl iodides and
alkynes.

Heteroaryl
Heteroaryl—I  10% Pd/HP20 (0.40 mol%)
NasPO,4-12H,0 (2.0 equiv.) Il
+ >
_ 50% iPrOH, Ar, 80 °C _
— <\ \/: R R |
(1.2 equiv.)
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Entry  Heteroaryl-| R t [h]! [(\%lﬁg]
1 ~ H 2 (1) 59 (12)
7
2 2-Ch 3(3) 89 (69)
3 < H 3 (24) 64 (42)
4 2-CR 3 (1) 80 (18)
5 4-MeO 6 (1) 51 (58)

[a] Results using 10% Pd/C are indicated in paeseh. [b] Isolated yield.
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H Bt o ARG, vAR—EH27 v 20 v 7 v 7 RIS)

NI — R IE . BOGHE OBEMAIEIC L FRIHNRRE L 25560350 | BERB IV
RHECBLRN O RERFIH EEND, 47 nFE= bR 7o =Rn U@ (1.1
W) EORIEEETVE LT, NagPOr 12H0 3.5 EDIFIE T, 50% IPAZKIFR T
T 10% Pd/HP20D FFI F5RER % it L 7= (Table 3-3-4-1) 2 [8] B O I C Il iETEPE AMEK
T35 Z & KISNEIT L7z (Entries 1B X0V 2), 3[EIH, 4EH &G E2# 0 KT
T & TR DOSEAEICER %2 % L7=(Entries 38 LV 4), PAdOREHNBA SN2, fil
BERR K% O SR D B 1 P X H S v7e iy 7= (ICP-AES (Inductively Coupled Plasma
Atomic Emission Spectrometd)f& H FIRULT), & 51213 10% Pd/HP20E D PdHi+ D
RIF AT 4B H ORIGHICBNTH B L TEL T, 7Ly 272 10% Pd/HP20x [F]
C45nmToH % Z &3 XRD HIEIZ LV iR ST,

fift AR ST (2 D U S MR 97 2 JREIE A B 2> TR WAy, RUSEIC 10%
PA/HP20DRLFH A ZADVNE K ROBFDBIE SN TN D Z &b BT K DHEIRAY
I A —TIZ LY 10% PA/HP20D K Td 5 HP20D#EEEICER T 5 b D L& 2 T

W5,

Table 3-3-4-1.Reuse test of 10% Pd/HP20 for the Suzuki—Miyaeaeation.

Br BOH) " 10% Pd/HP20 (0.50 mol%) O
@ NasPO,4 12H,0 (3.5 equiv.)
+ >
50% i-PrOH, Ar, RT O

NO, (1.1 equiv.)

NO,
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Run t[h] Yield [%]? Recove[ro?(il Pd/HP20
0

1st 4 92 98

2nd 4 100 94

3rd 7 90 93

4th 24 94 80

[a] Isolated yield.
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FHIIE AR -Heck OGS K ORISR T 5 Pd i H B OMERS & HEE X

JOTRA

Djakovitch & 13, 5% Pd/CZ fiftfit & 4~ 2 $5K — BSOS U L 72 PdHE o fill % 1
ZEHMET 5 7201 TEEEE] 2B% LT 5605 pd/HP20% filfit & L CHWT I —
KRBT 7 U NAEET F VO EAR-Heck Kt 21T - 7o ROGR & FOG B AR 15 531
[CBARE T A7 4 W Z—(KLmmyTAIB L, Wy 7V o 7% 13%5 T AR &
100 ‘CIZEA L 72, ZOEIETIZ, 10% PA/HP26Y kU -7 F L7 2 U &R L 72 <
&b 2HFH E TSR B < AT L, 2 ARkl L7z & 2 A TILERITZEAFT D & 72 o 72 (X
FHK) 70% , Scheme 3-3-574 D hot filtration,m), F7=. 150%iE% OMIGKZ =R E T
HHIL T B Al L2 AR TS REROMER 258D b7z (cold filtration, A), 7235, I —
KRB LT 7 UNAEET F VO B AR-Heck i Tlid, PAREOIEHIIMERR S 2
7= (ICP-AESH:HI TR <1 ppm) (# & AR—HeckE % D 10% Pd/HP20E O PdfzF- 1%
7Ly v a o 4nmiZx L 13 nmE THGR LTV S Z L 728 XRD I TR S Tz,)
INHDOFERND ICP-AES T b TE 20\ I < E O PAFE A 5 A-Heck 7 1

25y TV T RISDOEITICRE S HFE L TWAD Z ERH B E o 7262

10% Pd/HP20 (0.20 mol%)

[

|L’¢ BusN (1.1 equiv.)

+ 70 -

© OBuU DMA, Air, 100 °C, 15 min
(1.2 equiv.)

Air, 100 °C | O

OBu
Hot filt
or
Cold filtration

ation

=
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100 - o
80 | o —A-—— 7 l
...... .c— . - =
T 60
©
;_j 40 | —— Standard Run
— B— Hot Filtration
20
— % — Cold Filtration
0 1
0 1 2 3 4
t[h]

Scheme 3-3-5-1Time-course study of the cross-coupling betwedndéacetophenone and
butyl acrylate after removal of the 10% Pd/HP20.

PRI PAIHP20% fili i & 3~ 21 B R -Heck SUGICFB 1T 5 PAISHHO R R 2 FH& L7z, %
+ DMA T1(Z 10% Pd/HP20% 8% L. 100 °C T 4 B EVLEL % L7-723, PdOAHIE
ELEREIN -T2, ZOARICI—RXEBo, 77UV TF L, N -7 F
VT %2 T 100 CITE L T b RIS IEe < #1T L7 h - 7= (Table 3-3-5-1, Entry
1), Enica— KRBy, 727 UNABT FLONTIEIEFIE2RET 10%
Pd/HP20% DMA H THIEL L 7278 PAD A T AERS S 4172 5> 7= (Entries 2 and 3)L 7> L,
10% Pd/HP20x + U -or 7 F /L7 I VHAFE TN 5 & | 2D AIEF TORIGDSHER S
iz Entry4), ZNSOFRERLY, N -r7FLT I OFEM LY 10% Pd/HP20)
HPARHEH LD EEZ TS,

HHE SO AIITBEF Y v F 2T V% & PAOFFMENE < A% —% Pl
50 PAEDOEHII A THLHICHEDLLT, 4-3— 7T/ b F=x
B OBEBERISTIE, RISHEOAHHRICHE S vz PAEO (T 4.2 ppm (FFf PO
2.4% & < ENTH o (10% PA/ICOBEITITIEF Pd D 25003 5P, ghk—&

TR GSTE B AR -Heck ST PAEHE N HER SN2 o= Z L 2 ZET H & (ICP-AES
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KBRS 1ppmEA ) (Pd & HP20D R B & AR EAEH 2358 = D12, PAFE DS HP20
MOIEFITEHR L350, b LTV o ABEH L TH HP20 LIcHEHE SN TV S

AIREMEDNVRIR S D,

Reagents A Reagents B
10% Pd/HP20 > >
DMA, Air, 100 °C, 4 h 100°C,4h O
OBu
Entry Reagents & Reagents B Yield [%]!
1 - Phl 0
butyl acrylate (1.2)
BusN (1.1)
2 Phl butyl acrylate (1.2) 0
BusN (1.1)
3 butyl acrylate (1.2) Phl 0
BusN (1.1)
4 BN (1.1) Phl 80 (201"
butyl acrylate (1.2)

[a] 0.20 mol% of 10% Pd/HP20 to iodobenzene wasd.ysd Equiv. to
iodobenzene are indicated in parentheses. [c] Béted by 1H NMR analysis
using 1,2-methylenedioxybenzene as the internatstal. [d] Yield of the
recovered iodobenzene is shown in parentheses.

LlE, HIROR Y ~—%W3EH T 5 DIAION HP20 L BEiE N T V0 Kk, AKX ) —
NHCER FHRET 2O THE IS 10% PA/HP20R, BN -2 IRINT 5 2 & 72 <
AR —EHHBUS, HEEAR-HeckbUh, WS 2R RE BT 52 L 4R L7z, 10%
Pd/HP20iX, LAF D & 9 72 5T 10% Pd/Clz bt U CHEEN - flBEEH 2~ 37,

(1) 38R —BHKINIBWT, 7V E2RET LI Tunxer= Dl v/

.56.



Vo ORISR I SEITSEL LR TE D,
(2) EEA-HeckIEE LOEEMKGIZBWT, ~7rId—R7 UV —LDh v 7Y
TR ERLGETSEDZ LN TE 5D,

I B AR—Heck US4 Tl ICP-AES TH I TE RWRE DI E D /NT7 U0 L7
10% Pd/HP20)> & SUSHRHIZIR I L, S AR PEARBEFEIC 72 > TV D B 2 Hiav, RS
Z R ICHEIT S5 729D IS M E R 10% Pd/HP203 0.5 mol% T4 Td 5, 10% Pd/HP20
X, BT A-LONAL T NVERIZ IFEU LB RHIRE L TORBEIZL 25NN &,
F72. HP20D v v MZ K DMBIEMEDIRNL AW L bR SN TS, B ED k)
(o, EARENAS BN ES THD Z Lovb, 10% PAHP20L A& b 5

DRENH) 72— & LT, BRICIESHA STV D,
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FBNE Pd-AuTAITHRREZMBEL LIZ=FIADLLE LT IV ~DFR

HIB Tk

WHFEDHE FTIRAT K OIS NENIE= N U L 245k R(b L CTF 1Rk T X > 28R
ZERKT D HFEL, FOCORBENEHEL <. WEEHIZ SN TOWRWY, FA, B Rkt

I X D& 1T I ORI L0 T, RETZOFMETIRT 5,

i MO R b & OSSO

— I fRBERE D RS

MDIZ, EO XS BB LHEEN =N U A0b 1#RT I ~OHEfiKFEITE L
TV DR D720, flix OEBHFMEZ HWNCFEE=FI L (XY =}
) EReME= R UV (HEE= N U LV) OBflKEEZ RS LT,

EABMEIC OV T, RufliE i3 AlETEME % 2 < R & 37 (Table 4-1-1-1, Entry 7) Pt fili it
L RhEECIX 287 X U ARIRAYIZAERK L 72 (Table 4-1-1-1, Entry @5 XU Table
4-1-1-2, Entry 7) —75 PAfiEDBAITIE, X0V = R U AOKFELTIEZ2/HET I (N
YUNT 22 DREFREIRERTE LN (P — R R, 77.0% Pd 7 L 2 T 92.9%,
Table 4-1-1-1, Entries 1,2,3 and 4y F & &t = b U LV OKRFLDGE . Pd I —R UK
FET. MeOH, THF, DMACc H25WMI7 & hodTid, 1#H7 I i3a< AT,
3T 2 OBRMENE L & < 72 - 7= (Table 4-1-1-2, Entries 1-4)k 7= ) SEHEEIZB LT
I, XY = MUV TIE 50 C, 3HFHE T 909l EDERLRAE Lz Oxf L, & EER
= r U VOEEIE, MeOH, THF, DMAc, »25\WE7 & b OR(LEIT 20~64%L

K& <I&KF L7=(Table 4-1-1-2, Entries 1-4) Zui%, AR LT 212 LD PAdiEEOF
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FEHE= NV NVEEE= UL LT 1k 28k 38T I v OBRENER DD
X, PR E UTER LA X ST D KRFBOSEE &, BlcEfIhT I 12
LD REBEDORIGEEDE ML Db O EE 2 LD RO Scheme 2-2-1-1)
FEEE= b U VOBEMKFEICE T 5 1RT I @IREIL, BFR 2 A S U 7-BRIC KR
(2% L= (Table 4-1-1-2, Entry §) AU, R L7 1T I UAEERICE Y 7' k
ACENREHEME T L7272 Th 5, 8L 100%~ L iE Sz, ZIUTFim:
MT I b7y 7 TH2 LR, ARLIE1IR 2837 I X2 PdO#
BOIHE SRR THD EBEATND, HER= Y LOEMKFEI T, 10% Pd/C
IZHE LT 5% PA/AWO; D 187 2 2@ & < 7 - 7= B X (Table 4-1-1-2, Entries 5
and 6) HIKTHL I —RETNVITHREAETDL BROE] OEWVWCLILEDEE
ZLTCW5, Pd iz AV Fu= kU L OKHEAMAKEIZEBN T, Hao B0

—ARFTNVIFTEVEZLOBRERET L7012, I—R AR ZER L7 il < 3 &

TIVEAR LN LS LT HHE

Table 4-1-1-1.Hydrogenation of benzonitrile by the use of vasiguecious metal catalysts.

H, (0.15 MPa)

<i>>CN Caralyst 0.5 mol%asPM) - ppey NH, + (PRCH,)NH + (PhCH,),N
Solvent, 50 °C, 3 h
1 2 3
c . Selectivity [%0]
Entry Catalyst Solvent OTgﬁrs'on
1 2 3

[a]

1 10% Pd/C(W)K THF 95.0 77.0 5.8 0
la]

2 10% Pd/C(W)K MeOH 99.8 79.1 2.0 0
la]

3 5% Pd/C(W)K THF 97.4 72.4 55 0
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4 5% Pd/AOs THF 79.2 92.9 0.1
5 5% Pd/TiQ THF 91.2 84.1 0.7
6 5% PUC(W) THF 44.4 2.4 40.1
7 5% RU/C(W). THF 0 - - -

[a] '(W)' indiates wet type catalyst. 'K' means NJhemcat K-type catalyst.
[b] Catalyst amount: 20 mg as a metal.

Table 4-1-1-2. Hydrogenation of valeronitrile by the use of various precious metal
catalysts.

H, (0.15 MPa)

N Catalyst (0.5 mol% as Pd
~ o~ C yst ( 0asPd) . CHLNH, + (CHNH + (CH)N
Solvent, 50 °C, 3 h

1 2 3
Conversion Selectivity [%0]
Entry Catalyst Solvent [%]

1 2 3
1 10% PdIC(W)K MeOH 24.4 0 10.5 67.5
2 10% PAIC(W)K  THF 63.8 0 3.7 89.4
3 10% PdIC(W)K DMAc 315 0 10.8 41.7
4 10% Pd/IC(W)K acetone  20.2 0 0 14.2
5  10% PdIC(W)K AcOH 100 56.1 29.1 6.6
6 5% Pd/AIO_ AcOH 100 65.9 19.8 3.2
7 5%RhCMW)  MeOH 65.1 0 70.2 5.4
8 5% RhCMW)  AcOH 100 39.7 43.9 35

[a] Catalyst amount: 20 mg as a metal.

ULk, HERE= N VOEMKFICTE D 1T I o~ OBIREEHLIS I BV T,

PJAIO; & BERRIE I D/LAE DR IS BIFRBIRREZ 52 5 Z ERHL N E o T,
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oI PARRIEIZ 69 2 B AN AL O R

BHIORLIZERBY . HEE= b LOEMKELL TIX, 5% PdAILO; Zfillft & L
THERAE P CRIST 2 & 1T IV BIREN b E < o727y, BIRERIT 65.9%2H
Fol, 17 I VEREZEICH X 5720, 0ffi PAdftiE~D Au & )& N % fEt
L7z, PA&E L Au @Bl IRFHERITRRDLIbOD, L bl feetiEr A Laatn
LG, WIPRDHRIZBWTHOASEZENRT 2 2 3L TVv 5 (Figure 4-1-2-1)
B Au & DOBEIC L Y PAOETIREES Pd-PAR T2 2L S D Z B TED
726, Au i PAdfitiEt B OFRICHINOEHE & L CTEHA IR BB L < mbnTn s, filz
T, F Lo L EEERDN D OFFRE © = /LG UG Tl Pd-Au & @A TEEAITHEH S h

TWADN, &&fb Lz Au 7 7 A X —tH OIS Pd R+ E CRIGDIZIRICHEITTT 5 =2

N 41
ERE BTN BB
Weight Percent Palladium
0 10 20 30 40 50 60 70 80 80 100
15004 TrreT 1"1 "l_l T . i Bl T . T s e — b
15550,
P L 1
14004 [
12004 — (Aupa) E
&) 11064.43°C
© 1000
m ]
5 c
. 900- PN RN _
g 1 % & AuPd, '
g i '/ AugPd E
o 600
-
{ k
2003 3
~1gq_r:? @
0 -, AuPd‘? R
0 10 20 30 40 50 60 70 80 80 100
Au Atomic Percent Palladium Pd

Figure 4-1-2-1. /X7 27 & L 4D IRREX] 53]
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= MU A OERKFEICET D PdiE~D Au IR LR T 5720, Pd L Au
nE&b L WiRE (PAdE L Au lEOIREER 2 7V X THRICHM) T Pd & Au
EH—RUMKR (FyFaxzr 7Ty 7 %R L) ([CHEF L7z [25% Pd-5% Aul —
RUBE (G&M7 )] #RHWT, HEB= N LVOBEMKRIE R L, T ORR.
Pd DA% HEF L 72 30% PAd—R UEHERD 18T I L &IRFEIX 50.9%CTH > 7248, 25%
Pd, 5% Aull — R R (B4817°) Tix 71.8% itk L 7-(Table 4-1-2, Entries 1 and.2)
ZOMEDN, WML AU LD D0, Tk b PA-AUDEEZNRIZE D b D&
RIRL, QAU I —R RO, @Au I—R K E PAd I —R R E OYEIR
A%, BIUOPd & AuBNBEEIL LB WL (GBI PAEZ 7V 2 FRICEIN LT
%Iz, AuEZ i) TR L 7= 125% Pd, 5% Aul —R UK (BE&RZEEMT )] %
HAWTRIE LTz, TORER, Au 7 —R R TldkFEN 2L ETE T (Entry 3). Au
T — R R E P —7R R & OMERRE S R L [25% Pd, 5% Au/CE @R E4817) |
Tk, 1H7 2 U BRIRERITIIC 28.8%TC H Y (Entries 4 and §) [25% Pd, 5% Au/C(& 4
BA7°) 1 D T71.8%0 B KRIFICIER T Lz, 6> T, HMICERICEIN L7 Auld 1#&7 2
VRPMER BRI PAd L Au DGR 1RT I ORBIREGRICTEZ TH D &

WrL7-.

Table 4-1-2.Hydrogenation of valeronitrile using Pd with /wotht Au on carbon as a catalyst.

H, (0.15 MPa)
CN Catalyst (0.5 mol% as Pd
NN ACZ)H( o ;h ) w CH,NH, + (CHNH + (CH)N
' ' 1 2 3
Conversion Yield [%]
Entry Catalyst [%]
1 2 3
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25% Pd, 5% Au/C

1 o 100 71.8 25.7 23
(E&45%7)

2 30% Pd/C 100 50.9 35.7 05

3 30% Au/C 0 ; ] ]

4 25% Pd, 5% AulC 100 28.8 34.3 10.7
(EETFTEMT) ' ' '

[a]
5 30%Pd/C+30% Au/C 100 28.8 27.4 5.4
WIEESY)

[a] Catalyst amount: 30% Pd-C 70.1 mg (0.5 mol%da)s, 30% Au —C 14.0 mg.

FELFEBR T L7- 25% Pd, 5% Aull — R VR TE@&M7 ) & TE&REEMT

D Pd & AuDEEILIREED R Z BRI E LT, #NFN XRD A7 MMV ZHIE UMEHT

L7z, EORER. Figure 4-1-2-22~F X 912, [H@&NERIMMT ] X, 20=68(FiTiIT,

Pd&JB sk L Au&JBHSRICHET 5 2 5D —2 (Pd(220) : 20=68.1°, Au(220)f

20=64.69 » R S AL(Fig. 4-1-2-2(b)) G@IENARTERTH DL Z EBRENTe, —FH IH

@71 1 PA BED Au &RICHET 2T — 27 8 EK L, Pd(220)E &

Au(220)E ORI, BB ST 2 & 2T H—E— 27 23R S V7= (Fig. 4-1-2-2(a))
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v

T00413-6_26%Pd—5.2%Au_NE—H (FC 10-0068) ‘
10000 — /OX (a) Pd—Au é%a/{j
/ |
5000 — ’f \
/f
\,
0 *MMM\‘/\‘TM'M T T T A_’(/\ \M“/
v 20 e 5P%sition r 2Theta16?ﬁ(0u)) 7z 80
091215-2 25%Pd—5.2%Au_NE-H (FC9/0165)
=
/A (b) Pd-Au B & TELS
/ Pd(220)
2007 / Au(220) #
100 \ #
N \
0 == T T T T T T
30 40 50 60 70 80
Position [° 2Thetal (§R(Cu)
E—=7TUAF
00—-046—1043; Pd; Palladium, syn
Pd metal | |
I 200 200 L

00—-004-0784; Au; Gold, syn

Au metal

01-072-5376: Au Pd

AuPd &%

Figure 4-1-2-2.25%Pd,5.2%Aul — R > k() (44017 | B L O0) [EERERMT | ©

XRD ZA~7 kv
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T fiERR (Pd/Autt, K3 X0 PdAufEEFE) DRl

AIE T AU RO (Pd & Au D& k) 28 1T I 2 BIRERE BICRRH 5 2
EPHERINTZZ L% T, PdE AuDIREHEZBF L7z, PdL Au OisfiFi&E (&
&) % 30 W% ED, Pd/AUERKIL A BV T 9:1 05 5:5 F TAYL X & 7= fil it 2 5
L. &&= U LV oEMKFERZ I L7z (PdOMEHEZHE O 0.5 mol%: 72
D8O IR AR, ZOREE, PdAU EREWVIEZE 1T I v O@BIRENRM L L
(Table 4-1-3-1) Pd:Au E/LH 9:1 DHBAIC 7T1.8%DEIRMET 1HkT I v AR LT-
(Entries 1) Au ODHEFEN LW E D, PAd-AUDAEILITET LS WA, AuHEFEN B

(Z72% & PATEMERNHE S L, —BPERTTO ST L7z 1T#kA X PR D 1HkT

/71

CDEMUKFCDERIES D Z & T, 1T I S K DR NER LI-RER, 2%

TIVHDHWNEIRT I U ~DEBRPELTZE D EEZNITAENTH D,

Table 4-1-3-1.Pd-Au catalysed hydrogenation of valeronitrile.

H, (0.15 MPa)

\/\/CN Catalyst (0.5 mol% as Pd) ~ CHLNH, + (Can)zNH + (CHON

AcOH, 50°C, 3 h

1 2 3
Entry Catalyst Pd/Au : Con(\)/ ersion ved
molar ratio [%] L 5 3
1 25% Pd, 5% Au/C 9/1 100 71.8 25.7 2.3
2 20% Pd, 10% Au/C 8/2 100 63.3 25.7 2.9
3 17% Pd, 13% Au/C 7/3 100 46.1 24.9 4.1
4 10% Pd, 20% Au/C 5/5 100 28.8 27.4 5.4
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B—THORF T PAdI—R 1 L0 PAT VI T AR 1T I VRIREEZ R LT
LD PAT VI TIT Au B TEEE U - AR O TEPMEREET 2 SEM L 7=, Pd:Auttid, Table
4-1-3-2 Tl b BRAF2R 1#k 7 X @R Z R L72E/Lk 911 (E&EH 5:1) ICEEL., #
FESREZ (LS TRBMERE AR L, ZOME. Au EBOMEN N TH
51T 2 RO M I ERETH Y (Table 4-1-3-2, Entries 5 vs. 7 and 6 vs..1Pd &
Au OFFEIZEWIT N ERWZ EBH LN 5 & & HIZ(Table 4-1-3-2, Entries 7-11)
Jb 2 HEEFRIREE O 5 3 @ GRIME 2 R 2 & A S T 7 o 7= (Table 4-1-3-1, Entry 1

vs. Table 4-1-3-2, Entriy 11)
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Table 4-1-3-2.Hydrogenation of valeronitril&.
H, (0.15 MPa)

Catalyst
Me\M;CN (X molebasedon P9 CsHiNHy + (CsHyp)oNH + (CsHaq)sN
1a Solvent, 50°C, 5h 2a 3a 4a

Entry Catalyst X (mol%) Solvent 1la:?2a:3a:4a”
1 10% Pd/C 0.5 MeOH 76:0:3:16
2 10% Pd/C 0.5 THF 36:0:3:57
3 10% Pd/C 0.5 AcOH 0:56:29:7
4 5% Pd/A}O; 0.5 AcOH 0:66:20:3
5 5% Pd/A}O; 1 AcOH 0:61:17:1
6 25% Pd/AJO; 1 AcOH 0:81:4:0
7 5% Pd-1% Au/AIO; 1 AcOH 0:70:17:0
8 10% Pd-2% Au/AlO; 1 AcOH 0:79:12:0
9 15% Pd-3% Au/AIO; 1 AcOH 0:76:7:0
10 20% Pd-4% Au/AD; 1 AcOH 0:79:8:0
11 25% Pd-5% Au/AD; 1 AcOH 0:89:7:0

a) The reaction was carried out at 50 °C under MPa H, for 5 h. b) Determined by GC. The
generation of a small amount of byproducts inclgdiecondary imines was obserf&l.
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FIUIH RSSO RE L

BROHEW 1T I U BIRMENTRD DT 25% Pd-5% Au/AO; & filtit & L C, g
HEfEb Lz, SEB= MU A2 6HELN5 n- XU F LT I OilasME< (104 C)
HEENEE L W, 7= MU VERERE L L CHEM L7z (Table 4-1-4) 25% Pd-5%
AU/AlLO; (PSR THE (2% LT 1 mol%) Z filfit & U C FERR(1 mL)  KFEEFHE T,
TH= NI VOBEMAKSEILLTZE Z A, Bl DL 50 CTIXRIGM5ERM LD
72 H3(Entries 1 and 2) fillfii & % FE 2% L PAHE TS5 molwl i E L= 2 A, FEiET
FOGEMFERET D L & HIZ(Entry ), KFEEE 0.2 MPak 35252 & T1Hk7T I @ik
Pk L72(Entry 4), & 5| filff &4 PAH#% T 10 mol% 7K3FEE 0.8 MPaT, 1#7
RBEIRMEIL S B 2H B L 98%IZB5E LT~ (Entries 5-7) EEREOfEHEE 1 mL xS 2 mL
IZHEET D & & O IT®IUVE LM L 72(>99%, Entry 8) KGR Z 50 C& LT HER
HOBEEITR G727 (Entry 9), 72d, MEEECRIG L72HA 1213 1 oS Rk 131
EANERBDOLNT, FELT2HMER3IHET I UNEKRLIEZ b, WEEE LA
LB OB RITRE N E B 2 B D0, B R RN R L T 220 o TR

THATH 2,
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Table 4-1-4.25% Pd-5% Au/AlO; catalyzed hydrogenation of decanenitrile)®
H,
25% Pd-5% Au/Al,O4
Me CN (X mol% based on Pd)
\(\{3 » CqoH21NHz + (C1oH21)2NH + (C1oH21)3N
AcOH (1 mL), 6 h

1b 2b 3b 4b
0.5 mmol

Entry X (mol%) Temp. H(MPa) 1b:2b:3b:4b”

1 1 50 °C 0.1 52 :42 :6 :trace
2 1 RT 0.1 69:28:3:0
3 5 RT 0.1 0:93:7:0
4 5 RT 0.2 0:95:5:0
5 10 RT 0.1 0:92:8:trace
6 10 RT 0.4 0:91:9:0
7 10 RT 0.8 0:98:2:0
8% 10 RT 0.8 trace : >99 : trace : 0
9 10 50 °C 0.8 0:96:4:0
107 10 RT 0.8 11:1:68:20

a) The hydrogenation of decanenitrilib) (0.5 mol) was carried out in AcOH (1 mL) at room
temperature or 50 °C using 25% Pd-5% Au@Al(1, 5, or 10 mol% based on the Pd content) as
the catalyst under Hressure (0.1, 0.2, 0.4, or 0.8 MPa) for 6 h. ling Tatio was determined by
'H NMR spectroscopy. ¢) The volume of AcOH was 2 m).The reaction was carried out in
the absence of solvent.
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FHIIE LRSI OHERS

#UUIH Table 4-1-4 Entry 8DFUGSRMFT, a2 =F U A5 17T I U ~DIER
B % 3 A 7- (Table 4-1-5) > 7 m~FH = kU (10 TiL, 147 I 25 98%D
BIRMECAER LT2(Entry 2), F72, HEKE= MV /1 (AdB LN 1eDKF(LTIL, BRIAE
T DN DT I NEIBRINCAG DTS KRR L. BT X /1l

L7z bovx o3 E(<B%)RIAE L 72 (Entries 33 L T 4),

Table 4-1-5.25% Pd-5% Au/AlO; catalyzed hydrogenation of various nitrild$.9

H, (8 atm)
25% Pd-5% Au/Al,0; RCH2NH;  (RCH;)3N
(10 mol% based on Pd) 2 4
R—CN :
1 AcOH (2 mL) (RCH,),NH  Ar—CHg3
(0.5 mmol) 3 5
Yield
Entry RCN () 1:2:3:4:5” (0'/0)0)
1 CHs(CH,)sCN (1b) t9:>99:80:0: - 90

2 QCN (19 0:98:2:0:— &9

CN
3 /©/ (1d) 0:98:0:0:2 98
Ph

CN
49 /©/ (1e 5:90:0:0:5 64
MeO

a) The hydrogenation of nitrilel) (0.5 mmol) was carried out in AcOH (2 mL) at room
temperature using 25% Pd-5% AuwB} (10 mol% based on the Pd content) as the catalyst
under 0.8 MPa for 6 h. In the case of benzonittéevatives, the formation of a small amount
of toluene derivatives5] was observed. b) The ratio was determinedtbNMR. c) Isolated
yield. d) Trace amount. e) Yield as a mixtur2ofand3cis given. f) 1 h. g) 50 °C, 1 h.
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FNIH

fil g D A AR 3 KOV A Z i H B O fifeRd

SRR, FOGTR OB A TEIL - AN TREL R0 HENH Y | BREER

RFEHIBLE D RERFIE & 725> TS, 25% Pd-5% Au/AIO; fil: oo [E1IY « FF]FH % .

FhH= NI AEREEE LCHRE L, 2EBUBEORSIT., B S - il &z &0

BTHEMATLEEORZFE LIz, TORRK, 2EE £ TEEW 1R ZHER L T

Wiz AS, 3 [E H ClE 89%F CIE T L 7= (Table 4-1-5, Run1-3)

2B, ISR T OPdE Aud R H & % ICP-OES (inductively coupled plasma-optical

emission spectrometry) /3 #r L 72 23 R LA T (0.1 ppnh F) TH O | Al 6 D4

BEHITIEE AV ERD BN oTz, - T, 3[ETHOME Y I LA TEIREERT L

72D1%, O FHZECICER T2 50 EBEZ T D NFEMITIRHATSH 5,

Table 4-1-6.Recycle use test of 25% Pd-5% Auf®4 using decanenitrile as substrate.

Me‘(v),

H, (0.8 MPa)

CN 25% Pd-5% AU/Al,O,

» Cy9H21NH>+ (C1oH21)2NH 4 (C1oH21)3N

8 AcOH (2 mL),
SM rt.,6h 1° 2° 3°
RuUN Used Used catalvst Recovered Reccr(laj\éeered 'H NMR Ratio weight of
decanenitrile y catalyst : (SM:1°:2°:39 1°
materials
383 mg 107 mg 95.5 mg ) A 376 mg
Ll os50mmol) | (250umol) | (89w%) | 406 M9 0:96:4:0 | 950
307 mg 85.2 mg 69.2 mg . . 278 mg
2 | (2.00mmol) | (200umol) | (81%) | 35°0Mg 0:96:4:0 | ggop)
230 mg 63.9 mg 59.7 mg . . . 173 mg
3 | (1.50mmol) | (150umol) (93%) 218 mg 0:89: 11501 " 730
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[N T e NS UMY

I =TH TR L72 PAIALO; B L TN PA-AUu/ALO; D 18k 7 I L 38R M D&\ A 3 B
T DO A 72 SR HTIEIC X 5 0 &2 Fhe L7z,

I L

PAdRL+RICBET D EHR A2 45 7=, STEM (scanning transmission electron microscopy
2 X B EIE KR X #REIHT (X-ray Diffraction) 38 X O° COWEIZ & 5 A % )V EHfE (Metal
Surface Area Z#&HHIL7=, STEM DOFEENS . Pd-Au/ALO; > 7 LTl Pd & Au D
FRICELT 3-56 nmBEORFIBIE I, b XXIE—EThH -7 (Figure
4-2-1), XRD T%, 20 =820 PA(311)&(Z L A [EIHr v°— 27 O EmEH HH M L7= Pd-Au
KL FAE1E, STEM &IXIZFAEDOETH -7 (Table 4-2-1, —J7, COMEMNLEE SN
% Pd @BRFREEIL, Pd-Au HEFESEMNT 52240 C, B 2 @M 23R S e
(Table 4-2-1) ¥, PAdRIFDOKRE S LUHEEICEEARWEEITIE, CORERIT
ZAE L2208 R EOMBE T LKA & LTE, Pd & Au OB @b EATZ D
CITERT LD EBLE L (5 COREZITTERTIX, —MKIZ Au L CO WA
EWETHREANRNE SN TV S, Al ZofERIZ. KETRT EXAFS OF

— I NORLNLBERE L L TND,
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(2) 5% Pd-1% Au/Al,03 (b) 10% Pd-2% Au/Al,Os

- [ I I I I O P | I I B O P
HD-2000 200kV x700k ZC 170202 50.0nm HD-2000 200kV x700k ZC 170202 50.0nm

3 -

.

* L |
N N L O T I O I
HD-2000 200kY =700k ZC 17/02/02 S0.0nm HD-2000 200k =700k ZC 17/01/31 S0.0nm

(e) 25% Pd-5% Au/Al,O3

[ A I O B |
HD-2000 200kV x700k ZC 170202 50.0nm

Figure 4-2-1.STEM images of (a) 5% Pd-1% Auh8l;, (b) 10% Pd-2% Au/AlDs, (c) 15% Pd-3%
AU/AlLO3, (d) 20% Pd-4% Au/AD;,  (e) 25% Pd-5% Au/ADs.
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Table 4-2-1. Physical properties of Pd-Au/f; catalysts and their primary amine selectivity.

Catalyst Pd met<'2:1| surface area  Pd particle size Primé}f)_’ amine
(m?g-Pdy’ (AP selectivity (%Y

5% Pd/ALO; 234 N.D? 61

5% Pd-1% Au/AJO3 120 49 70

10% Pd-2% Au/AIO; 104 42 79

15% Pd-3% Au/AIO; 92 41 76

20% Pd-4% Au/AIO; 104 43 79

25% Pd-5% Au/AIO3 65 37 89

a) Determined by CO adsorption experiments. b) iD@teed by the peak data of Pd(311) &t 2
= 82° on the X-ray diffraction (XRD) spectra usiBgherrer’'s equation. c) From Table 1. d)
The XRD peak was too broad to determine the crgital
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¥ I EXAFSIC L % Pd-Au&&{b)E DM

TEEREEZ HND PAd-AUR SR T OEEZH LN T 5720, Pd-AUG A &2 EHE
b 51 ICHEE L, HEEAZ 2 - Pd-Au/ALOs filfit 2 IV T, EXAFS (Extended X-ray
Absorption Fine Structurg)lli£ L., Au Ly WUk D 7 — % 5> b (Figure 4-2-2) 451 J&
D D& ERT VT AOENIE(CN)E B L= (Table 4-2-2) fEHTICE LTIk, &K 1O
JAVIZ, AEEOMEES X OHERICERB LU VU A&EE L CEXAFS T —# % ¥ 3
2lb—3arl, EEDO EXAFS =Xl 7 4 v T 4 VT EBDH I EICE > TIT» 72,
HERMICIZ, TRt EXAFS OHFGRICEES & | A O OFEEEIC L 0 BELIREE <PNL

FRRRDZ L, ERETRIOBEMNRS 22 EHRENBRT 52 L 2FH LTS,

(EXAFS O #Ga=0)

N, F(k) exp(—2k20?
x(k) =823 it )lng J)sin{%Rj + &, (k)
7

S02: KRR X L WEE T

Nj: j%&B OB T O

Fj(k): 2 H OBGELR-F- 0 #% 75 8L

o2 j FHOEELR T Debye-Wallar K¥ ((fIEOHESETDOKRE X)
Rj: j & B OBELR T & WINR - D J5 - i BR R

0j(k): j F H OHGELIR T & WU 712 X D A2k

EHEA (RN Au i) (ICBEET DAEIC, BEEEO PAdC Au ZBLE L., Th 5D

BB E ol b LU b EXAFS 7 — % 2 B 819 % BipE PAJRT-36 LU Au JRF O fE K

KON Au-Au S FEEE,. Au-PdiEBEA B L7-,
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B, AALEOFMEE L LT, 24845 O PRU/CAMEEF O Ru® Pt & OA&LE
DO RAEY % EFT 5 pairing factor' Z £ L 7=,
Pairing factor = CN(Ru-Pt) / [CN(Ru-Ru) + CN(Ru-JPt)
=4 5 ® PtRU/C TiX, CN(Ru-PtYyX Ru AV IZTFET S PtRTOETHY
CN(Ru-Ru) (Z. Ru LAV ICHFEET S RuBFOKL LTEZENTNEEE,
Pd-Au/ALO; fittli:H > Au D& 4L % CN(Au-Pd) / [CN(Au-Pd) + CN(Au-Au)}k L CH
H L72fES. Pd & Au OEFE0EINT 51296V, Pd & Au OG@LERM LT 52 &
PHIA L7z, 612, AuJA Y ORI (T7205, Au i D © PdEAZE[CN(Au-P)E
Au JE D @ Au B2 CN(AU-Au)] D Fn) 13X, fec #EiE DRI EL 12 K 0 IRVWMEAS R S v
(25% Pd-5% Au/AIO; D Au J& Y OELAEL 3.7+5.8=9.5, ki 7R E ICEET HJRTF Tl
CBLF DIMANC BN D23 72 <) BB/ IS <722 2 LD, Auld Pd-Aude

KT OWHTIA L MTEEICE D BFEL TS L ELNTAEINTH 5,
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——(f) Aufoail (ref.)
(e) 25%Pd-5%Au
(d) 20%Pd-4%Au
(c) 15%Pd-3%Au
—— (b) 10%Pd-2%Au
(a) 5%Pd-1%Au

FT Intensity

R (A)
Figure 4-2-2. Au L;;-edge EXAFS spectra of (a) 5% Pd-1% Au@d, (b) 10% Pd-2% Au/AD;,

(c) 15% Pd-3% Au/AOs, (d) 20% Pd-4% Au/ADs,  (€) 25% Pd-5% Au/ADs, and (f) Au foil

(reference).

Table 4-2-2. EXAFS data of the Au-Llll edge of the Pd-Au{@% catalysts.

Coordination Number

R/A? Degree of alloying of
(CN) .
Catalyst Au in the catalyst
Au-Au  Au-Pd  Au-A®  Au-Pd (%)”
5% Pd-1% Au/AJO; 2.84 2.75 8.7 34 28
10% Pd-2% Au/AIO; 2.82 2.75 7.1 3.0 29
15% Pd-3% Au/AIO; 2.83 2.76 5.5 3.0 36
20% Pd-4% Au/AIO; 2.83 2.75 5.2 3.3 38
25% Pd-5% Au/AIO; 2.76 2.75 3.7 5.8 61

a) Distance between two metal atoms. b) The numb&u atoms around an Au atom. c) The
number of Pd atoms around an Au atom. d) The degfredloying is defined as CN(Au-Pd) /
[CN(Au-Pd) + CN(Au-Au)], as reported in the litenae!®
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LI EXAFS 57— &% OfENTHEED G . Pd-AutEEFEO ANV, Pd-Au D& &AL EE

W BT D 2 LB BN o7, Pd-AuG@ b & ERRR = N U LIKFE(LRED 1T

VIBRIRRICIEOMHBERNH D Z D RKEINCEBITHIEEFECTH D Pd2S Au & D&

171

LAz v, EEREED D\ L PAd-Auki FOFREEEDOBENEL, LT I o ~DiE

RAPETCIE LI & 2> TV D b D EBLEL TN D,
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% CIH frE

RIZ Pd-Au/ALOs il i i B D .2 34T L7z, Hao &3, PAMEIC L 27 F = |
UV OSAEMKFECICI T DD PE L 7 I EIREOHBEEZEZE L W —R 13
TAIT LY B OBEEEF DI, 3T I UEER LSV ERE LT,
Pd-Au/ALO; filtlilz-> X | NH; 2 W5 Ff & 3% TPD (Temperature Programmed Desorplion

(2 &0 R E A JIE L 7= (Figure 4-2-38 X O\ Table 4-2-3)

000045
254 PT LI
0.00040
—— 5P RALTASF
000035
o
f/": 0.00030 10%Pd 2HALTISF
=i}
=
8 000025 ——15%Pd %A
& /
£ 000020 -200Pd A%AUTITF
£ 00005
.g 25%Pd BHALTISF
D
< 000010 :
/ —Pd hlack
000005 it
/A/\ \ TAIFNE
0.00000 A . N o SO W A
o] 200 400 G500 800

Temperature [°C]

Figure 4-2-3. Measurement of acid amount on the Pd-AgAlcatalysts, Pd black and A8,
powder by NH-TPD.
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Table 4-2-3. Acid amount on the Pd-Au//D; catalysts, Pd black and /&; powder
determined by NETPD.

Total Total
NH; desorbed NH-; desorbed NH; desorbed
NH; NH;
Catalyst 100-500 °C 500-800 °C 500-800 °C
desorbed desorbed
mmol/g-cat mmol/g-cat mmol/g-Pd
(mmol/g-cat) ( g ) g ) (mmol/g-Pd) ( g-Pd)
5% Pd/ALO; 0.010 0.010 0 0.20 0
5% Pd-1% Au/AJO; 0.019 0.012 0.007 0.38 0.14
10% Pd-2% Au/AIO; 0.026 0.010 0.016 0.26 0.16
15% Pd-3% Au/AIO; 0.028 0.012 0.016 0.18 0.11
20% Pd-4% Au/AIO; 0.043 0.009 0.034 0.22 0.17
25% Pd-5% Au/AIO; 0.025 0.011 0.014 0.10 0.056
Pd black 0.065 0 0.065 0.065 0.065
Al,O4 0.183 0.180 0.003 — —

Pd-Au/ALO; fiifit 3. 200 °C & 650 “CIZ NHa i v — 7 285 | J5 VR AL & FR VR A

D2FEENPFEL TND I E AR LT\ D, BN EEY 72D OMRBGIEE NHs & (=fik

HE oA ORE) 1. PAAUHEFEO R 5 Pd-Au/ALO; fil [ T 0.019~0.043

mmol/g-catD ] THIRIL TV H 1, PARALEEYS -V [THET 25 L 25% Pd-5% Au/AlO;

IXEEE Y 0.10 mmol/g-PdCTd v | o Pd-Au/ALO; & s 92 L A EICV72<, PAdT

> 7 0.065 mmol/g-PdZir L~ /L2 E TR R LTV 5, Pd blackix, PdRIF28 K&

< PAd A ZIVEHEIED/NSWZOIZREN DN EEZ BN DA, 25% Pd-5% Au/AlO;

il DR DD 72\ VDX, Pd-AukL T3 Pd-Au D &bz L 0 RmFrENZ(b L2729

LEZTND,
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DL B, JEMSE= RV LA TBIREGIC 1T I oMk FE(T 25 2 L2 BE9IC, PdIC,

Pd/ALOs. Pd-Au/ALO; DFRIEARFME 2 M5t L, Hifk L7-fE %, 25% Pd-5% Au/AIO; 75 B

W 17 I ERME AR T 2 L2 R Lic, 7 = M U VoMK FETIL, il

IR 352 LT, 0.8 MPa /KEE T, =R CTHAMLER 99%LL |, 17 I v &IRME

99%& W\ 9 1id T BRAFRFE BN E DN, ZOEVIEIRMEIZ, Pd & Au B354k LT,

EMERE LTO PAOEFRED L WITMEREOMENZL L THEHALLL DO LE X

TWb, REEEOERIC LY IBRRSMT= MU D 1T/HRT 2 2 RIRICAR T

LT LALLM T,
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BRE W

BRI OB AR & OBSREM B OREE D ZARL - ML L7 2 & T, #iiz e Ak
BRI EROBTICKT T BT —B LR E > TV D AEEDILAE MR O RFE—IRFEE
B, RGO RREDOHEMKFE(IZE Y . BB E T L&MW A EEIRA
IZfF BT, BAERE OIENIER T2 & & b, BEYOD NI ) — o 7piilE T m
TREMNLT D LN TE D, EFIL, BUL - BRIFRES 2R —REB a8 il
FERLT.7uAhy 7Y o 7 KD REBE—IRBEE ARG & = b U VEDKFK
SIS 3T DIENE - BPRMEO M EA T 5 & L HIS, O USHERERRIIZ W T 7o 372
Mt (T LI, TGN A ENT D,

1. FrEe R —3% PAfilfit & LT, REMARE WERNEM TH % DIAION HP20 %
R fitfiE 110% PA/HP20 % BH%E L7z, M4i%fififix. DIAION HP20 % Pd(OAc)
Eie A S ) —VIEIRT, BIRCHE\ET LT THRBR-HTE S,

2. 10% Pd/HP20%, #2ftk F(LGICEWT 10% PA/CEFIFERIZE DG E 79, 1
KTH D HP20IZ 2 FHD AT DX LR KPMHENRLEL TWNDZ ENnE, 10%
PAICOLDEEMINAIEETH LB Z HILD,

3. 10% Pd/HP20X, U > K7 U —Dr7uaxh v 7 U v IRIGTHEEER 2R L,
gnR — EIHEUG . B AR—Heck SUS, BEAFUSICAZI Th D Z E BB LT R T,

4. 10% PA/HP20%, H5EDIEICTIT 10% PA/CL W N 7= ik 2R3 2 & 23
HoENERoTe, TROLER—EHRISICHENTIZ, 7V A4 Ri#ET 22 LR
T7eET=V 2 EHLE LUUEMATE S, £, EEAR-Heck & & BWERIGIZ
BWCEIa—F~7a7 ) — Lz E8E L ERT2 26N TE S,

5. 10% Pd/HP20% filitt & L 721 = A—Heck SUGIZ 331 B IH AR & WaE L7 /5 . 10%

PA/HP202> & S 2 IR L 72l E D /R T ¥ AN IEMEfEFE 2 72 > TV D 2
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& TR L,
6. MEMiGE= MU LZE 17 I TRIRICEAKELT 512X, PA/ALO; ~D Au
DIEMBARTH D Z &2 R LTz,

7. Pd,AUALO; 3 FEBLT 5 @R 1 /T X BRI, Pd & Au OA&(ic L0 | fill
KEOMHEENENLIZZ EICERT LD EEZHND, PdE Au OHFFEOR &
IZE D B RETT D Z &%, EXAFSZEOENT T 62 Ls,

. 25% Pd-5% AU/AIO; Z IV T, EEREH 0.8MPal W\ 9 LLBHKE O /KEFE T, =il
TRIET 5 & Ha{bZ 999%L | BIRF 99U THMI & T 25 17T I VA ERK LT,
LI EEF T, A —REB R -, RE—REEATRES (7027

vy TN TRR) & RFAKRFBREGERSOE (= b UL oKkFEL) (BT 52hEN 2

TR AERENL LTz, 2D ORNE— MRS BRICER X 5720, L¥EEZH

& Lie 7 m 2bFRdE AR s h D,
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AAFFEICER L CRER 2 TR L THIREA I £ L 72 BAT B3R R AL 7 K
A ER AL TR - IR ARG BAR \CTRIE R D E 2 R L £,

AHFFED E RN AR GG L OIERRIC BTV TS, ZFmE & £ L7 — R R 7K
snfb o0 B - P A RMBIRIEH B L £7,

AR OHEME I HT- ) HFEFERE L L TERRLTH IR — FHE L LR
R R FAIFA 2 IGE LI LR IE SR - VR B AGERAN I B 3R R 2 A B L 2R A R
TP ZE = OFE RITIERHE L £ 97,

AWFFEOHEER L OFALEARIC AT, YR — PR IO 2B F L - A —
Aoy MRILHEE ZMERRE X — R SmARBAAKRETEIIZEE . R L
BB RICHEEZERZ L E T,

TR A— FAFvy MRICT, ERERE L LTERICELTIHAEE £ L
SRREBLRE L KIS TR BT SE B Fri B TR R ., /IMAR B ORI L
EJra®

%7z, SPring-8 (AfmMHIiENmEE R F e > % —) D' — AT 1 > BL14B2
(2 CHENE L7z EXAFS HlE GREE S 2010B1TTDICKEL, ZRKaeH PR — hEaTEX F

L7eAMBAER LR L OR Y v 7 OFRIEHE L £7,
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EBR DI

Pd(OAc) 10% Pd/C Pd/ALO:; 3 KO8 Pd-Au/ALOs 1%, X « A —/4 A% v v MR

DRI L fEH L7z, DIAION® HP20 X =27 I W VRS2 6 ZHRETEV 2 6 D % ff
L7z, oL, REA—D =oAL, BT ERUEMLE, HED
¥C NMR 227 k1% JEOL INM ECA-500'H NMR, 500 MHz:*C NMR, 125 MHz)}% T*
JEOL JNM AL-400 tH NMR, 400 MHz;**C NMR, 100 MHz) spectrometet il & L 7=, H
NMR Ot 7 ML CDCl H1Clk Me,Si (5: 0.00 ppm¥ NERIZHEYE & L C ppm
AL THFER L2, BC NMR TIZAEBEOWLIN (77.0 ppm/CDG) Z NEEHEYE & LT ppm
BN CTHRR LT, ¥ A AT UL JEOL IMS-Q1000GC MK NCHIE L7z, ~ A A
X JEOL 8 JMSSX102A # AW TT —&# ZHf5 L7z, TLC 21X, Merck fH# o
Silica gel 60 F-254 plates (32-63 um particle sz L. 7 7 v ah T Lrua~ 7T
74—, BBELEL LA LT U B 60 (40-63 pum B DN E Y B 7L 60N
(BRIR, Bt (100210 pm) ZEF L7, & COLERDIIEEMLEmTH . 'HNMR
& °C NMR 233Ukl & —2 L., [FE L7z,

ICP (Inductively coupled plasm#lj & (2 £ % JT3 /0 #1300 & R AEFT L Shimadzu
ICP-8001 (Shimadzu, Japargi/3 4T (TG/DTA) (%, U 4 7 % Thermo Plus TG8120EMPA
(Electron probe micro analysig)H A% 7-#H# JEOL JXA-8100STEM (scanning transmission
electron microscopyy#K H 3sz~A 7 27 7 1 v —#:# HD-2000, XRD (X-ray diffraction)
MacSciencet:f MacScience M2 %\ % PANalyticalth® X'Pert PRO-MPD ¢ E
I% Perkin Elmer# Perkin Elmer LS55/ L7z, BEORIEIXZ, ~1 72 T v 7 -
~JLREL BELCAT 35 X OY BELMass # V)T, NH3;-TPD (Temperature Programmed
Desorption i€ L7z, L EOMHERIEIZ=X - 4 — ZF A%y v MERICTER L,

Pd K-edgeis . ' Au L-edge? EXAFS (Extended X-ray Absorption Fine Structur)i& .
ERIZH D SPring-8 (A EE NEREE R AR 2 —) NOE—LT A
BL14B2 2 CHEfi L7= (FREE 5 2010B1774) T — X fifdrix. WU 77 Ofghr Y 7 b
T 7 REX2000 (ver. 2.5.9Y i\ CTiT > 7=,

Rk, X, ROBEAZER L=,
s = singlet, d = doublet, dd = double doublettiplet, m = multiplet

_86_



T iS5 FER

10% Pd/HP20 0!

BT 2 A7 300 mL FUE 7 T % 22|12 Pd (OAc): (527 mg) & MeOH (50 mL)Z N
ZCHMRL, 7T UFREKA T, =SiRICT DIAION HP20 (=27 2 7V iiEl, 5.00 g)
Mz, MeOHEROA L VEpEEa L 05 FTHRE L (4 B, BonizKeE
OEEERILE— M TAiE - B L, K015 mL) BEIOA % /7 —/(15 mL) THE#EF L,
BET. 2 HE#E L <. 10% PA/HP20 (2.31 g) & 457,

STEM (2 & % 10% Pd/HP20 o Pd ki1 OH ik

STEM (2 X282k, £ PAdRIT2EREAR L, SR TFOERZEE L%
(Figure 2 . Figure 20 X 9 72 PARL TR DM 45 721% . 2 OFT — X D EEIRL
TREREHLEZ (83.1nm,

Figure 1. Areas of each palladium patrticle.

HD-2000 200kV x300k ZC 07/10/24
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Figure 2. Distribution of the diameters of the [wdes.

di t
100 ameter number
B / nm
80 - 0-1 3
g 60 - 1-2 85
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2 40 - 3-4 44
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| {W (1 [] o O = 5—6 15
() I I I I I I I I T I
67 9
123456 789101112 A
diameter /nm
8-9 3
9-10 1
10-11 2
11-12 1
FHK HP2035 £ 1Y 10% PA/HP2GD ¥y 3 X BRFRHT i 5
MacScienceth# M21X (2T, Cu Ka#t (5 1.54A) THIEZITV., FLOTF—X %

57,

Figure 3. XRD spectra of 10% Pd/HP20 and DIAION BP2

>
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Figure 4. XRD spectra of 10% Pd/HP20 and Pd metal.

10% Pd/HP20

N ?
NV

Pd metal ﬂ
L L Nl

20 40 60 80
2 theta / degree

Scattering Intensity
T 1T (I T T 1T

Table Curve fitting (Igor 4) — calculation of diaters

2theta / fwhm / diameter /

degree peak area degree nm
(1,1,2) 39.9691 31662.5 2.41991 3.9
(2,0,0) 46.3356 13241.6 2.30868 4.1
(2,2,0) 67.9853 6813.7 2.14031 4.4
(3,1,1) 81.9013 7245.3 2.52513 3.7

PAdA X NWVIZHKR T HDE—T DI —T 7 4 w7 4 T ORERNG | PRI 23K 4nm &
D, STEMOT—% L BEWMEERE LT,

10% Pd/HP 20D & Yl E fik 5

HP2035 1 T8 10% PA/HP20D W 4175 b 4 (t = 5 ns, $— S)7% 300nmiZ B & U
72.10% Pd/HP2QZ 35\ T 375nmiZiE N (t =1 us, T— YVEEINTWVDH Z Lk,
Pd A X /L O#LE L HP20 kD n-BFICMENZ2MEEERRND LI O EEZLND

(Figure 5
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Figure 5. Fluorescence spectra of 10% Pd/HP20 &AtCDI HP20.
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T ISR D FER

10% Pd/HP20 % MV /=K #E LU (Table 3-2-1)

PRFRT- A AV BRE 12 (1 mmol), 10%PA/HP20 GEE T3 L 10 wt%), 38 K OMA
& 7 —=n@2mL)& A, B X LA CTERE L, FHOZERIE, BRI FTIE L KkEE A
WT BZE-KREMEZ 5 BIfE Y K L CTCKBICER L7, iR TETERMBUG LT,
it % X > 7' L7 ¢ L # —(Millipore Corporation, Billerica, MA; Millex-LH, 0.45
um) TAIE L7z, AIRIZEZE MR L CAERY Z 157,

10% Pd/HP20 O FFIHT A | (Table 3-2-2)

T2 ANT-RBRE 2 4= e 7 =Y —/1(153 mg, 1 mmol). 10%Pd/HP20 (15.3
mg), BLOAX /—1@ml)E A, B % LA TEEH L, RHOZERIL. BT
HLT2KFEANWT, EZE—KEREE 5 B0 IR L COKRICEBR L7, EIRT 2 KEH
OGS Uzt i 2 il e — M(AHE B E 1 um) TAHIE L7z, ARRICHIE S U7 Al
A% 7 —)L 15 mL TP L, BIETIC 2 B RS L7 (B E 15.0 mg, 98%), A b i
JET#ME LT, 42 %27 =1 (123 mg, 100%) % #57-, [EIX S 7z 10% PA/HP20 (15.0
mg) (F4-=hrnr7=>Y—/(153 mg, 1 mmol)® 2 [a B D/KFLIJSIZHEH Lz, LLTIAE
CEE T 4 BIEREZBVIR Lz, fEZ2 Frilcitd,

Run 1st 2nd 3rd 4th
Yield [mg (%)] of 4-methoxyaniline 123 mg 119 mg 123 mg 123 mg
(100%0) (96%) (100%) (100%0)
Yield [mg (%)] of recovered 10%15.0 mg 14.2 mg 13.7 mg 12.5 mg
Pd/HP20 (98%) (95%) (97%) (91%)

FOSHERH I EH L 7= Pd EOHIE

T2 AN BREIC 4= br 7 =Y —/1(1.53g, 10 mmol). 10%Pd/HP20
(153mg), BEIPAX /7 —(10 mL) & Aiv, B7 X LA TREEEH Lz, KEEHREEZ,
SIET 2 BRI L%, ffits 2 > 7 L > 7 ¢ b % —(Millipore Corporation,
Billerica, MA; Millex®-LH, 0.20 um) T4 L 7=, AiklZ MeOH %Mz T 50 mL & L7z
%, ICP Z#NME (HER/EFH ICP-8001) LT PAEHEAER LT,
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o B —FiIC B 5 EER

10% PA/HP20 Z filil & 4 2% $n Ak — = iSO KR TFIE

— AR 3SR FIE (Table 3-3-1-1, 3-3-1-2)

7 U =T A K00 pmol) & 7V — LR 1 U FE(550 pmol), 10% Pd/HP20 (2.7 mg,
2.50 pmol)} & OF NasPO4-12H20 (665 mg, 1.75 mmol) OIEAH %, /K (1 mL) &
PrOH (1 mL) DR G (Table 3-3-1-1, Entries 1-11, 13, 15 3 X U* Table 3-3-1-2).
& %\ ME/K(2 mL) (Table 3-3-1-1, Entries 12, 14 3 XV 16)H, 72 FHEK T, =
{R(Table 3-3-1-1, Entries 1-9, 11-16 3 X U} Table 2, Entries 1, 3,5) &5 % 80 C
(Table 1, Entry 10 3 X O Table 2, Entries 2, 4, 6) Tt L7z, 7V =T A K358
EITHE SN2 L & TLC THERBT 270, RUSHREEDOLE T 48 B, Al
ZELD BRLS 72, FINREEWE A 7 L7 ¢ /LA —Millipore Corporation,Billerica,
MA; Millex-LH, 0.45 mm) CAifd L7z, AKIZHEEE=F/1(10 mL) & /K (10 mL) % x|
FEZ 5y BE L. AMHEIZEER = F /L (10 mLX 2 [E) CTHIH L C, &b aiE % fafn gl
K10 mL)THEH L, Bl b U o AT L%, A L CRUE TIRME Lo, Fakix
YUBTFNT T AT a~ 7T T 0 —GEA] : mhexane/EtOA) THEL L, Soni-t
7V —ALEWII SR T — & & g U CIRGE LT,

4-Nitrobiphenyl (Table 3-3-1-1, Entry 1; Table 3-31-3, Entry 2; Table 3-3-1-4, Entry 2¥¢

'H NMR (400 MHz)5 8.26 (d,J = 9.0 Hz, 2H), 7.70 (d] = 9.0 Hz, 2H), 7.61 (d] = 6.8 Hz,
2H), 7.51-7.41 (m, 3H)C NMR (100 MHz)§ 147.5, 147.0, 138.6, 129.1, 128.8, 127.7, 127.3,
124.0; MS (EI) m/z (%) 199 (K1 100), 169 (41), 152 (83), 141 (26).

Biphenyl-4-carbaldehyde (Table 3-3-1-1, Entry 2§

IH NMR (400 MHz)5 10.01 (s, 1H), 7.91 (= 8.3 Hz, 2H), 7.71 (d] = 8.3 Hz, 2H), 7.60 (d,
J= 7.1, 2H), 7.47-7.39 (m, 3HFC NMR (100 MHz)5 191.9, 147.1, 139.6, 135.1, 130.2,
129.0, 128.4, 127.6, 127.3; MS (EI) m/z (%) 182 (¥00), 181 (94), 152 (64).

Ethyl biphenyl-4-carboxylate (Table 3-3-1-1, Entry3)

'H NMR (400 MHz)$ 8.10 (d,J = 8.5 Hz, 2H), 7.63 (dJ = 8.5 Hz, 2H), 7.59 (d] = 7.3 Hz,
2H), 7.43 (tJ = 7.3 Hz, 2H), 7.37 (1) = 7.3 Hz, 1H), 4.38 (q] = 7.1 Hz, 2H), 1.39 () = 7.1
Hz, 3H); *C NMR (100 MHz)8 166.4, 145.4, 140.0, 130.0, 129.2, 128.8, 1280,2, 127.0,
60.9, 14.3; MS (El) m/z (%) 226 (M55), 198 (28), 181 (100), 152 (48), 141 (26).

4-Acetyl-4"-nitrobiphenyl (Table 3-3-1-1, Entry 4)%
IH NMR (400 MH2)3 8.33 (d,J = 8.4 Hz, 2H), 8.09 (d] = 8.4, 2H), 7.79 (dJ = 8.8 Hz, 2H),
7.73 (d,J = 8.8 Hz, 2H), 2.67 (s, 3H}’C NMR (100 MHz)5 197.4, 147.6, 146.2, 143.0, 137.0,
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129.1, 128.0, 127.6, 124.2, 26.7; MS (El) m/z (%) ZM", 38), 226 (100), 180 (18), 152 (32);
HRMS (EI) calcd for GH1;NO; (M*) 241.07390. Found 241.073183.

4-Methoxybiphenyl (Table 3-3-1-1, Entry 5; Table 33-1-3, Entry 1; Table 3-3-1-4, Entry 1)

[2c]

'H NMR (400 MHz)$ 7.55-7.51 (m, 4H), 7.40 4,= 7.7, 2H), 7.29 (1) = 7.7, 1H), 6.97 (d] =

9.0, 2H), 3.83 (s, 3H)*C NMR (100 MHz)3 159.2, 140.8, 133.8, 128.7, 128.1, 126.7, 126.6,
114.2, 55.3; MS (El) m/z (%) 184 (M100), 169 (46), 141 (40), 115 (26).

2,4'-Dimethoxybiphenyl (Table 3-3-1-1, Entry 6}

H NMR (400 MHz)5 7.57 (d,J = 8.8 Hz, 2H), 7.40-7.34 (m, 2H), 7.09 (m, 2HP4(d,J =
8.8 Hz, 2H), 3.90 (s, 3H), 3.86 (s, 3HC NMR (100 MHz)5 158.6, 156.4, 130.8, 130.6, 130.5,
130.3, 128.1, 120.8, 113.4, 111.2, 55.4, 55.2; BB f/z (%) 214 (M, 100), 199 (39), 184
(20), 171 (14), 128 (21).

3,4’-Dimethoxybiphenyl (Table 3-3-1-1, Entry 7§

IH NMR (400 MHz)5 7.50 (d,J = 8.7 Hz, 2H), 7.29 (] = 8.0, 1H), 7.12 (dJ = 8.0, 1H), 7.08
(s, 1H), 6.93 (dJ = 8.7 Hz, 2H), 6.83 (d] = 8.0 Hz, 1H), 3.81 (s, 3H), 3.79 (s, 34C NMR
(100 MHz)6 159.3, 158.6, 141.5, 132.7, 128.8, 127.2, 11813,3] 111.6, 111.2, 54.2, 54.1;
MS (EI) miz (%) 214 (M, 100), 199 (24), 171 (23), 128 (13).

2-Methylbiphenyl (Table 3-3-1-1, Entry 8)°

'H NMR (400 MHz)$ 7.40 (m, 3H), 7.33 (m, 3H), 7.25 (m, 3H), 2.273kl); **C NMR (100
MHz) § 142.0, 141.9, 135.3, 130.3, 130.0, 129.2, 1280,2], 126.7, 125.7, 20.4; MS (El) m/z
(%) 168 (M, 100), 153 (32).

1-Phenylnaphthalene (Table 3-3-1-1, Entry 133

H NMR (400 MH2)5 7.90-7.81 (m, 3H), 7.50-7.37 (m, 9HJC NMR (100 MHz)5 140.2,
139.7, 133.3, 131.1, 129.3, 127.6, 127.0, 126.6,2,225.3, 125.2, 125.1, 124.7; MS (EIl) m/z
(%) 204 (M, 100), 203 (72).

4-Biphenylcarboxylic acid (Table 3-3-1-1, Entry 12

H NMR (400 MHz)$ 8.18 (d,J = 8.3 Hz, 2H), 7.71 (d] = 8.3, 2H), 7.65 (dJ = 7.3 Hz, 2H),
7.48 (t,J = 7.3 Hz, 2H), 7.41 (d] = 7.3 Hz, 1H); MS (El) m/z (%) 198 (M100), 181 (41), 152
(38); HRMS (El) calcd for GH1¢0, (M) 198.06808. Found 198.06848.

4-Hydroxybiphenyl (Table 3-3-1-1, Entry 14§
H NMR (400 MH)3 7.54 (d,J = 7.2 Hz, 2H), 7.48 (d] = 8.2, 2H), 7.41 (t) = 7.2 Hz, 2H),
7.30 (,J = 7.2 Hz, 1H), 6.91 (dJ = 8.2 Hz, 2H), 4.72 (s, 1HFC NMR (100 MHz)5 128.7,
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128.3, 126.6, 115.6; MS (EI) m/z (%) 170(M00), 141 (16), 115 (13).

3-Hydroxybiphenyl (Table 3-3-1-1, Entry 16)°°

IH NMR (400 MHz)3 7.52 (d,J = 8.2 Hz, 2H), 7.38 (d] = 8.2 Hz, 2H), 7.32—7.24 (m, 2H),
7.13 (d,J = 8.2 Hz, 1H), 7.08 (s, 1H), 6.83(@= 8.2, 1H), 5.85 (s, IH}*C NMR (100 MHz)5
156.0 142.7, 140.7, 129.8, 128.5, 127.2, 126.9,3119 4.2, 114.0; MS (EI) m/z (%) 170 (M
100), 141 (18), 115 (16): HRMS (EI) calcd for8.00 (M*) 170.07317. Found 170.07370.

TR UBRR AL TFLST ) a— LT AT VAR LS (Table 3-3-1-3)

T U= NT A4 KGO0 pmo) & 7 = =i va VER AR TF T a— )L AT )L
(105 mg, 550 pmol), 10% Pd/HP20 (5.3 mg, 5.00 pmol)33 & T Na2COs (132 mg, 1.25
mmol) DIEEMZ . /K ImL)éx¥ /) — (1 mL)ORAEES., 7V FERHET.
FIR TG LTz, RISIEIE, £ 0%, Table 3-3-1-1 B L W 3-3-1-2 O — R FINEIZHEW
FEHL L 7=, Entry 4 (22 CiE, Na:COs & 50% =% /) — LKERIZIRZ T
NasPOs-12H:20 (475 mg, 1.25 mmol) & 50%A1 Y 7' 1R ) — )LKIEK Z R Lz,

2-Aminobiphenyl (Table 3-3-1-2, Entry 2)*®

'H NMR (400 MHz)8 7.44-7.39 (m, 4H), 7.31 (m, 1H), 7.15-7.10 (m, 2430 (t,J = 7.4 Hz,
1H), 6.72 (dJ = 8.4 Hz, 1H), 3.69 (s, 1H}*C NMR (100 MHz)3 143.4, 139.5, 130.4, 129.0,
128.7, 128.4, 127.5, 127.1, 118.6, 115.5; MS (ED (%) 169 (M, 100), 83 (10); HRMS (EI)
calcd for GoH100 (M) 169.08915. Found 169.08828.

3-Aminobiphenyl (Table 3-3-1-2, Entry 4)°®
IH NMR (500 Hz)5 7.55 (d,J = 8.0 Hz, 2H), 7.41 (1] = 8.0 Hz, 2H), 7.32 (1 = 8.0 Hz), 7.21
(t, J = 8.0 Hz, 1H), 6.98 (dJ = 8.0 Hz, d), 6.89 (s, 1H), 6.66 (@= 8.0 Hz, 1H), 3.71 (br s,
2H): MS (EI) m/z (%) 169 (M, 100), 115 (9)

4-Aminobiphenyl (Table 3-3-1-2, Entry 6)°°

'H NMR (400 MHz)$ 7.53-7.24 (m, 7H), 6.73 (§, = 8.4 Hz, 2H);"*C NMR (100 MHz)3
145.9, 141.2, 131.7, 128.7, 128.1, 126.5, 126.8,41IMS (EI) m/z (%) 169 (M 100), 115
(10); HRMS (El) calcd for GH;,0 (M*) 169.08915. Found 169.08963.

TR Y a— L AT LR FEH L7284 (Table 3-3-1-4)

T V=T A RGO pmoD) & 7 = =)Lk UEER AR F NS ) a— )L AT )L
(112mg, 550 pmol), 10% Pd/HP20 (5.3 mg, 5.00 pmol) & O* NasPO412H20 (475 mg,
1.25 yumoD DIEAEWZ . K AmL) & A Y 7 —)b (1 mL)OREEEH:F, 7T

_94_



FHK T, |IR TG Lz, IGIRIZ, £ 0%, Table 3-3-1-1 3 LU 3-3-1-2 O — XY
FIEIZHEVIER L 7,

p-Terphenyl (Table 3-3-1-3, Entry 4; Table 3-3-1-4Entry 3) [
'H NMR (400 MHz)3 7.68-7.64 (m, 8H), 7.46 (,= 7.6 Hz, 4H), 7.36 (m, 2H}*C NMR (100
MHz) & 140.7, 140.1, 128.8, 127.5, 127.3, 127.0; MS (&) (%) 230 (M, 100), 115 (10).

4-(4-Nitrophenyl)dibenzofuran (Table 3-3-1-5, Entres 1-4}*"

'H NMR (400 MHz)5 8.37 (d,J = 8.9 Hz, 2H), 8.08 (d] = 8.9 Hz, 2H), 8.00 (m, 2H), 7.61 (m,
2H), 7.63-7.37 (m, 3H)1,3C NMR (100 MHz)s 156.1, 153.2, 147.1, 143.0, 129.4, 127.7, 126.8,
125.4, 123.9, 123.8, 123.4, 123.4, 123.2, 121.08,812111.9; MS (EI) m/z (%) 289 (IM100),
242 (22), 231 (10), 215 (20).

BlrV—ne~gar—nria g bo50WEX7rar7)—LrryaI FET7Y—L
A O RG(Table 3-3-1-5 3 L 1Y 3-3-1-6)

7 U =T A R(250 pmol), 7V —/L7R 1 ER(375 pmol), 10% Pd/HP20 (9.3 mg,
8.75 umol) 33 & OF NasPO4 -12H20 (333 mg, 875 mmol)Z /K (0.5 mL) & A1 V7 r /%) —
V(0.5 mL)DEAEREF, 7T FAK T, 80 CTRIGATT 72, Table 3-3-1-6,
Entry 7 128\ TiX 50%A Y F a3 ) —LKEKRICR A TA Y 7 a3 —(1 mL) %
R U=, BOUSIRIZ, Table 3-3-1-1 8 LU 3-3-1-2 O — M FNEICHEVERL L 72, K
JSIRE XN F 70 °C (Table 3-3-1-5, Entry 1). 90 °C(Table 3-3-1-5,Entry 3). =
{E. (Table 3-3-1-5, Entries 4 and 7) C{T > 7=,

4-(4-Acetylphenyl)dibenzofuran (Table 3-3-1-5, Enty 5)["

4 NMR (400 MH2)5 8.09 (d,J = 8.4 Hz, 2H), 8.00—7.94 (m, 4H), 7.61-7.58 (m),2H46 (t,
J=7.8 Hz, 1H), 7.41 (§ = 7.8 Hz, 1H), 7.36 () = 7.8 Hz 1H)*C NMR (100 MHz)5 197.6,
156.0, 153.2, 141.0, 136.0, 128.8, 128.6, 127.8,71225.1, 124.4, 123.9, 123.2, 122.9, 120.7,
120.5, 111.7, 26.6; MS (EI) m/z (%) 286 (MI6), 271 (100), 242 (25), 215 (23).

4-(4-Methoxyphenyl)dibenzofuran (Table 3-3-1-5, Entes 6 and 7)?"

IH NMR (400 MHz)5 7.93 (d,J = 8.0 Hz, 1H), 7.84 (m, 3H), 7.57 @@= 8.0 Hz, 1H), 7.53 (]

= 8.0 Hz, 1H), 7.42 () = 8.0 Hz, 1H), 7.36 () = 8.0 Hz 1H), 7.31 (t) = 8.0 Hz 1H), 7.04 (d,

J = 8.8 Hz, 2H), 3.84 (s, 3H},3C NMR (100 MHz)é 159.3, 156.1, 153.3, 129.9, 128.8, 127.1,
126.4, 125.5, 124.8, 124.3, 123.1, 122.7, 120.8,011114.1, 111.8, 55.3; MS (El) m/z (%) 274
(M*, 100), 231 (24).

2-(4-Nitrophenyl)benzofuran (Table 3-3-1-5, Entry %"



'H NMR (400 MHz)$ 8.31 (d,J = 9.0 Hz, 2H), 8.00 (dJ = 9.0 Hz, 2H), 7.65 (d] = 8.0 Hz,
1H), 7.56 (dJ = 8.0 Hz, 1H), 7.38 (1] = 8.0 Hz, 1H), 7.30-7.24 (m, 2HC NMR (100 MHz)

8 155.4, 153.2, 147.2, 136.2, 128.6, 125.8, 12522,3, 123.5, 121.6, 111.5, 105.1; MS (El)
m/z (%) 239 (M, 100), 209 (21), 193 (18), 181 (12), 165 (44).

2-(4-Nitrophenyl)benzothiophene (Table 3-3-1-5, Eny 9) 21

IH NMR (400 MHz)5 8.27 (d.J = 8.8 Hz, 2H), 7.86—7.81 (M, 4H), 7.70 (s, THR7(M, 2H):
3C NMR (100 MHz)6 147.2, 141.2, 140.5, 140.3, 140.2, 126.8, 12525.0], 124.4, 124.3,
122.4, 122.4; MS (El) miz (%) 255 (M100), 225 (18), 208 (40), 165 (37).

2-Methoxy-5-(4-nitrophenyl)pyridine (Table 3-3-1-5,Entry 10) "

'H NMR (400 MHz)8 8.45 (s, 1H), 8.31 (dl = 8.8 Hz, 2H), 7.83 (d] = 8.8 Hz, 1H), 7.69 (d]
= 8.8 Hz, 2H), 6.87 (dJ = 8.8 Hz, 1H), 4.00 (s, 3H}*C NMR (100 MHz)5 164.6, 145.6,
145.6, 144.4, 137.4, 127.7, 127.1, 124.3, 111.4;98S (EI) m/z (%) 230 (M 100), 200 (41),
183 (28), 154 (45).

2-Phenylpyridine (Table 3-3-1-6, Entry 1}

'H NMR (400 MHz)5 8.69 (m, 1H), 7.99 (m, 2H), 7.73 (m, 2H), 7.50-07(&n, 3H), 7.22 (m,
1H); 3C NMR (100 MHz)s 157.5, 149.6, 139.4, 136.7, 128.9, 128.7, 129,Q, 120.5; MS
(El) m/z (%) 155 (M, 100), 77 (17).

2-(4-Tolyl)pyridine (Table 3-3-1-6, Entry 2)*"

'H NMR (400 MHz)$ 8.67 (d,J = 4.0 Hz, 1H), 7.89 (d] = 8.1 Hz, 2H), 7.69 (m, 2H), 7.27 (d,
J = 8.1 Hz, 2H), 7.17 (m, 1H), 2.39 (s, 3HJc NMR (100 MHz)5 157.5, 149.6, 138.9, 136.6,
129.5, 126.8, 121.8, 120.2, 21.2; MS (EI) m/z (%9 {M", 100).

2-(4-Methoxyphenyl)pyridine (Table 3-3-1-6, Entry 3

'H NMR (400 MH2)3 8.64 (d,J = 4.9 Hz, 1H), 7.94 (d] = 8.4 Hz, 2H), 7.68-7.63 (m, 2H),
7.14 (m, 1H), 6.99 (d] = 8.4 Hz, 2H), 3.84 (s, 3H}*C NMR (100 MHz)5 160.4, 157.0, 149.4,
136.5, 128.1, 121.3, 119.7, 114.0, 55.2; MS (ED () 185 (M, 100), 170 (24), 142 (32).

2-(1,3-Benzodioxol-5-yl)pyridine (Table 3-3-1-6, Emy 4) %'

'H NMR (400 MHz)$ 8.63 (d,J = 4.9 Hz, 1H), 7.69 (tJ = 8.0 Hz, 1H), 7.61 (d] = 8.0 Hz,
1H), 7.52 (s, 1H), 7.49 (d, = 8.0 Hz, 1H), 7.16 (m, 1H), 6.89 (8.0 Hz, 1HP® (s, 2H);**C
NMR (100 MHz, CDC})) 5 156.9, 149.4, 148.4, 148.2, 136.6, 133.8, 12126,8, 120.0, 108.4,
107.3, 101.2; MS (El) m/z (%) 199 (M100), 141 (16).

5-(4-Methoxyphenyl)pyrimidine (Table 3-3-1-6, Entry5)
'H NMR (400 MH2)5 9.15 (s, 1H), 8.91 (s, 2H), 7.52 (= 8.6 Hz, 2H), 7.04 (d] = 8.6 Hz,
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2H), 3.86 (s, 3H)*C NMR (100 MHz)3 160.3, 156.8, 154.3, 133.8, 128.0, 126.4, 114685
MS (EI) m/z (%) 186 (M, 100), 171 (29).

3-(4-Methoxyphenyl)quinoline (Table 3-3-1-6, Entris 6 and 7)*"

'H NMR (400 MH2)5 9.16 (s, 1H), 8.24 (s, 1H), 8.12 (= 8.4 Hz, 1H), 7.86 (d] = 8.4 Hz,
1H), 7.72-7.64 (m, 3H), 7.56 (1,= 8.4 Hz, 1H), 7.06 (d] = 8.4 Hz, 2H), 3.88 (s, 3H}’C
NMR (100 MHz)é 159.7, 149.8, 147.0, 133.4, 132.3, 130.2, 1299,11, 128.5, 128.1, 127.8,
126.9, 114.6, 55.4; MS (EI) m/z (%) 235 M00), 220 (37), 192 (18), 165 (14).

~TaF7V——~Ta7 =)y TV TEYDER(Table 3-3-1-7)

7 U —NT A F(250 pmol), 7 U — LR & EE(375 pmol), 10% Pd/HP20 (2.7 mg,
2.50 pmol) 3 X O NasPO4 12H20(95.0 mg, 250 mmol) %, - Y 7' 12 /% ) —L(1 mL)H,
TN URAKTICT, 80 CTHRIG LTz, Entry 2 122OWTIX, A V7 a8 —)LZ
Rz T, &(0.5 mL)-1 Y71, —1(0.5 mLIBESRE 2 H L7-, KIsiklL, Table
3-3-1-1 BLU3-3-1-2 DA FIAICHEV R L=,

2-(5-Pyrimidyl)benzofuran (Table 3-3-1-7, Entry 1)*"

H NMR (400 MHz)$ 9.16 (s, 1H), 9.14 (s, 2H), 7.61 (M= 7.6 Hz, 1H), 7.54 (d] = 7.6 Hz,
1H), 7.35 (t,J = 7.6 Hz, 1H), 7.27 (t) = 7.6 Hz, 1H), 7.16 (s, 1H}*C NMR (100 MHz)&
157.8, 155.3, 152.7, 149.7, 128.3, 125.7, 124.9,6,2121.5, 111.5, 104.2; MS (EI) m/z (%)
196 (M', 100), 142 (24); HRMS (EI) Calcd for,@igN>0 (M') 196.06367. Found 196.06428.

2-(3-Quinolyl)benzofuran (Table 3-3-1-7, Entry 3}

H NMR (400 MHz)5 9.31 (d.J = 2.4 Hz, 1H), 8.50 (d] = 2.4 Hz, 1H), 8.09 (d] = 8.8 Hz,
1H), 7.83 (dJ = 8.8 Hz, 1H), 7.68 (1] = 8.8 Hz, 1H), 7.59 (d] = 8.0 Hz, 1H), 7.56-7.53 (m,
2H), 7.31 (t.J = 8.0 Hz, 1H), 7.24 (t) = 8.0 Hz, 1H):®C NMR (100 MHz)5 155.1, 153.1,
147.6, 147.5, 130.7, 129.7, 129.4, 128.8, 128.1,71227.3, 125.0, 123.7, 123.3, 121.2, 111.2,
102.9; MS (EI) m/z (%) 245 (K 100), 216 (17).

4-(3-Quinolyl)dibenzofuran (Table 3-3-1-7, Entry 4)*"

4 NMR (400 MHz)5 9.52 (s, 1H), 8.69 (s, 1H), 8.25 (fi= 8.4 Hz, 1H), 8.01-7.94 (m, 3H),
7.76 (1,J = 8.4 Hz, 1H), 7.73 (d] = 8.4 Hz, 1H), 7.63-7.56 (m, 2H), 7.49 (m, 2HBF (m,
1H); °C NMR (100 MHz)5 156.0, 153.5, 150.7, 147.3, 135.3, 129.7, 1228,2] 127.6, 127.3,
127.0, 126.8, 125.3, 124.0, 123.8, 123.5, 123.2,4,2120.8, 120.6, 111.9; MS (EI) m/z (%)
295 (M, 100).

3-(2-Furyl)quinoline (Table 3-3-1-7, Entry 5)
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'H NMR (400 MHz)8 9.21 (s, 1H), 8.34 (s, 1H), 8.09 (= 8.0 Hz, 1H), 7.82 (d] = 8.0 Hz,
1H), 7.65 (t,J = 8.0 Hz, 1H), 7.56-7.51 (m, 2H), 6.86 (= 3.6 Hz, 1H), 6.54 (m, 1H}*C
NMR (100 MHz) & 151.3, 147.0, 147.0, 143.1, 127.9, 127.9, 12722,11, 111.9, 106.7; MS
(E1) m/z (%) 195 (M, 100), 167 (36).

3-(2-Thienyl)quinoline (Table 3-3-1-7, Entry 6)1

'H NMR (400 MH2)5 9.20 (s, 1H), 8.27 (s, 1H), 8.10 (= 8.0 Hz, 1H), 7.83 (d] = 8.0 Hz,
1H), 7.69 (t,J = 8.0 Hz, 1H), 7.55 (8] = 8.0 Hz, 1H), 7.50 (d] = 3.6 Hz, 1H), 7.39 (d] = 5.2
Hz, 1H), 7.15 (ddJ = 5.2 Hz, 3.6 Hz, 1H)*C NMR (100 MH2)5 148.6, 147.2, 140.7, 131.4,
129.3, 129.3, 128.4, 127.8, 127.6, 127.3, 126.8,112124.4; MS (El) m/z (%) 211 (M100),
167 (8).

3-(6-Methoxypyridin-3-yl)quinoline (Table 3-3-1-7,Entry 7) "

H NMR (400 MHz)5 9.11 (s, 1H), 8.50 (s, 1H), 8.21 (s, 1H), 8.13)(g,8.4 Hz, 1H), 7.88 (d,
J=8.0 Hz, 1H), 7.85 (d] = 8.0 Hz, 1H), 7.71 (1] = 8.0 Hz, 1H), 7.56 (i = 8.0 Hz, 1H), 6.88
(d, J = 8.4 Hz, 1H), 4.01 (s, 3H}’C NMR (100 MHz)3 164.0, 149.2, 147.2, 145.3, 137.4,
132.5, 130.6, 129.4, 129.2, 127.9, 127.8, 127.6,812111.2, 53.6; MS (EI) m/z (%) 236 (M
100), 207 (36).

4-(2-Pyridyl)dibenzofuran (Table 3-3-1-7, Entry 8)*"

'H NMR (400 MHZ)5 8.79 (d,J = 3.6 Hz, 1H), 8.41 (d] = 8.0 Hz, 1H), 8.28 (d] = 8.0 Hz,
2H), 8.00 (m, 2H), 7.87 (1] = 8.0 Hz, 1H), 7.64 (d] = 8.0 Hz, 1H), 7.48 (M, 2H), 7.38 (@=

8.0 Hz, 1H), 7.30 (m, lH)l,3C NMR (100 MHz)é 156.1, 153.8, 153.7, 149.8, 136.6, 127.3,
125.2,124.3, 124.0, 123.3, 123.0, 122.4, 121.0,7,211.8; MS (El) m/z (%) 245 (IV1100).

5-(2-Benzofuranyl)indole (Table 3-3-1-7, Entry 9"

'H NMR (400 MHz)$ 8.18 (s, 1H), 8.05 (br s, 1H), 7.68 (d5 8.8 Hz, 1H), 7.54 (d] = 7.2 Hz,
1H), 7.52 (dJ = 7.2 Hz, 1H), 7.35 (d] = 8.8 Hz, 1H), 7.26—7.18 (m, 3H), 7.15Jt 7.2 Hz,
1H), 6.93 (s, 1H), 6.60 (m, 1H}*C NMR (100 MHz)8 157.6, 154.7, 135.9, 129.7, 128.1, 125.1,
123.5, 122.7, 122.6, 120.4, 119.7, 117.6, 111.8,91103.3, 99.4; MS (El) m/z (%) 233 (M
100).

2- (5-Methylthien-2-yl)benzofuran (Table 3-3-1-7, Btry 10) "

'H NMR (400 MHz)$ 7.51-7.44 (m, 2H), 7.26-7.17 (m, 3H), 6.73 (m, ,2M%0 (s, 3H)*C
NMR (100 MHz)$ 154.4, 151.5, 140.8, 130.9, 129.2, 126.1, 1248,0, 123.0, 120.5, 110.9,
100.2, 15.3; MS (El) m/z (%) 214 (M100), 181 (15).

4- (5-Methylthien-2-yl)dibenzofuran (Table 3-3-1-7 Entry 11) 1
'H NMR (400 MHz)$ 7.95 (d,J = 7.6 Hz, 1H), 7.81 (d] = 7.6 Hz, 1H), 7.71 (d] = 3.4 Hz,
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1H), 7.64 (dJ = 8.2 Hz, 2H), 7.47 () = 8.2 Hz, 1H), 7.35 () = 7.6 Hz, 1H), 7.33 () = 7.6
Hz, 1H), 6.85 (dJ = 3.4 Hz, 1H), 2.57 (s, 3H}’C NMR (100 MHz)$ 156.1, 152.0, 140.0,
136.1, 127.2, 126.6, 126.2, 124.9, 124.6, 124.3,0,2122.8, 120.7, 119.7, 118.8, 111.8, 15.4;
MS (EI) m/z (%) 264 (M, 100).

10% PA/HP20 7 fillfit & 3 2 i (= AR—~ » 7 U O —# i) 325 FIIE(Table 3-3-2-4)

3 {7 Y —/(500 pmol), 7 7 VU /LEEZ F/1(85.4 mL. 600 pmol), k V-7 F /L
7 2 (131 pL, 550 pmol) I L O 10% PA/HP20 (1.1 mg, 1.00 pmol) % DMA (2 mL)
. TAIUFERKTICT, 100 CTRIS LTz, 37T U —1LDOEREE % TLC IZ
THERE (BUSHRTEREDOEET 24 FFH#) (2, ML ERY R 720, NREW %
AT L7 4 v —Millipore Corporation,Billerica, MA; Millex-LH, 0.45 mm) C
A LTz, AURICHEEE=F (20 mL) & K(Q20 mL)Z MM %, %58l KHEIZEERE=
F /(20 mL X 2 [E)) THiH L C, Ao 7= A2 2 fafn 2K (10 mL) CHEd L 72, fit
fer U U LTHELZE, AL CTRIETNRME L, HEZ VAT AT L m~
77 7 4 —@H . mhexane/EtOAc) THEL L | & B AL7Z T WREE Y FVEHIT SR T
— X L L CRE L7z, Entry 17 {22V, 2mol% @ 10% PA/HP20 (10.6 pg, 10
pmol) ZfH L 140 C TG L7z,

Butyl (E)-cinnamate (Table 3-3-2-4, Entry 1; Table 3-3-2-Fntry 1) (¥

H NMR (400 MH2)5 0.97 (3H, tJ = 7.5 Hz), 1.44 (2H, m), 1.69 (2H, m), 4.21 (2H] £ 6.6

Hz), 6.45 (1H, d,J = 16.0 Hz), 7.38-7.39 (3H, m), 7.52—7.53 (2H, M7 (1H, d,J = 16.0
Hz); 13C NMR (125 MHz)6 13.7, 19.2, 30.7, 64.4, 118.3, 128.0, 128.9, 1,3032.4, 144.5,
167.1; MS (EI) miz (%) 204 (1) 35%), 148 (90), 131 (100), 103 (60), 77 (45); HRNEI)

calcd for GaH160, (M™) 204.11503. Found 204.11438.

Butyl (E)-4-bromocinnamate (Table 3-3-2-4, Entry 2¥%

'H NMR (400 MHz)3 0.96 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.69 (2H, m), 4.21 (2H] £ 6.6

Hz), 6.43 (1H, dJ) = 16.2 Hz), 7.38 (2H, d = 8.4), 7.51 (2H, dJ = 8.4), 7.61 (1H, d) = 16.2

Hz); °C NMR (100 MHz)$ 13.7, 19.1, 30.7, 64.5, 119.0, 124.4, 129.4, 13P3B.3, 143.1,
166.8; MS (El) m/z (%) 282 (M 25%), 226 (85), 209 (55), 181 (15), 102 (100);\HR(EI)

calcd for GaH150,Br (M*) 282.02554. Found 282.02494.

Butyl (E)-4-chlorocinnamate (Table 3-3-2-4, Entry 3¥2

'H NMR (400 MHZ)5 0.96 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.68 (2H, m), 4.21 (2H] £ 6.8
Hz), 6.41 (1H, dJ = 16.4 Hz), 7.35 (2H, dl = 8.6 Hz), 7.45 (2H, d] = 8.6 Hz), 7.62 (1H, d]
=16.4 Hz);l3C NMR (100 MHz)6 13.7, 19.2, 30.7, 64.5, 118.9, 129.1, 129.2, 1,3B36.1,
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143.0, 166.8; MS (El) m/z (%) 238 (M25%), 182 (100), 165 (80), 137 (20), 101 (25)(1®);
HRMS (EI) calcd for GH150,Cl (M™) 238.07606. Found 238.07671.

Butyl (E)-4-acetylcinnamate (Table 3-3-2-4, Entry 4; Tabl&-3-2-7, Entry 7)"

H NMR (500 MHz)5 0.97 (3H, tJ = 7.4 Hz), 1.45 (2H, m), 1.70 (2H, m), 2.62 (3},423
(2H, t,J = 6.6 Hz), 6.53 (1H, d] = 16.0 Hz), 7.61 (2H, d} = 8.6 Hz), 7.70 (1H, d] = 16.0 Hz),
7.97 (2H,dJ=8.6 HZ);13C NMR (125 MHz)s 13.7, 19.2, 26.7, 30.7, 64.7, 120.8, 128.1, 128.8,
138.0, 138.8, 143.0, 166.6, 197.3; MS (EI) m/z @&p (M", 35%), 231 (65), 190 (40), 175
(100); HRMS (EI) calcd for GH1s05(M*) 246.12560. Found 246.12630.

Butyl (E)-4-ethoxycarbonylcinnamate (Table 3-3-2-4, Entry 5Table 3-3-2-7, Entry 5)°°

4 NMR (400 MHz)$ 0.97 (3H, t,J = 7.2 Hz), 1.38-1.47 (5H, m), 1.70 (2H, m), 4.2Bi(t, J

= 6.8 Hz), 4.39 (2H, q] = 7.1 Hz), 6.52 (1H, d] = 15.9 Hz), 7.58 (2H, d} = 8.2 Hz), 7.69 (1H,
d,J = 15.9 Hz), 8.03 (2H, d] = 8.2 Hz);"*C NMR (100 MHz)$ 13.7, 14.2, 19.1, 30.7, 61.1,
64.6, 120.6, 127.8, 130.0, 131.6, 138.5, 143.1,9,686.6; MS (El) m/z (%) 276 (M80%),
220 (100), 203 (90), 192 (70), 175 (90), 131 (@2, (40); HRMS (EI) calcd for @HxOs
(M*) 276.13616. Found 276.13672.

Butyl (E)-4-carboxylcinnamate (Table 3-3-2-4, Entry 62

IH NMR (500 MHz)5 0.97 (3H, tJ = 7.3 Hz), 1.45 (2H, m), 1.70 (2H, m), 4.24 (2H] £ 6.9
Hz), 6.55 (1H, dJ = 16.1 Hz), 7.62 (2H, d} = 8.0 Hz), 7.71 (1H, d] = 16.1 Hz), 8.13 (2H, d,
J=8.0 HZ);lSC NMR (125 MHz)6 13.7, 19.2, 30.7, 64.7, 121.1, 128.0, 130.4, 13038.5,
143.0, 166.6, 171.3; MS (El) m/z (%) 248 (\20%), 192 (100), 175 (70), 147 (30), 103 (20):
HRMS (EI) calcd for GH1604(M™) 248.10486. Found 248.10441.

Butyl (E)-4-nitrocinnamate (Table 3-3-2-4, Entry 7; Table 383-2-7, Entry 2)°

'H NMR (500 MHz)$ 0.97 (3H, tJ = 7.4 Hz), 1.46 (2H, m), 1.69 (2H, m), 4.24 (2H] £ 6.8
Hz), 6.57 (1H, dJ = 16.0 Hz), 7.66-7.73 (3H, m), 8.25 (2H,Xs 8.8 Hz);**C NMR (125
MHz) § 13.7, 19.1, 30.7, 64.9, 122.6, 124.1, 128.6, 14146.5, 148.4, 166.1; MS (El) m/z (%)
249 (M, 25%), 194 (60), 176 (100), 130 (30), 102 (50), (56); HRMS (EIl) calcd for
C1sH1sNO, (M) 249.10011. Found 249.10094.

Butyl (E)-3-nitrocinnamate (Table 3-3-2-4, Entry 8J%%

IH NMR (500 MHz)5 0.98 (3H, tJ = 7.4 Hz), 1.45 (2H, m), 1.71 (2H, m), 4.24 (2H] t 6.4
Hz), 6.57 (1H, dJ) = 15.8 Hz), 7.59 (1H, dd} = 8.0, 7.8), 7.71 (1H, d} = 15.8), 7.83 (1H, dJ

= 7.8 Hz), 8.24 (1H, m), 8.39 (1H, nfiC NMR (125 MHz)5 13.8, 19.2, 30.8, 64.9, 121.5,
122.5, 124.5, 130.0, 133.7, 136.3, 141.7, 148.%,36VIS (El) m/z (%) 249 (M 10%), 194
(40), 176 (100), 102 (50); HRMS (EI) calcd for#81sNO, (M*) 249.10011. Found 249.09933.
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Butyl (E)-2-nitrocinnamate (Table 3-3-2-4, Entry 9}°?

'H NMR (500 MHz)3 0.97 (3H, tJ = 7.5 Hz), 1.44 (2H, m), 1.70 (2H, m), 4.24 2H) & 6.9
Hz), 6.37 (1H, dJ = 16.0 Hz), 7.55 (1H, m), 7.64-7.66 (2H, m), 8(0H, d,J = 8.0), 8.11 (1H,
d,J = 16.0 Hz);"*C NMR (125 MHz)3 13.7, 19.2, 30.6, 64.8, 123.3, 124.9, 129.1, 1,3(802.6,
133.5, 139.8, 148.3, 165.8; MS (El) m/z (%) 249 (B%), 176 (70), 147 (80), 130 (100), 120
(70); HRMS (EI) calcd for GH1sNO4(M™) 249.0011. Found 249.10092.

Butyl (E)-4-methoxycinnamate (Table 3-3-2-4, Entry 105

H NMR (500 MH2)5 0.96 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.68 (2H, m), 3.84 (3},420
(2H, 1,J = 6.6 Hz), 6.31 (1H, dJ = 15.8 Hz), 6.90 (2H, d} = 8.6 Hz), 7.48 (2H, dJ = 8.6 H2),
7.64 (1H, d,J = 15.8 HZ);13C NMR (125 MHz)6 13.7, 19.2, 30.8, 55.3, 64.2, 114.3, 115.7,
127.2, 129.7, 144.2, 161.3, 167.4; MS (EI) m/z @8} (M', 70%), 178 (95), 161 (100), 134
(30); HRMS (EJ) caled for GH105(M*) 234.12560. Found 234.12534,

Butyl (E)-4-hydroxycinnamate (Table 3-3-2-4, Entry 11%°
'H NMR (500 MHz)3 0.96 (3H, tJ = 7.4 Hz), 1.43 (2H, m), 1.69 (2H, m), 4.21 2H] & 6.6
Hz), 6.30 (1H, dJ = 16.1 Hz), 6.87 (2H, d} = 8.6 Hz), 7.41 (2H, d] = 8.6 Hz), 7.63 (1H, dJ
= 16.1 Hz);*C NMR (125 MHz)5 13.7, 19.1, 30.7, 64.6, 115.0, 115.9, 126.7, 1,304a.9,
158.3, 168.3; MS (El) m/z (%) 220 (M45%), 164 (100), 147 (100), 119 (20), 91 (15);MHR
(El) calcd for GsH1¢03(M ™) 220.10995. Found 220.10945.

Butyl (E)-4-aminocinnamate (Table 3-3-2-4, Entry 12§°!

IH NMR (500 MH2)5 0.96 (3H, t,J = 7.45 Hz), 1.43 (2H, m), 1.68 (2H, m), 3.96 (2id),b4.18
(2H, d,J = 6.9 Hz), 6.24 (1H, dJ = 15.8 Hz), 6.64 (2H, d] = 8.3 Hz), 7.34 (2H, dJ = 8.3),
7.59 (1H, dJ = 16.0 HZ);lSC NMR (125 MHz)6 13.7, 19.2, 30.8, 64.1, 113.7, 114.8, 124.7,
129.8, 144.8, 148.6, 167.8; MS (EI) m/z (%) 219" (0%), 163 (60), 146 (100), 119 (55):
HRMS (EI) calcd for GH17/NO, (M) 219.12593. Found 219.12624.

Butyl (E)-4-methylcinnamate (Table 3-3-2-4, Entry 13§

'H NMR (400 MHz)5 0.96 (3H, tJ = 7.6 Hz), 1.44 (2H, m), 1.69 (2H, m), 2.37 (3},420
(2H, t,J = 6.8 Hz), 6.40 (1H, d] = 16.3 Hz), 7.19 (2H, dl = 8.3 Hz), 7.42 (2H, d] = 8.3 Hz),
7.66 (1H, dJ = 16.3 Hz);™*C NMR (100 MHz) 13.7, 19.2, 30.8, 64.3, 117.2, 128.0, 129.6,
131.7, 140.6, 144.5, 167.3; MS (El) m/z (%) 218" (M0%), 162 (100), 145 (70), 115 (20);
HRMS (EI) calcd for G4H10,ClI(M™) 218.13068. Found 218.13004.

Butyl (E)-3-methylcinnamate (Table 3-3-2-4, Entry 14¥
'H NMR (500 MHz)$ 0.97 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.68 (2H, m), 2.37 (3},421
(2H, t,J = 6.6 Hz), 6.43 (1H, d) = 16.0 Hz), 7.19 (1H, d) = 7.5 Hz), 7.26-7.29 (1H, m),
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7.32-7.34 (2H, m), 7.65 (1H, d,= 16.0 Hz);**C NMR (125 MHz)5 13.7, 19.2, 21.3, 30.8,
64.4, 118.1, 125.2, 128.7, 128.7, 131.0, 134.4,5,3814.7, 167.2; MS (El) m/z (%) 218 (M
40%), 162 (80), 145 (100), 115 (40); HRMS (EI) cafor Ci4H140,Cl(M*) 218.13068. Found
218.13151.

Butyl (E)-2-methylcinnamate (Table 3-3-2-4, Entry 15§

'H NMR (500 MHz)8 0.97 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.70 (2H, m), 2.44 (3),417
(2H, t,J = 6.6 Hz), 6.36 (1H, d] = 15.8 Hz), 7.19-7.22 (2H, m), 7.27 (1H, dd), 758, d,J =
8.0 Hz), 7.97 (1H, dJ = 15.8 Hz);"*C NMR (125 MHz)5 13.7, 19.2, 19.8, 30.8, 64.4, 119.3,
126.3, 126.4, 130.0, 130.7, 133.4, 137.6, 142.2,216MS (El) m/z (%) 218 (M 30%), 145
(100), 116 (60), 91 (15); HRMS (EI) calcd for8,60,(M*) 218.13068. Found 218.13113.

Butyl (E)-2,6-dimethylcinnamate (Table 3-3-2-4, Entry 17§"

'H NMR (500 MHz)8 0.97 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.70 (2H, m), 2.35 (6}, 422
(2H, t,J = 6.6), 6.07 (1H, dJ = 16.3), 7.06 (2H, dJ = 7.5), 7.13 (1H, m), 7.84 (1H, d,=

16.3); °C NMR (125 MHz)$ 13.8, 19.2, 21.0, 30.7, 64.5, 123.9, 128.2, 13436,6, 143.2,
166.9; MS (El) m/z (%) 232 (M 25%), 159 (100), 130 (70), 115 (30); HRMS (Eljcdafor

C1sH200. (M¥) 232.14633. Found 232.14710.

S— R B LT VHEORIE (Table 3-3-2-5)

g — R~ ¥ (55.8 uL, 500 pmol), 7 /L4 (600 pmol), ~V-n-7F /L7 2 (131
uL, 550 pmol)# £ T8 10% Pd/HP20 (1.1 mg, 1.00 pmol) %, DMA (2 mL)', 7/ =
VEBRT, 100 CTHIG L7z, KISHRIL, Table 3-3-2-4 O— A FNEIZHE VR L
77. Entry 7 IZ2B W CiE, 2 mol%® 10% Pd/HP20 (10.6 mg, 10 pmol) ZffH L Tk
L7z,

Ethyl (E)-cinnamate (Table 3-3-2-5, Entry 2)®!

IH NMR (500 MH2)5 1.32 (3H, tJ = 7.1 Hz), 4.27 (2H, q] = 7.1 Hz), 6.44 (1H, d] = 16.0
Hz), 7.38-7.39 (3H, m), 7.52—7.54 (2H, m), 7.69 (B = 16.0 Hz);**C NMR (125 MHz)5
14.3, 60.5, 118.3, 128.0, 128.9, 130.2, 134.4,6,4467.0; MS (El) m/z (%) 176 (M 40%),
131 (100), 103 (50), 77 (45): HRMS (EI) calcd fakiG;,0, (M) 176.08373. Found 176.08341.

Benzyl E)-cinnamate (Table 3-3-2-5, Entry 3%

'H NMR (500 MHz)$ 5.26 (2H, s), 6.49 (1H, d, = 16.0 Hz), 7.32-7.43 (8H, m), 7.51-7.53
(2H, m), 7.73 (1H, dJ = 16.0 Hz);"*C NMR (125 MHz)5 66.3, 117.8, 128.1, 128.2 128.3,
128.6, 128.9, 130.3, 134.3, 136.0, 145.2, 166.8;(MISm/z (%) 238 (M, 50%), 192(60), 131
(95), 91 (100); HRMS (EI) calcd forigH:40, (M) 238.09938. Found 238.09995.
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(E)-Stilbene (Table 3-3-2-5, Entry 45"

'H NMR (500 MHz)8 7.10 (2H, s), 7.21-7.27 (2H, m), 7.33-7.37 (4H, M$0-7.52 (4H, m),
7.73 (1H, d,J = 16.0 Hz);*C NMR (125 MHz)d 126.5, 127.6, 128.7 (two signals could not
be located because of their overlaps with othemadg), 137.3; MS (El) m/z (%) 180 (M
100%), 165 (25); HRMS (EI) calcd for£E;,(M™) 180.09390. Found 180.09310.

(E)-Cinnamamide (Table 3-3-2-5, Entry 5)"”!

'H NMR (500 MHz)8 5.53 (2H, s, bs), 6.46 (1H, d= 15.5 Hz), 7.39 (3H, m), 7.52 (2H, m),
7.66 (1H, d,J = 15.5 Hz);**C NMR (125 MHz)8 119.3, 127.9, 128.9, 130.0, 134.5, 142.6,
167.6; MS (El) m/z (%) 147 (M 70%), 146 (100), 131 (60), 103 (80), 77 (60); HRNEI)
calcd for GHoNO (M*) 147.06842. Found 147.06911.

(E)-Cinnamonitrile (Table 3-3-2-5, Entry 7)°8!

'H NMR (500 MHz)$ 5.89 (1H, dJ = 16.6 Hz), 7.39-7.47 (6H, m)C NMR (125 MHz)3
96.3, 118.1, 127.3, 129.1, 131.2, 133.5, 150.6; (B3 m/z (%) 129 (M, 100%), 102 (30);
HRMS (EI) calcd for GH;N (M™) 129.05785. Found 129.05764.

Ifp~Tu T VL Tl R E ORIE(Table 3-3-2-6)

3 7{k~7 17 U /(500 pmol) & 7 /L7 > (600 pmol), ~ VU -n-7F/LT 2 (131 ul,,
550 pmol)F L Y 10% Pd/HP20 (10.6 mg, 10.0 pmol) % DMA (2 mL)H, 7 /b = > Z5[H
KT, FTEDIRE TG L, ISiRIZ, Table 3-3-2-4 O — A FIEIZHEVERL L 72,
Entry 1 {22 CiE, 0.2 mol%® 10% Pd/HP20 (1.1 mg, 1.00 pmol) % A\, Entry 7 £
L9z TiE, 7k VU (154 mg, 750 pmol) & A F L > (57.3 uLi, 500 pmol)
BIXOMY)-nn7F 7 2 (238 uL, 1.00 mmol) ZfEH L 7=,

(E)-3-(Pyridin-3-yl)acrylic acid butyl ester (Table 33-2-6, Entry 2)

IH NMR (500 MHz)5 0.97 (3H, tJ = 7.2 Hz), 1.45 (2H, m), 1.70 (2H, m), 4.23 (2H] £ 6.6
Hz), 6.52 (1H, dJ = 16.4 Hz), 7.33 (1H, dd} = 4.4, 7.9 Hz), 7.67 (1H, d,= 16.4 Hz), 7.84
(1H, d,J = 7.9 Hz), 8.60 (1H, dd] = 1.4, 4.4 Hz), 8.75 (1H, d, = 1.4 Hz):*C NMR (125
MHz) 6 13.7, 19.2, 30.7, 64.7, 120.5, 123.7, 130.2, 1,3¥P.8, 149.7, 150.9, 166.4; MS (EI)
miz (%) 205 (M, 20%), 149 (40), 132 (100), 104 (40); HRMS (Eljcdafor CisH1sNO, (M)
205.11028. Found 205.11087.

(E)-3-(Pyridin-4-yl)acrylic acid butyl ester (Table 3-3-2-6, Entry 4)"!

'H NMR (400 MHz)8 0.97 (3H, tJ = 7.4 Hz), 1.44 (2H, m), 1.70 (2H, m), 4.23 (2H] £ 6.6
Hz), 6.60 (1H, dJ = 16.0 Hz), 7.37 (2H, d] = 6.3 Hz), 7.59 (1H, d] = 16.0 Hz), 8.65 (2H, d,
J = 6.3 Hz);*®*C NMR (100 MHz)$ 13.7, 19.1, 30.7, 64.9, 121.8, 122.9, 141.6, 1415D.5,
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166.1; MS (El) m/z (%) 205 (M 15%), 150 (55), 132 (100), 104 (20), 78 (20); HRNEI)
calcd for Go,H1sNO, (M™) 205.1128. Found 205.10997.

(E)-3-(2-Thiophenyl)acrylic acid butyl ester (Table 33-2-6, Entry 5)”

'H NMR (500 MHZz)5 0.96 (3H, tJ = 7.2 Hz), 1.43 (2H, m), 1.68 (2H, m), 4.19 (2H] t 6.6
Hz), 6.24 (1H, dJ = 15.8 Hz), 7.05 (1H, dd,= 3.6, 4.7 Hz), 7.25 (1H, d,= 3.6 Hz), 7.37 (1H,
d,J = 4.7 Hz), 7.78 (1H, d] = 15.8 Hz);"*C NMR (125 MHz)5 13.7, 19.2, 30.8, 64.4, 117.0,
128.0, 128.3, 130.8, 137.0, 139.6, 166.9; MS (EY (%) 210 (M, 40%), 154 (80), 137 (100),
109 (40); HRMS (EI) calcd for §H;40,S(M*) 210.07145. Found 210.07221.

(E)-3-Styrylpyridine (Table 3-3-2-6, Entry 7)

'H NMR (500 MHz)3 7.06 (1H, dJ = 16.6 Hz), 7.16 (1H, d] = 16.6 Hz), 7.26-7.31 (2H, m),
7.38 (2H, ddJ = 7.8, 7.8 Hz), 7.52 (2H, d,= 7.8), 7.82 (1H, dd) = 7.8, 1.4 Hz), 8.49 (1H, d,
J=4.0), 8.72 (1H, s)’°C NMR (125 MHz)§ 123.6, 125.0, 126.8, 128.3 (two signals could not
be located because of their overlaps with othenadg), 128.9, 130.9, 132.7, 133.1, 136.7,
148.6; MS (El) m/z (%) 181 (K 65%), 180 (100), 152 (10); HRMS (EI) calcd forsk::N
(M*) 181.08915. Found 181.08830.

(E)-4-Styrylpyridine (Table 3-3-2-6, Entry 9)"

'H NMR (500 MHz)8 7.02 (1H, dJ = 16.0 Hz), 7.29-7.47 (6H, m), 7.55 (2H,Jds 8.0 Hz),
8.58 (2H, d,J = 5.7 Hz);**C NMR (125 MHz)3 120.8, 126.0, 127.0, 128.7, 128.8, 133.1, 136.1,
144.6, 150.2; MS (El) m/z (%) 181 (M80%), 180 (100), 152 (20); HRMS (EI) calcd for
CisHuN (M) 181.08915. Found 181.08986.

(E)-2-Styrylthiophene (Table 3-3-2-6, Entry 105

'H NMR (500 MHz)$ 6.93 (1H, dJ = 16.0 Hz), 7.00 (1H, dd,= 3.6, 4.9 Hz), 7.07 (1H, d,=
3.6 Hz), 7.18-7.27 (3H, m), 7.34 (2H, dds 7.5, 8.0 Hz), 7.46 (2H, d,= 7.5);'*C NMR (125
MHz) § 121.8, 124.3, 126.0, 126.1, 126.3, 127.6, 1288,7, 136.9, 142.9; MS (El) m/z (%)
186 (M, 100%), 171 (10), 153 (15), 141 (10); HRMS (El)cdafor C;;H1S(M™) 186.05032.
Found 186.04967.

BAbT VL LT 7 UL EET F VO K (Table 3-3-2-7)

EAL7 U /L(500 pmol) & 7 7 U )LEE T F11(85.4 pL, 600 pmol), VU -n-7FNLT I
(131 pL, 550 pmoD)F L O 10% PA/HP20 (26.5 mg, 25.0 pmol) %z DMA (2 mL)¥H, 7
A UFEHAT 140 ‘C TG L7z, Entry 4 Tl TBAB(161 mg, 500 pmol) % Entry5
BILOT7IZHBWTIE TBAI (178 mg, 500 pmol) Z{#H L7-, £7-. Entry 7128\ T
I% 10% Pd/HP20 % 53.0 mg(50.0 mmoDfEf L 7=, Stki%, Tables 3-3-2-4 O—i%i)
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FIEZREVEERLL 7=, IXER1T 1,2-methylenedioxybenzene(10.3 pL, 100 pmol) % PN &
L. 'HNMR Co#rL7-,

10% Pd/HP20 % il & 3 % s 06 O — % £ FIE(Tables 3-3-3-1 and 3-3-3-2)

3 747 Y —/1(500 pmol) & —EHL 7 /L% (600 pmol), 10%Pd/HP20 (2.1 mg, 2.00
pumol)$ X O NasPO4-12H20 (380 mg, 1.00 mmol)Z7k (1 mL)& A Y 7 37 —/L (1
mL)DREGESF . 7o I FFEL TIZ 80 CTRINEIToT-, I LT U —Ln5ms
(CHE SN2 Z &% TLC I THERd Lo, 20 Br< 72, RUSIREME AT
L7 ¢ V4 —Millipore Corporation,Billerica, MA; Millex-LH, 0.45 mm) T4 L
7o AIRICEER T F/L(10 mL) & K10 mL) &N % FHZ 508 L . KHIEEREE =5 1(10
mL X2 [E)THitH LT, &bt 7o AE % fafn k(10 mL) CHed L7z, i) Y
UL TCHR LT, Al L CRUE Tl Liz, lIZ VA SV bra~ 757
4 —@&H] : mhexane/EtOAc) THRL L, B 57z 2 BT L% ALEMITSCIRT — %
EHEE LRIE L7z, Table 15 @ Entry 13 (23 TiZ 3-butyn-1-ol 75.3 uL (1.20 pmol)
BIEEL LTHEA L,

1-[4-(4-Hydroxybut-1-ynyl)phenyl]ethanone (Table 33-3-1, Entry 1)

H NMR (400 MHZ)5 7.85 (d,J = 8.4 Hz, 2H), 7.46 (d] = 8.4 Hz, 2H), 3.84 (m, 2H), 2.72 &,
= 6.4 Hz, 2H), 2.67 (s, 1H), 2.57 (s, 3HIC NMR (100 MHz)$ 197.5, 135.8, 131.7, 128.3,
128.1, 90.3, 81.6, 60.9, 26.5, 23.8; MS (EI) m/? (288 (M, 98), 173 (100), 143 (45), 115
(24).

1-[4-(2-Phenylethynyl)phenyllethanone (Table 3-3-3; Entry 2) "

'H NMR (400 MH2)3 7.90 (d,J = 8.4 Hz, 2H), 7.58 (d] = 8.4 Hz, 2H), 7.55-7.52 (m, 2H),
7.34 (m, 3H), 2.57 (s, 3H’C NMR (100 MHz)5 197.1, 136.1, 131.6, 131.6, 128.7, 128.3,
128.2, 128.0, 122.5, 92.6, 88.6, 26.5 ; MS (EI) (&3 220 (M, 68), 205 (100), 176 (32), 151
(13).

1-{4-[2-(2-Trifluoromethylphenyl)ethynyl]phenyl}eth anone (Table 3-3-3-1, Entry 3¥*

H NMR (400 MHz) 7.95 (d,J = 8.4 Hz, 2H), 7.69 (m, 2H), 7.62 (@= 8.4 Hz, 2H), 7.54 (1]

= 7.6 Hz, 1H), 7.45 (&) = 7.6 Hz, 1H);"*C NMR (100 MHz)5 197.3, 136.6, 133.9, 131.9,
131.8, 131.5, 128.5, 128.3, 127.5, 126.0, 126.@,9,2122.2, 120.9, 93.9, 88.4, 26.6; MS (EIl)
m/z (%) 288 (M, 52), 273 (100), 245 (26), 225 (16).

1-Nitro-4-(phenylethynyl)benzene (Table 3-3-3-1, Bry 4) "4
IH NMR (400 MHz)5 8.22 (d,J = 8.8 Hz, 2H), 7.66 (dJ = 8.8 Hz, 2H), 7.57—7.55 (m, 2H),
7.41-7.37 (m, 3H)}3C NMR (100 MHz)6 147.0, 132.4, 131.8, 130.2, 129.3, 128.5, 123.6,
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122.1, 94.7, 87.5; MS (EI) m/z (%) 223 {M.00), 193 (24), 176 (46), 151 (20).

1-[(4-Nitrophenyl)ethynyl]-2-(trifluoromethyl)benze ne (Table 3-3-3-1, Entry 5§

H NMR (400 MH2)5 8.21 (d,J = 9.2 Hz, 2H), 7.72—7.65 (m, 4H), 7.56 Jt= 7.4 Hz, 2H),
7.48 (t,J = 7.4 Hz, ZH),'BC NMR (100 MHz)s 147.3, 133.9, 132.3, 131.9, 131.6, 129.4, 129.0,
126.0, 124.8, 123.6, 120.2, 92.5, 90.2: MS (EI) (6 291 (M, 100), 261 (16), 245 (28), 225
28).

Diphenylacetylene (Table 3-3-3-1, Entry 6"
'H NMR (400 MHz)8 7.53 (m, 4H), 7.36-7.31 (m, 5HYC NMR (100 MHz)5 131.6, 128.3,
128.2, 123.2, 89.3; MS (El) m/z (%) 178 {M.00).

1-(Phenylethynyl)-2-(trifluoromethyl)benzene (Table3-3-3-1, Entry 7)™

'H NMR (400 MHz)5 7.67-7.63 (m, 2H), 7.56-7.54 (m, 2H), 7.47 Xt= 7.8 Hz, 1H),
7.38-7.33 (m, 4H): MS (EIl) m/z (%) 246 {ML00), 225 (14). HRMS (EI) calcd foruEleFs
(M%) 246.06564. Found 246.06649.

1-Methoxy-4-(phenylethynyl)benzene (Table 3-3-3-Entries 8 and 10)"*!

'H NMR (400 MHz)8 7.52—7.46 (m, 4H), 7.33-7.29 (m, 3H), 6.86Jd; 8.4 Hz, 2H), 3.80 (s,
3H); *C NMR (100 MHz)$ 159.5, 133.0, 131.4, 128.3, 127.9, 123.5, 115.3,9 89.3, 88.0;
MS (El) m/z (%) 208 (M, 100), 193 (38), 165 (32).

4-(4-Methoxyphenyl)-3-butyn-1-ol (Table 3-3-3-1, Emy 9) [/

'H NMR (400 MHz)5; 7.34 (d,J = 9.0 Hz, 2H), 6.81 (d] = 9.0 Hz, 2H), 3.81-3.78 (m, 5H),
2.67 (t,J = 6.2 Hz, 2H), 2.02 (brs}*C NMR (100 MHz)5; 159.2, 133.0, 115.4, 113.8, 84.7,
82.2,61.2, 55.2, 23.8; MS (El) m/z (%) 176"(N1), 145 (100), 165 (32).

2-[(4-Methoxyphenyl)ethynyl]-1-trifluoromethylbenzene (Table 3-3-3-1, Entry 115*

'H NMR (400 MHz)3; 7.66—7.61 (m, 2H), 7.49-7.45 (m, 3H), 7.35)( 7.7 Hz, 1H), 6.87 (d,

J = 8.8 Hz, 2H), 3.80 (s, 3H}*C NMR (100 MHz)3; 160.0, 133.4, 133.2, 131.3, 131.0, 128.2,
127.5, 126.8, 126.7, 125.9, 125.8, 125.8, 125.2,312121.9, 114.8, 114.1, 114.0, 95.1, 84.2,
55.2; MS (El) m/z (%) 276 () 100), 233 (23).

4-(3-Methylphenyl)-3-butyn-1-ol (Table 3-3-3-1, Enty 13) ™

'H NMR (400 MHz)§ 7.24 (s, 1H), 7.22 (d = 7.5 Hz, 1H), 7.18 (] = 7.5 Hz, 1H), 7.11 (d]

= 7.5 Hz, 1H), 3.81 (t) = 6.3 Hz, 2H), 2.69 (1) = 6.3 Hz, 2H), 2.32 (s, 3H), 1.87 (br s, 1H);
13C NMR (125 MHz)$ 137.9, 132.3, 128.8, 128.7, 128.1, 123.0, 85.8,82.2, 23.8, 21.2.

3-(Phenylethynyl)pyridine (Table 3-3-3-2, Entry 1)’
4 NMR (400 MHz)$ 8.77 (d,J = 1.6 Hz, 1H), 8.54 (dd} = 4.9, 1.6 Hz, 1H), 7.80 (dd,= 7.9,
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2.0 Hz, 1H), 7.56-7.53 (m, 2H), 7.37-7.35 (m, 3AHR7 (ddd,J = 7.9, 4.9, 0.8 Hz, 1H)*C
NMR (100 MHz)§ 152.1, 148.5, 138.3, 131.6, 128.7, 128.3, 12222,4] 120.4, 92.5, 85.8;
MS (El) m/z (%) 179 (M, 100), 151 (9), 126 (16).

3-[(2-Trifluoromethylphenyl)ethynyl]pyridine (Table 3-3-3-2, Entry 2)I"4

'H NMR (400 MHz)5 8.79 (s, 1H), 8.54 (d} = 4.8, 1H), 7.80 (m, 1H), 7.68-7.65 (m, 2H), 7.51
(t, J= 7.4, 1H), 7.42 (t) = 7.4, Hz, 1H) 7.27 (m, 1H}7C NMR (100 MHz)§ 152.0, 148.9,
138.3, 133.6, 131.6, 131.4, 128.4, 125.8, 122.2,012120.6, 119.7, 91.2, 88.4; MS (El) m/z
(%) 247 (M, 100), 226 (14).

2-(Phenylethynyl)thiophene (Table 3-3-3-2, Entry 3%

'H NMR (400 MHz)$ 7.51-7.49 (m, 2H), 7.32-7.25 (m, 5H), 6.98 (m, ;1¥C NMR (100
MHz) & 131.9, 131.4, 128.4, 128.3, 127.2, 127.1, 1223,9, 93.0, 82.6; MS (El) m/z (%) 184
(M*, 100), 139 (16); HRMS (El) calcd for; 1S (M) 184.03467. Found 184.03524.

2-[(2-Trifluoromethylphenyl)ethynyl]thiophene (Table 3-3-3-2, Entry 4)

'H NMR (400 MHz)$; 7.65 (d,J = 7.8 Hz, 1H), 7.61 (d] = 7.8 Hz, 1H), 7.47 (tJ = 7.8 Hz,
1H), 7.37 (tJ = 7.8 Hz, 1H), 7.32-7.31 (m, 2H), 7.00 (m, 1H); ¥B) m/z (%) 252 (M, 100),
233 (16); HRMS (El) calcd for GH7FS (M") 255.02206. Found 255.02277.

2-[(4-Methoxyphenyl)ethynyl]thiophene (Table 3-3-32, Entry 5)"!

'H NMR (400 MHz)$; 7.44 (d,J = 8.8 Hz, 2H), 7.25-7.23 (m, 2H), 6.98 Jt= 4.4 Hz, 1H),
6.86 (d,J = 8.8 Hz, 2H), 3.80 (s, 3H}*C NMR (100 MHz)3; 159.7, 132.9, 131.4, 127.0, 126.8,
123.6, 114.9, 114.0, 93.0, 81.2, 55.2; MS (El) %) 214 (M, 100), 199 (72), 171 (33);
HRMS (EI) calcd for GH100S (M) 214.04524. Found 214.04484.

K —EHUSICBIT S 10% PA/HP20 OftiE A A b (Table 3-3-4-1)
4-7rET=ra_¥r (950g,47.0 mmol), 7 = =/LAR 1 F£(6.30 g, 51.7 mmol),
10% Pd/HP20 (250 mg, 235 umol), NasPO.-12H20 (62.5 g, 165 mmol) % 7k (95
mL)-PrOH(95 mL)DIRAVESEF . 500 mL ALE Y 7 A a7 /LT FHKR T, E|ET
4 BERIROS Uz, BOSIE Z M1l A#% (No. 5C (1 mm), E£ 60 mm) TAi# L, Fifg=
F/1(300 mL) & 7Kk (300 mL) & il %, FH % 4B S & 72, AKFHIXEERE = F/1(200 mL X 2 [A])
THIH L, &b 7-AHE %2 Atk (100 mL) TH# L, Wil b Y 7 ATk L
%, AL CHEIE Tl Lz, B VX nosaru~ 777 0 —aEAl
n-hexane) THHRI L, 4-= h 7 = =/1(8.64 g, 92%) % 157=, [AIIL 7= fili(244 g,
9%NX, T —F —HEZEN T 12 R L, 2B ORKSICHER Lz, 2EHO
FROISIZEWTIE, B S N 2l &l b ThAREZRA- LZ, T7hbb, 10%
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Pd/HP20 (244 mg, 229 mmol), 4-7 1= X ¥ (9.27 g, 45.8 mmol), 7 ==
LR e HE(6.16 g, 50.4 mmol), NasPO4-12H20 (60.8 g, 160 mmol), 7k (92 mL)35 &
W PrOH (92 mL) &M L 7=,

10% Pd/HP20 (£ O KSR O LRI & O R RFZE L 8122 FIE (Figure 3-3-5-1)
HUe L R D6 1 6 RORBRE ZFWT, I — R ¥ (55.8 ul, 500 pmol) & 7 7 U
NET F VT N (85.4 ulu, 600 pmol), VU -n- 7 F /07 X (181 pli, 550 pmol) 35 &
U 10% PA/HP20 (1.1 mg, 1.00 pmol)Z DMA (2 mL)¥, 225 F 100 ‘C TG L 7=,
TN 154y, 304y, 1 W, 2 BRR. 3 B, 4 B OLRRIRE%, BEA-~y
7 BG O— R FEBR FNA(Table 1IIZHEWNR & AL U7, EElR— /L Chi. A
L 72 IX# % 1,2-methylenedioxybenzene(10.3 pL, 100 pmol) Z A% & L C,1H NMR
THMT Lz, (B)- 1T WREET FAOIEIL, 15 5%, 30 5k, 1 KRefil#, 2 Refil#k, 3
Rpff%. 4 R ©. N2 18%.,  44%. 66%. 80%. 100%33 LY 100% CTd -
77

BUEIRE . 5 AORBREEZHWT, 33— K8 (55.8 ul, 500 pmol) & 7 7 U /LR
TFNT NV (85.4 ul, 600 pmol), VU -nr 7 FLT 2 2 (181 ul, 550 pmol) I LY
10% Pd/HP20 (1.1 mg, 1.00 pmol)%Z DMA (2 mL)¥', 225 F 100 ‘C TR &4T > 7=,
15 5tk b ROBEBRENOKISIRZHENT 5 2 L7 77 A7 7 A "— Afk(Advantec
# GS-25,<1 mm) TAifd L7z, ZNEND A% 100 CITMELL T, Zh 24 15 57,
45 4y, 1.75 §fE], 2.75 e, 3.75 FERIINEA A FelT 7o, SR & 7K (20 mL) & FRfEg =
(20 mLX 8 B) T L, FEfg=F V@2 hile) b U 7 ACTRE L%, AL TR
JETEME L2, (B FWEEEZ TV OINERT, [HEHEL 25806 ERIUFETHREL,
15 73k, 45 434, 1.75 Wefli#% ., 2.75 RFfd%. 3.75 KFf#{% T, Z11E1 30%. 60%.
70%. 70%., 72%CdH -7,

HIEIEEE © 5 RORERE 2 H\ ¢, AREREOFERFIA L [F U FIETITo 720, Kt
BOABIIHEL T DT o7, (BT WEEET F/LVOIERIL, EREL R ERT
FIETRIE L, 16 0%. 45 ofk. 1.75 KefElte. 2.75 Refil#e, 3.75 Fefll#% T, =2
I 40%. 56%. 72%. 76%. 82% Th o7,

Pd ¥ S 2 WE OfEsE 325k (Table 3-3-5-1)

Entry 1: 10% Pd/HP20 (1.1 mg, 1.00 pmol)Z DMA(2 mL) #, ZEX T 100 ‘CT 4 K
MG L. RONREGBHIT D L 77 A7 7 A R—Afk(Advantec B GS-25, <1
mm) TAE L7, HEESN-AKICT— R (55.8 ul, 500 pmol), 7 27 U LEE~
F1(85.4 uL, 600 pumo) B LR Y -7 F 07 2 > (131 uL, 550 umoD) Z M %, 225X
T 100 CIZTE HIZ 4 ReEMNBVLER U 7o, RONIRIZ, EEAR-~> 7 R O — i) 55
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FlE(Table 11) TR 2TV, Filig—F /L COfHE, i L. IRz
1,2-methylenedioxybenzene(10.3 pL, 100 pmol) ZN4Z & LT, 'H NMR T/#r L 7=,
(Bl VREET F A OIEIE, 0% Th o7,

Entry 2: 10% Pd/HP20 (1.1 mg, 1.00 pmol) L (V= — K< - (55.8 uL, 500 pmol)
Z DMA(2 mL) 1, ZE5F 100 ‘CT 4 BIE LTz, BISKREGBHEITHZ L 77
A7 7 A N—5Hk(Advantec Bl GS-25, <l mm) TAHm L., wEISNZAKRICT 7 VL
B4~ F/1(85.4 uL, 600 pmol)3B LNk U -7 F A7 3> (131 ul, 550 pmol) &N 2.
225 F 100 CITTE B2 4 BERINBVLEL 72, SOSHIE. Entry 1 & RAEOLEE 21T
VY, IV % 1,2-methylenedioxybenzene(10.3 pL, 100 pmol) # NAZ & LT, 'H NMR T
ST LIZE Z A (BFIFTWERET FAOIERIL 0% Th -7z,

Entry 3: 10% Pd/HP20 (1.1 mg, 1.00 umol) & 7 7 U /L7 F/1(85.4 uL, 600 pmol) &
DMA(2 mL) #, ZEX FIZT 100 ‘CT 4 RfIn Lz, RINREGHEIT 2 L7 7
F A7 7 A N—A fk(Advantec B GS-25, <1 mm) TAB L=, LEIESN-AIKIZ T —
R ¥ (55.8 uli, 500 pmo) B LN R U -nr 7 F /L7 2 > (131 pl, 550 pmol) Z 1 %,
222 TF 100 CITTE BT 4 BERPMBVLEE L 72, RJSHRIE, Entry 1 & REEOLFR 21T

. % % 1,2-methylenedioxybenzene(10.3 nL, 100 pmol) Z NiZ & LT, 'HNMR T
SHTLTZ&EZ A (BFTOWEEETZ FLOILEIT 0% Th - 72,

Entry 4: 10% Pd/HP20 (1.1 mg, 1.00 pmol) & + UV -n-7F /L7 X > (131 pL, 550 pmol)
Z DMAQ mL) #1, ZEK FIZT 100 CT 4 BIEIH L1z, KISREGHITH 2 L7e<
75 AT 7 A X—5Hk(Advantec B GS-25, <1l mm) TAilmL7-, GEISH-AIKRICH
— R_E (55.8 pL, 500pmol)F XL N7 7 U Vg~ F /1(85.4ulLl, 600 pmol) % il 2.
Z25 T 100 ‘CIZTE BT 4 FFRIMBVLE L 7=, KISEIE, Entry 1 & RO AT
VY, X % 1,2-methylenedioxybenzene(10.3 pL, 100 pmol) Z NiZ & LT, 'H NMR T
ST LIZE Z A (BFFTWEEET FAOIERIL 0% Th -7z,
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TR BT % IR

EEThHRXy Y=, HEHEE= MY VTREHMETE BlE L7 ¢ v 2k
), TAhr= MV VTHEFEE DAL, BT 5 2 &R EH L, GCEREDEE
ICHEE B L L CHER LR DA T I, ORVUALT IV, PURVIALT I v,
RUFNLNT I, VRUTFAT IV, RUANRCTFAT I T, FepiEETE BE+L>
AV AFEMEE) DDA L-REZ T R HEH LR,

Table 4-1-1-1- B4 % £

100 mLA T > L ABEE|Z N = kU J(4.12 g, 40 mmol), (& & RBHRE T
0.2 mmol)x FEIE(50 mL)Ax AL, EZE—KFEUEA 3R R L TRNZ KB ICER L
72, J/KFE 0.15 MPa 50 ‘CC 3WFfEIE L, il % Aid L7=1% ., KISHKIZ= ke~
BraWiEe LT, HA7n~ 777 4 — (WEERIERF GC-2010 (FID 14)&))
TRV = I, RUOUALT I, ORVUALT IV, NIRVUILTIVEER
L7z,

Table 4-1-1-2 (Entries 1,2,3R X O3 2 FEx

100 mLA T > L AR IS, HER= kU /1 (3.32 g, 40 mmol) (& BHRE T
0.2 mmol)x FEIE(50 mL)Ax AL, EZE—KFEEA 3EIME D R L TRNZ KB ICELR L
7z, J/KFEE 0.15 MPa 50 ‘CC 3WFfEIE L, il % Aid L7=1% ., KISHKIZ= ke~
BraWiEe LT, HA7n~ 7774 — (WEERIERF GC-2010 (FID f4)&))
T, HHEB=FI L, R_XUFAT I, VN FAT I, NINUFAT I VEER
L7z,

Table 4-1-1-2 (Entries 56 & O'8)(Z B84 % EBk

100 mLA T > L AR IS, HER= kU /1 (3.32 g, 40 mmol) (& BHRE T
0.2 mmol)= FEIE(50 mL)Ax AL, BEZE—KFEEA 3RV R L TRINZ KB ICER L
7z, /KFEE 0.15 MPa 50 ‘CT 3EFMEUG L, fillfts A3 L7tk SONRIZ pH 23 712
7BHETOC IR BN G, NaOH EkEMMA T, ZD%, 7 anr kL L(50 mL)z N
Z. GHEMHZSBE- BN LT, = hr_XUPraWiEE LT, HRAZavw 57 1 —
(R EpT®Rd GC-2010 (FID f1)8)) T, &HEE, <o FALT Iy, IVXUFALT
Sy, NURUCTFATIVEEELE,

Table 4-1-25 X O’Table 4-1-3-12B8 4 % FEB
100 mLAT > L AREMFIZ, HERE= ~ VY 1(3.32 g, 40 mmol) flit(Pd#5 < 0.2
mmol)}s L OVAEE(50 mL)&E AdL, BEZE— /KB MG A 3E#E VIR L TR A KFRITERBR L
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7z, /KFEJE 0.15 MPa 50 ‘CC 3MfIAIS L, iz Aif L7-%., UG %E 0 °C 12
HRNG, pHB 71275 £ T, NaOH EokZEMx 7=, Dk, 7 va kL2050 mL)T
HH L. B BN L7, = ha_oPra2RNiEL LT, HRZav NI 57 ¢ —

(R EpT®Rd GC-2010 (FID f1)8)) T, &HHEE, < FALT Iy, IVXUFALT
Sy, NURUCTFATIVEEELE,

Table 4-1-3-22 B4 % £

100 mLAT > L AREHFIC, HERE= K~V /1(3.32 g, 40 mmol) flit(Pd#5 < 0.2
mmol & %\ ME 0.4 mmol)s L OVARE(50 mL)x AdL, BEZE—/KFE G4 3E#EVIEL T
FNEKFICER L=, KFEIE 0.15 MPa 50 ‘C T 3G L, iz Hih L7,
ISR %2 O °C IR BN B, pHBS 712725 ETNaOH Lok E M A T-, £Dik, 7 vnm
AR AGO mL)THIH L, AEEZOBEL-, =08 2RNEL LT, A7
~ N9 7 40— (EEREFR GC-2010 (FID £H/&)) T, HElE, S~ FL7 I,
VRUOFANT I, NIXRCTFAT IV EERELL,

Table 4-1-4ZF89 % F5k
50 mL A7 v L AREEIC, T H =k U /(76.6 mg, 0.500 mmob 25% Pd-5%

Au/Al,03 (21.3 mg, Pdf% T 50 umol, 10 mol%)s L OEERZ(1 mL)% At(entry 8: iz
2mL . entry 10: FEFRfE 72 L), FrE D/KFEFE(0.1, 0.2, 0.4, or 0.8 MP@) T, =& T
6 BRI LTz, iz 27 Lo 7 0 v 2 —(0.45um)Z W T A L, fillflits 7 oo
BIVAG x 2 mLYCHE Lz, Eiaabtsz nufRL ARREERE L, 5E2
7 a2V (10 mL) & fiafn NaHCO ZKIRiI (10 mL)Z Nz, AR 2 08k L 7=, AKMIE2
7 e AL A (L0 mL x 2 [Bl) THiH - YL, A & Ao, MgSO &Il 2 ik, e
LTz, BNz E *H B LU PC NMRICTHEE L7, HEBLOEC NMR 2~
UL . HAET-#REL AL-400 (400 MHz for'H NMR, 100 MHz for*C NMR)THUE L
72o "H NMR Tix TMS % NEBIEHEYE (Oppm)E L. °C NMR Tl CDCl; (77.0 ppm) %
L L=,

1-Decanamin€® 'H NMR (400 MHz, CDCJ) & 2.68 (2H, t,J = 6.2 Hz), 1.44 (2H, m),
1.28-1.26 (18H, m), 0.88 (3H,3,= 7.0 Hz);"*C NMR (100 MHz, CDG)) § 42.2, 33.8, 31.8,
29.6, 29.5, 29.5, 29.3, 26.8, 22.6, 14.0; MS (&b (%) 156 [(M—HY), 4], 55 (100). ThéH and
*C NMR spectra were identical with those in literatt”

Table 4-1-5 (Entry 2Y B3 % 526k
50 mL A7 > L ABREMEIZ, 7 a~FH =k U/ (0.500 mmoly 25% Pd-5%
AU/Al,05 (21.3 mg, Pdfi% T 50 umol, 10 mol%) EEfE(2 mL)Z Atv, /K3FE/E 0.8 MPa =
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IBIC T 6 BEMBUSR Lz, filffta 2 7 L7 4 )L Z—(0.45um) TAHiE L, fillfita 7 oo
VLG x 2 mLTHE L7-, EiRaabiizs ookl ARIEEZBIEEFE L, HEY
=1 AL A (10 mL) (AR L, B3R NaHCO /KA #R (10 mL)Z I . AHEME 2 43 BfE L 72,
AKX 7 e AR/l A(20mL x 2 [B)THIM - Peid L, AR & &, MgSO, & hnZ it
KU, BTS2 L ICk W RISERMZBTZ, 2nbZ2 HBX O PCNMRICTHEL
7o LRBLO 2T IVOREME L THRELATEY, AR 69%T, E/V
12 982 TH 72, 'HEB L BPC NMR 227 Fuid | HAE T#HH AL-400 (400 MHz
for 'H NMR, 100 MHz for*®C NMR) CH#% L, 'H NMR Tli% TMS % PNEZ 42 (Oppm)
& L. C NMR Tl CDCl; (77.0 ppm¥ =L L7-,

Cyclohexylmethylamine (2c}/ 69% as a mixture with bis(cyclohexylmethyl)aminettie ratio

of 98 : 2."H NMR (500 MHz, CDC})  2.51 (2H, d,J = 6.0 Hz), 1.75-1.65 (5H, m), 1.31-1.11 (6H,
m), 0.88 (2H, m)**C NMR (125 MHz, CDGJ) 5 48.9, 41.3, 30.7, 26.6, 26.0; MS (El) m/z (%) 113
(M*, 44), 67 (100).

Table 4-1-5 (Entry 3Y B3 2% F5k

EEEL TR U= kU (0.500 mmolkffi A L., S|IRIZ T 1 KRG L7 LIAME,
Entry 2 &[RIERICEUGE K ORLEZITW, /ONTIcWZ T U B F VD a—
T AT L (BHEE : BT - A% ) =)L), 4-T ==X T I D
IR IL 98% T H - 7=,

4-Phenylbenzylamine (2d§” 98%.'H NMR (500 MHz, CDCJ) § 1.67 (2H, br s), 3.92 (2H, s),
7.34 (1H, t,J = 8.0 MHz), 7.39 (2H, dJ = 8.0 Hz), 7.58 (2H, dd] = 8.0, 8.0 Hz), 7.56—7.60 (4H,
m); *C NMR (125 MHz, CDCJ) 6 46.1, 127.0, 127.2, 127.3, 127.5, 128.7, 139.8,9,4142.3; MS
(E1) m/z (%) 183 (M, 45), 182 (100).

Table 4-1-5 (Entry 4Y B3 % F5k

FEELTL4AMF Y= kU (0.500 mmolg i L, 50 ‘CizT 1 EEKG %
L72LISNE, Entry 3 ERIFORIGE KOBRAE LTV, HFonlISWwaE T U a7
DY a— "7 LATHEMLULE (BB . BT > A% ) —)V), 4-A FF
PILT I DIERIT 64% T H o 72,
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4-Methoxybenzylamine (264 64%.'H NMR (500 MHz, CDC}) § 2.50 (2H, br s), 3.81-3.81 (5H,
m), 6.87 (2H, dJ = 7.0 Hz), 7.23 (2H, d] = 7.0 Hz);**C NMR (125 MHz, CDCJ) § 45.6, 55.3,
113.9, 128.4, 134.7, 158.6; MS (El) m/z (%) 137 (¥B), 136 (100).

Table 4-1-6,2F84 % EB

50mL A7 v L AREE I, T = b U /(383 mg, 2.50 mmol) 25% Pd-5% Au/AJO;
(107 mg, Pd#% T 250umol, 10 mol%)s L O'WERZ(10 mLyx AL, /K3EJE 0.8 MPa =&
2T 6 Rl LTz, filiiiia A 7 L7 4 L2 —(0.45um) T A L, il % 7 v w7k
JL (10 mLX 3 [Bl) THEHF L7z, € O%BIERAE L, FE 7 v 2 as/L A(20 mL) IZEAEL .
filF NaHC O /KIS (50 mL)Z N 2., AHHE 2 B L 7=, AKFIZZ v a3 /0 A (50 mLX 2
[B]) THEHS - YEvE LA & b, MgSO, #MxliAKL., BT 52L& TL-T AT
IVETNTIUNT I VN 96 ADHRETHEONT (HAERY 406 mg; 15 T I
376 mg (=R 96%)), [EIN L 7= il Z980E T IZ#z8 L 95.5 mga 1572 (U= 89%), 2
Bl EH ORIG5> = kY /(307 mg, 2.00 mmol: 25% Pd-5% Au/AO; (85.2 mg, Pd
#15C 200pmol, 10 mol%y VT, 1[EH & FRICKIS 2TV L7 7 I v & vn-
TUNNT UM 964D LETH L (AR 300 mg; 157 7> 7 X 278 mgli
88%)), [HI L 7= Ml JI8E T ICHEHE: L 69.2 mgZ 157 (IR 81%), 3 [H A DI,
T H = kY /1(230 mg, 1.50 mmol 25% Pd-5% Au/AIO; (63.9 mg, Pdf% T 150umol,
10 mol%)ye AV T, 1, 2[A A & BRI Z TV, 1-FTh o7 I ednTF T Iy
2N 89: 11 DR TE SN - (AR 218 mg; 1574 > 7 2 o 173 mgl =R 73%)), [FIIX L
7o il XIRE TS HLE: L 59.7 mgZ 15 7= (|0 R 93%),

A B IARHED T 51k

Table 4-1-40 Entry 8 DAEIZ T, T2 = b U /L(0.500 mmolg £tk F(k L. i
B A XA T L7 4 L H —(0.45um)E VT A L, iz 7 oo dr A@2mL X
5 ) THEF LI, AREEFREZADLDECHEL, BONEEE 7 o kLA
(100mL )& 7K (100mL YCHIH L, 7 m /L AFE LKA 3B LT, F I E %
Liztk, MHEE LR CAE L, TR EKEEMEZMZ T, I 5IC Telwik %Nz Pd
& AU ZZNELPA-Te Au-Te & LCHEEL7-, Pd-Ted Au-TeldA L, EKTHE
filg U CHz)g LT, FEEHERR & /D B ORHER TR L . Thermo Fisher Scientifigh# ICP-OES
iICAP6500(Z T Pd AUDIREZHIE L., E& LT,

- 113 -



FVUB S " HiIZ B9 % EER

A Z VR BRI E

NIV LAREET, =X A — T2rh¥yy NHOBETH~A 70 Ty T -~
H BEL-METAL-3 % i\ 7= COWLERRBRIC L 0 HIE L7z, flfit% 40 Clo TkFE/—
VB AEAT o T, |IR T CONNVAZ 2 | iz g Sz COZHE L, T
VU LREMIT.CON/RT VY AFKME THRE L TERALL TV 5H(COPAE/NE=1:2)E K
EL, COREFEENLHEM L,

A X AR Elr I E

MR X BREFTEIX, =X - 4 — FAX¥ > MEOAFT 5 PANalyticallh$l X'Pert
PRO-MPDZ AW TCTHIE Z1T o7z, PAdB LU Pd-AuBL DR SiE, 20 =828 D
Pd(311)> &°— 7 }-fEligE )~ 5 Scherrestia W CRIE L 7=,

EXAFS (Extended X-ray Absorption Fine Structur@)i&
Pd K-edgek LT Au L-edge® X UL A ~27 RV ORIEIL, FeEEIZH 5 SPring-8
(N ENE NS ECR P e 2 —) WO SiBLLE/ /e A—F—%FT5HE
— AT A BL14B2 |2 CHEM L7z GREEF S 2010B1774) 7 — 2 fi#trid. #RY U7 @
it 7 k7 =7 REX2000 (ver. 2.5.9Y% W TV B R (CN) & R RIEEEE (R,
PAERB L CAUEEZ L 77 L AL LTHELNIENRNTA—F—2HWTI—T7 7 4 v T
4 TTHIEICEVET,

I & E

BEOWEIX, =X - A— T2r¥yry NOFGT LA 70T v 7 « ~L(HE
BELCAT i X O'BELMass% HV T, NH; —TPD (Temperature Programmed Desorption
ZHIE LT, i, ~U 7 AT, 500 CIZCRILEE 21T - 7= IC=IRICE L, 100 C
\ZC 2.5% viv NH/He |2l L . D% . He /X—2 L7-#% 12 . He ¢ 800 °C £ T 10 °C/min
THIR L, WEET 2 NH; B2 E& LT,
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