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AR ERIZB W T HO LAY Z EE IR (L0, ALER), SRS A)
IG5 2 EIIROEERED 1 OTHY, ZNOEERTIHEDICEZEIE
728 LDWRSOREE, OB A SN T&E e, ZoZ LTz, fEix 177V
— IR —] R RY HLHEREROATEN] 72 &, Rkt rTRER A%
TEBSIEOBRFICKT HRLAEE - TEBY, AMERKRE T DBE0 RIS GM
SFEHAT AR, FIEFOHFFHEREICLERMITOND L9 T
T B

—RHNC VDWW D 7 T A G E L TCORS A BROS IT A RSIRBE A
TATOND, ZAUTHW D RIECFUEHEE 23 U LITKIZEE & 2 WIS E R
O ThbH, LUikbHERAES T ABRSONTTR A DEROHFTEZ > TW
DEMEFHIROETH Y | £ ZIITAERABRBE-CEIR, mES Voo L
BOSSAIIAFIE LV, Fox DIROD KERSY % 53D 5 K & BUSAR & 3 % fied T
A7 5 T CROSIFEIT L TV D, b HITICH D K] T CTHME Y T2
JISERB 0D Z LI, BAETEREICE LWHRROILY 7 v XDFEBIZOk
MWD ERMFFEND,

KPP THER Y TR E B 272 012H7=0 | [ E 72D OIXE#KS 755 Tl
ThHodD K LIRUDEDRNIETHD, & ZANKERTDE D BIKME
&L MEIRLT DG D BRSO T 2 iR oM E 2Kk 5 & Ao
TIXEDBARMED ZIZH GBI KMEMICEE D LW Rk Z R o TV 5, A
TR ZRET CT—RATICER T D ZOBRIL, £25 TAXPWARET TH N ICHE
EDLRRTFITE TS Z D TRRTE U 2R & FEEI TV 5 (Scheme 1)), Bk
M 2 b Ooms T~ M 7 APIEBe A A EE(RT 5 2 & T, K
BT HEE FEMBUSHAIRE L 72D, TR Tod D AL EE 2K
THKMEEZAETOmO T L L bICH D & AREEIZZOBKMED ZIZH 3
HIZ BRI 2 &2 & O+~ B 7 AL, S 6I2H L0 CO RS T
~ MU 7 ACEEM SN TV BB RS & FOS 2 Z L, LT ERY
~NEBHIND,
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Scheme 1. Organic Synthesis in H>O enabled by ‘Umbrella Effect’.

INFTICSEIEREBREBMBNLHFESNTEY, SEIE0H
SV EMEOE AR ST E B, - REBSRMEICBWTHOY LTS
&JEFEIZ LT A X V(Pd, Ru, Rh, Pt 72 )3 %< . 2O I3 RN D720 72
FERANZHER DN R s T2 DS EmE T2 2 N THIaND, TDTZDK
SRS T RIS B A DI, A TE D 2 ENEE LWL, AR E Rk
Y. B BB O fie B IR BR< 2 L IXREETH 5, — 7 Tl JE A
Ze BRI AR S 7o A — RARE L f R BB (Al e &) K0 ROSEIK N B
BrET 5 2 LN TE DU, R — RO BN, FEAH O@E S 12520558 0 2
BROTLESFICBNTHHE LW TH D, 728 IXRA T — TR
BRLTEY ., A7 e 22U BET DBROBREREL, HHERFIRZ LB L&
WA E B E BT A Z & TR TR 279 Z LR AlRE & 72D, L
U2 D DAY — SRR & ORISR ER O S O ER U 7o il i 4 @ )3 i
LTLES Z &, HAAMENEN LR WERFHREOLRMNEH 5,



RYZAFL-RY =F L7 ) a— VLB AHE(PS-PEG) I A AL 72 1)
TR AKICH L THR L E 2> TRBY ., KF TOEMALTF REERHAR
U~—f{kE LT INEE, Kl S E2EiE, 72L& 21F NHz, OH,
Cl7e E %9 % PS-PEG B 5% 7] - B SAVUAPLICHI A 4L C = 72, iE4: PS-
PEG MR it & B Al 2 HEF L 7= N S E DI L VB &, S8 F ek
HCOED TEBRBOSICEH SN T,

fEGIX PS-PEG BIEIC/ T U0 AE#HEF L2/ N7 U7 A85(K PS-PEG/Pd-
128, ZnE W e7 VI vm 27 VO E# G & #E L 72 (Scheme 2)16],
T U LK PS-PEG/Pd-1 % PS-PEG-NH: #ffig & 4-(diphenylphosphino)
benzoic acid OAfEAIZ LV PS-PEG BHigHHFF AR A7 4 VB2 AR L, #E<
[PACI(n3-CsHs)]2 & DRISIZ X W S ntz, 7 UV = A7 L OB IEK
HFCHEIT L, KeCOs fF1E T 25 °C &\ O USRI THMDO T U L iEHY) % 86-
100%I =8 T1H7=,

HOOC—<::>—PPM o
PS —O ( ) l NH, EDCI, 'BuOH PS —O ( o l H—C—<C:>}—PPm
(0.2-0.5 mmol/g NH,)
)

cl Q Ph,
——————> PS —0 \O), H—C R
pa- )
Cl
PS-PEG/Pd-1
NuH/K,CO PS-PEG/Pd-1 (1 mol% Pd)
Ph\/\/Ph 2LU3 Ph =~ Ph
+ or \/\(
OAc NuNa H,O, rt, 12 h Nu
Ph._~__Ph Ph._~__Ph Ph._~__Ph Ph._~__Ph Ph__~~__Ph
Me COOEt V\r V\(
Me OEt Me Me NH N3
0 W
O O O O COOEt
98% 86% 100% 98% 89%

Scheme 2. rrAllylic substitution catalyzed by PS-PEG/Pd-1.



F7-. /35T LA PS-PEG/PA-1 13 KKJE T, 25°C I2BUVVT I — Ry
Brob R VR UERISEEE L, BROREERE 96%ILE TH
X 72(Scheme 3)7l, = 51T/ 7 LA PS-PEG/Pd-1 (341812 K > THAIH
ARETH Y, 0 EEALTH BROLZEEFBRZSHINFETHERZ L Z N TE,
1|25 30 [ E TOLZEEBOIEDFENL 7% TH o722 LD b Afilut
OFFAERENZ ENE 25,

PS-PEG/Pd-1 (3 mol% Pd)
| + (6]0) COCH
aqueous alkaline, 25 °C

Reuse fresh 1st 2nd 3rd 4th 5th 1-30th

Yield (%) 96 97 96 99 100 100 ave. 97

Scheme 3. Hydroxycarbinylation of aryl iodide catalyzed by PS-PEG/Pd-1.

F7o. MBUEME PS-PEG HEf /N7 U0 AR EZ HWKHFICEBIT S 7 v 2
v IV T RIGIZOWT S BT S U7 (Scheme 4)8, XZ 7 Agk{K PS-
PEG/Pd-2 |3 PS-PEG-NH2 & (diphenylphosphino)methanol (Ph2PCH20H) % [
i &, RT3 4295 HPPhe & paraformaldehyde (CH20)n Z iR A& L T HH
% PS-PEG fHfF N-anchored 2-aza-1,3-bis(diphenylphosphino)propane ligand
(PS-PEG adppp)!Z[PdCI(n3-CsHs)]2 # il 2. CAAHIS 5, Afihiiti adppp #5523
FL— ML TWD®, 255, K, BUTH L TLETH T, ~u s Ak7
U= 7V —ilhu UBOSK-EHA v 7V TR T 20 LGER PS-
PEG/Pd-2 | X V=il S 4L, 96 il & OMEIAVVE Re M 2 7R LTz,



PS —0 \ O/ NH, PS —0 \ 0/ N
A

PPh,
(0.2-0.5 mmol/g NH,) PS-PEG adppp

S PS-PEG/Pd-2 (2 mol% Pd) R
y-& +  R-B(OH), y-&
Z H,0, K,CO3, 50 °C, 12 h Z

96 examples

Scheme 4. Suzuki-Miyaura cross coupling catalyzed by PS-PEG/Pd-2.

F70. 8T U LK PS-PEG/Pd-1 % N 72K HZ 381 B EAK S b s S
7= (Scheme 5)10, @, BHAS G T NT V0 A L&A s U CRIFRZ AW
HBINDED, RIS TIINR T VU LAOHRTEHIIZEDL Z EDBAIEETH -7, £
2-iodophenol & Kb 7 /L OEEAKIGIZ L D . benzofuranes % 1 B TH Ak
T5Z & bENR SN,

©/Br/' . — PS-PEG/Pd-1 Y
H,0, CsOH
without Cu(l)
Br/l PS-PEG/Pd-1
o = e
OH H,O, CsOH o}

without Cu(l)

Scheme 5. Sonogashira reaction catalyzed by PS-PEG/Pd-1.



RNUTZ7INT IR SEIEREBGBEMELEET D72 00HEKLE L
TR WD TN TV S, FEOE ) v —DO/AGDLEICEI Y BEXT 5ERE
HKa2RY ~—HIRICHAAT Z & TE D, 7o & 21X Scheme 6 12”7 L 5 I
BlKMD poly(N-isopropylacrylamide) (PNIPAM-1)i3 PNIPAM fHEfR 27 ¢
U 77> R(PNIPAM-2, PNIPAM-3) I KX S (IC AW A RE T o 7210, iz Y A K
OB EITHIH TE D Z &R I T,

H2 H Hy H Ha H He 1
HNAO )10 Q/&O )1 2) excess 'ProNH \ HNKO )53 \ /&
O N0 )\ (CH2)3PPh2
v PNIPAM-2
PNIPAM-1

1) HoN(CH,)3PPh, /

— \HN/gO )50\H2N/& )\ ,&
A

2) excess NH3 (CH ) PPh
2)3FFN

PNIPAM-3

Scheme 6. Preparation of poly(acrylamide) supported phosphine ligands.

PNIPAM DOVAEBE~DEFEE X PNIPAM _EO 7 L% LEHAELIZ Ko TR&E <
WA\ H(Scheme 7)1, 7 A7 ¥ /% > PNIPAM-4 & 4+ 7
27 V% 5O PNIPAM-6 [ X202 4 PNIPAM HHEf AR A7 ¢ U o R
PNIPAM-5 5 X TF PNIPAM-7 #HEFIZE G ICEH S L, 7 VA v fEi & AR
BT U C BRIl fig e 2R Lz,



Ha H H HoH H :
K HI}IAO )10 QAO )1 K HI}JAO )10 K HI}IAO 1
(CH2), oN_o (CH2), (CH2)3PPh,
CFls N[ (CF)s
F PNIPAM-4 F PNIPAM-5
Ha H H Ha H H
[ Cc-C \ / CZ-E \ [ c-C \ / Cz—(l-')|
\ HITI/gO /10 QAO )1 \ HI}JAO /10 \ HITIAO 1
CgHa7 o-_N_o CgHaz (CH2)3PPhy
v PNIPAM-7
PNIPAM-6

Scheme 7. Alkyl substituents on PNIPN affect its solubility.

RS C IR E A S R R 2 #1727 IS L, 2 0
AN — R 2 TN T AR RO IZ DWW T U D

# 1 T T PS-PEG HFF&J& 7/ ML OFHAL, 55 2 5 T3 o0 T RraR A
12 & B DR =IO ERIRE) 7 v — K FLAE, 3 B CIREE T Y
U AR OF LWER & LTHEERY T = RERESERWT T LG OB
B, 4 ISR X 5 = b U A OKFIRISIZ oW TR T 5,
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FAEH WBMMER Y ~—HEE T il (ARP-Au) O B %

PIZLL PSR HIETERT R 2 TR Y ~ — Tl LI e T
fibli ARP-Au %A 5% L 72 (Scheme 1),

RYVAF LR F L7 a—nEE\EAET I/ LY (PS-PEG-NH2,
W3 t) & HAUCI4*4H20 %2 X &% ) — VIR C 2 REfi i &8, =— 7 v &0
ATCBEEDIC2RFMBIESE D & RN ~—HEEEHA PS-PEG-NH2-HAuCl4
DRI, SOt % 5 4 ED NaBHs T2 FFfiliE e 35 &, BRIOA
TR BB AR ) v —ICHEF Sz, BEOE—XROMETH S
ARP-Au 313 67z, ICPIEIC LV iiilcEZEN 280 ZHFEEZRDIZE D
A, 0.27 mmol/g TH -7,

/_6\ /j_\ HAUCI*4H,0 /_6\ /j_\
PS — — -
O \ O/, Nl oo o ERO. L 2h PS —0 \ O/, ”2 HAuCl,

(0.29 mmolig NH,) ARP-HAuCI,

NaBH, (5 equiv.)
H,0, rt

AARP ARP: Amphiphilic Resin-Supported Particles
u

0.27 mmol/g Au

Scheme 1. Preparation of ARP-Au
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ARP-Au @ TEM it X 0 &) 2 ki DNAEK S, R ~—D~< ) v 7 &
DOHNZE LT RBE TEAET D 2 & B 5027 » 7= (Figure 1A), F£7-. ki
DY A T 1-11 nm I3 m L TR Y | ZD YT 2.5 £ 1.4 nm 72 - 7= (Figure
1B),

Figure 1. (A) TEM image of ARP-Au, (B) Histogram of the size of gold nanoparticles

(A)

Average size
=25+14nm

7 8 9 10 11 12 13 14 15
size (nm)
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28 BN Y ~ — BT il (ARP-AQ) D BH %

VIR IE TR T K 2 WM AR U ~ — (S RF U728 gE T/ filii
ARP-Ag =& 1% L7= (Scheme 2),

RYAFL-RYxF Lo ) a—LkBEET7 I ) LY (PS-PEG-NH2,
W) & AgPFs & A % 7 — WIRIR C 2 FREfEI UG S/, =— T V&2 INx 7214
S HIZ 2RSS &, R ~—HEHREA PS-PEG-NH2-AgPFe 73453 5
niz, b=k % 5 480 NaBHs T 6 FEiEcd 25 &, HIYDERT / ki
TSR Y ~ —ICHFF S e, KD B — RO TH %5 ARP-Ag 73
HFoivlc, ICPHEIC XV MG EN MO EHELRDTEZ A, 0.26

mmol/g TH -7z,

AgPFg
PS —O ( o} jn NH, ELO. L 2h PS —O ( o} jn Hz—AgPFG

MeOH, rt, 2 h
(0.27 mmol/g NHy) ARP-AgPFg
NaBH,4 (5 equiv.
4 (5 equiv,) ARP: Amphiphilic Resin-Supported Particles
H,O, rt Ag

0.26 mmol/g Ag

Scheme 2. Preparation of ARP-Ag.

16



ARP-Ag ® TEM &t X 0 R/ R+ E S, R ~—D~ kY v 7 A
O LTIRRETHAET D Z L3 L2~ 7= (Figure 2a), 7=, ki1
DY A X F2-10 nm 20 L TEY . TDOFHE)IL 4.0 1.7 nm 72 - 7= (Figure
2b),

(b) 160

140

Avarage size =4.0 £ 1.7 nm

0
123456 7 891011121314151617181920
size / nm

Figure 2. (a) TEM image and (b) histogram for the size distribution of ARP-Ag.
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F 72 ARP-Ag O XPS HIlFEIC LV, Z1E4L Ag 3dsiz & Ag 3asi2 [ZHEERT 5
TODOFHRM R e — 2 53 367.04 eV & 373.02 eV IZEIHI 7=, ARP-Ag T3
1T % Ag 8dsie DAEE T RILF—1T AgeO DZHEEELIL THY (Age0 : 367.3
eV). 0 flioERDOFEA T L F— K DV IKWMETZ~7- (Ag(0) : 368.24 eV), = D7
¥, PS-PEG FICHE STV AT/ <—F ¢ 7 LORLEIE Ag() T %
&iftam o7,

367.04
373.02

Loo cps

362 364 366 368 370 372 374 376 378
Binding Energy / eV

Figure 3. XPS spectra of the Ag 3d region of ARP-Ag.
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5 3 E MBUEMER ) ~ —HERE T il (ARP-Cu) DB ¥

VARSI ETH T/ B2 BN AR U ~ — (CHRR U728 H e -/ fili g
ARP-Cu =&k L7= (Scheme 3),

RYAFL-RYxF Lo ) a—LkBEET I ) LY (PS-PEG-NH2,
W) & CuSOa5H20 % A ¥ /) — /WIEIRHF C 30 i sE5 L, R~
—HEFHIEE(A PS-PEG-NH2-CuSO4 235 b7z, 578k % 5 4 &D
NaBH4 T 2 Ff[fliE 092 &, HIOHE T / ki - BEEER Y ~—IZHEF S
7=, B —XROMEETH D ARP-Cu 235 iz, ICP JIIELS X 0 fiflftic
EENDWOEGHEEERDI-EZ A, 0.24 mmollg TH -7z,

/_6\ /jj CuS0,4+5H,0 /_6\ /j_\
PS —0 \ O/, NH, o PS —0 \ 0/ ”2—0us;o4

(0.29 mmol/g NH5) ARP-CuSO,

NaBH, (5 equiv.)
H,0, rt

@ ARP: Amphiphilic Resin-Supported Particles

0.24 mmol/g Cu

Scheme 3. Preparation of ARP-Cu.
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ARP-Cu ® TEM B LV §iF / ki E S, R ~—D< hJ w7 X
DI LTRETHEET 5 2 & B3 b ) & 72 > 7= (Figure 4A, B), hif- DY
AREEMUTONEREDE 60MnmM 22D RKERBDONE HITHFHEL T
BO, —ETEHRN-T,

(A)

Figure 4. TEM image of ARP-Cu.
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% 4 B PS-PEG #1/l§, ARP-Au, ARP-Ag, ARP-Cu D B 5 &

35T BB R & BB AR U ~ — R R T Al A BARRER & VTSR L
7=(Figure 5), JEEIORY AF L r—RY =F LU HE LT I/ LY (PS-PEG-
NH2)(Z Figure 5A IZ/R T K D ([CHRE OO B — X2 572, R ~—HERSE (A
(PS-PEG-NH2-CuSOQs4)i% Figure 5B IR T L 2 IZHREATH Y . T OFEKEIRE
It L TR B ALz MU AR U ~ —HERR -/ i (ARP-Cu) i B 472 > 72
(Figure 5C), 7" U ~—H£ERE5A(PS-PEG-NH2-AgPFe)iZ Figure 5D |Z77d &
INIR—=V 2B THY, ZOFEKELIET L TH LAV BEENER Y ~—H R
7 filit (ARP-AQ) 1345 (4 72 - 7= (Figure 5E), &V ~ —#HEr 444K (PS-PEG-
NHz-HAuCls)/Z Figure 5F (/R T L 9 128G THY . ZOssKEE T L THED
N TBBAER Y ~ — 4R T/ il (ARP-Au) X .72 5 7= (Figure 5G).,
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(A) (B)

Complex-Cu (Light green) -

PS-PEG-NH; (Light beige)

Figure 5. Microscope images.
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1EDOE&W

ARETIXMHEM: PS-PEG HHEie, 8. #iJ / fitfii(ARP-Au, ARP-Ag, ARP-
Cu)DBRA%E & WtEs 21T > 72, ARP-Au (IZOW T4 R0V ERK &, R
U=—|Z0 LTIREETHEF SN TWD Z ERH LM E /-7, ARP-Ag (2D
WTERT VRIS AL, R~ —IC M LIREETHEF SN TN D Z &R
HeNE o7, XPSHIEIZL Y., PS-PEG LICHEFSNTWDERT /) R—F
74 7 NVORBAEEIE Ag() Th D Eibimo 1 72. ARP-Cu 2 DWW T /R 1234
AL, RY>—IZB LICIREETHEIN TWAL Z LR bhEro70, L
MLUT SR DY A XE—E TR <, 5nm L TFO/NE72 60 & 60 nm &
ZHORERLONEBITHIEL TN,
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General Information

All chemicals were sourced commercially and used as received without
purification, unless otherwise mentioned. Water was deionized with a Millipore
system (Milli-Q grade). ICP analysis was performed on a Leeman Laboratories
Profile plasma spectrometer. Transmission electron microscopy (TEM) analyses
were performed with a JEOL JEM-2100F transmission electron microscope.

Preparation of Gold Nanoparticles Dispersed in Amphiphilic Resin (ARP-
Au)

PS-PEG amino resin (1.7 g, 0.49 mmol; loading value of amino residue: 0.29
mmol/g) was washed by 1M NaOH aq (17 mL x 1), H20 (17 mL x 6), acetone (17
mL x 2) and CH2Cl2 (17 mL x 3), and then it was dried under the vacuum. The
mixture of PS-PEG amino resin and hydrogen tetrachloroaurorate(lll)
tetrahydrate (244 mg, 0.59 mmol) in MeOH was shaken for 2 h, then Et2O (68
mL) was added and shaken for 2h at room temperature. The mixture was filtered,
and complex were washed with Et2O (20 mL x 2) and dried under the vacuum.
The complex and NaBH4 (112 mg, 2.95 mmol) were mixed in H20 (22 mL) for 5
h under N2. The mixture was filtered, and washed with H20 (20 mL x 3) and dried
CH2Cl2 (20 mL x 3). It was dried in vacuo to give the ARP-Au.

Preparation of Silver Nanoparticles Dispersed in Amphiphilic Resin (ARP-
Aqg)

PS-PEG amino resin (1.7 g, 0.46 mmol; loading value of amino residue: 0.27
mmol/g) was washed by 1M NaOH aq (17 mL x 1), H20 (17 mL x 6), acetone (17
mL x 2) and CH2Cl2 (17 mL x 3), and then it was dried under the vacuum. The
mixture of PS-PEG amino resin and silver(l) hexafluorophosphate (0.140 g, 0.55
mmol) in MeOH was shaken for 2 h, then Et20 (68 mL) was added and shaken
for 2h at room temperature. The mixture was filtered, and complex were washed
with Et20 (20 mL x 2) and dried under the vacuum. The complex and NaBH4 (104
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mg, 2.75 mmol) were mixed in H20 (22 mL) for 5 h under N2. The mixture was
filtered, and washed with H20 (20 mL x 3) and dried CH2Clz2 (20 mL x 3). It was
dried in vacuo to give the ARP-Ag.

Preparation of Copper Nanoparticles Dispersed in Amphiphilic Resin (ARP-
Cu)

PS-PEG amino resin (5.0 g, 1.45 mmol; loading value of amino residue: 0.29
mmol/g) was washed by CH2Cl2 (50 mL x 3), and then it was dried under the
vacuum. The mixture of PS-PEG amino resin and copper(ll) sulfate pentahydrate
(434 mg, 1.74 mmol) in MeOH was shaken for 30 min at room temperature. The
mixture was filtered, and complex were washed with EtoO (50 mL x 2) and dried
under the vacuum. The complex (1.0 g, 0.29 mmol) and NaBH4 (50 mM, 32 mL)
were mixed in H20 (270 mL) for 2 h under N2. The solution was removed, and
washed with H20 (60 mL) and MeOH (60 mL x 2). It was dried in vacuo at 37 °C
to give the ARP-Cu.
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1 EHR

HNNR=ACEMERT L, F— B I OE /T Vv a— L u255 LA
AL ARICB W TR bEERRSO—DTH Y | Hx b e - ER L E2 A
TAHRICIASHWLNTWSD, ZTHETHAETHE - HFIBLOHE BT ra
—NENFELLGLOICSE S ERBELCAIDHB SN TEN, L LR
B DT IWVHR = ACEEE DO RIS RBAMFET D56, FFEDT L a—/LdD
RN Z LIIREETH 5, 2N E TICEREIERING., MERIRE &
V= F o FABIRIBGZ TRE S T 5 WA R = VDR THI DR SN TE -,

HRESLEINRE LS &1, WENEROEREZRSHEICREDERE
EDOBERTLT LSO ETHY, REMNZRHDIZ 9-BBN- 'Y ¥ Ra
K[BH(OAc)s]20l % 7= N 7 F COT7 /T B ROiEIE(Scheme 1A),
NaBH4-CeCls-EtOH-HC(OCHs)s % FIV M= 7 L5 b REE(ETF TO 4 b DT
[2edl (Scheme 1B). NaBHa % EtOH/H20 IR AT THW e 27 M AfE T
D kDRl B3 d 4 (Scheme 1C),

(A)
0] o] o]
M K[BH(OAC)] )M
— H — OH
CeHe
(B)
O H OH
CO,CH; 1. CeCl3, EtOH, HC(OCHj3)s CO,CH,
2. NaBH,4
0 3. H;O* 0
H H
C
© O OH
/\)J\/\/\ NaBH, /\)\/\/\
Cl CO,Et Cl CO,Et
EtOH, H,O

Scheme 1. Chemoselective reduction of aldehyde and ketones.
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AL IR AR TC UG & VT ENT B D0 < DD UG D 72 ) D FFE DAL &
B L CREILT OGO Z ETHY LLNIRT LI 7% a B-AREafT koK
FERIE WA STV 5, Scheme 2A (2787 & 912, Diisobutylaluminium
hydride (DIBAL) D 7% FI\ =38 E UG 2 8 2 70 9 & 1,2-58 5500473 5, — 7.
DIBAL (Z Co(acac): # iisN7 % & 1,4-2 L 2MBINA IS T3 5B, Scheme 2B
IZ7~ L7z Leuche ##JCCTiX NaBHs DA DA 1,48 0T 5, Ll
CeCl3*7H20 % RIN$ 25 Z & T NaBHa OFERIE DI S, 1,2-18 70 2 78RN
FL 292 & ANEERR S A7 Rl

(A) 1,2-reduction

DIBAL (2 equiv.)

/\/\/\/Y
A/\/\/Y THF, -78°Ct0 0 °C OH
o 90% yield
1.4-reduction

Co(acac),-DIBAL

/\/\W

THF, -78 °Cto 0 °C 0
96% yield

1,2-reduction OH
NaBH4, CeC|2'7H20 f
9 MeOH, rt
é 97% vyield

1.4-reduction (0]
NaBH, %
MeOH, rt
100% vyield

Scheme 2. Chemoselective hydrogenation of a, B-unsaturated ketones.
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T U FAEIRAIIE &1L, F TV ROSHI E T I L > TR LD ]
REMED & D 2 DOEEBRIKD F )7 &8 INMISE 5 kD Z & Th 5, Scheme 3 IZ
~7 BINAL-H 1% a, B-Rfafnsr b oBD L7 59 =F =)L ko8l Rk
R MIBIRITETHZENTE, HIOX T LT )L 3 — /L% &\ O S AR R =R
THDHERTED,

SoN
o
nC4HQNC5H“ (R)-BINAL-H e T gl"AligR
o THF, -100 °C to -78 °C HO™ 'H OO

91% yield, 99%ee
(R)-BINAL-H

nC4Hg nC4H9

N N O
\H/HCSHﬂ (S)-BINAL-H \)CsHﬁ
o THF, -100 °C to -78 °C H OH O

85% vyield, 90%ee

(S)-BINAL-H

Scheme 3. Enantioselective hydrogenation of a, B-unsaturated ketones.

RIZEFTTEITANL, B RE RN, ALESIRI B L = v F A wIRAE T
Bt @R TITH) 22D TEDRICBWCIEFRITENL T DD, KIS
EimEOBRITCAIZHEHT OMLERH Y, B LT 2B L RRFICKREDFEIE
MR TLE D EWO REDDH D, ITE, H2OBREREIS T 20 E -
TBY, ZUV—2 B RATAFT TN I AR —EMETN 580 AP EGNAT
HDITWBBEL 72 & 2L FWE 2GR T DBRICEEY &2 H S 72, A2 &9
TRIERD DOERZW ST, ARIAE T2 K EOBREAM OV IR %
SN fREEOBERANATRETH D Lo 7= L 9 7, AERSOBREE ISk 5 AR
DI WE LA BIE DB BE A TDOI TV S,
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RIS OEBNRE2RTIRIEL LT oo a ) I —LW0WIHliand s, Zh
1L Trost 512 K > TG S U8 S DBR DR EHN R 2T 2 D ThH 5,
KFBEZTHE L THWDKEBISTT hAzma )/ I =0 bEWRIGD 9
HLO—D2THY ., H<NBEATHIEITIOITE -, 1897 4|2 Sabatier H 73
=y VR L LTe T v I FEDRFC G OKRFE LA FE A LU, Pd,
Ru, Rh, Pt &\ o 7c X 9 il B 2 W T KBRSk % L BIFE ST
X 72, 1990 FIZITHHK 512 K - T BINAP B2 72 HWie B-7 b= AT /LD
FBEICEDHE SNTB, Z OB AT ECEIHSICERRA R T " b
Z. TOIFEIZ XY 2001 ) —~ UL FEEZZEHT HIZE -7 (Scheme 4),

COOH H> COOH PPh,
(R)-BINAP-Ru(OAc), PPh;
MeO MeO O‘

92% yield, 97% ee

(R)-BINAP

Scheme 4. Asymmetric hydrogenation reaction

Hz 2325t ANC W2 KIREOSICEB W T LI LITHE E 72 2 OB EIRETH 5,
— AN KRB IB1T DALEW DO RIENEIT, BREFE D ISP B % 52 1T
ZDﬂ'Eﬂlﬂﬁ>X7)Z30 BREEO K FE N IMEDNEZ LL T IZRT (Scheme 5)[910

0] 0] 0] o 0]

- , , X
oG Aoz > R=—r > A > ~or > > A e > e ey (}R

Easiest to hydrogenate Hardest to hydrogenate

Scheme 5. The rough order of reactivity of functional groups.

30



KRFAEBONZ BT 2 B RE R PRI Lo TRELELA SN D, KFEL
FOSTIAS AV B TWD PAIC IXIRFIZ25:F F OIS ZITH 2 &M T %<
DEREZRICTDHIENTE LN, TORVEICIEIC LV BReLS U4 i
Y5 2 S IIREETH 5, A, TEMEZK T S 72 Pd/(en)X° Pd/Fib & ¥ S
M0, IR NVERA LT bW BEREEZO Z L SRS EITT S
KIRPORNFER S 7=, F7=. Wilkinson it Mz 7 /M- = fr k-7 or ki
T AT LT X FEAZBEIETIC EMEGABRRICE T 22 LN TE S,
S OIZERRER LOKRBICKLE =R L X —E)PNE < BRBESRIN S
NRFECTHDLT N7 R0 FUAFE R TOT VT B REITKIGIZOWT HAEA
7afREEASBHAE SN TR D . Fe 12adl Rylized] Rhl12h] |l12] Aul12 KIZ- F N2 77 L
7T b FOEREEIRMN KRS RHE SN, 2D OB —RAEIIFEFN 72
FMFTERISEITT 5 2 & RmVMEFRIME L FFO L WO RN H D0, —J7
THOGHE T AR D Sr B « BEINAARE —ROZN L HANTORmEE TH D &
WO RABFFLAEDE TS,

fil D NN S N T & 55— RfRBLIC D Y | it B2 R U ~ — Ok
FARICHE - BE(L LI AR — R AR A2 2 & T RIGE OEHRD O il
DR E BT T DR ANERH ZHEO TS, & 2 AR — Rl 2
W BB ARSI, OSSR DRIEIERD ZFaRIC D 2 Enn, B—%
i 2 W8 L D RUSEHERR L > T LEY E WO RIERDH D, ZDORE—
R D RIS FEDOIR S 2 ET 25 EE LT, 7 —RIGHNERZED TV
%o 70 —RURFEISSPE Z DI K @R THLZ L, AINHEY 7R
WEDBREICE LW & SR OFEMREREN TE D72 O FBIMER E 2
LR AR R 2T T TR AT — AT v TR TELZ L o
TR D 7 Z 2 a FOSIZIX 72 WAL &2 2 < Fb i Tun a8, Bk Th 5 A
B)— il A 7 v — SRR 5 & & TSR & il 2 2hR X < gEfih s &
L ENTEDLD, ISR ORIER W\ LM TE L5, 7o —nz v
T & CEREASERIN SN & 2R L 7261 & LL T I3 114 (Scheme 6),
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TIT B ROKBICIZ M E /e R L —|F-AHP208 = 16-20 kcal/mol, 77 b > @
KFAITHEE IR = R F—(F -AH208 = 14 kcal/mol T 18] = x /L F— /)3
NSNS DOERBE A BRINICTKFEILT 2 2 & 1F, 1ERIETITZERRNETH
ST, LWL L 7 —KitE W5 & SR 2 0 KO0 b P
THLIENARRTH LD, WRETEIMA DI ENTE D, fflESIE Scheme 6

29 X 912, 4-acetylbenzaldehyde @ 7 v — kK FLIGE B 272\, T/LT b
ROBNPNT IV a— VR ITLINT- B ESD 2 L 2 ER LT,

OH

H
|:> product WQ)\

Contact time: 22 sec 0
intact

Scheme 6. Chemoselective continuous-flow hydrogenation of aldehydes catalyzed by ARP-

Pt.

)

H
\n/©)‘\ substrate I:>

0]

FHL, INVHA =V EOEHRIE A CE 28BS/ ki % PS-PEG IC[EE
LU ARY)— R 2B L, 7o — RSB T 52 & TN ETERTE
RIS T IR ORBEN TE DO TIIRVWNEELR L, FRICET L.

AR, &Rt 2R 2 BRI L LS LW BV HANREE ZEDTND
FRLFIIREREDRKE WD, il & U CRIH SN2 @i 72 & a8 o H
BEMOTZENTE D, £, ZOMBFEZILIZLIEASAVZ &R E R DT

D, ZNE TIZRWRISZ ATRe & T DAt OBHFICEN D /MR H 5, &JF T
J RLf-fb R A SR AR I B U7 BRAREEE, U A 7 A PERED &
< BRI LA TIEME EIUER BV E WD RN H 5108, 22203 TH He
Z HIWTSBEITCRONZ BN T, PRI R F-RFE HE A FAE T TR =V
DHZIERANE LT D LD TEDHWVERMEZRT Z LARESNLTND
07, [RIREORPVEIL Pt 2 fEH L7 il & 7213 NaBH4-HaNBH3z &\ o7z L 95 72
e NU RREEAMHEH L TRl STV AH083 | 26 OSSR B fil
EEIMMbFEREOLE N NRENSLETH D720, BEMRAMEO WS
THDEILE AR,
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PLFIZRT XD 2 R — RN, 7V U HFETFTC=haik- 717 e R
BIRAICAKFELT D LS S0, SR — R 72 O SOGHE T 1
(R OB BRIANRES THY . £727 baxza ) I—HEOEmWKEEH
WTCRITES N FERE TE DENI-METH 72, Lo L HRIRAYIZIETL T
XHLEEDNRENTHD Z & KISTE T ETICERRIDND Z &8 KR E L
TWEORMD B 5,

(A)
= | X N02 /\@/NHZ
R~ AgNP@CeO, R
Cs,CO3, THF, Hy, 3-12 h
(B) j\ Ag-F;0,@CMC
R”“H H,0, Ha, 100 °C, 24 h R OH

(CMC: carboxymethyl cellulose)

Scheme 7. Ag catalyst for chemoselective hydrogenation.

Z ZTAMIFETIE, DR = VIS Em WG 2 R 82 B GEE R U <~ —I2
HEF L7 — R 2 G AT 5 2 & T BUGS & AR 2 & 7K 2R
BT D LR AL Lic, 70, oMtz 7 0 —OSICEAT 52 & T, &V
BREEFRAMED @ WIS OB 2 BfE L7z, BT v — G728 b TIEOM 7254
HREDOHFIZEL T, ZHETIZRWISH A2 R T RISORFE L BEE L LT,
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28 KFSIRITIIT 5 C=0 M

RURAT VT REAF LU ZETARE E L TOKRFILRUSIZIT 2 il o
C=0 #IRNMEIZ >V THET & 3 Z 72 - 72 (Scheme 8),

Pd/C Zfiiilt & L CTHWEES, ATF L AT F AN B~ E 100%IN#E TEITL S I
7. —HRXUXT LT RFR_RU AT )La—~E 56%INERTBILI N, TF /L
B R UALT N a— VO LY C=O BPEEZFM LIzL 2 A, -28%72 57, Pd/IC
IZC=0#EELEVH C=CHREADFZEILLLT W ERHLNERoT-, PS-PEG #HFF Pt
F721% Pd filf i (ARP-Pt, ARP-Pd) & W 258 6 AF L U DIF I NRU AT LT REY
HIEBEITLEZITRT <, C=0 #IRMEITZNZE1-47%, -60%7->7-, ARP-Pt, ARP-Pd & % (Z
C=0#EEa LV H C=CHREADFHTEIRT LT W EbroTz, —J7, ARP-Au & -
e, AT LU ERVATATE RIZELL bRILE 51T >7-, ARP-Ag, ARP-Cu %
FAWEHAAF L ATRITENT, XURXT T B ROBNRRDLT )L a—) b~ LTt
SNz, C=0 ZRMEILE H12>599%Th V. ARP-Ag, ARP-Cu X C=0 #E & DIF 9 2% C=C
ALY BRBILINST W RO ERoTz, IEEORD -T2 ARP-Ag 25 HINTE
DICIS RO 2R 2o Tz,

H H
©/\ ©AO cat ©)\/H ©)\O,H
H>
hydrogenation (yield%) C=0 selectivity

cat PhCH,CH3 / PhCH,0H (excess%)

Pd/C 100 / 56 -28
ARP-Pt 25/ 9 47
ARP-Pd 72/18 60
ARP-Au <1/<1 NA
ARP-Ag <1/32 >99
ARP-Cu <1712 >99

PhCH,0H (%) - PhCH,CHs (%
C=0 selectivity = 20 (%) 2CHs (%) 400

PhCH,OH (%) + PhCH,CHj3 (%)

Scheme 8. Chemoselective Hydrogenation of Benzaldehyde (vs. styrene).
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% 3 Hi RGOt

Figure 1. Photographs of (a) a catalyst cartridge (¢ = 4 x 70 mm) and (b) the H-Cube Pro

reactor.

OB AR Y ~ —HFR R il (ARP-AQ) 2 1 — b U v ¥ (¢ =4 X
70mm)ICFTEE L, TOfiEr— Y » ¥ (Figure1la) % 1 REFSEZ 70—
V727 % (H-CubePro, ¥ VA F 7+ /77 /wav—tt, Figure1b) M\ T
7 u— KB E TG LTz, ETHDIC, XRUAXT VT e REET VB LE L
THWT, RUPAT I a—~DT7 v —KEWFISIZ BT D Rt 217
-7z (Table 1),

WRELTIYEORBT N U AREFT X X7 T b RAKEK(S0
mM)% HPLC R 7 Z W TS 2.0 mL OFEETY7 o —KHy AT MMIER
L. 40bar O A7 LETF, 50°C 2B W T 7 v — KBVt % Fhi L=, KK
TSI BT B RS ERIR Db~ a2 7 &2 A4 KT 15 B ThoT2, FT-.
Ty AT DS~DKFHT ABANZHOWTE, fHEBOHAEY 20— L& ff
AL, 540 mL T a—FISy AT MMIEAN L, ZOfER, RUXT7 LT
t ROBMEFEIZ 6% TH o7 (entry 1), T DOSRMMGMIGIEEZ 100°C ~& |
AL LICE DR XT LT RO ELERN 35%~&H L L7 (entries 2
and 3), WIS STEIREIOHRE 245y 1.0mL (it =2 % 7 N2 A4 5 29 F)) B
FON0.5mL (filfif =& 7 &2 A & 58 Fp) O TFIZEBWT, 50°C, 75°C,
100 °C TRV AT NVT b RO 7 —KFEEITo72& 2 A (entries 4-9), i
I 100 °C., SUSIATRSIOHEE 0.5 mL/min D&EICB W T, XU X7 L5k K
NERIEE SN, BHINET 5T L a—L7s 83%DHEEIR THE b
Tz, WHEEWRE LT, K—=& /7 —)L (8:2) ODIRATERICIEIN LT X T v

35



TE RERHWESGEICORIND SRR SHETL, X7 b a— L OB
BN 99% ~ L Frﬂj: L7= (entry 10),

WA KRBT KIET 7 0 — 2 AT AEDORRIZ OV TR 21T > 72, X
ISR HGEOEE 1.0 mL/min O, v A7 AJE% 30 bar, 20 bar, 10 bar ~
CEIRTEREDIZON, RUXT T b ROEALROIL T 23R S 7z (entry 11-
13),

FTo. KBS IETHEIEDOFIZHONWT %*ﬁ?ﬂ‘%’i’ﬁo 72, entry 9 DJX
SR CHEZIRINETIC 7 v —KF L Z T2 G B IZB N TH, 70% D~
AT VT & ROEALERN L 547z (entry 14), Na2COs (pr =3.7) X Vg TH
% NaHCO:s (pKb = 7.6)X° pyridine (pKb = 8.8) % /=36, #afb3I1E 59% % &
W 74% To o7z (entries 15 and 16), —J7. Na2COs L V) s Mt 4 7~ 3 EtsN
(pKo = 3.3). NasPOu (pKo = 2.2). DBU (pKob = 2.0). NaOH (pKo = 1.0)% i\ T
KIEEIT-172 8 ZA, WTNOHEIZB W TKIGIE, 100%i5623R CH#E(T L7
(entries 17-20), LA EO#ER X | KREHEMER U ~—FHERT ﬁﬁﬁﬁt%ﬂﬂb\f:
7 v —KFER X, NazCOs £ v & 5y \iﬁﬁ%ﬁ%rfiﬁ% B T2V TR
FSIGERHEITT 2 Z EDRHL N E oz, — @Jiﬁ[‘?*ﬁﬁﬂi@ﬂ:@n%%#
entry10 DEME st & LT, 74T & ROEEwEAMEIC W THET 2 IZ
Tzo ZOREREZRE TR D,
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Table 1. Condition optimization for continuous-flow hydrogenation of benzaldehyde

catalyzed by ARP-Aga
o) ARP-Ag OH

(250 mg, 0.064 mmol Ag)
H T T T T T T H
+ Hp RROERARETRARR08 |

base (1 equiv.), H,O

1a 40 bar, temp 2a
solution flow rate
Entry Base System pressure Temp Solvent flow rate Conv.
(bar) (°C) (mL/min) (%)
1 NazCOs3 40 50 20 6
2 Na2CO3 40 75 2.0 11
3 NazCO3 40 100 2.0 35
4 NazCO3 40 50 1.0 16
5 NazCO3 40 75 1.0 26
6 Na2CO3 40 100 1.0 67
7 Na2CO3 40 50 0.5 57
8 NazCO3 40 75 0.5 65
9 NazCO3 40 100 0.5 100 (83)P
10°¢ NazCO3 40 100 0.5 100 (99)P
11 NazCO3 30 100 1.0 50
12 NazCO3 20 100 1.0 44
13 NazCOs3 10 100 1.0 29
14 - 40 100 0.5 70
15 NaHCO3 40 100 0.5 59
16 pyridine 40 100 0.5 74
17 EtsN 40 100 0.5 100
18 NazPO4 40 100 0.5 100
19 DBU 40 100 0.5 100
20 NaOH 40 100 0.5 100

2 Reaction conditions: 1a (50 mM), base (1.0 equiv.), ARP-Ag (250 mg, 0.064 mmol Ag), 50-100 °C, H,0O, 0.5 mL-2.0 mL/min.
b isolated yield. ¢ H,O-EtOH (80:20)
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548 EEEH O

5 BN B R SREC BV T, ARP-Ag & WX DERER 2 A9 5
VAT T ROT o —IKE ST HOW TG L7 (Scheme 9),
RUBUVBRONTAUZA U3, AFAE 7adedk Zoal Y
INFaAFNE VT KR O HOERKEETHX AT AT R R
1b-1k # iV C 7 B — KB & T2 2 A, B GMHERT A M
HEOGAEIL, 60bar DY AT AEFMHENMLETHST2b DO, RIS X <
AT L, ®IT 2 DT b a— L) 88-99% D HEINR T Lz, *
7o A MIRA ZACEBBIL LSRR X7 LT RO 7 v —KFE
b, BAFCHEIT L, B ET AR DA T L a— L nGmilEcaEbn-, £
7o NUUVIETTIRGE ST KBRS UV A U VAR = VIS TIREES L
7 I EEfGT XU AT AT e RICEALTYH, A7 —/KFBISIZw# ]
ARETHY, BIE T2 DA T a— 3@, miERiicE o ni,
BLIRIRNZ LIZT VT 8 REKRFLZRALF—DERHEV WT h 2R/
LHRUATNTE RefV, wESFTICEWTT v — /KIS & T LT
LA TR OKRFBLEZITHZ LML, TIVT B ROAEDPKFELINT,
7R T L= U REIRICE SN (85%) » £, BUPVEREAT LTIV
TERZELTYH, R7r—KESIZEHARRE ThH o 72,
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ARP-Ag
0.064 mmol Ag)

o) OH
+ H
PN 2 N
. , Na,CO3 (1 equiv.), H,O/EtOH .
1(R'=H) 40 mL/min 100 °C, 0.5 mL/min (58 sec) 2 (R'=H)
3 (R = Me, Ph) 4 (R’ = Me, Ph)

40 bar (system pressure)

©/\OH /©/\OH /©/\OH OH ©\/\OH /©/\OH
MeO Me Me F
Me

2a 99% 2b 96%%¢ 2¢c 87% 2d 87% 2e 87% 2f 99%®
/©/\OH /©/\OH OH ©\/\OH /©/\OH
cl FsC CF; NC
CF;
29 89% 2h 88%® 2i 96%° 2j 99%® 2k 93%"
/©/\OH o) ©/\OH OH @A OH O/\OH
N
o oy .
o
21 70%" 2m 99%¢ 2n 99%?" 20 99%" 2p 96%°f
OH OH
2q 91%°f 2r 91%°f 2s 87%°" 2t 79%°1 2u 99%°f
OH OH OH OH OH OH
4a 35%°9 4b 31%°9 4c 48%°9 4d 99%°9 4e 100%9 4f 0%29

@ Reaction conditions: aldehyde 1 (50 mM), Na,COj3(1 equiv.), ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C, 0.5 mL/min
(contact time: 58 sec), 40 bar of system pressure. The isolated yields were described. © 25 mM. ¢ 60 bar. ¢ 10 mM.
€12.5 mM. 760 bar, 120°C, 0.3 mL/min (contact time 78 sec).. 9 Using three cartridges of ARP-Ag (750 mg, 0.064 mmol Ag).

Scheme 9. Scope of Carbonyls in the Flow hydrogenationa.
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ARP-Ag # WA AR 7 v —KFLIL T AT ME, —HEOEET V78 R
HLIFEERICEA PR CH D, 7 a~FHh LT e Rp, 7 a~rX
YHNSNLTE R1Qq. 37 == asoN g —ur O 7 v —/KE LR, 1
RO — NV o PEEFE LIZT7a—0 T 7 X2 AT, KSEE 120 °C,
AT LJEF] 60 bar, EEHEE 0.3 mL/min (il % 7 % A 578 DS
R CEMLIZE ZA, RIGHTEM L. B ET DR V2 —1(29-2r) 3
91-96% DI ETH LN, ~FYF—n1s, I/ X F—n1t, > rats X
YNV T R R1lu D7 a—KE L, RO T, 3AROME S — KU
Ul a B A A K234 IERAWD I E TGN ESEAESE D Z ENT
. HEOOREMIRE T v a— L 28-2u % g 99%INER TH- 2 7=,

Flo, S — Y o U IARFEHLAEEHT TR, BxOFERS N D
T —KFEFISDEITT 5D, R T Be RN TIIY T ) HAAT
578872/ r3d EBNIEE E LTHWESEA, OB TER L. 100%1IX
THWOT Va—nLEhH 272, WNIMIZATFNVEBION) 704 m 2 F 05
EHTHT7EN 7230 L 3c EHWESE, BMIO T /La—/14b & 4c
DHRREDOINETHE L=, —F . cyclohexanone 3f O L 9 7eflglilEr kv
X, A7 =SV AT HZBNT, KELTDHZLIETE o7,
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ARP-Ag % = 7 b — K FEAC G AT DO 7p 5 HE @ AR DV TR
T 2T, 3EITHRM L {bS SR TIZBW T, KIS E T
LT VWEREIE A AT 2 IE 0 7 1o —KE LG & F i L 7= (Scheme 10),
KREBEENZ L2, AF L bad7u—KEEERM L& 2 A, KISOH
TRHEV ASNT, KFIEKTHDLZTF AT 61X 5% LnELNRn
Sy 72T ®F L Ta®D 7o —KEWKGERIERICAToT2 8 2 A, KE
BEOSTEIT L, AF L BaBL R F AT 60 89%E 10%DILRT
BN, NETAF L ThHhAY 72T EF L 7h D70 —KELK G
BIRoTl&ZA WTHNOGEIZEN TN EFRIZ10%ICH E T, T2,
KU VATV ULV ERERET L7 2= AvTBF L 7Tec D7 r—K
FALRIS TR AT Lie o Te, — AT, AKRFEL= LT —10 S < KFE K
MRS BB ORISR, TAF U >TAAT e R>TAr > b Thb,
L L7e23 5, ARP-Ag # W5 7 o — /KFELSTIE, 2D X 9 7 —fixr7aK
FACBSIZ R D BOSMEDNA & 138 e 0 | AMafiRFE—IRFEHEELO IV
R NVIEOKFIOBELT 2 Z EBRHLNE o T, T2 A7 v —KFLKE
VAT AI=brR_UBr 8, 42010, TV R 12 OKFLGIZ b AT
RETHY ., KEMERH THET =V 9, 732 11, 13 B RIHFRNEKETHDS
Niz, TRFY N 14 ZISHEE L LT7 n—kFLG 2 T 286, AF L
Y EBLOZTARE L 6 D 70%E 10%NETHELNZ, —FH, ARGV
AT LIZBWT, = 2T N0 7 1 —KEISOETIXR 6o T,
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ARP-Ag
(250 mg,

+

Substrate Hy —— —> Hydrogenated Product
(50 mM) 40 mL/min Na,CO3 (1 equiv.), H,O/EtOH
100 °C, 0.5 mL/min (58 sec)
40 bar (system pressure)
Substrate Conv. (%) Products (%) Substrate Conv. (%) Products (%)
Aldehyde Nitro
N NO, NH,
@ o 100 ©/\OH /©/ 100 /©/
2a HO HO 9
1a >99 8 100
Ketone Imine
X, .Ph _Ph
o 35 OH /©/\N 100 /©/\ N
4a 11
3a 35 10 71
Alkyne Azide
©/\ 5 ©/\ g N3 100 @ NH,
6 13
5a 5 12 100
Alkyne Epoxide
Z %
99 ©/\ ©/\ 80 ©/\ ©/\
5a 6 5a 6
7a 89 10 14 70 10
Ph
Ether
= . Ph OEt
10 0 -
O
5b
7b 10 15
SiPry Nitrile
Z N
0 _ 0 _

7c

@ Reaction conditions: substrate (50 mM), Na,CO5(1 equiv.), ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C, H,O:EtOH=70:30,

0.5 mL/min (contact time: 58 sec), 40 bar of system pressure.

Scheme 10. Flow hydrogenation of various functionalities catalyzed by ARP-Ag
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REAFNRFE—IRBREA LD b NR= VRO KB ELT D ARP-Ag @ﬁﬂi
RIS PEDS, Ry FRIZBW T [AEROBE R Z2 R T 0 &2 R 5720
mol%® ARP-Ag 71 ., XU X7 NLVTEe R, TR 7=/ | X%I/:/\ 7=
=ATEFL -T2 -1-Fa B DNy FKRFE A FEH L 72 (Scheme 11),
2 WM DARFALIGEDFER, XU AT VT e K, TR Tz AFLUONR
> FARFAEONT, 7 v —FUSORER & FRERRERPE NN, 7==1T &
FLo 1-72=01-7r B ORISOEITIR, RIS hoT,

<Flow Conditions>

substrate (50 mM)

ARP-Ag (250 mg, 0.064 mmol Ag), Na,CO3 (1 equiv.)
H,O/EtOH, 100 °C, 0.5 mL/min (58 sec)

40 b it , Hy (40 mL/min
Substrate ar (System pressure), H, ( ) Hydrogenated Product

<Batch Conditions>
substrate (500 mM), ARP-Ag (2 mol% Ag)
Na,COj3 (1 equiv.), H,O, 100 °C, H, (40 bar), 2 h

Flow conditions Batch conditions
Substrate Conv. (%) Products (%) Conv. (%) Products (%)

Aldehyde
59 100 ©/\OH >99

2a

cr
@

5a 6a

oo 0 -
Ga

5a

NS
10 Ej/\,ﬂH ©/\/ 0 o
5b 6b
3

@ Flow conditions: substrate (50 mM), Na,CO3(1 equiv.), ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C, H,O:EtOH=50:50,
0.5 mL/min (contact time: 58 sec), H, (40 bar). ? Batch conditions: substrate (500 mM), ARP-Ag (2 mol% Ag), Na,CO5
(1 equiv), H,0, 100 °C, H; (40 bar), 2 h.

(¢} 100

Ketone

44

3a
Alkene

4

Alkyne

]

7a

2

7b

Scheme 11. Activity of ARP-Ag toward aldehyde, ketone, alkene, and alkyne groups under

flow and batch conditionsa.
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TNy FIKFLDOFRERZ B E 2 | BERISSEMEZHETT U, 7 e —5UnS
ERIZBNT S, TAF L ORFBIEISEED T AT v ROKFES & B
SHDHIENTEXLOTERVNEEZXOND, £ T, BE, 70— HD5%
R 21T 2722 & 2 A, 125 mM O OSBRI 2 AV T, v 27 AJE 10 bar
DEMT, RUXT AT e ROTa—KEKERHELETT20IEx L
T, 722 T®F Ly, 1-7x2=)b-1-7 a0 7 n—kFE G2 T
ELHZLEBHLMN ol T2 RURT AT RET7 2= T EBFLUBX
ORAT LT REA-T 2 =)b-1-7 0 B PNITIEET 5 SR 2 W T
Tu—IKF IS EFERm LI ZA  BAHREBY, TVT b ROKFEBUS %5
RN SERE S5 2 TP Lz (Scheme 12),

ARP-Ag
(250 mg, 0.064 mmol Ag)

Substrate + H, Hydrogenated Product
(12.5 mM) 40 mL/min Na,COj3 (1 equiv.), H,O/EtOH
100 °C, 0.5 mL/min (58 sec)
10 bar (system pressure)
Substrate Conv. (%) Products (%)
©Ao 100 ©/\OH
2a
1a 100
=
- SNeh
5a 6
7a 1 1
Z N
1 ©/\P~“
5b
7b 1
=
~o 50 +14 OH N
+ (max 50 + 50)
2a 5a 6a
1a 7a 50 13 1
N //
©/\O 50 +0 ©/\OH
+ (max 50 + 50) 22
1a 7b 50

@ Reaction conditions: substrate (12.5 mM), Na,CO3(1 equiv.), ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C,
H,0:EtOH=50:50, 0.5 mL/min (contact time: 58 sec), H, (40 bar).

Scheme 12. Flow hydrogenation of various functionalities catalyzed by ARP-Ag at 10 bara.
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ZORRERE X, SFRICAROMRFA KRB EEAHT D7 /VT B RO
WH) 7 n—kFELEIT-o72& 25 (Scheme 13), 10 bar @ 7 1 — /K EL RS
H:(conditions A)IZEBWT, 4-=F = L_XU X7 LT RBIO1-(4-HLI L7
T=W)A-T D07 —KEKEEFEmLIZE A, BRET LD
T3 —Vin 38% B LT BNINRTHELNIZ, PV AYTue v VAT ®F
LA LT 4 v RTDHFRT VT B ROBILKIGIZEWT, 40 bar O~
1 — 7k FEAV St (conditions Bl W T &, EHILTH 2 RafRE—RHE
FEAOKBALRISTETE T, 7T & ROBNKEL SN ERM D BT 72
WRTHE2 N, F7-. NIA Yo A UATEFLUE2HETATERNY
=/ LTS, TEF LU OKRFEMEZEITSET . 7 M roBBKELE N
A E PREOINETHONLSZ L2 /M L, 20L& ) RStz Rd
KFBALSIE DN i T & D AEROSRIL, ZAVE TIHD 72 < ARBFE TS LT
ARP-Ag I%, R —FRKIETT7 v —ISIC b TE 2410 TOMERTH 5,
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Substrate + Hy —> —> Hydrogenated Product
40 mL/min Na,COj3 (1 equiv.), H,O/EtOH
100 °C, 0.5 mL/min (58 sec), H,
Substrate Products (%)
Condition A
X0 OH OH
Z = 2 X 2
u u’
Z 1u Z 38 54
o0 OH
z z 7
1v
Condition B

_ X0 para:1x®
— U _ meta: 1y°
ortho: 12°

PrySi

Condition C 9

X

iPr;Si 3g

2w 80
O OH para: 2x 91
PrsSi— _ meta: 2y 86

ortho: 2z 92
OH
Pz
PPraSi 49

57

Condition A: substrate (12.5 mM), Na,CO3(1 equiv.), ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C, H,O:EtOH=50:50,
0.5 mL/min (contact time: 58 sec), H, (10 bar). Condition B: ARP-Ag(250 mg, 0.064 mmol Ag), 100 °C, 0.5 mL/min
(contact time: 58 sec), H, (40 bar). @ substrate (25 mM), H,O:EtOH=60:40. b substrate (12.5 mM), H,O:EtOH=40:60.
Condition C: substrate (12.5 mM), Na,CO3(1 equiv.), ARP-Ag(750 mg, 0.064 mmol Ag), 100 °C, H,0:'BuOH=70:30,

0.5 mL/min (contact time: 58 sec), H, (40 bar).

Scheme 13. Chemoselective Hydrogenation of Carbonyls.
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% 5 fi REFMEERE Y v —Kk

ARP-Ag D H 72 5 EMMZRT R  ARUAT LT B ROKKRF#ER 7 =7 — X
Jis % FEHE LTz 2-8 Hi DR {b IR TG O NSO T [N X T AT e F1a
(50 mM), Na2COs (50 mM), H20, 100 °C, A7 AJE 40 bar, FE AR SGH
F£ 0.5 mL/min (filifii= > &% 7 % A L: 10 sec), fllEr— VU v 21 & (ARP-
Ag: 250 mg, 0.30 mmol Ag)] C. &K~ B~7k,$\ﬂﬁ§ﬁi\%ﬁo e A,
336 Wik > ThiF L A SBIEME DI T AMHERE S 417 99% LA Lo RS iR k=R
T HAJ® benzyl alcohol 2a % 5- 2 >-31F 7=, 336 FEfE] DS TON 1% 5600 2
L. ARP-AQ 3% E LT fiiiEE 2 R L, A — T v T ERRICKHEFIRE TH 5
ZEDHB LT, £72., 336 IO UG D ARP-Ag Z[EIUX L, ICP #IlE 4 FE i
L7 2A, TT%DMPARY ~— il ICHE SN TWDL Z RGN E R o T
(fresh: 0.30 mmol/g, after 336 h: 0.23 mmol/g).

ARP-Ag
(250 mg, 0.30 mmol Ag)
H2 (40 mL/min)

N32C03 1eqU|V HQO/EtOH

40 bar, 100 °C
0.5 mL/min (solution flow rate) TON = 5600
(336 h)

1°°L’\—0—0—0—'—0—0‘—“—‘_’—'

80 |-

60 |-

Conversion /%

40

20

0 1 1 1 1 1 1 1
0 50 100 150 200 250 300 350

Time/h

Scheme 14. Long-term flow hydrogenation.
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F7-. TEM Z AW CRUSHTR DT/ =T 1 7 NV ORiEEBlgE LTz, LIF
\ZARBEH O ARP-Ag @ TEM it & 336 i t% » ARP-Ag @ TEM {4 %~
(fresh: Figure 2a and 2b, used: Figure 2c and 2d),

Figure 2. TEM image and histogram.

Fresh catalysts

Used catalysts

(b) 160 (d) 160
140 140
120 120
@ 100 [ @ 100 F
‘g | Avarage size =4.0 1.7 nm '§ sl Avarage size = 8.2 +5.8 nm
8

1234567 891011121314151617181920 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

size / nm size /nm

336 W] D 7 1 — Stk OfBEDIRT / ki DK & 13 8.2+5.8 nm T
b, REHOLDO LR, N—=TFT 4 VT NVRIENRKEL Lo TWNDHZ NG
NI oTle, TOXINCAN—=T 4 ZIVRIRNRKREL ol b DD, XU XT )L
T & ROKFALSIGT /T D AR VE 2 HERF L TV D 2 E RIS o 72,
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2EDE LD

AFETIE C=0 #EH & C=C A ITxt7 2B BEAEORIEIC OV TRET 25
Zlpoln, #ER ARP-Ag 28 C=0 #E A A BINICETT 5 Z ERH BN E 2o
72 ARP-Ag % 7 v —SIZIER L, He 238 0hl & U COKBILRE & 5k L7
E A, BINVEEBEINER S D Z ENH b hEoTz, EERZ LI, KB
—RFEFERES. SEEAFEET T AT E REBIRMICT L a—L~ L8
T 5. 7 u—KFLIG b ER &7z, benzaldehyde DR 7 m—/Kk#E1k
Bz T ARP-Ag 14 336 I [ERE - T H YD benzylaocohol % 99% D X
JSER LT H 2, £ TON 1X 5600 Th o7z,
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S

General Information

All chemicals were sourced commercially and used as received without
purification, unless otherwise mentioned. Substrate 1k, 11, 1t, 1w, 1x, 1z and 3g
were prepared according to the reported procedure. Water was deionized with a
Millipore system (Milli-Q grade). Flow hydrogenation was performed with an H-
Cube Pro reactor system (ThalesNano Nanotechnology Inc., Budapest, Hungary).
'H and 3C{'H} nuclear magnetic resonance (NMR) spectra were recorded on a
JEOL JNM-ECS 400 spectrometer. Gas chromatography mass spectrometry
(GC EI-MS) was performed with an Aglient 6890/5973 or an Aglient 7820A/5977E
GC/MS system. ICP analysis was performed on a Leeman Laboratories Profile
plasma spectrometer. Transmission electron microscopy (TEM) analyses were
performed with a JEOL JEM-2100F transmission electron microscope.

Typical Procedure for Flow Hydrogenation.

A 50 mM aqueous solution of benzaldehyde (1a) in the presence of 1 equivalent
of Na2COs was pumped at flow rate of 0.5 mL/min into H-Cube Pro reactor system
equipped with an ARP-Ag catalyst cartridge (250 mg, 0.256 mmol of Ag). The
flow hydrogenation of 1a with Hz gas (flow rate of 40 mL/min) was conducted at
100 °C under a system pressure of 40 bar. The resulting solution was collected
for 40 min (20 mL) and then extracted with ethyl acetate (3 x 40 mL). The organic
phases were combined, dried (Na2SO4), and carefully concentrated by
evaporation to afford benzyl alcohol (2a) as a colorless oil (93% yield) without
any further purification.

Typical Procedure for Batch Hydrogenation.

The appropriate substrate (1 mmol), ARP-Ag (2 mol% Ag), and H20 (2 mL) were
charged an autoclave. The atmosphere inside the autoclave was replaced with
H2 under a system pressure of 40 bar. The contents of the autoclave were stirred
at 100 °C for 2 h. When the reaction was complete, the catalyst was collected by
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filtration and the filtrate was analyzed by GC and MS.

Long-term Flow Hydrogenation of Benzaldehyde (1a).

An aqueous solution of benzaldehyde (1a) (50 mM) was pumped into an H-Cube
Pro reactor with one catalyst cartridges (ARP-Ag: 300 mg, 0.3 mmol of Ag). The
flow hydrogenation of 1a with Hz gas (flow rate of 40 mL/min) was conducted at
100 °C under a system pressure of 40 bar. After 336 h, 10.080 mL of the product
solution was collected. The resulting solution was checked by GC-MS and 99.8%
conv was observed.

ICP Analysis of the Catalyst after Flow Hydrogenation.

After the continuous-flow hydrogenation of benzaldehyde (1a) for 336 h, the
used catalyst was removed from the catalyst cartridge. A portion of this catalyst
(20 mg) was added to aqua regia (5 mL), and the mixture was heated 80 °C
overnight. The resulting solution was diluted with water to a total volume of 50
mL, and the aqueous solution was analyzed by ICP.
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Characterization of Products

Benzyl alcohol (2a) [CAS: 100-51-6]:

"H NMR (395.88 MHz, CDCls): 6 = 7.38-7.35 (m, 4H, Arn-2, Arn-s, OH
Arns and Arnee), 7.32-7.29 (m, 1H, Arna) 4.71 (d, 2H, J=5.44 Hz, g
-CH2-), 1.63 (t, 1H, J=5.89 Hz, -OH). 3C{'H} NMR (99.55 MHz,

CDCls): & = 140.83 (Ar), 128.56 (Ar), 127.66 (Ar), 126.97 (Ar), 65.39 (-CHz-). GC-
MS (El) m/z=108 (M).

4-Methyloxlbenzyl alcohol (2b) [CAS: 105-13-5]:

H NMR (395.88 MHz, CDCls): & = 7.29 (d, 2H, J = 8.60 Hz, g OH
Arn2 and Arn-e), 6.90 (dt, 2H, J = 8.71, 2.57 Hz, Arns and Ary.  MeO

5), 4.60 (s, 2H, -CHz-), 3.81 (s, 3H, -CHas), 1.72 (brs, 1H, -OH). 13C {'H} NMR
(99.55 MHz, CDCls): = 159.16 (Ar), 133.06 (Ar), 128.64 (Ar), 113.91 (Ar), 65.00
(-CHz-), 55.27 (-CHs). GC-MS (El) m/z = 138 (M).

4-Methylbenzyl alcohol (2c) [CAS: 589-18-4]:

"H NMR (395.88 MHz, CDCls): 6 =7.26 (d, 2H, J=8.15 Hz, Ars- o
s and Aru-s or Arn-2 and Arn-e), 7.18 (d, 2H, J=7.70 Hz, Ary-3 and /@A
Ariis or Atz and Aris), 4.65 (s, 2H, -CHz-), 2.35 (s, 3H, -CHs).

13C {"H} NMR (99.55 MHz, CDCls): d = 137.87 (Ar), 137.42 (Ar), 129.24 (Ar),
127.12 (Ar), 65.30 (-CH2-), 21.15 (-CHz3). GC-MS (El) m/z = 122 (M).

3-Methylbenzyl alcohol (2d) [CAS: 587-03-1]:

"H NMR (395.88 MHz, CDCl3): 6 =7.25 (t, 1H, J=7.49 Hz, Aru-5),7.20 oH
(s, TH, Aru-2),7.16 (d, 1H, J=8.22 Hz, Arn-4 or Arns), 7.12 (d, 1H, J = E;/\
8.22 Hz, Arn-4 or Aru-6), 4.67 (s, 2H, -CH2-). BC {'"H} NMR (99.55 MHz, e
CDCls): & = 140.77 (Ar), 138.27 (Ar), 128.48 (Ar), 128.40 (Ar), 127.76 (Ar), 124.02
(Ar), 65.43 (-CH2-), 21.38 (-CHs). GC-MS (El) m/z = 122 (M).

2-Methylbenzyl alcohol (2e) [CAS: 89-95-2]:

H NMR (395.88 MHz, CDCls): 3 = 7.36-7.32 (m, 1H, Arn), 7.25 - OH
7.16 (m, 3H, Arn), 4.69 (s, 2H, -CH2-), 2.35 (s, 3H, -CH3), 1.72 (brs, @fw;
1H, -OH). 3C {'H} NMR (99.55 MHz, CDCls): & = 138.61 (Ar),
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136.08 (Ar), 130.30 (Ar), 127.77 (Ar), 127.51 (Ar), 126.02 (Ar), 63.49 (-CHz-),
18.63 (-CHs). GC-MS (El) m/z = 122 (M).

4-Fluorobenzyl Alcohol (2f) [CAS: 459-56-3]:

'H NMR (395.88 MHz, CDCl3): & = 7.35 (dd, 2H, J=8.61, 5.89 o
Hz, Arn.s, Arns), 7.05 (t, 2H, J = 8.61 Hz, Arn-s, Arns), 4.67 (s, /©/\
2H, -CH2-), 1.86 (brs, 1H, -OH). SC{'H} NMR (99.55 MHz, -

CDClz): 8 = 162.31 (d, J = 245.10 Hz, Ar), 136.53 (Ar), 128.75 (d, J = 7.63 Hz,
Ar), 115.38 (d, J = 21.94 Hz, Ar), 64.66 (-CH2-). GC-MS (El) m/z = 126 (M).

4-Chlorobenzyl alcohol (2g) [CAS: 873-76-7]:

"H NMR (395.88 MHz, CDCl3): 8 = 7.35-7.29 (m, 4H, Aru-2, Arn- OH
3, Arus, Arns), 4.68 (d, 2H, J = 4.75 Hz), 1.66 (brs, 1H, -OH). C|/©A
13C {'"H} NMR (99.55 MHz, CDCls): & = 139.24 (Ar), 133.36

(Ar), 128.68 (Ar), 128.27 (Ar), 64.58 (-CH2-). GC-MS (El) m/z = 142 (M).

4-Trifluoromethylbenzyl alcohol (2h) [CAS: 349-95-1]:

"H NMR (395.88 MHz, CDCls): & = 7.60 (d, 2H, J = 8.16 Hz, o
Ary-3 and Arn-s), 7.45 (d, 2H, J=7.70 Hz, Arn-2 and Arns), 4.74 /©/\

(s, 2H, -CH2-), 2.20 (brs, 1H, -OH). 3C {"H} NMR (99.55 MHz, FsC

CDCl3): & = 144.71 (Ar), 129.77 (q, J = 32.43 Hz, Ar), 124.17 (q, J = 271.80 Hz,
Ar), 126.84 (Ar), 125.47 (q, J = 3.82 Hz, Ar), 64.45 (-CH2-). GC-MS (El) m/z =
176 (M).

2-(Trifluoromethyl)benzyl alcohol (2i) [CAS: 346-06-5]: o
"H NMR (395.88 MHz, CDCl3): 6= 7.73 (d, 1H, J = 7.70 Hz, Arn-¢), ©/\
7.65 (d, 2H, J=7.70 Hz, Arns), 7.59 (dd, 2H, J=7.70and 7.70 Hz, ¢,

Arus), 7.40 (dd, 2H, J = 7.70 and 7.70 Hz, Aru-4), 4.90 (s, 2H, -

CHz2-), 1.83 (brs, 1H, -OH). 3C{'H} NMR (100.53 MHz, CDCls): & = 139.21 (Ar,
q, J= 1,93 Hz), 132.20 (Ar), 128.83 (Ar), 127.49 (Ar), 17.24 (Ar, q, J = 30.83 Hz),
125.78 (Ar, g, J = 5.78 Hz), 124.44 (-CF3, g, J = 274.55 Hz), 61.39(-CH2-). GC-
MS (El) m/z =176 (M).
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3-(Trifluoromethyl)benzyl alcohol (2j) [CAS: 349-75-7]:

H NMR (399.78 MHz, CDCl3): &= 7.65 (s, 1H, Arn-2), 7.56 (d, 2H, @(\OH
J =7.32 Hz, Aru4 and Arus), 7.37 (dd, 2H, J = 7.80 and 6.86 Hz,
Arus), 4.77 (s, 2H, -CH2-), 1.82 (brs, 1H, -OH). *C{'H} NMR (100.53 MHz,
CDCl3): & = 141.67 (Ar), 130.88 (Ar, q, J = 31.79 Hz), 130.07 (Ar), 128.98 (Ar),
124.40 (Ar, q, J = 3.85 Hz), 124.13 (-CF3, q, J = 272.66 Hz), 123.53 (Ar, q, J =
3.85 Hz), 64.51 (-CH2-). GC-MS (El) m/z=176 (M).

4-Cyanobenzyl alcohol (2k) [CAS: 874-89-5]:

H NMR (395.88 MHz, CDCl3): 6 =7.65 (d, 2H, J=8.16 Hz, Aru- oH
3 and Aru-s or Arn-2 and Arus), 7.48 (d, 2H, J = 8.61 Hz, Arn-s g
and Aru-s or Aru2 and Arne), 4.79 (s, 2H, -CH2-), 2.00 (s, 1H, - ¢

OH). 13C {"H} NMR (99.55 MHz, CDCls): & = 146.42 (Ar), 132.14 (Ar), 126.89 (Ar),
118.81 (Ar), 110.66 (CN), 63.84 (-CH2-). GC-MS (El) m/z = 133 (M).

4-Benzyloxy benzylalcohol (21) [CAS: 836-43-1]:
"H NMR (395.88 MHz, CDCl3): & = 7.44-7.37 (m, 4H,

Aru-2 and Arn-s and Ark-s and Arnes), 7.34-7.28 (m, 3H, /@AOH
Arria and Ariaand Aris), 6.97 (d, 2H, J = 8.60 Hz, Aru. ©AO

2 and Arnie), 5.07 (s, 2H, -OCH2-), 4.12 (s, 2H, -

CH=0H), 1.25 (brs, 1H, -OH). '3C {"H} NMR (99.55 MHz, CDClz): 3 = 158.39 (Ar),
136.90 (Ar), 133.33 (Ar), 128.66 (Ar), 128.58 (Ar), 127.97 (Ar), 127.43 (Ar),
114.91 (Ar), 70.01 (-OCHz2-) 65.04 (-CH20H). GC-MS (El) m/z = 214 (M).

Carbamic acid N-[4-(hydroxymethyl)phenyl]phenylmethyl ester (2m) [CAS:
957783-10-7]:

H NMR (395.88 MHz, CDCls): & = 7.40-7.34 (m, o o
7H, Arn-2, Arn-s, Arn-2,, Arn-3, Arn-a, Ara-ss and Arn- )L /O/\

), 7.28 (d, 2H, J = 8.16 Hz, Aru-3 and Aru-s), 6.69 © H

(s, 1H, -NH-), 5.20 (s, 2H, -CH2-), 4.64 (s, 2H, -

CH20H). 13C {'H} NMR (99.55 MHz, CDCl3z): 8 = 153.37 (-C=0), 137.22 (Ar),
136.01 (Ar), 135.97 (Ar), 128.63 (Ar), 128.39 (Ar), 128.33 (Ar), 127.95 (Ar),
118.79 (Ar), 67.05 (-OCHz2-), 64.88 (-CHs).
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4-Acetylbenzyl alcohol (2n) [CAS: 75633-63-5]:

1H NMR (395.88 MHz, CDCls): & = 7.85 (d, 2H, J = 8.16 Hz, ﬂOH
Arn-3 and Arnss), 7.36 (d, 2H, J = 8.61 Hz, Arn-2 and Arn-e), 4.68

(s, 2H, -CHz-), 2.52 (s, 3H, -CHs). 13C {IH} NMR (99.55 MHz, ~ ©

CDCls): & = 198.07 (Ar), 146.29 (Ar), 136.19 (Ar), 128.56 (Ar), 126.56 (Ar), 64.45
(-CHz-), 26.60 (-CHa). GC-MS (El) m/z = 150 (M).

2-pyridinemethanol (20) [CAS: 586-98-1]:

H NMR (395.88 MHz, CDCla): & = 8.57 (d, 1H, J = 4.98 Hz, Arw),

7.68 (td, 1H, J=7.70, 1.81 Hz, Arna), 7.25 (d, 1H, J=7.70 Hz, Are. [|
5), 7.21 (dd, 1H, J = 7.25, 5.44 Hz, Arns), 4.77 (s, 2H, -CHz-), 3.80 >
(brs, 1H, -OH). 3C {"H} NMR (99.55 MHz, CDCIl3): & = 158.87 (Ar), 148.50 (Ar),
136.63 (Ar), 122.32 (Ar), 120.43 (Ar), 64.05 (-CHz-). GC-MS (El) m/z = 109 (M).

OH

Cyclohexylmethanol (2p) [CAS: 100-49-2]:

"H NMR (395.88 MHz, CDCls): = 3.54 (d, 2H, J = 6.80 Hz, - O/\OH

CH20H), 1.78-1.67 (m, 5H, -CH2-), 1.54-1.43 (m, 1H, -CHz-), 1.30-

0.88 (m, 5H, -CH2-). '8C{'H} NMR (99.55 MHz, CDCls): & = 68.79 (-CH20H),
40.46  (-CH2CH(CH20H)CH2-), 29.583  (-CH2(CH2)sCH2-), 26.56 (-
(CH2)2CH2(CH2)2-), 25.81 (-CH2CH2CH2CH2CH2-). GC-MS (El) m/z =96 (M-H20).

Cycloheptylmethanol (2q) [CAS: 4448-75-3]:

1H NMR (395.88 MHz, CDCls): & = 3.42 (d, 2H, J = 6.80 Hz, -

CH2OH), 1.79-1.37 (m, 14H, -CH2-), 1.28-1.14 (m, 3H, -CHz-). g o
13C{1H} NMR (99.55 MHz, CDCls): & = 68.67 (-CH20H), 42.07 (-
CH2CH(CH20H)CH2-), 30.73 (-CH2(CH2)4CH2-), 28.57 (-(CH2)2(CHz2)2(CHy2)2-),
26.49 (-CH2CH2(CHz)2CH2CH2-). GC-MS (El) m/z =110 (M-H20).

3-Phenylpropanol (2r) [CAS: 122-97-4]:
"H NMR (395.88 MHz, CDCls): 6 = 7.31-7.27 (m, 2H, Aru-3 and

Aris), 7.22-7.17 (m, 3H, Aru-2, Arna and Arnss), 3.69 (t, 2H, J ©M OH

= 6.34 Hz, -CH:0H), 272 (t, 2H, J = 7.70 Hz, -
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CH2CH2CH20OH), 1.90 (tt, 2H, J = 7.70, 6.34 Hz, -CH2CH=OH). 3C{'H} NMR
(99.55 MHz, CDCls): & = 141.78 (Ar), 128.40 (Ar), 128.38 (Ar), 125.84 (Ar), 62.27
(-CH20H), 34.19 (-CH2CH2CH2OH), 32.04 (-CH2CH20H). GC-MS (El) m/z = 136
(M).

1-Hexanol (2s) [CAS: 111-27-3]:

H NMR (395.88 MHz, CDCls): & = 3.65 (t, 2H, J = 6.80 Hz, -
CH20H), 1.57 (it, 2H, J=6.80, 6.80 Hz). 3C{'H} NMR (99.55
MHz, CDCls): & = 63.09 (-CH20H), 32.76 (-CH2CH20H), 31.62 (-CH2(CH)20H),
25.40 (CH3CH2CH2-), 22.62 (CHsCH:2-), 14.03 (-CHs). GC-MS (El) m/z = 84 (M-
H20).

OH

1-Octanol (2t) [CAS: 111-87-5]:

1H NMR (395.88 MHz, CDCls): & = 3.64 (t, 2H, J = 6.80

Hz, -CH20H), 1.60-1.53 (m, 2H, -CH.CH:OH), 1.35-1.30 ~ ~ ~ ~ OF
(m, 10H, -(CHz)s-), 0.88 (t, 3H, J = 6.80 Hz, -CHs). *C{'"H} NMR (99.55 MHz,
CDClz): d = 63.10 (-CH20H), 32.79 (-CH2CH20H), 31.80 (-CH2(CH2)20H), 29.38
(-CH2(CH2)30H), 29.26 (CH3(CH2)2CH2-), 25.72 (CH3CH2CH3-), 22.64 (CHsCH>-),

14.09 (-CHs). GC-MS (El) m/z = 112 (M-H:0).

Cyclooctylmethanol (2u) [CAS: 3637-63-6]:

'H NMR (395.88 MHz, CDCls): & = 3.41 (d, 2H, J = 6.34 Hz, - oH
CH20H), 1.73-1.43 (m, 12H, -CH>-), 1.30-1.23 (m, 3H, -CH2-). U
13C{'H} NMR (99.55 MHz, CDCls): 6 = 69.16 (-CH20H), 40.29 (-

CH2CH(CH20H)CHz-), 29.27 (-CH2CH(CH20H)CHz-), 26.88 (-CHz-), 26.43 (-
(CH2)sCH2(CHz)s-), 25.52 (-CHz-). GC-MS (EI) m/z = 111 (M-CH20H).

1-(Triisopropylsilyl)-2-[4-(hydroxymethyl)phenyl]lethyne (2x) [CAS: 889361-
56-2]:

"H NMR (395.88 MHz, CDCls): 6 = 7.47 (d, 2H, J=8.16 o
Hz, Arn-2, Arns), 7.30 (d, 2H, J = 8.16 Hz, Arn-3, Aru-s),

469 (d, 2H, J = 5.43 Hz, -CH20H), 1.13 (s, 21H, TIF,S/E)A
((CHs)2CH)3-). *C{'H} NMR (99.55 MHz, CDCls): & =

56



140.98 (Ar), 132.20 (Ar), 126.61 (Ar), 122.80 (Ar), 106.81 (ArCC-), 90.58 (ArCC-),
63.74 (-CH20H), 18.65 (-CHs), 11.28 (-CH(CHs)2). GC-MS (El) m/z = 288 (M).

1-(4-Methylphenyl)ethanol (4b) [CAS: 536-50-5]:

H NMR (395.88 MHz, CDCls): & = 7.28-7.25 (m, overlap with OH
3b), 7.17 (d, 2H, J = 7.70 Hz, Aru-s, Aru-s), 4.88 (q, 1H, J=6.80 /©)\
Hz, -CH-), 2.35 (s, 3H, -CHOHCHs), 1.49 (d, 3H, J = 6.80 Hz, -

CHs). GC-MS (El) m/z =136 (M).

1-(4-trifluorophenyl)ethanol (4¢c) [CAS: 1737-26-4]:

TH NMR (395.88 MHz, CDCls): & = 7.61 (d, 2H, J = 8.16 Hz, Aru-

2, Arn6), 7.50 (d, 2H, J = 8.16 Hz, Arn-3, Aru-s), 4.98 (g, 1H, J = /@A
6.80 Hz, -CH-), 1.51 (d, 3H, J=6.80 Hz, -CHs). GC-MS (El) m/z F,C

=190 (M).

1-(4-Cyanophenyl)ethanol (4d) [CAS: 52067-35-3]:

"H NMR (395.88 MHz, CDCls): 6 = 7.65 (d, 2H, J = 8.60 Hz, Aru-

2, Arn-e), 7.49 (d, 2H, J = 8.60 Hz, Aru-3, Aru-s), 4.97 (q, 1H, J =

6.80 Hz, -CH-), 1.60 (brs, 1H, -OH), 1.50 (d, 3H, J = 6.80 Hz, - /©)\
CHas). °C{'H} NMR (99.55 MHz, CDCl3): 8 = 151.01 (-

132.36 (Ar), 126.03 (Ar), 118.86 (Ar), 111.12 (Ar), 69.69 (-CH-), 25.42 (-CHa).
GC-MS (El) m/z = 147 (M).

diphenylmethanol (4e) [CAS: 91-01-0]:

H NMR (395.88 MHz, CDCls): & = 7.40-7.32 (m, 8H, Aru-2, Ars-

3, Arus, Arns), 7.29-7.32 (m, 2H, Arn4), 5.70 (d, 1H, J = 3.17

Hz, -CHOH-), 2.23 (brs, 1H, -OH). 3C{'H} NMR (99.55 MHz, O O
CDCl3): d = 143.77 (Ar), 128.49 (Ar), 127.57 (Ar), 126.52 (Ar), 76.26 (-CH-). GC-
MS (El) m/z =184 (M).

A~ o~
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1-(4-((Triisopropylsilyl)ethynyl)phenyl)ethan-1-ol (4g) [CAS: 1610765-76-8]:
"H NMR (395.88 MHz, CDCl3): 5 =7.46 (d, 2H, J=8.16

Hz, Arn2, Arne), 7.31 (d, 2H, J = 8.60 Hz, Arx-3, Aru-s),

4.90 (q, 1H, J=6.34 Hz, -CHOH-), 1.48 (d, 3H, J=6.34 P

Hz, -CHOHCHa), 1.13 (s, overlap with 3g). BC{'H} Tips~~

NMR (99.55 MHz, CDCls): 6 = 143.77 (Ar), 128.49 (Ar),

127.57 (Ar), 111.12 (Ar), 76.26 (-CH-). GC-MS (El) m/z = 302 (M).

OH
CHs

58



B 3R

[1] G. S. Zweifel, M. H. Nantz Modern Organic Chemistry; University of California,
Davis, 2007: pp 108-145.

[2] () H. C. Brown, S. U. Kulkarni, J. Org. Cem. 1977, 42, 4169. (b) G. A. Tostikov,
V. N. Odinokov, R. I. Galeeva, R. S. Bakeeva, V. R. Akhunnova, Tetrahedron
Lett. 1979, 4851. (c) J.-L. Luche, A. L. Gemal, J. Am. Chem. Soc. 1979, 101,
5848. (d) A. L. Gamal, J.-L. Luche, J. Org. Chem. 1979, 44, 4187. (e) L. J.
Reed, C.-I. Niu, J. Am. Chem. Soc. 1955, 77, 416.

[8] (@) T. Ikeno, T. Kimura, Y. Ohtsuka, T. Yamada, Synlett 1999, 1, 96. (b) A. L.
Gamal, J.-L. Luche, J. Am. Chem. Soc. 1981, 103, 5454.

[4] (a) R. Noyori, I. Tomino, M. Yamada, M. Nishizawa, J. Am. Chem. Soc. 1984,
106, 6717. (b) M. Nishizawa, M. Yamada, R. Noyori, Tetrahedron Lett. 1981,
22, 247. (c) R. Noyori, I. Tomino, Y. Tamimoto, M. Nishizawa, J. Am. Chem.
Soc. 1984, 106, 6709.

[5] () P. T. Anastas, J. C. Warner, Green Chemistry: Theory and Practice, Oxford
University Press, 1998. (b) R. A. Sheldon, I. W. C. E. Arends, U. Hanefeld,
Green Chemistry and Catalysis, Wiley-VCH, 2007. (c) R. A. Sheldon, Green
Chem., 2007, 9, 1273. (d) M. Poliakoff, P. Licence, Nature, 2007, 450, 810.

[6] (a) B. M. Trost, Science, 1991, 254, 1471. (b) B. M. Trost, Angew. Chem. Int.
Ed. Engl. 1995, 34, 259.

[7]1 Russian Journal of Applied Chemistry, 2004, 77, 11: pp. 1909-1912.

[8] (a) R. Noyori, H. Takaya, Acc. Chem. Res. 1990, 23, 345. (b) D. F. Taber, L.
J. Silverberg, Tetrahedron Lett. 1991, 32, 4227.

[9] J. Clayden, N. Greeves, S. Warren, P. Wothers, Organic Chemistry, Oxford

University Press: Oxford, 2001, pp. 528-561.

[10] (a) H. Sajiki, T. Ikawa, K. Hirota, Tetrahedron Lett. 2003, 44, 171. (b) T. Ikawa,
H. Sajiki, K. Hirota, Tetrahedron 2005, 61, 2217.

[11] (@) J. A. Osborn, F. H. Jardine, J. F. Young, G. Wilkinson, J. Chem. Soc. A
1966, 1711. (b) R. E. Harmon, S. K. Gupta, D. J. Brown, Chem. Rev. 1973,
73, 21.

59



[12] (a) G. Wienhdfer, F. A. Westerhaus, K. Junge, R. Ludwig, M. Beller, Chem.
Eur. J. 2013, 19, 7701. (b) T. Zell, Y. Ben-David, D. Milstein, Catal. Sci.
Technol. 2015, 5, 822. (c) S. Mazza, R. Scopelliti, X. Hu, Organometallics
2015, 34, 1538. (d) N. Gorgas, B. Stoger, L. F. Veiros, K. Kirchner, ACS Catal.
2016, 6, 2664. (e) C. P. Casey, N. A. Strotman, S. E. Beetner, J. B. Johnson,
D. C. Priebe, I. A. Guzei, Organometallics 2006, 25, 1236. (f) L. Bonomo, L.
Kermorvan, P. Dupau, Chem Cat Chem 2015, 7, 907. (g) X. Tan, G. Wang, Z.
Zhu, C. Ren, J. Zhou, H. Lv, X. Zhang, L. W. Chung, L. Zhang, X. Zhang, Org.
Lett. 2016, 18, 1518. (h) L. Diab, T. Smejkal, J. Geier, B. Breit, Angew. Chem.
Int. Ed. 2009, 48, 8022. (i) M. G. Manas, J. Graeupner, L. J. Allen, G. E.
Dobereiner, K. C. Rippy, N. Hazari, R. H. Crabtree, Organometallics 2013, 32,
4501. (j) I. Cano, A. M. Chapman, A. Urakawa, P. W. N. M. van Leeuwen, J.
Am. Chem. Soc. 2014, 136, 2520. (k) I. Cano, M. A. Huertos, A. M. Chapman,
G. Buntkowsky, T. Gutmann, P. B. Groszewicz, P. W. N. M. van Leeuwen, J.
Am. Chem. Soc. 2015, 137, 7718.

[13] (a) S. Kobayashi, Chem. Asian J. 2016, 11, 425. (b) C. J. Mallia, I. R.
Baxendale, Org. Process Res. Dev. 2016, 20, 327. (c) B. Gutmann, D. Cantillo,
C. O. Kappe, Angew. Chem. Int. Ed. 2015, 54, 6688. (d) R. Munirathinam, J.
Huskens, W. Verboom, Adv. Synth. Catal. 2015, 357, 1093. (e) R. Ricciardi,
J. Huskens, W. Verboom, Chem. Sus. Chem. 2015, 8, 2586. (f) M. Baumann,
I. R. Baxendale, Beilstein J. Org. Chem. 2015, 11, 1194. (g) L. Vaccaro, D.
Lanari, A. Marrocchi, G. Strappaveccia, Green Chem. 2014, 16, 3680. (h) S.
G. Newman, K. F. Jensen, Green Chem. 2013, 15, 1456.

[14] T. Osako, K. Torii, S. Hirata, Y. Uozumi, ACS Catal. 2017, 7, 7371.

[15] D. Y. Murzin, Chemical Reaction Technology, Walter de Gruyter, Berlin,
2015, pp 253-267.

[16] D. Astruc, F. Lu, J. R. Aranzaes, Angew. Chem. Int. Ed. 2005, 44, 7852.

[17] P. Claus, H. Hofmeister, J. Phys. Chem. B 1999, 103, 2766.

[18] L. Shi, Y. Liu, Q. Liu, B. Wei, G. Zhang, Green Chem. 2012, 14, 1372.

[19] (a) T. Mitsudome, M. Matoba, M. Yamamoto, T. Mizugaki, K. Jitsukawa, K.
Kaneda, Chem. Lett. 2013, 42, 660. (b) Y. L. Alain, K. Madhu,L. C.-Jun, M.
Audrey, ACS Sustainable Chem. Eng. 2016, 4, 965.

60



HIE

Cyanide-free > 7 / LK

61



1 EHR

BEBR= NV L, EFICTEEDO H 2{LEWOIRIRIHIRO B 565
RIS ZENTEY . ZOAMIIRERBALEZLDTHDN, £, 7T/
HKIIRG A OBREICEHRT D ENTELD, RLILAMEOE WG
HEED > Lo 1 > TH DR, ZD=d, FEHEKE= NV ILVERICEKT D
FEORBENRLEENTWD, fEk, HEBKE= KV 1L Sandmeyer-
Rosenmund-von Braun reactionsi®! |2 LV G ENTE7-, L LARbH

Sandmeyer-Rosenmund-von Braun reactions i3t 5 & & D CuCN %, #
ST AT 2RENH > 2B,

Br CN
O CUCN (4.46 mmol) O
=0 =0
(3.9 mmol) 87% yield

Scheme 1. Preparation of aryl nitriles via Sandmeyer-Rosenmund-von Barun reactions.

RS T AEREE W Toa F AT U — v O > 7 b KL< HS
NTWBHR, BEOH ST k4B (NaCN, KCN. Zn(CN)272 &) A3
WHILD T E RN,

WA, RS T AL AR IR 2 EE R IE L LT, KiFe(CN)s] 23 H
EhTWbEl, —J7 homogeneous conditions (2351 A flEx OFRES 7 /AL Hl
L SN TWAI, EBREEAMEEEZ W a 7 AeT V=0T ALl
& LT TMSCNEL acetone cyanohydrinl®l, butyronitrilrel'9173 54Ty %
F72AN LT I K& POCIU, 2,4,6-trichloro-1,3,5-triazine (TCT; cyanuric
chloride)['2], nickel bis(acetylacetone)-bipyridyl (Ni(acac)z-bpy)!'3l7s & OIEMEAL
LAl AGDE, T UAEAIE LTE SN TS, LRALRRL, ZhAb0
AR T A ORBEEIX, insitu TEEDOH DT ALEWFEE AT D Z
ERHE IR TWAM, oo Z LTz TEMEEH] (POCIs<° TCT) BH D%
HERENZ EBETH 5,
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transition metal catalyst R©/CN
‘CN’ source

i
Q,%
X

metal cyanide (toxic) :NaCN, KCN, Zn(CN), etc.
metal cyanide (non-toxic) 1 K4[Fe(CN)gl
HCN/MCN surrogate : TMSCN, H())<:N , _~_FCN | H,NCHO/POCI3, HONCHO/TCT

H,NCHO/Ni, CHzNO/CuBr

Scheme 2. Preparation of aryl nitriles with generation of toxic CN- species.

BT, = ha XX &2 T AbRE LTHW, Sifitic k5 a7 (b7
U= DT LD HE I 720518 Loy L7 ARG Tk, in situ TEME
DBHLHYT A BERSND Z ERETH -T2,

ZDlD, BEOH LT ALEWERWTICEFRIZ= N VEAEAT
L. R S OB NEEN T WD, FITEHRIIL T LA LT=
faAZ U ERNDZ LT, HBEOHL VT ALEERESE DL Z L7
TAT V=N m T T A EE B LT,

REDITMBEERY 2F L o-RY =F L7 Y a—n (PS-PEG) #fEIZ
/XT3 L triarylphosphine ##HFf s W72, PS-PEG//XT7 VU A-FU T Y —
JVIR AT 4 EEIR(PS-PEG/PA-1) 2 B ¥ L 72017181 PS-PEG/Pd-1 134k # 723K E%
HaRNTZT VN AT ND z-7 VVEBRKISZII LD LT 5, /XT7 U0 A
B X2 & F SERAMEHBUE 2 D RANARET 2 Z LR FREThd - 720,
F7-. Scheme 3A 127" X 912, 5mol%® PS-PEG/Pd-1 1#/£ F T 1,3-
diphenylpropenyl ester [X 3 4 &ED=rua A X LKRPTRISL, BHOT UL
= ka2 F % 95% IR TH 2 721, — RIS TicknwT=
ha A Z TR E SO, RS TIEER & LT LRLCOs 2L Tn5
ZHELLT, BN TCHOERRIKISTEITSE DL ENFARBTHo T, —
J5. THF £721% CH2Cl2 T 1-iodonaphthalene (2a) & = b & X ¥ & K6 S &
7ol A, KONIREIL 40°C & Scheme SA [Z/R LTZIRE L DA LK 7210 b
B 53, BRI Z - 7= (Scheme 3B),
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Q Ph,
PS —0 \ 0 ) N-C R
H d—)>

Cl

NTU

PS-PEG/Pd-1
(A)

OCOOMe CHoNO,
PS-PEG/Pd-1 (5 mol%)

X +  CHgNO, X
Li,CO3 (4 equiv.), TBAF (1 equiv.)
NH,4F (1 equiv.), H,0, 60 °C, 12 h

(3 equiv.) 95%

no explosion

PS-PEG/Pd-1 (5 mol?
®) + CH3NO, (5 mol) exploded
Li,COj3 (4 equiv.), 40 °C

THF or CH,Cl,

2a (3 equiv.)
Scheme 3. Allylic nitromethalation catalyzed by PS-PEG/Pd-1.

513 PS-PEG/Pd-1 Z i\ Coxa b7 U — L= ha XA X DKb 7
"Ry 7Y T RISORFIZEF L,

Scheme 4 [Z7~k7" X 9|2, 1-iodonaphthalene (2a)& 3 4 &ED=F 1 A ¥
% HEH L LT Li2COs & H VT 5 mol% ? PS-PEG/Pd-1 {77E F C 100 °C, 7K
HCRISZEB ol A, HAZu~x N7 7AW = e XF ik
=AY 3a B 5% A GC IR L 1-cyanonalene 4a 7% 5% A3 GC %
THRLNZ, IZUBDICHE L TWEEFRE= b e A F kIR &b -7
W, = haAZ L ETT AR E T HH LW T ALRIS DO BHFEIZELY fH A
72,

| CH,NO, CN
PS-PEG/Pd-1 (5 mol%)
+ CH3NO, +
Li,CO3 (4 equiv.), TBAF (1 equiv.)
NH4F (1 equiv.), H,O, 60 °C, 12 h
2a (3 equiv.) 3a 4a
<5% <5%
and others

Scheme 4. Aromatic nitromethylation catalyzed by PS-PEG/Pd-1.
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2 i RIGKM O

PS-PEG/Pd-1 % T aryl halide ® > 7 /LRSI T 5 Rt 217 -
7=

FTHEORF 2 2o 72, Li2CO3 % T, 5mol%d /X7 2 A3k
S 7= PS-PEG/Pd-1 1#{£{t. T 1-iodonaohothalene (2a)% 3 X4 £ CHsNO2 &
&% & BB cyanonaphthalene 4a 73>5% GC yield T 5 117~ (entry
1), K2COs % AV T % cyanonaphthalene 4a MU XA L7277z (entry 2),
Cs2C0s % % & cyanonaphthalene 4a 7% 10% isolated yield T 5 7=
(entry 3), —J5 KOH % HW T & B9 oI\ _E L7 7)>- 7= (entry 4), additive
& LT TBAF ZiN9 % & RO D Rigizm L, H#Jo cyanonaphthalene 4a
7% 53% isolated yield T#3 5 17z (entry 5), Alkyl halide & L T PhCH2Br % v
% & B OERILHT 0K T L. cyanonaphthalene 4a 7% 44% isolated yield
T B iz (entry 6), CHal Z 7245, cyanonaphthalene 4a DXL 81%
F Tk L7=(entry 7), 1-CaHol ZHW/=35E 10K L EHWIERE S, BHIO
cyanonaphthalene 4a 7% 90% isolated yield T4 & 417z (entry 8), PS-PEG/Pd-1
DIV IZ PA(OAc)2. Pd/C. ARP-Pd %Zfitlit & L CHW=H4A. HIIO KX
T & A EHEIT L2 o 7= (entries 9-11), PS-PEG/Pd-1 (X411 X Y B 5 ZFF
MT%., HABYD cyanonaphthalene 4a % SR TH L Z ERA[HETH > =
(second use: 82% yield; third use: 80% yield; fourth use: 63% yield),

65



Table 1. Optimization of catalytic cyanation of 1-iodonaphthalene (2a) with nitromethanea.

I CN
[Pd] (5 mol%)

+ CH3N02
OO base, additive, H,0, 100 °C, 24 h OO

2a (3 equiv.) 4a
Entry [Pd] base additive alkyl halide Yield of 4a (%)

1 PS-PEG/Pd-1 Li,CO5 none none (<5)
2 PS-PEG/Pd-1 K>CO3 none none (<5)
3 PS-PEG/Pd-1 Cs,CO;5 none none 10

4 PS-PEG/Pd-1 KOH none none (<5)
5 PS-PEG/Pd-1 Cs,CO;3 TBAF none 53

6 PS-PEG/Pd-1 Cs,CO3 TBAF PhCH,Br 44

7 PS-PEG/Pd-1 Cs,CO4 TBAF CHal 81

8 PS-PEG/Pd-1 Cs,CO;3 TBAF 1-C4Hgl 90 (95)
9 Pd(OAc), Cs,CO4 TBAF 1-C4Hol (<5)
10 Pd/C Cs,CO, TBAF 1-C4Hgl -

11 ARP-Pdd Cs,CO; TBAF 1-C4Hgl (<5)
128 PS-PEG/Pd-1 Cs,CO;4 TBAF 1-C4Hol 82
13f PS-PEG/Pd-1 Cs,CO4 TBAF 1-C4Hol 80
149 PS-PEG/Pd-1 Cs,CO; TBAF 1-C4Hol 63

@ Reaction conditions: 1-iodonaphthalene 2a (0.4 mmol), nitromethane (1.2 mmol), base (1.6 mmol),
TBAF (0.4 mmol), alkyl halide (0.8 mmol), Pd catalyst (5 mol%), 100 °C, H,0, 24 h. ? isolated yield
(GC vyield in parenthesis). ¢ No reaction. 4 ARP-Pd = amphiphilic resin-supported particles of
palladium (Ref 24). © Second use of PS-PEG/Pd-1 (recycled from entry 8). f Third use of PS-PEG/Pd
-1 (recycled from entry 12). 9 Fourth use of PS-PEG/Pd-1 (recycled from entry 13).
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% 3 EHEFMH OB

B O N ARG GRME TIZB W T, PS-PEG/PA-1 Z W 7=Fffix D'EREH %
BT a7 AT V—nDOvT U OW TR 2 27~ 7= (Scheme
5) . 1-bromonaphthalene |Z= hF v 2 % > & )& L, 1-cyanonaphthalene 4a
% 90% HBEINRTH 2 7=, \Wo>I¥ 95 1-bromonaphthalene < 1-
chrolonaphthalene [ZARKIGRIE F T ha A X o LigE ARG LR -
7=, 2-lodonaphthalene (2b). 9-iodophenanthrene (2¢). iodobenzene (2d)7>5
HEJD 7 /e 4b, 4c. 4d D3 THILEHL 51%. 88%. 83%D HLHEILR TH 5
iz, AV MER S W 55D vk D PS-PEG/Pd-1 fillliiic L5 o7 1k
HAL—RITHET L, SIS T DHEES T A aE h-mIEETEDH Z LN T
X7, ANV ML ATF NI, A FXUEAH T 5 2-methylbenzonitrile (4e)<° 2-
methoxybenzonitrile (4f)IZZ 1 41% & 60% D BB R TE Sz, AL b
foiz7 mu ks, 7 uEki% > 2-chloroiodobenzene (2g) & 2-
bromoiodobenzene (2h)» 7 / {bi)E s BAFICHEITL, BRIO=1F VU /L dc
FN4d BENEN 80% B L T1%OHBHNETHR LN, /7rukk TrE
T & BICHRE R SUSEM FICBW Ty T MbE&N D Z & idienotz, A XL
[CANRFHRLA P F T EE DI — R B DU T MRS ST L,
HEIO = kUL 41 38 L0 4] 3212 60%35 L UY 64% HEEIN = T8 5 i,
INTNLIZA P FR VIR AT VA2 S DI — RN S ARRUSIZIE I FTRE T
D, XIETDH= KU LAk B LA S 47% & 85% HBEIE T bz,
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Pd cat.1 (5 mol%)

Ar—| + CHsNO, Ar—CN
Cs,CO3 (4 equiv.), TBAF (1 equiv.)
2 (3 equiv.) n-C4HgBr (2 equiv.), H,0, 100 °C, 24 h 4
CN CN
CN CN CN CN
o Lo o o" o™
4a 90% 4b 51% 4c 88% 4d 83% de 41% 4f 60%
CN CN
CN CN CN CN
COOH OMe OMe COOBu-n
49 80% 4h 71% 4i 60% 4j 64% 4k 47% 41 85%

@ Reaction conditions: aryliodide 2 (0.8 mmol), nitromethane (1.2 mmol), Cs,COj3 (0.8 mmol), TBAF (0.4 mmol), alkyl halide (0.8 mmol), Pd
catalyst (5 mol%), 100 °C, H,0, 24 h. The isolated yields were described.

Scheme 5. Aromatic cyanation of various aryl halides with nitromethane.

F7-. RKRISOAHRMEE 7372912 iodonaphthalene 2a 7> 5 5-
naphthyltetrazole 5a % one-pot TH ik L 7= (Scheme 6) . xSl T
iodonaphthalene 2a # <7 /{t. L, 8 & NaNs 212 T 100 ° C T 1 [ffH]
92 & HBEYD 5-naphthyltetrazole 5a 7% 58 %IV R T1& H 7=,

N=N
| N NH
standard conditions
+ CH3NO,
then NaN3, 100 °C, 1 h
2a 5a
58%

Scheme 6. One-pot synthesis of tetrazole.
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FAH RICEEOEER

Scheme 7 |27 ~" 3 & 912, Czekelius & Carreira X, = ~a 7 /v b Z8Ab
RV ERGESE=H, K MY 7uA4 o FEER E 70X bR TS S
ZEIZED, TIUVRFTLEN LTRSS AT ) TV 2 one-pot T H
T5 2 & s LR,

R_\NO Bn-X R_\\N62 . R TFAA
2 base g n NOH or SOCl, R-CN
©

Scheme 7. Czekelius and Carreira’s one-pot transformation of nitroalkanes into nitriles.

ZOZE XY, FHIIARME ST ALKISR, Arlb=tr A 2D s nm
2H TV TSI L > THELDL= e A F AT L—r a2kl L, 25< 1-
iodobutane & DIGIZE Y HIO= R U ABELNDLDTIERDNEBLEL
7=

ZORFEFEMIT DD, EHICERYIB /-7 (Scheme 8) .

Scheme 8A |2/~ X 512, PS-PEG/Pd-1 % W T, n-CaHoBr % & % 72\ vk
Tiodobenzene 2d): =t XA XD Al vV U ITRIGEITY & HEY
@ nitromethylbenzene (3d)72% 10% HEEINR TH Oz, DN THELILAE
R4 3d % PS-PEG #ffi5 TentaGel DfF/E T, /KHT 1 24 &ED 1-iodobutane &
TBAF CTHLEE L 7= (Scheme 8B) . Z D% 1043 T58 T L. aldoxime 6d %
84% DINETHT-, F—FHTFTTEHIZ1 S ED 1-iodobutane Z Iz 7- & =
AL 305 LNIC= R UL 4ad 28 70% N TR L L2 (Scheme 8C)
INLORRLY, AT MERISIZ Al b= ba X FrDrarh T Y v
JROZ LV insitu TAET D= bhr AF LT L—_> 3 2 aldoxime 6 % FE /K

L. ZO®RMBAKIZEY BROFEHE =R IV ABHFLNLZ ERHLNE -
7o AMUESIS TIIA B R T AU E 71T 7 AFEE A LT
b, FNGITEDD LW REREEEOY T JbiEE WD, MATESIC
BRHANRERAR Y v~ — 2 AW TKPCRISEIT) T ENAlRER 2 & L0, BB
BEFARIPE D SRS DBRFE 2 3Rk LTz & 2 D,

69



Pd cat.1 (5 mol%)
+ CH3N02
Cs,COg3 (4 equiv.), TBAF (1 equiv.)
NH4F (1 equiv.), H,0, 100 °C, 24 h
2a (3 equiv.)
CH,NO,
Tenta Gel
Cs,COg3 (4 equiv.), TBAF (1 equiv.)
n-C4Hgl (1 equiv.), H,O, 100 °C, 10 min
3d
CH=NOH
Tenta Gel
Cs,CO3 (4 equiv.), TBAF (1 equiv.)
n-C4Hol (1 equiv.), H,O, 100 °C, 30 min
6d

CH,NO,

3d
10% isolated yield

CH=NOH

6d
84%

CN

4d
70%

Scheme 8. Confirmation of the reaction pathway of aromatic cyanation.
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3EDE LD

ARFETIIE BN PS-PEG £/ 3T U0 At K% HVWCHE 72 cyanide %%
A2 aryl halide ® 7 /b Z B %€ L 7=, CH3NO2 % CN source &
L CTHWS aryl halide 7 /ALRISIZEW T, e 2 5EFBR= K U LHHf
BENSEIERTR b, £o, KRUSTIEE & nitromethane 7 1 277 v
7V TSI X 5 TA T % nitromethylarene Z#%H L, #i< 1-iodobutane &
DI L0 BRO nitrile MG HN5 EE 2 HND,
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S

General Information

All chemicals were sourced commercially and used as received without
purification, unless otherwise mentioned. Substrate 21 was prepared according to
the reported procedure. Water was deionized with a Millipore system (Milli-Q
grade). 'H and BC{'H} nuclear magnetic resonance (NMR) spectra were
recorded on a JEOL JNM-ECS 400 spectrometer. Gas chromatography mass
spectrometry (GC EI-MS) was performed with an Aglient 6890/5973 or an Aglient
7820A/5977E GC/MS system. ICP analysis was performed on a Leeman
Laboratories Profile plasma spectrometer.

Typical Procedure for Cyanation of Aryl lodide with Nitromethane

A typical procedure is given for the reaction with 1-iodonaphthalene (2a) in
entry 8 of Table 1. To a mixture of polymeric catalyst 1 (74 mg, 0.02 mmol Pd),
Cs2C0s3 (260 mg, 0.8 mmol), TBAF (104 mg, 0.4 mmol), iodobutane (147 mg,
0.8 mmol), and 1-iodonaphthalene (2a; 102 mg, 0.4 mmol) in water (0.8 mL)
was added nitromethane (73,2 mg, 1.2 mmol). The resulting mixture were
stirred at 100 °C for 24 h. After being cooled, the reaction mixture was filtered
and the polymeric resin beads were rinsed with AcOEt (3 mL x 3 times) and
water (3 mL x 3 times). The recovered catalyst beads were subjected to the
subsequent recycling run. The combined filtrates and washings were extracted
with MTBE. ICP-OES analysis demonstrated that the extracts were not
contaminated by the leached Pd species (ICP-OES analysis: detection limit of
Pd = 10 ng/mL). The extracts were washed with brine and dried over anhydrous
magnesium sulfate, and then concentrated in vacuo. The crude residue was
chromatographed on silica gel (eluent: n-hexane/AcOEt = 4/1) to give 55 mg
(90%) of 4a.
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Characterization of Products

1-Cyanonaphthalene (4a) [CAS Number 86-53-3]:

"H NMR (400 MHz, CDCls): & = 8.25 (d, J= 8.2 Hz, 1H), 8.09 CN

(d, J= 8.2 Hz, 1H), 7.95-7.92 (m, 2H), 7.71 (td, J= 7.7, 1.2 Hz, “
1H), 7.63 (td, J= 7.5, 1.4 Hz, 1H), 7.54 (dd, J = 8.2, 7.3 Hz, OO
1H): 3C NMR (101 MHz, CDCls): & = 133.44, 133.08, 132.80,

132.52, 128.80, 128.76, 127.71, 125.32, 125.08, 117.97, 110.35.

2-Cyanonaphthalene (4b) [CAS Number 613-46-71]:

"H NMR (400 MHz, CDCls): 8 = 8.25 (s, 1H), 7.94-7.89 (m, 3H),

7.67-7.59 (m, 3H): '3C NMR (101 MHz, CDCls): 6 = 134.79, O
134.32, 132.39, 129.35, 129.19, 128.56, 128.20, 127.80, 126.50, O
119.40, 109.52.

9-Cyanophenanthrene (4c) [CAS Number 2510-55-6]:

"H NMR (400 MHz, CDCls): & = 8.75-8.71 (m, 2H), 8.34-8.31

(m, 1H), 8.28 (s, 1H), 7.97-7.95 (m, 1H), 7.82-7.77 (m, 3H),

7.72-7.68 (m, 1H): '3C NMR (101 MHz, CDCls): 6 = 135.83, ‘O

131.95, 130.19, 129.99, 129.95, 129.67, 129.03, 128.38,
128.27, 127.80, 126.28, 123.25, 123.03, 118.09, 109.58.

Benzonitrile (4d) [CAS Number 100-47-0]:

"H NMR (400 MHz, CDCl3): 6 =7.67 (d, J=7.2 Hz, 2H), 7.61 (t, J= N
7.5Hz, 1H), 7.48 (t, J= 7.7 Hz, 2H): '3C NMR (101 MHz, CDCls): & ©
=132.92, 132.30, 129.25, 119.00, 112.56.

2-Cyanotoluene (4e) [CAS Number 529-19-1]:

"H NMR (400 MHz, CDCls): & = 7.60 (dd, J= 7.8, 1.4 Hz, 1H), CN

7.48 (td, J=7.5, 1.4 Hz, 1H), 7.33-7.25 (m, 2H), 2.55 (s, 3H): @CHS
13C NMR (101 MHz, CDCls): & = 142.08, 132.77, 132.65,

130.36, 126.35, 118.30, 112.90, 20.61.
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2-Cyanoanisole (4f) [CAS Number 6609-56-9]:

1H NMR (400 MHz, CDCls): & = 7.58-7.52 (m, 2H), 7.03-6.96 CN ocn
(m, 2H), 3.94 (s, 3H): 13C NMR (101 MHz, CDCla): & = 161.38, C( ®
134.51, 133.92, 120.90, 116.64, 111.40, 101.96, 56.13.

2-Chlorobenzonitrile (4g) [CAS Number 873-32-5]:

"H NMR (400 MHz, CDCls): 8 = 7.68 (dd, J= 7.5, 1.1 Hz, 1H),

7.57-7.51 (m, 2H), 7.40-7.36 (m, 1H): 13C NMR (101 MHz, (j
CDClz): 6 = 137.08, 134.18, 133.99, 130.21, 127.27, 116.11,

113.60.

2-Bromobenzonitrile (4h) [CAS Number 2042-37-7]:

"H NMR (400 MHz, CDCls): & = 7.71-7.66 (m. 2H), 7.49-7.41
(m, 2H): 3C NMR (101 MHz, CDCls): & = 134.49, 134.03,
133.36, 127.76, 125.50, 117.30, 116.05.

CN

3-Chlorobenzonitrile (4i) [CAS Number 766-84-7]:

"H NMR (400 MHz, CDCl3): 8 = 7.65-7.64 (m, 1H), 7.61-7.55

(M, 2H), 7.43 (t, J = 8.0 Hz, 1H): 3C NMR (101 MHz, CDCl3): & @
= 135.38, 133.38, 132.06, 130.61, 130.43, 117.58, 114.09. Cl

3-Cyanoanisole (4j) [CAS Number 1527-89-5]:

1H NMR (400 MHz, CDCla): & = 7.40-7.35 (m, 1H), 7.26-7.24  CN

(m, 1H), 7.15-7.12 (m, 2H), 3.84 (s, 3H): 3C NMR (101 MHz, @
CDCls): & = 159.76, 130.47, 124.65, 119.48, 118.89, 116.95, OMe
113.34, 55.68.

4-Cyanoanisole (4k) [CAS Number 874-90-8]:

"H NMR (400 MHz, CDCls): 8 = 7.59 (dd, J= 6.9, 2.3 Hz, 2H),
6.95 (dd, J=6.9, 2.3 Hz, 2H), 3.86 (s, 3H): '3C NMR (101 MHz,
CDClz): 0 =162.97, 134.14, 119.38, 114.88, 104.12, 55.69.
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Butyl 4-cyanobenzoate (41) [CAS Number 29240-34-4]:

"H NMR (400 MHz, CDCls): & = 8.14 (d, J= 8.2 Hz, 2H), 7.74 CN

(d, J=8.7 Hz, 2H), 4.36 (t, J= 6.6 Hz, 2 H), 1.80-1.71 (m, 2H),

1.51-1.45 (m, 2H), 1.01-0.97 (m, 2H), 0.92-0.82 (m, 3H): 13C

NMR (101 MHz, DMSO-De): 6 = 165.18, 134.47, 132.35, COOBu-n
130.20, 118.18, 116.41, 65.83, 30.78, 19.37, 13.88.

4-Cyanobenzoic acid (4m) [CAS Number 619-65-8]: CN
"H NMR (400 MHz, DMSO-Des): 8 = 13.52 (brs, 1H), 8.08 (d, J =

8.6 Hz, 2H), 7.98 (d, J = 8.6 Hz, 2H): '3C NMR (101 MHz,

DMSO-Ds): 6 = 166.16, 135.02, 132.75, 130.00, 118.28, 115.08. COOH

3-Cyanobenzoic acid (4n) [CAS Number 1877-72-1]:

H NMR (400 MHz, DMSO-Ds): & = 13.50 (brs, 1H), 8.29- CN

8.28 (m, 1H), 8.25-8.22 (m, 1H), 8.12-8.09 (m, 1H), 7.73 (t, J

= 7.9 Hz, 1H): 13C NMR (101 MHz, DMSO-De): & = 165.72, COOH
136.28, 133.79, 132.79, 132.10, 130.11, 118.10, 111.93.
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1 EHR

7 X FEEIRE XV EOFR-EICb AL D X912, BRFIZEB W TR
LEERERED1OTHD, IHIZT I MEEWISETIERA®RICBITD
BEREME ARy & LT, TEM, BHEMICHVWENTWD, Bl 2 IXFEKLEEH
DEHEA], HEERSBE R L WAVHBTHHINTWARY T 27 VLT
REEIX, 727087 I RROZOFERNOLERINTEY . ZOZHFR 5 X
105 hBLEIZH BB 727 0a 7 I R, 727 YVa= ) vOKMKIGIZE -
THER SN THHIL

INETTZINAT I RITRESIND T I MEEWE GRS D FENEK
ZRINTEEN, 2 TH= MU AEOKFINZ L > THRIET D7 I N
155 5EF, BRI RBREMICH BB RIS FETH D, 2k, = §
UV OIKFI S IR £ 38BNV LN T DR, ZOHFIETET IR
DIBFENZIMNA RS AVT VR RIS/ 5 2 &SRR TREIZ R L72BRIC K
BOWEPERSINDREDRENRH DB, X HIZE L OFEREHE, FrICIRFE-IRHK
THEG R 1T LD RIS TITI 2 HALR WO HIIO 7 I KON
K<RoTLEI ZEBMETH T, D7D = U AVEOKMBISTA H
IRBHEERNERE TH 5,

w&UT, Scheme 1 1Z/R" T K D ITEEMESRME T E I TEEMESRIE FIZBIF 5= 1
U O MERIKFISNBR Sz, TR DORIETIET 2 ROMKS I &
D ANVER DA IEI Z TV D, 725 Moorthy 5 (% TFA-H2SO04 &
721% AcCOH-H2S04 7 W2 BB MR T2 1T 5 = N U v D KF i % (Scheme
1A)Bal Zhang &3 NaOH Z H W2 EMES: TIck T 5 = N U L OKRFIR S
% (Scheme 1B)BIZ N EHME L1z, T35 DTl H2SO4 F 721X NaOH
12 L 0 C=N FEAMNIEHAL S, ©-3< CFsCOOH (ACOH) % 7213 NHs & D%
JRIZ KOS T D4 I ARSI, SHI2A I8 HO DRISIZE Y HRYD
TIRBEZ6N%, ZRHDORIGTIE H20 O =k U b ~OfH NIz
ZoTHEY., HO BEH= kU~ 2 BRI DBHFE A LE E T
Do

= MU NVOEHEKRFRIGIZEWTITAER LT I RB S BRGS0,
ANRBBERIRT D 2 & BRI T COEBKMZ L3 2 Al S
DTSN TE T,
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(A) Acidic Conditions

CN
R

R = Br, OMe, NO,

CF3COOH-H2804 or ACOH-H2804

H,0, 30-120 °C, 4-48 h

70-95% yield

11 examples
Proposed Mechanism jl)\
H,S0, ® CF3COOH Q" CFs H,0 o
R-C=N R-C=NH R-C=NH R-C-NH,
T l _@ -CF3COOH
R—C@NH
(B) Basic Conditions (0]
NaOH
R,CN RJ\NHZ

NH3+H,0-DMSO, 80 °C, 7 h

R = aryl, heteroaryl, alkyl 60-96% yield

28 examples
Proposed Mechanism
Na ® NH3 1 H,0 "
R-C=N E—— R-C=N--Na R-C-NH, R-C-NH,

Scheme 1. Hydration of nitriles under acid or base conditions.

HFESIETICER T 2 = R U )V OKFBOG Z #ER T 5 72, Col4l, Nil®l, Culé],
Rull, Rh 18], Pdi®l, Aglol, Pt Aull2l7e B 0@ER & & 4 W 22— R il o o o
A FREEEISIZABE R STV D,

il 21X Scheme 2 |27k L7= & 912 Saito S 1% Au ¥J—Rfilil & ==~V
VORISR e Uz, ARG T Au il 2 o-F 7213 v A Afg L L Cfl
=, Hx OFRREEIEMENT 2 %2R H L T % (o-coordination activate
alkenes, allenes, and alkynes etc.; r=coordination activate ethers, epoxides,
carbonyls, aziridines, and imines etc.),

£lo. ZOKRMBIEDFSHEME & B2 HI124720 | WD H D 3 DD
T AR STV 5 (Scheme 2A-C), &filiiiA o-% 7213 relchir LiETE(L
X7z C=N fEAIT H20 239 % Scheme 2A, 2B &, 2 CTHAET 5 HO-
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[AuJfEA C=N fi& 1 OH 252 % Scheme 2C Th 5, W FhIcE XL Au i
C=ENfEEZENILT A2 L2 RLTEY, FU 11K LHERTHS Cu, Ag blA
BRI CEN RSB ZIEMAL T DRENINH DD TIIRNWINE BERTX 5,

[(IPr)AU(NTf,)] (2 mol%) 0
J

_CN
Ar H,O/THF, 140 °C, MW, 2 h Ar~ "NH,

29 examples
34-99% vyield

Possible Intermediates Generated by o- or -Coordination of Au to C=N Bond

H,O0 H,O0 HO—[Au]
N ) (
R—=N--[Au] R—=N R—=N
[Au]
A B C

Scheme 2. Gold mediated hydration of nitriles.

—J7, @R~ A 7 nEORE & Vo T LIRS E LB L L= |
U VO KFIRGEA Saito 512 & - T Rh il 2 W TEERL S 7172 (Scheme
)14, AL TIE25°C & W HRWIRE THEKR= N ) /WIINx TREMKE= k
U EWIEETHROT I FIZE#ATEE Th - 72,

CH3CH,CN CHsCH,CONH,  94%

+ [{Rh(OMe)(cod)},)/PCy; +
CyCN : CyCONH, 99%

+ H,O/'PrOH, NaOH, 25 °C, 24-72 h +
CH2=CHC3HGCN CH2=CH03HGCONH2 92%

Scheme 3. Hydration of nitriles under mild reaction conditions.
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L L7273 & —# O ) — A L BOSHE T 3 bl & A= Bl 0 43 Bl S IR 3 ©
HHEVHIRBEENH Y . BHIZHBEN FTRE e R — RAME O BHR A 57240 T
W5, EBICRE MBI A 7 ANKS THDH LW HND b EREmOE
M6 b EBR RN R &V R D,

ZE T Ag 7/ Ki % hydroxyapatite(HAP)<°> SiOz [ZFHEF L 7= filfgtl1s. 191
T V7 LK% polyethylene glycol (ZHHEF L 7= filifitl16l KF/Al20s, Na/HAP,
MnO2/SiO2 7¢ LIS F S E 72 A — Rl 2 Fl e = B U L OKFIEUR 72 £ 73
W I TW5, Lingaiah ©i3/37 0 Al 2 AW S Tk i 2 =

kU VO KFIRGR %845 L 7= (Scheme 4)18, FRfbfiiiit s L CaIHNTWDHA~T
2R YD MRS T D &0 D R PR IO S . B EE DR E”
EWVWo T REE, NTFTUTLENZDZ L THICER L, X512 TiO2 (ZfHEFS
HHZETHRLE, <DBDRATNATVULAZHEEIELZ LT, NI VT Ll
. Pd-MPAV/TIO2 # %5 L 7=, Pd-MPAV/TiO2 Z 7= K F S its Tl 5 &I
= MU VOKFIEIGD 6 B, JEiE= K U VOKFIEIGA 3 FliE iz, 75
FE= NV LREWVERRETEOT I RicEIn7-olcxk L, BikE= k
UV DKRFBIE T 48-54% DT X R & 46-54%D 71 VR o W% 2 52 72,

(o]
xCN Pd-MPAV/TiO, (0.15 mmol Pd) @)kNHZ
R R
N~ H,O (3 mL), 140 °C, 6 h N
R =H, NO,, OH, F etc. 6 examples
up to 97% yield
(MPAV: Vanadium incorporated Molybdophoshphoric acid) o
R OH
3-8%
Only 3 Examples of Aliphatic Amides
CH3CONH, C,H5CONH, CI;CCONH,
54% 48% 52%
CH3CN - + C2H5CN - + C|3CCN - +
CH3COOH C,H;COOH CI3CCOOH
54% 46% 52%

Scheme 4. Palladium-catalyzed hydration of nitriles.
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Satsuma HIFERT /K &2V BITHEFL7- Ag/SIO #3f%5 L. Zihvae Hw
TR TICB T 5= b U AV OKFIS Z#E L7 (Scheme 5)1'9, ARE& T
(XA NRABDERIIH DN Do Teb DO, FUNMREEIEL 140-160 °C 2T
bole, NEUIE= KU VOKIKISbIE SN2, 3FIDHTH-T,

N CN Ag/SiO, (0.03 mmol Ag) X NH,
R4 R4
% H,0 (2 mL), 140-160 °C, 3-48 h =z
R = H, Me, OMe, CI, NO, etc. 15 examples
up to 98% vyield

Only 3 Examples of Aliphatic Amides
(0] (o] (0]

/\/\/\)LNHZ /\/\)LNHZ \/\)kNHZ
71% 86% 90%
(160 °C, 48 h) (160 °C, 24 h) (160 °C, 48 h)

Scheme 5. Silver catalyzed hydration of nitriles.

Scheme 6 (Z7~9° X 912, Sugiyama & (3#{i#E72 Cu, Ag, Fe, Co, Ni &, SiO2
5 Rh, Pd, PtfitiiE 2 HWC7 27 Va= R Y vEKfMLEBEOT 7 Va7 I R
~OFELR L ZORPIPEL ] LR, Cu, Co x HWeiGa, 727 Ur="F
UV DEALZRIZZ LI 29.5%, 18.1%7 572, Cu 13 29.5%DIETHIIDO T
7 9na7 I Rehx, ZOBPFEN 100%7Z 720zt L, Cold7 7 Va7 2
R%& 5.9%INRETLIGED Z LN TET, BIRMIL 32.8% L IEVWETH T,
Fe, Co, Ni # W= BRIZIZFHMOT 7 V7 I KL bz, =F Lo v T/ E
KU EERR2-T ) AFNV)Z—T AREREINTZT-0, 77 Va=KrJ )L
OFPPEITIE T Lz, —J7 Ag ZHWT4E . b RIT1.5% BN 0D, 7
7087 I RORES 1.5%THY ., 100% &V 5 EWEIRERSE BT,
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(o)

cat
S CN \)ﬁNHZ
H,0

cat  Conversion of CH,=CHCN (%) Yield of CH,=CONH, (%) Selectivity of CH,=CONH, (%)

Cu 29.5 29.5 100
Ag 15 15 100
Fe 3.1 <0.6° <20
Co 18.1 5.92 32.8
Ni 1.6 0.32 19.1
Rh/SiO, 0 - -
Pd/SiO, 0 - -
PYSIO, 0 - -

@ acrylamide, ethylene cyanohydrin, bis(2-cyanoethyl)ether were obtained.

Scheme 6. Catalytic activity and selectivity over various metals on hydration of acrylonitrile.

U ED X2 E TR DR — R Z 5 = & U L OIKFIES 3
BAFE SN TE N, EORISMEITE)— R L 2D LKL, FRZEDIBE= Tk
U KT 2 EBITD CTIREM TH D, Rz H o=k U ok
MG ZBIRET HICHT20 . EHILCu, Ag, Au L\ o7 11 [ER RN, =
R U L OBRAK IS SIS A R 72 D TIEXAR W & BE Uiz, AR Tl gt
PR U ~—ARP (2 Cu, Ag, Au 7/ /X—T ¢ 7 V& EF S W 7= &R il ARP-
Cu, ARP-Ag, ARP-Au Z ¥/ IZFifE L, Z OftiiEM 250 L7z, £72. &b
BRI E D> 72 ARP-Ag % W CTIRIAWIEE O = R U L OKFISUG DL &
HgE L7z,
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2 i RIGKM O

WIBUEIE R U ~ — 088, 8], 47/ fillii(ARP-Cu, ARP-Ag, ARP-Au)%
WT= MU AVOKMEISEFER LTz, 37 0= KU 1b OKFKISIZE
T DR & DB O ROSTED IR 2 3 Z 72 o 7= (Table 1),

il 2 N 2 72 o fedi . T = MU L 1b ORISR T Lieho
7-(entry 1), FH8L L 72 MWBLUELMER Y ~ —HEFEE T/ bl O 5B resin 201 2
Tb, BHOT 7 I R 2b 3G 670> 7 (entry 2), ARP-Cu Z M\ 7235
BILRISHHEIT L. HEIOF B 27 2 F 2b 728 15%I0ER T 5 7= (entry 3).
ARP-Ag Zfitfi: & U CHWGEROSMEIZRIEICHm L, 777 X K 2b 2
79%ETE ST (entry 4), —J ARP-Au # W =55E6 . KIS a<#ETL
727ho 7= (entry 5),

Table 1. Catalytic activity of various metal catalysts on hydration of decanitrilea.
(o}

Catalyst
/\/\/\/\/CN /\/\/\/\)J\NH
Na,CO3 (20 mol%), H,0 (2.5 mL) 2
1b 100 °C, 24 h 2b
Entry Catalyst Yield of CgH1gCONH, (%)°
1 - 0
2 resin 0
3 ARP-Cu 15
4 ARP-Ag 79
5 ARP-Au 0

@ Reaction conditions: decanitrile (1 mmol), catalyst (10 mol%), Na,COj3 (20 mol%),
H,0 (2.5 mL), 100 °C, 24 h. > NMR yield.
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WiZ~FH o= I v1azET VEELE L THOW = MY LV OKFIRIGD
SR kA 3 2 7o 7= (Table 2),

BOGIREE S 80 °C, 50 °C, 70 °C D6, ~FH = UL 1a OKFISG T
2T L7z b o 7= (entries 1-3), USRS 90 °C D & X 2 FEfETHBY D~
XY 7 2 K 2a i 46%HEHLETE O NLZ(entry 4), KIGHEFR % 2 BRI 5 9
REE. 24 BEf) & < 9% L sk IX 95%, >99% &[] | L 7= (entries 5, 6), L 7>
L7235 NMRIZE D ~FH 7 I R2a DERERERDIZEZHB6%ITE EF
ST, RISIREEZ 100 °C 12 5 & NERIT 77%F Tk L7z (entry 7)., #IE
ThHKOEZ25mMLE5mMLICLTHEAFTH 7 I N 2a OICRITIZE A
E kLo 7= (entry 8), filiiiid> ARP-Ag % 0 mol%, 3 mol% & 2k &+ 5%
&L IRIZZENZ I 0%, 25% & B L 7= (entries 9, 10),

Table 2. Reaction condition screening the hydration of hexanenitrilea.
o

CN ARP-Ag /\/\)]\
NN NH

Nay,COj3 (20 mol%), H,0 (2.5 mL) 2
1a 2a

Entry Amount of ARP-Ag (mol%) temp. (°C) time (h)  Conversion (%)°  Yield (%) of 2a°

1 10 30 2 0 0
2 10 50 2 0 0

3 10 70 2 0 0
4 10 90 2 46 N/A®
5 10 90 9 95 N/A®
6 10 90 24 >99 66
7 10 100 24 >99 77
gd 10 100 24 >99 80
9 0 90 24 0 0
10 3 90 24 25 N/A®

a Reaction conditions: hexanenitrile (1 mmol), catalyst (10 mol%), Na,CO3 (20 mol%), H,0 (2.5 mL), 100 °C, 24 h. ® GC yield. ® NMR yield.
9 H,0 (5 mL). © Not examined.
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A~ = R U LOKRFIRISC I 1T DI ORGE & 3 Z 72 > 7=(Table 3),

KeCOs ZiFE & L THWEGEE~FTT 7 2 R 2a DI 78%72 - 7=
(entry 2), CsCOz #=EfEE L THWD &, T 84%IZh E L 7= (entry 3),
EtsN 25 L7254, ~F 47 2 K 2a OILERIT 95%I2 1) F L 7= (entry 4),

Table 3. Screening of base the hydration of hexanenitrilea.
(0]

ARP-Ag (10 mol%)
/\/\/CN /\/\)J\NH
base (20 mol%), H,O (2.5 mL), 24 h 2
1a 2a
Entry base temp. (°C) Yield of CsH{CONH, (%)°
1 Na,COs 100 77
2 K,CO3 100 78
3 CsCO3 100 84
4 Et;N 100 95

@ Reaction conditions: hexanenitrile (1 mmol), ARP-Ag (10 mol%), base (20 mol%), H,O (2.5 mL), 24 h.
5 NMR yield.
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% 3 1 EHEHH O

5O NI BN BN T, ARP-Ag 2 W -T2 O'EREIL 2 H T 55
Wile= b U )L DOIKRFIINZ DWW TRRET 2 38 Z 72 - 72 (Scheme 7),

n-octanenitrile 1b O/KFIESIZNHE L < E1T L. HHYD n-octanamide 2b 73
79%IN R T 5 7=, cyclohexanecarbonitrile 1¢ D/KFIE G & BAFIZHETT L,
cyclohexanecarboxamide 2¢ 7% 87%INZE T L 7o, SARBIIZ & @ t-Bu 2
#H 3 5 pivalonitrile & BIFIZ/AKFI S HL, 55%DYLER T trimethylacetamide 2d
Zhz 1=, 7 unliH+ 5 5-chloropentanamide 2e % 70%IR THE S
72o —H A MR UHAEH T 5 5-methoxypentanamide 2f | 39%ULR 7~ 7=, K
o " HEREA %A 5 5-prop-2-enoxypentanamide 2g 1 55% D ILER T L
7=

ARP-Ag (10 mol%
R-CN g (10 mol%) L

Et3N (20 mol%), H,0 (2.5 mL), 100 °C, 24 h
1 (1 mmol) 2

o) (o) o) (o)
/\/\)J\NHZ /\/\/\/\)]\NHZ O)J\NHZ *J\NHz

2a 95% 2b 79% 2¢c 87% 2d 55%
(0] o (0]
Cl/\/\)’LNHZ MGOMNHZ \/\O/\/\)J\NHZ
2e 70% 2f 39% 29 55%

@ Reaction conditions: substrate (1 mmol), ARP-Ag (10 mol%), EtzN (20 mol%), H,O (2.5 mL), 100 °C, 24 h. The yield was determined by NMR.

Scheme 7. Hydration of aliphatic nitriles
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ARP-Ag % W cflix OERES Z AT 25 FH= F U /L OKFIEIRZDOWNT
it %23 Z 72 - 7= (Scheme 8),

Benzonitrile M /KT IE BAFZHETT L, H#ID benzamide 4a 73>99% Hif:
WNETH LNz, XUBVBRONTANIATFE, A MUk, suonkksf
T oY = MU ALOKRBSS BIFIZHET L, BRIOT X | 4b, 4¢, 4d 73
98->99% HLHtIN R CTH L iz, TN T uEhEFTH Y = oK
FIEGIE 24 Wi T 46%IERD T 2 K 4e 5 2 7=, GHEE % 48 BKifilic oI
T LT 2 K d4e DILRITT79%IZM L Lz, RIMLIZhY Zuda AF ik 7
TFNVEEAETH= U AVOKMEISIZRIFZHEITL, HIIOT X K 4f, 49 8
>99% HiFEI =R T4 b 7=, cinnamonitrile D /KT T BAFICHET L, BAHD
7 X R Ah 3 9T%HBENETH LN, ANV MUZA MV EEFT HI Y
= MU NVOKMEISIZRFICHEITL, HIIOT 2 K 4i 3 76%INETHLI
Tmo AZNITA BTV EEZATHR Y = MU ALOKFIG S [FAARIC BAFICHE
ITLT R R4 7T9% R THI-xTc, AN ML/ nuXr G50V =
N U VORISR b ARSSCH#E A FEETH D . HIOT I R 4k 53 82%IUHE T
BoNlz, AZMICr7unkaHT 50V = U E99%INETHRHDT I
N& 5z 7=,
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e CN ARP-Ag (10 mol%) N
= Na,COj3 (20 mol%), H,0 (2.5 mL), 100 °C, 24 h Z
3 (1 mmol) 4
(o] o o o o
NH, /©)J\NH2 /@)LNHZ NH, NH,
Me MeO Cl Br
4a >99% 4b >99% 4c >99% 4d 98% de 46%>
79%P¢
(o} (o} (o} OMe O (o}
M
/©)LNH2 NH, ©/\)LNH2 ©)J\NH2 eO NH,
FsC
0
4f >99% 49 >99% 4h 97% 4i 76%° 4j 79%°
Ccl o o
©)J\NH2 C|\©)LNH2
4k 82%b 41 99%

@ Reaction conditions: substrate (1 mmol), ARP-Ag (10 mol%), Et3N (20 mol%), H,O (2.5 mL), 100 °C, 24 h. The isolated yield were described.
b The yield was determined by NMR. ¢ 48 h.

Scheme 8. Hydration of aromatic nitriles.
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4EDE LD

ARE TIEAPHRENE PS-PEG kR T/ il (ARP-Ag) & 72 = K U L DK
TN £ B —#k 7 I FEBIEDORR 2R ATz, EORER, BIEL LONE
BR=F U MTEBICABO T 2 RICEBEIND ZERHLMNE o7, 3
BEOMREEDLE, AERCN-FEEARESEDLZ LR = I LVEEGRL., fit
K= RUNAOKRBINZE Y BRIOT X &40 HIEOBRICKRII LIz &z
Do
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S

General Information

All chemicals were sourced commercially and used as received without
purification, unless otherwise mentioned. Substrate 1g, 3c, 3i, and 3j were
prepared according to the reported procedure. Water was deionized with a
Millipore system (Milli-Q grade). 'H and '8C{'H} nuclear magnetic resonance
(NMR) spectra were recorded on a JEOL JNM-ECS 400 spectrometer. Gas
chromatography mass spectrometry (GC EI-MS) was performed with an Aglient
6890/5973 or an Aglient 7820A/5977E GC/MS system. ICP analysis was
performed on a Leeman Laboratories Profile plasma spectrometer. Transmission
electron microscopy (TEM) analyses were performed with a JEOL JEM-2100F
transmission electron microscope.

Typical Procedure for Hydration of Nitriles

A typical procedure is given for the reaction with hexanenitrile (1a) in entry 6 of
Table 6. A mixture of ARP-Ag (400 mg, 10 mol% Ag), hexanenitrile (97 mg, 1
mmol), triethylamine (20.2 mg, 20 mol%) in water (2.5 mL) was shaked at 100 °C
for 24 h. After being cooled, the reaction mixture was filtered and ARP-Ag was
rinsed with EtOAc (5 mL x 3). The extracts were washed with brine and dried over
sodium carbonate, and then concentrated in vacuo to give 109 mg (95%) of 2a.

Characterization of Products
Hexanamide (2a) [CAS: 628-02-4]:
"H NMR (395.88 MHz, CDCIs): & = 5.41 (brs, 2H), 2.23 (t, J = 0

5.9 Hz, 2H), 1.69-1.61 (m, 2H), 1.36-1.30 (m, 4H), 0.90 (t, J = \MJLNH
2
7.1 Hz, 3H). 4
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Decanamide (2b) [CAS: 2319-29-1]:

H NMR (395.88 MHz, CDCls): & = 5.33 (brs, 2H), 2.21 (t, J= O

7.9 Hz), 1.67-1.58 (m, 2H), 1.35-1.20 (m, 12H), 0.86 (t, J= 6.7 \MJLNHQ
Hz, 3H).

Cyclohexylcarboxamide (2c) [CAS: 1122-56-1]:

'H NMR (395.88 MHz, CDCls): & = 7.15 (s, 1H), 6.64 (s, O

1H), 2.20-2.12 (m, 1H), 1.79-1.53 (m, 5H), 1.53-0.88 (m, NH,
5H).

Trimethylacetamide (2d) [CAS: 754-10-9]: O

H NMR (395.88 MHz, CDCls): & = 5.41 (brs, 2H), 1.23-1.22 %NHZ
(m, 9H).

5-Chloropentanamide (2e) [CAS: 2455-05-2]: o
H NMR (395.88 MHz, CDCls): & = 6.25 (brs, 2H), 3.73-3.70 ClT\ﬁk
(m, 2H), 2.61-2.57 (m, 2H), 1.88-1.84 (m, 4H). 4 NH2

5-Methoxypentanamide (2f) [CAS: 2455-05-2]: o
"H NMR (395.88 MHz, CDCls): & = 3.43-3.39 (m, 6H), 2.27 MGOMJ\
(t, J= 7.5 Hz, 2H), 1.77-1.72 (m, 3H). 4 NHz

Benzamide (4a) [CAS: 55-21-0]:

"H NMR (395.88 MHz, CDCls): 6 = 7.83-7.81 (m, 2H), 7.54 (i, O
J=7.5,1.6 Hz, 1H), 7.46 (t, J = 7.5 Hz, 2H), 5.85 (brs, 2H). NH,
3C {TH} NMR (99.55 MHz, CDCI3): & = 169.48, 133.38,

132.21, 128.80, 127.49.

4-Methylbenzamide (4b) [CAS: 619-55-6]:

H NMR (395.88 MHz, CDCls): & = 7.71 (d, J = 8.2 Hz, 0

2H), 7.25 (d, J = 8.2 Hz, 2H), 2.41 (s, 3H). 3C {'H} NMR NH,
(99.55 MHz, CDCl3z): & = 169.42, 142.71, 130.56, 129.44,

127.51, 21.64.

Me
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4-Methoxybenzamide (4c) [CAS: 3424-93-9]:

"H NMR (395.88 MHz, CDCls): d = 7.78 (d, J = 8.6 Hz,
2H), 6.94 (d, J=9.1 Hz, 2H), 5.70 (brs, 2H), 3.86 (s, 3H).
13C {1H} NMR (99.55 MHz, CDCls): & = 168.92, 162.74,
129.43, 125.63, 113.94, 55.59.

4-Chlorobenzamide (4d) [CAS: 619-56-7]:

"H NMR (395.88 MHz, CDCls): & = 7.76 (d, J = 8.6 Hz,
2H), 7.43 (d, J = 8.6 Hz, 2H), 5.83 (brs, 2H). 13C {H}
NMR (99.55 MHz, CDCls): & = 168.36, 138.50, 131.80,
129.07, 128.94.

4-(Trifluorometyl)benzamide (4f) [CAS: 1891-90-3]:
"H NMR (395.88 MHz, DMSO-De): & = 8.20 (brs, 1H),
8.06 (d, J=8.2 Hz, 2H), 7.84 (d, J= 8.2 Hz, 2H), 7.63
(brs, 1H). 3C {'"H} NMR (99.55 MHz, DMSO-Ds):
166.68, 138.10, 131.16 (C-F, 2JC-F =31.8 Hz), 128.34,

Weas
None
eas

125.29 (C-F, 3JC-F = 3.8 Hz), 123.98 (C-F, 'JC-F = 272.4 Hz).

4-Acetylbenzamide (4g) [CAS: 67014-02-2]:

H NMR (395.88 MHz, DMSO-De): & = 8.14 (brs, 1H),
8.03-7.97 (m, 4H), 7.56 (brs, 1H), 2.61 (s, 3H). '3C {'H}
NMR (99.55 MHz, DMSO-Ds): 6 = 197.76, 167.07,
138.64, 138.11, 128.10, 127.77, 27.00.

trans-Cinnamamide (4h) [CAS: 22031-64-71]:

"H NMR (395.88 MHz, CDCls): 8 = 7.65 (d, J = 15.9 Hz,
1H), 7.53-7.51 (m, 2H), 7.39-7.37 (m, 3H), 6.46 (d, J =
15.9 Hz, 1H), 5.55 (brs, 2H). 3C {'H} NMR (99.55 MHz,
CDCls): & = 167.84, 142.52, 134.45, 129.98, 128.85,
127.92, 119.44.
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3-Methoxybenzamide (4j) [CAS: 5813-86-5]:

H NMR (395.88 MHz, CDCls): 8 = 7.40-7.39 (m, 1H),
7.38-7.30 (m, 2H), 7.09-7.06 (m, 1H), 5.82 (brs, 2H), MeO
3.86 (s, 3H). 3C {"H} NMR (99.55 MHz, CDCls): & =
169.20, 160.00, 134.84, 129.78, 119.27, 118.49,
112.69, 55.61.

NH,

3-Chlorobenzamide (41) [CAS: 618-48-4]:

'H NMR (395.88 MHz, DMSO-Ds): & = 8.09 (brs, 1H),
7.90 (s, 1H), 7.83 (d, J= 7.8 Hz, 1H), 7.61-7.58 (m, 1H), ClI
7.583-7.47 (m, 2H). 3C {'H} NMR (99.55 MHz, DMSO-
De): & = 166.39, 136.31, 133.13, 131.09, 130.29,
127.30, 126.20.

NH,
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